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[Abstract] Objective To study the regulation of suppressor of cytokine signaling 3 (SOCS3) expression
bythe brother of the regulator of the imprinted site (BORIS) in hepatocellular carcinoma cell. Methods The
expression of SOCS3 mRNA in HCC cell lines was detected by real-time quantitative PCR (qRT-PCR). The
expression of SOCS3 protein in knockdown and overexpression BORIS of HCC cell lines was tested by Western
blot. The SOCS3 gene promoter methylation statusin the knockdown and overexpression BORIS of hepatocarcinoma
cell lines was detected by using methylation specific PCR (MSP-PCR) method. The potential BORIS binding site of
SOCS3 promoter region was found by UCSC database analysis. The enrichment of BORIS in SOCS3 promoter
region in endogenous high expression BORIS of HCC cells was evaluated by using chromatin immunoprecipitation
(ChIP)-gPCR (ChIP-qPCR). The SOCS3 promoter region histone methylation status in the knockdown and
overexpression BORIS of HCC was detected by ChIP-qPCR. Results The expression of SOCS3 mRNA in
hepatocellular carcinoma cells was higher and SOCS3 protein expression was down-regulated or up-regulated in the
knockdown or overexpression of BORIS mRNA hepatocarcinoma cells, so BORIS has a positive regulatory effect on

SOCS 3 protein expression in hepatocarcinoma cells . MSP - PCR experiments showed that the SOCS 3 promoter in
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SMMC-7721 and HepG2 cells was unmethylated and knockdown of BORIS did not change the methylation status;

the SOCS3 promoter region of Huh7 cells was methylated; after overexpression of BORIS, the SOCS3 promoter

region was changed to an unmethylated state; the SOCS3 promoter was unmethylated in HCCLLM3, overexpression

of BORIS did not alter the methylation status. The ChIP-qPCR assay demonstrated that BORIS specifically binds to

the SOCS3 promoter region in HCC cells with high expression of BORIS. Histone methylation assay indicated that
knockdown of BORIS reduced BORIS enrichment in the SOCS3 promoter region, with decreasing H3K4 me2 and

increasing H3K27 me3 in the region of histone, whereas the overexpress BORIS in HCC cells showed the opposite

situation. Conclusion BORIS plays a role of epigenetic regulationon SOCS3 gene promoter methylation and histone

methylation, modulating the expression of SOCS3, and then involved in the development of hepatocellular

carcinoma.
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Table Primers for methylation-specific PCR of SOCS3 and ChIP-qPCR

Gene Primer sequence (5'-3") Annealing Product
5€q temperature/ C length/bp
MSP-PCR
SOCS3 UF:GTTGGAGATTTTAGGTTTTGGAATATTT 60. 0 148

UR: AAACCCCCAAAACTACCTAAACACCA
MF: GGAGATTTTAGGTTTTCGGAATATTTC 60.0 142
MR: CCCCCGAAACTACCTAAACGCCG

ChIP-gPCR
pSOCS3 F:ATCCCTGGCGTGCCTATTC 60. 8 121
R: TCGAGGTGGAACGATGGC
Myc F:GTTTTAAGGAACCGCCTGTCCTTC 60. 8 276
R:GGATTGCAAATTACTCCTGCCTCC
B-actin F: TCATCACCATTGGCAATGAG 59.0 250

R:CACTGTGTTGGCGTACAGGT

UF: Unmethylation forward primer; UR: Unmethylation reverse primer; MF. Methylation forward primer; MR. Methylation reverse

primer
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Fig 1 Expression of SOCS3 mRNA in hepatocellular carcinoma
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Fig 2 Effects of knockdown of BORIS or overexpression of BORIS on
SOCS3 protein expression in HCC cells
A, (SMMC-7721), A, (HepG2): The level of SOCS3 protein in
knockdown BORIS mRNA cells; B, (Huh7), B, (HCCLM3): The
level of SOCS3 protein in overexpressed BORIS mRNA cells; A:
shCtrl; B:shBORIS1; C.sh BORIS2; D:over-Ctrl; E:over-BORIS

2.3 BORIS %} SOCS3 FE&1F CpG SHREARE
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SOCS3 J7 3  DNA 2 3 B A R 2, mi AR
BORIS mRNA I 1 SOCS3 ji3 31 F DNA JEH
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Fig 3  Effect of BORIS expression on methylation status of SOCS3
promoter in hepatocellular carcinoma cells by MSP analysis
MA: Marker; M: Methylation; U. Unmethylation; W. Wild
type; A.s Ay, Bis By, A, B, C, D, E: Note the same as the fig 2;

F.Placenta(positive control) ; G: Water (negative control)
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Fig 4  The enrichment of BORIS in SOCS3 promoter region in
endogenous high expression BORIS of HCC cells
% x P<C0,01, vs. negative control group (IgG) in the same

cells
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Fig 5 Effects of BORIS expression on methylation status of SOCS3 promoter region histone

A: SOCS3 methylation status of promoter histone in knockdown-BORIS HCC cells; B: SOCS3 methylation status of promoter histone in

overexpressed-BORIS HCC cells. * P<C0.05, * * P<C0.01, vs. control (shCtrl or over-Ctrl) group
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