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Overexpression of hSNF2H in glioma promotes cell proliferation,
invasion, and chemoresistance through its interaction with Rsf-1
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Abstract hSNF2H partners with Rsf-1 to compose the Rsf
complex to regulate gene expression. Recent studies indicated
that hSNF2H was overexpressed in several human cancers.
However, its expression pattern and biological mechanism in
glioma remain unexplored. In this study, we found that
hSNF2H was overexpressed in 32 % of glioma specimens.
hSNF2H overexpression correlated with advanced tumor
grade (p=0.0338) and Rsf-1 positivity in glioma tissues (p=
0.016). Small interfering RNA (siRNA) knockdown was per-
formed in A172 and U87 cell lines. MTT, colony formation
assay, and cell cycle analysis showed that knockdown of
hSNF2H inhibited cell proliferation, colony formation ability,
and cell cycle transition. Matrigel invasion assay showed that
hSNF2H depletion inhibited invasive ability of glioma cells.
In addition, we demonstrated that hSNF2H depletion de-
creased temozolomide resistance of A172 and U87 cell lines
and increased temozolomide induced apoptosis. Furthermore,
hSNF2H depletion decreased cyclin D1, cyclin E, p-Rb,
MMP2, cIAP1, Bcl-2 expression, and phosphorylation of

IκBα and p65, suggesting hSNF2H regulates apoptosis
through NF-κB pathway. Immunoprecipitation showed that
hSNF2H could interact with Rsf-1 in both cell lines. To vali-
date the involvement of Rsf-1, we checked the change of its
downstream targets in Rsf-1 depleted cells. In Rsf-1 depleted
cells, changes of cyclin E, Bcl-2, and p-IκBα were not signif-
icant using hSNF2H siRNA treatment. In conclusion, our
study demonstrated that hSNF2H was overexpressed in hu-
man gliomas and contributed to glioma proliferation, inva-
sion, and chemoresistance through regulation of cyclin E
and NF-κB pathway, which is dependent on its interaction
with Rsf-1.
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Introduction

Glioma is the most common malignant tumor in the central
nervous system. Despite improvement in surgery and chemo-
therapy, the prognosis for glioma patients remains poor [1].
Overexpression of oncogene plays important roles during can-
cer development and progression. Thus identifying of new
markers which play a part in tumor progression is very impor-
tant for understanding biological characteristics of glioma and
development of targeted therapy [2, 3].

Chromatin regulation is an important process of DNA rep-
lication, transcription, and DNA repair, and chromatin remod-
eling complexes play important roles in this process. The
Imitation Switch (ISWI) is a chromatin remodeling complex
family, which has many biological activities such as DNA
dependent ATPase activity [4]. hSNF2H (human sucrose
non-fermenting protein 2 homologue) belongs to ISWI chro-
matin remodeling complex and displays chromatin remodel-
ing activity in development and cancer [5–7]. Previous reports
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showed that SNF2H expression was strong in proliferating
population during brain development [8]. In a study using a
SNF2H-null mice, blastocyst outgrowth experiments indicat-
ed that loss of SNF2H resulted in growth arrest and cell death
of both the trophectoderm and inner cell mass. Reducing
SNF2H level also inhibited CD34+ progenitors from under-
going cytokine-induced erythropoiesis in vitro [9, 10].
Recently, there are several studies indicating that hSNF2H
was overexpressed in human cancers including gastric cancer,
ovarian cancer, and prostate cancer [11–14]. It still remains
unclear that hSNF2H was involved in development and pro-
gression of human glioma.

In the present study, we examined the expression pattern of
hSNF2H in human glioma specimens.We also knocked down
hSNF2H using small interfering RNA (siRNA) to explore its
role in cell proliferation, invasion, and chemoresistance. In
addition, we investigated the potential mechanism of
hSNF2H during malignant cell progression.

Materials and methods

Specimens and immunohistochemistry

The study protocol was approved by the institutional reviewer
board of China Medical University. All participants provided
their written informed consent, and the investigation was con-
ducted according to the principles expressed in the
Declaration of Helsinki. Tumor specimens were obtained
from 103 patients diagnosed with glioma who underwent re-
section in the First Affiliated Hospital and Shengjing Hospital
of ChinaMedical University between 2010 and 2013. Clinical
and pathological data were obtained from medical records.

Surgically excised tumor specimenswere fixed and embed-
ded in paraffin, and 5-μm-thick sections were prepared.
Immunostaining was performed using the S-P staining kit
from Maixin (Ultrasensitive™, MaiXin, Fuzhou, China).
After antigen retrieval in citrate buffer (pH 6.0) for 2 min in
an autoclave. 0.3 % hydrogen peroxide was used for 15 min,
and then the sections were incubated with goat serum. Tissue
sections were incubated with hSNF2Hmouse monoclonal an-
tibody (1:1000 dilution; Milipore), Rsf-1 (1:2000 dilution;
Milipore). Mouse immunoglobulin (at the same concentration
of the antigen specific antibody) was used as a negative con-
trol. Staining was performed at 4 °C overnight. Biotinylated
goat anti-rabbit serum IgG was used as a secondary antibody.
After washing, the sections were incubated with streptavidin–
biotin conjugated complex with horseradish peroxidase, and
the peroxidase reaction was developed with 3,3-diaminoben-
zidine tetrahydrochloride. Counterstaining with hematoxylin
was performed and the sections were dehydrated in ethanol
before mounting.

Two independent blinded investigators examined all tumor
slides randomly. Positive nuclear/cytoplasmic staining was
considered positive. Immunostaining of hSNF2H was scored
on a semi-quantitative scale by evaluating staining intensity
and percentage. We calculated the percentage of positively
stained cells. The staining intensity was categorized as fol-
lows: 0, negative; 1, moderate; and 2, strong. The staining
percentage of tumor specimens was scored as 0, 0 %; 1 1–
5 %; 2, 6–25 %; 3, 26–75 %; and 4, 76–100 %. The scores of
each tumor sample were multiplied to give a final score of 0 to
8, and the tumor samples with a final score of 4–8 were finally
determined as hSNF2H overexpression.

Cell culture and transfection

A172 and U87 cell lines were obtained from American Type
Culture Collection (Manassas, VA, USA). The cells were cul-
tured in DMEM (Invitrogen, Carlsbad, CA, USA) containing
10 % fetal calf serum. Cells were grown on sterilized culture
dishes and were passaged every 2 days with 0.25 % trypsin.

hSNF2H and Rsf-1 siRNA was bought from by Santa
Cruz. DharmaFECT1 reagent was used for siRNA transfec-
tion (ThermoFisher, USA) according to the manufacturer’s
instructions.

Western blot analysis

Total protein was extracted using Pierce lysis buffer (Pierce,
Rockford, IL). Protein quantification was performed using the
Bradford method. Fifty micrograms of protein was separated
by SDS-PAGE and was transferred to PVDF membranes
(Millipore, Billerica, MA, USA). Membranes were incubated
at 4 °C overnight with antibody against hSNF2H (1: 1000,
Millipore, USA), Bcl-2, MMP2, p-Rb, cIAP1, p-IκB, p-p65,
cyclin D1, cyclin E, cleaved caspase3 (1:1000 dilution, Cell
Signaling Technology, Boston, USA) and GAPDH (1:2000
dilution; Cell Signaling Technology, USA), after incubation
with peroxidase-coupled anti-mouse or rabbit IgG antibody
(1:1000 dilution, Cell Signaling Technology, USA) at 37 °C
for 2 h. Target proteins on PVDF membrane were visualized
using Pierce ECL kit and captured using a DNR BioImaging
System (DNR, Jerusalem, Israel).

Immunoprecipitation

For immunoprecipitation, a sufficient amount of antibody was
added to 200 μg protein and gently rotated at 4 °C overnight.
The immunocomplex was captured by adding 25 μl protein
A/G agarose beads (Beyotime, Jiangsu, China) and gently
rotated at 4 °C for 3 h. Then, the mixture was centrifuged at
1500g for 5 min at 4 °C, and the supernatant was discarded.
The precipitate was washed three times with ice-cold RIPA
buffer, resuspended in sample buffer, and boiled for 5 min to
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dissociate the immunocomplex from the beads. The superna-
tant was then collected by centrifugation and subjected to
Western blot analysis.

Quantitative real-time PCR (SYBR Green method)

Total RNAwas extracted from cells using Trizol (Invitrogen).
Reverse transcription of 1 μg of RNAwas done using the RT
kit (TAKARA, Dalian, China) following the manufacturer’s
instructions.

Real-time PCR was performed using SYBR Green master
mix kit purchased from Applied Biosystems. PCR was per-
formed using 7500 real-time PCR System (Applied
Biosystems). β-actin was used as the endogenous control.
Relative gene expression was calculated as ΔCt=Ct gene –Ct
control. Relative gene expression was calculated by the 2-ΔΔCt

method. The sequences of the primer pairs are as follows:

hSNF2H forward, 5′ TTGGCATCAATCTTGCGACT 3′
hSNF2H reverse, 5′ CCAATTCTATGTGCTCGGT
CCA 3′

β-actin forward, 5′ ATAGCACAGCCTGGATAGCAA
CGTAC 3′
β-actin reverse, 5′ CACCTTCTACAATGAGCTGCG
TGTG 3′

Colony formation and MTT assay

Colony formation assay: after transfection for 48 h, cells were
plated into 6-cm cell culture dishes (about 2000 per dish).
Then, cells were cultured for 12 days. Plates were washed
with PBS and Giemsa staining was performed to visualize
colony. The colonies with more than 50 cells were manually
counted using a microscope.

MTT assay: cells were plated in 96-well plates (approxi-
mately 3000 cells per well) and cultured for 5 days. Twenty
microliters of 5 mg/ml MTT solution was added to well. After
incubation for 4 h, the medium was removed and remaining
MTT formazan was dissolved in 150 μl of DMSO. Solution
was measured spectrophotometrically at 490 nm.

Fig. 1 Expression of hSNF2H in
human glioma. a
Immunohistochemical staining of
hSNF2H protein in glial cells was
negative. b Negative hSNF2H
staining in grade II glioma. c
Positive nuclear hSNF2H staining
in grade III glioma. d Strong
nuclear hSNF2H staining in
glioblastoma (grade IV). e, f
Glioma samples with high
hSNF2H expression (e) showed
strong Rsf-1 nuclear expression
(f). (Magnification ×200)
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Flow cytometry for cell cycle analysis

Forty-eight hours after transfection, cells were harvested and
fixed using 1 % paraformaldehyde. Then, cells were washed
with PBS and stained in 5 mg/ml propidium iodide for 30 min
at room temperature. Flow cytometry was performed using
BD FACS Calibur flow cytometer systems (Becton
Dickinson, USA).

Matrigel invasion assay

Cell invasion assay was performed using a 24-well Transwell
chamber with a pore size of 8 μm (Costar, Cambridge, MA).
The inserts were coated with 20 μl Matrigel (1:3 dilution, BD
Bioscience, San Jose, CA, USA). After the transfection, cells
were trypsinized, and 2×105 cells in 100 μl of serum-free
medium were transferred to the upper Matrigel chamber and
incubated for 18 h. Medium supplemented with 15 % FBS

Fig. 2 hSNF2H expression and
knockdown efficiency in glioma
cell lines. a Western blot and
real-time PCR analysis showed
relative high hSNF2H expression
in A172 and U87 cell lines. b
Western blot and real-time PCR
confirmed knockdown efficiency
of hSNF2H siRNA in both cell
lines. *p<0.05

Table 1 The relationship between hSNF2H and clinical feature of
glioma

Parameters Number hSNF2H p value

Negative Positive

Age

<50 57 42 (73.68 %) 15 (26.32 %) 0.1659

≥50 46 28 (60.87 %) 18 (39.13 %)

Gender

Male 67 46 (68.66 %) 21 (31.34 %) 0.8365

Female 36 24 (66.67 %) 12 (33.33 %)

Grading

Grade I 6 6 (100 %) 0 (0 %) 0.0338

Grade II 33 26 (78.79 %) 7 (21.21 %)

Grades III and IV 64 38 (59.38 %) 26 (40.63 %)

Rsf-1

Negative 49 39 (79.59 %) 10 (20.41 %) 0.0160

Positive 54 31 (57.41 %) 23 (42.59 %)
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was added to the lower chamber. After incubation, the non-
invaded cells on the upper membrane surface were removed
with a cotton tip, and the cells that passed through the filter
were fixed with 4 % paraformaldehyde and stained with
hematoxylin.

Statistical analysis

SPSS version 11.5 for Windows was used for all statistical
analyses. Chi-Square test was used to evaluate possible corre-
lations between hSNF2H overexpression and clinicopathologic

Fig. 3 hSNF2H knockdown
inhibits cell proliferation and cell
cycle progression. aMTTshowed
that siRNA treatment of hSNF2H
decreased cell growth rate in
A172 and U87 cells in
comparison with cells transfected
with negative siRNA. b hSNF2H
depletion inhibited colony
formation ability in both cell
lines. c Cell cycle analysis
showed that S phase percentage
was decreased after hSNF2H
depletion. *p<0.05
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factors. t test was used to compare data between control and
siRNA treated cells. All p values were based on the two-sided
statistical analysis, and p<0.05 was considered to be statistical-
ly significant in difference.

Results

Clinical significance of hSNF2H in glioma specimens

We examined the hSNF2H protein expression in a panel of
103 primary glioma specimens and 20 normal brain tissues
using immunohistochemistry. We found that positive staining

of hSNF2H protein was mainly localized in the nuclear com-
partment in glioma specimens. Normal glial cells showed neg-
ative hSNF2H expression (Fig. 1a). hSNF2H positivity was
found in 33 out of 103 (32 %) glioma specimens (Fig. 1b–d).
We analyzed the correlation between hSNF2H status and clin-
ical parameters. We observed statistically significant correla-
tion between hSNF2H positivity and advanced tumor grade
(p=0.0338). Positive rate of hSNF2H was 40.63, 21.21, and
0 % in advanced stage (stages III and IV), stage II, and stage I
gliomas, respectively (Table 1). We found no difference be-
tween the hSNF2H status with age (p=0.1659) and gender
(p=0.8365).We also examined expression加of hSNF2H part-
ner protein Rsf-1 in glioma tissues. The results showed that 54

Fig. 4 hSNF2H knockdown
inhibits cell invasion and
chemoresistance. a Matrigel
invasion assay showed that
hSNF2H depletion decreased cell
invasion in both A172 and U87
cell lines. b MTT assay showed a
remarkable decrease in cell
viability after siRNA treatment
using MTT assay in
temozolomide treated cells. c
hSNF2H siRNA significantly
increased apoptosis rate and
caspase 3 cleavage in TMZ
treated glioma cells. *p<0.05
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cases scored positive for Rsf-1, which was also localized in
nucleus of tumor cells (Fig. 1f). As shown in Table. 1, cases
that had high level of hSNF2H expression tended to have
strong Rsf-1 staining (p=0.016) (Fig. 1e, f).

Knockdown of hSNF2H suppresses glioma cell
proliferation and cell cycle progression

Expression level of hSNF2H was analyzed in three glioma
cell lines by Western blot. High expression of hSNF2H pro-
tein was observed in A172 and U87 cell lines (Fig. 2a). To
explore its biological function, hSNF2H specific siRNA was
used to deplete its expression. hSNF2H knockdown efficiency
was confirmed by Western blot and real-time PCR (Fig. 2b).
Then, we tried to explored the effect of hSNF2H depletion on
cell proliferation. Using MTTand colony formation assay, we
found hSNF2H depletion decreased growth rate (Fig. 3a) and
colony formation ability compared with control (A172 Con vs
siRNA: 278±8 vs 166±11; U87 Con vs siRNA: 222±18 vs
106±11, p<0.05) (Fig. 3b). Cell cycle analysis showed that S
phase percentage was decreased in cells transfected with
hSNF2H siRNA compared with control in both cell lines
(Fig. 3c), suggesting hSNF2H downregulation could inhibit
glioma cell proliferation by arresting cell cycle progression.

hSNF2H depletion in glioma cells inhibits cell invasion
and chemoresistance

Matrigel invasion assay was also performed to determine the
role of hSNF2H on cell invasion. A significant decrease of cell
invasion (A172: 58.7 %; U87: 44.1 %) was observed in
hSNF2H depleted cells (Fig. 4a), suggesting that hSNF2H
positively regulates glioma cell invasion. To investigate the
involvement of hSNF2H in chemoresistance of glioma cells,
temozolomide (TMZ) (100 μM) was used to treat A172 and
U87 cells transfected with hSNF2H siRNA or negative con-
trol siRNA. We observed a remarkable decrease in cell viabil-
ity after siRNA treatment using MTT assay (Fig. 4b). In addi-
tion, the degree of apoptosis was examined by AnnexinV/PI
flow cytometry analysis. hSNF2H siRNA significantly in-
creased apoptotic rate in TMZ treated glioma cells. We also
found that the level of cleaved caspase 3 was significant up-
regulated after hSNF2H siRNA treatment in both cell lines.
These results suggest that hSNF2H could mediate temozolo-
mide resistance in glioma cells and its depletion enhanced
temozolomide sensitivity.

hSNF2H depletion downregulates cyclin D1, cyclin E,
MMP2, Bcl-2, cIAP1 expression, and NF-κB signaling
activity

To investigate the potential mechanism by which hSNF2H
affected cell cycle, invasion, and chemoresistance, we

examined the effect of hSNF2H depletion on cell cycle related
proteins cyclin D1, cyclin E, and p-Rb. We also examined
invasion related protein MMP2 and chemoresistance protein
Bcl-2 and cIAP1. As shown in Fig. 5, Western blot analysis
revealed that downregulation of hSNF2H decreased the pro-
tein levels of cyclin D1, cyclin E, p-Rb, MMP2, Bcl-2, and
cIAP1. In addition, we found that the levels of NF-κB com-
ponents p-IκBα and p-p65 were significantly decreased after
hSNF2H depletion, suggesting hSNF2H regulates biological
behaviors of glioma cells possibly through NF-κB pathway.

hSNF2H interacts with Rsf-1 to regulate NF-κB pathway

hSNF2H was previous regarded as Rsf-1 partner, which was
reported to interact with cyclin E. To validate these, co-
immunoprecipitation was performed to examine if there is
an associa t ion between hSNF2H and Rsf-1 . We
immunoprecipitated hSNF2H and analyzed them by Western
blotting for Rsf-1 binding. As shown in Fig. 6a, hSNF2H co-
immunoprecipitated with Rsf-1 in glioma cells. To validate
the role of Rsf-1 in hSNF2H mediated effects, we employed
siRNAs to deplete Rsf-1 expression in A172 and U87 cells.
Then, we examined if hSNF2H knockdown could decrease

Fig. 5 hSNF2H depletion downregulates cyclin D1, cyclin E, MMP2,
Bcl-2, cIAP1 expression, and NF-κB signaling activity. Western blot
analysis revealed that downregulation of hSNF2H decreased the protein
levels of cyclin D1, cyclin E, p-Rb, MMP2, Bcl-2, cIAP1, p-IκBα, and p-
p65
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cyclin E, Bcl-2, and p-IκBα in Rsf-1 depleted cells. As shown
in Fig. 6b, the effect of hSNF2H on cyclin E, Bcl-2, and p-
IκBα was significantly blocked in Rsf-1 depleted cells.

Discussion

Chromatin remodeling factors play important roles in diverse
biological process. Aberrant expression of chromatin remodel-
ing complex was reported to associate with many diseases and
cancers [15]. hSNF2Hwas reported to be overexpressed and to
interact with Rsf-1 in ovarian cancer [14]. However, clinical
significance of hSNF2H and its biological roles in human gli-
oma have not been explored. To address this issue, immuno-
histochemistry was performed to detect the staining of
hSNF2H protein in glioma tissues. We found that hSNF2H
was overexpressed in 32 % of glioma tissues compared with
normal glial cells. hSNF2H protein was mainly localized in the
nucleus of cancer cells and correlated with advanced grade.
This was in accord with previous study suggesting hSNF2H
was a potential oncoprotein in glioma and might associate with
glioma progression [13]. It was reported that hSNF2H
partnered with Rsf-1 to form an ISWI chromatin remodeling
complex [16]. Rsf-1 served as a survival signal in many bio-
logical activities and was overexpressed in many human

cancers [17–19]. Previous studies demonstrated that hSNF2H
interacted with Rsf-1 and promoted the function of Rsf-1 dur-
ing cancer development and progression [14, 20]. In the present
study, we showed that hSNF2H colocalized with Rsf-1 in the
nuclear compartment of glioma tissues, suggesting Rsf-1 may
play a part in the biological roles of hSNF2H in glioma.

Immunohistochemical staining suggested potential roles of
hSNF2H in glioma progression. We depleted hSNF2H expres-
sion by using siRNA in A172 and U87 cell lines with high
endogenous expression and examined the biological roles of
hSNF2H. MTT and colony formation assay were performed,
and we observed a remarkable decrease of proliferation rate
and colony formation ability in hSNF2H depleted glioma cells.
Cell cycle analysis indicated that hSNF2H depletion might ar-
rest G1-S transition to inhibit cell proliferation. Accordingly,
analysis of cell cycle related proteins showed that hSNF2H
siRNA significantly decreased cyclin D1, cyclin E, and p-Rb,
which was in accordance with cell cycle inhibition caused by
siRNA treatment. In addition, Matrigel invasion assay was per-
formed and the results showed that hSNF2H depletion signifi-
cantly decreased invading ability of glioma cells, with downreg-
ulation of MMP2 protein expression. Thus, hSNF2H regulates
both proliferation and invading ability of glioma cells, which
correlated well with the fact that hSNF2H positively associated
with advanced glioma grade.

Fig. 6 hSNF2H interacts with
Rsf-1 to regulate NF-κB pathway.
a hSNF2H co-
immunoprecipitated with Rsf-1 in
both glioma cell lines. b The
inhibitory effect of hSNF2H on
cyclin E, Bcl-2, and p-IκBα was
significantly blocked in Rsf-1
depleted A172 and U87 cells
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The involvement of hSNF2H in cancer chemoresistance
was not clear. To explore this issue, we examined cell viability
in hSNF2H depleted glioma cells with TMZ treatment. We
found that hSNF2H sensitized cancer cells to TMZ treatment
in A172 and U87 cell lines. In addition, the rate of apoptosis
and the level of caspase 3 cleavage were upregulated after
hSNF2H knockdown in TMZ treated cells. These data sug-
gested that hSNF2H overexpression in glioma induced temo-
zolomide resistance and its depletion increased drug sensitiv-
ity. The mechanism of hSNF2H related temozolomide sensi-
tivity was unclear. We examined the level of apoptosis related
proteins and found that Bcl-2 and cIAP1 expression were
downregulated after hSNF2H depletion in both cell lines.
Bcl-2 and cIAP1 were important inhibitors of cell apoptosis
and played an important role in the development of TMZ
resistance [21, 22]. In addition, we found that the level of
NF-κB components p-IκBα and p-p65 were significant
inhibited after hSNF2H knockdown. Bcl-2 and cIAP1 were
both downstream targets of NF-κB signaling pathway
[23–25]. These results suggested that hSNF2H upregulated
Bcl-2 and cIAP1 expression to enhance TMZ resistance of
A172 and U87 cells through NF-κB pathway.

Rsf-1 was previously reported to interact with cyclin E and
induce cell proliferation [26]. Rsf-1 was also shown to interact
with hSNF2H in ovarian cancer cells [20]. Since hSNF2H is a
Rsf-1 partner protein, we examined if there was an association
between hSNF2H and Rsf-1. Using immunoprecipitation, we
confirmed that hSNF2H could interact with Rsf-1. To further
confirm the involvement of Rsf-1 in hSNF2H induced effect,
we employed siRNA to deplete both hSNF2H and Rsf-1 ex-
pression in A172 and U87 cells. The effect of hSNF2H on
cyclin E, Bcl-2, and p-IκBα was significantly blocked in Rsf-
1 depleted glioma cells. These results indicated that Rsf-1
plays an important role in hSNF2Hmediated biological effect.

In conclusion, this study demonstrates that hSNF2H is
overexpressed in glioma tissues and correlates with advanced
grade. hSNF2H interacts with Rsf-1 and regulates cell prolif-
eration, invasion, and chemoresistance through NF-κB signal-
ing. Our findings indicate that hSNF2H might serve as a ther-
apeutic target of glioma.
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