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Abstract
AIM: To demonstrate that (-)-Epigallocatechin-3-gallate 
(EGCG) inhibits vascular endothelial growth factor 
(VEGF) expression and angiogenesis induced by inter-
leukin-6 (IL-6) via  suppressing signal transducer and 
activator of transcription 3 (Stat3) activity in gastric 
cancer.

METHODS: Human gastric cancer (AGS) cells were 
treated with IL-6 (50 ng/mL) and EGCG at different 
concentrations. VEGF, total Stat3 and activated Stat3 
protein levels in the cell lyses were examined by West-
ern blotting, VEGF protein level in the conditioned  

medium was measured by enzyme-linked immunosor-
bent assay, and the level of VEGF mRNA was evaluated 
by reverse transcription polymerase chain reaction (RT-
PCR). Stat3 nuclear translocation was determined by 
Western blotting with nuclear extract, and Stat3-DNA 
binding activity was examined with Chromatin immu-
noprecipitation (ChIP) assay. IL-6 induced endothelial 
cell proliferation was measured with 3-[4, 5-dimethyl-
thiazol-2-yl]-2, 5-diphenyl tetrazoliumbromide assay, 
in vitro  angiogenesis was determined with endothelial 
cell tube formation assay in Matrigel, and IL-6-induced 
angiogenesis in vitro  was measured with Matrigel plug 
assay.

RESULTS: There was a basal expression and secretion 
of VEGF in AGS cells. After stimulation with IL-6, VEGF 
expression was apparently up-regulated and a 2.4-fold 
increase was observed. VEGF secretion in the condi-
tioned medium was also increased by 2.8 folds. When 
treated with EGCG, VEGF expression and secretion 
were dose-dependently decreased. IL-6 also increased 
VEGF mRNA expression by 3.1 folds. EGCG treatment 
suppressed VEGF mRNA expression in a dose-depen-
dent manner. EGCG dose-dependently inhibited Stat3 
activation induced by IL-6, but did not change the total 
Stat3 expression. When treated with EGCG or AG490, 
VEGF expressions were reduced to the level or an 
even lower level in the tumor cells not stimulated with 
IL-6. However, PD98059 and LY294002 did not change 
VEGF expression induced by IL-6. EGCG inhibited Stat3 
nucleus translocation, and Stat3-DNA binding activity 
was also markedly decreased by EGCG. Furthermore, 
EGCG inhibited IL-6 induced vascular endothelial cell 
proliferation and tube formation in vitro  and angiogen-
esis in vitro .

CONCLUSION: EGCG inhibits IL-6-induced VEGF ex-
pression and angiogenesis via  suppressing Stat3 activity 
in gastric cancer, which has provided a novel mechanis-
tic insight into the anti-angiogenic activity of EGCG.
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INTRODUCTION
(-)-Epigallocatechin-3-gallate (EGCG), the most abundant 
and active component of  green tea, has shown to have 
chemopreventive and chemotherapeutic properties for a 
variety of  cancers[1,2]. Previous studies demonstrated that 
EGCG inhibited tumor growth by anti-angiogenesis, as 
well as by inhibiting proliferation and inducing apopto-
sis[3,4]. Angiogenesis is necessary for the growth and metas-
tasis of  solid tumors, and vascular endothelial growth fac-
tor (VEGF) is the most potent angiogenic factor. EGCG 
inhibited angiogenesis mainly by targeting VEGF signaling 
pathway[5-7]. Recent studies have shown that EGCG direct-
ly inhibits VEGF expression in multiple tumors[8-10]. We 
also demonstrated that EGCG reduced VEGF production 
in gastric cancer, and the inhibitory effect was at tran-
scriptional level, suggesting that EGCG inhibited VEGF 
expression by reducing VEGF gene transcription[11]. How-
ever, the detailed molecular mechanism underlying the in-
hibitory effect of  EGCG on VEGF expression is not fully 
understood. 

VEGF expression associates with a variety of  cyto-
kines, growth factors, transcription factors, and oncopro-
teins, such as interleukin-6 (IL-6)[12,13]. Significantly, many 
of  these molecules transmit signals through signal trans-
ducer and activator of  transcription 3 (Stat3), a member 
of  Janus-activated kinase (JAK)/STAT signaling path-
way[12-15]. Activation by phosphorylation of  tyrosine resi-
due is required for the activity of  Stat3, which is normally 
a transient and tightly regulated process. Once activated, 
Stat3 translocates into nucleus, binds to specific DNA 
promoter sequence and induces downstream gene expres-
sion[15]. Aberrant activation of  Stat3 is found in a variety 
of  tumors and contributes to oncogenesis by enhancing 
proliferation and preventing apoptosis[16,17]. Recent studies 
showed that abnormal Stat3 activation directly promoted 
VEGF expression and angiogenesis, and blockage of  
Stat3 activation inhibited these effects[18-20]. Abnormal 
Stat3 activation is also found in various gastric cancer cell 
lines and specimens, and associated with tumor status[21-23]. 

Phosphorylated Stat3 expression is significantly correlated 
with VEGF expression and microvessel density in gastric 
cancer, and is an independently prognostic factor of  poor 
survival[22,23]. Blockade of  Stat3 activation induced cell 
apoptosis and growth inhibition in gastric cancer[21,22]. Fur-
thermore, gastric cancer cells transfected with dominant-
negative Stat3 exhibits a decreased VEGF expression and 
less angiogenic phenotype[23], suggesting that blockade of  
Stat3 activation could inhibit VEGF expression and an-
giogenesis in gastric cancer. Our recent study showed that 
EGCG inhibited Stat3 activation and VEGF expression in 
gastric cancer[11]. Previous studies also demonstrated that 
EGCG inhibited activation of  Stat3 in multiple tumor 
cells[9,24,25]. However, to our knowledge, whether EGCG 
inhibits VEGF expression and angiogenesis via Stat3 re-
mains to elucidate. 

An etiologic relation between high risk of  gastric can-
cer and chronic gastritis with Helicobacter pylori has been 
firmly established[26]. Consequently, various cytokines have 
been implicated in the pathogenesis of  gastric cancer. As 
a multifunctional cytokine, IL-6 has received particular 
attention. IL-6 promotes tumor growth and metastasis 
by up-regulating VEGF expression and VEGF-mediated 
angiogenesis, and is closely associated with disease status 
and outcome of  gastric cancer[27,28]. Recent studies demon-
strated that IL-6 induced VEGF expression and angiogen-
esis via Stat3 in multiple tumors[29-31] and gastric cancer[32]. 
Blocking Stat3 signaling pathway down-regulated VEGF 
promoter activity, and effectively abolished IL-6-induced 
VEGF expression and angiogenesis[33,34]. Therefore, this 
study was designed to demonstrate that EGCG inhibited 
IL-6-induced VEGF expression and angiogenesis via sup-
pressing Stat3 activity in gastric cancer in an attempt to 
further understand the molecular mechanism underlying 
the anti-angiogenic activity of  EGCG.

MATERIALS AND METHODS
Cell culture
Human gastric cancer (AGS) cells (Cell Bank of  Sun Yet-
San University, Guangzhou, China) were maintained in 
RPMI-1640 medium supplemented with 10% (v/v) fetal 
bovine serum (FBS), (Gibco BRL, Gaithersburg, MD) 
and incubated at 37℃ in a humidified incubator at 5% 
CO2. Human umbilical vein endothelial cells (HUVECs) 
were prepared from fresh human umbilical cord obtained 
from the Department of  Obstetrics and Gynecology, First 
Affiliated Hospital, Sun Yat-Sen University, Guangzhou, 
China as described previously[11], and grown in human 
endothelial-serum free medium (Gibco BRL, Gaithers-
burg, MD) supplemented with 10% FBS, 100U penicillin, 
streptomycin and fungizone, and incubated at 37℃ in a 
humidified incubator at 5% CO2. To maintain a uniform 
condition, all experiments were carried out between cell 
passages 4-6.

Western blotting
After serum starvation for 24 h, AGS cells (5 × 105 cells/well) 
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seeded in 90 mm plates were stimulated with IL-6 (50 ng/mL, 
R&D systems, Minneapolis, Minn., USA) in the presence 
of  EGCG (Sigma-Aldrich Chemical Co., St Louis, MO, 
USA) at concentrations indicated for another 24 h to de-
termine the VEGF protein level or for 1 h to determine 
the Stat3 protein level. Total protein was extracted from 
the cell lysates with mammalian cell lysis kit (Bio Basic 
Inc., Ontario, Canada). Protein level was quantified with 
Bio-Rad protein assay kit (Bio-Rad Laboratories, Rich-
mond, CA). Total protein (100 μg) was separated in 12% 
sodium dodecyl sulfate (SDS)-PAGE, and transferred 
onto PVDF membrane (Invitrogen, Carlsbad, CA, USA). 
The membrane was blocked with 5% skim milk and in-
cubated at 4℃ overnight with a rabbit polyclonal anti-
VEGF antibody (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), a rabbit polyclonal anti-Stat3 antibody (Santa 
Cruz), or a goat polyclonal anti-p-Stat3 antibody [Phos-
pho-Stat3 (tyr-705); Santa Cruz]. After being washed with 
0.1% Tween 20 in Tris-saline three times, the membrane 
was incubated with biotin-labeled anti-rabbit or anti-goat 
IgG for 1 h at room temperature with agitation. The probe 
proteins were detected using enhanced chemiluminescence 
system (Amersham International, Piscataway, NJ, USA). 
The same membrane was stripped and re-blotted with an 
antibody specific to β-actin (Santa Cruz). Protein expres-
sion levels were normalized by β-actin.

Enzyme-linked immunosorbent assay 
AGS cells were seeded in 90 mm plates at 5 × 105 cells per 
well and stimulated with IL-6 (50 ng/mL) for another 24 h 
in the presence of  EGCG at concentrations indicated after 
serum starvation for 24 h. The conditioned media were 
harvested and centrifuged. VEGF concentrations in the 
supernatant were measured using VEGF enzyme-linked 
immunosorbent assay (ELISA) kit (R&D systems). 

Reverse transcription polymerase chain reaction
AGS cells (5 × 105 cells/well) were seeded in 90 mm 
plates. After serum starvation for 24 h, the cells were 
stimulated with IL-6 (50 ng/mL) for 12 h in the pres-
ence of  EGCG at concentrations indicated. Total RNA 
was extracted with TRIzol reagent (Invitrogen) according 
to the manufacturer’s instructions. The levels of  human 
VEGF mRNA were evaluated by reverse transcription 
polymerase chain reaction (RT-PCR). Reverse transcrip-
tion was performed with 1 μg total RNA and 100 pmol 
random hexamers in a total volume of  20 μL to produce 
first-strand cDNA. PCR experiments were performed 
with 1 μL of  the first-strand cDNA in a 50 μL reac-
tion mixture. Human VEGF cDNA was amplified with 
specific primers (sense primer, 5'-TGCATTCACATTT-
GTTGTGC-3'; antisense primer, 5'-AGACCCTGGTG-
GACATCTTC-3'; a 200 bp product) and β-actin specific 
primers (sense primer, 5'-TCATCACCATTGGCAAT-
GAG-3'; antisense primer, 5'-CACTGTGTTGGCGTA-
CAGGT-3'; a 150 bp product). Amplification protocol 
was as follows: denaturation at 94℃ for 1 min, annealing 
at 60℃ (for β-actin, 55℃) for 1 min, and extension at 
72℃ for 1 min. All PCRs were linear up to 30 cycles. The 

PCR products were subjected to 2.5% agarose gel electro-
phoresis, stained with ethidium bromide and quantified 
by densitometry using the Image Master VDS system and 
associated software (Pfizer, NY, USA). 

Signaling inhibitors blocking the VEGF induction by IL-6
AGS cells were seeded into a 90 mm plate at 5 × 105 cells 
per well. After serum starvation for 24 h, the cells were 
stimulated with IL-6 (50 ng/mL) for another 24 h in the 
presence or absence of  50 μmol EGCG or signaling inhib-
itors: 20 μmol AG490 (Calbiochem, La Jolla, Calif., USA), 
25 μmol PD98059 (Sigma) or 25 μmol LY294002 (Sigma). 
AG490 is a JAK2 inhibitor, PD98059 is a MAPK/ERK 
kinase (MEK) inhibitor, and LY294002 is a phosphati-
dylinositol-3-kinase (PI3K) inhibitor. Total proteins were 
extracted from the cell lysates and subjected to Western 
blotting analysis for VEGF expression.

Stat3 nuclear translocation
AGS cells (5 × 105 cells/well) were seeded in 90 mm plates. 
After serum starvation for 24 h, the cells were stimulated with 
IL-6 (50 ng/mL) for 1 h in the presence or absence of  
50 μmol EGCG. The cells were washed with cold phosphate 
buffered saline and collected with a policeman cell scraper. The 
cells were suspended in a hypotonic buffer (10 mmol HEPES,  
2 mmol MgCl2, 10 mmol KCl, 0.1 mmol EDTA, 1 mmol 
DTT, 0.5 mmol phenylmethylsulfonyl fluoride and 0.5% 
Nonidet P-40) and incubated on ice for 10 min. The 
cell lysates were then centrifuged at 15 000 × g for 5 min 
and the pellets were resuspended in a high salt buffer  
(50 mmol HEPES, 300 mmol NaCl, 50 mmol KCl,  
0.1 mmol EDTA, 1 mmol DTT, 0.5 mmol phenylmeth-
ylsulfonyl fluoride and 10% glycerol), and then incubated 
with rotation for 30 min at 4℃. Lysates were centrifuged 
at 15 000 × g at 4℃ for 30 min. The supernatant was col-
lected as a nuclear fraction and used for Stat3 nuclear 
translocation assay with an anti-p-Stat3 antibody, Phospho-
Stat3 (tyr-705; Santa Cruz) by Western blotting.

Chromatin immunoprecipitation assay
AGS cells (1 × 107 cells) were seeded in 90 mm plates. 
After serum starvation for 24 h, the cells were stimu-
lated with IL-6 (50 ng/mL) for 6 h in the presence or 
absence of  50 μmol EGCG. Chromatin immunoprecipita-
tion (ChIP) assays were performed essentially as previ-
ously described[35]. Briefly, cells were cross-linked using 
1% formaldehyde at room temperature for 10 min. After 
sonication, the soluble chromatin was diluted 10-fold with 
ChIP dilution buffer (0.01% SDS; 1.1% Triton X-100;  
1.2 mmol EDTA; 16.7 mmol Tris-HCl, pH 8.1; 167 mmol 
NaCl), and precleared with Protein A beads blocked 
with 1% salmon sperm DNA and 1% BSA. The pre-
cleared chromatin solution was immunoprecipitated 
by anti-p-Stat3 antibody (Santa Cruz) overnight at 4℃ 
with rotation. The immunoprecipitates were then pel-
leted, washed, and the antibody/protein/DNA complex 
was eluted off  the beads by resuspending the pellets in  
50 mmol NaHCO3 and 1% SDS for 30 min. Cross-linking 
was reversed, and protein and RNA were removed by 
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adding 10 μg Proteinase K and 10 μg RNase A, followed 
by incubation at 42℃ for 3 h. Purified DNA was subject-
ed to PCR with primers for VEGF promoter as follows: 
forward: 5'-AGACTCCACAGTGCATACGTG-3' and 
reverse: 5'-AGTGTGTCCCTCTGACAATG-3', which 
amplify 235 bp fragments flanking the Stat3 binding ele-
ment. The final products were subjected to 2.5% agarose 
gel electrophoresis, stained with ethidium bromide and 
quantified by densitometry.

HUVECs proliferation and tube formation assay for in 
vitro angiogenesis
AGS cells seeded in 90 mm plates at 5 × 105 cells per well 
were stimulated with 50 ng/mL IL-6 for another 24 h in 
the presence or absence of  50 μmol EGCG or 20 μmol 
AG490 after serum starvation for 24 h. The conditioned 
media were generated from the supernatants centrifuged 
using Amicron® Ultra-15 Centrifugal Filter Devices (Mil-
lipore Filter, Bedford, Mass., USA) at 4000 × g for 15 min. 

For proliferation assay, HUVECs were seeded in 96-well 
plates pre-coated with 1% gelatin at 5 × 103 cells per well 
and cultured with 100 μL conditioned media supplement-
ed with 2% FBS in the presence or absence of  10 ng/mL 
VEGF neutralizing antibody. After cultured for 48 h, the 
viable cells were quantified by 3-[4, 5-dimethylthiazol-2-
yl]-2, 5-diphenyl tetrazoliumbromide assay. 

For tube formation assay, Matrigel was thawed at 4℃ 
in an ice-water bath. Matrigel (300 μL per well) was care-
fully added to a pre-chilled 24-well plate using a cold 
pipette and allowed to polymerize for 1h at 37℃. After 
polymerization, HUVECs (5 × 104 cells/well) in the 
conditioned media supplemented with 2% serum in the 
presence or absence of  10 μg/mL VEGF neutralizing 
antibody were layered on the top of  the polymerized gel. 
Cells were incubated for 48 h at 37℃ in a humidified in-
cubator at 5% CO2, and the formed tubes were fixed with 
10% buffered neutral formalin, stained with Diff-Quick 
Solution Ⅱ (Baster, McGraw Park, IL), and photographed 
(100 ×). For quantification of  tube formation, the total 
length of  tubes formed in a unit area was measured using 
national institute of  health image program. 

Matrigel plug assay for in vivo angiogenesis
Matrigel plug assay was performed as described previ-
ously with some modifications[36]. Briefly, 6-8-wk female 
BALB/c nude mice, weighing 18-22 g (Experimental 
Animal Center of  Sun Yet-san University, Guangzhou, 
China) were subcutaneously injected with 0.5 mL of  a liquid 
mixture composed of  Matrigel (350 μL, 10mg/mL) and 
the conditioned media (150 μL) prepared as described 
above with or without 10 μg/mL of  VEGF neutralizing 
antibody near the abdominal midline. The Matrigel was 
quickly polymerized in vivo to form a single and solid 
gel plug, which allowed the angiogenic factors to release 
and stimulate angiogenesis. One week later, the Matrigel 
plugs were harvested, weighed, and then minced and di-
gested in 5 mL Drabkin reagent (Drabkin reagent kit 525; 
Sigma) for hemoglobin content measurement. Final he-

moglobin concentration was calculated from a standard 
calibration curve.

Statistical analysis
All data were presented as means ± SE. Statistical signifi-
cance was calculated using unpaired Student’s t test. A P 
value less than 0.05 was considered statistically significant. 
All analyses were performed using SPSS version 13.0 (SPSS 
Inc, USA).

RESULTS
EGCG inhibits VEGF induction by IL-6 in AGS cells
To assess the effect of  EGCG on VEGF expression in-
duced by IL-6 in human gastric cancer, we first examined 
VEGF expression induced by IL-6 in AGS cells treated 
with EGCG. AGS cells were treated with EGCG at differ-
ent concentrations and stimulated with IL-6 (50 ng/mL) 
for 24 h. VEGF protein levels in tumor cell lysates were 
analyzed by Western blotting. As shown in Figure 1A, 
there was a basal expression of  VEGF in AGS cells. After 
stimulation with IL-6, VEGF expression was apparently 
up-regulated and a 2.4-fold increase was observed. When 
treated with EGCG, VEGF expressions were dose-de-
pendently decreased. This inhibitory effect was not due to 
the toxic effect of  IL-6, because IL-6 at the concentration 
less than 100 ng/mL did not cause growth inhibition of  
AGS cells within 24 h (data not shown). 

VEGF secretion is a crucial step for tumor-induced 
angiogenesis, so we further evaluated the effect of  EGCG 
on VEGF secretion induced by IL-6. VEGF protein lev-
els in the conditioned medium were measured by ELISA. 
IL-6 also induced VEGF secretion in AGS cells and a 
2.8-fold increase was observed. Consistent with the result of  
Western blotting analysis, the secreted proteins of  VEGF 
induced by IL-6 in the conditioned media were reduced by 
EGCG in a dose-dependent manner (Figure 1B). These 
data provided direct evidence that EGCG inhibited VEGF 
production induced by IL-6 in gastric cancer cells.

EGCG inhibits IL-6-induced VEGF expression at 
transcription level
To determine whether the inhibitory effect of  EGCG 
on IL-6-induced VEGF expression was at transcriptional 
level in gastric cancer, we examined VEGF mRNA ex-
pression in AGS cells by RT-PCR. We found that IL-6 
induced VEGF mRNA expression in AGS cells. When 
stimulated with IL-6 (50 ng/mL) for 12 h, a 3.1-fold in-
crease in VEGF mRNA expression was observed. Treated 
with EGCG, VEGF mRNA expressions were dose-de-
pendently reduced (Figure 1C). These findings suggested 
that EGCG inhibited VEGF expression induced by IL-6 
in gastric cancer cells at transcriptional level.

EGCG inhibits IL-6-induced VEGF expression via Stat3 
pathway
IL-6 is known to signal through Stat3, MAPK and PI3K 
in gastric cancer[32]. To elucidate the signaling pathway that 
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EGCG inhibited VEGF expression in gastric cancer, we 
tested the effect of  several signaling pathway inhibitors, in-
cluding JAK/STAT, MAPK and PI3K signaling pathway. 
IL-6 markedly increased VEGF expression in AGS cells. 
When treated with 50 μmol EGCG or 20 μmol AG490, 
VEGF expressions were reduced to near the basal level or 
even lower. However, the other two groups treated with 
PD98059 or LY294002 still exhibited enhanced VEGF 
expression, approximating the level of  that stimulated with 
IL-6 (Figure 2). Because PI3K, MEK/ERK, and Stat3 
activities could all be suppressed by EGCG, we further 
analyzed the combined effect of  EGCG and the specific 
inhibitors on IL-6-induced VEGF expression. We found 
that treatment with 50 μmol EGCG or 20 μmol AG490 
alone apparently inhibited IL-6-induced VEGF expres-
sion. However, EGCG treatment combined with AG490 
did not suppress VEGF expression, and EGCG or AG490 
treatment combined with PD98059 or LY294002 did not 

suppress VEGF expression either (data not shown). These 
data suggested that EGCG reduced VEGF expression in-
duced by IL-6 via Stat3 signaling pathway in gastric cancer. 

EGCG reduces IL-6-induced Stat3 activation in AGS 
cells
We previously demonstrated that EGCG inhibited Stat3 
activation without changing Stat3 expression in gastric 
cancer[11]. In this study, we further assessed the effect of  
EGCG on Stat3 expression and activation induced by IL-6 
in gastric cancer. AGS cells were treated with or without 
EGCG at different concentrations and stimulated with 50 
ng/mL IL-6 for 1 h. Total Stat3 and phospho-Stat3 pro-
tein levels were examined using Western blotting with anti-
Stat3 antibody to detect total Stat3 protein expression, and 
with anti-p-Stat3 antibody (specific for tyr-705) to detect 
phospho-Stat3, respectively. As shown in Figure 3, Stat3 
was constitutively activated in AGS cells. When stimulated 
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Figure 1  (-)-Epigallocatechin-3-gallate inhibits vascular endothelial growth factor production induced by interleukin-6 in human gastric cancer cells. A: 
When treated with (-)-Epigallocatechin-3-gallate (EGCG), vascular endothelial growth factor (VEGF) expression was dose-dependently decreased; B: Enzyme-linked 
immunosorbent assay showed that interleukin-6 (IL-6) induced VEGF secretion in human gastric cancer (AGS) cells and a 2.8-fold increase was observed. EGCG 
treatment dose-dependently reduced VEGF protein level in the conditioned medium. C: IL-6 also induced VEGF mRNA expression and a 3.1-fold increase in VEGF 
mRNA expression was observed. When treated with EGCG, VEGF mRNA expression was dose-dependently decreased. Values are expressed as percent of control 
(means ± SE, n = 3, aP < 0.05, bP < 0.01).
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with IL-6 (50 ng/mL) for 1 h, phosphorylation of  Stat3 at 
tyrosine 705 increased by 2.9 folds and the total Stat3 ex-
pression increased by 2.3 folds. EGCG treatment inhibited 
IL-6-induced activation of  Stat3 in a dose-dependant man-
ner, without affecting total Stat3 expression. These find-
ings suggested that EGCG reduced IL-6-induced VEGF 
expression in gastric cancer by inhibiting Stat3 activation 
instead of  Stat3 expression. 

EGCG inhibits Stat3 nuclear translocation and DNA 
binding activity
Our results showed that EGCG inhibited Stat3 activation 
and reduced VEGF expression at transcriptional level in 
gastric cancer. Activated Stat3 acts as a transcription acti-
vator, and is capable of  translocating into nucleus, bind-
ing to the Stat3 consensus sequence in VEGF promoter 
region, thereby up-regulating VEGF expression[15]. To 
clarify whether EGCG affected Stat3 nuclear transloca-
tion and DNA binding activity, we first performed West-
ern blotting with extraction of  nuclear protein to visual-
ize the nuclear translocation of  phospho-Stat3 after IL-6 
stimulation. As shown in Figure 4A, before IL-6 stimu-

lation, less phospho-Stat3 was localized in the nucleus. 
Once stimulated with IL-6 for 1 h, phospho-Stat3 was 
apparently increased and translocated into the nucleus. 
After EGCG treatment, phospho-Stat3 in the nucleus 
was markedly decreased. 

To further evaluate the Stat3-DNA binding activity, 
ChIP assay was performed. Immunoprecipitation was con-
ducted with an anti-p-Stat3 antibody followed by PCR 
using oligonucleotide primers that amplified a 235 bp 
region spanning Stat3 binding site in VEGF promoter. 
IL-6 apparently increased this band in AGS cells, sug-
gesting that IL-6 up-regulated VEGF expression by pro-
moting Stat3 binding to VEGF promoter and activating 
VEGF transcription. When treated with EGCG, Stat3-
DNA binding activity was markedly decreased (Figure 4B). 
Taken together, these data provided direct evidence that 
EGCG down-regulated VEGF expression induced by 
IL-6 through inhibiting Stat3 translocating into nucleus 
and binding to VEGF promoter in gastric cancer.

EGCG inhibits IL-6-induced angiogenesis in vitro
We further evaluated the effect of  EGCG on IL-6-in-
duced angiogenesis in vitro by assessing proliferation and 
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Figure 2  (-)-Epigallocatechin-3-gallate inhibits interleukin-6-induced 
vascular endothelial growth factor expression in human gastric cancer 
cells via JAK/STAT pathway. Human gastric cancer (AGS) cells were stimu-
lated with interleukin-6 (IL-6) (50 ng/mL) for 24 h in the presence of 50 μmol 
(-)-epigallocatechin-3-gallate (EGCG) or signaling inhibitors. Vascular endo-
thelial growth factor (VEGF) protein levels in tumor cell lysates were analyzed 
by Western blotting. IL-6 markedly increased VEGF expression in AGS cells. 
When treated with EGCG or AG490, VEGF expression was significantly re-
duced. PD98059 and LY294002 did not change IL-6-induced VEGF expression. 
1: Without IL-6 stimulation; 2: Stimulated with IL-6; 3-6: Treated with 50 μmol 
EGCG or signaling inhibitors of 20 μmol AG490, 25 μmol PD98059 or 25 μmol 
LY294002. 
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Figure 3  (-)-Epigallocatechin-3-gallate inhibits signal transducer and 
activator of transcription 3 activation induced by interleukin-6 in human 
gastric cancer cells. Human gastric cancer (AGS) cells were stimulated with 
interleukin-6 (IL-6) (50 ng/mL) in the presence of (-)-epigallocatechin-3-gallate 
(EGCG) at concentrations indicated for 1 h. Total signal transducer and activa-
tor of transcription 3 (Stat3) and activated Stat3 were examined by Western 
blotting. Stat3 was constitutively activated in AGS cells. After stimulated with 
IL-6, total Stat3 and activated Stat3 expression were both markedly increased 
by 2.3 folds and 2.9 folds, respectively. When treated with EGCG, activated 
Stat3 expression decreased in a dose-dependant manner, but total Stat3 ex-
pression remained unchanged.
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tube formation of  HUVECs cultured in the conditioned 
media. As shown in Figure 5A and B, the conditional 
media stimulated with IL-6 promoted HUVECs pro-
liferation and tube formation when compared with the 
non-stimulated cell culture media. VEGF neutralizing 
antibody effectively blocked the enhancement of  prolif-
eration and tube formation of  HUVECs cultured in the 
IL-6-stimulated conditional media, suggesting that IL-6 
increased the angiogenic ability of  AGS cells through 
up-regulating VEGF induction. Treatment with EGCG 
or AG490 also abrogated the effect of  IL-6 on HUVECs 
cell proliferation and tube formation. These data further 
confirmed that EGCG inhibited angiogenesis induced by 
IL-6 through targeting Stat3/VEGF signaling pathway. 

EGCG inhibits IL-6-induced angiogenesis in vivo
The effect of  EGCG on angiogenesis induced by IL-6 
in vivo was assessed using Matrigel plug assay. Matrigel 
plugs were harvested on the 7th d and examined by 
measuring the density of  hemoglobin, as an indicator of  
vascularization. Hemoglobin concentrations were deter-
mined and normalized to represent the vascular densities 
in the plug. Grossly, the Matrigel plugs embedded with 

the conditioned media from IL-6-stimulated AGS cells 
developed substantial vasculature, as compared with the 
non-stimulated media. However, plugs that contained the 
conditioned media treated with VEGF neutralizing anti-
body, EGCG and AG490 exhibited considerably less vas-
cularization (Figure 5C). Collectively, Matrigel plug assay 
demonstrated that IL-6 markedly potentiated AGS cells to 
enhance angiogenesis in vivo by inducing VEGF produc-
tion, and EGCG abolished the pro-angiogenesis ability 
of  AGS cells induced by IL-6 through inhibiting VEGF 
induction via Stat3.

DISCUSSION
Both VEGF over-expression and Stat3 over-activation 
occur at high frequency in human tumors[12-23], and IL-6 
has shown to induce VEGF expression and angiogenesis 
by promoting Stat3 activity[29-31]. In gastric cancer, IL-6 
induces VEGF expression via Stat3 signaling pathway[32], 
and is associated with tumor angiogenesis and disease 
status[27,28]. Previous studies have indicated that EGCG 
inhibits VEGF expression and Stat3 activation in mul-
tiple cancers[9,11,24,25]. However, whether EGCG inhibits 
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Figure 4  (-)-Epigallocatechin-3-gallate inhibits signal transducer and activator of transcription 3 nuclear translocation and DNA binding activity in hu-
man gastric cancer cells. Signal transducer and activator of transcription 3 (Stat3) nuclear translocation was determined by Western blotting with extraction of nuclear 
proteins. A: After treated with 50 μmol (-)-epigallocatechin-3-gallate (EGCG) and interleukin-6 (IL-6) (50 ng/mL) for 1 h, phospho-Stat3 in the nucleus was visualized with 
an anti-p-Stat3 antibody; B: IL-6 apparently increased phospho-Stat3 expression in the nucleus, but EGCG treatment markedly decreased this effect. Stat3-DNA bind-
ing activity was determined by chromatin immunoprecipitation (ChIP) assay. Immunoprecipitation was conducted with Stat3 antibody followed by polymerase chain 
reaction (PCR) using oligonucleotide primers that yielded a 235 bp band spanning Stat3 binding site in vascular endothelial growth factor promoter. IL-6 apparently 
increased Stat3-DNA binding activity. When treated with EGCG, Stat3-DNA binding activity was also markedly decreased. 
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VEGF expression and angiogenesis via Stat3 remains to 
be elucidated. In this study, we demonstrated that EGCG 
inhibited IL-6-induced VEGF expression and angiogen-
esis in gastric cancer via suppressing Stat3 activity.

EGCG has shown to inhibit VEGF expression and 
angiogenesis in a variety of  tumors[8-11], and is most ef-
fective in inhibiting VEGF expression and angiogenesis 
among the four main catechins of  green tea[7]. However, 
the exact mechanism for the inhibitory effect of  EGCG 
on VEGF expression and angiogenesis is not well un-
derstood. IL-6 is reported to induce VEGF expression 
and tumor vasculature in gastric cancer[27,28]. To evaluate 
the effect of  EGCG on VEGF expression induced by 
IL-6 in gastric cancer, we examined VEGF expression 
in AGS cells treated with EGCG and IL-6. As shown in 
Figure 1A and B, after stimulated with 50 ng/mL of  IL-6, 

a 2.4-fold increase of  VEGF protein in tumor cells and a 
2.8-fold increase in the conditioned media were observed. 
When treated with EGCG, VEGF expression and secre-
tion were decreased in a dose-dependent manner. EGCG 
also dose-dependently inhibited VEGF mRNA expression 
in AGS cells (Figure 1C). Here we demonstrated that 
EGCG inhibited IL-6-induced VEGF expression in gas-
tric cancer cells, and this inhibitory effect was at transcrip-
tional level. 

The important role of  VEGF in angiogenesis has 
been well established. Therefore, we further evaluated 
the effect of  EGCG on IL-6-induced angiogenesis both 
in vitro and in vivo. As shown in Figure 5, the conditioned 
media promoted vascular endothelial cell proliferation 
and tube formation in vitro and vascularization of  Matri-
gel plugs in vivo. VEGF neutralizing antibody effectively 
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Figure 5  (-)-Epigallocatechin-3-gallate inhibits interleukin-6 induced angiogenesis in vitro and in vivo. The in vitro angiogenesis was determined by 3-[4, 
5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazoliumbromide (MTT) and tube formation assay. Human umbilical vein endothelial cells (HUVECs) were cultured with the 
conditioned media in the presence of vascular endothelial growth factor (VEGF) neutralizing antibody, (-)-epigallocatechin-3-gallate (EGCG) or AG490. After 48 h incu-
bation, the viable cells were quantified by MTT assay (A), and the formed tubes were fixed, stained, photographed and analyzed (B). The in vivo angiogenesis was 
determined by Matrigel plug assay. Matrigel plugs containing the conditioned media with VEGF neutralizing antibody, EGCG or AG490 were subcutaneously injected 
into nude mice. One week later, the Matrigel plugs were harvested and examined by measuring the density of hemoglobin (C). interleukin-6 (IL-6) apparently promoted 
vascular endothelial cell proliferation and tube formation in vitro and vascularization of Matrigel plugs in vivo. VEGF neutralizing antibody, EGCG and AG490 all mark-
edly decreased these effects. 1: Without IL-6 stimulation as a negative control; 2: With IL-6 stimulation as a control; 3-5: With IL-6 stimulation and VEGF neutralizing 
antibody, EGCG or AG490. Values are expressed as percent of control (means ± SE, n = 3, aP < 0.05, bP < 0.01).
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blocked these effects, confirming that IL-6-induced an-
giogenesis is VEGF-dependent. EGCG treatment also 
abrogated IL-6-induced angiogenesis in vitro and in vivo. 
These findings suggested that EGCG inhibited IL-6-
induced angiogenesis via down-regulation of  VEGF pro-
duction in gastric cancer.

Several mechanisms have been proposed for the in-
hibitory effect of  EGCG on VEGF expression[3-11]. In 
the present study, we found that EGCG inhibited IL-6-
induced VEGF expression in AGS cells. IL-6 might act 
through several classic protein kinase cascades, such as 
MAPK, PI3K and Stat3[31,32]. To elucidate the signaling 
pathway that EGCG inhibited VEGF expression induced 
by IL-6 in AGS cells, we tested the effect of  several sig-
naling pathway inhibitors, and found that PD98059 and 
LY294002 did not affect IL-6-induced VEGF expression, 
suggesting that IL-6 did not induce VEGF expression 
in AGS cells through MAPK or PI3K signaling pathway, 
which was consistent with a previous study[32]. In contrast, 
EGCG and AG490 effectively inhibited VEGF expres-
sion induced by IL-6. In addition, EGCG and AG490 
also effectively inhibited IL-6-induced vascular endothelial 
cell growth and tube formation in vitro and vascularization 
of  Matrigel plug in vivo, indicating that EGCG inhibited 
IL-6-induced VEGF expression and angiogenesis via Stat3 
signaling pathway. A previous study also demonstrated 
that Stat3 pathway was predominantly involved in the sig-
naling of  IL-6 stimulation in VEGF expression in gastric 
cancer[32]. These data suggested that EGCG inhibited IL-
6-induced VEGF expression and angiogenesis via Stat3 
signaling pathway in gastric cancer, and provided a novel 
mechanistic insight into the effect of  EGCG on VEGF 
expression. 

Activation by tyrosine phosphorylation is an indis-
pensable prerequisite for the activity of  Stat3. Compared 
with normal cells and tissues, abnormally activated Stat3 
has been detected in a wide variety of  human cancer cells 
and tissues, and associate with VEGF expression and 
tumor angiogenesis[14-23]. Previous studies have shown 
that EGCG inhibits activation of  Stat3 in various cancer 
cells[9,24,25]. Our study also demonstrated that EGCG in-
hibited activation of  Stat3 and VEGF expression in gas-
tric cancer[11]. In this study, we found that Stat3 was con-
stitutively activated in AGC cells. IL-6 induced a remark-
able increase in Stat3 expression and activation. When 
treated with EGCG, Stat3 activation was inhibited in a 
dose-dependent manner, but the total Stat3 expression 
remained unchanged when compared with the control. 
EGCG treatment did not affect Stat3 mRNA expression, 
either (data not shown). These findings suggested that 
EGCG reduced VEGF expression in gastric cancer by 
suppressing Stat3 activation.

Once activated, Stat3 translocates into the nucleus, 
binds to specific DNA promoter sequence and induces 
downstream gene expression[15]. Stat3-binding site in VEGF 
promoter has been identified, providing evidence that 
VEGF is a direct target gene of  Stat3. The activated Stat3 
acts as a transcriptional activator and is capable of  bind-

ing directly to the Stat3 consensus sequence in VEGF 
promoter region, thereby promoting the VEGF expres-
sion[18-20]. Previous studies showed that IL-6 up-regulated 
VEGF expression by promoting Stat3 binding to VEGF 
promoter[29-31]. Furthermore, blockage of  Stat3 activation 
was associated with a decline in Stat3-DNA binding activity 
and VEGF mRNA expression in gastric cancer[32]. In this 
study, we found that IL-6 stimulation apparently increased 
Stat3 translocation into nucleus and Stat3-DNA binding 
activity. When treated with EGCG, Stat3 nuclear translo-
cation and Stat3-DNA binding activity was markedly de-
creased. Masuda et al[9] also found that inhibition of  Stat3 
by EGCG significantly decreased VEGF promoter activ-
ity. Taken together, these data provided direct evidence 
that EGCG down-regulated VEGF expression induced 
by IL-6 via suppressing Stat3 activation, nuclear transloca-
tion and Stat3-DNA binding activity.

Increasing evidences have suggested that cytokine/
Stat3 signaling pathway plays an important role in tumor 
development and progression. Stat3 represents a point 
of  convergence for these cytokine signaling pathways 
and has become a novel promising molecular target for 
intervention in cancer treatment. Great efforts have been 
made to disrupt Stat3 signaling pathway for inhibiting 
angiogenesis and tumor growth[37]. However, the toxicity 
with these approaches might be increased because multiple 
down-stream targets are affected. Recently, pharmacologi-
cal approaches to Stat3 inhibition aim to identify natural 
products as inhibitors of  Stat3 signaling pathway[38,39]. In 
this study, we demonstrated that EGCG inhibited IL-
6-induced VEGF expression and angiogenesis in gastric 
cancer by the suppression of  Stat3 activation, nuclear 
translocation and Stat3-DNA binding activity. As a natural, 
low cost and non-toxic product, EGCG has drawn special 
attention, and may become a promising inhibitor of  Stat3 
and an angiogenic inhibitor. 

COMMENTS
Background
(-)-Epigallocatechin-3-gallate (EGCG), the most abundant and active compo-
nent of green tea, has shown to have chemopreventive and chemotherapeutic 
properties for a variety of cancers, especially gastrointestinal cancers. Anti-an-
giogenic activity is one of its main effects against cancer. However, the detailed 
molecular mechanism is not fully understood. 
Research frontiers
Angiogenesis is necessary for solid tumor growth and metastasis. Vascular en-
dothelial growth factor (VEGF) is the most potent angiogenic factor, and EGCG 
has shown to inhibit angiogenesis and tumor growth via suppressing VEGF 
expression. However, the molecular mechanism remains unclear. 
Innovations and breakthroughs
Increasing evidences suggest that cytokine/Stat3 signaling pathway plays an 
important role in tumor development and progression. Signal transducer and 
activator of transcription 3 (Stat3) represents a point of convergence for cyto-
kine signaling pathways and has become a novel promising molecular target 
for intervention in cancer therapy. In this study, the authors demonstrate that 
EGCG inhibited IL-6-induced VEGF expression and angiogenesis via suppress-
ing Stat3 activity in gastric cancer, and provided further evidence of the molecu-
lar mechanism underlying the anti-angiogenic activity of EGCG. 
Applications
By understanding how EGCG inhibits IL-6-induced VEGF expression and 
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angiogenesis via suppressing Stat3 activity, this study may represent a future 
strategy for therapeutic intervention in the treatment of gastric cancer.
Terminology
Stat3 represents a point of convergence for cytokine signaling pathways. IL-6 
induces VEGF expression and angiogenesis via Stat3 in multiple tumors. Non-
surprisingly, EGCG down-regulates VEGF expression induced by IL-6 via sup-
pressing Stat3 activation, nuclear translocation and Stat3-DNA binding activity.
Peer review
The authors for the first time examined how EGCG inhibits IL-6-induced VEGF 
expression and angiogenesis via suppressing Stat3 activity. It provided direct 
evidence that EGCG down-regulated VEGF expression induced by IL-6 via 
suppressing Stat3 activation, nuclear translocation and Stat3-DNA binding ac-
tivity. The results may represent a new molecular mechanism of anti-angiogenic 
activity of EGCG, and identified a new natural product as an inhibitor of Stat3 
signaling pathway. 
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