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Hepatic stellate cells promote upregulation of epithelial
cell adhesion molecule and epithelial-mesenchymal
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Abstract. Microenvironment plays an important role in
epithelial-mesenchymal transition (EMT) and stemness of
cells in hepatocellular carcinoma (HCC). Epithelial cell adhe-
sion molecule (EpCAM) is known as a tumor stemness marker
of HCC. To investigate the relationship between microenvi-
ronment and stemness, we performed an in vitro co-culture
assay. Four HCC cell lines (HepG2, Hep3B, HuH-7 and PLC/
PRF/5) were co-cultured with the TWNT-1 immortalized
hepatic stellate cells (HSCs), which create a microenvironment
with HCC. Cell proliferation ability was analyzed by flow
cytometry (FCM) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay, while migration ability
was assessed by a wound healing assay. Expression of EpCAM
was analyzed by immunoblotting and FCM. HCC cell lines
were co-cultured with TWNT-1 treated with small interfering
RNA (siRNA) for TGF-f and HB-EGF; we then analyzed
proliferation, migration ability and protein expression using the
methods described above. Proliferation ability was unchanged
in HCC cell lines co-cultured with TWNT-1. Migration ability
was increased in HCC cell lines (HepG2, Hep3B, HuH-7 and
PLC/PRF/5) directly (216.2+67.0, 61.0+22.0, 124.0+66.2 and
51.5+40.3%) and indirectly (102.5+22.0, 84.6+30.9, 86.1+25.7
and 73.9+29.7%) co-cultured with TWNT-1 compared with
the HCC uni-culture. Immunoblot analysis revealed increased
EpCAM expression in the HCC cell lines co-cultured with
TWNT-1. Flow cytometry revealed that the population of
E-cadherin’/N-cadherin® and EpCAM-positive cells increased
and accordingly, EMT and stemness in the HCC cell line
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were activated. These results were similar in the directly and
indirectly co-cultured samples, indicating that humoral factors
were at play. Conversely, HCC cell lines co-cultured with
siRNA-treated TWNT-1 showed decreased migration ability,
a decreased population of EpCAM-positive and E-cadherin’/
N-cadherin® cells. Taken together, humoral factors secreted
from TWNT-1 promote upregulation of EpCAM and EMT in
hepatic cancer cells.

Introduction

Hepatocellular carcinoma (HCC) is the third most frequent
cause of cancer-related death worldwide (1,2). There are
several treatment modalities for HCC, including surgical
resection, radiofrequency ablation, transcatheter arterial
chemoembolization and percutaneous ethanol injection
therapy. Recent advances in these treatment modalities have
improved the prognosis of HCC, yet prognosis for advanced
HCC remains poor (1). Several studies investigated the factors
associated with refractory HCC have shown that CD133 and
epithelial cell adhesion molecule (EpCAM) are related to the
poor prognosis (3-5).

Stemness is an essential characteristic of stem cells
to renew themselves and differentiate with multipotency.
EpCAM is a cell surface marker expressed on human hepatic
stem cells and is a known marker to identify cancer stem
cells (CSCs) in HCC (6). EpCAM is related to tumorigenesis
and metastasis, and its expression is a prognostic factor for
HCC (3-5). EpCAM is a downstream effector of the Notch
signaling cascade. Activation of Notch signaling enhances
cellular stemness and epithelial-mesenchymal transition
(EMT) by inducing EpCAM expression in both pancreatic
cancer (7) and HCC (8). Moreover, other investigators have
reported that EpCAM plays an important role in EMT (9,10).

Cancer progression is related to genetic changes within
cancer cells as well as in the microenvironment. Stromal cells
in the cancer microenvironment facilitate the development
of cancer EMT (11). Cancer cells that undergo EMT also
acquire a stem cell-like phenotype (12), suggesting that cancer
cell-microenvironment interactions are important in cancer
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progression. In various types of cancers, such as intrahepatic
cholangiocarcinoma (13), oligodendroglioma (14), pancreatic
cancer (15), in vitro co-culture assays of cancer cell lines and
cells in the cancer microenvironment increases EMT. In the
present study, we hypothesized that the microenvironment
associated with HCC enhances EMT. Hepatic stellate cells
(HSCs) are liver-specific mesenchymal cells located in perisi-
nusoidal and portal areas. HSCs play an important role in the
stem cell niche for hepatic progenitor cells and hepatocytes.
In addition, HSCs are known to present histopathologically
among HCC tissue (16), and are thought to make a niche for
hepatic cancer cells. Therefore, in the present study, we inves-
tigated the interaction between HSCs and HCC cells.

Materials and methods

Cell lines and culture. The human HCC cell lines HepG2,
Hep3B, HuH-7 and PLC/PRF/5 were obtained from American
Type Culture Collection (ATCC; Manassas, VA, USA).
Immortalized human HSC cells (TWNT-1) were a generous
gift from Dr Naoya Kobayashi from the Department of
Gastroenterological Surgery, Okayama University School of
Medicine. Cells were maintained in high glucose Dulbecco's
modified Eagle's medium (DMEM; Invitrogen, Carlsbad, CA,
USA) supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 1% non-essential amino acids, penicillin/
streptomycin solution (both from Sigma-Aldrich, St. Louis,
MO, USA). Cells were cultured at 37°C in an atmosphere of
5% CO, and 95% air. The cells were treated under restricted
serum conditions with 0.5% dialyzed FBS for 24 h before the
experiment when necessary.

Direct co-culture of hepatic cancer cells and HSCs. HCC cell
lines [400,000 cells/well (HepG2), 200,000 cells/well (Hep3B,
HuH-7 and PLC/PRF/5)] and TWNT-1 (50,000 cells/well)
were seeded in 6-well culture plates (353046; Corning,
Corning, NY, USA) in DMEM supplemented with 0.5%
dialyzed FBS and 1% supplements as previously described,
and incubated for 3 days. If required, HSCs were pre-treated
with mitomycin C before they were used for assays in order
to inhibit self-proliferation. After this, cells were seeded and
cultured in this manner in case of direct co-culture unless
otherwise specified.

Indirect co-culture of hepatic cancer cells and HSCs. HCC
cell lines [400,000 cells/well (HepG2), 200,000 cells/well
(Hep3B, HuH-7 and PLC/PRF/5)] were seeded in 6-well
culture plates in DMEM supplemented with 0.5% dialyzed
FBS and 1% supplements as previously described. TWNT-1
(50,000 cells/well) were seeded into the Cell Culture Insert™
of 1.0-um pore size (353102; Corning) in the same medium as
used for HCC cells, inserted into the 6-well plates where HCC
cells were seeded, and incubated for 3 days. After this, cells
were seeded and cultured in this manner in case of indirect
co-culture unless otherwise specified.

Immunoblot analysis. HCC cells were seeded in 6-well
culture plates and uni-cultured and indirectly co-cultured
with TWNT-1, and grown to confluence. The HCC cells were
washed twice with cold Dulbecco's phosphate-buffered saline
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(DPBS) and lysed in 100 ul of sample buffer [100 mM Tris-HCI
(pH 6.8), 10% glycerol, 4% sodium dodecyl sulfate (SDS), 1%
bromophenol blue and 10% (-mercaptoethanol]. The samples
were resolved by SDS-polyacrylamide gel electrophoresis
and transferred to a polyvinylidene difluoride (PVDF)
membrane (Bio-Rad, Hercules, CA, USA). The membranes
were blocked using PVDF blocking reagent Can Get Signal™
(Toyobo, Osaka, Japan) for 1 h. The membranes were then
incubated with antibodies against cleaved Notch [#2421;
Cell Signaling Technology (CST), Danvers, MA, USA], Hesl
(ab49170; Abcam, Cambridge, UK), Twistl [sc-6070; Santa
Cruz Biotechnology (SCBT), Dallas, TX, USA], E-cadherin
(#3195), N-cadherin (#13116), EpCAM (#2929) and f3-actin
(#4967S) (all from CST) for 1 h at room temperature. The
membranes were washed 3 times with TBS-T and probed
with horseradish peroxidase-conjugated secondary antibody
(#7074S; CST) before being developed with an ECL blotting
detection system (Amersham Biosciences, Piscataway, NJ,
USA) using enhanced chemiluminescence.

Gene silencing of TGF-3 and HB-EGF with small interfering
RNA (siRNA). TWNT-1 was transfected with scrambled nega-
tive control siRNA and TGF-f1/2/3, and HB-EGF siRNA,
respectively (sc-37007, sc-44146 and sc-39420; SCBT). siRNAs
were transfected into cells using a siRNA transfection reagent
and siRNA transfection medium (sc-45064; SCBT). Cells
were seeded at 200,000 cells/well in 6-well culture plates and
incubated for 24 h before the 5 h transfection with scrambled
negative control, TGF-f1/2/3 and HB-EGF siRNA, and then
used for assays after additional incubation for 48 h.

MTT assay. Cell proliferation ability was evaluated with the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. HCC cell lines were seeded at 40,000 cells/well in
500 ul of DMEM supplemented with 1% dialyzed FBS in24-well
culture plates (353047; Becton-Dickinson, Franklin Lakes,
NJ, USA). TWNT-1 (30,000 cells/well) were seeded into the
Cell Culture Insert™ of 1.0-um pore size (353104; Corning)
in the same medium as used for HCC cells, and plated into
the 24-well plates where the HCC cells were seeded. After
48 h of quiescence, 50 ul of MTT (5 mg/ml in PBS) was added
to each well, and the wells were incubated for an additional
3.5 h at 37°C. The purple-blue MTT formazan precipitate
was dissolved in 500 pl of dimethylsulfoxide (Sigma-Aldrich)
and applied in 100 pl volumes in a 96-well culture plate in
the fourth replicate. The activity of mitochondria, used as a
measure of cellular growth and viability, was evaluated by
measuring optical density at 570 nm with a microplate reader
(Model 680 microplate reader; Bio-Rad).

Migration assay. Cell migration ability was evaluated by an
in vitro wound healing assay. HCC cell lines (HepG2, Hep3B,
HuH-7 and PLC/PRF/5) were seeded at 500,000, 600,000,
200,000 and 600,000 cells/well, respectively, in 6-well culture
plates then uni-cultured, directly and indirectly co-cultured
with TWNT-1 (50,000/well) in DMEM supplemented with
10% FBS. TWNT-1 was pre-treated with mitomycin C before
use in the direct co-culture assays to inhibit self-proliferation.
After cells grew to confluence, the cell monolayer was
mechanically scratched with a sterile 200 pl pipette tip and
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Figure 1. Biological effects in HCC cell lines under co-culture with HSCs. (A) HCC cell lines were directly and indirectly co-cultured with HSCs. Indirect
co-culture was performed using a Cell Culture Insert™. Cell proliferative abilities in HCC cell lines were evaluated by flow cytometry. (B) Cell migration
activity was measured as described in Materials and methods. Data represent the mean + SD of >3 independent experiments, each performed in triplicate. n.s.,
p>0.05; "p<0.05 (vs., data for uni-culture); Student's t-test. HCC, hepatocellular carcinoma; HSCs, hepatic stellate cells.

incubation was continued for an additional 48 h in DMEM
medium supplemented with 0.5% dialyzed FBS. Images were
captured at 0, 24 and 48 h, and the distance traveled by the
cells at the acellular front was measured in 3 places.

Flow cytometric analysis. Cells were seeded in 6-well culture
plates and uni-cultured, directly or indirectly co-cultured with
HSCs in DMEM medium supplemented with 0.5% dialyzed
FBS for 3 days. They were subsequently washed twice
with DPBS, collected and re-suspended in 100 pl of S-PBS
(DPBS supplemented with 2% FBS and 10 mM HEPES
buffer saline solution). Vio-blue-anti-CD44, PE-vio770-
anti-CD133, APC-anti-EpCAM, APC-vio770-anti-E-cadherin
(130-104-270, 130-104-155, 130-091-254 and 130-101-095;
Miltenyi Biotechnology, Bergisch Gladbach, Germany),
FITC-anti-CD90 (IM1839U; Beckman Coulter, Brea, CA,
USA), and PE-anti-N-cadherin antibodies (350806; BioLegend,
San Diego, CA, USA) were added, and cells were incubated
on ice for 15 min in the dark. After washing once, cells were
re-suspended in 500 ul of S-PBS supplemented with 5 ul of

propidium iodide (PI) solution (P378; Dojindo, Kumamoto,
Japan) and analyzed using a flow cytometer (MACSQuant,
Miltenyi Biotechnology).

Statistical analysis. The results are expressed as mean + SD.
Experiments were performed at least 3 times. Differences
between the groups were evaluated by the Student's t-test. A
p-value <0.05 was considered to indicate a statistically signifi-
cant result.

Results

Direct or indirect co-culture with HSCs does not increase
proliferation in HCC cell lines. To assess the biological effect
of co-culture with HSCs, the proliferative activities of HCC
cell lines were assessed by flow cytometry. This technique
allowed us to evaluate the number of viable HCC cells in
the mixture. The proliferation ability of the co-culture group
was not significantly different from that of the uni-culture
group (Fig. 1A).
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Figure 2. The effect of HSC co-culture on Notch signaling in HCC cell lines. HCC cell lines were co-cultured with HSC using a cell culture insert. After
removing HSC cells, lysates were prepared from HCC cells. Immunoblot analyses were performed using antibodies against NICD and Hesl. Immunoblotting
for B-actin levels was used to verify equal loading of cellular proteins. Representative blots of >3 independent experiments are shown. HSC, hepatic stellate

cell; HCC, hepatocellular carcinoma.

Direct and indirect co-culture with HSCs promotes migration
in HCC cell lines. We evaluated the migration ability of the
uni- and co-culture groups using an in vitro wound healing
assay. The migration activity under co-culture conditions was
higher than that under uni-culture condition in all four HCC
cell lines (Fig. 1B). This effect was observed in both direct and
indirect co-culture conditions (Fig. 1B).

Indirect co-culture with HSCs upregulates Notch signaling
in HCC cell lines. As cell migration ability was increased by
co-culture with HSCs, we hypothesized that the co-culture
condition enhanced EMT in HCC cell lines. The Notch
signaling pathway exists upstream of EMT and regulates it.
Therefore, we evaluated the expression of proteins in the Notch
signaling pathway by immunoblotting. Notch intracellular
domain (NICD) and Hesl expression were increased in the
co-culture group, indicating activation of the Notch signaling
pathway (Fig. 2).

Indirect co-culture with HSCs promotes EMT in HCC cell
lines. It is known that the expression of EpCAM and Twist
are increased in EMT (17,18). We evaluated the expression
of the EMT markers Twistl, E-cadherin, N-cadherin and
EpCAM by immunoblotting in the uni- and co-culture groups.
Both EpCAM and Twistl expression were increased in the
co-culture group (Fig. 3A).

Direct and indirect co-culture with HSCs increases the
proportion of EpCAM-positive HCC cells. We evaluated
the expression of E-cadherin and N-cadherin, both of
which are associated with EMT, by immunoblotting in the
uni- and co-culture groups. The co-culture reduced E-cadherin
expression in HepG2 and Hep3B, and induced N-cadherin
expression in HepG2, Hep3B, HuH-7 and PLC/PRF/5. As
we suspected that only a portion of the cells changed their
EMT-marker expression, we evaluated the expressions of
EpCAM, E-cadherin and N-cadherin by flow cytometry in
both groups. In the co-culture group, we found that the ratio
of EpCAM-positive cells increased (Fig. 3B). Furthermore,
the percentage of low E-cadherin and high N-cadherin cells
increased, suggesting the progression of EMT in the co-culture
group (Fig. 3C).

Suppression of TGF-f3 and HB-EGF inhibits migration, Notch
signaling. Enhanced migration activity and EMT progression

were observed in both direct and indirect co-culture groups,
changes that we suspected were caused by liquid factors. With
the aim of reducing the liquid factors secreted from HSCs,
such as TGF-p and HB-EGF, we treated HSCs with siRNA
against these two molecules.

The siRNA against TGF-§ and HB-EGF successfully
suppressed TGF-f (51.7+20.2% inhibition) and HB-EGF
(69.2+12.3% inhibition) expression in HSC cell lines, respec-
tively. Both TGF-p3 and HB-EGF siRNA had a minimal effect
on cell proliferative activity in HCC cell lines co-cultured with
HSCs (Fig. 4A). However, both TGF-f3 and HB-EGF siRNA
reduced the cell migration potential of HCC cell lines under
co-culture with HSCs (Fig. 4B).

The expression of proteins in the Notch signaling pathway
was analyzed by immunoblotting. Migration activity, and
expression of proteins associated with the Notch signaling
pathway were decreased in HCC cells treated with siRNA
against TGF-p and HB-EGF compared to the control (Fig. 4C).

Suppression of TGF-f5 and HB-EGF reduces EpCAM-positive
HCC cells and inhibits EMT. We performed flow cytometry
to evaluate EMT capability and stemness of HCC cell lines
co-cultured with HSCs treated with siRNA against TGF-f§
and HB-EGF. Both TGF-f and HB-EGF siRNA decreased
the population of EpCAM-positive HCC cells (Fig. 5A). The
population of HCC cells expressing N-cadherin but lacking
E-cadherin occurring in EMT was decreased (Fig. 5B).

Discussion

Cancerous tumors consist of heterogeneous cancer and stromal
cells. The stromal cell-associated cancer microenvironment
is known to play critical roles in cancer growth and progres-
sion (11,19). In the present study, we demonstrated that HSCs
induce EMT in HCC cells. HSCs were chosen among various
hepatic stromal cells as they secrete various growth factors and
directly affect hepatocytes (20). The immunohistochemical
analyses revealed that HSCs were present in the stroma of
HCC (16). Furthermore, the activation of HSCs in the medium
promoted tumorigenicity of HCC (21). It is also reported that
activated peritumoral HSCs are connected to high and early
tumor recurrence, and increased death rate (22). Collectively,
the evidence suggests that HSCs contribute to HCC progression.

We first assessed the biological impact on HCC cells
under co-culture conditions with HSC (Fig. 1). We observed
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Figure 3. The effect of HSC co-culture on EMT in HCC cell lines. HCC cell lines were co-cultured with HSC using a Cell Culture Insert™. (A) After 72 h
co-culture, HCC cells were lysed and used for immunoblot analysis. Immunoblot analyses were performed using antibodies against Twistl, E-cadherin,
N-cadherin and EpCAM. Immunoblotting for 3-actin was used to verify equal loading of cellular proteins. Representative blots of >3 independent experiments
are shown. (B) HCC cells were collected and washed in PBS without Ca**/Mg** and incubated with APC-conjugated anti-EpCAM antibody. The cells were
analyzed with MACSQuant flow cytometer. The representative plots from >3 independent experiments are shown. (C) HCC cells were collected and washed
in PBS without Ca?*/Mg?* and incubated with APC-vio770-conjugated anti-E-cadherin and PE-conjugated anti-N-cadherin. The cells were analyzed with the
flow cytometer. The representative plots from >3 independent experiments are shown. HSC, hepatic stellate cell; EMT, epithelial-mesenchymal transition;
HCC, hepatocellular carcinoma; EpCAM, epithelial cell adhesion molecule.
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Figure 4. Effect of TGF-f and HB-EGF gene silencing on HCC cell lines co-cultured with HSCs. HSCs were treated with TGF-$1/2/3 and HB-EGF siRNA
for 5 h. Then, HCC cell lines were co-cultured with siRNA-treated HSCs for 48 h. (A) Cell proliferation activity was evaluated by MTT assay. Data represent
the mean = SD of >3 independent experiments, each performed in triplicate. n.s., p>0.03; p<0.05 (vs. data for control siRNA treated group); Student's t-test.
(B) Cell migration activity was assessed by an in vitro wound healing assay. Data represent the mean + SD of >3 independent experiments, each performed
in triplicate. n.s., p>0.05; "p<0.05 (vs. data for control siRNA treated group); Student's t-test. (C) HCC cells were isolated and lysed. Immunoblot analysis was
performed using antibodies against NICD and Hesl. Immunoblotting for 3-actin was used to verify equal loading of cellular proteins. Representative blots of
>3 independent experiments are shown. HCC, hepatocellular carcinoma; HSCs, hepatic stellate cells.

that the co-culture did not affect the proliferation of HCC
cells (Fig. 1A), while the migration ability of HCC cells was
significantly enhanced (Fig. 1B). This effect was observed in
both direct and indirect co-culture experiments, suggesting
that this effect was induced by soluble factors.

It is reported that glioblastoma and cholangiocarcinoma
cells with their respective astrocytes enhance EMT and stem-
ness in cancer cells (13,14). Pancreatic cancer cell lines are

also reported to enhance EMT when cultured with pancreatic
stellate cells (15). The growing body of evidence indicates
that the stromal microenvironment contributes to cancer
progression. In accordance with these studies, the HSC-related
microenvironment induced EMT in HCC cells in the present
study.

EMT plays an important role in cancer progression as well
as normal embryogenesis (23). The cancer microenvironment
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Figure 5. Effect on EMT and stemness of TGF-f3 and HB-EGF gene silencing in HCC cell lines co-cultured with HSCs. (A) HSCs were treated with
TGF-p1/2/3 and HB-EGF siRNA for 5 h. Then, HCC cell lines were co-cultured with siRNA-treated HSCs for 72 h. HCC cells were collected and
washed in PBS without Ca?*/Mg?* and incubated with APC-conjugated anti-EpCAM antibody. The cells were analyzed with MACSQuant flow cytometer.
Representative plots from >3 independent experiments are shown. (B) HSCs were treated with TGF-$1/2/3 and HB-EGF siRNA for 5 h. Then, HCC
cell lines were co-cultured with siRNA-treated HSCs for 72 h. HCC cells were collected and washed in PBS without Ca**/Mg?* and incubated with
APC-vio770-conjugated anti-E-cadherin and PE-conjugated anti-N-cadherin. The cells were analyzed with the flow cytometer. Representative plots from

>3 independent experiments are shown. EMT, epithelial-mesenchymal transition; HCC, hepatocellular carcinoma; HSCs, hepatic stellate cells; EpCAM,
epithelial cell adhesion molecule.

contributes to cancer progression and induces the occurrence of
EMT in cancer cells (11,24). As the migration ability is closely
associated with EMT, we conducted an immunoblot analysis

for EMT-related molecules (Figs. 2 and 3A). The co-culture
condition decreased the expression of E-cadherin in HCC
cells and increased the expression of N-cadherin. Notably, the
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co-culture condition also induced the expression of Twist, a
strong EMT inducer and EpCAM in HCC cells (Fig. 3A).

Our previous study demonstrated that the expression
of EpCAM is suppressed by the expression of runt-related
transcription factor 3 (RUNX3) and that the Notch signaling
pathway is reduced by RUNX3 expression (8). This evidence
suggests that EpCAM expression and Notch signaling is closely
related. We subsequently assessed the effect of co-culture
on Notch signaling (Fig. 2). Co-culture conditions activated
a downstream signaling molecule of Notch in HCC cells, as
expected (Fig. 2).

In order to analyze the population of EMT-induced cells,
flow cytometric analysis was conducted, which revealed that
the co-culture increased the ratio of EpCAM-positive cells in
Hep3B and HuH-7 (Fig. 3B). The population of cells with low
expression of E-cadherin and high expression of N-cadherin
was increased in co-culture, compared to the uni-culture
condition (Fig. 3C). These results indicated that the co-culture
with HSC activated the Notch signaling pathway and induced
EMT in HCC cells. In these experiments, both direct and
indirect co-culture condition demonstrated similar results,
indicating that the Notch signal activation and EMT were
induced by soluble factors.

A number of soluble mitogens are secreted by HSCs (20). As
TGF-p and HB-EGF are strong EMT inducers, we performed
gene silencing experiments using siRNAs against them. These
siRNA-treated HSCs were cultured with HCC, and their
proliferation and migration abilities were assessed (Fig. 4).
The siRNAs successfully silenced the expression of TGF-3
and HB-EGF, resulting in decreased cell migration ability in
the co-culture (Fig. 4B).

Flow cytometric analysis confirmed that the siRNA also
reduced EMT in HCC cells under the co-culture with HSCs
(Fig. 5). The results indicate that the interactions between HSCs
and HCC cells were mainly induced by the soluble factors
secreted by HSCs.

The effect of HSC co-culture was relatively weak in
the immunoblot analysis, presumably as a result of the
low concentration of the soluble factors. The Cell Culture
Insert™ allowed us to assess the effect of soluble factors in
the co-culture system while excluding the effect of cell-cell
contact. The limitation of this co-culture system, however,
is the relatively low concentration of soluble factors. The
co-culture system required at least 3 ml of medium, which
generates a low concentration of the soluble factors produced
by 5x10* HSC cells.

Another limitation of the present study is the use of immor-
talized HSCs. HSC cell line TWNT-1 may behave differently
from natural HSCs, although TWNT-1 is known to have
features similar to those exhibited by activated HSCs (25).
This may be an advantage for elucidating the mechanism of
HCC progression, since the active form of HSC contributes to
it (21,26). Further studies are necessary to elucidate the role of
HSC in vivo.

Inadvanced and metastatic HCC, the conventional treatment
modality cannot achieve a curative effect. EMT and cancer
stemness contributed to the poor prognosis in HCC (3-5,12,27).
The activation of Notch signaling contributes to both EMT
and stemness. Our results showed that HSCs activate the
Notch signaling pathway and induce EMT, which indicates
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that HSCs may also activate CSCs. However, EpCAM-positive
HCC cells were shown to have stem cell properties such as
self-renewal, differentiation and tumor-initiating ability (6). It
was also reported that higher EpCAM expression was related
to the development of chemoresistance in HCC (28). Taken
together, therefore, EpCAM has become recognized as a
CSC marker in HCC (6,28). The interaction between HSCs
and HCC cells may induce cancer progression by activating
EMT and stemness. CSCs are resistant to the conventional
therapeutic modality for HCC (29). A number of studies have
demonstrated that high expression levels of CSC markers
are related to the poor prognosis of HCC (3-5). Others have
uncovered that EpCAM expression is also associated with
poor prognosis (3-5). Thus, the interactions between HSC
and HCC cells could be a therapeutic target for HCC. Further
studies are necessary, however, to elucidate the effects induced
by HSCs, particularly on CSCs.

In conclusion, we evaluated the effect of the cancer
microenvironment on HCC by in vitro co-culture assay with
HSCs. TGF-p and HB-EGF secreted by HSCs were shown to
promote the acquirement of EMT and a stem cell phenotype
by HCCs. TGF-f and HB-EGF could therefore be promising
new therapeutic targets for CSC-based therapy.
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