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Purpose: Epigallocatechin-3-gallate (EGCG) is an antioxidant agent derived from green tea.
Because it has chemopreventive and anti-invasive effect against various cancer cells, EGCG
can be used to inhibit proliferation and invasion of cholangiocarcinoma (CCA) cells.
Methods: The anticancer effects of EGCG were studied using human CCA cells (HuCC-T1).
Apoptosis was analyzed by Western blotting. Invasion and migration of cancer cells were
assessed with Matrigel® and wound healing assays. An animal tumor xenograft model of
HuCC-T1 was used to study the in vivo antitumor activities of EGCG.

Results: EGCG effectively inhibited the growth of HuCC-T1 cells with no adverse effects
on the viability of 293T cells. EGCG induced apoptotic cell death at 5 pg/mL concentration.
It inhibited the expression of mutant p53 and induced apoptotic molecular signals such as Bax/
Bcl-2, Caspase, and cytochrome C. Furthermore, EGCG dose-dependently inhibited the activity
of matrix metalloproteinase (MMP)-2/9, invasion, and migration. In the animal tumor xeno-
graft model of HuCC-T1 cells, EGCG was subcutaneously administered beside the tumor for
local treatment. EGCG efficiently inhibited growth of the tumor and suppressed carcinogenic
molecular signals such as Notchl, MMP-2/9, and proliferating cell nuclear antigen.
Conclusion: EGCG induced apoptosis of cancer cells without adverse effects on normal cells.
EGCG inhibited growth, invasion, and migration of HuCC-T1 cells. We suggest EGCG as a
promising candidate for local treatment of CCA.

Keywords: epigallocatechin-3-gallate, cholangiocarcinoma, matrix metalloproteinases-2,
invasion, thermosensitive hydrogel

Introduction

Epigallocatechin-3-gallate (EGCG), which is the ester form of epigallocatechin/gallic
acid, is the most plentiful catechin of green tea.! Due to its anti-oxidant activity, EGCG
has been extensively investigated in various kinds of cancer.!-¢ In particular, EGCG has
no adverse effects against normal cells and tissues, while it has anti-proliferative,
anti-invasive, and chemopreventive effects against various cancer cells.>®* EGCG
inhibits expression of Janus-like kinase/signal transduction and transcription of cholan-
giocarcinoma (CCA) cells.® Senggunprai et al also reported that EGCG was involved
in the suppression of growth and cytokine-induced migration of CCA cells by regula-
tion of inducible nitric oxide synthase and intracellular adhesion molecule-1.8 EGCG
is also known to regulate various carcinogenic signal expressions such as vascular
endothelial growth factors, matrix metalloproteinases (MMPs), insulin-like growth
factors, epidermal growth factor receptors, and cell cycle regulatory proteins, and
inhibit nuclear factor-xB, PI3-K/Akt, Ras/Raf/mitogen-activated protein kinase, and
activator protein 1 signaling pathways.! Furthermore, EGCG has been shown to have
anti-invasive and anti-metastatic effects on cancer cells by several investigators.’ '
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For example, Ramadass et al reported that EGCG in a co-
delivery system with paclitaxel synergistically inhibits the
activities of MMP-2/9 and invasive potential of MDA-MB
231 human breast carcinoma cells.!” Farabegoli et al also
reported the downregulation of epidermal growth factor
receptor and MMP-2/9 of drug-resistant breast cancer
cells."" Furthermore, EGCG induced apoptosis of glioma
cells via laminin receptor and then inhibited their invasion/
proliferation.'*

CCA, which is a malignant transformation of epithelial
cells in the bile duct region, is related to poor prognosis/
high mortality and its incidence rate has also increased
worldwide.’>"'7 CCA is frequently diagnosed at a malig-
nant stage due to difficulties in its diagnosis, and then
its surgical removal for curative treatment is practically
impossible.'*!” To prolong patient survivability, pallia-
tive treatment, such as stent displacement, chemotherapy,
radiotherapy, photodynamic therapy, and immunotherapy
are considered.'®'*?! However, systemic treatment using
chemotherapeutic agents or radiotherapy is not always
successful because CCA is physiologically/biologically
different compared to systemic cancer and has a low
response rate to such treatment options. Therefore, a novel
treatment strategy is needed in consideration of progression
characteristics of CCA.

In this study, we assessed the anticancer activities of EGCG
against human CCA cells (HuCC-T1) in vitro and in vivo.
Because EGCG has shown anti-cancer activities in various can-
cer cells, it could inhibit migration, invasion, and proliferation of
CCA cells. We studied the anti-carcinogenic effects of EGCG
against various apoptosis signals, migration/spreading poten-
tials, and invasion of HuCC-T1 cells in vitro and in vivo.

Material and methods

Materials

EGCG and dimethylsulfoxide were purchased from Sigma
Aldrich. Co. (St Louis, MO, USA). Cell culture materials
such as Roswell Park Memorial Institute (RPMI) 1640 media,
fetal bovine serum (FBS), and antibiotics were purchased
from Life Technologies (Grand Island, NY, USA). All
reagents used in this experiment were of extra-pure grade.

Cell cultures

HuCC-T1 cells (Health Science Research Resources
Bank, Osaka, Japan) and human embryonic kidney 293 T
(HEK293T) cell line (Korean Cell Line Bank Co. Ltd., Seoul,
Korea) were maintained in RPMI1640 medium supplemented
with 10% heat-inactivated FBS and 1% penicillin/strepto-
mycin at 37°C in a 5% CO, incubator.

Trypan blue exclusion assay (inhibition

of cell growth and cytotoxicity assay)

A total of 3x10* or 3x105 HuCC-T1 cells were seeded into
24-well plates for growth inhibition and the cytotoxicity
assay, respectively, and incubated overnight in a CO, incuba-
tor. The cells were treated with EGCG in RPMI1640 media
for 24 hours. Serum-free media were used for the cytotoxicity
assay. To measure viability of cells, the trypsinized cells were
harvested by centrifugation, resuspended in phosphate-buft-
ered saline (PBS), and trypan blue was added. The number
of cells was counted using the Countess™ Automated Cell
Counter (Invitrogen, Carlsbad, CA, USA).

Terminal deoxynucleotidyl transferase
dUTP nick end labeling staining

Apoptosis of cancer cells was observed by fragmented DNA
using terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL). HuCC-T1 cells were treated with EGCG
for 24 hours and then the cells were washed with PBS twice
following fixation with 4% paraformaldehyde solution. After
that, the cells were stained with an in situ apoptosis detection
kit (Millipore, Billerica, MA, USA). The staining procedure
was as follows: for blocking of endogenous peroxidase
activity, the cells on the slides were incubated for 10 minutes in
3% H,0,. The slides were further incubated for 1 hour with the
terminal deoxynucleotidyl transferase (TdT) enzyme and then
incubated for 30 minutes with a blocking reagent in a humidi-
fied chamber (37°C). Following this, slides were incubated
for 30 minutes with anti-digoiygenin—biotin (1:100) at 37°C
and then the streptavidin—biotin complex (1:100) was applied
to the slides at 37°C for 30 minutes. An Alexa488 secondary
antibody was used to visualize immunoreactivity. For negative
control, distilled water was used in place of the TdT solution.
Apoptotic cells can be detected by the nuclear staining.

Apoptosis/necrosis assay

Atotal of 1x10° HuCC-T1 cells seeded into 6-well plates were
treated with EGCG for 24 hours. After that, the trypsinized
cells were washed with PBS and resuspended in 100 puL
binding buffer. Fluorescein isothiocyanate-conjugated
Annexin V and propidium iodide were used to stain cells
for apoptosis and necrosis analysis, respectively. The extent
of apoptosis or necrosis of cancer cells was assessed with
flow cytometry.

Western blot analysis

Cells treated with EGCG for 24 hours were harvested and
washed with cold PBS. Then, the cells collected by centrifuga-
tion were lysed with lysis buffer containing protease inhibitors
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(50 mM Tris, 150 mM NaCl, 1% 4-nonylphenyl-polyethylene
glycol P-40 (NP-40), 0.5% deoxycholic acid, 0.1% sodium
dodecyl sulfate [SDS]) with phenylmethylsulfonyl fluoride
and a protease inhibitor cocktail (Roche Diagnostics,
Indianapolis, IN, USA). Then, the cell lysate was centrifuged
at 14,000x g for 30 minutes at 4°C and the supernatant or cell
lysate was collected. Protein concentration was assayed with
BCA Protein Assay kit (Pierce, Rockford, IL, USA).

Western blotting was carried out using proteins from cell
lysates with SDS-poly acrylamide gel electrophoresis (SDS-
PAGE). Fifty micrograms of protein was transferred to a
polyvinylidene fluoride membrane and blocked with 5% skim
milk in tris buffered saline with Tween® 20 (TBS-T). This was
probed with a primary antibody followed by secondary horse-
radish peroxidase-conjugated antibody and then the proteins
were detected by chemiluminescence. Blots were stripped and
re-probed with anti-B-actin primary antibody followed by an
appropriate secondary antibody for chemiluminescence detec-
tion. Quantification of proteins was performed with digital analy-
ses of the protein bands using the Image-J software program.

Primary antibodies used for analysis of Western blotting
were as follows: anti-wild type (wt)-p53 antibody (OP33)
and anti-mutant type (mut)-p53 antibody (OP29), obtained
from Calbiochem Co., Billerica, MA, USA. Anti-Lamin
B antibody, (SC-373918), anti-Bax antibody (SC-7480),
anti-Caspase-9 antibody (SC-17784), anti-poly adenosine
diphosphate ribose polymerase (PARP) antibody (SC-7150),
anti-Bcl-2 antibody (SC-7382), and anti-cytochrome C anti-
body (SC-13560) were obtained from Santa Cruz Biotech.
Inc., Dallas, TX, USA. Anti-Bad antibody was obtained
from Cell Signaling Tech. Inc., Danvers, MA, USA. Anti-
Caspase-3 antibody was obtained from Enzo Life Sciences,
ALX-804-305, Seoul, South Korea.

Gelatin zymography

A total of 1x10° HuCC-T1 cells in 6-well plates were treated
with EGCG for 24 hours. Then, media were used to measure
MMP activity of cancer cells. The conditioned medium was
developed with substrate gel electrophoresis using SDS-
PAGE containing 10% gelatin. Conditioned cell culture media
having equal protein contents were mixed with Laemmli
buffer (Bio-Rad Lab. Co., Hercules, CA, USA) and loaded
onto the gel followed by separation by electrophoresis. To
remove SDS, the gels were soaked three times for 30 minutes
at room temperature in Triton buffer (2.5% Triton X-100 in
PBS). After that, the gels were incubated for 24 hours at 37°C
and then stained with 0.1% Coomassie Brilliant Blue R-250.
The gels were destained to obtain clear bands. Quantitative
results of the assays were obtained by densitometry.

Cell invasion assay

For the invasion assay of cancer cells, transwell chambers
in 24-well plates were used: 20 UL Matrigel (1 mg/mL; BD
Bioscience, San Jose, CA, USA) was placed onto the upper
chamber to coat the membrane. Then, 2x10* HuCC-T1 cells
in 100 uL serum-free medium were seeded on the upper
chamber of the Transwell chamber into the 24-well plate and
then 600 L of RPMI1640 containing 10% FBS was added to
the lower chamber following incubation for 24 hours at 37°C
in a CO, incubator. After that, the cells on the lower surface
of the membrane were fixed with methanol and stained with
hematoxylin and eosin (H&E). The cells on the lower surface
of the membrane were photographed and counted using a
computerized video image analyzing system.

Wound healing assay

A wound healing assay of HuCC-T1 cells using ibidi Culture-
Inserts (ibidi GmbH, Planegg/Martinsried, Germany) was
performed to measure the migration potential of cancer cells
after EGCG treatment. A total of 5x10° HuCC-T1 cells were
seeded into 6-well plates and treated with EGCG, at 37°C
and 5% CO,, for 24 hours. The trypsinized cells were then
washed twice with PBS. Then 5x10* cells in serum free media
were introduced into the culture inserts and further incubated
for 24 hours. The field of wound healing and cell migration
was observed using light microscopy.

In vivo xenograft model of HUCC-T1 cells
To study the antitumor activities of EGCG, the tumor xeno-
graft model of HuCC-T1 cells was prepared as follows:
1x10” HuCC-T1 cells were subcutaneously implanted into
the backs of nude mice (5 weeks old male mice, 20-25 g
in weight; Orient, Seongnam, South Korea). All animal
experiments were carried out under supervision of the
Institutional Animal Care and Use Committee of Pusan
National University (PNU-IACUC), Korea. When the
diameter of solid tumor reached about 4-5 mm, EGCG in
the vehicle (thermosensitive gels, Guardix-SG; Genewel
Co. Ltd., Seoul, South Korea) was injected subcutaneously
beside the solid tumor. A vehicle without EGCG was also
injected as a control. For EGCG treatment, | mg EGCG in
1 mL gels was used. Four to five mice were used for each
group. Tumor diameter and body weight were measured
twice a week. Two perpendicular diameters of the tumor
were measured to calculate tumor volume (V' = (a X [b]?)/2,
a: largest diameter, b: smallest diameter). All animal experi-
ments were carried out according to the guidelines of the
Institutional Animal Care and Use Committee of Pusan
National University, Korea.
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Immunohistochemistry

For immunohistochemical analysis, isolated tumor tissues
were fixed in 4% formamide, paraffin-embedded and sliced
for H&E staining or immunohistochemical staining. For
immunohistochemical staining, anti-Notch1 antibody (Enzo
Life Sciences Inc, ADI-905-897, Farmingdale, NY, USA),
anti-MMP-2 antibody (SC-10736; Santacruz Biotech. Inc.),
anti-MMP-9 antibody (SC-21733; Santacruz Biotech. Inc.),
and anti-proliferating cell nuclear antigen (PCNA) antibody
(SC-25280; Santacruz Biotech. Inc.) were used at a dilution
of 1:100 and the Envision kit (Life Technologies, Carlsbad,
CA, USA) was used for the staining procedure.

Statistical analysis

Statistical analyses were performed using Student’s 7-test.
A P-value <0.05 was considered significant (* represents sta-
tistical significance compared to the vehicle-treated control).

Results

Anticancer activities of EGCG against
CCA cells in vitro

Anticancer activities of EGCG against HuCC-T1 cells are

shown in Figures 1 and 2. Growth inhibition and anticancer
effect of EGCG were studied using HuCC-T1 and HEK293T
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cells and are shown in Figure 1. As shown in Figure 1A,
EGCG inhibited the growth of HuCC-T1 cells while growth
of HEK293T cells was not inhibited. Furthermore, EGCG
did not affect the viability of HEK293T cells while it sup-
pressed the viability of HuCC-T1 cells in a cytotoxicity
study. TUNEL assay and flow cytometry analysis also
showed apoptosis of HuCC-T1 cells with 5 ug/mL EGCG
(Figure 1B and C). When HuCC-T1 cells were treated with
5 nug/mL EGCG, cells revealed strong green fluorescence
and apoptosis peaks were significantly increased. These
results indicated that EGCG effectively suppresses growth
and viability of cancer cells with absence of intrinsic toxicity
against normal cells.

Molecular signals regarding apoptosis were investigated,
as shown in Figure 2. As shown in Figure 2A and B, mut-p53
expression of HuCC-T1 cells was also decreased by EGCG
treatment. The expression ratio of Bax/Bcl-2 of HuCC-T1
cells was doubled, indicating that EGCG accelerates
apoptosis of HuCC-T1 cells (Figure 2D). Furthermore, pro-
teins for DNA repair/programmed cell death such as PARP
were also decreased by treatment with EGCG (Figure 2C).
The activities of Caspase-3 and 9 were increased by treatment
with EGCG (Figure 2C and E). These results indicated that
EGCG accelerated apoptosis of CCA cells.
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Figure | The anticancer activities of EGCG against HUuCC-T1 cells.

Notes: (A) The effects of EGCG on the viability of cancer cells. A total of 3x10* cells were used to measure the anticancer effect and 3x10° cells were used to test growth
inhibition. RPMI1640 media supplemented with 10% FBS was used to assess tumor cell growth inhibition and serum-free media was used to assess the anti-cancer effects.
(B) TUNEL staining. Images were observed at 400x. (Numbers in the boxes indicate intensities of FITC.) (C) Flow cytometric analysis of cancer cells. FITC Annexin V and
Pl were used for apoptosis and necrosis analysis of tumor cells, respectively. ***P<0.01.

Abbreviations: ICSO, half maximal inhibitory concentration; RPMI1640, Roswell Park Memorial Institute 1640; EGCG, epigallocatechin-3-gallate; FBS, fetal bovine serum;
FITC, fluorescein isothiocyanate; HuCC-T |, human cholangiocellular carcinoma cell line; HEK 293T, human embryonic kidney 293 T; P, propidium iodide; TUNEL, terminal

deoxynucleotidyl transferase dUTP nick end labeling.
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Figure 2 The apoptosis and necrosis of HUCC-T| cells by treatment of EGCG.
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(Numbers in the boxes indicate intensities of green fluorescence.); (D) Bax, Bcl-2, Caspase-3, Caspase-9, and PARP expression. (E) The extent of Caspase-3,9 activities.

Images were observed at 400x. *P<<0.01.

Abbreviations: wt, wild-type; mut, mutant; EGCG, epigallocatechin-3-gallate; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HUCC-T1, human cholangiocellular

carcinoma cell line, PARP, poly adenosine diphosphate ribose polymerase.

The effects of EGCG on the migration/

invasion capacity and MMP activity of

HuCC-T1 cells

Figure 3 shows the effects of EGCG on the MMP activity,
invasion capacity, and migration of HuCC-T1 cells. The
MMP activity of HuCC-T1 cells was decreased dose-de-
pendently by treatment with EGCG, as shown in Figure 3A.
Because MMP-2 and -9 have a critical role in cancer cell
invasion and migration through basement membrane degra-
dation, the changes of cancer invasion/migration can be pre-
dicted by changes in MMP activity. Invasion and migration
assays were performed using a Boyden chamber coated with
Matrigel® and wound healing method (Figure 3B). Results
showed that EGCG inhibited invasive capacity of cancer
cells, indicating that invaded HuCC-T1 cells decreased
30% compared to control. Figure 3C shows the wound heal-
ing assay of HuCC-T1 cells. Migration of HuCC-T1 cells
was decreased >50% compared to control. These results
indicated that EGCG has anti-invasive and anti-migration
capacity against HuCC-T1 cells.

Anticancer activities of EGCG against

in vivo mouse tumor xenograft model
of HUCC-T1 cells

Figure 4 shows the anticancer activities of EGCG against
HuCC-T1 tumor-bearing mice. For the in vivo study,
EGCG was dissolved in thermosensitive hydrogel and
subcutaneously injected beside the solid tumor. For control
treatment, hydrogel was solely injected. As shown in
Figure 4A, the tumor volume increased gradually. However,
EGCQG treatment significantly inhibited the growth of tumor
volume, indicating that EGCG has anti-tumor activity against
the in vivo tumor xenograft model of HuCC-T1 cells. Fur-
thermore, carcinogenic proteins also decreased, as shown in
Figure 4B, ie, Notch1, a precursor of the MMP protein, was
distinctly decreased by EGCG treatment. As expected, the
expression of MMP-2/9 was also decreased. Furthermore,
PCNA, a proliferating-related protein, was also decreased.
These results indicated that EGCG effectively inhibited MMP
activity, expression of Notch and PCNA protein, and then
inhibited the growth of solid tumor.
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Figure 3 The effects of EGCG on the MMP activity, invasion and migration capacity of HUCC-T| cells.
Notes: (A) Gelatin zymography: MMP-2 and -9 expressions. (B) Matrigel® invasion assay. (C) Wound healing assay for cancer cell migration. Images were observed at 400x.

*P<0.001.

Abbreviations: EGCG, epigallocatechin-3-gallate; HuCC-T1, human cholangiocellular carcinoma cell line; MMP, matrix metalloproteinase.

Discussion

Antioxidants such as EGCG should be extensively inves-
tigated because of their promising activity in inhibition of
invasion, metastasis, and angiogenesis of cancer cells.”!?
EGCG induces not only apoptotic cell death but also inhibits
invasion of cancer cells through suppression of MMP-2
and -9.°'? Especially, CCA cells are frequently known
to have low responsiveness against conventional chemo-
therapeutic agents.'®?>?* One of the reasons for this problem
seems to be physiological properties of CCA cells, ie, CCA
cells spread and invade through the bile duct region.!'®2224
Furthermore, systemic administration of anticancer agents
for CCA is known to have little survival benefit.>*?” An
antioxidant such as EGCG has chemopreventive and anti-
invasive effects against cancer cells with negligible harmful
effects against normal cells. We have shown that EGCG
has no anti-proliferative or cytotoxic effects against nor-
mal cells, with promising anti-proliferative effects against
HuCC-T1 cells (Figure 1). EGCG induces apoptotic cell
death in low concentrations (Figure 1B and C) and apop-
totic molecular signals (Figure 2). Furthermore, it dose-
dependently inhibits MMP-2 activity, which is a major
enzyme for the invasion process, and migration of HuCC-T1
cells as shown in Figure 3. Zhang et al also reported that

EGCQG efficiently inhibits MMP-2/9 activity and invasion
of hepatocellular carcinoma cells.?®* Furthermore, they
also reported that EGCG has no adverse effects against
non-cancerous liver cells.

Perineural invasion of CCA frequently appears at an
carly stage and this aggressiveness of CCA cells has a strong
relationship with short survival time.?** Survival time and
quality of life can be improved by inhibition of invasion
of CCA cells. As shown in our study, EGCG definitely
inhibits invasive-related molecular signals and enzymes
in vivo, ie, Notchl, MMP-2/9 were significantly reduced
by treatment with EGCG and growth of tumor volume
was also inhibited more than twofold (Figure 4). Several
investigators also demonstrated the anti-cancer effects of
EGCQG in the in vitro cell culture and in vivo mouse tumor
xenograft model.’'*? Lang et al reported that EGCG has
beneficial effects when used for chemotherapy on human
CCA cell-bearing mice.?® They demonstrated that EGCG
increased the sensitivity to gemcitabine of Mz-ChA-1 cell
xenografts in nude mice and effectively suppressed tumor
growth. In our study, we locally administered EGCG by
a subcutaneous injection beside the tumor because local
application must be more effective than a systemic approach
due to the physiological properties of CCA.**?” We also
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Figure 4 Antitumor activities of EGCG against HuCC-T| tumor xenograft mice model.

Notes: (A) Tumor growth. Ix107 cells were subcutaneously injected to the back of BALB/c nude mice. When the diameter of the solid tumor reached about 4 mm, EGCG
in a vehicle (hydrogel) was injected subcutaneously beside the solid tumor (dose: 20 mg EGCG/kg). For comparison, the vehicle as a control was injected into the back of
the mice. Growth of the tumor was calculated using the formula V = (a X [b]*)/2, with a being the largest and b being the smallest diameter. For immunohistochemistry of
tumor tissues, tumors were isolated and fixed with 4% formamide 25 days after the injection. (B) Immunohistochemistry (400x) of tumor tissues. Notch |, MMP-2 and -9,

and PCNA antibodies were used for staining tumor tissues. *P<<0.01.

Abbreviations: EGCG, epigallocatechin-3-gallate; HuCC-T 1, human cholangiocellular carcinoma cell line; MMP, matrix metalloproteinase; PCNA, proliferating cell nuclear

antigen.

proved that EGCG efficiently suppressed the growth of
tumor volume with suppression of carcinogenic molecular
signals (Figure 4).

In conclusion, we studied chemoprevention effects of
EGCG against HuCC-T1 cells in vitro and in vivo. EGCG
effectively inhibits and kills HuCC-T1 cells with no adverse
effects against normal cells. EGCG induces apoptotic cell
death and apoptotic molecular signals. Furthermore, EGCG
also suppresses MMP-2/9 activity, and invasion and migra-
tion of cancer cells. Also, it inhibits growth of tumor and
suppresses carcinogenic molecular signals.
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