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The effects of epigallocatechingallate (EGCG) on the migration and expression of MMP-2 of uveal melanoma cells have not been
reported.We studied this effect and relevant signaling pathways in a human uveal melanoma cell line (M17). MTT study found that
EGCG did not affect the cell viability of M17 cells up to 100 𝜇M.Wound-healing assay showed that EGCG significantly reduced the
migration of melanoma cells in a dose-dependent manner from 20 to 100 𝜇M. Gelatin zymography showed that secreted MMP-2
activity was dose-dependently inhibited by EGCG, whereas the MMP-2 expression at protein and mRNA levels was not affected as
determined by western blot and RT-PCR analysis. EGCG significantly increased the expressions of MMP-2 endogenous inhibitors
(TIMP-2 and RECK) in M17 cells. Western blot analysis of MAPK signal pathways showed that EGCG significantly decreased
phosphorylated ERK1/2 levels, but not p38 and JNK levels, in melanoma cells. ERK1/2 inhibitors also reduced the migration and
activity of MMP-2 in M17 cells. The present study suggested EGCG at nontoxic levels could inhibit migration of melanoma cells
via downregulation of activities of secreted MMP-2 through the inhibition of the ERK1/2 phosphorylation. Therefore, EGCG may
be a promising agent to be explored for the prevention of metastasis of uveal melanoma.

1. Introduction

Uveal melanoma is the most common primary malignant
intraocular tumor in adults and eventuallymetastasizes to the
liver in up to 50% of patients within 15 years after the initial
diagnosis [1–3]. Various procedures have been reported for
the treatment ofmetastatic uveal melanoma, but the response
rate is very poor. Most uveal melanoma patients with liver
metastasis die within 6 months and the median survival time
after diagnosis ofmetastasis is only 3.6months [2, 3]. Because
of the poor prognosis of metastatic melanoma, new therapies

for inhibiting cell migration, invasion, and metastasis are
urgently required.

Tea is the most popular and polyphenol-rich bever-
age worldwide. Epigallocatechingallate (EGCG), the major
polyphenol in green tea, has been considered to be the
major active compoundwith chemopreventive properties [4].
Numerous previous studies showed that dietary phytochem-
icals or EGCG have many beneficial effects such as sup-
pressing inflammatory processes [5], increasing antioxidant
activity [6–10], inducing tumor cells apoptosis [11], and pro-
tecting cells from tumor development. Its cost effectiveness
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and natural abundance make it an attractive substance to
investigate.

The tumorigenesis process and progression to metastasis
is generally recognized as a multistep process in which the
cellular and molecular mechanism changes [12]. Five major
classes of proteases (serine, aspartic, cysteine, threonine, and
metalloproteinases) are involved in cancer cell metastasis
[12]. Matrix metalloproteinases (MMPs) are one of the major
proteases in the degradation of extracellular matrix (ECM),
especially MMP-2 and MMP-9. This process may affect
the adhesive capacity between cancer cells, promote the
migration of cancer cells, and lead to the metastasis [13].
Numerous studies have showed that the relative expression
levels of MMPs seem to increase with tumorigenesis and
have connected elevated MMP-2 and MMP-9 levels with
an increased metastasis and invasion [14, 15]. High levels
of MMP-2 expression have been demonstrated in many
different cancers, including the liver [16], lung [17], colon
[18], breast [19], prostate [20], skin [21], and ovary [22]. The
activated MMP-2 expression was also correlated with cancer
cell invasion and metastasis in various cancers [23–25]. In
uveal melanoma, Cottam et al. [26] observed that most of cell
lines secreted MMP-2 in vitro and the expression of MMP-2
was associated with a poor prognosis [27].

Multifunctional effects of EGCG in downregulation of
MMP-2 by interfering with the activation, secretion, and
regulation of the molecule have been demonstrated in many
cancer cell types such as breast [28], oral [29], lung [30], and
others. However, the effect of EGCG on the cell migration
andMMP-2 secretion in human uvealmelanoma cells has not
been reported.Thepurpose of this studywas to investigate the
effect and mechanism of EGCG on cell migration in human
uveal melanoma cells.

2. Materials and Methods
2.1. Cell Line and EGCG Treatment. M17 cell line, a human
uveal melanoma cell line, was isolated from a primary
choroidal melanoma patient and was established as an
immortal cell line by us (DNH) in the Tissue Culture Center
of theNewYork Eye and Ear Infirmary as previously reported
[31]. M17 cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) culture medium supplemented
with 10% fetal bovine serum (FBS), 100U/mL of penicillin,
and 100 𝜇g/mL streptomycin sulfate. Cells were incubated at
37∘C in aCO

2
regulated incubator in a humidified 95% air/5%

CO
2
atmosphere. Epigallocatechingallate (EGCG) andU0126

(ERK 1/2 inhibitor) were purchased from Sigma Chemical
Co. (St. Louis, MO, USA). For EGCG treatments, stock
solutions of EGCG were dissolved in dimethyl sulfoxide
(DMSO) at concentrations of 50mM, and cells were treated
with EGCG at a final concentration between 0 and 100𝜇Mfor
24 hours.

2.2. Cell Viability. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) assay was performed to detect
the cytotoxicity of EGCG. Cells were seeded in 24-well plate
and treatedwith different concentration of EGCGat the range
from 0 to 100 𝜇M for 24 hours. After 24 hours, the media

were removed and the cells were washed with PBS, followed
by the addition of MTT (0.5mg/mL) to the culture medium
for 4 hours at 37∘C. Subsequently, the absorbance values were
measured by a microplate photometer at 570 nm.

2.3. Wound-Healing Assay. An in vitro wound-healing assay
was used to observe the migration of M17 cells after EGCG
treatment. M17 cells were seeded into 6-well plate for 24
hours until they visibly reached confluence. Before EGCG
treatment, a pipette tip was used to create a straight scratch
on the plate to simulate a wound.The width of the remaining
gap was captured using phase-contrast microscopy (×100) at
0, 24, 48, and 72 hours.

2.4. Western Blot Analysis. Cells were seeded into 6 cm dish.
EGCG at different concentrations (0, 20, 40, 60, 80, and
100 𝜇M) was added. After 24 hours, total cell lysates were
collected using lysis buffer containing a protease inhibitors
cocktail and then lysed by sonication using an ultrasonic
processor. Afterward, cells extracts were microcentrifuged
at 13000 rpm for 20min at 4∘C and the supernatants were
collected. The protein concentrations of total cell lysates
were determined by Bradford assay. The cell extracts were
separated by 10% polyacrylamide gel and transferred onto a
nitrocellulose membrane. Subsequently, the membrane was
incubatedwith 5%nonfatmilk inTBSTbuffer for 1 h blocking
and then the primary antibodies of MMP-2, TIMP-2, RECK,
phosphor-ERK1/2, phosphor-JNK, phosphor-p38, total JNK,
total p38, and total ERK1/2 were added. After incubating
for overnight at 4∘C, secondary antibodies with horseradish
peroxidase were used for the indirect detection of specific
primary antibody for 1 hour at room temperature. Finally, the
protein expression was detected by chemiluminescence with
an ECL detection kit. The relative photographic density was
quantified by Multi Gauge V2.2 software.

2.5. Gelatin Zymography. The activities of MMP-2 in a
condition medium and cell lysate were measured by gelatin
zymography protease assays. Cells were plated at a density
of 5 × 104 cells/well in 24-well plates for 24 hours and
then treated with indicated concentrations (0, 20, 40, 60,
80, and 100 𝜇M) of EGCG for another 24 hours. Otherwise,
cells were pretreated with an indicated concentration of
specific inhibitors, 10 𝜇M U0126 (ERK 1/2 inhibitor), for
60min followed by incubation with or without 60𝜇MEGCG
for an additional 24 hours. For MMP-2 activity detection,
conditioned medium and cell lysate from treated cells were
prepared without boiling or reduction and subjected to
electrophoresis with 8% SDS polyacrylamide gels containing
0.1% gelatin. After electrophoresis, the gels were washed with
2.5% Triton X-100 for 30min to remove SDS and incubated
in a reaction buffer (40mM Tris-HCl, pH 8.0, 10mM CaCl2,
0.02%NaN3) at 37∘C for 16 hours. Finally, the gel was stained
with Coomassie brilliant blue R-250 [29].

2.6. RNA Isolation, Semiquantity PCR, and Quantitative Real-
Time PCR. Total RNA was isolated from 1 × 106M17 cells
treated with and without EGCG using Trizol (Life Tech-
nologies, Grand Island, NY) according to the manufacturer’s
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Figure 1: Effect of EGCG on cell viability. (a) Structure of EGCG. (b) Cell viability analysis of M17 cells cultured in presence of EGCG for
24 hours by MTT assay. M17 cells were treated with different concentrations of EGCG (0–100𝜇M) for 24 hours. Data represent mean of 3
determinations per condition repeated 3 times. Results are shown as mean ± SD.

instructions. Total RNA (2 𝜇g) was reverse transcribed into
cDNA by SuperScript III First-Strand Synthesis Supermix
(Invitrogen, Carlsbad, CA). The PCR was performed in
a reaction mixture containing 2 𝜇L cDNA, 0.2mM dNTP
mixture, 2𝜇M of each of the primers, 1 U Taq DNA poly-
merase, and 1-fold concentration of Thermal Pol Buffer
(New England BioLabs, MA, USA) by denaturation at 95∘C
for 5min, followed by amplification of indicated cycles of
95∘C for 30 sec, 62∘C for 30 sec, and 72∘C for 30 sec. The
specific primer sequences for these genes are as follows:
MMP-2: 5-GGCCCTGTCACTCCTGAGAT-3 (forward),
5-GGCATCCAGGTTATCGGGGA-3 (reverse) and TIMP-
2: 5-GGCGTTTTGCAATGCAGATGTAG-3 (forward), 5-
CACAGGAGCCGTCACTTCTCTTG-3 (reverse). Quanti-
tative real-time PCR analysis was carried out using TaqMan
one-step PCR Master Mix (Applied Biosystems). 100 ng of
total cDNA was added per 25 𝜇L reactions with MMP-2
or GAPDH primers and TaqMan probes. The MMP-2 and
GAPDH primers and probes were designed using com-
mercial software (ABI PRISM Sequence Detection System;
Applied Biosystems). Quantitative real-time PCR assays were
carried out in triplicate on a StepOnePlus sequence detection
system. The threshold was set above the nontemplate control
background and within the linear phase of target gene
amplification to calculate the cycle number at which the
transcript was detected.

2.7. Statistical Analysis. For all of the measurements, analysis
of variance followed by Scheffe posteriori comparison was
used to assess the differences between control and cells
treated with various concentration of EGCG. A difference at
𝑃 < 0.05 was considered to be statistically significant and the
experiments were repeated three times.

3. Results
3.1. Effect of EGCG on Cell Viability. The chemical structure
of EGCG is shown in Figure 1(a). Cytotoxic effects of EGCG

on M17 cell was determined by MTT assay. As shown in
Figure 1(b), after 24-hour treatment with various concen-
trations (0–100𝜇M) of EGCG, the cell viability was not
significantly affected.Therefore, a concentration range of 20–
100 𝜇M of EGCG was chosen for subsequent experiments.

3.2. Effect of EGCG on Cell Migration. Wound-healing assay
was used to investigate the migration of M17 cells cultured
with or without EGCG. The results showed that EGCG
significantly reduced the migration of M17 cells in a dose-
dependent manner during 72 hours (Figure 2).

3.3. Effect of EGCG on the Expression and Secretion of MMP-
2. Gelatin zymography was used to analyze the activity of
secreted and cytosolic MMP-2 in M17 cells treated with and
without EGCG. Figure 3(a) shows that only secreted MMP-
2 activity was significantly inhibited by EGCG in a dose-
dependent manner. The protein and mRNA level of MMP-2
expression was indicated by western blot, semiquantity, and
quantitative real-time PCR assay, respectively (Figures 3(b),
3(c), and 3(d)). The results showed that EGCG did not affect
both protein and gene expressions of MMP-2.This suggested
that EGCG inhibited activities of secretedMMP-2 but did not
affect the expression of MMP-2.

3.4. Effect of EGCG on Endogenous Inhibitor Expression of
MMP-2. From Figure 3, it was deduced that EGCG reduced
the activities of secreted MMP-2. The physiological activ-
ities of MMP-2 are related to their specific endogenous
inhibitors, tissue inhibitor of metalloproteinase- (TIMP-)
2, and reversion-inducing-cysteine-rich protein with kazal
motifs (RECK). We analyzed the effect of EGCG on TIMP-
2 and RECK expressions by western blot analysis. The results
showed that EGCG significantly increased the expressions of
TIMP-2 and RECK in M17 cells (Figure 4(b)). We further
observed that EGCG substantially increased the TIMP-2 and
RECK levels of M17 cells in a dose-dependent manner, with
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Figure 2: Effect of EGCG on cell migration in M17 cells. M17 cells were wounded and then treated with vehicle (DMSO) or EGCG (0, 20, 40,
60, 80, and 100 𝜇M) for 0 h, 24, 48, and 72 hours in 10% FBS-containing medium. At 0, 24, 48, and 72 hours, phase-contrast pictures of the
wounds at three different locations were taken.
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Figure 3: Effect of EGCG on the secretion, protein, and mRNA expression of MMP-2. M17 cells were treated with various concentrations
(0, 20, 40, 60, 80, and 100 𝜇M) of EGCG for 24 hours. (a) The conditioned media were collected and the activity of MMP-2 was detected.
(b) A gelatin zymography and western blot were performed for cell lysates. (c) Semiquantitative RT-PCR was performed to compare MMP-2
mRNA levels. (d)ThemRNA levels of MMP-2 were quantified using a real-time PCR assay.The values represented the means ± SD of at least
three independent experiments. ∗𝑃 < 0.05 as compared with the control.
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Figure 4: Effects of EGCG on the protein level of the endogenous inhibitor TIMP-2 and RECK. (a) M17 cells were treated with EGCG (0–
100𝜇M) for 24 hours and then subjected to western blotting to analyze the protein levels of TIMP-2 and RECK, respectively. (b) Quantitative
results of TIMP-2 and RECK protein levels which were adjusted with 𝛽-actin protein level. The values represented the means ± SD of at least
three independent experiments. ∗𝑃 < 0.05 as compared with the vehicle group.

5.36-fold and 3.65-fold increase after treating with 100 𝜇M of
EGCG, respectively (Figure 4(b)).

3.5. Effect of EGCGon the Phosphorylation of ERK1/2 Pathway.
As we have shown that the treatment of EGCG to M17 cells
inhibited the cell migration and activities of secreted MMP-
2, the underlying mechanisms were further investigated. As
shown in Figure 5, the treatment of EGCG could signifi-
cantly reduce the activation of phospho-ERK1/2 in a dose-
dependent manner (Figure 5(a)). However, the phosphory-
lation of the JNK1/2 and p38 pathways remained unaffected
(Figures 5(b) and 5(c)).

3.6. Inhibitory Effect of ERK1/2 Inhibitor on MMP-2 Activities
and Cell Migration. To further study whether the inhibition
of MMP-2 activities by EGCG was mainly through an
inhibition of ERK1/2 signaling pathway, we investigated the
effects of specific inhibitor of ERK l/2 pathway (U0126) on
M17 cells. Results showed that U0126 treatment led to the
inhibition of MMP-2 activity, similar to the EGCG treatment
(Figure 6(a)). In addition, a combined treatment of ERK1/2
inhibitor with EGCG could further decrease the MMP-2
activity (Figure 6(a)) and increase the expression of TIMP-
2 and RECK protein but not affect the MMP-2 expression
(Figure 6(b)). Furthermore, a similar result for an inhibition
on the cell migration of M17 cells by a sole treatment of
ERK1/2 inhibitor and combination treatment with ERK1/2
inhibitor and EGCG was also observed (Figure 6(c)). This
suggested that the inhibition of ERK l/2 signaling pathways
could result in the inhibition of activities of secreted MMP-2
as well as the cell migration of melanoma cells.

4. Discussion

M17 uveal melanoma cell line was isolated and cultured from
a primary choroidal melanoma patient, has been cultured
in vitro for more than 20 years, and has been divided more
than 200 times, indicating that this is an immortal cell line.
Cells grew actively, with a doubling time of 24–48 hours,
and are tumorigenic in immune nude mice. This cell line
has been used widely in several melanoma research centers
for the study of melanogenesis, role of microRNA in the
pathogenesis of uveal melanoma, and various pharmacolog-
ical and toxicological studies [32–39]. Therefore, M17 cell
line was selected for use in the present study. The effects of
EGCG on the growth, migration, and invasion of cutaneous
melanoma cells have been reported [40–42]. However, the
effect of EGCG on the migration and expression of MMPs
in uveal melanoma cells has not been reported.

Cutaneous melanomas are biologically different from
uveal melanomas in many respects. Most cutaneous melano-
mas occur in area exposed to sun radiation, whereas most
of the uveal melanomas occur in the posterior segment of
the eye and are not exposed to sun radiation. UV radiation
increases the incidence of cutaneousmelanoma but not uveal
melanoma [43, 44]. Gene mutations in cutaneous melanoma
(BRAF, N-Ras, etc.) were entirely different from those in
uveal melanoma (GNAQ, GNA11, etc.) [45]. Furthermore,
the karyotypes of cutaneous melanomas are also different
from those of uveal melanomas [46]. Therefore, cutaneous
melanoma and uveal melanoma should be considered as
two different and independent disease entities. Independent
studies are required for each type of melanoma to develop
relevant novel treatments.
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Figure 5: Effects of EGCG on the MAPK signaling pathways. M17 cells were treated with various doses of EGCG (0, 20, 40, 60, 80, and
100𝜇M) for 24 hours and whole cell lysates prepared from these cells were used for western blot analysis with (a) anti-ERK, (b) anti-p38, and
(c) anti-JNK (total and phosphorylated) antibodies as described in Materials and Methods section. The values represented the means ± SD
of at least three independent experiments. ∗𝑃 < 0.05 as compared with the control.

The present study revealed that EGCG inhibited the
migration and decreased the MMP-2 activity of uveal
melanoma cells. To our knowledge, this study provides
the first demonstration that EGCG is capable of inhibiting
invasive behaviors and MMP-2 activities in uveal melanoma
cells.

Previous studies have well established the role of the
mitogen-activated protein kinase (MAPK) pathway in reg-
ulating MMP-2 expression [47]. Lin et al. indicated that
kaempferol reduces MMP-2 expression by downregulating
ERK1/2 signaling pathways in oral cancer cells [47]. Our
previous study also showed that silibinin inhibits the invasion
of oral cancer cells by suppressing the activation of ERK1/2

and MMP-2 expression [48]. Furthermore, in the study by
Sen et al., EGCG downregulated MMP-2 in human breast
cancer cell line via Erk 1/2 signal pathway [28]. In another
study, JNK 1/2 pathway modulated MMP-2 production by
EGCG treatment in lung cancer cells [30]. However, the
present study showed that EGCG only inhibited ERK phos-
phorylation and no significant effects were detected on the
JNK and p38 signaling pathways. The involvement of the
MAPK pathway in the modulation of MMP-2 activities was
demonstrated by treating uveal melanoma cells by ERK
inhibitor, which showed that ERK inhibitor could lead to
an inhibition of MMP-2 secretion and cell invasion of uveal
melanoma cells.
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Figure 6: Effect of U0126 and EGCGon the expression ofMMP-2, TIMP-2, and ERK1/2 pathway and cell migration.M17 cells were pretreated
with U0126 (10𝜇M) for 1 hour and then incubated in the presence or absence of EGCG (60 or 100 𝜇M) for 24 hours. (a) The culture media
were used as subjects for analysis of MMP-2 activity. (b) The cell lysates were used as subjects for analysis of MMP-2, TIMP-2, and RECK
protein levels. (c) Cells were used for wound-healing assay as described in Materials and Methods section. The values represented the means
± SD of at least three independent experiments. ∗𝑃 < 0.05 as compared with the control. #𝑃 < 0.05 as compared with the EGCG-treated only.

In conclusion, our study results suggested that one of the
antimetastatic effects of EGCG on uveal melanoma cells was
the downregulation of activities of secreted MMP-2 through
the inhibition of ERK1/2 phosphorylation. Overall, these data
suggest that EGCG may be a promising agent to be explored
for the prevention of metastasis of uveal melanoma.
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