
Abstract. (-)-Epigallocatechin-3-gallate (EGCG) has inhibitory
effect on a variety of cancers by inducing apoptosis and cell
cycle arrest or inhibiting angiogenesis and metastasis. EGCG
has been found to induce apoptosis in salivary gland carci-
noma cells, however, it is not known whether EGCG affects
invasion and migration. Thus, this study was performed to
clarify whether EGCG affects invasion and migration of
salivary gland tumors. Matrigel invasion assay, wound
scratch assay and migration assay using commercial kit were
performed. ß1 integrin expression and activation of its
downstream molecules such as focal adhesion kinase (FAK),
AKT and extracellular signal-regulated kinase (ERK) were
examined by Western blot. Enzymatic activity of matrix
metalloprotease (MMP)-2 and MMP-9 was examined by
gelatin zymography. EGCG inhibited effectively invasion and
migration of SGT cells in a dose-dependent manner. EGCG
also inhibited the activation of ß1 integrin-downstream
molecules such as FAK, AKT and ERK as well as the
expression of ß1 integrin itself. Moreover, MMP-2 and
MMP-9 expression and their enzymatic activity were
reduced by EGCG in a dose-dependent manner. These
results indicate that EGCG may effectively suppress salivary
gland tumors by inhibiting metastasis through ß1 integrin-
mediated signaling.

Introduction

Salivary gland cancers account for <0.5% of all malignancies
and approximately 3-6% of all head and neck tumors in
adults (1-3). Little is known about the etiology of salivary
gland cancers. Radiation exposure and a history of any prior
cancer are the established risk factors for salivary gland
tumors (4-6). Epstein-Barr virus can be a factor for the

development of lymphoepithelial salivary gland tumors (7).
The WHO classification of malignant salivary gland tumors
has been recently updated, listing 24 different histologic
subtypes (8). The main four histopathologic types include
mucoepidermoid carcinoma (29-34% of malignant tumors),
adenoid cystic carcinoma (about 20%), adenocarcinoma and
salivary duct carcinoma.

Salivary gland carcinomas are primarily managed with
surgical resection, often in conjunction with postoperative
radiation therapy (9). The functions of chemotherapy in the
management of salivary gland cancers remain unsolved (2).
Chemotherapy is generally indicated only for palliation in
symptomatic patients with recurrent and/or unresectable
cancers (9), because response rates of salivary gland cancers
to chemotherapy are inconsistent, varied and generally poor
(10).

Green tea is one of the most popular beverages in the
world because it has many beneficial effects on human health.
It contains many catechins such as (-)-epigallocatechin-3-
gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin-
3-gallate (ECG) and (+)-catechin (11). EGCG is the most
abundant polyphenol in green tea and has been found to inhibit
growth of tumor cells by inducing apoptosis or inhibiting
angiogenesis (12,13). In addition, EGCG inhibits invasion
and metastasis of a variety of tumor cells (14-17). Sakagami's
group showed that EGCG induced apoptosis of human
salivary gland tumor HSG (18,19). However, there is no
report about the effect of EGCG on invasion and migration
of salivary gland tumor. Therefore, in this study, we examined
the effect of EGCG on adhesion, invasion and migration of
salivary gland adenocarcinoma SGT cells.

Materials and methods

Cell culture. SGT human salivary gland adenocarcinoma
cells (a gift from Professor C.H. Lee, Dankook University)
(20) were cultured in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum, 100 μg/
ml streptomycin and 100 units/ml penicillin at 37˚C in a 5%
CO2 incubator.

MTT assay. To determine a concentration to be used in the
further experiment, cell viability was examined using the
MTT assay. The cells were seeded at 3x105 cells/ml into the
12-well plates and treated with different concentrations of
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EGCG (Cayman Chemical Co., Ann Arbor, MI) for 24 h.
Cells were washed twice with ice-cold PBS, and 0.5 ml of
cell culture medium and 50 μl of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenylte-trazolium bromide reagent (5 mg/ml in PBS)
were added and incubated for 3 h at 37˚C. The media were
then removed and 250 μl of acid-isopropanol (0.04 mol/l HCl
in isopropanol) was added. The optical density (OD) was
then measured by a Microplate Autoreader ELISA (Bio-Tek
Instruments, Inc., Winooski, VT) at 570 nm wavelength.

Matrigel invasion assay. Cell invasion assay was performed
using a Matrigel invasion assay kit (BD Biosciences, San
Jose, CA) according to the manufacturer's instructions. Briefly,
serum-free media supplemented with EGCG was added to
the well. Cells were seeded in the insert of the transwell plate
and incubated for 22 h at 37˚C. The cells that invaded to the
lower surface of the membrane were fixed with methanol and
stained with hematoxylin for 5 min. On microscopy, five
areas from each sample were randomly selected and invasion
cells were counted as previously described (21).

Wound-scratch assay. The cells were allowed to grow in
culture dish overnight and a scratch about 3 mm in width was
made of in monolayer by yellow tip. After washing twice
with PBS, the cells were cultured in the absence or presence
of EGCG, and photographs were taken in series at different
time-points.

Cell migration assay. Cell migration assay was performed
using a Chemotaxis Cell Migration Assay kit (Chemicon)
according to the manufacturer's instructions. Briefly, EGCG
was treated in culture media outside of the insert. The cells
were added to the insert and incubated for 24 h. The migrated
cells to the lower surface of the membrane were processed
and counted as described in invasion assay. To quantify
migration ability, migrated cells are lysed using the cell lysis
buffer and optical density was measured with the CyQUANT
GR Dye using fluorescence plate reader (Varioskan, Thermo
Electron Co., Waltham, MA) at 480/520 nm.

Western blot analysis. After treated with EGCG, the cells
were lysed in lysis buffer (137 mM NaCl, 15 mM EGTA,
0.1 mM sodium orthovanadate, 15 mM MgCl2, 0.1% Triton
X-100, 25 mM MOPS, 100 μM phenylmethylsulfonyl fluoride
and 20 μM leupeptin, adjusted to pH 7.2). The total protein
(40-50 μg per lane) was resolved by 7.5-15% SDS-PAGE
and transferred onto PVDF membranes. After blocking in TBS
(20 mmol/l Tris, 137 mmol/l NaCl, 1 g/l, pH 7.6) with 5%
skim milk for 2 h at room temperature, the membranes were
incubated with primary antibodies at 37˚C overnight. Anti-
bodies of ß1 integrin, focal adhesion kinase (FAK), pFAK,
matrix metalloprotease (MMP)-2, and MMP-9 were from
Santa Cruz Biotechonology (Santa Cruz, CA). In addition,
antibodies of Akt, pAkt, extracellular signal-regulated kinase
(Erk) and pErk were from Cell Signaling (Danvers, MA).
The membranes were then washed three times with a 0.05%
tween-TBS (TBS-T), followed by incubation for 1 h with
secondary antibodies (1:5000; Santa Cruz Biotechnology) at
room temperature. Finally, the membranes were visualized
using the West ZOL Plus detection reagent in the LAS-1000
(Fujifilm, Japan).

RT-PCR. The primer sets used in this study were as follows.
ß1 integrin, F:5'-ATGCCTACTTCTGCACGATGTG-3',
R:5'-GATGGCATCGAAACCACCTTCT-3'; MMP-2, F:5'-CT
TCCAAGTCTGGAGCGATGT-3', R:5'-TCTCCCAAGGTC
CATAGCTCA-3'; MMP-9, F:5'-CCTGCAACGTGAACAT
CTTCG-3', R:5'-GCCTGTGTACACCCACACCTG-3';
GAPDH, F:5'-CCAAGGTCATCCATGACAACT-3', R:5'-
GTCATACCAGGAAATGAGCTTGACA-3'. cDNA syn-
thesis and reverse-transcription polymerase chain reaction
(RT-PCR) were performed from 2 μg total RNA using an
One Step RT-PCR kit (iNtRON Biotechnology, Seongnam,
Korea). The PCR condition consisted of an initial denatu-
ration at 94˚C for 2 min; 30 cycles of 94˚C for 15 sec, 55˚C
for 30 sec and 72˚C for 1 min; a final extension at 72˚C for
10 min. The PCR products were separated on a 1.2% agarose
gel, visualized and photographed using a gel documentation
system.

Gelatin zymography. MMP-2 and MMP-9 enzymatic activities
were assayed by gelatin zymography. Supernatants from
EGCG-treated cultures were electrophoresed on an 8% SDS-
PAGE containing gelatin. The gel was washed three times
with renaturating buffer, followed by a brief rinsing in distilled
water, and then incubated with development buffer at 37˚C.
After incubation, the gel was stained with Coomassie Brilliant
Blue G250 (0.1% in 25% methanol and 10% acetic acid in
water) and destained in the same solution in absence of the
dye (22).

Statistical analysis. The differences in mean values among
different groups were tested, and the values were expressed
as mean ± SD. All of the statistical calculations were carried
out using Microsoft Excel. Values of P<0.05 were considered
significant.

Results

Effect of EGCG on the viability of SGT cells. To determine a
concentration to be used in the further experiments, the cell
viability was examined by MTT assay at the absence or
presence of EGCG. Cell viability was slightly decreased by
EGCG in a manner dependent on dose, but which is not signi-
ficant (Fig. 1). Even at the highest concentration (200 μM),
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Figure 1. SGT cells were incubated with various doses of EGCG (10, 50, 100,
150 and 200 μM) for 24 h and cell viability was measured by MTT assay.

585-590.qxd  16/12/2009  11:23 Ì  Page 586



EGCG induced only about 10% decrease of viability of SGT
cells. Therefore, we determined to use 100 and 200 μM EGCG
in further experiments.

Effect of EGCG on invasion and migration of SGT cells. Cell
invasion and migration are of fundamental importance in tumor
metastasis and angiogenesis (23,24). Therefore, we examined
the effect of EGCG on invasion and migration of SGT
cells. Treatment of EGCG significantly reduced the number
of invading cells in a dose-dependent manner (Fig. 2). Cell
migration was evaluated by two systems including wound-
scratch assay and cell migration assay using a commercial
kit. The migration of SGT cells across the wounded space
was inhibited by EGCG in a time- and dose-dependent manner
(Fig. 3A and B). Moreover, the number of cells passing though
membrane was dose-dependently decreased by EGCG (Fig. 3C
and D). When the migrated cells were lysed and incubated
with green-fluorescent dye, which bound to cellular nucleic
acids, optical density was also diminished by EGCG in a
dose-dependent manner (Fig. 3E). These findings suggest
that EGCG suppressed effectively invasion and migration of
SGT cells.

Effect of EGCG on the expression of down regulators of ß1
integrin. Cell adhesion to extracellular matrix (ECM) is
mediated by integrins that play a significant role in tumor
progression and metastasis (25). Therefore, we examined the
effect of EGCG on the expression of ß1 integrin and its down-
stream molecules. The expression of cell surface ß1 integrin
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Figure 2. Matrigel invasion assay was performed to examine the effect of
EGCG on the invasiveness of SGT cells. The cells were cultured at the
absence or presence of EGCG (100 and 200 μM) for 24 h. The cells that
invaded to the lower surface of the membrane were fixed and stained with
hematoxylin and photographs were obtained from each sample (A). On
microscopy, five areas from each sample were randomly selected and
invasion cells were counted (B). Results are expressed as mean ± SD. *P<0.05,
**P<0.001.

Figure 3. After the cells were fully grown, wound scratch about 3 mm in width was made in the cell culture dish. The cells were then incubated at the absence
or presence of EGCG and photographs were taken from each sample at various time-points (A). The length between each wound edge was measured and the
wound closure was expressed as percentage compared with the length of first made wound edge (B). As another experiment to examine the effect of EGCG
on the migration of SGT cells, cell migration assay was performed. The migrated cells to the lower surface of the membrane were processed and stained.
Photograph was taken from each sample (C) and migrating cells were counted as described in invasion assay (D). To quantify migration ability, migrated cells
are lysed using the cell lysis buffer and optical density was measured at 480/520 nm (E). Results are expressed as mean ± SD. *P<0.05, **P<0.01, ***P<0.001.
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was decreased by EGCG (Fig. 4A). Phosphorylation of FAK,
Akt, and Erk was also reduced by EGCG in a dose-dependent
manner (Fig. 4A). Moreover, EGCG also inhibited the
expression of MMP-2 and MMP-9 in a dose-dependent
manner (Fig. 4A). To examine whether EGCG affects the
steady-state levels of ß1 integrin, MMP-2 and MMP-9 mRNAs,
RT-PCR was performed. The level of mRNA expressions for
ß1 integrin, MMP-2 and MMP-9 was also reduced by EGCG
in a dose-dependent manner (Fig. 4B).

Effect of EGCG on activities of MMP-2/-9. Extracellular
matrix breakdown is pivotal for cellular invasion, indicating
that matrix-degrading proteinases are essential for tumor cell

metastasis (26). Therefore, we determined the activity of
MMP-2 and MMP-9 by gelatin zymography after 24 h incu-
bation with EGCG in SGT cells. As shown in Fig. 5, treatment
of EGCG suppressed the gelatinolytic activities of MMP-2
and MMP-9 of SGT cells in a dose-dependent manner.

Discussion

Many scientists are interested in natural products because of
their various beneficial effects on human health such as anti-
inflammation and anti-cancer properties. EGCG, the most
abundant catechin in green tea, has been widely studied
regarding its beneficial effects on health including anti-
cancer effect. EGCG exhibits anti-cancer effect by inducing
apoptosis and cell cycle arrest or inhibiting angiogenesis and
metastasis (27). It also inhibits the signal transduction
pathway related to tumorigenesis such as mitogen-activated
protein kinase (MAPK), the activator protein 1 (AP-1),
nuclear factor κB (NF-κB), epidermal growth factor receptor
(EGFR) or insulin-like growth factor-1 (IGF-1) mediated
pathway (27).

Although previous studies revealed that EGCG induced
apoptosis of salivary gland carcinoma cells (HSG), its anti-
invasion and anti-migration effects on salivary gland
malignancies were not reported. In the present study, we
showed that EGCG exhibits anti-invasion and anti-migration
effect on SGT cells at the concentrations showing little cyto-
toxicity. EGCG has been reported to inhibit invasion and
metastasis of a variety of cancer cells (14-17). Moreover,
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Figure 4. The cells were incubated for 24 h at absence or presence of EGCG and subsequently, protein and mRNA were extracted from each sample. Western
blot analysis was performed to examine the expression of ß1 integrin, MMP-2 and MMP-9 and the activation of FAK, AKT and ERK (A). mRNA levels of
ß1 integrin, MMP-2 and MMP-9 were examined by RT-PCR (B).

Figure 5. The cells were treated with EGCG for 24 h. Each conditioned
media was collected, and then was analyzed for the gelatinolytic activities of
MMP-2 and MMP-9 by zymography.
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EGCG inhibited adhesion and migration of stromal cells such
as fibroblasts (28). These findings indicate that EGCG may
generally affect adhesion, invasion and migration in a variety
of cell types.

The major mechanisms of cancer invasion and migration
are that primary cancer cells disseminate and grow at a distant
site resulting in a secondary tumor (29). When cancer cells
invade and migrate, various proteolytic enzymes contribute
to the degradation of extracellular matrix (ECM) (22,30).
Integrin receptors play critical roles in cell-to-cell contacts,
cell adhesion and migration, and major receptor for cell
adhesion and ECM (31). Among the integrins, ß1 integrin is
known to mediate cell adhesion and migration (32-34). Focal
adhesion kinase (FAK) has been shown to regulate integrin-
mediated signaling (31,35). After ligand stimulation or integrin
engagement, FAK becomes phosphorylated, which leads to
the phosphorylation of down regulators such as Akt and Erk.
Subsequently, activation of these signaling molecules leads
to increase of matrix metalloproteinase (MMP) production,
promoting invasion of migration of tumor cells (36-40).
Among the MMPs, MMP-2 (gelatinase-A) and MMP-9
(gelatinase-B) are overexpressed in various malignant tumors
and play critical roles in tumor invasion and migration (41-43).
In the present study, we examined whether EGCG exhibits
its anti-invasion and anti-migration activity in SGT cells
through ß1 integrin-mediated pathway. EGCG treatment
inhibited the activation of its down-stream molecules such as
FAK, AKT, and ERK as well as ß1 integrin itself. Moreover,
MMP-2 and MMP-9 expression was also reduced by EGCG
in a dose-dependent manner. ECGC has been also shown to
inhibit the enzymatic activity of secreted MMP-2 and MMP-9
in human fibrosarcoma (44). Similarly, our result showed
that EGCG treatment led to inhibition of enzymatic activity
of MMP-2 and MMP-9 in SGT cells.

In conclusion, invasion and migration are dependent on
production of MMP-2 and MMP-9 and their enzymatic
activity through ß1 integrin-mediated pathway. EGCG
inhibited effectively the invasion and migration of SGT cells,
ß1 integrin expression, activation of FAK, AKT, and ERK,
and the MMP-2 and MMP-9 expression and their enzymatic
activity of MMP-2 and MMP-9. Our results suggest that
EGCG may exhibit beneficial effects on salivary gland tumor
progression by inhibiting invasion and migration via ß1
integrin-mediated signaling pathway.
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