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Abstract

AIM: To investigate the potential roles of EZH2, Bmi-1 and miR-203 on cell proliferation and invasion of hepatocellular carcinoma Hep3B cell line. 

METHODS: A total of 73 patients who underwent surgical resection at Fuzong Clinical Medical College of Fujian Medical University were enrolled in this study. Hep3B cells gifted by Shanghai Institute of Biochemistry and cell biology were cultivated in RPMI 1640 medium supplemented with 10% FBS at 37ºC. Vectors that containing cDNA of EZH2 gene or miR-203 targeted shRNA plasmid were constructed respectively, and then were transfected into Hep3B cells. The mRNA expressions of miR-203, EZH2, and Bmi-1 were analyzed using quantitative real-time-polymerase chain reaction analysis, followed with the protein level of EZH2 and Bmi-1 by Western blot analysis. Effect of EZH2 or miR-203 on cell proliferation was observed by methyl thiazolyl tetrazolium assay respectively, followed by the cell apoptosis assay using Flow cytomey. Besides, effect of EZH2 or miR-203 on tumor cell invasion was detected using the Transwell assay.

RESLUTS: The mRNA levels of EZH2 and Bmi-1 in hepatocellular carcinoma (HCC) tissues and in Hep3B cells were significantly high compared with that in normal samples (P < 0.01), while miR-203 level is significantly low in HCC tissues (P < 0.01). Hep3B cells transfected with EZH2-shRNA or miR-203-shRNA showed low expression levels of EZH2 and Bmi-1 (P < 0.05). Compared with controls, Hep3B cells transfected with EZH2-shRNA performed a relative slow cell proliferation ability, indicating that low expression of EZH2 and Bmi-1 and overexpression of miR-203 could inhibit Hep3B cell proliferation (P < 0.05). The average cell apoptosis of Hep3B cells transfected with EZH2-shRNA vectors was about 18.631%, while that of Hep3B cells transfected with shRNA vectors was about 5.33%, suggesting that EZH2 was down-regulated by transfecting with EZH2-shRNA, and the down-regulated EZH2 contributed to the cell apoptosis. Low expression of EZH2 and Bmi-1 and overexpression of miR-203 could reduce Hep3B cell invasion (P < 0.05).

CONCUSION: Our study suggested that EZH2 and Bmi-1 were up-regulated while miR-203 was down-regulated in Hep3B cell line. MiR-203 may contribute to the metastasis and enhance apoptosis of HCC by regulating EZH2 and Bmi-1. Our study may provide theoretical basis for metastasis of HCC and therapeutic target for HCC treatment.
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Core tip: In this study, we analyzed the expression levels of Bmi-1, EZH2, and miR-203 in hepatocellular carcinoma (HCC) tissues and in Hep3B cell line. Comprehensive experimental methods were used to investigate the roles of Bmi-1, EZH2, and miR-203 on Hep3B cell proliferation, invasion and apoptosis. This study aimed to investigate the potential collaborate regulation mechanism of EZH2, Bmi-1, and miR-203 on metastasis and invasion of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths worldwide, with increasing incidence in many countries1[]
. Due to the easy metastasis and easy recurrence of HCC, hepatic resection is the main treatment method on patients suffered with HCC2[]
. However, liver transplantation provides the best chance for such patients and offers long-term survival rate3[]
. Therefore, to identify some reliable biomarkers for the prediction of metastasis and recurrence of HCC will be of great significance. 

Polycomb group (PcG) is a group of proteins that control the transcriptional memory of cells in the way of maintaining the stable silencing of specific sets of genes through chromatin modifications4[]
. Previous study refers that the polycomb repressive complex 1 (PRC1) and PRC2 are two distinct PcG complexes for PcG protein5[]
. Increasing studies prove that enhancer of zeste homolog2 (EZH2) is a polycomb group protein and study refers that EZH2 is overexpressed in HCC6[,7]
. Also, B cell-specific moloney murine leukaemia virus insertion site 1 (Bmi-1) repressed the transcription of their target genes via an epigenetic mechanism8[]
. Effendi et al9[]
 proves that overexpression of Bmi-1 in early-stage HCC is correlated with ATP-binding cassette transporter B1 expression. Also, newly report refers that up-regulated Bmi-1 enhances the invasion and metastasis of HCC10[]
. Besides, Fu et al11[]
 proves that Bmi-1 and EZH2 is associated with the progression and aggressive biological behavior of HCC. 

 MicroRNAs are some endogenous non-coding small molecules that regulate the gene expression posttranscriptional level. Lots of miRNAs play crucial roles in HCC and study refers that miR-203 is a predictor for HCC after liver transplantation12[]
. Also, miR-203 induces cell apoptosis and represses cell growth by targeting Bmi-1 in HCC13[]
. Study reports that EZH2 could regulate the expression of some microRNAs although the mechanism still unclear14[]
. Although many studies have devoted on to the roles of Bmi-1 and EZH2 in HCC progression, collaborate regulation mechanism of EZH2, Bmi-1, and miR-203 on proliferation and invasion of HCC still remain incompletely described.

 In this study, we analyzed the expression levels of Bmi-1, EZH2, and miR-203 in HCC tissues and in Hep3B cell line. Comprehensive experimental methods were used to investigate the roles of Bmi-1, EZH2, and miR-203 on Hep3B cell proliferation, invasion and apoptosis. This study aimed to investigate the potential collaborate regulation mechanism of EZH2, Bmi-1, and miR-203 on metastasis and invasion of HCC.

Materials and methods

Hepatocellular carcinoma tissues

A total of 73 patients who underwent surgical resection at Department of Hepatobiliary Surgery, Fuzong Clinical Medical College of Fujian Medical University during the period from January 2007 to January 2014 were enrolled in this study. Informed consent was obtained for research use of the specimens for all cases, with all study protocols were approved by the Ethics Committee for clinical research of Fuzhou General Hospital. All the patients have received no radiotherapy or chemotherapy before routine surgery.

Hepatocellular carcinoma cell cultivation

The HCCs cell line Hep3B was given as a gift by Shanghai Institute of Biochemistry and cell biology (China) and was cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (Hyclone, United States) in a humidified chamber with 95% air and 5% CO2 at 37 ºC. 

ShRNA of EZH2/miR-203 lentiviral vectors construction and cell transfection

The cDNA corresponding to the full-length human EZH2 gene was amplified by sequencing and subcloned into the lentivirus vector pLKO.1-TRC cloning vector (10878). The specific primers for EZH2 were sense primer of 5’-CCGGGCTAGGTTAATTGGGACCAAACTCGAGTTTGGTCCCAATTAACCTAGCTTTTTG-3’ and antisense primer of 5’- AATTCAAAAAGCTAGGTTAATTGGGACCAAACTCGAGTTTGGTCCCAATTAACCTAG-3’. 

 In addition, to construct the overexpression vector of miR-203, the cultivated Hep3B cells at logarithmic phase were digested using 0.25% of trypsin to make the cell concentration of 5 × 106/mL. The zymolytic Hep3B cells of 100 μL were injected into the cell incubator of 10 cm2. After being incubated at 37 ºC with 5% of CO2 and cell alignment reached to 50%-60%, shRNA of 10 μL and opti-MEM of 490 μL were mixed with the Hep3B cells. The total mixtures were incubated in 10 mL medium with 10% fetal calf serum.

 Finally, Hep3B cells transfected with EZH2-shRNA/miR-203-shRNA were seeded in 6-well platesusing Deofect EU transfection reagent (Roche, Germany) according to the manufactures’ protocol. Clones with stable transfection of EZH2-shRNA/miR-203-shRNA or empty vector were selected using the PURO (puromycin dihydrochloride) of 3 μg/mL (Sigma, United States). 

Quantitative real-time polymerase chain reaction
Total RNA from HCCs tissues and Hep3B cells was extracted using the TRIzol reagent (Invitrogen, Carlsbad, CA, United States) according to the manufactures instructions. Expression of miR-203 was determined using the Taqman microRNA assay kit (Taqman microRNA assay kit), and U6 snRNA was used for the normalization of relative abundance of miR-203. Total RNA was reverse-transcribed into cDNA with the use of the primecript RT reagent kit (Takara, Japan), and 1 μL of cDNA was used for each PCR reaction. 

Western blot analysis 

Hep3B cells that transfected with the EZH2-shRNA or empty vectors were lysed with RIPA and total protein were separated by SDS-PAGE and transferred to PVDF membranes after concentration being determined. Primary antibodies against EZH2, BMI-1 were added and incubated overnight in TBST with 5% bovine serum albumin. After washing with TBST, the membranes were further incubated for 1 h at room temperature with secondary antibody conjugated with horseradish peroxidase. Finally, the immunoreactive protein bands were visualized by a chemiluminescence kit (NEN Life Science Products).

Cell proliferation assay

To investigate the role of miR-203 on HCC cell proliferation, cells of 100 μL (about 5000 cells) that transfected with miR-203 were injected into the 96-well plate and then incubated at 37ºC with 5% of CO2. Methyl thiazolyl tetrazolium of 10 μg/mL was added into the cells to determine the cell viability and the cells were further incubated at 37 ºC for 4 h. Cell proliferation reagent WST-1 (Roche, United States) of 10 μL was added into the cultivated cells. The absorbance of cells was read at 450 nm using a microplate reader (Bio-rad, 3550, United States). 

Cell apoptosis assay

The Hep3B cells were transferred with 50 μL EZH2-shRNA/miR-203 shRNA or control vectors, and cell apoptosis assay was performed using Annexin V FITC apoptosis Detection Kit I (BD pharmingen, United States) in 72 h after transfection according to the manufacture’s protocol. Cell suspension of 100 μL was incubated with 5 μL of annexin-V and 1 μL of propidium iodide at room temperature for 10 min. Total stained cells were analyzed using flow cytometry (BD-bio, Sandiego, CA, United States).

Cell invasion assay in vitro

To determine the effect of EZH2 or miR-203 on HCC cell invasion, clones of Hep3B cells with the vectors or control vectors were injected into the 24-transwell cell culture chambers containing 8-μm pores (Millipore, United States) and Matrigel (BD, United States) (with 3 repeats). After serum-starved for 24h, Hep3B cells were transferred in 350 μL serum-free DMEM to the upper chamber. The lower chamber was added with DMEM with 15% FBS as a chemoattractant. The number of invasive cells that remained adherent to the outsides of the membrane were fixed and stained. 

Statistical analysis

All the data were expressed as the mean ± SD. Correlations between clinic-pathological variables and EZH2, BMI-1 and miR-203 expression were analyzed with Pearson`s tests. Variance analysis between groups was performed by one-way ANOVA and the significance of differences between control and treatment groups was tested using Dummett`s multiple comparisons test. All statistical analyses were performed using the SPSS software package (SPSS, Chicago, IL, USA). P < 0.05 was considered statistically significant.

Results
mRNA level of EZH2, Bmi-1, and miR-203 in HCC

The results of quantitative real-time (qRT)-PCR analysis showed that the mRNA level of Bmi-1 and EZH2 were shown in Figure 1. Both the mRNA level of EZH2 and Bmi-1 were high in HCC tissues compared with that in normal tissues (P < 0.01, Figures 1A and 1B). Besides, miR-203 level was lower in HCC tissue samples than that in normal tissues (P < 0.01, Figure 1C). 

Western blot analysis of EZH2 and Bmi-1 expression

To further investigate the expression level of protein EZH2 and Bmi-1, western bot analysis was conducted (Figure 2). We can see from the results that, expression level of both EZH2 and Bmi-1 protein were high in HCC tissues compared with that in control tissues (P < 0.05, Figure 2A).

Besides, western blot analysis showed that the expression levels of Bmi-1 and EZH2 in Hep3B cells transfected with EZH2-shRNA were declined compared with that in control cells (Figure 2B). Meanwhile, expression levels of Bmi-1 and EZH2 in Hep3B cells with overexpression of miR-203 were lower than that in Hep3B cells with control vectors (Figure 2C). 

Cell proliferation analysis

After being cultivated for 4 din the 96-well plates, the cell proliferation ability of Hep3B cells that transfected with EZH2-shRNA/miR-203-shRNA or control vector was detected (Figure 3). Compared with the controls, Hep3B cells that transfected with EZH2-shRNA performed a relative slow cell proliferation ability (Figure 3A), while the same tendency as that of EZH2 on Hep3B cell proliferation was observed in miR-203 (Figure 3B), suggesting that low expression of EZH2 and high expression of miR-203 both could inhibit the Hep3B cell proliferation.

Cell apoptosis assay

Flow cytometry was used to investigate the role of EZH2 and miR-203 on cell apoptosis in HCCs (Figure 4). The results showed that the average cell apoptosis of Hep3B cells transfected with EZH2-shRNA vectors was about 18.631%, while that of Hep3B cells transfected with shRNA vectors was about 5.33%, suggesting that EZH2 was down-regulated by transfecting with EZH2-shRNA, and the down-regulated EZH2 contributed to the cell apoptosis (Figure 4A and 4B). 
Cell invasion assay

The roles of EZH2 and miR-203 on HCC tumor cells invasion were shown in Figure 5. The results showed that violet crystals in Hep3B cells transfected with EZH2-shRNA were less than that in control group, indicating that the cell invasion ability of Hep3B cells transfected with EZH2-shRNA was obviously abated compared with that of Hep3B cells transfected with shRNA vector (Figures 5A and 5B). 

Besides, transwell invasion assay displayed that violet crystals in Hep3B cells with miR-203 overexpression were less than that in control group, suggesting that overexpression of miR-203 inhibiting the invasion of HCC cells (Figures 5C and 5D).

Discussion

HCC is the third leading cause of cancer-related deaths worldwide, with increasing incidence in many countries1[]
. Due to the easy metastasis and easy recurrence of HCC, hepatic resection is the mian treatment method on patients suffered with HCC2[]
. High recurrence rate of intra-hepatic and distant metastasis is the major obstacle to improving the survival of patients with HCC. Clinical data showed that PcG proteins such as EZH2 and Bmi-1, and miR-203 played key roles in HCC metastasis and recurrence. To clarify the mechanisms and identify key factors underlying invasion and metastasis that could reflect the metastasis and recurrence of HCC will be necessary. In the present study, we found that PcG proteins, Bmi-1, EZH2 and miRNA-203 coordinately regulated HCC, which might play an important role in HCC recurrence and metastasis. 
 Our data showed that the two PcG proteins of EZH2 and Bmi-1 had high expression level both in the HCC tissues and in Hep3B cells, suggesting their crucial roles in HCC development. PcG proteins are important in maintaining cell identity and regulation of the cell cycle15[]
. EZH2 was found to be associated with adverse pathological characteristics by some investigators16[]
. Overexpression of EZH2 and Bmi-1 is associated with a poor prognosis in several human tumours17[]
. Sasaki et al18[]
 proved that high levels of EZH2 and Bmi-1 were related to HCC progression. Besides, qRT-PCR analysis showed that miR-203 is down-regulated in HCC tissues and in Hep3B cells. It has been demonstrated that miR-203 played key roles in controlling proliferation, migration, and invasion of cancer cells, such as prostate cancer19[]
. Recent studies refer that miR-203 is epigenetically silenced in HCC20[,21]
. Therefore, our results were coincidence with the former studies.

 Our study displayed that cell proliferation ability of Hep3B cells transfected with EZH2-shRNA or miR-203-shRNA was low compared with that in Hep3B cells with control vector. The polycomb group protein EZH2 was up-regulated in cell proliferating of HCCs22[]
 and EZH2 could be inhibited by the tumor suppressor miR-124 in modulating HCC23[]
. Besides, Wang et al. proved that down-regulation of Bmi-1 could retard the cell proliferation in HCC24[]
, and Chiba et al25[]
 proved that Bmi-1 enhanced the tumor cell proliferation of HCC cells. Thus, high level of Bmi-1 and EZH2 may contribute to cell proliferation of HCC. Meanwhile, gene expression bioinformatics analysis showed that miR-203 was related to the cell growth of HCC26[]
. Our results were consistent with those of Sasaki et al27[]
, which indicated that the expression of Bmi-1 and EZH2 was heterogeneous and associated with vascular infiltration, histological grades and cell proliferativity in HCC and HC-CC28[]
. Based on our results, we speculated that high expression of Bmi-1 and EZH2 or low expression of miR-203 could contribute to the Hep3B cell proliferation.

 On the other hand, our data showed that cell apoptosis of Hep3B cells transfected with EZH2-shRNA was lower than that in Hep3B cells transfected with control vectors, the same tendency of the two proteins and miR-203 on Hep3B cell invasion ability was observed, indicating the crucial role of EZH2 and Bmi-1 in regulating HCC cell apoptosis and invasion. Su et al29[]
 proved that EZH2 could be silenced by the down-regulated miR-101 in contributing to HCC cell apoptosis. Also, overexpression of Bmi-1 leads to increased self-renewal and tumorigenesis of liver stem cells in mice30[]
, and high expression level of Bmi-1 in HCC was significantly correlated with recurrence of HCC via increasing the cell apoptosis31[]
. Yonemitsu et al17[]
 proved that cell proliferation was apparently inhibited in HepG2 cells with knocked down EZH2 and Bmi-1. Thus, high level of EZH2 and Bmi-1 may be the contributor for HCC metastasis and recurrence. Based on our results, we speculated that EZH2 may be collaborated with Bmi-1 in HCC development and progression by regulating Hep3B cell apoptosis and invasion. Meanwhile, miR-203 is the first skin-specific miRNA discovered in recent years12[]
. It is not only involved in the regulation of embryonic epidermal differentiation, building a protective layer of skin for psoriasis and other skin diseases, but also involved proliferation and differentiation effects of invasion and metastasis and apoptosis in tumor cell as a tumor suppressor or oncogenic factor32[]
. The abnormal expression of miR-203 can cause a lot of targeted genes offset, leading to breast, prostate, liver and other tumors20[]
. Abnormal expression of miR-203 that caused by promotor methylation resulted in many target genes aberrant expressions including Bmi-1, and then leading to the occurrence of breast cancer and liver cancer33[,34]
. Knocking down of EZH2 both in vitro of breast cancer DU 145 and in breast cancer cell line resulted in the down-regulation of specific miRNAs such as miR-203 and miR-200 to enhance the expression of Bmi-135[]
, indicating that miR-203 may function by regulating many target genes.
 In conclusion, our study suggests that EZH2 and Bmi-1, accompanied with miR-203 may composited a complete regulating shaft (EZH2-Bmi-1-miR-203) of apparent silent mechanism in regulating Hep3B cell proliferation and invasion. Down-regulating EZH2 causes the down-regulation of Bmi-1 and the up-regulation of miR-203. The overexpression of miR-203, and down-regulation of EZH2 and Bmi-1 may decline the cell invasion and proliferation but increase cell apoptosis of Hep3B. miR-203 might play an important role in the linkage of EZH2 and Bmi-1. Our study may provide evidence of coordinated regulation of PcG proteins EZH2, Bmi-1 through miR-203 which regulated invasion and proliferation of Hep3B cell line. However, further experimental researches that focus on the role of miR-203 ars still needed. 
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Figure 1 Quantitative real-time polymerase chain reaction of mRNA level of Bmi-1, EZH2, and miR-203. mRNA level of Bmi-1 (A), EZH2 (B), miR-203 (C) in HCC tissues.
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Figure 2 Western blot analysis of Bmi-1 and EZH2 protein levels. A: Expression level of Bmi-1 and EZH2 in HCC tissues and in normal tissues; B: Expression level of Bmi-1 and EZH2 in Hep3B cells transfected with EZH2-shRNA or control vectors, lane 1 stands for the protein level in Hep3B cells, lane 2 stands for the protein level in Hep3B cells with EZH2-shRNA; C: Expression level of Bmi-1 and EZH2 in Hep3B cells transfected with miR-203-shRNA or control vectors, lane 1 stands for the protein level in Hep3B cells, lane 2 stands for the protein level in Hep3B cells with miR-203 overexpression.
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Figure 3 Methyl thiazolyl tetrazolium analysis of EZH2 and miR-203 on the cell proliferation of Hep3B. A: Cell proliferation of Hep3B cells transfected with control vector shRNA or EZH2-shRNA vector; B: Cell proliferation of Hep3B cells transfected with control vector shRNA or miR-203-shRNA vector.
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Figure 4 Flow cytometry analysis of cell apoptosis of Hep3B cells. A: Hep3B cells transfected with control shRNA vectors; B: Hep3B cells transfected with EZH2-shRNA vectors; C: Hep3B cells transfected with control shRNA vectors; D: Hep3B cells transfected with miR-203-shRNA vectors.
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Figure 5 Analysis of Hep3B cell invasion in vitro. A: Cell invasion of Hep3B cells transfected with control vector shRNA; B: Cell invasion of Hep3B cells transfected with EZH2-shRNA; C: Cell invasion of Hep3B cells transfected with control vector shRNA; D: Cell invasion of Hep3B cells transfected with miR-203-shRNA.

