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Abstract: (—)-Epigallocatechin-3-gallate (EGCG), a major green tea polyphenol, has been
shown to inhibit the proliferation of a variety of tumor cells. Epidemiological studies have
shown that drinking green tea can reduce the incidence of nasopharyngeal carcinoma (NPC),
yet the underlying mechanism is not well understood. In this study, the inhibitory effect of
EGCG was tested on a set of Epstein Barr virus-negative and -positive NPC cell lines.
Treatment with EGCG inhibited the proliferation of NPC cells but did not affect the growth
of a non-malignant nasopharyngeal cell line, NP460hTert. Moreover, EGCG treated cells
had reduced migration and invasive properties. The expression of the cell adhesion
molecules E-cadherin and B-catenin was found to be up-regulated by EGCG treatment, while
the down-regulation of matrix metalloproteinases (MMP)-2 and MMP-9 were found to be
mediated by suppression of extracellular signal-regulated kinase (ERK) phosphorylation
and AP-1 and Spl transactivation. Spheroid formation by NPC cells in suspension was
significantly inhibited by EGCG. Oral administration of EGCG was capable of suppressing
tumor growth in xenografted mice bearing NPC tumors. Treatment with EGCG was found
to elevate the expression of p53 and p21, and eventually led to apoptosis of NPC cells via
caspase 3 activation. The nuclear translocation of NF-xB and B-catenin was also suppressed
by EGCG treatment. These results indicate that EGCG can inhibit the proliferation and
invasiveness, and induce apoptosis, of NPC cells, making it a promising agent for
chemoprevention or adjuvant therapy of NPC.
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1. Introduction

Nasopharyngeal carcinoma (NPC), a tumor derived from the posterior part of the nasopharynx,
is a malignant neoplasm that is notorious for its local invasion and distant metastasis. The incidence of
NPC is particularly high in southern China, Taiwan, Southeast Asia, and North Africa, but is very low
elsewhere [1]. Genetic, environmental and microbial factors have been incriminated in the carcinogenesis
of NPC [2,3]. Epstein-Barr virus (EBV) is the etiological agent of infectious mononucleosis and is
implicated in the development of several human malignancies, including NPC. Clonal infection by EBV
is present in most NPC biopsies and the detection of expression of several viral genes has indicated that
EBV plays an etiological role in the carcinogenesis of NPC [4]. In addition to viral factors, several
dietary factors have been reported to be associated with the development of NPC. Consumption of salted
fish, especially during weaning, has been linked to the development of NPC [5]. Volatile nitrosamines are
known to be present in salted fish and preserved foods from NPC high risk areas and are considered to
be an important etiological factor of NPC [6]. Moreover, it has also been shown that various chemicals,
including phorbol esters and n-butyrate, which are present in herbal medicines and foods commonly
consumed in NPC high risk areas, can induce the EBV lytic cycle and may be involved in the tumorigenesis
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of NPC [7-10]. Our recent study indicated that repeated contact with these chemicals can lead to
recurrent reactivation of EBV and result in alteration of cancer hallmark gene expression in NPC cells [11].
These results indicate that frequent contact with these chemicals from food or the environment can
increase the risk of NPC. In contrast, several food items, including fresh vegetables, fruits, and green
tea, have been reported to be inversely associated with NPC development [12,13]. Consumption of
vegetables [14,15], as well as green tea [13,16], has been found to lower the risk of NPC. It has been
suggested that the protective effect of vegetables and green tea may result from antioxidant ingredients.
However, the underlying mechanisms have not been fully elucidated yet.

Tea (Camellia sinensis) is widely consumed for its characteristic flavor and potential health benefits.
Epidemiologic studies have demonstrated that consumption of green tea reduces the risk of cancers,
including breast, lung, stomach, colon, liver, and pancreatic cancers [17-20]. A typical cup of green tea
contains 100—150 mg of tea polyphenols, which are also known as catechins [21]. Several studies have
shown that tea polyphenols inhibit the growth of cancer cells [22]. The major green tea polyphenol
is (—)-epigallocatechin-3-gallate (EGCG, Figure 1A), which comprises more than 50% of total tea
polyphenols [21]. EGCG has been found to possess profound chemopreventive and antitumor activities,
which have been reported to result from inhibition of several signal transduction pathways related to
carcinogenesis [18,23,24].

Although EGCG has been proved to be effective in inhibiting several types of cancer cells, its effect
on NPC cells has not been well demonstrated. Previous studies have indicated that EGCG induced
growth arrest, apoptosis [25,26], and inhibit stem-like characteristics in NPC cell lines [27]. Because of
the limited availability of appropriate cell lines, most NPC studies were conducted on an EBV-negative cell
background. This is because most NPC cell lines have lost their EBV genome during isolation and
culture [28,29]. Although transfection of such cells with individual EBV latent genes, such as latent
membrane protein 1 (LMP1), may provide a model for study, such cells do not reflect the authentic
circumstances of NPC in vivo, which is positive for EBV infection. We have generated EBV-positive
NPC cell lines in a previous study and have established xenografted mouse models of NPC using these
cells [30,31]. The EBV-positive NPC cell lines were found to have enhanced malignancies as compared
to EBV-negative cells [31]. In this study, an EBV-negative TWO01 cell and an EBV-positive NA cell,
which represents the two typical types of NPC in vivo, were used to study the effect of EGCG on NPC
cells. Experiments in vitro indicated that EGCG inhibits the proliferation of NPC cells but does not affect
the growth of an immortalized, non-malignant nasopharyngeal cell. Treatment with EGCG also reduced
the migration, invasion, and spheroid formation in NPC cells. Following inoculation of NA cells into
severe combined immunodeficiency (SCID) mice to generate an NPC tumor model, oral administration
of EGCG effectively inhibited the proliferation of the tumors. Subsequent investigations revealed
that the up-regulation of cell adhesion molecules, suppression of matrix metalloproteinases (MMP)-2
and MMP-9, and induction of apoptosis via activation of the caspase pathway were involved in the
EGCG-induced inhibition. Our results provide evidence that EGCG may be potent as a chemopreventive
or adjuvant agent for treatment of NPC.
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2. Results

2.1. (—)-Epigallocatechin-3-gallate (EGCG) Inhibits the Proliferation of Nasopharyngeal Carcinoma
(NPC) Cells but not Immortalized Nasopharyngeal Epithelial Cells

A BrdU incorporation assay was performed to determine the proliferation of cells under EGCG
treatment (Figure 1B). At 10 and 20 uM of EGCG treatment, no difference in cell proliferation was
observed, regardless of treatment periods (24, 48 and 72 h). At 24 h of 30 and 50 uM EGCG treatment,
a slight reduction of proliferation was observed in both TWO01 and NA cells (reduction < 10%,
Figure 1B). As the treatment time was increased, the anti-proliferative effect of EGCG became more
prominent. Compared to the mock-treated cells, the proliferation of both cells treated with 30 or 50 uM
EGCG was significantly reduced at 48 and 72 h. This result indicates that EGCG can reduce the
proliferation of NPC cells in a time- and dose-dependent manner. To further elucidate the effect of
EGCQG treatment, a cell viability assay was carried out to determine the cytotoxicity of EGCG on NPC
cells. When compared to mock-treated cells, treatment with EGCG at 10 and 20 uM did not have
significant effect on the cell viability at 24 and 48 h. Only after 72 h of 20 uM EGCG treatment was a
slight reduction of viable cell numbers observed in TWO01 and NA cells (Figure 1C). When the treatment
doses were increased to 30 and 50 uM of EGCQG, the cytotoxic effect of EGCG became more marked.
Compared to the mock-treated cells, the viability of both TWO01 and NA cells treated with 30 or 50 uM
EGCG was significantly reduced at 48 and 72 h (Figure 1C). The viability of NPC cells at 72 h was
lower than that after 48 h of treatment with 30 or 50 uM EGCG, indicating that EGCG may induce cell
death with prolonged treatment. Suppression of proliferation by EGCG was found to be more marked in
the EBV-negative TWO1 cells, as compared to the EBV-positive NA cells at 48 and 72 h of treatments.
Because EGCG has been shown to inhibit specifically the proliferation of cancer cells but not their normal
counterparts, we compared the effect of EGCG on these two NPC cells and a telomerase-immortalized,
non-malignant human nasopharyngeal epithelial (NP) cell line, NP460hTert [32]. Interestingly, after
72 h of treatment, EGCG did not show adverse effect on NP460hTert cells, regardless of the concentration
(Figure 1D). Only a minor, but insignificant, reduction of cell proliferation was observed after treatment
of NP460hTert cells with 30 or 50 uM EGCG. In contrast, the inhibitory effect of EGCG was very
prominent on two NPC cells. Compared to NP460hTert cells, the reduction of two NPC cell growth
was significant with 20 uM EGCG (p < 0.05), and greater with 30 or 50 uM EGCG (p < 0.01) treatment
(Figure 1D). Taken together, these data indicate that EGCG can inhibit the proliferation of NPC cells in
a time- and dose-dependent manner, while not affecting the growth of non-malignant NP cells.
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Figure 1. (—)-Epigallocatechin-3-gallate (EGCG) inhibits the proliferation of nasopharyngeal
carcinoma (NPC) but not immortalized NP460hTert cells. (A) The chemical structure of
EGCG; (B) The proliferation of TWO01 and NA cells under EGCG treatment. Cells were
treated with various concentrations of EGCG (0, 10, 20, 30 and 50 uM) for 24, 48 and 72 h.
The proliferation of cells is presented as % BrdU incorporation of mock-treated cells. Data
indicate the average value of triplicates (mean + SD). **: p <0.01; ***: p < 0.001, compared
to mock-treated cells; (C) The viability assay of TW01 and NA cells under EGCG treatment.
Cells were treated with various concentrations of EGCG for 24, 48 and 72 h. The viable cells
were determined using a standard WST-1 assay. The X axis represents the absorbance value of
(A440nm — A6sonm). Data indicate the average value of triplicates (mean + SD). ***: p <0.001,
compared to mock-treated cells; (D) TWO1, NA and NP460hTert cells were exposed to
various concentrations of EGCG for 72 h. The viability of cells is presented as % growth of
mock-treated cells. Data indicate the average value of triplicates (mean = SD). *: p < 0.05;
**: p<0.01, compared to the NP460hTert cells.
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2.2. EGCG Inhibits Nasopharyngeal Carcinoma (NPC) Cell Migration and Invasion

Cell migration and invasion assays were carried out to determine the preventive effects of EGCG on
NPC cells. EGCG treatment had a profound inhibitory effect on cell migration and invasion, even at
a low dose (Figure 2). When examined at 48 h, the migration of both TWO01 and NA cells was markedly
reduced after EGCG treatment at all concentrations tested (Figure 2A,B). With 10 uM EGCG treatment,
there was a 40% and 65% drop in migration of TWO01 and NA cells, respectively, while the cell growth
was not affected. It seems that the inhibitory effect of EGCG was very remarkable for the highly-motile
NA cells, as compared to the TWO01 cells with lower migration ability. Although cell proliferation was
suppressed at higher doses of EGCG, the reduction of migration apparently exceeded the extent of
growth inhibition. A similar result was observed in the invasion assay at 24 h. While the cell growth was
not affected, there was an approximate 35% reduction in invasiveness with 10 uM EGCG treatment in
both cells (Figure 2C,D). Treatment with a higher concentration of EGCG reduced the invasiveness of
both NPC cells further, while the proliferation of the cells was slightly inhibited. These data indicate that
EGCQG can inhibit NPC cell migration and invasion effectively, even at a concentration when cell growth
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Figure 2. EGCG inhibits the migration and invasiveness of NPC cells. Cells were treated
with various concentrations of EGCG for the times indicated. (A,B) The migration of TWO01
and NA cells was determined by the number of cells that had migrated into the central blank
area at 48 h (left panel). The bar plots represent the number of migrated cells and the line
and dot plot indicates the viability of cells (right panel, the viability data were derived from
the data of Figure 1C by defining the mock group as 100% at 48 h). Data indicate the average
value of triplicates (mean = SD). **: p <0.01; ***: p <0.001, compared to the mock-treated
cells; (C,D) The invasiveness of TWO01 and NA cells was determined by the number of cells
that had invaded and transmigrated to the lower surface of the transwell membrane at 24 h
(left panel). The bar plots represent the number of invading cells and the line and dot plot
indicates the viability of cells (right panel, the viability data were derived from the data of
Figure 1C by defining the mock group as 100% at 24 h). Data indicate the average value
of triplicates (mean £ SD). *: p < 0.05; **: p < 0.01; ***: p < 0.001, compared to the
mock-treated cells.

2.3. EGCG Up-Regulates the Expression of Cell Adhesion Molecules E-Cadherin and [-Catenin

We observed a marked reduction in cell migration and invasion after EGCG treatment. To clarify
whether changes in the expression of cell adhesion molecules were involved in the inhibition of
migration and invasion, we investigated the expression of E-cadherin and B-catenin in these cells.
Treatment with EGCG for 24 h induced the expression of E-cadherin, which assembled at the cell-cell
junctions of NA cells (Figure 3A). The E-cadherin protein was almost undetectable in mock-treated
NA cells (Figure 3A). Following treatment with EGCG at increasing concentrations, the expression of
E-cadherin was up-regulated markedly. Treatment with EGCG for 24 h also increased the intensity of
B-catenin staining at the cell-cell junctions in NA cells (Figure 3B). The amount of E-cadherin and
cytoplasmic B-catenin protein also was revealed by immunoblotting after EGCG treatment (Figure 3C).
In TWO1 cells, the expression of E-cadherin was up-regulated as the dose of EGCG increased, while the
expression of cytoplasmic -catenin remained constant, perhaps due to the yet high amount expression
of this protein. For mock-treated NA cells, the expression of E-cadherin was almost undetectable;
however, as the treatment of EGCG increased, E-cadherin was up-regulated significantly. In contrast to
TWOI cells, NA cells revealed a dose-dependent increase of cytoplasmic -catenin expression as the dose
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of EGCG increased. These data indicate that EGCG can up-regulate the expression of the adhesion

molecules E-cadherin and -catenin, which may be responsible for the reduction of cell migration and
invasion observed in NPC cells (Figure 2).
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Figure 3. EGCG up-regulates the expression of cell adhesion molecules. NPC cells were
treated with various concentrations of EGCG for 24 h. (A) The expression of E-cadherin was
revealed by confocal microscopy in NA cells. Cell nuclei were stained with Hoechst 33258.
The white bar at the lower corner represents a length of 25 um; (B) The expression of
B-catenin was determined by confocal microscopy in NA cells. Cell nuclei were stained with
Hoechst 33258. The white bar at the lower corner represents a length of 25 pm; (C) Western

blot analysis of E-cadherin and cytoplasmic B-catenin expression at 24 h in NPC cells.
a-tubulin is detected as a loading control.

2.4. EGCG Suppressed the Activity of Matrix Metalloproteinase 2 (MMP-2) and MMP-9, Supposedly
through Regulating the Extracellular Signal-Regulated Kinase (ERK) Signaling Pathways

In addition to adhesion molecules, matrix metalloproteinases (MMPs) are capable of degrading
extracellular matrix (ECM) proteins and play a major role in determining cell behavior, such as
migration/invasion, differentiation, angiogenesis, and host defense. Among these MMPs, the activity of
two gelatinases, MMP-2 and MMP-9, was found to be particularly associated with tumor metastasis [33].



Int. J. Mol. Sci. 2015, 16 2538

Because treatment with EGCG can inhibit migration and invasion of NPC cell (Figure 2), the activity of
MMP-2 and MMP-9 was determined by gelatin zymography. The EBV-positive NA cells had a higher
MMP-2 and MMP-9 enzyme activity, as compared to the EBV-negative TWO01 cells under untreated
condition (Figure 4A). This may reflect the fact that NA cells have slightly higher invasion ability than
TWOTI cells in the invasion assay (Figure 2C,D). Upon treatment, the MMP-2 activity was significantly
reduced in the supernatant of TW01 and NA cells as the dose of EGCG increased. MMP-9 activity also
decreased notably, though its activity was weaker than MMP-2 in these two cells. The expression of
MMP-2 and MMP-9 is reported to be regulated by several signaling pathways, including the mitogen
activated protein kinase (MAPK) and phosphatidylinositol 3-kinase/Akt (PI3K/Akt) signaling pathways,
which in turns affect the downstream transcription factor AP-1 and Spl that controls the promoter
activity of MMP-2 and MMP-9 [34]. We therefore investigated the effect of EGCG on these signaling
factors in the NPC cells. Treatment of EGCG reduced the phosphorylation of extracellular signal-regulated
kinase (ERK) in TWO01 and NA cells, while the total form of this protein remained relatively constant
(Figure 4B). In contrast, the inhibition of Akt phosphorylation was less prominent and the level of p38
was not changed under EGCG treatment. Additionally, the downstream nuclear levels of AP-1 and Sp1
were also decreased in TWO1 and NA cells as the phosphorylation of ERK reduced by increasing EGCG
treatment (Figure 4C). A quantitative reverse transcription PCR (qQRT-PCR) assay was performed to
confirm the effect of nuclear AP-1 and Sp1 reduction by EGCG. MMP-2 and cyclin D1 (CCND1) are two
genes in which their promoter activity is modulated by AP-1 and Sp1 [34,35]. By comparing to mock-treated
cells, the mRNA levels of MMP-2 and CCND1 were significantly decreased in EGCG-treated cells
(Figure 4D). This result indicated that reduced nuclear translocation of AP-1 and Spl by EGCG may
decrease the expression of MMP-2 and CCND1. Altogether, these results may indicate that EGCG can
reduce the gelatinases activity of NPC cells through suppression of ERK phosphorylation and inhibition
of AP-1/Sp1 transactivation.
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Figure 4. EGCG suppresses MMP-2 and MMP-9 activity through regulating the ERK
signaling pathways. NPC cells were treated with various concentrations of EGCG.
(A) Gelatin zymography of MMP-2 and MMP-9 activity in NPC cell supernatants after
EGCG treatment for 24 h; (B) Western blot analysis of ERKI1/2, phospho-ERK1/2
(Thr202/Tyr204), Akt, phospho-Akt (Ser473), p38, and phospho-p38 (Thr108/Tyr182) at
9 h of EGCG treatment in NPC cells. B-actin is detected as a loading control; (C) Western
blot analysis of nuclear AP-1 (c-Jun) and Sp1 at 12 h of EGCG treatment in NPC cells. PCNA
(proliferating cell nuclear antigen) is detected as a loading control; and (D) qRT-PCR of
MMP-2 and CCNDI in NPC cells. The expression level of MMP-2 and CCNDI1 in
mock-treated cells was adjusted as the base line (1.0-fold) and the relative expression level of
genes in EGCG-treated cells was determined accordingly. Data indicate the mean expression
level £ SD. *: p <0.05; **: p <0.01, compared to the mock-treated cells.

2.5. EGCG Reduces Spheroid Formation by NPC Cells in Culture

Tumor spheroids are multicellular tumor masses formed in suspension culture and are indicative in
many biological studies [36]. Here, the inhibitory effect of EGCG on spheroid formation by NPC cells
was evaluated. Single cell suspensions of cells were treated with various doses of EGCG and incubated
for 7 days for spheroid formation. Under mock-treated condition, the two NPC cells were capable of
forming large spheroids at suspension culture (Figure 5). The spheroids of TWOI1 cells were found to
be larger than that of NA cells (average 2.5 x 10% and 1.8 x 10% um?, respectively). For TWO01 cells,
treatment with 1.0 uM of EGCG induced a dramatic 60% reduction of spheroid volume, compared
to the mock-treated cells (Figure 5A). As the concentration of EGCG increased, the formation of
spheroids was further inhibited in a dose-dependent manner. At concentrations greater than 10 uM
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EGCG, there was no spheroid formation observed in the suspension culture of TWO1 cells. For NA cells,
the 1.0 uM of EGCG treatment did not lead to a significant decrease of spheroid volume (Figure 5B).
As the concentration of EGCG was increased to 2.5 uM, the volume of spheroids was reduced to 37%,
compared to mock-treated cells. The formation of NA spheroids was also significantly inhibited by
EGCG in a dose-dependent manner. At concentrations greater than 25 uM EGCG, there was no spheroid
formation observed in the suspension culture. These data revealed that EGCG has a very outstanding
inhibitory effect on spheroid formation by NPC cells, and the EBV-negative TWOI cells are more
susceptible to EGCG inhibition than the EBV-positive NA cells.
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Figure 5. EGCG reduces the spheroid formation of NPC cells in culture. Cells were cultured
in single-cell suspension for 7 days with EGCG treatment. The volumes of the spheroids
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2.6. EGCG Inhibits NPC Tumor Growth in Vivo

To evaluate the effect of EGCG on tumor growth, a tumorigenesis assay was performed using SCID
mice inoculated with NPC xenografts and monitored periodically by tumor volume. We chose NA cells
in this study since previous study had shown that NA cells have a superior ability of tumor formation
than TWO1 cells in mice [31]. Two groups of mice were administered EGCG by oral gavage. One group
of mice received a dose of 50 mg/kg EGCG every 2 days (50/E2D), while the other group received
a dose of 30 mg/kg EGCG every day (30/D). Mock-treated (water only) mice constituted the control
group. Figure 6A shows the effects of oral administration of EGCG on the body weights of the mice.
During the study, the body weights of all three groups increased gradually without significant loss or
variation. This indicates that treatment with EGCG did not have noticeable adverse effects on the animals
during the experiment. Moreover, the volume of tumor nodules was significantly reduced in mice
administered EGCG, compared to the mock-treated group (Figure 6B,C). Eight weeks after inoculation,
the tumor volume of the mock group was three times as large as those of the EGCG-treated groups.
Although the treatment program differed between the two EGCG-treated groups (50/E2D and 30/D), no
significant difference in tumor sizes was observed. Taken together, these results indicate that EGCG can
inhibit NPC tumor growth in vivo without an apparent adverse effect on the treated animals.
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Figure 6. EGCG inhibits NPC tumor growth in vivo. NA cells were inoculated subcutaneously
into SCID mice. Two groups of mice received EGCG administration: one with 50 mg/kg of
EGCG every 2 days (the “50/E2D” group) and the other with 30 mg/kg of EGCG every day
(the “30/D” group). The mice of the mock-treated group received only water. (A) The record of
animal body weight during the experiment (rz = 6 mice for each group); (B) The tumorigenicity
of NA cells was evaluated by the size of the tumors at the inoculation site using a standard
procedure at 7-day intervals post-injection. Data indicate mean tumor volume (n = 6) £ SD.
*#: p<0.01, compared to the EGCG-treated groups; and (C) Representative photographs of
tumor nodules in the mice at the 8th week.

2.7. EGCG Up-Regulates the Expression of p53/p21 and Induces Apoptosis of NA Cells via
Caspase 3 Activation

The tumorigenesis assay showed that administration of EGCG can reduce the NPC xenografts
growth in vivo. This result implied that treatment with EGCG may inhibit NPC cell proliferation. Many
studies have revealed that EGCG can inhibit cell cycle progression by various mechanisms [37-39].
In NA cells, treatment of EGCG was found to up-regulate the expression of p53 and p21 protein levels at 24
and 48 h (Figure 7A). The elevation of these two cell-cycle regulator proteins may in part contribute to
the growth inhibition of NPC cells by EGCG. In addition, the cell viability assay had shown that
treatment with EGCG can not only inhibit NPC cell proliferation but also reduce the viability of cells at
72 h (Figure 1C), which is an implication for induced cell death. An annexin-V/PI flow cytometry assay
was performed to evaluate if apoptotsis is involved in reduction of NPC cells after EGCG treatment
(Figure 7B). Treatment with 20 puM EGCG did not induce an increase in the apoptotic marker in NA
cells, regardless of 48 or 72 h of treatment. In contrast, treatment with 50 uM EGCG induced marked
apoptosis of NA cells at 48 and 72 h (Figure 7B,C). Compared to the mock-treated group, the apoptotic
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cells increased to two-fold at 48 h and to 3-fold at 72 h in 50 uM EGCG-treated cells. These results
indicate that EGCG can induce apoptosis in NA cells. Caspases play a critical role in the process of
apoptosis of various cells [40]. To explore the role of caspase in EGCG-induced apoptosis of NA cells,
we examined the activation of caspase 3, a critical regulator of apoptotic pathways. After exposure to
various concentrations of EGCG for 24 h, the level of cleaved caspase-3 was found to be increased
in NA cells following treatment with 30 or 50 uM EGCG (Figure 7D). These results indicated that
prolonged treatment with EGCG can induce growth arrest by up-regulation of p53/p21 and elicit
apoptosis via the activation of caspase pathways in NA cells.
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Figure 7. EGCG up-regulates the expression of p53 and p21, and induces apoptosis of NPC
cells via caspase 3 activation. NA cells were treated with various concentrations of EGCG
for the times indicated. (A) Western blot analysis of p53 and p21 in NA cells at 24 and 48 h.
a-tubulin is detected as a loading control; (B) The apoptosis of NA cells was quantified using
flow cytometry after staining with annexin-V and PI. Cisplatin-treated (5 uM) cells were
included as a positive control for apoptosis. Representative scatter plots of annexin-V
(x-axis) and PI (y-axis) were shown. Each dot on the plot represents a count event in
cytometry analysis; (C) The percentage of apoptotic cells was summed up by the percentage
of stained cells in the upper and lower right panels of the scatter plot. Data indicate the value
of mean + SD. *: p < 0.05, compared to the mock-treated cells; (D) Western blot analysis of
cleaved caspase 3 after 24 h of EGCG treatment. a-Tubulin is detected as a loading control.

2.8. EGCG Suppresses the Nuclear Translocation of NF-kB and p-Catenin

NF-xB, a key regulator that controls many cell programs, including proliferation and survival,
is reported to be deregulated in many cancer cells [41]. NF-xkB regulates several anti-apoptotic genes,
such as TNF receptor-associated factor 1 (TRAF1) and TRAF2, which are vital in apoptotic process [42].
Here, exposure to EGCG for 24 h was found to increase the cytoplasmic level while decreasing
the nuclear level of NF-xB in both TWO01 and NA cells (Figure 8A,B). It seems that EGCG treatment
increased the cytoplasmic retention while reducing the nuclear translocation of NF-kB. In the previous
section, we have shown that EGCG treatment up-regulates the cytoplasmic level of B-catenin at
cell—cell junctions (Figure 3B,C). In addition to cell adhesion, B-catenin is also an intracellular signal
transducer in the Wnt signaling pathway that translocates into the nucleus and acts as a transcriptional
regulator that controls many cellular functions including proliferation and migration [43]. The level of
nuclear B-catenin was found to be reduced significantly in TWO1 cells following EGCG treatment
(Figure 8A). The level of nuclear B-catenin was also found to be decreased in NA cells after EGCG
treatment, but the degree of reduction was more prominent at higher EGCG doses (>30 uM,
Figure 8B). To confirm the effect of reduced nuclear levels of NF-kB and B-catenin on downstream gene
expression after EGCG treatment, a qRT-PCR was performed to reveal the mRNA levels of epidermal
growth factor receptor (EGFR), CD44, and claudin-1 (CLDN1). The expression of EGFR and CLDNI1
are modulated by NF-kB and B-catenin, respectively [44,45]. CD44 is reported to be regulated both by
NF-kB and B-catenin [46,47]. Comparing to mock-treated cells, the mRNA levels of EGFR, CD44 and
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CLDNI1 were significantly decreased in EGCG-treated NPC cells (Figure 8C). While the decrease of
these three mRNAs was prominent in TWO1 cells, the reduction of EGFR and CD44, although
significant, was less intense in EBV-positive NA cells after EGCG treatment. This result indicated that
reduced nuclear level of NF-kB and B-catenin by EGCG may decrease the expression of EGFR, CD44,
and CLDNI. These data showed that EGCG can suppress the nuclear translocation of NF-kB and
B-catenin in NPC cells, thus lowering their transcriptional activity and may contribute to the inhibitory
effects of EGCG.
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Figure 8. EGCG suppresses the nuclear translocation of NF-kB and B-catenin and
the expression of downstream genes. Western blot analysis of total, cytoplasmic, and nuclear
fractions of NPC cells after 24 h of EGCG treatment is presented. The levels of NF-xB
and f-catenin are shown. o-Tubulin and PCNA are detected as a loading control for
the cytoplasmic and nuclear fractions, respectively. (A) TWOI cells; (B) NA cells; and
(C) qRT-PCR of EGFR, CD44 and CLDNI1 in NPC cells. The RNA level of these genes in
mock-treated cells was adjusted as the base line (1.0-fold) and the relative gene expression
level in EGCG-treated cells was determined accordingly. Data indicate the mean expression
level £ SD. *: p <0.05; **: p <0.01, compared to the mock-treated cells.
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3. Discussion

NPC is an endemic cancer that is prevalent particularly in southern China, Taiwan, Southeast Asia, and
North Africa [1]. Genetic, environmental and microbial factors have been incriminated in the carcinogenesis
of NPC [2,3]. Epidemiological studies have shown that several chemicals, including phorbols, butyrates
and N-nitroso compounds, are associated with the development of NPC [6-9]. These chemicals
have been found to present in herbal medicines and foodstuffs commonly consumed by local residents
in NPC high risk area [6,10,15]. EBV infection is also implicated in the development of NPC [4].
It has been postulated that the interactions between chemicals and EBV may enhance the incidence of
NPC [10,48], however the underlying mechanisms are not fully understood. Recently we showed that
12-O-tetradecanoylphorbol-13-acetate (TPA), sodium butyrate and N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG) can enhance synergistically the reactivation of EBV in NPC cells and lead to genome instability
and alteration of gene expression, with resultant enhancement of NPC carcinogenesis [11,49,50]. These
studies imply that certain chemical ingredients from foods may induce the reactivation of EBV and
enhance the carcinogenesis of NPC. On the other hand, several foods, including vegetables, fruits and
green tea, have been reported to have an inverse association with NPC [12,13,51]. Intake of fresh
vegetables has been reported to be associated with a 36% reduction in the risk of NPC [12]. Recently,
consumption of green tea also has been shown to lower the risk of NPC [13,16]. Green tea has been shown
to have an inhibitory effect on many types of cancer cells [17-20]. The chemopreventive property of green
tea has mainly been attributed to EGCG, which has potent antioxidant properties and is the major
component of green tea polyphenols. In this study, we showed that EGCG can inhibit the proliferation,
migration, invasive properties, and induce apoptosis, of both EBV-positive and -negative NPC cell lines. The
tumorigenesis assay also showed that EGCG can effectively reduce tumor growth in vivo. These results
indicate that EGCG may be a promising candidate for chemoprevention or adjuvant therapy of NPC.

Tea polyphenols have been shown to have growth inhibitory effects on cancer cells but do not
have adverse effects on normal cells [22,52]. In this study, exposure of EGCG was found to suppress
the proliferation of NPC cells but not immortalized NP460hTert cells (Figure 1D). It is suggested that
the differences in the biochemical characteristics between cancer and normal cells may lead to this
outcome [22]. The fact that EGCG was found to induce apoptosis in NPC cells (Figure 7B,C), while not
affecting the growth of non-malignant NP460hTert (Figure 1D) with equivalent treatment, suggests that
components in the cell-cycle regulation and apoptotic pathways could be the targets for EGCG in NPC
cells. It has been reported that EGCG can inhibit tumor cell growth by inducing the expression of
the cyclin-dependent kinase inhibitor p21 protein, and this effect is correlated with the increase in
p53 levels [37]. We showed that EGCG treatment up-regulated the expression of cell cycle regulator
p53 and p21, which could lead to the inhibition of cell proliferation in NPC cells (Figure 7A). Prolonged
treatment with EGCG was also shown to induce a marked amount of apoptosis in NPC cells but had
little effect on NP460hTert cells (Figures 7C and 1D). Activation of caspases by EGCG had been
demonstrated in cancer cells [53]. In this study, the EGCG-induced apoptosis of NPC cells was found to
mediate through the activation of caspase 3 (Figure 7C,D). The specific effects of EGCG on the growth
arrest and apoptosis induction of NPC cells should make it a safety and effective agent for
chemoprevention or therapy of NPC.
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Metastasis is the major cause of cancer mortality. The advancements in therapy of NPC have been
improved substantially; however, patients with late stage disease frequently suffer from relapse or
metastasis, the major cause of mortality. Migration and invasion by cancer cells are complicated
processes involving alteration of cell adhesion molecules, so that cells can detach from each other or
from the extracellular matrix (ECM), and expression of proteolytic enzymes that degrade the ECM and
basal membrane. In this study, we have shown that EGCG can reduce the migration and invasiveness of
NPC cells dramatically, even at a dose that did not show adverse effects on cell growth (Figure 2).
Treatment with EGCG induced the expression of E-cadherin and up-regulated the amount of cytoplasmic
B-catenin (Figure 3). An increase in the amount of E-cadherin and B-catenin at cell—cell junctions can
immobilize the cells and lead to reduced motility of NPC cells. In addition, the activity of MMP-2 and
MMP-9 was found to be suppressed significantly in NPC cells following EGCG treatment (Figure 4A).
MMP-2 (gelatinase A) and MMP-9 (gelatinase B), which degrades type IV collagen, the major structural
component of basement membranes, are overexpressed in various malignant tumors and are known to
play crucial roles in tumor migration and invasion [33]. Expression of MMP-2 and MMP-9 has been
reported to be associated with cervical lymph node metastasis in NPC [54]. It is apparent that up-regulation
of adhesion molecules and suppression of MMP activities by EGCG can lead to reduction of
the migration and invasiveness of NPC cells. The expression of MMP-2 and MMP-9 has been reported
to be regulated by several transcriptional factors, including AP-1, Spl, NF-xB and B-catenin [55,56].
Inhibition of MAPK and PI3K/Akt pathways had been shown to inhibit both AP-1 and Spl-mediate
MMP gene expressions [57,58]. In our study, treatment of EGCG reduced the phosphorylation of ERK
and decreased the nuclear levels of AP-1 and Sp1 in NPC cells (Figure 4B,C). These results indicate that
EGCG can reduce the gelatinases activity of NPC cells though suppression of ERK phosphorylation,
which results in inhibition of AP-1 and Sp1-mediate MMP expression (Figure 4D).

Inhibition of nuclear translocation of NF-kB and B-catenin was observed in NPC cells after EGCG
treatment (Figure 8A,B). With increasing concentration of EGCG, the expression level of total
NF-«B was decreased. NF-kB was found to accumulate in the cytoplasm but the amount in the nucleus
decreased. NF-kB has been proved to involve in cell cycle regulation and cell growth and survival [59].
Inhibition of NF-xB by EGCG has been shown to induce apoptosis of cancer cells via activation of
caspases 3, 8, and 9 [53]. Therefore, the decrease of nuclear NF-kB may be involved in the growth arrest
and the activation of capase 3, which resulted in the apoptosis of NPC cells (Figures 7 and 8).
It had been demonstrated previously in NPC cells that inhibition of NF-kB was mediated by EGCG
through the inhibition of IkBa phosphorylation and degradation [25], which sequestered NF-kB in
an inactive state in the cytoplasm. Although the total and cytoplasmic level of B-catenin was increased
in NA cells, the nuclear level of B-catenin was found to decline after EGCG treatment, both in TWO01
and NA cells (Figure 8A,B). Other than associating with E-cadherin as part of the adherens junctions,
B-catenin also interacts with other proteins and acts as a transcriptional regulator when it translocates
into the nucleus and is part of the Wnt/B-catenin signaling pathway [43]. An increased level of nuclear
B-catenin has been associated with malignancies [60]. Recently, it has been shown that suppression
of B-catenin expression by siRNA resulted in down-regulation of MMP-2 and MMP-9 in NPC cell
lines [61]. Hence, the decrease of the nuclear level of B-catenin could also contribute to the reduction
of MMP-2 and MMP-9 activity in NPC cells. It is not clear how EGCG treatment inhibit
the translocation of B-catenin in NPC cells. Glycogen synthase kinase 3 (GSK3), a critical downstream
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element of the PI3k/Akt pathways, has been shown to phosphorylate B-catenin and target it for
degradation [62]. In this study, the phosphorylation status of Ser9 in GSK3f was investigated to see if it is
affected by EGCG in NPC cells. Since phosphorylation in the Ser9 of GSK3f reduces its kinase activity,
we expected to see a decline of p-GSK3p after EGCG treatment. Instead, an increase of p-GSK3p (Ser9)
was observed in NPC cells (Figure S1). This result may indicate that the decrease of nuclear level of
B-catenin is not mediated by GSK3 phosphorylation, but by other mechanisms yet to be determined.
The decreased mRNA levels of EGFR, CD44 and CLDNI1 also implicated that reduced nuclear levels of
NF-«xB and B-catenin by EGCG may result in the down-regulation of the downstream genes (Figure 8C).
Taken together, these results indicate that a decrease of nuclear NF-kB and B-catenin levels by EGCG
treatment can be associated with the growth inhibition, down-regulation of MMP activity and induction
of apoptosis of NPC cells.

Tumor spheroids are large, multicellular tumor masses formed in vitro, usually in suspension culture.
The characteristics of tumor spheroid are considered to be closer to tumors in vivo than single-layer
cells [63]. Recently, spheroid formation is considered to be a convenient way for enriching cancer
stem-like cells [36]. Cells that capable of forming spheroids are considered to be self-renewal and can
differentiate into multiple cell types [64]. A recent study by Lin ef al., has shown that EGCG was less
effective in growth inhibition and apoptosis induction of sphere-derived NPC cells than its parental cells,
but was still efficient in inhibiting their stem-cell like characteristics, such as colony formation and
invasiveness [27]. It seems that the sphere-derived NPC cells had acquired an increased resistance to
EGCG-induced growth arrest. In difference to their study, our study revealed that EGCG is very effective
in inhibition of single NPC cell from growing into spheroids in suspension culture. The inhibition was
so remarkable that the effective concentration was much lower than those in the monolayer viability
assay (Figures 1 and 5). Our result may reflect that EGCG can efficiently inhibit the “stem-like” cells of
NPC from self-renew and differentiating into multiple cells in a suspension culture. Nevertheless, even
if the spheroid is formed, Lin’s study indicated that EGCG is still effective in suppressing the invasion
and self-renewal capacity of NPC cells [27].

In this study, an EBV-negative TWOI cell and an EBV-positive NA cell, which represents the two
typical types of NPC in vivo, were used for comparison the difference in response to EGCG treatment
in NPC cells. NA cells, which harbor the EBV genome, exhibit several enhanced malignancies as
compared to TWOI cells [31]. These differences are suggested to result from the expression of several
viral oncogenes in NA cells. As compared with TWO1 cells, NA cells were found to have a somewhat
higher resistance to EGCG-induced inhibition in cell proliferation (Figure 1B,C), MMP9 expression
(Figure 4A), spheroid formation (Figure 5), nuclear translocation of B-catenin (Figure 8 A,B), and less
downstream target gene reduction (Figure 8C). It is possible that expression of latent EBV genes had
conferred the NA cells with certain degree of resistance, which requires further elucidation. In this study,
in the range of 1 to 50 uM EGCG, the inhibition tendency of TWO01 and NA cells were quite similar in
most assays. The difference in dose response between TWO01 and NA cells were within one or two orders
(2x—4x). Furthermore, administration of EGCG was capable of inhibiting NA cell xenograft growth,
which has an enhanced tumorigenisity as compared to TWOI cells in mice [31]. Although NA cells did
reveal a slightly higher resistance to EGCG-induced inhibition, our data revealed that under most
conditions, EGCG is effective in inhibiting both the EBV-negative and -positive NPC cells.
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Administration of EGCG has been shown to be very well tolerated in human and animal models.
Oral intake of EGCG is the most convenient means of administration and is relatively safe, even in
considerably high doses [65]. We have shown that administration of EGCG can effectively reduce
the tumor growth in vivo without adverse effects on animal body weight (Figure 6). Two administration
programs, one with 50 mg/kg EGCG every 2 days and the other with 30 mg/kg EGCG every day, were
applied to mice bearing NA tumors. The tumor volumes of these two groups were significantly lower
than the mock-treated group and there was no difference between the two treatments. This may imply
that the amount of EGCG received was sufficient for inhibition of NPC tumor growth, regardless of
treatment intervals. The growth of tumors in mice was examined while they were sacrificed for tumor
sample collection. In the mock-treated mice, the tumors were so large that they were found to invade
deeply into the underneath thigh muscle tissues, with some of them reaching the femur (n = 6 of thigh
muscle invasion, 3 reaching the femur, data not shown). In contrast, the tumors of the EGCG-treated
groups were largely confined to the dermal region, with some of them showing an initial stage of shallow
muscle invasion (n = 2 for the 50/E2D and »n = 3 for the 30/D group, data not shown). This result may
in part reflect that EGCG administration not only has an inhibitory effect on tumor growth, but also
reduces the tissue invasiveness of NA cells in vivo.

It has been shown that EGCG also exerts its antitumor activity through inhibiting angiogenesis [66,67].
The development of new blood vessels is critical for tumorigenesis not only for nourishing growing
tumor but also for metastasis [68]. It has been demonstrated that oral consumption of green tea by mice
inhibited angiogenesis [66]. In our tumorigenesis assay, the EGCG-treated mice had significant reduced
tumor sizes compared to the mock-treated group (Figure 6), and the tumors were largely confined to the
dermal region as described above. This inhibition may partially be ascribed to the antiangiogenic effect
of EGCG. EGCG had been shown to down-regulate the expression of vascular endothelial growth factor
(VEGF), which is a potent angiogenic protein that has mitogenic and chemotactic effects on vascular
endothelial cells [69]. Interestingly, ERK1/2 has been reported to be important signaling factors in the
expression of VEGF [70]. In our study, we have found that EGCG suppresses ERK1/2 phosphorylation
and the downstream AP-1 and Spl transactivation in NPC cells (Figure 4B,C). Although not evaluated in
this study, it is possible that EGCG may exert its antiangiogenic activity by down-regulating the expression
of VEGF via inhibiting the ERK pathways. In addition, EGFR is reported to be an upstream mediator of
mitogenic factors VEGF and IL-8 [71]. In our study, the expression of EGFR was found to be suppressed
after EGCG treatment in NPC cells (Figure 8C). All in all, these observations may suggest that the antitumor
effect of EGCG is mediated in part by inhibition of angiogenesis.

4. Experimental Section
4.1. Cell Lines and Chemicals

NPC-TWO01 (TWO01) is an EBV-negative nasopharyngeal carcinoma cell line derived from
the nasopharyngeal tumors of a Chinese patient [28]. NA cells, an EBV-positive NPC cell line
that harbors the viral genome and mimics the in vivo condition of NPC cells, was derived from
re-infection of the TWO1 cell with EBV [30]. Cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine serum (HyClone, Waltham, MA, USA) at
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37 °C with 5% COa. G418 (400 pg/mL, Amresco, Solon, OH, USA) was added to the medium of NA
cells to maintain the EBV genome in the cells [30]. The immortalized human nasopharyngeal (NP) cell
line NP460hTert was cultured and maintained as described previously [32]. (—)-Epigallocatechin-3-gallate
(EGCG; [(2R,3R)-5,7-Dihydroxy-2-(3,4,5-trihydroxyphenyl)chroman-3-yl] 3.,4,5-trihydroxybenzoate;
CAS no. 989-51-5), cisplatin (cis-diammineplatinum(II) dichloride, CAS no. 15663-27-1) and gelatin
were obtained from Sigma—Aldrich (St. Louis, MO, USA). EGCG was dissolved in dimethyl sulfoxide
(DMSO) as a stock solution of 100 mM and further diluted in culture medium to appropriate final
concentration when used, with the final content of DMSO not exceeding 0.5%.

4.2. Proliferation and Cytotoxicity Assay

Cell proliferation assay was performed by the instruction of the Cell Proliferation ELISA BrdU
kit (Roche Diagnostics, Mannheim, Germany). Cells were seeded in 96-well plates at a density of
1 x 10* cells/100 uL per well and treated with EGCG at various concentrations for the times indicated.
At the end of treatments, 10 pL of 5-bromo-2'-deoxyuridine (BrdU) was added to the culture medium and
incubation continued at 37 °C for 2 h. The incorporated BrdU was detected by anti-BrdU-peroxidase
and the formation of color substrate was measured using a microplate reader at an absorption wavelength
of 370 nm.

Cell viability assay was performed using the WST-1 reagent (Roche Diagnostics) according to
the protocols suggested by the manufacturer. Briefly, cells were seeded in 96-well plates at a density
of 1 x 10* cells/100 pL per well and treated with EGCG at various concentrations for the times
indicated. At the end of treatments, 10 puL of 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium (WST-1) was added to the culture medium and incubation continued at 37 °C for 2 h.
The formation of dark red formazan was measured using a microplate reader at an absorption wavelength
of 440 nm. To minimize the difference in the culture conditions between NPC and NP460hTert cells,
10% fetal bovine serum was added to the medium of NP460hTert cells during this assay. (NP460hTert
was originally cultured in serum-free medium).

4.3. Cell Migration Assay

Cell migration assays were performed using Oris™ Migration Assay kits (Platypus Technologies,
Madison, WI, USA) according to the protocols suggested by the manufacturer. Briefly, 5 x 10* cells
were inoculated into each well of 96-well plates while the central stoppers were inserted. Six hours after
cell attachment, EGCG was added at various concentrations. The central stopper was removed after
12 h of incubation to allow the cell to migrate into the central area. After 48 h, the cells were fixed and
stained with 50 pg/mL propidium iodide (Sigma—Aldrich). The cells that had migrated into the central
area were photographed under a fluorescence microscope and the cell number was calculated.

4.4. Cell Invasion Assay

In vitro invasion assays were performed using HTS FluoroBlok inserts (Falcon, Cambridge, MA,
USA) as described previously [31]. Briefly, the transwell membranes were coated with Matrigel
(Becton Dickinson, Franklin Lakes, NJ, USA). 1 x 103 cells were seeded onto the Matrigel-coated
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membranes and the inserts were incubated in 24-well plates with various concentrations of EGCG for
24 h. After incubation, the membranes were fixed with methanol and stained with 50 pg/mL propidium
iodide. The cells that had invaded and transmigrated to the lower surface of the polycarbonate membrane
were photographed under a fluorescence microscope and the cell number was calculated using AIS
software (Imagine Research, Toronto, ON, Canada).

4.5. Immunofluorescence Staining

For immunofluorescence assay, cells were seeded onto round glass slips at a density of 1 x 10° cells/well
in 24-well plate for 24 h before treatment. After EGCG treatment, cells were washed twice in phosphate
buffered saline (PBS) and followed by fixation and permeabilization with ice-cold methanol for 15 min.
The cells were incubated with primary antibody overnight at 4 °C, and then washed and incubated with
secondary anti-IgG—fluorescein isothiocyanate (1:5000) for 1 h at room temperature. Cell nuclei were
stained with Hoechst 33258 (1 pg/mL) for 10 min. Immunostained cells were washed thoroughly with
PBS, mounted and examined under a confocal microscope. Antibodies against E-cadherin and -catenin
(Cell Signaling, Danvers, MA, USA) were used as the primary antibodies in these analyses.

4.6. Western Blot Assay

Cells were cultured and treated with EGCG as described. After treatment, cells were collected either
as the total lysates or subjected to cytoplasmic and nuclear fractionation using an NE-PER extraction kit
(Thermo Scientific, Brookfield, WI, USA). Lysates were separated in a 10% polyacrylamide gel and
transferred onto a nitrocellulose membrane. The blot was then probed with primary and secondary antibodies
using a standard procedure, as described previously [31]. The expression profile of the proteins was
visualized using a Western Lightening-ECL kit (PerkinElmer, Waltham, MA, USA). Antibodies against
p53, p21, ERK, Akt, p38, Spl, AP-1 (c-Jun), pGSK3p, E-cadherin, 3-catenin, NF-xB (p65), caspase-3,
a-tubulin, B-actin and proliferating cell nuclear antigen (PCNA) (Cell Signaling) were used as the
primary antibodies in these analyses.

4.7. Gelatin Zymography

MMP-2 and MMP-9 enzymatic activities in culture supernatants were determined by SDS-PAGE
gelatin zymography. Gelatinases present in the culture supernatant degrade the gelatin matrix in gel,
leaving a clear band after staining the gel for protein [72]. Briefly, 1 x 10° cells were seeded in the wells of
24-well plates for 12 h. After incubation, the medium was replaced with serum-free DMEM containing
various concentrations of EGCG for 24 h. After treatment, the supernatants, which contained the secreted
MMPs, were collected and denatured in the absence of a reducing agent and electrophoresed in 7.5%
SDS-PAGE containing 0.1% (w/v) gelatin. The gels were then incubated in the presence of 2.5% Triton
X-100 at room temperature for 2 h and subsequently at 37 °C overnight in a reaction buffer (10 mM
CaClz, 0.15 M NaCl, and 50 mM Tris, pH 7.5). Thereafter, the gels were stained with 0.25% Coomassie
Blue and proteolysis was detected as a white band against a blue background.
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4.8. Spheriod Formation Assay

NPC cells grown as monolayers were detached to generate a single-cell suspension. The cell
suspension was diluted and transferred to 10 cm non-treated plates with 5 x 10* cells in 10 mL medium
with 4% FBS. The plates were incubated under standard cell culture conditions at 37 °C, 5% COz in
humidified incubators. EGCG was added at various concentrations after 24 h of incubation. Spheroids
were collected by brief centrifugation on the 7th day of EGCG treatment. The volumes of the spheroids
were calculated under the microscope from their equatorial (a) and polar (b) diameters using the formula
volume = a’b x 4/3x.

4.9. Tumor Growth in Severe Combined Immunodeficiency Mice

Six-week-old SCID (severe combined immunodeficiency) mice were used for this study. Mice were
divided into three groups of six and kept under sterile conditions. The protocols were approved by
the Institutional Animal Care and Use Committee of National Health Research Institutes, Taiwan
(IACUC-098089-A, approved 31 December 2009). NA cells (1 x 10° cells in each inoculation site) were
suspended in serum-free DMEM and injected subcutaneously into the dorsal flanks of SCID mice.
Administration of EGCG to the animals began 6 days after tumor inoculation to allow the time for
establishment of tumors. Two groups of mice received EGCG administration by oral gavage. One group of
mice received 50 mg/kg of EGCG dissolved in 100 pL. water every 2 days (the “50/E2D” group), while
the other group received 30 mg/kg of EGCG every day (the “30/D” group). The mice of mock-treated group
received only water. Mice were examined weekly and tumor volumes were estimated from their length
(/) and width (w), as measured by calipers, using the formula, tumor volume = / w? x 0.52. Mice were
sacrificed when the tumor volume of mock group reached approximately 1000 mm?.

4.10. Apoptosis Assay by Annexin-V and Propidium lodide Staining

EGCG induced apoptosis was analyzed by flow cytometry with annexin-V Apoptosis Detection kit
FITC (eBioscience, Affymetrix, San Diego, CA, USA) according to the procedure suggested by
the manufacturer. Cells were cultured in 6-well plates at a density of 2 x 10° cells per well and treated
with EGCG as described. After treatment, the cells were detached and stained with annexin-V-FITC
and propidium iodide (PI) labeling solution. Annexin-V and PI-positive cells were analyzed by flow
cytometry (BD Biosciences, San Jose, CA, USA) and identified as apoptotic cells.

4.11. RNA Extraction and Semi-Quantitative Real-Time PCR

RNA was extracted from NPC cells using the RNAzol reagent (Sigma—Aldrich). For quantification
of genes of interest, the RNA samples were reverse transcribed into cDNA using the RevertAid First
Strand cDNA Synthesis kit (Thermo Scientific). One twentieth of the cDNA was used in semi-quantitative
real-time PCR (qRT-PCR) for genes of interest using SensiFAST SYBR kit (Bioline, Taunton, MA,
USA). The calculations for determining the level of gene expression were made using the cycle
threshold (Ct) method. Utilizing the human TBP (TATA box binding protein) gene as the internal
control [73], the relative quantitation values of a target template for each sample were expressed as
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27AAC where AACy = AC™ed — AC{™°k, The primer sequences used in this study were designed by
QuantPrime [74] and are listed in Table S1.

4.12. Statistical Analysis

Differences between multiple groups were analyzed by one-way ANOVA with Tukey’s method for
pairwise comparisons. The #-test was used for comparisons of two groups. p < 0.05 was considered to
be statistically significant.

5. Conclusions

We demonstrated that EGCG have selective growth inhibition on NPC cells but not on non-malignant
NP cells. EGCG can inhibit proliferation, migration, invasion, spheroid formation, and induce apoptosis
of NPC cells in culture and reduce tumor growth in vivo. The inhibition effect of EGCG is just about
equally effective in both EBV-positive and -negative NPC cells. These results indicate that EGCG may
serve as a potential candidate for chemoprevention or adjuvant therapy of NPC.
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