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Abstract. Glioma is the most common type of central
nervous system tumor. SWItch/sucrose non‑fermentable
(SWI/SNF) is a tumor suppressor that serves an important
role in epithelial‑mesenchymal transition (EMT). The present
study aimed to identify key molecules involved in the EMT
process. SWI/SNF related, matrix associated, actin dependent
regulator of chromatin subfamily c member 2 (SMARCC2) is
mutated in and its expression is low in multiple types of cancer.
SMARCC2 is the core subunit of the chromatin‑remodeling
complex, SWI/SNF. Relative mRNA SMARCC2 expression
levels in human glioma tissue were analyzed via reverse
transcription‑quantitative PCR, whereas the protein expres‑
sion levels were determined via immunohistochemistry
staining. SMARCC2 expression was knocked down in glioma
cells using small interfering RNA (si) and overexpressed by
infection with adenovirus vectors carrying SMARCC2 cDNA.
Wound healing and Transwell assays were performed to assess
cell migration and invasion, respectively. Subsequently, immu‑
nofluorescence and western blotting were performed to analyze
the expression levels of the oncogene c‑Myc, which is associ‑
ated with SMARCC2. SMARCC2 combines with C‑MYC to
downregulate its expression. Consistent with the results of the
bioinformatics analysis, which revealed that the upregulated
expression levels of SMARCC2 were associated with a more
favorable prognosis in patients with glioma, the mRNA and
protein expression levels of SMARCC2 were significantly
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upregulated in low‑grade glioma tissues compared with
high‑grade glioma tissues. The results of the wound healing
assay demonstrated that cell migration was significantly
increased in the siSMARCC2‑1/3 groups compared with the
negative control (NC) group. By contrast, the migratory ability
of cells was significantly reduced following transduction with
adenovirus overexpressing SMARCC2, which upregulated
the expression of SMARCC2, compared with the lentiviral
vector‑non‑specific control (LVS‑NC) group. The Transwell
assay results further showed that SMARCC2 overexpression
significantly inhibited the migratory and invasive abilities
of U87MG and LN229 cells compared with the LVS‑NC
group. Co‑immunoprecipitation assays were subsequently
conducted to validate the binding of SMARCC2 and c‑Myc;
the results demonstrated that the expression of c‑Myc was
downregulated in adenovirus‑transfected cells compared with
LVS‑NC‑transfected cells. The results of the western blot‑
ting experiments demonstrated that the expression levels of
N‑cadherin, vimentin, snail family transcriptional repressor 1
and β ‑catenin were notably downregulated, whereas the
expression levels of T‑cadherin were markedly upregulated
in cell lines stably overexpressing SMARCC2 compared with
the LVS‑NC group. In conclusion, the results of the present
study suggested that SMARCC2 may inhibit Wnt/β‑catenin
signaling by regulating c‑Myc expression in glioma.
SMARCC2 regulates the EMT status of the glioblastoma cell
line by mediating the expression of the oncogene C‑MYC to
inhibit its migration and invasion ability. Thus, SMARCC2
may function as a tumor suppressor or oncogene by regulating
associated oncogenes or tumor suppressor genes.
Introduction
ATP‑dependent chromatin‑remodelling complexes (remod‑
elers), SWItch/sucrose non‑fermentable (SWI/SNF), were
reported to serve a crucial role in gene regulation, where
they affected numerous biological processes (1). However,
the molecular architecture of SWI/SNF complexes was not
studied in detail until the previous 5 years (2‑4). Nonetheless,
to the best of our knowledge, the role of their core subunit,
SWI/SNF related, matrix associated, actin dependent regulator
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of chromatin subfamily c member 2 (SMARCC2), in the devel‑
opment and progression of glioma remains poorly understood.
Over the past two decades, there have been rapid developments
in research regarding chromatin structures that govern crucial
cellular processes, including DNA replication, transcription
and post‑transcriptional gene regulation (5). The mammalian
SWI/SNF family of chromatin remodelers, BAF nuclear
assembly factor 1 (BAF) and polybromo‑associated BAF,
regulate chromatin structure and transcription via sliding,
ejecting and reconstituting the nucleosomes, and mutations in
each have previously been associated with numerous cancer
types, such as breast, colon, liver and stomach cancer (6‑10).
Among the four core subunits of the SWI/SNF complex
[SMARC subfamily a member 4 (SMARCA4), BAF155,
SMARCC2 and SMARC subfamily b member 1], SMARCC2
forms a part of the SWI/SNF base module that displays a
compact fold and can be divided into five closely associated
submodules: The head, thumb, palm, bridge and fingertips.
The thumb is formed by the SANT domain of SMARCC2,
the pre‑HSA of SMARCA4 and the C‑terminal helices of
SMARC subfamily d member 1 (2).
Glioma is the most common type of primary malignant
tumor of the central nervous system and is strongly resistant
to postoperative radiotherapy and chemotherapy (11‑13).
Glioblastoma (GBM) is known to be the most severe type
(level 4) of glioma owing to its malignant nature. As the stan‑
dard Stupp therapy for glioblastoma, the most common type of
intracranial aggressive tumor, ionizing radiation plus concom‑
itant and adjuvant temozolomide is widely used following
surgical resection. Temozolomide triggers autophagy‑
associated cell death to inhibit tumor growth in GBM (3).
However, the prognosis of patients with GBM remains poor,
with a median survival of 14.6 months. Numerous previous
studies focused on identifying potential molecular targeted
therapies and associated molecular pathways involved in GBM
carcinogenesis have shed light on its pathogenesis, which has
improved patient prognosis (14‑18).
The present study aimed to investigate the antitumor
effects of SMARCC2 on glioma cells. Furthermore, the
possible underlying mechanisms associated with the effects of
SMARCC2 were also investigated.
Materials and methods
Patient studies. In total, 62 patients (age, 21‑67 years;
42 males and 20 females) with newly diagnosed GBM who
had undergone surgery plus standard chemoradiotherapy
(Stupp regimen) were recruited from October 2012 to March
2019. Patients had no chronic disease, such as cardiovascular
disease, hypertension and hyperglycemia. All glioma tissue
specimens were collected from Nanfang Hospital of Southern
Medical University (Guangzhou, China). Fresh samples were
stored in ‑196˚C liquid nitrogen following surgical removal.
All patients provided written informed prior to participation
in the study, and all study results were stored and analyzed
anonymously. The present study protocol was approved by the
Institutional Review Board at Nanfang Hospital of Southern
Medical University (approval no. 81772656). All research was
performed in accordance with the principles of the Declaration
of Helsinki of 1975. Tumor tissue obtained from the patients

was graded according to the World Health Organization (19)
criteria.
Cell lines and culture. U87MG (cat. no. CC‑Y1528), which
are most probably a glioblastoma cell line of unknown origin,
T98G and LN229 cell lines were purchased from American
Type Culture Collection. Cells were cultured in DMEM
(containing 4.5 g/l glucose; cat. no. 11995065) supplemented
with 10% FBS (cat. no. 16140071) and puromycin (all Gibco;
Thermo Fisher Scientific, Inc.), and maintained in a humidified
incubator at 37˚C in a 5% CO2 atmosphere.
Cell transfection and transduction. The nucleotide sequences of
small interfering RNAs (siRNAs/sis) targeting SMARCC2 were
synthesized by Shanghai GenePharma Co., Ltd. and were as
follows: siSMARCC2‑1 forward, 5'‑CUCGGCAAGAACUAC
AAGATT‑3' and reverse, 5'‑UCUUGUAGUUCUUGCCGA
GTT‑3'; and siSMARCC2‑3 forward, 5'‑GGCGUUACGAUU
UCCAGAATT‑3' and reverse, 5'‑UUCUGGA AAUCGUAA
CGCCTT‑3'. An NC siRNA was also used. The siRNA negative
control sequence was as follows: 5'‑TTUUGAACCAAGAAG
CCUCCC‑3' (Shanghai GenePharma Co., Ltd.). To overexpress
SMARCC2, SMARCC2 cDNA was subcloned into an adeno‑
virus expression vector, which also encoded GFP (Shanghai
GenePharma Co., Ltd.), namely LVS‑SMARCC2 (overexpres‑
sion; oe). Lentiviral vector non‑specific control (LVS‑NC)
was used as the control. The U87MG and LN229 glioma cells
were seeded 24 h prior to transfection at room temperature,
at 50‑60% confluence, then transfected using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. The cells were transfected
with 50 nM siRNA and 2.5 µg plasmid at room temperature,
according to the manufacturer's protocol. The transduction
efficiency was analyzed by the intensity of GFP fluorescence at
48 h post‑transduction. A confocal microscope (Olympus CX23;
Olympus Corporation) under x200 magnification was used
to observe the fluorescence intensity of the cells. Subsequent
experiments were performed 48 h post‑transfection.
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was extracted from transfected cells using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Total RNA (1 µg) was reverse tran‑
scribed into cDNA according to the reverse transcription kit
(RevertAid First Strand cDNA synthesis kit) (Takara Bio, Inc.)
protocol and genomic DNA was also removed using the gDNA
Eraser from the kit. qPCR was subsequently performed using
SYBR Premix Ex Taq II (Takara Bio, Inc.) on a StepOne™
Real‑Time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The following primer sequences were used
for qPCR: SMARCC2 forward, 5'‑ACTG CCGATCAAATG
TTT CCT‑3' and reverse, 5'‑ACA G GC A AT TAT T CT G CA
CCAAG‑3'; and GAPDH forward, 5'‑AGAAGGC TGG GG
CTCATTTG‑3' and reverse, 5'‑AGGGGCCATCCACAGTCT
TC‑3'. The following thermocycling conditions were used
for qPCR: Initial denaturation at 95˚C for 5 min; followed
by 40 cycles at 95˚C for 15 sec and 60˚C for 30 sec. The
relative expression levels of SMARCC2 were quantified using
the 2‑ΔΔCq method and normalized to GAPDH, which served as
the endogenous control (20).
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Western blotting. The cells were harvested and the total protein
was extracted using RIPA lysis buffer with protease‑phospha‑
tase inhibitor (EMD Millipore). Pierce BCA Protein assay kit
(Thermo Fisher Scientific, Inc.) was used to quantify protein
expression. The proteins(30 µg/lane) were separated via 8‑10%
SDS‑PAGE, transferred onto PVDF membranes and blocked
with 0.02 M TBS containing 5% BSA (Abcam) and 0.1%
Tween‑20 for 2 h at room temperature. The membranes were
subsequently incubated overnight at 4˚C with the following
primary antibodies (all from Abcam): Rat anti‑SMARCC2
(1:1,000; cat. no. ab243634), rat anti‑c‑Myc (1:1,000; cat.
no. ab32072), anti‑tumor protein D52 (TPD52) like 2
(TPD52L2; 1:1,000; cat, no. ab234819), anti‑snail family tran‑
scriptional repressor 1 (Snail; 1:1,000; cat. no. no. ab216347),
rat anti‑N‑cadherin, rat anti‑T‑cadherin (1:1,000; cat.
no. ab167407), rabbit anti‑β‑catenin (1:1,000; cat. no. ab32572),
anti‑vimentin (1:1,000; cat. no. ab92547), anti‑GAPDH
(1:3,000; cat. no. ab8245) and mouse anti‑β‑actin (1:3,000; cat.
no. ab8226). Subsequently, horseradish peroxidase‑conjugated
secondary goat anti‑rabbit IgG H&L (1:5,000; cat. no. b6721;
Abcam), was incubated with the membrane at room tempera‑
ture for 1 h. The membranes were visualized using an ECL kit
(Bio‑Rad Laboratories, Inc.) according to the manufacturer's
protocol. Protein bands were visualized and the detection of
band gray value was performed using Image Studio software
(version 4.0; LI‑COR Biosciences). β‑actin and GAPDH were
used as the loading controls.
Immunohistochemistry (IHC) staining. The tumor samples
were collected and fixed in 4% paraformaldehyde for 24‑48 h,
then embedded in paraffin. Paraffin‑embedded tissue
samples were serially cut (4‑µm thick) and dried overnight
at 60˚C. The samples were then deparaffinized in xylene at
room temperature and rehydrated using a graded descending
series of ethanol (100, 95 and 80%). Antigen retrieval was
performed in boiling water using 10 mM citrate solution
for 5 min, and endogenous hydrogen peroxidase activity
was blocked by incubation with 10% hydrogen peroxide
for 30 min at room temperature. Each of these aforemen‑
tioned steps was followed by a 10 min PBS wash. Sections
were blocked with 3% H 2 O 2 (cat. no. SP‑9002; OriGene
Technologies, Inc.) at 37˚C for 30 min. The samples were
subsequently incubated overnight with an anti‑SMARCC2
(1:50; cat. no. ab243634; Abcam) primary antibody at 4˚C.
Following the primary antibody incubation, the sections
were incubated with a goat anti‑rabbit secondary antibody
(1:1,000; cat. no. SP‑9002; OriGene Technologies, Inc.) at
room temperature for 2 h. The sections were then stained
with diaminobenzidine at room temperature for 3‑5 min
and counterstained with hematoxylin at room temperature
for 5 min. Finally, images were captured using an Olympus
light microscope (Olympus Corporation) under x200 magni‑
fication. Positive staining of SMARCC2 was scored from
0‑3 according to the intensity of the staining: 0 (negative),
1 (weakly positive, light yellow), 2 (moderately positive,
yellowish brown) and 3 (strongly positive, brown). The
percentage of positively‑stained cells was also scored using
the following scores: 0 (0%), 1 (1‑33%), 2 (34‑66%) and
3 (67‑100%). The sum of the intensity and percentage scores
was used as the final staining score.
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Co‑immunoprecipitation (Co‑IP) assay. The cells were
harvested and the total protein was extracted using lysis buffer
for western and IP assays (cat. no. 6505706) with protease‑phos‑
phatase inhibitor (EMD Millipore). The protein lysate was
centrifuged at 14,000 x g at 4˚C for 15 min and the superna‑
tant was collected. U87MG and LN229 cells were seeded into
10‑cm dishes at a density of 5x105 cells/dish and incubated for
24 h. Equal amounts of protein were coimmunoprecipitated
with a rabbit anti‑SMARCC2 (1:1,000; cat. no. ab243634;
Abcam), rat anti‑c‑Myc (1:1,000; cat. no. ab32072; Abcam),
anti‑tumor protein D52 (TPD52) like 2 (TPD52L2; 1:1,000;
cat. no. ab234819; Abcam) monoclonal antibody at 4˚C over‑
night and then incubated with protein A/G (1:1) sepharose
magnetic beads (40 µl) (GE Healthcare) at 4˚C. The total
volume was 400 µl. Following incubation, lysis buffer was
used for washing. After magnetic separation, the supernatants
with unbound free proteins were separated and the protein
complex was resuspended in SDS buffer for western blotting
analyses, which were performed according to the aforemen‑
tioned protocols. A rabbit anti‑IgG antibody (GeneTex, Inc.)
was used as the negative control.
Wound healing assay. Cell migration was determined using
a wound healing assay. Briefly, U87MG/T98G/LN229 cells
were cultured to 100% confluence in a six‑well plate and then
the cell monolayer was scratched with a 1‑ml pipette tip to
create an artificial wound. The detached cells were removed
with PBS and remaining cells were cultured in high‑sugar
serum‑free DMEM. Images of the same wound area were
photographed at 0, and 24 or 48 h under a light microscope
(magnification, x40). The healed scratch area was calculated
using ImageJ 1.8.0 software (National Institutes of Health)
using the following formula: Healed scratch (%)=[(initial
scratch area‑final scratch area)/initial scratch area] x100.
Cell invasion and migration assays. Cell invasion and
migration was investigated using Transwell plates (Costar;
Corning, Inc.) with a pore size of 0.8‑µm. Briefly, 5x105
U87MG/T98G/LN229 cells were seeded in high‑sugar
serum‑free DMEM into the upper chamber of the Transwell
plates, which was precoated with Matrigel at 37˚C overnight
(for the invasion assay). Medium supplemented with 10% FBS
was plated into the lower chamber. Following incubation for
6‑8 h at 37 ˚C, non‑migratory or non‑invasive cells in the upper
chamber were removed, whereas migratory and invasive cells
in the lower chamber were fixed with 20% methanol for 5 min
and stained for 5 min with 0.1% crystal violet. The cells from
six randomly selected fields of view were observed under a
confocal microscope (Olympus CX23; Olympus Corporation)
at x200 magnification, then ImageJ software (version 1.8.0;
National Institutes of Health) was used to calculate the number
of invasive and migrated cells.
Bioinformatics analysis. Level 3 RNA‑SeqV2 data (containing
data on genes, isoforms, exons and junction levels), level 3
Agilent microarray gene expression data and clinical data for
LGG and GBM were downloaded from The Cancer Genome
Atlas (TCGA) database (cancer.gov/about‑nci/organization/
ccg/research/structural‑genomics/tcga) using the TCGA
biolinks package cgdsr (github.com/cBioPortal/cgdsr) on R
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platform (version 3.6.3). Data were obtained from the TCGA
data sets ‘lgg_tcga’ and ‘gbm_tcga’. The cut‑off mode based
on median SMARCC2 expression was selected without
specifying a track subset.

performed to further validate the effect of SMARCC2 on cell
migration (Fig. 2D). Compared with the NC group, GBM cell
migration was significantly increased in the siSMARCC2‑1
and siSMARCC2‑3 groups.

Statistical analysis. Statistical analyses were performed
using SPSS 20.0 software (IBM Corp.). All experiments
were performed in triplicate and data are presented as the
mean ± SEM. Comparisons between two groups were performed
using paired Student's t‑test or a Mann‑Whitney U test, whereas
statistical differences among several groups were determined
using one‑way ANOVA followed by Dunnett's post hoc test
or the Kruskal Wallis test followed by Dunn's post hoc test.
Survival plots were generated using the Kaplan‑Meier method
and log‑rank test; in instances where there was late‑stage
crossover between the groups, Cramer‑von Mises tests
were used. P<0.05 was considered to indicate a statistically
significant difference.

Overexpression of SMARCC2 inhibits glioma cell migration
and invasion. To determine the potential biological functions
of SMARCC2 in glioma cell migration and invasion, U87MG
and LN229 cell lines stably overexpressing SMARCC2 were
established by infecting cells with recombinant adenovirus
vectors. The transduction efficiency was analyzed by the
intensity of GFP fluorescence at 48 h post‑transduction (data
not shown). The transduction efficiency was determined
as 90‑95%. The protein and mRNA expression levels of
SMARCC2 in U87MG and LN229 cancer cells following the
overexpression of SMARCC2 were also analyzed via western
blotting (Fig. 3A) and RT‑qPCR (Fig. 3B), respectively.
Following transfection and overexpression of lentivirus, the
RNA and protein levels of SMARCC2 increased significantly.
Transwell (Fig. 3C) and wound healing assays (Fig. 3D) were
conducted to analyze cell migration and invasion following
the overexpression of SMARCC2. The results demonstrated
that the transduction of cells with SMARCC2 (oe) adenovirus
significantly decreased U87MG and LN229 cell migration and
invasion compared with the LVS‑NC group.

Results
Expression levels of SMARCC2 in patients with glioma with
different tumor grades. The results of the bioinformatics
analyses revealed that SMARCC2 was differentially
expressed in different grades of glioma (Fig. 1A); as glioma
grade increased, expression levels of SMARCC2 decreased
and high expression levels of SMARCC2 were significantly
associated with an improved prognosis in patients with glioma
(Fig. 1B). Furthermore, overall survival time was separately
analyzed in low‑grade gliomas (LGG) and high‑grade
gliomas (GBM), and the results revealed no significant differ‑
ence in overall survival time between GBMs with high or
low SMARCC2 expression (Fig. S1). LGG shows that high
expression of SMARCC2 has a better prognosis. (Fig. S1). An
SMARCC2‑specific antibody was used for the IHC analysis of
different glioma grades (Fig. 1C), and a standardized scoring
method was used to analyze the results of the IHC analysis.
In the WHO III and IV group, the protein expression levels of
SMARCC2 were significantly downregulated compared with
the low‑grade group (Fig. 1D). RT‑qPCR analysis revealed
that the mRNA expression levels of SMARCC2 were also
significantly downregulated in tissues (WHO I‑IV; Fig. 1E),
which was consistent with the results for SMARCC2 protein
expression levels. These decreases were positively associated
with severity of the tumor.
Effects of SMARCC2 knockdown on glioma cell migration
and invasion. siRNAs targeting SMARCC2 were transfected
into human glioma cancer cells, U87MG and T98G, and
the protein and mRNA expression levels of SMARCC2
were analyzed via western blotting (Fig. 2A) and RT‑qPCR
(Fig. 2B), respectively, after 48 h. The expression levels of
SMARCC2 were downregulated in the siSMARCC2‑1 and
siSMARCC2‑3 groups compared with the NC group at both
the protein and mRNA levels. Subsequently, Transwell assays
were performed to determine the effect of SMARCC2 on
glioma cell migration and invasion; the results revealed that the
knockdown of SMARCC2 expression significantly increased
the number of migratory and invasive cells compared with the
NC group (Fig. 2C). Furthermore, wound healing assays were

SMARCC2 directly targets c‑Myc and inhibits its oncogenic
functions. Co‑IP experiments were performed to analyze the
interactions between SMARCC2 and c‑Myc (Fig. 4A and B).
SMARCC2 was found to interact with c‑Myc. Notably,
SMARCC2 also strongly interacted with TPD52L2
(Fig. 4C and D), which is a member of the TPD52 family (21).
Furthermore, the western blotting results indicated that the
overexpression of SMARCC2 notably downregulated the
expression levels of c‑Myc compared with the LVS‑NC group
(Fig. 4E and F). These findings suggested that SMARCC2 may
inhibit the oncogenic function of c‑Myc by promoting c‑Myc
protein degradation.
SMARCC2 induces EMT in glioma cells by targeting the
Wnt/β ‑catenin signaling pathway. EMT is a key process
through which epithelial cells acquire mesenchymal proper‑
ties, and it has been closely associated with cancer invasion
and metastasis (22). The expression levels of a number of EMT
markers were analyzed in U87MG and LN229 cells overex‑
pressing SMARCC2. The present results revealed that the
expression levels of T‑cadherin were markedly upregulated,
whereas the expression levels of N‑cadherin, β ‑catenin,
vimentin and Snail were notably downregulated in cells trans‑
fected with SMARCC2 (oe) adenovirus compared with LVS‑NC
(Fig. 5A and B). Subsequently, a Wnt/β ‑catenin signaling
pathway agonist, HLY78, was used for rescue experiments.
The results demonstrated that overexpression of SMARCC2
in combination with HLY78 treatment markedly reversed the
agonistic effect of HLY78 on the Wnt/β ‑catenin signaling
pathway (Fig. 5C and D). The expression of EMT‑associated
proteins (N‑cadherin/snail/vimentin/β ‑catenin) increased
significantly following treatment with HLY78‑alone, but
decreased when SMARCC2 was simultaneously overexpressed
and treated with HLY78.
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Figure 1. SMARCC2 expression and survival analysis in patients with different grades of glioma. (A) Expression levels of SMARCC2 differed in patients
with LGG and GBM obtained from TCGA. (B) Survival analysis indicated that patients with high SMARCC2 expression displayed an improved prognosis
compared with patients with low expression. (C) IHC staining of tumors from patients with different glioma grades revealed a negative association between
SMARCC2 expression and glioma grade. (D) Statistical analysis of IHC staining scores. (E) Reverse transcription‑quantitative PCR analysis revealed that
the expression levels of SMARCC2 were upregulated in low‑grade glioma and decreased as the disease severity increased. **P<0.05; ***P<0.01. SMARCC2,
SWItch/sucrose non‑fermentable related, matrix associated, actin dependent regulator of chromatin subfamily c member 2; TCGA, The Cancer Genome Atlas;
WHO, World Health Organization; GBM, glioblastoma; LGG, low‑grade glioma; IHC, immunohistochemistry.

Discussion
The molecular structure of the ATP‑dependent chro‑
matin‑remodeling complex and its effect on the growth
and development of individuals have been extensively
studied (23‑25). Chromatin remodelers are specialized
multi‑protein machines that enable access to nucleosomal
DNA by altering the structure, composition and positioning
of nucleosomes (26). Mutations in the SWI/SNF family of
proteins have been shown to be involved in the development
of a number of cancer cell types (including breast, colon, liver
and stomach cancer); however, to the best of our knowledge,
the underlying mechanism remains unknown (27‑29). The

present study aimed to determine whether the core subunit
of SWI/SNFs, SMARCC2, served a tumor suppressive or
oncogenic role in glioma cells.
The expression of SMARCC2 is associated with glioma
grade. High‑grade gliomas show lower expression of SMARCC2,
and the higher the expression of SMARCC2, the better the
prognosis. SMARCC2 may have a tumor suppressor function.
When the interference rna fragment was used to knock down
expression of SMARCC2, GBM showed stronger migration and
invasion capabilities. When oe lentiivirus was used to increase
expression of SMARCC2, the migration and invasion capabili‑
ties of GBM and expression levels of EMT‑associated proteins
(N‑cadherin/snail/vimentin/β‑catenin) significantly decreased.
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Figure 2. SMARCC2 knockdown enhances the migration and invasion ability of T98G and U87MG cells. (A) Analysis of SMARCC2 expression levels in T98G
and U87MG cells transfected with siSMARCC2 was performed via western blotting. β‑actin was used as the internal control. (B) mRNA expression levels of
SMARCC2 in T98G and U87MG cells were analyzed via reverse transcription‑quantitative PCR. GAPDH was used as the internal control. (C) Representative
images and quantification of the Transwell assays showing the different migratory and invasive abilities of NC‑ and siSMARCC2‑1/3‑transfected cells. Scale
bar, 100 mm. (D) Representative images and quantification of the wound healing assay following transfection of siSMARCC2‑1/3 into U87MG and T98G cells.
Scale bar, 200 mm. **P<0.05. SMARCC2, SWItch/sucrose non‑fermentable related, matrix associated, actin dependent regulator of chromatin subfamily c
member 2; si, small interfering RNA; NC, negative control.

The results of the present study suggested that SMARCC2
may serve as a tumor suppressor gene in glioma, inhibiting
glioma cell migration and invasion. Moreover, SMARCC2

was shown to interact with c‑Myc, which reportedly serves
a role in the Wnt/β ‑catenin signaling pathway (30‑33).
SMARCC2 inhibited the EMT process of GBM cell
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Figure 3. SMARCC2 overexpression attenuates the migratory and invasive abilities of U87MG and LN229 cells. Transduction efficiency of SMARCC2
(oe) recombinant adenovirus in U87MG and LN229 cell lines was analyzed via (A) western blotting and (B) reverse transcription‑quantitative PCR.
(C) Representative images and quantification of the Transwell assays showing the different migratory and invasive abilities of LVS‑NC‑ and SMARCC2
(oe)‑transfected cells. Scale bar, 100 mm. (D) Representative images and quantification of the wound healing assay following transduction with SMARCC2
(oe) adenovirus in U87MG and LN229 cells. Scale bar, 200 mm. **P<0.05; ***P<0.01. SMARCC2, SWItch/sucrose non‑fermentable related, matrix associated,
actin dependent regulator of chromatin subfamily c member 2; LVS‑NC, lentiviral vector‑non‑specific control; NC, negative control; oe, overexpression.
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Figure 4. Identification of proteins that interact with SMARCC2 by performing Co‑IP experiments. An interaction between SMARCC2 and c‑Myc was
detected in (A) U87MG and (B) LN229 cell lines. An interaction between SMARCC2 and TPD52L2 was detected in (C) U87MG and (D) LN229 cell lines.
Analysis of c‑Myc protein expression levels in (E) U87MG and (F) LN229 cells overexpressing SMARCC2. SMARCC2, SWItch/sucrose non‑fermentable
related, matrix associated, actin dependent regulator of chromatin subfamily c member 2; IP, immunoprecipitation; oe, overexpression; LVS, lentivirus;
NC, negative control; TPD52L2, tumor protein D52 like 2.

lines by downregulating T‑cadherin and upregulating
N‑cadherin/β ‑catenin/snail/vimentin. SMARCC2 was also
discovered to regulate EMT via the Wnt/β‑catenin signaling
axis; therefore, it was hypothesized that c‑Myc may participate
in SMARCC2‑mediated regulation of EMT. These results were
consistent with the results of previous studies investigating
SWI/SNF mutations in a number of types of cancer (34‑36).
The present results showed differential expression of
SMARCC2 in glioma of different grades.
The SWI/SNF complex has been demonstrated to exert
essential roles in the life cycle of cells and was found to
participate in the developmental maturation of various types
of neural cell (37,38). As the core subunit of SWI/SNF,
SMARCC2 may be responsible for these functions in neural
cells, thus indicating its role as a possible tumor suppressor
gene. In the absence of SMARCC2, cells cannot develop into
mature functional neuronal cells. The present study transfected
two GBM cell lines (U87MG and LN229) with SMARCC2
(oe) adenoviruses, which resulted in significantly increased
expression levels of SMARCC2 compared with the LVS‑NC
group, as demonstrated via RT‑qPCR and western blotting. In
U87MG and LN229 cells, the expression of SMARCC2 was
significantly lower than in T98G cells. It was hypothesized

that there is a SMARCC2 gene mutation in the U87MG and
LN229 cell line, resulting in low expression of SMARCC2.
These results also validated that there were mutations in the
U87MG and LN229 cell lines.
The results of the present study indicated that SMARCC2
may interact with c‑Myc to inhibit its oncogenic functions in
U87MG and LN229 cells. Nevertheless, the underlying mecha‑
nism of action remains unclear. TPD52L2 is a member of the
TPD52 family that has been implicated in multiple types of
human cancer (39‑41). Further research has demonstrated that
the TPD52 gene encodes regulators of cancer cell prolifera‑
tion, indicating that TPD52 may be important for maintaining
tumorigenesis and metastasis of cancer cells (42). Our previous
study found that TPD52L2 is associated with the EMT process
of the GBM cell line; the present study demonstrated interac‑
tion between SMARCC2 and TPD52L2, further suggesting
that SMARCC2 affects the EMT process of the GBM cell
line. However, one possible mechanism is that SMARCC2 may
serve as a post‑translationally modified protease to promote
c‑Myc protein degradation, which will be the focus of future
research.
In conclusion, the findings of the present study suggested that
SMARCC2, as the core subunit of SWI/SNF, may be involved
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Figure 5. Analysis of the expression levels of EMT‑related proteins in cells overexpressing SMARCC2. Expression levels of EMT‑associated markers T‑cadherin,
N‑cadherin, β‑catenin, vimentin and Snail were analyzed via western blotting in (A) U87MG and (B) LM229 cells overexpressing SMARCC2. GAPDH was
used as the internal control. Western blotting was performed to determine the expression levels of EMT‑related proteins in (C) U87MG and (D) LM229 cells
following overexpression of SMARCC2 and treatment with the Wnt/β‑catenin signaling pathway agonist, HLY78. EMT, epithelial‑mesenchymal transition;
SMARCC2, SWItch/sucrose non‑fermentable related, matrix associated, actin dependent regulator of chromatin subfamily c member 2; oe, overexpression;
LVS‑NC, lentiviral vector‑non‑specific control; NC, negative control; Snail, snail family transcriptional repressor 1.

in the occurrence, development and prognosis of GBM.. These
results may provide novel insight into the molecular mecha‑
nisms underlying glioma formation and progression, and may
provide a new potential target for molecular‑targeted therapies
and prognostic markers for glioma.
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