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Abstract 

AIM: To investigate the role of suppressor of cytokine signaling 3 (SOCS3) silencing in epithelial-mesenchymal transition (EMT) involved in a human hepatocellular carcinoma (HCC) MHCC97H cell line. 
METHODS: MHCC97H cells were transiently transfected with SOCS3 small- interfering RNA (siRNA). Morphological changes of the transfected cells were observed under microscope. Expressions of E-cadherin, Vimentin and α-smooth muscle actin (α-SMA) were identified with immunofluorescence. Furthermore, protein expressions and mRNA levels of characteristic markers of EMT (E-cadherin, Vimentin, α-SMA and Snail) were detected by western blot, quantitative real time-PCR. Transforming growth factor-β1 (TGF-β1) 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 cobblestone morphology to mesenchymal spindle-shaped and fusiform features. SOCS3 siRNA lessened immunofluorescent expression of E-cadherin, but elicited immunofluorescent expressions of Vimentin and α-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 α-SMA and the transcription factor Snail in MHCC97H cells (P＜0.05). Moreover, compared with the negative control, SOCS3 siRNA evidently ehanced TGF-β1 secretion in MHCC97H cells (200.20 ± 29.02 pg/mL vs 490.20 ± 92.43 pg/mL, P < 0.05).

CONCLUSION: SOCS3 silencing has the ability to promote EMT in MHCC97H cells via changes of the phenotypic characteristics and modulations of the characteristic markers. 
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC), the primary malignancy of the liver, is sixth in popularity and third in cancer-related deaths worldwide [1]. Poor prognosis of HCC is associated with a high potential of vascular invasion, metastasis, and recurrence even after curative surgical resection [2]. The main cause of death in HCC patients is intrahepatic metastasis but the underlying mechanism is still not fully understood. Epithelial-mesenchymal transition (EMT) is morphological and molecular changes that occur when epithelial cells lose their characteristics, gain mesenchymal properties and become motile, which is a key event in tumor invasion and metastasis [3-5]. The most observed character of EMT is that the cells turn to spindle-like morphology from compact and well-arranged epithelial structure [6]. The epithelial marker E-cadherin plays a central role in cell-cell adhesion junctions in maintenance of cell polarity [7-9]. Loss of E-cadherin expression is commonly related to tumor invasiveness, metastasis and poor prognosis, including HCC [8]. Furthermore, the expression of mesenchymal markers such as vimentin and α-smooth muscle actin (α-SMA), along with the expression of transcription factors such as Snail is essential molecular markers of EMT [10]. 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 [11, 12]. Moreover, the levels of transforming growth factor-β1 (TGF-β1) are very high in many cancer cells, which is related to EMT and a high incidence of metastasis [4]. Especially, TGF-β1 induced-EMT has been associated with HCC invasion and metastasis [13]. EMT is being increasingly recognized 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 [14, 15]. 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 [16, 17]. Intriguingly, SOCS3 silencing is a significant predictor or poor survival indicating that SOCS3 might have a particular role in limiting late-stage HCC progression [18]. Although SOCS3 may be involved in the suppression of tumor growth and metastasis of HCC [19, 20], its role in hepatoma carcinoma cells has not been completely established. Thus, it will be of interest to learn more about whether SOCS3 depletion is able to promote EMT of HCC. The objectives of the present study were 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 BRL (Carlsbad, CA, United States). Polyclonal anti-human E-cadherin, Vimentin, Snail, SOCS3, anti-α-SMA and anti-β-smooth muscle actin antibodies were produced by Santa Cruz Biotechnology (Santa Cruz, CA, United States). Human TGF-β1 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 control siRNA (siGENOME Non-Targeting siRNA Pool, D-001206-13-05), siGLO Green (6-FAM) Transfection Indicator(D-001630-01-05), DharmaFECT 4 transfection reagent (T-2002-04), and siGLO Green (6-FAM) Transfection Indicator (D-001630-01-05) were purchased from Dharmacon (Lafayette, CO, United States)
Cell culture
Human MHCC97H cell, a typical HCC cell line with high metastatic potential [21], was obtained from Liver Cancer Institute of Fudan University (Shanghai, China). MHCC97H cells were cultured with DMEM supplemented with 10% FBS in a humidified incubator at 5% CO2 and 37˚C.

Small-interfering RNA transfection

MHCC97H cells (1×105) were seeded into 6-well plates and were grown until 60%–80% confluent. The cells were transiently transfected with 25 nM of SOCS3 small-interfering RNA (siRNA) or negative control siRNA (NC siRNA) using DharmaFECT 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 blot, quantitative real time-PCR and RT-PCR. Transfection rates of 60%–70% of the cells were accepted for all the experiments.
Examination of morphological change

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 100 × and 200 × magnifications by a digital camera.

Immunofluorescence

MHCC97H cells were plated on cover slips and grown to confluence, and treated with were transiently transfected with 25 nM 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 incubated with anti-human antibody including E-cadherin (1: 100) or Vimentin (1: 200) or α-SMA (1: 100) and then incubated with the secondary antibody conjugated to fluorescein isothiocyanate (FITC). The immunolabeled cells were observed under fluorescence microscope (Nikon, Japan).
ELISA
After application of NC siRNA or SOCS3 siRNA for 48 h, concentration of TGF-β1 in the supernatant of the cells was measured by ELISA kits according to the manufacturer’s instructions.
Western blot analysis

As described previously [22], protein samples (25 μg) were separated on SDS-PAGE gels and transferred onto a polyvinylidene difluoride (PVDF) 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), α-SMA (1: 400) and β-actin (1: 400). The expression of β-actin was used as a loading control. Reagents (Pierce Corp., Rockford, IL, 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 method[22]. Total RNA was isolated using a TRIzol Kit (Invitrogen Corp., Carlsbad, CA, United States). cDNA was synthesized from 1 μg samples of total RNA using Revert AidTM First Strand cDNA Synthesis Kit (Fermentas, St. Leon-Rot, Germany) following the manufacturer’s instructions. Real-time polymerase chain reaction (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 instructions. The samples were run in triplicate. Primers for human E-cadherin, Vimentin, Snail, SOCS3, α-actin and β-actin were designed with Beacon designer v 4.0 (Premier Biosoft, United States) (see Table 1 for the sequences). Traditional PCR was performed according to the manufacturer’s instructions. The RT-PCR products were analyzed by electrophoresis through 2% agarose gels containing ethidium bromide. A melting point dissociation curve generated by the instrument was used to confirm that only a single product was present. Quantization of relative gene expression was calculated by the comparative Ct method (2−ΔΔCT) as described by the manufacturer. Data were normalized to human β-actin mRNA levels. Three independent experiments were carried out to study mRNA levels.
Statistical analysis
All data are expressed as the mean ± SD from three different experiments. Statistical analyses were carried out with Student’s t-test for independent samples. In all cases, a value of P < 0.05 was considered to be statistically significant.
RESULTS
Fluorescent detection of transfected cells

After MHCC97H cells were transiently transfected with SOCS3 siRNA (25 nM) and siGLO Green Transfection Indicator (50 nM) for 24 h, fluorescent expression was observed under fluorescence microscope. Compared with the control, the transfected cells with SOCS3 siRNA showed a green fluorescence (Figure 1). The results illustrated that SOCS3 siRNA had been successfully transfected into MHCC97H cells.
Effect of SOCS3 siRNA on morphological changes of MHCC97H cells

To investigate the role of SOCS3 in morphological changes of MHCC97H cells, the cells were transiently transfected with NC siRNA or SOCS3 siRNA for 48 h. As showed in Figure 2, knockdown of SOCS3 resulted in a significant change in cell morphology, as demonstrated by phase-contrast microscopy, with transition from a typical cobblestone morphology to mesenchymal spindle-shaped and fusiform features. The acquisition of a fibroblastic morphology suggested that MHCC97H cells could undergo the mesenchymal change after treated by SOCS3 siRNA. 
Effect of SOCS3 siRNA on immunofluorescent expressions of E-cadherin, Vimentin and α-SMA in MHCC97H cells 
To examine the effect of SOCS3 on immunofluorescent expressions of E-cadherin, Vimentin and α-SMA in MHCC97H cells, the cells were transiently transfected with NC siRNA or SOCS3 siRNA for 48 h, and expressions of E-cadherin, Vimentin and α-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 α-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 characteristic markers of EMT in MHCC97H cells, the cells were transiently transfected with NC siRNA or SOCS3 siRNA for 48 h, and then protein expression and mRNA levels of SOCS3 were detected. Knock down efficiency of SOCS3 was 69.2% 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 markers Vimentin, α-SMA and Snail in MHCC97H cells (P＜0.05) (Figure 4C and D). 

Effect of SOCS3 siRNA on TGF-β1 levels in MHCC97H cells
Except the above characteristic markers of EMT (E-cadherin, Vimentin, α-SMA and Snail) modulate the process of EMT, TGF-β1 is believed to play a major role in this process. We then observed TGF-β1 levels in MHCC97H cells after SOCS3 silencing. As described in Figure 5, compared with the negative control, depletion of SOCS3 remarkably aggravated TGF-β1 secretion in MHCC97H cells (200.20 ± 29.02 pg/mL vs 490.20 ± 92.43 pg/mL, P < 0.05), suggesting that SOCS3 is able to decrease TGF-β1 generation of MHCC97H cells.
DISCUSSION
The present results demonstrated that the transfected cells with SOCS3 siRNA showed a morphological alteration from a typical cobblestone morphology to mesenchymal spindle-shaped and fusiform features, suggesting that MHCC97H cells might adopt the mesenchymal cell phenotype. More importantly, we found that lack of SOCS3 resulted in the decrease of the epithelial marker E-cadherin, and the increase of the mesenchymal markers Vimentin and α-SMA and the expression of transcription factor Snail in MHCC97H cells. In addition, SOCS3 siRNA evidently enhanced TGF-β1 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 [23, 24]. It has also been reported that SOCS3 silencing plays a role in human HCC and SOCS3 has a tumor suppressor role in mouse models of HCC [25]. 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 invasion of tumor cells. In addition to changes of the phenotypic characteristics, tumor cells are reported to gain the molecular characteristics of EMT including down-regulation of epithelial marker (E-cadherin) and up-regulation of mesenchymal markers (vimentin and α-SMA)[26]. Loss of E-cadherin and gain of vimentin or α-SMA are the most important consequence of EMT that facilitate invasion and metastasis of tumor cells [27-29]. In the present study, transfection of MHCC97H cells with SOCS3 siRNA resulted in down-regulation of epithelial marker E-cadherin and up-regulation of mesenchymal markers vimentin and α-SMA, further confirming the promotion of EMT by SOCS3 silencing in MHCC97H cells.
Snail has been shown to be a strong repressor of transcription of the E-cadherin gene and evokes tumorigenic and invasive properties in epithelial cells upon overexpression [30]. It has been reported that the high expression of Snail leads to EMT and enhances motility and invasiveness of tumor cells [31]. Inverse correlation of Snail and E-cadherin was detected in HCC-derived cell lines [32]. In the present study, examination of Snail expression in MHCC97H cells with SOCS3 siRNA transfection indicated a significant increase in protein expression and mRNA levels of Snail, possibly leading to loss of E-cadherin resulting in the induction of EMT. These results are consistent with the mechanism of induction of EMT [11, 12]. 

TGF-β1 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, accompanied by a loss of epithelial cell marker such as E-cadherin and a gain of mesenchymal cell marker such as vimentin[33, 34]. During the late stages of HCC tumorgenesis, TGF-β1 stimulates cellular invasion through the EMT program [35]. Previous study also demonstrates that TGF-β1 expression is enhanced by SOCS3 gene deletion in HCC [25]. In this work, we further detected TGF-β1 levels in MHCC97H cells transfected with SOCS3 siRNA. The results displayed that depletion of SOCS3 remarkably aggravated TGF-β1 secretion in MHCC97H cells, further illustrating the induction of EMT by SOCS3 silencing.
In conclusion, the present study provides direct evidence that SOCS3 silencing has the ability to promote EMT in MHCC97H cells via changes of the phenotypic characteristics and modulations of the characteristic markers, suggesting that SOCS3 could play a potential role in EMT in MHCC97H cells. Our discovery has identified a novel relationship between SOCS3 silencing and EMT in MHCC97H 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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Figure 1 Fluorescent detection of transfected cells. MHCC97H cells were transiently transfected with suppressor of cytokine signaling 3 siRNA for 24 h, green fluorescence was observed under fluorescence microscope. BF: Bright field.

Figure 2 Effect of suppressor of cytokine signaling 3 siRNA on morphological changes of MHCC97H cells. After application of negative control siRNA (NC siRNA) or suppressor of cytokine signaling 3 siRNA for 48 h, morphological changes of cells were recorded with an inverted phase-contrast microscope.

Figure 3 Effect of suppressor of cytokine signaling 3 siRNA on immunofluorescent expressions of E-cadherin, Vimentin and α-SMA in MHCC97H cells. The cells were transiently transfected with NC siRNA or suppressor of cytokine signaling 3 siRNA for 48 h, expressions of E-cadherin, Vimentin and α-SMA were identified with immunofluorescence. 
Figure 4 Effect of suppressor of cytokine signaling 3 siRNA on expression of EMT-associated molecules in MHCC97H cells. The cells were transiently transfected with NC 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 blot；B：RT-PCR and quantitative real-time PCR;  C:  Protein expression and mRNA levels of EMT-associated molecules in MHCC97H cells were analyzed by western blot;  D: RT-PCR and quantitative real-time PCR after normalization to β-actin mRNA. Data are presented as the mean ± SD from three independent experiments. aP < 0.05, bP < 0.01 vs NC siRNA.

Figure 5 Effect of suppressor of cytokine signaling 3 siRNA on transforming growth factor-β1 levels in MHCC97H cells. After application of NC siRNA or suppressor of cytokine signaling 3 siRNA for 48 h, concentration of transforming growth factor-β1 in the supernatant of the cells was measured by enzyme-linked immunosorbent assay. Data are presented as the mean ± SD from three independent experiments. bP < 0.01 vs NC siRNA.
Table 1 Primers used for real-time polymerase chain reaction analysis

	Gene
	Primer sequence
	Accession number
	Expected size (bp)

	E-cadherin
	5′- CCCGGGACAACGTTTATTAC-3′,

5′- GCTGGCTCAAGTCAAAGTCC-3′
	NM_004360.3
	190

	Vimentin
	5′-AAAGTGTGGCTGCCAAGAAC-3′,

5′-AGCCTCAGAGAGGTCAGCAA-3′
	NM_003380.2
	200

	α-SMA
	5′-GCGCAAATACTCGGTGTGGA-3′,

5′-CCCCCCCATTGAGAAGATTC-3′
	   NM_001141945.1
	170

	Snail
	5′-TGGTTGCTTCAAGGACACAT-3′,

5′-GTTGCAGTGAGGGCAAGAA-3′
	NM_003068.3
	141

	SOCS3
	5′- CAGGAATGTAGCAGCGATGGAA-3′,

5′- CCTGTCCAGCCCAATACCTGA-3′
	NM_003955.3
	125

	β-actin
	5′- ATCGTGCGTGACATTAAGGAGAAG-3′,

5′- AGGAAGGAAGGCTGGAAGAGTG -3′
	NM_001101
	179


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