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SNF2H promotes hepatocellular carcinoma proliferation
by activating the Wnt/f3-catenin signaling pathway
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Abstract. Hepatocellular carcinoma (HCC) is one of the
most common cancers worldwide and has an extremely poor
prognosis. Surgical resection is always inapplicable to HCC
patients diagnosed at an advanced tumor stage. The mecha-
nisms underlying HCC cell proliferation remain obscure. In
the present study, SWltch/sucrose nonfermentable catalytic
subunit SNF2 (SNF2H) expression was tested in HCC tissues
and Wnt/B-catenin pathway activation upon overexpression of
SNF2H or knockdown of SNF2H expression was investigated
in cultured HCC cells. It was demonstrated that SNF2H is a
vital factor for HCC growth. The SNF2H expression level is
increased in HCC tissues compared with paratumoral liver
tissues. SNF2H promotes HCC cell proliferation and colony
formation ability in vitro. SNF2H may increase the protein
level of B-catenin and enhance its nuclear accumulation in HCC
cells, thereby leading to the activation of the Wnt/f3-catenin
signaling pathway. In conclusion, the present results indicate
that SNF2H plays a vital role in HCC cell growth, suggesting
that SNF2H may be a promising therapeutic target for HCC
treatment.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
tumor in men and the seventh most common tumor in women.
It is the third leading cause of tumor-associated mortality
worldwide (1). HCC has an extremely poor prognosis, with a
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5-year survival rate of 40-50%. Patients with HCC are usually
diagnosed at an advanced tumor stage, which renders surgical
resection inapplicable (2). The molecular mechanism under-
lying HCC cell proliferation is not well understood, and the
clarification of this mechanism may facilitate the prevention
and treatment of patients with HCC.

Approximately one-half of HCC patients exhibit
aberrant activation of the Wnt/f-catenin pathway, which
indicates the importance of this signaling cascade in hepa-
tocarcinogenesis (3-5). The Wnt/B-catenin signaling pathway
is comprehensively involved in cell proliferation (6). The
Wnt/f3-catenin pathway is activated upon the binding of the
Wnat ligands to Frizzled receptors, which is followed by cyto-
solic accumulation of f-catenin via interruption of destruction
complex-mediated protein degradation of B-catenin. Stabi-
lized B-catenin may translocate into the nucleus to induce
the transcription of Wnt/f-catenin pathway target genes,
such as cyclin D1 and cellular v-myc avian myelocytomatosis
viral oncogene homolog (c-MYC) (4,7). The Wnt/B-catenin
signaling pathway plays a vital role in hepatocarcinogenesis.
Although several factors, such as activator protein 1, human
zinc finger protein 191, prospero homeobox protein 1 and
T-cell factor (TCF)/lymphocyte enhancer factor (LEF), have
been reported to regulate [-catenin expression (8-11), the
molecular mechanism of the aberrant expression of 3-catenin
remains unknown in HCC.

SWiltch/sucrose nonfermentable (SWI/SNF) catalytic
subunit SNF2 (SNF2H) is a member of the SWI/SNF chro-
matin remodeling family with ATPase activity (12). SNF2H
plays a vital role in gene transcription, DNA repair and DNA
replication (12,13). SWI/SNF complexes are associated with
malignant transformation (14). Previously, several studies have
reported aberrant high expression of SNF2H in breast cancer,
acute leukemia, ovarian cancer and gastric cancer (15-17).
These studies suggest that SNF2H has an important role in
cancer progression. However, whether SNF2H plays a vital
role in HCC progression has not been investigated.

In the present study, it was demonstrated that SNF2H plays
a vital role in HCC cell growth. The SNF2H expression level
was increased in HCC tissues compared with the paratumoral
liver tissues. SNF2H promotes the cell proliferation and colony
formation ability of HCC cells in vitro. SNF2H promotes the
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growth of HCC cells by activating the Wnt/B-catenin pathway,
which increases 3-catenin protein levels and enhances the
nuclear accumulation -catenin. These results indicate that
SNF2H plays a vital role in hepatocarcinogenesis.

Materials and methods

Clinical samples. Tissue specimens were collected from
30 patients with HCC during surgical resection. The collec-
tion of the tissue specimens and associated information from
patients was approved by the Ethics Committee of Renji
Hospital, Shanghai Jiaotong University School of Medicine
(Shanghai, China). All patients enrolled in the present study
provided written informed consent prior to their inclusion.

Plasmid constructs. For lentivirus-mediated expression of
SNF2H, FLAG-tagged full-length SNF2H ORF was cloned
in pWPL1 (plasmid no. 12254; Addgene, Inc., Cambridge,
MA, USA). For RNA interference of SNF2H expression, DNA
fragments encoding the hairpin precursors for saISNF2H#1
(5'-CGTCGAATTAAGGCTGATGTT-3") and shSNF2H#2
(5'-CGACTGCTGATGTAGTAATTT-3") were inserted into
the pLKO.1-TRC cloning vector. A scrambled small interfering
RNA precursor (Scr) of similar GC-content to shSNF2H#1
and shSNF2H#2, but without sequence identity to SNF2H
cDNA, was used as the control.

Cell lines, transfection and lentivirus preparation. The
embryo kidney HEK293T and human HCC SMCC-7721, PLC,
BEL-7402 and Huh7 cell lines were acquired from the Cell
Bank of Shanghai Institutes of Biological Sciences, Chinese
Academy of Sciences (Shanghai, China). The cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10%
fetal bovine serum (Thermo Fisher Scientific, Inc.) at 37°C
in a 5% CO, atmosphere. After culturing cells for 24 h, cells
underwent transfection.

The lentivirus plasmid-mediated SNF2H expression
vectors pWPI.1-Flag-SNF2H, pLKO.I1-shSNF2H#1 and
pLKO.1-shSNF2H#2 were co-transfected with the helper
plasmids pMD2.G and psPAX2 into HEK293T cell to package
recombinant lentivirus. In total, 24 h subsequent to cell trans-
fection, medium was replaced with fresh DMEM medium to
continue cell culture. After 48 h, the lentivirus supernatants
from HEK293T cells were used for the infection of BEL-7402
and Huh?7 cells using Lipofectamine 2000 (Thermo Fisher
Scientific, Inc.).

Western blot analysis. Total tissue and cell proteins were
obtained using radioimmunoprecipitation assay buffer lysis
buffer with proteinase inhibitors (protease inhibitor cocktail;
Sigma-Aldrich, St. Louis, MO, USA). Equivalent amounts
of proteins (30 ug) were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred
onto nitrocellulose membranes (Invitrogen; Thermo Fisher
Scientific, Inc.). Subsequent to blocking with 5% skimmed
milk for 30 min, the membranes were incubated with a
rabbit polyclonal anti-SNF2H primary antibody (dilu-
tion, 1:500; catalog no., ab3749; Abcam, Cambridge, MA,
USA) at 4°C overnight. A goat anti-rabbit IgG horseradish
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peroxidase-conjugated secondary antibody (dilution, 1:3,000;
catalog no., 7074; Cell Signaling Technology, Inc., Danvers,
MA, USA) was used for the subsequent incubation at room
temperature for 1 h. In addition, a mouse monoclonal -actin
horseradish peroxidase-conjugated antibody (dilution, 1:5,000;
catalog no., ab20272; Abcam) was used as a loading control.
The expression of SNF2H was detected on X-ray film using
the ECL detection system (Pierce; Thermo Fisher Scientific,
Inc.).

RNA isolation and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA of the sample was extracted using
TRIzol reagent (Thermo Fisher Scientific, Inc.), and RT was
performed using the PrimeScript RT kit (Takara, Otsu, Japan).
For the RT-qPCR assay, aliquots of cDNA were amplified
using SYBR Premix Ex Taq (Takara). PCR reactions were
performed on MXP3000 (Stratagene, La Jolla, CA, USA).
The primer sequences were as follows: SFN2H forward, CCT
TTGAAGATGAAACCAGGGCGC and reverse, CTGTTA
ATAGCTCTTCATCCTCCTC; and p-actin forward, TCC
CTGGAGAAGAGCTACG and reverse, GTAGTTTCGTGG
ATGCCACA.

Cell proliferation. Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) to measure
the cell proliferation. BEL-7402-Mock, BEL-7402-SNF2H,
Huh7-scr, Huh7-shSNF2H#1 and Huh7-shSNF2H#2 cell lines
were seeded into 96-well plates at a density of 2x10° cells/well
with DMEM medium containing 10% FBS. At the indicated
time points (24, 48, 72 or 96 h), the cell absorbance was
detected at 450 nm using xMark Microplate Spectropho-
tometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The CCK-8 assay procedure was performed according to the
manufacturer's instructions.

Colonyformationassay.BEL-7402-Mock,BEL-7402-SNF2H,
Huh7-scr, Huh7-shSNF2H#1 and Huh7-shSNF2H#2 cell
lines were separately seeded into 6-well plates at a density of
3x10? cells/well using DMEM medium containing 10% FBS,
and the cells were cultured at 37°C in a 5% CO, atmosphere.
After 10-14 days of culturing, the cells were washed with PBS
and fixed using 10% formaldehyde for 30 min. Finally, the
cells were stained with Giemsa stain for 60 min.

Statistical Analysis. Pearson's ¥ test or Fisher's exact test
were used to compare SNF2H expression levels between
tissue samples and the Student's t-test was used for quantita-
tive variables. P<0.05 was considered to indicate a statistically
significant difference.

Results

SNF2H is highly expressed in HCC. The expression of SNF2H
was first assessed in HCC and paired paratumoral liver
tissues. The SNF2H protein level was significantly increased
by 1.7-fold in HCC tissues compared with the matched para-
tumoral liver tissues (P=0.018; Fig. 1A). To confirm these
results, the expression of SNF2H in 30 HCC specimens and
the paired paratumoral liver tissues was evaluated. It was
found that the expression of SNF2H in HCC specimens was
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Figure 1. SNF2H is highly expressed in HCC. (A) Western blot assays showed that SNF2H expression in HCC was increased compared with the corresponding
paratumoral tissues. (B) Reverse transcription-quantitative polymerase chain reaction analysis of SNF2H expression in HCC and corresponding paratumoral
tissues. The relative expression of SNF2H mRNA in HCC tissue samples was increased compared with the paired paratumoral tissues. (C) SNF2H protein
levels in the normal liver cell were decreased compared with several HCC cell lines. Western blotting showed that the HCC cell lines Huh7 and MHCC97H
express more SNF2H than the normal liver LO2 cell lines. (D) The SNF2H mRNA level in the HCC cell lines was increased compared with the mRNA level in
the LO2 cell line. Significant differences were determined by Student's t-test. “P<0.05; “P<0.01; ““P<0.001. SNF2H, SWltch/sucrose nonfermentable catalytic
subunit SNF2; HCC, hepatocellular carcinoma; mRNA, messenger RNA; pT, paratumoral; T, tumor.

increased 1.9-fold compared with the paired paratumoral liver
tissues (P<0.001; Fig. 1B). Next, the expression of SNF2H in
the normal liver cell and HCC SMCC-7721, BEL-7402, PLC,
Huh7 and MHCC-97H cell lines was examined. Western blot-
ting showed that the HCC Huh7 and MHCC97H cell lines had
increased SNF2H expression compared with the normal liver
LO02 cell line (Fig. 1C). It was also found that the mRNA level
of SNF2H in the HCC SMCC-7721, BEL-7402, PLC, Huh7
and MHCC-97H cell lines was increased 2.5-fold, 1.7-fold,
6.34-fold, 7.72-fold and 7.09-fold, respectively, compared with
the mRNA level in the LO2 cell line (P=0.0018, P=0.0160,
P=0.0025, P=0.0027 and P=0.0102, respectively; Fig. 1D).
Overall, these results indicate that the high expression of
SNF2H may improve the development of HCC.

Overexpression of SNF2H improves HCC cell growth.
BEL-7402 and Huh7 cells were used as model HCC cell lines for
the following investigations. Lentivirus-mediated overexpres-
sion of SNF2H in the BEL-7402 cells and knockdown of SNF2H
expression of SNF2H in the Huh7 cells were used to evaluated
the function of SNF2H in HCC cell growth. Overexpression
of SNF2H in BEL-7402 cells and knockdown of the expres-
sion of SNF2H in the Huh7 cells were performed (Fig. 2A).
Overexpression of SNF2H in BEL-7402 cells improved the
cell growth over 96 h (24 h, P=0.1070; 48 h, P=0.0015; 72 h,
P<0.001; 96 h, P<0.001), but knockdown of SNF2H expression

in Huh7 cells inhibited cell growth (shSNF2H#1 vs. SCR: 24 h,
P=0.97; 48 h, P=0.0054; 72 h, P<0.001; and 96 h, P<0.001)
(shSNF2H#2 vs. SCR: 24 h, P=0.345; 48 h, P=0.001; 72 h,
P<0.001; and 96 h, P<0.001) (Fig. 2B). Overexpression of
SNF2H also increased the number of BEL-7402 cell colonies
by 1.6-fold (P<0.001) (Fig. 2C). However, knockdown of
SNF2H expression reduced the number of Huh7 cell colonies
by 50 and 70%, respectively (shSNF2H#1 vs. SCR, P=0.006;
shSNF2H#2 vs. SCR, P<0.001) (Fig. 2C). These results indi-
cate that SNF2H improves HCC cell growth.

SNF2H promotes the protein levels of 3-catenin and enhances
its nuclear accumulation. The Wnt/B-catenin pathway
is always aberrantly activated during the development of
HCC, and the B-catenin expression level is often increased
in HCC (3-5,18,19). Therefore, the present study investigated
whether SNF2H enhances -catenin expression to promote
tumor growth. It was found that the (-catenin protein level
in BEL-7402 cells was upregulated 2.6-fold by the exogenous
expression of SNF2H (P=0.0012; Fig. 3A), but the p-catenin
protein level was downregulated by 30% (shSNF2H#1 vs. SCR,
P=0.008) and 70% (shSNF2H#2 vs. SCR, P=0.001) in Huh7
cells by SNF2H knockdown (Fig. 3B). The increase in
[-catenin protein levels may result in induced -catenin tran-
scription or improved [-catenin protein stability. The present
study investigated whether SNF2H used this mechanism
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Figure 2. SNF2H promotes HCC cell proliferation in vitro. (A) SNF2H expression in HCC cells infected with lentivirus. The left panel shows overexpression
of SNF2H in BEL-7402 cells. The right panel shows knockdown of SNF2H expression in Huh7 cells. (B) The Cell Counting Kit-8 assay revealed that SNF2H
overexpression significantly improved the cell growth rate (left panel). Knockdown of SNF2H expression in Huh7 cells significantly reduced the cell growth
rate. The mean + SD from three independent experiments is presented. (C) SNF2H promotes HCC cell colony formation. The left panel shows that overexpres-
sion of SNF2H expression promoted cell colony-forming capacity in BEL-7402 cells. The right panel shows that knockdown of SNF2H expression inhibited
colony formation in Huh7 cells. The mean + SD from three independent experiments is presented. Significant differences were determined by Student's t-test.
“P<0.05; “'P<0.01; ""P<0.001. SNF2H, SWItch/sucrose nonfermentable catalytic subunit SNF2; HCC, hepatocellular carcinoma; SD, standard deviation; SCR,

scrambled small interfering RNA precursor; OD, optical density.

to upregulate B-catenin protein levels. Subsequently, it was
observed that neither SNF2H overexpression in BEL-7402
cells nor SNF2H knockdown in Huh7 cells resulted in
different B-catenin mRNA levels compared with the control
BEL-7402-MOCK (increase of 1.1-fold; P=0.158) and
Huh7-Scr cells (shSNF2H#1 vs. SCR, decrease of 7%,P=0.62;
shSNF2H#2 vs. SCR, increase of 8%, P=0.574) (Fig. 3C).
In addition, there were no differences in the cytoplasmic
level of (3-catenin. However, the nuclear level of B-catenin
was markedly upregulated 2-fold in the SNF2H overex-
pression BEL-7402 cells compared with the control group
(P=0.003) (Fig. 3D). Knockdown of SNF2H did not change
the cytoplasmic level of B-catenin, but the nuclear level of
-catenin was markedly downregulated by 20 and 70%,
respectively, compared with the control group in the Huh7
cells (shSNF2H#1 vs. SCR, P=0.023; shSNF2H#2 vs. SCR,

P=0.002) (Fig. 3E). These results indicate that SNF2H may
promote [-catenin protein levels and enhance the nuclear
accumulation of B-catenin in HCC cells.

SNF2H activates the Wnt/f-catenin signaling pathway.
SNF2H increases the protein level of [3-catenin and enhance
its nuclear translocation in HCC cells. These findings indi-
cate that SNF2H may drive the Wnt/B-catenin signaling
pathway in HCC cells. To test this hypothesis, it was investi-
gated whether overexpression of SNF2H in BEL-7402 cells
could regulate the transcription of the Wnt/p-catenin target
genes, such as cyclin D1 and c-MYC. SNF2H overexpres-
sion in BEL-7402 cells significantly upregulated c-MYC
and cyclin DI mRNA by 2.5-fold (P=0.0056 vs. MOCK)
and 2.2-fold (P<0.001 vs. MOCK), respectively, and protein
levels (Fig. 4A and B). However, knockdown of the expression
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Figure 3. SNF2H upregulates [3-catenin protein levels and promotes the nuclear accumulation of f-catenin. (A) Overexpression of SNF2H in BEL-7402 cells
increased (3-catenin protein levels. (B) Knockdown of SNF2H expression in Huh7 cells reduced f3-catenin protein levels. (C) SNF2H did not change [3-catenin
mRNA expression. Neither SNF2H-overexpression BEL-7402 cells nor SNF2H-knockdown Huh7 cells altered 3-catenin mRNA levels compared with the
control BEL-7402 and Huh7 cells. f-catenin mRNA was measured using reverse transcription-quantitative polymerase chain reaction. The mean =+ standard
deviation from three independent experiments is presented as a relative ratio to the control, whose value was taken as 1.0. (D) Cell fractionation assays revealed
that overexpression of SNF2H increased the levels of nuclear -catenin protein in BEL-7402 cells. (E) Knockdown of SNF2H expression reduced the levels of
nuclear -catenin protein in Huh7 cells. CE, cytoplasmic extract; NE, nuclear extract; SNF2H, SWltch/sucrose nonfermentable catalytic subunit SNF2; HCC,
hepatocellular carcinoma; SCR, scrambled small interfering RNA precursor; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; H3, histone H3.

of SNF2H decreased the mRNA expression of cyclin DI by
60% (shSNF2H#1 vs. SCR, P<0.001; shSNF2H#2 vs. SCR,
P=0.0053) and c-MYC by 50% (shSNF2H#1 vs. SCR,
P=0.0037; shSNF2H#2 vs. SCR, P<0.001) and also decreased
protein levels in Huh7 cells compared with the control group
(Fig. 4A and B). It was investigated whether SNF2H could
activate the LEF luciferase reporter that is always used as indi-
cator of the level of Wnt/B-catenin signaling pathway activity.
Indeed, exogenous expression of SNF2H in HEK-293T cells

could enhance the LEF luciferase reporter activity by 3.0-fold
compared with the control group (P<0.001) (Fig. 4C). Next, it
was investigated whether SNF2H could also activate the LEF
luciferase reporter activity in the HCC cells. Overexpression
of SNF2H in BEL-7402 cells enhanced LEF luciferase
reporter activity by 2.0-fold compared with the control
group (P=0.0031) (Fig. 4D). However, knockdown of SNF2H
expression in Huh7 cells decreased LEF luciferase reporter
activity by 50% (shSNF2H#1 vs. SCR, P=0.0166) and 60%
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enhancer factor; SD, standard deviation.

(shSNF2H#2 vs. SCR, P=0.0018) compared with the control
group (Fig. 4E). These results indicate that SNF2H activates the
Wnht/p-catenin signaling pathway to promote HCC cell growth.

Discussion

HCC is the fifth most common cancer and the third most
common cause of cancer-associated mortality worldwide.
The incidence and mortality of HCC has been increasing
rapidly worldwide in previous decades. China alone accounts
for >50% of cases of HCC worldwide (20,21). Due to the
poor prognosis of HCC patients, the molecular mechanism of
HCC development urgently requires clarification. Although

numerous genes associated with the development of HCC
have been confirmed (22-26), the mechanism of HCC devel-
opment has not been well elucidated. In the present study,
the expression of SNF2H in HCC specimens and the paired
paratumoral liver tissues was assessed. It was found that
the expression of SNF2H in HCC specimens was increased
compared with the paired paratumoral liver tissues. The
present findings suggest that SNF2H may be a novel inter-
vention target for the treatment of HCC.

The extremely poor prognosis of HCC is mainly due to
tumor growth and vascular invasion (27-30). The molecular
mechanism of HCC cell growth is not well known. There-
fore, a thorough knowledge of the molecular mechanisms of
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HCC cell growth is extremely important for the therapeutics
for HCC patients. The present results showed that SNF2H
plays a vital role in promoting HCC cell growth and colony
formation ability, indicating that SNF2H is a vital factor for
the development of HCC.

The Wnt/B-catenin signaling pathway is aberrantly acti-
vated during the development of HCC (3-5). When binding
with Wnt ligands, the destruction complex, which includes
adenomatous polyposis coli protein, casein kinase 1, Axin
and glycogen synthase kinase 3, may not induce the degrada-
tion of B-catenin. Further, stabilized f-catenin may induce
the expression of Wnt/f3-catenin target genes by interacting
with TCF/LEF transcription factors. Previous data show
that certain Wnt target genes, such as cyclin D1 and ¢c-MYC,
regulate tumor cell growth (6,31). However, the association
between SNF2H and the Wnt/f-catenin pathway in HCC
remains unknown. In the present study, SNF2H was shown to
activate the Wnt/B-catenin pathway in HCC cells by upregu-
lating B-catenin protein levels and enhancing (-catenin
nuclear translocation. The mechanism for SNF2H-mediated
upregulation of the expression of B-catenin requires eluci-
dation. Neither SNF2H-overexpression BEL-7402 cells nor
SNF2H-knockdown Huh7 cells regulated p-catenin mRNA
levels. Thus, it is possible that SNF2H may interfere with
the degradation machinery of f-catenin. The mechanism
of SNF2H enhancement of the nuclear translocation of
[(-catenin is a vital focus for additional investigation, which
may indicate a novel target for the treatment of HCC patients.

SNF2H plays an important role in cell growth and
viability (32,33). Stopka er al (13) reported that knockout of
SNF2H reduced cell proliferation by the inhibition of mitosis.
The present results showed that SNF2H also promotes cell prolif-
eration in HCC. The role of SNF2H in carcinogenesis is well
established. Mohamed et al (12) reported that SNF2H showed
higher expression in prostatic neoplasia compared with benign
prostatic hyperphasia. The results of this study suggest that
SNF2H is important in prostate carcinogenesis (12). Previously,
another study observed increased expression of SNF2H in gastric
cancer samples compared with normal mucosa (16). However,
no study has reported an association between SNF2H and HCC.
The present study demonstrated that SNF2H expression was
markedly upregulated in HCC tissues compared with the paired
paratumoral liver tissues. The present results indicate that SNF2H
may be a promising therapeutic target strategy for HCC patients.
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