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Effects of SIRT1 silencing on viability, invasion
and metastasis of human glioma cell lines
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Abstract. Silent information regulator 1 (SIRT1), a member
of the sirtuin family, is involved in the development of
various types of tumor. Previous studies have revealed that
SIRT1 has dual functions, as a promoter and an inhibitor,
in certain tumors. However, the role of SIRTI in invasion
and metastasis of glioma cells and its associated signaling
pathway remain unclear. The aim of the present study was to
determine the effects of SIRT1 on these processes and on the
epithelial-mesenchymal transition (EMT) in human glioma
and adjacent tissues, and in the human glioma cell lines U87
and U251. SIRT1 expression in tissues was investigated using
the reverse transcription-quantitative polymerase chain reac-
tion, western blotting and immunohistochemistry. The U87
and U251 cell lines were divided into control and SIRT1-small
interfering RNA (siRNA) groups. The Cell Counting Kit-8,
cell invasion assays were used to evaluate the effects of SIRT1
silencing on cell viability, invasion and EMT. Results indicated
that SIRT1 was highly expressed in glioma tissues compared
with in adjacent brain tissues. In addition, SIRT1-siRNA
significantly inhibited the viability and invasion of U87 and
U251 cells. Furthermore, EMT analysis revealed that the
expression levels of the mesenchymal markers fibronectin
and vimentin were significantly lower in the SIRT1-siRNA
group compared with in the control group. Conversely,
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expression levels of the epithelial markers epithelial cadherin
and P-catenin were significantly higher in the SIRT1-siRNA
group compared with in the control group. In conclusion, the
results of the present study indicated that SIRT1 was positively
associated with viability and invasion of U87 cells, potentially
through EMT. These results suggested that SIRT1 may serve
a crucial role in the proliferation and development of glioma.

Introduction

Glioma is one of the most common malignant tumors observed
in China with a high degree of malignancy (1). Gliomas account
for between 35 and 50% of all intracranial brain tumors in
adult patients (2). Silent information regulator 1 (SIRTI) is
a conserved class III deacetylase that deacetylates the lysine
residues of nucleoproteins to influence their stability and tran-
scriptional activities (3,4). In addition, SIRT1 regulates cellular
stress responses and lifespan (5). Despite great progresses
in surgical treatment options for patients with gliomas,
including chemotherapy and radiotherapy, the prognosis
remains poor (6). Further investigation is therefore crucial to
develop novel gene therapies for the treatment of glioma, and
to elucidate the underlying molecular mechanisms of glioma
development and progression.

SIRT1 is associated with cell viability and inhibition
of apoptosis (7,8), and is involved in the growth of certain
tumors (9,10). SIRT1 overexpression promotes tumor progres-
sion by regulating tumor growth-associated signaling pathways,
including Wnt signaling (11,12). A previous study reported
that SIRT1 serves numerous roles in cancer biology (13). On
the one hand, SIRT1 is upregulated in tumors, while cancer
cells can downregulates the expression of tumor suppressor
genes (14). On the other hand, SIRT1 can be proapoptotic (15)
and anti-proliferative (16), and consequently has been proposed
to behave as a tumor suppressor in vivo.

The epithelial-mesenchymal transition (EMT) is a
biological process in which epithelial cells lose their polarity
and adhesion properties, and differentiate into mesenchymal
cells that possess migratory and invasive properties (17). EMT
is a crucial biological process involved in the migration and
invasion of certain tumor cells (18), and serves an important
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role in cancer progression and fibrosis (19). EMT is associated
with tumorigenesis and metastasis. Previous studies identified
that SIRT1 promotes prostate cancer growth and migration
through EMT (20), and stimulates EMT and metastasis in
colorectal cancer (21). Conversely, other studies revealed that
SIRT1 suppresses EMT in cancer metastasis, organ fibrosis
and nasal polypogenesis (22,23). SIRT1 promotes the viability
and inhibits apoptosis of human glioma cells (24). SIRT1 is
also vital for neural stem cells maintenance and oncogenic
transformation (25).

Numerous studies have identified various associations of
SIRT1 with certain processes involved in cancer; however, its
effects on invasion and EMT in human glioma remain unclear.
Since controversies exist regarding the role of SIRT1 in tumors,
as SIRT1 can downregulate the expression of tumor suppressor
genes (14), SIRT1 also has been proposed to behave as a tumor
suppressor in vivo (16), therefore, further investigation is
required. To the best of our knowledge, the present study was
the first to examine the effect of SIRT1 silencing on EMT in
glioma. To do so, the expression levels of SIRT1 were analyzed
in human glioma tissue samples together with the effects of
SIRT1 on human glioma cell invasion. Previous studies
reported that matrix metalloproteinase-9 (MMP-9) (26), Twist
family basic helix-loop-helix transcription factor 1 (Twistl)
and Snail family transcriptional repressor 1 (Snaill) serve
important roles in tumor invasion (27). Therefore, these protein
expression levels were also detected. The results indicated that
SIRT1 was highly expressed in human glioma tissue samples
compared with in adjacent tissues, and that SIRT1 silencing
inhibited human glioma U87 and U251 cell line viability and
invasion. In addition, SIRT1 silencing suppressed EMT in U87
and U251 cell lines, which suggested that SIRT1 may serve
a role in EMT. In conclusion, the results of the present study
provide an important foundation for further investigation of
the underlying molecular mechanism of SIRT1 in glioma
growth.

Materials and methods

Tissue specimen collection. A total of 20 glioma tissues and
adjacent brain tissues were collected at The Second Affiliated
Hospital of Kunming Medical University (Kunming, China)
between April 2016 and April 2017. Tissues were collected
following surgical resection. Tissue histomorphology was
confirmed by pathologists. The present study was approved
by the Ethics Committee of The Second Affiliated Hospital
of Kunming Medical University and patients provided written
informed consent.

Immunohistochemistry. Tissues are fixed in 4% parafor-
maldehyde for 24 h at room temperature. Fixed tissues were
dehydrated with various concentrations of xylene and ethanol
(50% ethanol for 4 h; 75% ethanol for 4 h; 85% ethanol for
3 h; 95% ethanol for 2 h; 100% ethanol for 1 h; 100% ethanol
for 1 h; 1:1 ethanol-xylene for 1 h; xylene for 1 h; xylene for
30 min at room temperature), embedded in paraffin. Sections
(4 um thickness) were cut from a paraffin block. Sections were
dewaxed with various concentrations of xylene and ethanol
(xylene for 10 min; xylene for 5 min; 100% ethanol for 5 min;
95% ethanol for 2 min; 80% ethanol for 2 min; 70% ethanol
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for 2 min). Antigen repair was performed on the sections with
0.01 M citric acid buffer (pH 6.0) at 100°C high temperature
and 80 kpa pressure. Sections were blocked by incubation with
5% goat serum (Beijing Solarbio Science & Technology Co.,
Ltd., Beijing, China) in PBS for 15 min at room temperature.
Sections were incubated with anti-SIRT1 rabbit antibody
(1:100; cat. no. 13161-1-AP; ProteinTech Group, Inc., Chicago,
IL, USA) overnight at 4°C and with a HRP Goat Anti-Rabbit
IgG antibody (1:200; cat. no. ASO14, ABclonal Biotech
Co., Ltd., Wuhan, China) for 2 h at room temperature. The
reactions were visualized using a 3,3'-diaminobenzidine
visualization kit (Fuzhou Maixin Biotech Co., Ltd., Fuzhou,
China). Sections were counterstained with hematoxylin to
visualize nuclei, for 5-10 min at room temperature. Sections
were examined under a light microscope, (x400, magnifica-
tion). Brown staining indicated immunoreactive positive cells,
and blue staining indicated the nuclei.

Cell culture. The human glioblastoma cell line U251 and the
glioblastoma cell line U87 of unknown origin were purchased
from The Kunming Cell Bank of the Chinese Academy of
Sciences (Kunming, China). Cells were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and antibiotics (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and placed at 37°C
in a humidified incubator containing 5% CO,.

SIRT]I silencing. SIRT1-small interfering RNA (siRNA) was
used to target the SIRT1 gene. The nucleotide sequences
were synthesized from Sangon Biotech Co., Ltd., (Shanghai,
China) as follows: Forward, 5'-ACUUUGCUGUAACCCUGU
A-3" and reverse, 3'-UACAGGGUUACAGCAAAGU-3' (28).
For comparison, a random nucleotide sequence (5'-CUAGCU
UAUGUGGACCUCG-3") was used as a negative control. The
transfections were carried out with Lipofectamine® 2000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. Cells were harvested at 48 h
post-transfection, and mRNA and protein levels were analyzed
using the reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and western blotting, respectively.

Cell viability assay. Cell viability was evaluated using
the Cell Counting Kit-8 (CCK-8) (Beyotime Institute of
Biotechnology, Haimen, China). Cells (1x10*) were seeded in
a 96-well plate. At 48 h after transfection, cell viability was
assessed using the CCK-8 assay, according to the manufac-
turer's protocol. Briefly, cells were incubated at 37°C for 1 h,
prior to measuring the optical density (OD) at 450 nm using a
multiplate reader.

Cell invasion assays. A cell invasion assay was performed
using 8 ym Transwell chambers (BD Biosciences, San Jose,
CA, USA) precoated with Matrigel. Briefly, 300 ul cell suspen-
sion (5x10° cells/ml) was added to the upper chamber, and
500 u1 DMEM containing 10% FBS was added to the lower
chamber. Following 48 h transfection, cells that did not invade
the Matrigel were discarded. Filters were fixed in 90% ethanol
for 10 min at room temperature, stained with 0.1% crystal
violet for 5 min at room temperature, and visualized under a
light microscope (magnification, x100).
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RT-gPCR. Total RNA was isolated from cells and tissues
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.).
cDNA was generated using a Reverse Transcription (RT)
kit (Vazyme Biotech Co., Ltd, Nanjing, China), according to
the manufacturer's protocol. gPCR was performed using a
SYBR gqPCR Master Mix kit (Vazyme Biotech Co., Ltd.) in an
ABI 7300 real-time PCR machine (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocols. qPCRs were
performed as follows: 95°C for 5 min, followed by 40 cycles of
95°C for 15 sec and 60°C for 30 sec. The relative expression of
each mRNA of interest were normalized to endogenous control
and analyzed using the 24°4 method (29,30). Epithelial (E-)
cadherin, 3-catenin, fibronectin, vimentin and B-actin primers
were as follows: E-cadherin, 5-ATGCTGAGGATGATTGAG
GTGGGT-3' (forward) and 5-CAAATGTGTTCAGCTCAG
CCAGCA-3' (reverse); f-catenin, S"“TGCAGTTCGCCTTCA
CTATGGACT-3' (forward) and 5'-GATTTGCGGGACAAA
GGGCAAGAT-3' (reverse); fibronectin, 5'-AAACTTGCA
TCTGGAGGCAAACCC-3' (forward) and 5-AGCTCTGAT
CAGCATGGACCACTT-3' (reverse); vimentin, 5'-AGAACC
TGCAGGAGGCAGAAGAAT-3' (forward) and 5'-TTCCAT
TTCACGCATCTGGCGTTC-3' (reverse); and B-actin, 5-TGA
CGTGGACATCCGCAAAG-3' (forward) and 5'-CTGGAA
GGTGGACAGCGAGG-3' (reverse).

Western blotting. At 48 h after transfection, total proteins from
U87 and U251 cells were extracted using RIPA lysis buffer
(Beyotime Institute of Biotechnology). Protein were quanti-
fied by using a bicinchoninic protein assay kit (Beyotime
Institute of Biotechnology). Proteins (30 ug) were separated
by SDS-PAGE (10% gel) and transferred onto a polyvinylidene
fluoride membrane, which was blocked with 10% skimmed
milk in Tris-buffered saline, pH 7.0, containing 0.1% Tween-20
for 2 h. Following blocking, membranes were incubated with
primary antibodies at 4°C overnight (ProteinTech Group,
Inc.) and followed by HRP Goat Anti-Rabbit IgG secondary
antibodies (dilution 1:1,000; cat. no. AS014; ABclonal,
Wuhan, China) for 2 h at room temperature. The primary
antibodies as follows: SIRT1 antibody (dilution, 1:1,000;
cat. no. 13161-1-AP; ProteinTech), MMP-9 antibody (dilution,
1:1,000; cat. no. 10375-2-AP; ProteinTech), Twistl antibody
(dilution, 1:1,000; cat. no. 25465-1-AP; ProteinTech), MMP-9
antibody (dilution, 1:1,000; cat. no. 10375-2-AP; ProteinTech),
Snaill antibody (dilution, 1:1,000; cat. no. 13099-1-AP;
ProteinTech), E-cadherin antibody (dilution, 1:1,000;
cat. no. 20874-1-AP; ProteinTech), -catenin antibody (dilu-
tion, 1:1,000; cat. no. 51067-2-AP; ProteinTech), Fibronectin
antibody (dilution, 1:1,000; cat. no. 15613-1-AP; ProteinTech),
Vimentin antibody (dilution, 1:1,000; cat. no. 10366-1-AP;
ProteinTech). Membrane signals were visualized with
enhanced chemiluminescence reagent (Beyotime Institute of
Biotechnology). The OD of the bands was determined using
ImagelJ 2x software (National Institutes of Health, Bethesda,
MD, USA) and normalized to the expression of the internal
control (f3-actin).

Immunocytochemistry. Cells were fixed in 4% paraformal-
dehyde for 30 min at room temperature. Following three
washes with 1X PBS, cells were blocked with normal goat
serum for 2 h. The cells were then incubated overnight at
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4°C with anti-E-cadherin (1:100; 20874-1-AP; ProteinTech
Group, Inc.) or anti-fibronectin antibodies (dilution, 1:100;
cat. no. 15613-1-AP; ProteinTech Group, Inc.) and with
fluorescein isothiocyanate-conjugated secondary antibody
(dilution, 1:100; cat. no. SAO0003-2; ProteinTech Group, Inc.)
or CoraLite594-conjugated secondary antibody (dilution,
1:100; cat. no. SA00013-4; ProteinTech Group, Inc.). Nuclei
were stained with 10 zg/ml DAPI in the dark for 5 min at
room temperature. Cells were observed using a fluorescence
microscope (magnification, x100). Three representative fields
of stained cells were analyzed using Image-Pro Plus software
(version 6.0; Media Cybernetics, Inc., Rockville, MD, USA)
to obtain the mean OD, which represents the staining strength
per positive pixel.

Statistical analysis. Differences between two groups were
analyzed using Student's t-tests with GraphPad Prism software
(version 5.0a; GraphPad Software, Inc., La Jolla, CA,USA). Data
are presented as the mean + standard deviation (n=3). P<0.05
was considered to indicate a statistically significant difference.

Results

SIRTI expression in glioma tissues. SIRT1 expression was
detected in 20 glioblastoma tissues and their corresponding
adjacent non-tumor tissues using RT-qPCR, western blot-
ting and immunohistochemistry. The results indicated that
SIRT1 mRNA and protein expression levels were upregu-
lated in tumor tissues compared with in adjacent non-tumor
tissues (Fig. 1A and B), which was determined to be signifi-
cant. Results from immunohistochemistry indicated that
SIRT1 was present in the nucleus of glioma tissues (Fig. 1C).
SIRT1 levels were different in glioma tissues compared with
adjacent tissues. These results indicated that SIRT1 expression
was associated with glioma development.

SIRT]I silencing inhibits glioma cell viability. To investigate
the effects of SIRT1 on U87 and U251 cell viability, cells
were transfected with SIRT1-siRNA. RT-qPCR and western
blotting confirmed the successful SIRT1 silencing in U87
and U251 cell lines (Fig. 2A and B). A CCK-8 assay was
used to detect the cell viability of U87 and U251 cells at 48 h
after transfection with SIRT1-siRNA. Results indicated that
U87 and U251 cell viabilities were significantly decreased
following SIRT1-siRNA transfection compared with control
transfection (Fig. 2C and D). These data suggested that SIRT1
expression may be involved in U87 and U251 cell viability.

Silencing SIRTI inhibits invasion of glioma cells. To deter-
mine the effect of SIRT1 on cell invasion, Transwell invasion
assays were performed on U87 and U251 cells transfected
with SIRT1-siRNA. Results indicated that SIRT1-siRNA
suppressed U87 and U251 cell compared with cells transfected
with control siRNA (Fig. 3A). Images of cells present on the
lower membranes of the invasion assay chambers and quanti-
fication of crystal violet-positive cells are presented in Fig. 3A,
which indicated a significant difference for the two cell lines.
Results indicated that SIRT1-siRNA inhibited U87 and U251
cell invasion. The expression levels of MMP-9, Twistl and
Snaill were therefore determined in U87 and U251 cell lines
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Figure 1. SIRT1 expression in glioma tissues and adjacent brain tissues. SIRT1 (A) protein expression, and (B) mRNA levels in glioma and adjacent brain
tissues determined by western blotting and reverse transcription-quantitative polymerase chain reaction. (C) SIRT1 immunohistochemistry of glioma tissues
and adjacent tissues (magnification x400). Results are presented as the mean + standard deviation of three independent experiments. ““P<0.001. SIRT1, silent

information regulator 1.
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by western blotting. Results indicated that SIRT1-siRNA
decreased the protein levels of MMP-9, Twistl and Snaill in
the two cell lines (Fig. 3B and C), which suggested that SIRT1
may have a beneficial effect on glioma cell invasion.

SIRTI silencing inactivates EMT pathway in glioma cells.
The aforementioned results suggested that SIRT1 may

promote glioma cell viability invasion. EMT is a crucial
biological process for the invasion of certain types of malig-
nant tumor cells. To identify the effect of SIRT1 on EMT
in U87 and U251 cells, RT-qPCR and western blotting were
used to detect the expression levels of the epithelial markers
E-cadherin and B-catenin, and the mesenchymal markers
fibronectin and vimentin. Results indicated that SIRT1
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sk

western blotting, respectively. “P<0.01 and

silencing significantly increased the mRNA and protein
levels of E-cadherin and B-catenin in U87 and U251 cells;
conversely, SIRT1-siRNA significantly decreased the mRNA
and protein levels of fibronectin and vimentin in U87 and
U251 cells (Figs. 4 and 5, respectively). In addition, immuno-
fluorescence analysis for E-cadherin and fibronectin revealed
a similar significant fluorescence decrease following SIRT1

P<0.001. siRNA, small interfering RNA; SIRT1, silent information regulator 1; E-cadherin, epithelial cadherin.

silencing (Fig. 6). These results indicate that SIRT1 may
promote EMT in glioma cells.

Discussion

Glioma is one of the most common malignancies in China. In
addition, it is the most frequent type of intracranial tumor and the
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most primary malignant brain tumor (31,32). The World Health
Organization classifies glioma according to its malignancy with
grades ranging from I to IV (33). Although microsurgical tumor
resection, adjuvant chemotherapy and radiotherapy are avail-
able, 75% of patients diagnosed with glioma succumb within
18 months of diagnosis (34). Further investigation aiming to
develop novel therapeutic targets to prevent glioma metastasis

is therefore crucial. To the best of our knowledge, the effect of
SIRT1 on glioma remains poorly documented and the role of
SIRTI in EMT in glioma remains unclear.

SIRT1 is a class IIT histone deacetylase that belongs to
the sirtuin family. The sirtuins have been reported to serve
crucial roles in genome stability, stress responses and tumori-
genesis (35). However, they serve a dual role in cancer. SIRT1
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is a bifunctional sirtuin that is involved in tumor suppression
and other oncogenic factors (36); however, the mechanisms
underlying these contradictory functions remain unclear.
SIRTTI is upregulated in lung adenocarcinoma, colorectal,
hepatocellular and prostate cancer (10,36,37). SIRT1 inhibi-
tion can suppress tumor growth (38). In addition, the tumor
suppressor p53 downregulates SIRT1 expression in glioma
tumor cells (39). SIRT1 also induces p53 inactivation and
inhibits p53-dependent apoptosis (7). Furthermore, SIRT1
promotes viability and inhibits apoptosis of glioma tumor
cell lines (24). However, the effects of SIRT1 on invasion and
metastasis and its underlying molecular mechanisms in glioma
remain unknown. In the present study, the expression levels
of SIRT1 in glioma tissues and adjacent brain tissue were
determined using RT-qPCR, western blotting and immunohis-
tochemistry. Results revealed that SIRT1 was overexpressed
in glioma tissues, compared with adjacent brain tissues that
only exhibited weak signal. In addition, SIRT1 silencing was
used to investigate SIRT1 effects on invasion and metastasis
of glioma U87 cells.

EMT is an important process involved in tumor metas-
tasis (40.,41). Previous studies have identified that increased
migration and invasion are positively associated with
EMT (42.,43). In addition, decreased expression of E-cadherin
and (-catenin, and increased expression of fibronectin and
vimentin serve crucial roles in tumor progression (44).
Furthermore, it was reported previously that EMT serves a
crucial role in glioma (45,46) and that SIRT1 induces EMT in
various types of tumor (47). However, it was identified previ-
ously that SIRT1 suppresses EMT in cancer metastasis (22).
In the present study, SIRT1 silencing suppressed viability and
invasion of glioma U87 and U251 cells, increased E-cadherin
and (-catenin expression, and decreased fibronectin and
vimentin expression.

To the best of our knowledge, the present study was the
first to assess the mRNA and protein expression levels of
SIRT1 in human glioma and adjacent brain tissues. To do
so, the effects of SIRTI on viability and invasion of glioma
U87 and U251 cells were investigated. Results indicated that
SIRT1 expression was higher in glioma tissues compared with
in adjacent brain tissues, and that SIRT1 silencing inhibited
cell viability, invasion and metastasis in glioma U87 and U251
cells. Furthermore, SIRT1 silencing significantly decreased
EMT in U87 and U251 cells, which suggested that EMT may
contribute to the inhibition of viability, invasion and metastasis
of glioma cells.

The preliminary results of the present study highlight
the potential association of SIRT1 with EMT during human
glioma progression; however, the underlying molecular mech-
anisms remain unclear and further investigation is required.
Future work will investigate how SIRT1 influences the EMT
associated pathway in human glioma.

In conclusion, the results of the present study may serve
to further understand SIRT1 functions and mechanisms
in glioma cells. These results suggested that SIRT1 may be
considered as a potential novel therapeutic target for glioma.
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