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Abstract

AIM: To investigate the role of suppressor of cytokine
signaling 3 (SOCS3) silencing in epithelial-mesenchy-
mal transition (EMT) involved in a human hepatocellu-
lar carcinoma MHCC97H cell line.

METHODS: MHCC97H cells were transiently transfect-
ed with SOCS3 small-interfering RNA (siRNA). Morpho-
logical changes of the transfected cells were observed
under microscope. Expressions of E-cadherin, Vimentin
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and o-smooth muscle actin (a-SMA) were identified
with immunofluorescence. Furthermore, protein ex-
pressions and mRNA levels of characteristic markers of
EMT (E-cadherin, Vimentin, a-SMA and Snail) were de-
tected by Western blotting, quantitative real-time poly-
merase chain reaction. Transforming growth factor-g1
(TGF-B1) levels in the supernatant were measured
with enzyme-linked immunosorbent assay.

RESULTS: The transfected cells with SOCS3 siRNA
showed a morphological alteration from a typical cob-
blestone morphology to mesenchymal spindle-shaped
and fusiform features. SOCS3 siRNA lessened immuno-
fluorescent expression of E-cadherin, but elicited im-
munofluorescent expressions of Vimentin and a-SMA
in MHCC97H cells. More importantly, compared with
the negative control, depletion of SOCS3 resulted in
the decrease of the epithelial marker E-cadherin (P <
0.05), and the increase of the mesenchymal markers
Vimentin and a-SMA and the transcription factor Snail
in MHCC97H cells (P < 0.05). Moreover, compared with
the negative control, SOCS3 siRNA evidently enhanced
TGF-B1 secretion in MHCC97H cells (200.20 + 29.02
pg/mL vs 490.20 + 92.43 pg/mL, P < 0.05).

CONCLUSION: SOCS3 silencing is able to promote EMT
in MHCC97H cells via changing the phenotypic charac-
teristics and modulating the characteristic markers.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC), the primary malignancy
of the liver, ranks the sixth in incidence and the third in
cancer-related deaths worldwide". Poor prognosis of
HCC is associated with a high potential of vascular inva-
sion, metastasis, and recurrence even after curative surgi-
cal resection’”. The main cause of death in HCC patients
is intrahepatic metastasis, but the undetlying mechanism
is still not fully understood. Epithelial-mesenchymal tran-
sition (EMT) is the morphological and molecular change
that occurs when epithelial cells lose their characteristics,
gain mesenchymal properties and become motile, which
is a key event in tumor invasion and metastasis””. The
most common character of EMT is that the cells turn to
spindle-like morphology from compact and well-arranged
epithelial structure'®. The epithelial marker E-cadherin
plays a central role in cell-cell adhesion junctions in main-
tenance of cell polarity!”. Loss of E-cadherin expression
is commonly related to tumor invasiveness, metastasis
and poor prognosis, including HCC®. Furthermore, the
expression of mesenchymal markers such as vimentin
and o-smooth muscle actin (o-SMA), along with the
expression of transcription factors such as Snail is an
essential molecular marker of EMT"”, Snail is able to
repress E-cadherin and overexpression of Snail has been
reported to be correlated with HCC metastasis through
the induction of EMT!"""?. Moreover, the levels of trans-
forming growth factor-B1 (TGF-B1) are very high in
many cancer cells, which are related to EMT and a high
incidence of metastasis'’. In particular, TGF-B1 induced-
EMT has been found to be associated with HCC inva-
sion and metastasis' . EMT is being increasingly recog-
nized as a crucial step that promotes tumor invasiveness
and metastasis, thus understanding the influential factor
of EMT could allow the development of novel therapies
targeting at HCC invasion and metastasis.

Suppressor of cytokine signaling (SOCS) family
proteins have been implicated in the negative regulation
of various cytokines" """, Recently, emerging evidence
suggests that SOCS may be tumor suppressors. It has
been postulated that SOCS can decelerate or inhibit
the progression of cirrhosis and HCC!"*'"\ Intriguingly,
SOCS3 silencing is a significant predictor or poor sur-
vival indicating that SOCS3 might play a special role in
limiting late-stage HCC progression"*. Although SOCS3
may be involved in the suppression of tumor growth and
metastasis of HCC" its role in hepatoma carcinoma
cells has not been completely established. Thus, it will be
of interest to learn more about whether SOCS3 deple-
tion is able to promote EMT of HCC. The objectives of
the present study wete to primarily investigate the role of
SOCS3 silencing in EMT involved in MHCC97H cells.

MATERIALS AND METHODS

Reagents
Dulbecco’s modified Eagle’s medium (DMEM) and
fetal bovine serum (FBS) were purchased from Gibco
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BRL (Carlsbad, CA, United States). Polyclonal anti-
human E-cadherin, Vimentin, Snail, SOCS3, anti-o.-
SMA and anti-B-SMA antibodies were products of Santa
Cruz Biotechnology (Santa Cruz, CA, United States).
Human TGF-B1 enzyme-linked immunosorbent assay
(ELISA) kit was obtained from Invitrogen (Carlsbad, CA,
United States). siRNA specific for SOCS3 (siGENOME
SMARTpool, M-004299-08-0005) and negative con-
trol siRNA (siGENOME Non-Targeting siRNA Pool,
D-001206-13-05), siGLO Green (6-FAM) Transfection
Indicator (D-001630-01-05), DharmaFECT 4 transfection
reagent (1-2002-04), and siGLO Green (6-FAM) Trans-
fection Indicator (D-001630-01-05) were purchased from
Dharmacon (Lafayette, CO, United States)

Cell culture

Human MHCC97H cell, a typical HCC cell line with
a high metastatic potentialm, was obtained from Liver
Cancer Institute of Fudan University (Shanghai, China).
MHCC97H cells were cultured with DMEM supple-
mented with 10% FBS in a humidified incubator at 5%
CO2and 37 C.

Small-interfering RNA transfection

MHCCI7H cells (1 X 10°) were seeded into 6-well plates
and were grown until 60%-80% confluent. The cells were
transiently transfected with 25 nmol/L of SOCS3 small-
interfering RNA (siRNA) ot negative control siRNA (NC
siRNA) using Dharma FECT 4 transfection reagents
according to the manufacturer’s instructions. After 24
h, fluorescent images of transfected cells were observed
under fluorescence microscope (Nikon, Japan). After 48
h, protein expression and mRNA levels of SOCS3 were
detected by Western blotting, quantitative real-time poly-
merase chain reaction (PCR) and reverse transcription
(RT)-PCR. Transfection rates of 60%-70% of the cells
were accepted for all the experiments.

Examination of morphological changes
After application of NC siRNA or SOCS3 siRNA for 48
h, morphological changes of the transfected cells were
observed under an inverted phase-contrast microscope
(Nikon, Japan). The photographs were taken at 100X and
200x magnifications by a digital camera.

Immunofiuorescence

MHCC97H cells were plated on cover slips and grown
to confluence, and were transiently transfected with 25
nmol/L of SOCS3 siRNA or NC siRNA for 48 h. After
the treatment, the cells were fixed with 4% formaldehyde-
PBS for 15 min. The cell membranes were fenestrated
with 0.3% Triton-100-PBS, and nonspecific binding sites
were blocked with 10% goat serum. The cells were in-
cubated with anti-human antibody including E-cadherin
(1:100) or Vimentin (1:200) or a-SMA (1:100) and then
incubated with the secondary antibody conjugated to
fluorescein isothiocyanate. The immunolabeled cells were
observed under fluorescence microscope (Nikon, Japan).
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Table 1 Primers used for real-time polymerase chain reaction

analysis

Accession

Expected

Gene Primer sequence

number size (bp)

E-cadherin ~ 5-CCCGGGACAACGTTTATTAC-3' NM_004360.3 190
5'-GCTGGCTCAAGTCAAAGTCC-3'

Vimentin 5'-AAAGTGTGGCTGCCAAGAAC-3' NM_003380.2 200
5'-AGCCTCAGAGAGGTCAGCAA-3'

a-SMA 5'-GCGCAAATACTCGGTGTGGA-3' NM_001141945.1 170
5'-CCCCCCCATTGAGAAGATTC-3'

Snail 5-TGGTTGCTTCAAGGACACAT-3' NM_003068.3 141
5'-GTTGCAGTGAGGGCAAGAA-3'

SOCS3 5-CAGGAATGTAGCAGCGATGGAA-3  NM_003955.3 125
5-CCTGTCCAGCCCAATACCTGA-3'

p-actin - 5-ATCGTGCGTGACATTAAGGAGAAG-3' NM_001101 179

5-AGGAAGGAAGGCTGGAAGAGTG-3'

o-SMA: o-smooth muscle actin; SOCS3: Suppressor of cytokine signaling 3.

ELISA

After application of NC siRNA or SOCS3 siRNA for 48
h, concentration of TGF-f1 in the supernatant of the
cells was measured by ELISA kits according to the manu-
facturet’s instructions.

Western blotting analysis

As described previously™, protein samples (25 pg) were
separated on sodium dodecyl sulfate polyacrylamide gel
electrophoresis gels and transferred onto a polyvinylidene
difluoride membrane (Bio-Rad Laboratories, Hercules,
CA, United States). The membranes were blocked with
5% nonfat dry milk in Tris-buffered saline containing
0.1% Tween 20, and incubated with specific antibodies
against E-cadherin (1:200), Vimentin (1:200), Snail (1:100),
SOCS3 (1:200), a-SMA (1:400) and B-actin (1:400). The
expression of [-actin was used as a loading control. Re-
agents (Pierce Corp., Rockford, 1L, United States) for the
enhanced chemiluminescence were applied to the blots,
and the light signals were detected by X-ray film. Optical
densities of the bands were scanned and quantified with
the Syngene Gene Tools (Syngene Corp., Cambridge,
United Kingdom). Three independent experiments were
carried out to study protein expression.

Quantitative real-time PCR and RT-PCR

mRNA levels were determined by our previous meth-
0d®. Total RNA was isolated using a TRIzol Kit (In-
vitrogen Corp., Carlsbad, CA, United States). cDNA
was synthesized from 1 pg samples of total RNA using
Revert Aid™ First Strand cDNA Synthesis Kit (Fermen-
tas, St. Leon-Rot, Germany) following the manufacturer’
s instructions. Real-time PCR was performed with the
SYBR Premix Ex Taq™ II Perfect Real Time kit (Takara,
Japan) on an ABI QPCR System (Applied Biosystems,
CA, United States) following the manufacturer’s instruc-
tions. The samples were run in triplicate. Primers for
human E-cadhetin, Vimentin, Snail, SOCS3, q-actin and
[-actin were designed with Beacon designer v 4.0 (Premier
Biosoft, United States) (Table 1). Traditional PCR was
performed according to the manufacturer’s instructions.
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The RT-PCR products were analyzed by electrophoresis
through 2% agarose gels containing ethidium bromide.
A melting point dissociation curve generated by the in-
strument was used to confirm that only a single product
was present. Quantization of relative gene expression
was calculated by the comparative Ct method @2 as
described by the manufacturer. Data were normalized to
human B-actin mRNA levels. Three independent experi-
ments were carried out to study mRNA levels.

Statistical analysis

All data were expressed as the mean * SD from three
different experiments. Statistical analysis were carried out
with Student’s 7 test for independent samples. In all cases,
a value of P < 0.05 was considered statistically significant.

RESULTS

Fluorescent detection of transfected cells

After MHCC97H cells were transiently transfected with
SOCS3 siRNA (25 nmol/L) and siGLO Gteen Transfec-
tion Indicator (50 nmol/L) for 24 h, fluorescent expres-
sion was observed under fluorescence microscope. Com-
pared with the control, the transfected cells with SOCS3
siRNA showed a green fluorescence (Figure 1). The re-
sults illustrated that SOCS3 siRNA had been successfully
transfected into MHCCI97H cells.

Effect of SOCS3 siRNA on morphological changes of
MHCC97H cells

To investigate the role of SOCS3 in morphological chang-
es of MHCCI7H cells, the cells were transiently transfect-
ed with NC siRNA or SOCS3 siRNA for 48 h. As shown
in Figure 2, knockdown of SOCS3 resulted in a significant
change in cell morphology, as demonstrated by phase-con-
trast microscopy, with transition from a typical cobblestone
morphology to mesenchymal spindle-shaped and fusiform
features. The acquisition of a fibroblastic morphology sug-
gested that MHCCI97H cells could undergo the mesenchy-
mal change after treated with SOCS3 siRINA.

Effect of SOCS3 siRNA on immunofluorescent
expressions of E-cadherin, Vimentin and o.-SMA in
MHCC97H cells

To examine the effect of SOCS3 on immunofluorescent
expressions of E-cadherin, Vimentin and o-SMA in
MHCCY97H cells, the cells were transiently transfected with
NC siRNA or SOCS3 siRNA for 48 h, and expressions
of E-cadherin, Vimentin and o-SMA were identified with
immunocytofluorescence. The results showed that SOCS3
siRNA might lessen immunofluorescent expression of
E-cadherin, but elicit immunofluorescent expressions of

Vimentin and o-SMA in MHCC97H cells (Figure 3).

Effect of SOCS3 siRNA on characteristic markers of
EMT in MHCC97H cells

To further explore the impact of SOCS3 on characteris-
tic markers of EMT in MHCC97H cells, the cells wete
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FAM

Normal control

SOCS3 siRNA

Figure 1 Fluorescent detection of transfected cells. MHCC97H cells were transiently transfected with suppressor of cytokine signaling 3 (SOCS3) small-interfering
RNA (siRNA) for 24 h, green fluorescence was observed under fluorescence microscope. BF: Bright field; FAM: Fluorescence from fluorescein-labeled scramble-siRNA.

NC siRNA

SOCS3 siRNA

Figure 2 Effect of suppressor of cytokine signaling 3 small-interfering RNA on morphological changes of MHCCI7H cells. After application of negative con-

trol (NC) small-interfering RNA (siRNA) or suppressor of cytokine signaling 3 (SOCS3) siRNA for 48 h, morphological changes of cells were recorded with an inverted
phase-contrast microscope.
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E-cadherin

NC siRNA

SOCS3 siRNA

Vimentin

a-SMA

Figure 3 Effect of suppressor of cytokine signaling 3 small-interfering RNA on immunofluorescent expressions of E-cadherin, Vimentin and a-smooth
muscle actin in MHCC97H cells. The cells were transiently transfected with negative control (NC) small-interfering RNA (siRNA) or suppressor of cytokine signaling
3 (SOCS3) siRNA for 48 h, expressions of E-cadherin, Vimentin and a-smooth muscle actin (SMA) were identified with immunofluorescence.

transiently transfected with NC siRNA or SOCS3 siRNA
for 48 h, and protein expression and mRNA levels of
SOCS3 were detected. Knock down efficiency of SOCS3
was 069.2% or 63.5% as determined by Western blot or
quantitative real-time PCR (P < 0.05) (Figure 4A and B).
These results showed that SOCS3 siRNA could efficiently
reduce protein expression and mRNA levels of SOCS3.
Meanwhile, depletion of SOCS3 resulted in the decrease
of the epithelial marker E-cadherin, and the increase of
the mesenchymal matkers Vimentin, o-SMA and Snail in

MHCC97H cells (P < 0.05) (Figure 4C and D).

Effect of SOCS3 siRNA on TGF-31 levels in MHCCI97H
cells

The above characteristic markers of EMT (E-cadherin,
Vimentin, ai-SMA and Snail) modulate the process of
EMT, and TGF-B1 is believed to play a major role in this
process. We then observed TGF-f1 levels in MHCC97H
cells after SOCS3 silencing. As described in Figure 5,
compared with the negative control, depletion of SOCS3
remarkably aggravated TGF-B1 secretion in MHCC97H
cells (200.20 £ 29.02 pg/mL »s 490.20 £ 92.43 pg/mlL,
P < 0.05), suggesting that SOCS3 is able to decrease
TGFE-B1 generation of MHCC97H cells.

DISCUSSION

The present study demonstrated that the transfected cells
with SOCS3 siRNA showed a morphological alteration
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from a typical cobblestone morphology to mesenchymal
spindle-shaped and fusiform features, suggesting that
MHCCY7H cells might adopt the mesenchymal cell phe-
notype. Mote importantly, we found that lack of SOCS3
resulted in the decrease of the epithelial marker E-cad-
herin, and the increase of the mesenchymal markers Vi-
mentin and o-SMA and the expression of transcription
factor Snail in MHCC97H cells. In addition, SOCS3 siR-
NA evidently enhanced TGF-B1 secretion in MHCC97H
cells. These results reveal that interference of SOCS3 is
able to facilitate EMT involved in MHCC97H cells.

SOCS3 functions as a negative regulator of the Jak/
Stat signal transduction pathway and has been described
as a tumor suppressor in human cancers™ . Tt has also
been reported that SOCS3 silencing plays a role in hu-
man HCC and SOCS3 has a tumor suppressor role
in mouse models of HCC™. So far, the relationship
between SOCS3 and EMT in HCC is still elusive. As a
result, our present study has focused on the effect of
SOCS3 silencing on EMT in MHCC97H cells. We found
for the first time that SOCS silencing was associated with
EMT process in MHCC97H cells because of changes of
the phenotypic characteristics.

EMT is a key and dynamic process that facilitates in-
vasion of tumor cells. In addition to changes of the phe-
notypic characteristics, tumor cells are reported to gain
the molecular characteristics of EMT including down-
regulation of epithelial marker (E-cadherin) and up-regu-
lation of mesenchymal markers (Vimentin and o-SMA)*".

February 14, 2013 | Volume 19 | Issue 6 |
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Figure 4 Effect of suppressor of cytokine signaling 3 small-interfering RNA on expression of epithelial-mesenchymal transition-associated molecules in
MHCCI7H cells. The cells were transiently transfected with negative control (NC) small-interfering RNA (siRNA) or suppressor of cytokine signaling 3 (SOCS3) siRNA
for 48 h. A: Protein expression and mRNA levels of SOCS3 in MHCC97H cells were detected by Western blotting; B: Reverse transcription-polymerase chain reaction
(RT-PCR) and quantitative real-time PCR; C: Protein expression and mRNA levels of epithelial-mesenchymal transition-associated molecules in MHCC97H cells were
analyzed by Western blotting; D: RT-PCR and quantitative real-time PCR after normalization to B-actin mRNA. Data are presented as the mean + SD from three inde-
pendent experiments. °P < 0.05, °P < 0.01 vs NC siRNA.

Loss of E-cadherin and gain of Vimentin or a-SMA ate Snail has been shown to be a strong repressor of tran-
the most important consequence of EMT that facilitate scription of the E-cadherin gene and evokes tumorigenic
invasion and metastasis of tumor cells” ™. In the pres- and invasive properties in epithelial cells upon overexpres-
ent study, transfection of MHCC97H cells with SOCS3 sion”. Tt has been reported that the high expression of
siRNA resulted in down-regulation of epithelial marker Snail leads to EMT and enhances motility and invasive-
E-cadherin and up-regulation of mesenchymal markers ness of tumor cells”. Tnverse correlation of Snail and
Vimentin and o-SMA, further confirming the promotion E-cadherin was detected in HCC-derived cell lines"™.
of EMT by SOCS3 silencing in MHCC97H cells. In the present study, examination of Snail expression in
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Figure 5 Effect of suppressor of cytokine signaling 3 small-interfering RNA
on transforming growth factor-B1 levels in MHCC97H cells. After application
of negative control (NC) small-interfering RNA (siRNA) or suppressor of cyto-
kine signaling 3 (SOCS3) siRNA for 48 h, concentration of transforming growth
factor-B1 in the supernatant of the cells was measured by enzyme-linked immu-
nosorbent assay. Data are presented as the mean + SD from three independent
experiments. P < 0.01 vs NC siRNA. TGF: Transforming growth factor.

MHCCY97H cells with SOCS3 siRNA transfection indicat-
ed a significant increase in protein expression and mRINA
levels of Snail, possibly leading to loss of E-cadherin
resulting in the induction of EMT. These results are con-
sistent with the mechanism of induction of EMT""",

TGF-B1 is known to be the most potent inducer of
EMT, and it initiates morphological transition of the cells
from an epithelial to a fibroblastic appearance, accompa-
nied by loss of epithelial cell marker such as E-cadherin
and a gain of mesenchymal cell marker such as Vimen-
tin™*!, During the late stages of HCC tumorgenesis,
TGF-B1 stimulates cellular invasion through the EMT
program™. A previous study also demonstrates that
TGF-B1 expression is enhanced by SOCS3 gene deletion
in HCC™. In this work, we further detected TGF-B1 lev-
els in MHCC97H cells transfected with SOCS3 siRNA.
The results displayed that depletion of SOCS3 remarkably
aggravated TGF-B1 secretion in MHCCI97H cells, further
illustrating the induction of EMT by SOCS3 silencing.

In conclusion, the present study provides direct evi-
dence that SOCS3 silencing is able to promote EMT in
MHCCI97H cells via changing the phenotypic character-
istics and modulating the characteristic markers, suggest-
ing that SOCS3 could play a potential role in EMT in
MHCCY7H cells. We also identified a novel relationship
between SOCS3 silencing and EMT in MHCCI97H cells,
however, further in vitro and in vivo studies are necessary
to find out the exact molecular mechanism associated

with the effect of SOCS3 in EMT of HCC.
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Background

The main cause of death of patients with hepatocellular carcinoma (HCC) is in-
trahepatic metastasis, but the underlying mechanism is still not fully understood.
Epithelial-mesenchymal transition (EMT) is being increasingly recognized as a
crucial step that promotes HCC invasiveness and metastasis. However, the role
of suppressor of cytokine signaling (SOCS) in EMT involved in HCC is not well
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Research frontiers

This study demonstrated that depletion of SOCS3 resulted in the decrease of
the epithelial marker E-cadherin, and the increase of the mesenchymal markers
Vimentin and a-smooth muscle actin and the expression of transcription factor
Snail in MHCCI7H cells. In addition, SOCS3 small-interfering RNA evidently
enhanced transforming growth factor-B1 secretion in MHCC97H cells. These
results reveal that interference of SOCS3 is able to facilitate EMT involved in
MHCCI7H cells.

Innovations and breakthroughs

The present study provides direct evidence that SOCS3 silencing has the ability
to promote EMT in MHCCO7H cells via changing the phenotypic characteristics
and modulating the characteristic markers, suggesting that SOCS3 could play a
potential role in EMT in MHCCO7H cells.

Applications

The authors found a novel relationship between SOCS3 silencing and EMT in
HCC, thus understanding the influential factor of EMT could allow the develop-
ment of novel therapies targeting at HCC invasion and metastasis.

Terminology

EMT is the morphological and molecular changes that occur when epithelial
cells lose their characteristics, gain mesenchymal properties and become mo-
tile, which is a key event in tumor invasion and metastasis; The SOCS proteins
are a family of negative regulatory proteins related to wide cytokine and growth
correlation factor, especially by the signal molecule in the pathway of Janus
kinase/signal transducer and transcription activator.

Peer review

This study presented results suggesting that SOCS3 silencing has the ability
to promote EMT in MHCCO7H cells. It will help to define the role of SOCS3 as
a tumor suppressor in HCC. The manuscript is well presented and of interest
and it can contribute to increase the knowledge of SOCS3 silencing on EMT
involved in MHCC97H cell line.
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