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Abstract: Epigallocatechin-3-gallate (EGCQG) is a natural product with potential anti-cancer property whose direct
target has not been identified. This study intended to investigate ERa36, a new isoform of estrogen receptor alpha
(ERa), as a therapeutic target of EGCG in hepatocellular carcinoma (HCC). In this work, we examined the expression
level of ERs in HCC cell lines and a normal human liver cell line, and evaluated inhibition effect of EGCG on these
cells in vitro, and further on Hep3B in vivo. The results showed that ERx36 was the main ER in HCC cells and served
as a biomarker of responsiveness to EGCG inhibition, and there was a positive correlation between ERa36 expres-
sion level and inhibitory effect of EGCG as indicated by IC, . In vivo experiments also showed dose-dependent inhibi-
tion of EGCG on ERa36 high-expressing Hep3B. EGCG exerted inhibition on Hep3B cells by both anti-proliferation
and pro-apoptosis. ERa36-EGFR-Her-2 feedback loop, PI3K/Akt and MAPK/ERK pathways were inhibited, while
caspase 3 was activated by EGCG in Hep3B cells, with p-ERK accumulated in cytoplasm. The inhibitory effect of
EGCG was significantly attenuated when ERa36 was pre-activated. This is the first evidence that EGCG exerts its
anti-cancer effect by inhibiting ERa36, followed with inhibition of the ERa36-EGFR-Her-2 feedback loop and PI3K/
Akt, MAPK/ERK pathway, activation of caspase 3, and accumulation of p-ERK in cytoplasm. It suggests that ERa36
might be an efficient target of EGCG in HCC.
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Introduction In this work, we found ERx36 to be a potential
therapeutic target in HCC. ERx36 is one of the
isoforms of estrogen receptor alpha (ER«x) with
a variant ligand binding domain. Its specific
structure makes it possible to bind with many
other molecules in addition to estrogen [1].
Now it is widely believed that ERa36 is involv-
ed in the development and progression of can-
cer and is always considered as a poor prog-
nostic factor in an estrogen-independent man-
ner in breast cancer, aggressive laryngeal can-
cer, and renal cell carcinoma, and contributes
to the development of acquired chemoresis-

Hepatocellular carcinoma (HCC), one of the
common cancers, ranks the seventh in cancer
incidence and the fourth in cancer-related
death worldwide according to World Health Or-
ganization (WHO). Patients at early stage with
well-preserved liver function (Child-Pugh class
A) are candidates for curative treatments like
resection and liver transplantation. However,
most patients are at advanced stage when
diagnosed with HCC, when only palliative treat-
ments are available, such as embolization, ab-
lation, and radiation therapy. Advanced strate-

gies like multikinase inhibitor (sorafenib for ex-
ample) and immunotherapy (still under investi-
gation) have benefited patients, but the overall
prognosis is still poor with certain side effects.
Therefore, precision and powerful therapeutic
means of HCC are still in urgent need.

tance in breast cancer cells [2-5]. It has also
been reported that ERa36 expression was
highly upregulated in HCC compared to normal
liver tissue [6-9], suggesting ERa36 might play
arole in HCC and be a potential therapeutic tar-
get.
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Epigallocatechin-3-gallate (EGCG), the main
natural component of green tea, attracting in-
creasing attention to its anti-cancer properties
by inhibiting carcinogenic activity, angiogene-
sis, migration and penetration, inducing apop-
tosis and cell cycle arrest [10-13]. The anti-
HCC effect of EGCG has been well-document-
ed. EGCG could prominently inhibit HCC cells
by ways mentioned above, reversing multidrug
resistance in cancer cells. Various mechanisms
were reported to be involved in these process-
es, such as the suppression of PI3K/Akt and
NF-kB pathway, the alteration of Bcl-2 family
proteins, the activation of caspase-3/9, the
elevation of ROS, the release of cytochrome ¢
from mitochondria, metabolic shift away from
glycolysis, and inhibition of cancer stem cells
(CSCs) [14-20]. However, evidence about the
exact targets of EGCG is still insufficient. Re-
cent studies suggested that EGCG might exert
its anti-cancer effect by inhibiting ERa36 in
breast cancer cells [21, 22]. As mentioned pre-
viously, ERa36 is highly expressed in HCC cells
but not in normal hepatocytes. In addition, the
metabolism of EGCG is mainly regulated by the
liver, so that bioavailability of EGCG might be
higher in liver. All these factors support the idea
that EGCG might be an effective drug for HCC
precision medication by targeting ERa36.

In order to examine the effect of EGCG on HCC
cells and the role of ERx36 in EGCG’s anti-HCC
effect, we detected the expression profile of ER
variants in several cell lines, and tried to figure
the relation between cell sensitivity to EGCG
and its expression of ERx36, and then evaluat-
ed the anti-cancer effect of EGCG both in vitro
and in vivo. Furthermore, possible mechanisms
of the anti-HCC effect of EGCG mediated by
ERa36 were investigated.

Materials and methods
Cell culture

Hepatocellular carcinoma cell lines, Hep3B, He-
pG2, sk-hepl, hce-Im3, Huh7 and SMMC7721,
human liver cell line L-02, and breast cancer
cell line MCF-7 were purchased from the Ame-
rican Type Culture Collection (ATCC) and main-
tained in our laboratory. Hep3B, SMMC7721,
L-02 and MCF-7 cells were cultured in RPMI-
1640 (Boster Biological Technology Co, Ltd,
Wuhan, China) with 10% FBS (Biological In-
dustries, Beit Haemek Ltd, Israel), HepG2, sk-
hepl, hce-Im3 and Huh7 were cultured in Dul-
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becco’s modified Eagle’s medium (DMEM, high
glucose) (Corning Incorporated, New York, NY,
USA) supplemented with 10% FBS in a humidi-
fied incubator at 37°C with 5% CO,,.

Western blot analysis

Whole cell lysate was prepared by incubation
on ice in radioimmunoprecipitation assay (RI-
PA) buffer (150 mM NaCl, 100 mM Tris pH 8.0,
0.1% SDS, 1% Triton X-100, 1% sodium deoxy-
cholate, 5 mM EDTA and 10 mM NaF) contain-
ing Complete™ Protease Inhibitor Cocktail Ta-
blet (Santa Cruz Biotechnology, Dallas, Texas,
USA) for 30 min, and then by centrifugation at
15,000 rpm for 15 min at 4°C. Protein concen-
tration was quantified by Pierce BCA Protein
Assay Kit (ThermoFisher Scientific, Rockford,
Illinois, USA) according to instruction. Protein
samples were prepared by mixing with 5x sam-
ple buffer (250 mM Tris-HCI pH 6.8, 10% SDS,
50% glycerol, 10% 2-mercaptoethanol, 0.5%
bromophenol blue) at a ratio of 4:1, denatured
for 5 min at 98°C followed chilled 5 min on ice.
Fifteen microgram proteins of each sample
were loaded to 10% SDS-polyacrylamide gel
and underwent electrophoresis, followed by
transfer onto 0.22 nm PVDF membrane (Mil-
lipore Corporation, Bedford, MA, USA). We bloc-
ked with 5% skim milk (ThermoFisher Scienti-
fic, Rockford, lllinois, USA) in TBS-T (0.5 M NaCl,
0.1 M Tris-HCI, 0.1% Tween-20) for 1 h at room
temperature. The membranes were then pro-
bed with primary antibodies diluted in 5% milk,
1:40000 HRP-anti-p-actin (Kangchen, Shang-
hai, China), 1:6000 anti-ERa36 (Abmart, Shang-
hai, China), 1:3000 anti-ERa66 (Abcam, MA,
USA), 1:2000 anti-ERB (ThermoFisher Scienti-
fic, Rockford, Illinois, USA), and incubated over-
night at 4°C with gentle shaking. Next day, af-
ter three washes with TBS-T, membranes were
probed with second antibodies (HRP-anti-mo-
use/rabbit IgG antibody, ZSGB-BIO, Beijing,
China) with dilution of 1:10000 in 5% skim mi-
Ik for 2 h at room temperature. After another
three washes, signals were detected by Lu-
minata™ Western HRP substrates (Millipore
Corporation, Billerica, MA, USA) and Chemi-
Doc™ MP Imaging System (v5.2.1, Bio-Rad
Laboratories, Inc, Hercules, CA, USA).

Cell viability analysis by Cell Counting Kit-8
(CCK-8)

Cells were seeded in 96-well tissue culture
plates with 10,000 cells per well in 100 uL
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medium 24 h before treatment. Fresh me-
dium with a series of concentration of EGCG
(Sigma-Aldrich Corp, St. Louis, MO, USA): 0O, 20,
40, 60, 80 and 100 pg/mL was added into
wells respectively with five duplicates, 100 yL
per well. After 72 h, the cultured medium was
replaced by medium containing 10% CCK-8,
and incubated for 2 h at 37°C before 0D, .-
was measured by a microplate reader (Spe-
ctraMax M5, Molecular Devices, Sunnyvale,
CA, USA). IC, was calculated by SPSS 23.0.

Tumor xenograft in nude mice

Twenty 6-week-old female mice were bred for
one week to adapt to the feeding environment
before experiments. Each mouse was inject-
ed with 2 x 107 Hep3B cells suspended in 100
uL PBS mixed with 100 pL Matrigel (Corning
Incorporated, New York, NY, USA) in the right
front dorsum. Mice were randomized into 4 gr-
oups which were treated with 50, 10 or 2 mg/
kg EGCG or sterile ddH, 0 (vehicle) separately by
intraperitoneal injection every other day. Mice
were dosed when the tumor size was in the
range of 200 mm?to 2500 mm?, and tumor vol-
ume was measured at every dose. At the end of
the treatment, all the mice were euthanatized
using cervical dislocation, with the tumors har-
vested and fixed in 10% formalin. The fixed
tumors were prepared into paraffin sections
and stained by hematoxylin and eosin (H&E).
The animal experiment was approved by the
Committee on the Ethics of Animal Experiments
of the Second Affiliated Hospital of Zhejiang
University School of Medicine.

Apoptosis analysis by cell flow cytometry

Hep3B and L-02 cells were seeded in a 6-well
tissue culture plate with 5 x 105 cells per well,
4 mL medium with final concentrations of 30,
60 pug/mL EGCG added to cells 24 h later. All
the cells were collected and washed with ice-
cold PBS for twice, and then resuspended in
0.5 mL Binding Buffer following the manual of
BD Pharmingen PE Annexin V Apoptosis De-
tection Kit | (BD Biosciences, NJ, USA). One
hundred microliters cell suspension was gently
mixed with 5 yL PE Annexin V and 5 pyL 7-ADD
and incubated for 15 min at room temperature.
Samples were mixed with 400 pL Binding Buf-
fer before apoptosis analysis by flow cytome-
try.
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Cell treatment and further analysis

Hep3B and L-02 cells were seeded in 6 cm tis-
sue culture dishes with 10° cells per dish 24 h
before treatment with O, 10, 20, 40, 80 or 160
pg/mL EGCG respectively for 48 h. As well,
additional dishes of cells were treated with 30,
or 60 yg/mL EGCG respectively for 12 h, 24 h,
36 h and 48 h separately. Protein samples were
prepared for western blot analysis (performed
as previously mentioned) to detect expression
of EGFR, Her-2, ERx36, ERK, p-ERK, caspase 3,
cleaved-caspase 3 (antibodies against EGFR,
Her-2, ERK, p-ERK, caspase 3, cleaved-cas-
pase 3, Cell Signaling Technology, MA, USA)
and b-actin.

Protein cellular compartments by cell fraction-
ation

Cytosolic and nuclear fractions of the cell sam-
ples were separated by fractionation. Cells
treated with O, 30 or 60 pg/mL EGCG respec-
tively for 24 h were collected and washed with
ice-cold PBS twice, resuspended with 1 mL
PBS. 200 L of suspension was preserved for
“whole cell lysate”. The remaining cells were
deposited by centrifugation and lysed with 100
uL ice-cold PBS containing 0.1% NP-40, centri-
fuged at 15,000 g for 5 min at 4°C, and the
supernatant was collected as “cytosolic frac-
tion”. The pelleted “nuclear fraction” was wa-
shed with PBS containing 0.1% NP-40 once
before being lysed with RIPA buffer containing
Complete™ Protease Inhibitor Cocktail Tablet.
The cells preserved for “whole cell lysate” were
lysed in the same way. The lysate was centri-
fuged at 15,000 g for 15 min at 4°C and the
supernatant was collected to give the “nuclear
fraction” and “whole cell lysate” respectively.
Further western blot analysis for ERx36, ERK,
p-ERK, GAPDH (GAPDH Ab, Kangchen, Shang-
hai, China), and Histone H3 (Histone H3 Ab, Cell
Signaling Technology, MA, USA) was performed
as previously mentioned.

ERa36 cellular localization by cell immunofluo-
rescence

Hep3B cells were seeded into 24-well tissue
culture plates with sterile slides inside for 24 h.
Cells were treated with 30 or 60 yg/mL EGCG
separately for 24 h. Slides were washed with
ice-cold PBS twice mildly, and cells on the
slides were fixed by methanol at -20°C for 10
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Figure 1. Expression profile of ERs in L-02 (normal liver cell line), Hep3B,
HepG2, Sk-hepl, Hee-Im3, Huh7, SMMC7721 (HCC cell lines) and MCF-7
(breast cancer cell line, chosen as a control-ERa36 (-), ERa66 (+), ERb (+)).
HCC: hepatocellular carcinoma, ERa: estrogen receptor alpha, ERB: estro-

th hormone-free medium con-
taining vehicle (0.01% ethanol)
or 107, 10%, 10°, 101°, 1014,
10** M E, for 48 h. Group B:
cells were pretreated with E, at
the same concentration gradi-
entas group Afor 1 h, and then
treated with E, along with 30
pug/mL EGCG for another 47 h.
Group C: cells were pretrea-
ted with 30 yg/mL EGCG inde-
pendently for 1 h, followed by
another 47 h with E, at the
same concentration gradient
as group A along with 30 pg/
mL EGCG. Group D: cells were

gen receptor beta.

Table 1. IC_, of EGCG on ERa36 (+) cells

treated with E, at the same
concentration gradient as gr-
oup A along with 30 pg/mL

Cell line L-02 Hep3B  Sk-hepl

Hce-im3  Huh-7

EGCG for 48 h. Cell viability
was assayed by using CCK-8.

IC,,, (ug/mL) 73.761  50.807 65.295

68.376 83.818

min, left air to dry at room temperature, and
then blocked by 5% BSA (Amresco, TX, USA).
Anti- ERa36 antibody with a dilution of 1:1000
in 5% BSA was used to probe the cells over-
night at 4°C. Next day, slides were washed with
PBS for three times, 10 min each time, then
incubated with Alexa Fluro® 488-IgG (ZSGB-
BIO, Beijing, China) with a dilution of 1:500 in
5% BSA for 1.5 h at room temperature, follow-
ed by washes with PBS for three times before
being stained with 5 pug/mL Hoechst 33342
(Sigma-Aldrich Corp, St. Louis, MO, USA), then
mounted with glycerol. Fluorescence signals
were observed under a fluorescence micros-
cope.

Pre-activation of ERx36

Estrogen (E,) dissolved in ethanol (the final con-
centration of ethanol was 0.01%, which would
affect the cells as little as possible) was used
to activate ERa36 to find out whether EGCG
exerted its function through ERa36 or not.
Hep3B and L-02 cells were pretreated with
phenol red-free RPMI-1640 containing 10%
Charcoal Stripped hormone-free FBS for one
week before being seeded in 96-well tissue
culture plate with 10,000 cells per well. After
24 h, cells were divided into 4 groups and tre-
ated as follows. Group A: cells were treated wi-
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Results

ERa36 predominates among ER isoforms in
HCC and serves as a biomarker of responsive-
ness to EGCG inhibition

As shown in Figure 1, the expression of ERa36
was detected in five hepatic cell lines, L-02,
Hep3B, Sk-hep1, hcc-Im3 and Huh-7, and show-
ed ERa36 as the dominant ER isoforms in HCC.
ERa66 and ERP were at very low levels or not
detectable at all. With the increase of EGCG
concentration, the cell survival rates decreased,
and IC,, of EGCG at 72 h on the five ERa36 (+)
cell lines were 73.761, 50.807 65.295, 68.376
and 83.818 ug/mL respectively, mainly nega-
tively correlated to the expression level of
ERa36 (Table 1). These results suggested th-
at HCC cells could be inhibited by EGCG, and
cells with higher expression of ERx36 were
more subject to EGCG. Since Hep3B showed
the highest level of ERx36, it was chosen for
further study, using L-02 as a control.

EGCG inhibits Hep3B xenograft in nude mice
in a dose-dependent manner

Hep3B xenograft in nude mice were used to
evaluate the inhibitory effect of EGCG on ERa-
36 high-expressing human HCC cells in vivo.
The growth rate of tumors in tumor-bearing
nude mice slowed down as the dose of EGCG

Int J Clin Exp Pathol 2019;12(9):3222-3234
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Figure 2. Inhibitory effect of different dose of EGCG on Hep3B cells in vivo. A. Growth rate of tumors when mice were
treated with 0, 2, 10, 50 mg/kg EGCG. B. Time needed for tumors to reach a certain volume with O, 2, 10, 50 mg/
kg EGCG. C. Hematoxylin and eosin stain results of tumors from tumor-bearing nude mice treated with O, 2, 10, 50

mg/kg EGCG, Bar = 100 um. EGCG: epigallocatechin-3-gallate.

increased (Figure 2A). Time needed for tumors
to reach a certain volume was also longer in
groups with higher doses (Figure 2B). The re-
sult of H&E stains showed that EGCG caused
tumor necrosis, which was severer and closer
to the surface in higher dose groups (Figure
2C).

EGCQG inhibits cell proliferation as well as
ERx36 expression

To further prove the effect of EGCG on inhibit-
ing cell proliferation, a cell growth curve was
made by CCK-8, and the activation of prolifera-
tion signaling pathways was tested by western
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blot. After treatment of 30 ug/mL EGCG, prolif-
eration of Hep3B was significantly inhibited but
that of L-02 was almost the same as the con-
trol group. Being treated with 60 ug/mL EGCG,
Hep3B was inviable while L-02 was slightly
inhibited (Figure 3A). Treated with a serial con-
centration of EGCG for 48 h, the expression of
ERa36 increased slightly at first, and then
decreased as the concentration kept rising.
EGFR and Her-2 changed with the same ten-
dency, PI3K/Akt and ERK was inhibited at the
same time. The lowest concentration of EGCG
causing inhibition in L-02 cells (almost 80 ug/
mL) was higher than in Hep3B (almost 20 ug/

Int J Clin Exp Pathol 2019;12(9):3222-3234



EGCG targets ERa36 in HCC

A L-02
2
18 -
16
14
€ 121
&
2 1
2
O os
o 0.6
0.4
0.2
1]
0 12h 24h 36h
—() w—30pg/ml =—G0ug/mi
Hours after treatment
B L-02 Hep3B

EGCG (ug/ml) 0 10204080 160 0 10 20 40 80

EGFR = = ®W W™ e =

Her-2 == == sm os s oo

Pk HHENEET B -

p-PI3K s

P R~ p———

p-Akt .o o SR SR
ERK ————— m

P ———
ERG36E o o v o o [—

B_actin T —————— o — <

01T p—

Figure 3. Anti-proliferative effect of EGCG on L-02 and
Hep3B cells. A. Cell growth curve of L-02 and Hep3B
with/without the treatment of EGCG (30, 60 ug/mL).
B. Proliferation relevant proteins expression in L-02
and Hep3B cells treated with 0, 10, 20, 40, 80, 160
ug/mL EGCG for 48 h. C. Proliferation-relevant pro-
teins expression in L-02 and Hep3B cells treated with
30, 60 ug/mL EGCG for 0, 12, 24, 36, 48 h. p-PI3K:
phosphorylated PI3K, p-Akt: phosphorylated Akt, p-
ERK: phosphorylated ERK.

mL). Interestingly, phosphorylated ERK (p-ERK)
expression was upregulated significantly in
Hep3B treated with 20 and 40 pg/mL EGCG
respectively (Figure 3B). Shown as the results
of western blot analysis at different time po-
ints after treatment, the expression of ERx36,
EGFR, and Her-2 increased in a time-dependent
manner in L-02 cells, but almost kept decreas-
ing in Hep3B. The expression of p-ERK was
temporarily decreased in Hep3B treated with
30 pg/mL EGCG for 12 h, and in L-02 treated
with 60 yg/mL EGCG for 12-36 h. Whereas, it
surged in Hep3B treated with 60 yg/mL EGCG
for 12-36 h, as did phosphorylated Akt (p-Akt)
(Figure 3C).
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In summary, compared with L-02 cells, ERa36
highly-expressing Hep3B was greatly inhibited
by a lower concentration of EGCG by inhibiting
the ERa36-EGFR-Her-2 feedback loop as well
as PI3K/Akt, and MAPK/ERK pathways. The
alteration of p-ERK caused by EGCG will be dis-
cussed later.

EGCG also induces cell apoptosis when it in-
hibits ERa36 expression

To find out whether EGCG promoted cell apop-
tosis during the anti-HCC process, cell apopto-
sis analysis and western blot analysis were
performed.

Int J Clin Exp Pathol 2019;12(9):3222-3234
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Figure 4. Pro-apoptotic effect of EGCG on Hep3B cells. A. Apoptosis analysis of L-02 and Hep3B with/without the
treatment of EGCG (30, 60 ug/mL). B. Activation of caspase 3 in L-02 and Hep3B cells treated with 0, 10, 20, 40,

80, 160 ug/mL EGCG for 48 h. C. Activation of caspa

se 3in L-02 and Hep3B cells treated with 30, 60 ug/mL EGCG

for 0, 12, 24, 36, 48 h. cle-caspase 3: cleaved-caspase 3.

According to cell flow cytometry analysis, Hep-
3B showed an increasing apoptosis from 4.1%
to 5.0% or 16.3% by treatment with 30 or 60
ug/mL EGCG, while L-02 kept stable as 1.1%,
0.9% and 1.1% (Figure 4A; Table 2). With a
decrease in ERa36, caspase 3 was activated
in Hep3B by 20 ug/mL EGCG (while in L-02 by
160 yg/mL EGCG) and its activation became
greater with higher dose of EGCG. 12 h after
treatment, the activation of caspase 3 in
Hep3B had already been detectable (Figure
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4B, 4C). These data indicated that besides in-
hibition of proliferation, cell apoptosis promo-
tion also played a role in the anti-HCC effect of
EGCG resulting from ERa36 being inhibited.

ERa36 is an effective target of EGCG in Hep3B
inhibition

To further study the mechanisms, the expres-
sion and localization of ERx36 and p-ERK were
examined. The result of western blot analysis of

Int J Clin Exp Pathol 2019;12(9):3222-3234
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Table 2. Apoptosis of L-02 and Hep3B cells treated with

EGCG
Cell line EGCG Early apoptotic Late apoptotic Total apoptotic
(Mg/mL) cells (%) cells (%) cells (%)

L-02 0 0.4 0.7 1.1

30 0.2 0.7 0.9

60 0.2 0.9 1.1
Hep3B 0 1.4 2.7 4.1

30 1.3 3.7 5.0

60 6.7 9.6 16.3

than group C. In L-02, cell survival of
the four groups were almost the
same (Figure 6B). In summary, EG-
CG exerted its inhibition effect by
targeting ERa36 directly or indirect-
ly, but there were other ways for
EGCG to inhibit HCC cells.

Discussion

Based on the ERs expression profile

cell fractions showed that ERa36 was mainly
distributed in the cytoplasm, with very low lev-
els in the nucleus, both in untreated and treat-
ed Hep3B cells. Moreover, p-ERK decreased
significantly in nuclear fractions, but increased
in cytoplasmic fraction in Hep3B cells treated
by EGCG for 24 h compared with that in untre-
ated cells. Therefore, the increase of p-ERK in
Hep3B cells treated with EGCG was mainly
attributed to the increase in cytosolic p-ERK.
However, p-ERK decreased slightly in all frac-
tions in L-02 after treatment (Figure 5A). These
findings were consistent with the previous re-
sults of western blot analysis (Figure 3B, 3C).
By cell immunofluorescence, strong fluorescent
signal was detected in the cytoplasm of Hep3B
compared with negative controls which was not
probed with anti-ERa36 antibody, and several
dense clusters could be seen in cytoplasm. The
signal was dramatically weakened with the
dense clusters dispersing after the treatment
by 30 or 60 ug/mL EGCG for 24 h (Figure 5B).
These results suggested that ERa36 located
mainly in cytoplasm as a member of the non-
genomic pathway, and its expression in cyto-
plasm was significantly lowered by EGCG with-
out subcellular redistribution. EGCG could in-
crease cytosolic p-ERK in ERx36 high-express-
ing cells, which might promote cell apoptosis.
The decrease of p-ERK in the nucleus in both
Hep3B and L-02 might contribute to the inhi-
bition of cell proliferation. According to the re-
sult of the anti-HCC effect of EGCG with ERa36
pre-activated by estrogen, the proliferation of
Hep3B and L-02 treated with various concen-
tration of estrogen alone showed no difference
(Figure 6A). Hep3B cells in group C, which were
pretreated with 30 yg/mL EGCG, showed sig-
nificantly lower survival than group A, while
cells in group B and D showed lower survival
rates than group A, but showed higher survival
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in our work, ERa36 is the dominant
ER in HCC cells. This finding is con-
sistent with the reported analysis of total 84
HCC patients [6, 9]. However, according to our
results, the expression level of ERa36 in HCC
cells is not always higher than that in normal
hepatocytes, but higher ERx36 expression do-
es indicate higher sensitivity to EGCG. Accu-
mulating evidence suggests that EGCG could
inhibit HCC cells effectively, but to the best of
our knowledge, this study provides the first evi-
dence that ERa36 could be a biomarker of HCC
cells that are responsive to EGCG therapy.

It has been reported that severe side effects
could be caused by EGCG overdose [23]. LD,
of EGCG on nude mice was tested to be 107.2
mg/kg by acute toxicity test, and no abnormal-
ity was observed in the group of mice treat-
ed with 79.4 mg/kg EGCG (data not shown).
Moreover, the morphologic structure of livers
from mice treated with 100 mg/kg and 159
mg/kg EGCG were examined by H&E stain, the
livers of 100 mg/kg group were almost normal,
but those of the 159 mg/kg group were greatly
damaged (data not shown). Therefore, 50 mg/
kg EGCG was set to be the highest dosage in
vivo. To better reflect clinical reality, tumor vol-
ume was used as a standard of starting (200
mm?3) and ending (2500 mm?) treatment.

Anti-cancer effect could be achieved by both
inhibiting cell proliferation and promoting cell
apoptosis, and evidence suggested involve-
ment of both. EGCG demonstrated greater in-
hibitory effect on cells with higher ERa36, who-
se expression was significantly inhibited with
the treatment of EGCG, as was the, ERa36-
EGFR-Her-2 feedback loop (which was reported
to promote malignant growth of breast cancer
cells and develop resistance to tamoxifen) [24,
25]. PI3K/Akt and MAPK/ERK signaling path-
ways were blocked. These changes are consis-
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Figure 5. Alteration of ERa36, ERK and p-ERK in different cell compartments. A. Cellular localization and expression
of ERa36 and the activation of ERK in L-02 and Hep3B with/without EGCG (30, 60 ug/mL) for 24 h analyzed by
western blot. B. Cellular localization and expression of ERx36 in Hep3B with/without EGCG (30, 60 ug/mL) for 24 h

analyzed by cell immunofluorescence, Bar = 50 um. p-ERK: phosphorylated ERK, NC: negative control.

tent with the reports about the inhibitory effect
of EGCG on various kinds of cancer cells [17,
22, 26, 27]. However, EGCG seems to increase
the expression of these signaling molecules
when the concentration is lower than 80 yg/mL
in L-02 or 10 yg/mL in Hep3B. This might be
due to the stress response or protective effect
caused by EGCG, since EGCG is a natural prod-
uct with multiple biological functions, such as
antioxidant, anti-inflammatory, anticollagena-
se, antifibrosis, oral disease treatment, vascu-
lar system protection, and nervous system pro-
tection [10], The mechanisms are complicated
but deserve further study.

ERa36, different structurally and functionally
from its traditional counterpart, ERx66, is re-
ported expressed mainly on the cell membrane
and cytoplasm instead of the nucleus. The dif-
ferent cellular orientation from nuclear recep-
tors suggested that ERx36 exerts its function
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by a non-genomic pathway [5, 28-31], which
was verified in our study by western blot analy-
sis of cell fractions and cell immunofluorescent
stain.

Activation of ERK is believed to be relevant to
cell proliferation, but our study, suggested that
the activation of ERK might be involved in cell
death. Actually, several studies have reported
that sustained activation of ERK, presented as
continuous high expression of p-ERK, might
induce cell aging or apoptosis [32-34]. More-
over,the subcellular location of p-ERK also de-
termine its function. Transport of p-ERK from
cytoplasm to the nucleus could promote cell
proliferation and inhibit differentiation. On the
contrary, the accumulation of p-ERK in cyto-
plasm would inhibit proliferation and trigger dif-
ferentiation [32]. We infer that transient activa-
tion of ERK (within a few minutes) promoted ce-
Il proliferation, but the sustained activation in
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Figure 6. Inhibitory effect of EGCG on L-02 and Hep3B cells with ERx36 pre-activated. A. The effect of estrogen in
serial concentrations on cell proliferation. B. Cell survival rates of L-02 and Hep3B with different treatment. Group
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another 47 h. Group D: cells were treated with E, at the same concentration gradient as group A along with 30 pg/
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cytoplasm (last hours or longer) might induce
oxidative stress and apoptosis, and the de-
crease of p-ERK in the nucleus of treated L-02
and Hep3B might contribute to proliferation
inhibition.

Moreover, according to research about EGCG in
neurological disease, EGCG exerts its protec-
tive effect by preventing the aggregation of
pathogenic proteins [35]. Therefore, the disag-
gregation of ERa36 in cell cytoplasm (shown
as cell immunofluorescent stain) might also be
a part of the anti-cancer process, which is
worth further investigation.

Estrogen is considered to be the most common
ligand of ERs It could definitely activate ERx36,
and the activated ERa36 would be unavailable
momentarily for EGCG. By examining whether
the anti-HCC effect of EGCG would be affected
with ERa36 pre-activated, a role of ERa36 in
the anti-HCC process could be partially demon-
strated. Shown as the result, activating ERa36
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by estrogen could greatly alleviate the inhibition
effect of EGCG in Hep3B cells. This suggested
that ERa36 was one of the direct or indirect tar-
gets of EGCG in the anti-HCC process. As EGCG
stillinhibited cell proliferation to a lesser degree
when ERa36 was pre-activated (survival rates
of group B and D were still lower than group A),
there must be other ways for EGCG to exert its
anti-cancer effect.

Although EGCG showed significant inhibition
effect on Hep3B cells both in vitro and in vivo,
the dosage we used in vivo was not sufficient to
arrest cancer progression. Considering the risk
of liver toxicity caused by high doses of EGCG, it
would be more advisable to focus on EGCG’s
effect on cancer prevention, or use EGCG as
a synergist of chemotherapeutics as it could
prevent the development of chemoresistance,
or alleviate side effects by reducing chemical
dose and amplify the anti-cancer effect [13,
20, 23, 36-39]. It has also been suggested that
the inconsistency between the effect of EGCG
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Figure 7. lllustration of anti-cancer effect of EGCG by targeting ERa36.
EGCG could inhibit ERx36 directly or indirectly. Down-regulation of ERx36
would block the ERx36-EGFR-Her-2 feedback loop, PI3K/Akt, and MAPK/
ERK pathways. Moreover, the inhibition of ERx36 might block the transport
of p-ERK from cytoplasm to nucleus. The distribution of p-ERK in this pat-

tern would induce apoptosis and inhibit cell proliferation.

in vitro and in vivo could be attribute to its low
stability. It is difficult to tell whether the deriva-
tives or degradation products of EGCG contrib-
ute to the manifested effect, and it is also chal-
lenging to sort out the overall effect of these
molecules [23, 40]. There have been many
studies aiming to promote the stability of EG-
CG by modification and packaging [41-48], to
remove this main restriction (short half-life) in
EGCG'’s clinical application.

Conclusions

ERa36 predominated ERs in HCC cells and
served as a biomarker of responsiveness to
EGCG inhibition. EGCG could both inhibit cell
proliferation and induce cell apoptosis in a
dose-dependent manner by inhibiting ERx36,
which then induces the blocking of ERx36-
EGFR-Her-2 loop, PI3K/Akt, MAPK/ERK path-
ways, the activation of caspase-3, and the
accumulation of cytosolic p-ERK (Figure 7).
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