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Association between SET expression
and glioblastoma cell apoptosis and proliferation
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Abstract. Glioblastoma multiforme (GBM) was one of the
first cancer types systematically studied at a genomic and
transcriptomic level due to its high incidence and aggres-
sivity; however, the detailed mechanism remains unclear, even
though it is known that numerous cytokines are involved in
the occurrence and development of GBM. The present study
aimed to determine whether the SET gene has a role in human
glioblastoma carcinogenesis. A total of 32 samples, including
18 cases of glioma, 2 cases of meningioma and 12 normal brain
tissue samples, were detected using the streptavidin-peroxi-
dase method through immunohistochemistry. To reduce SET
gene expression in U251 and U87MG cell lines, the RNA
interference technique was used and transfection with small
interfering (si)RNA of the SET gene was performed. Cell
apoptosis was detected by flow cytometry, cell migration was
examined by Transwell migration assay and cell proliferation
was determined by Cell Counting Kit-8. SET, Bcl-2, Bax and
caspase-3 mRNA and protein expression levels were detected
by reverse transcription-quantitative polymerase chain reac-
tion and western blot analysis, respectively. Positive protein
expression of SET was observed in the cell nucleus, with the
expression level of SET significantly higher in glioma tissues
compared with normal brain tissue (P=0.001). Elevated
expression of SET was significantly associated with gender
(P=0.002), tumors classified as World Health Organiza-
tion grade II (P=0.031), I1I (P=0.003) or IV (P=0.001), and
moderately (P=0.031) or poorly differentiated (P=0.001)
tumors. Compared with the negative and non-treatment
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(blank) control cells, SET gene expression was significantly
inhibited (P=0.006 and P<0.001), cell apoptosis was signifi-
cantly increased (P=0.001 and P<0.001), cell proliferation
was significantly inhibited (P=0.002 and P=0.015), and cell
migration was significantly decreased (P=0.001 and P=0.001)
in siRNA-transfected U87MGSET and U251-5FT cells, respec-
tively. In addition, mRNA and protein expression levels of
Bcl-2 were significantly inhibited in U87MGSET and U251-5ET
cells, while mRNA and protein expression levels of Bax and
caspase-3 were significantly increased, compared with the two
control groups. Thus, the current data suggests that SET may
regulate the proliferation and apoptosis of glioblastoma cells
by upregulating Bcl-2, and downregulating Bax and caspase-3.

Introduction

Glioblastoma multiforme (GBM) is the most prevalent brain
and central nervous system (CNS) malignancy, accounting
for 45.2% of primary brain malignancies and CNS tumors,
54% of all gliomas and 16% of all primary brain and CNS
tumors (1). In addition, the mean annual incidence rate of
GBM is 3.19/100,000 population (2). Despite decades of
concerted efforts and advances in surgery, radiotherapy and
chemotherapy, patients that develop this disease continue to
have a poor prognosis. The median survival time is 3 months
with no treatment and 1-2 years with treatment from the
time of diagnosis (3). The invasive nature of GBM makes it
impossible to remove the tumor completely, even with aggres-
sive surgical resection (4). Thus, there is a strong need to
understand the molecular basis of this fatal malignancy in
order to identify novel targets that can be translated into new
diagnostic and therapeutic tools (5). To date, multiple factors,
such as Myc (6), EGFR (7), FGL2 (8) and microRNA-145 (4),
have been proposed to be involved in the occurrence of GBM.
Although considerable progress has been made in research of
the molecular mechanism of GBM in recent years, its detailed
mechanism remains unknown.

SET, which belongs to the NAP1 family of histone chaper-
ones (9),is a PP2A inhibitor (10) and a 39-kDa phosphoprotein
encoded by the SET gene. SET was originally identified as a
component of the SET-CAN fusion gene produced by somatic
translocation in acute and undifferentiated leukemia (11). It
is a multifunctional protein that interacts with other proteins
in the regulation of cellular signaling (12). SET has been
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described as an oncogene that regulates important signaling
pathways, with SET reported to have roles in inhibiting the
DNase activity of tumor suppressor NM23-H1, increasing
AP-1 activity, activating MAPK signaling, regulating gran-
zyme B (13) and producing IFN-y in human NK cells. All
these functions are involved in SET-regulated cell apoptosis,
cell cycle progression and cell mortality (14) through cell
processes, such as DNA replication, chromatin remodeling,
gene transcription, differentiation and migration (15).
Furthermore, SET is overexpressed in various types of
cancer, including brain, lung, ovarian, head and neck, and
prostate cancer, Wilms' tumor, colorectal adenocarcinoma,
and leukemia (16).

In order to understand the detailed mechanism of SET
in the occurrence of GBM, immunohistochemistry (IHC)
was performed to determine the protein expression level of
SET in glioblastoma tissues and normal brain tissues via the
streptavidin-peroxidase (SP) method. After SET was silenced
with small interfering (si)RNA, flow cytometry, Cell Counting
Kit-8 (CCK-8) and Transwell migration assays were performed
on U2515ET and US7MGSET cells to determine cell apoptosis,
cell proliferation and cell migration, respectively. In addition,
reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR) and western blotting were used to examine mRNA
and protein expression levels of Bcl-2, Bax and caspase-3 in
U2515ET and UTMG SET cells, respectively.

Materials and methods

Tissue specimens. Human glioblastoma tissues were obtained
from 20 patients and normal brain tissues were obtained
from 12 patients (including 6 adjacent normal tissues and
6 other patients) that underwent surgery at The Third People's
Hospital of Chengdu (Chengdu, China) between April 2012
and January 2015. Sample acquisition was approved by the
Medical Research Ethics Committee of The Third People's
Hospital of Chengdu and written informed consent was
obtained from all patients. Clinicopathological parameters are
indicated in Table I.

Antibodies. The primary antibodies used for western blotting
were as follows: Rabbit polyclonal SET antibody (1:1,000 dilu-
tion; catalog no. sc-25564), rabbit polyclonal Bcl-2 antibody
(1:500 dilution; catalog no. sc-492), rabbit polyclonal Bax
antibody (1:1,000 dilution; catalog no. sc-623), mouse
monoclonal caspase-3 antibody (1:800 dilution; catalog
no. sc-65497) and mouse monoclonal f-actin antibody
(1:1,000 dilution; catalog no. sc-8432). The secondary antio-
bodies used were anti-rabbit immunoglobulin (Ig)G (catalog
no. zb2301) and anti-mouse IgG (catalog no. zb2305) horse-
radish peroxidase-conjugated antibodies (1:2,000 dilution;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA). Detection
was performed using a Chemiluminescent Western Blot
detection kit (Thermo Fisher Scientific, Inc., Waltham, MA,
USA).

IHC. Glioblastoma tissue specimens were fixed in formalin
and embedded in paraffin. The sections were cut to 4 ym.
After dewaxing with xylene and rehydrating with sequential
ethanol, the sections were blocked with 3% H,O, at room
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Table I. Clinicopathological parameters of 26 patients with
glioblastoma.

Parameter n
Gender
Female 12
Male 14
Age, years
>50 14
<50 12
WHO classification®
I 3
1I 6
111 6
v 5
Differentiation degree®
Well
Moderate 6
Low 11

2According to the 2007 WHO classification (17). "According to
glioma grading (18). WHO, World Health Organization.

temperature for endogenous peroxidase ablation for 10 min,
and antigen retrieval was performed with citrate buffer at
~95°C for 20 min. After rinsing in phosphate-buffered saline
(PBS) with Tween 20 (0.01 M of PBS, pH 7.4; 3x5 min),
the sections were incubated with goat serum (Zhongshan
Goldenbridge Biotechnology Co., Ltd., Beijing, China) at
37°C for 30 min. Subsequently, samples were incubated
with rabbit SET antibody (Santa Cruz Biotechnology, Inc.)
diluted in PBS (0.01 M of PBS, pH 7.4) at 4°C overnight
followed by biotin-labeled goat anti-rabbit IgG and strep-
tavidin/horseradish-peroxidase at 37°C for 1 h. Then, the
sections were stained with 3,3'-diaminobenzidine (Zhongshan
Goldenbridge Biotechnology Co., Ltd.) in the dark for ~2 min
until coloration (Nikon TS100; Nikon Corporation, Tokyo,
Japan) was complete, counterstained with hematoxylin for
2 min, dehydrated, cleared with running water and mounted
with neutral gums. The same steps were conducted for the
negative control group, but the rabbit SET antibody was
replaced with PBS.

Staining intensity was graded as O (negative), 1 (weak), 2
(moderate) or 3 (strong); while staining extent was graded as
0 (<5%), 1 (5-25%), 2 (25-50%), 3 (50-75%) or 4 (>75%). The
sum of the staining intensity and extent values were used to
determine the final expression of SET, as follows: 0 (nega-
tive, +), 2-3 (weak positive, +), 4-5 (moderate positive, ++) and
6-7 (strong positive, +++). Optical density (OD) values of SET
expression were examined with Image ProPlus 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA).

Cell lines and culture conditions. Human glioblastoma cell
lines, US7MG and U251 (American Type Culture Collection,
Manassas, VA, USA), were cultured in Dulbecco's Modi-
fied Eagle's medium (DMEM; Hyclone; GE Healthcare Life
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Table II. Primer sequences for reverse transcription-quantitative polymerase chain reaction.

Gene Primer sequence Location Product length, bp
SET 5-GCTCAACTCCAACCACGAC-3' 389-407 120
5-TCCTCACTGGCTTGTTCATTA-3' 508-488
Bax 5'-AAGCTGAGCGAGTGTCTCAAG-3' 172-192 178
5'-CAAAGTAGAAAAGGGCGACAAC-3' 349-328
Bcl-2 5-GTTTGATTTCTCCTGGCTGTCTC-3' 1-23 133
5'-GAACCTTTTGCATATTTGTTTGG-3' 649-627
Caspase-3 5'-ATCACAGCAAAAGGAGCAGTTT-3' 583-604 214
5'-ACACCACTGTCTGTCTCAATGC-3' 796-775
GAPDH 5'-GGAAGGTGAAGGTCGGAGT-3' 107-125 117
5'-TGAGGTCAATGAAGGGGTC-3' 223-205

Sciences, Logan, UT, USA) containing 10% fetal bovine
serum, penicillin (100 IU/ml) and streptomycin (100 pg/ml).
Cells were grown at 37°C in a humidified atmosphere with
5% CO,. Experiments were performed using cells harvested
from exponentially growing cultures.

RNA interference (RNAi) of SET. Three groups were estab-
lished as follows: Non-treatment control (blank), negative
control (NC; control siRNA) and experimental groups. siRNA
experiments were performed using 5 ul Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) to transfect
50 nM siRNA (siRNA sequences, 5-GGAGGAAGGAUU
AGAAGAUdTAT-3"; and 3'-dTdATGACCUUUCCUAAAC
UGCUU-5") when cell density reached 3x10° cells/well in a
6-well plate (Corning Life Sciences, Tewksbury, MA, USA).
Negative experiments were performed using 5 ul Lipo-
fectamine 2000 to transfect 50 Nm negative control RNA
when the cell density reached 3x10° cells/well in a 6-well
plate, while in the blank group, only culture medium without
serum and antibiotics was used when the cell density reached
3x10° cells/well in a 6-well plate. The transfection medium
was removed after 6 h and replaced with fresh growth
medium. Transfected cells were collected at 48 h to detect
mRNA expression levels by RT-qPCR and at 72 h to detect
protein expression levels by western blotting.

Cell proliferation assay. Cells in the logarithmic phase
were cultured in 96-well culture plates at a cell density of
10 cells/well in medium with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.). CCK-8 reagents
(10 ul; Sigma-Aldrich, St. Louis, MO, USA) were added at
various time points (12, 24, 36,48 and 60 h). After cells were
cultured for 2 h, the medium was removed, 150 ul dimethyl-
sulfoxide was added into each well and cells were incubated
for 15 min. Plates were read at an absorbance wavelength
of 450 nm using a microplate reader (Model 680; Bio-Rad
Laboratories, Hercules, CA USA). Each transfection group
had six replicates and the experiment was repeated three
times.

Flow cytometry. Cells in the logarithmic phase were collected
and cultured in 6-well culture plates. In the cell apoptosis
experiment, cells were collected at 24 h post-transfection,

Table III. Polymerase chain reaction cycling conditions.

Gene Conditions

Set 95°C 30 sec; 95°C 10 sec; 62°C 30 sec;
68°C 20 sec; for 40 cycles;

Bax 95°C 30 sec; 95°C 10 sec; 60°C 30 sec;
68°C 20 sec; for 40 cycles;

Bcl-2 95°C 30 sec; 95°C 10 sec; 57°C 30 sec;
68°C 20 sec; for 40 cycles;

Caspase-3 95°C 30 sec; 95°C 10 sec; 60°C 30 sec;
68°C 20 sec; for 40 cycles

GAPDH 95°C 30 sec; 95°C 10 sec; 58°C 30 sec;

68°C 20 sec; for 40 cycles;

washed twice using PBS and centrifuged at 370 x g (5 min
at 4°C). Cell pellets were suspended in 400 ul PBS, then
5 ul Annexin V-fluorescein isothiocyanate (BD Biosci-
ences, Franklin Lakes, NJ, USA) was added. The mixture
was gently agitated and placed in room temperature for
10 min. Subsequently, 10 1 propidium iodide (20 ug/ml; BD
Biosciences) was added and incubated for 30 min at 4°C. The
effect of SET siRNA on cell apoptosis was analyzed by flow
cytometry (FACSAria II Cell Sorter; BD Biosciences). Each
transfection group had three replicates and the experiment
was repeated three times.

Cell migration assay. A Transwell migration assay was
performed to examine cell proliferation. Cells in the loga-
rithmic phase were cultured and seeded into the upper chamber
of a Transwell (EMD Millipore, Billerica, MA, USA) at a
density of 2x10° cells/well in medium without FBS. Medium
containing 10% FBS was placed in the lower chamber to act
as a chemoattractant. After 48 h, non-migratory cells that
remained on the upper chambers were removed by scraping
them with a cotton swab. Cells that migrated to the lower
surface through the 8.0-ym polycarbonate membrane were
stained with 0.1% crystal violet for 15 min. Migrated cells
were quantified by counting stained cells under a microscope
(x400 magnification). Five random fields were selected for
each well to determine the total number of migrated cells.
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B Tumor tissue

Figure 1. Representative immunohistochemical expression patterns of SET in (A) normal brain and (B) glioblastoma tumor specimens (stain,

3,3'-Diaminobenzidine and hematoxylin; magnification, x400).

The assay was performed in triplicate and repeated three
times.

RT-qPCR analysis. RT-qPCR was used to detect differences
in mRNA expression. After transfection for 24-36 h, RNA
was extracted from cells using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to manufacturer's
instructions. The RNA was purified using a total of 10 ul
reagent, including 2 ul 5X gDNA Eraser Buffer, 1 ul gDNA
Eraser, 1 ug RNA and RNase-Free dH,O (amount determined
by the concentration of RNA) at 42°C for 2 min. Total RNA
(1 pg) was reverse transcribed using an M-Mulv reverse
transcriptase kit (Takara, Japan). qPCR was then performed
with 2 ul cDNA using SYBR Premix Ex Taq (Takara, Japan),
according to manufacturer's instructions and in accordance
with international standards (6-8). Primers are indicated in
Table II and the amplification was performed on a Bio-Rad
C1000 Touch Thermal Cycler (Bio-Rad Laboratories). PCR
cycling conditions are stated in Table III. The GAPDH gene
was used as an endogenous control and the AACq method
was used to quantify the data (19) and the experiment was
repeated three times.

Western blot analysis. Cells were lysed in ice-cold RIPA
buffer (Beyotime Institute of Biotechnology, Nantong,
China). Total protein concentration was determined using
an Enhanced BCA Protein assay kit (Beyotime Institute of
Biotechnology). Equal amounts of proteins were separated
by 12% SDS-PAGE and transferred onto PVDF membranes
(EMD Millipore). After blocking in Tris-buffered saline
containing 5% non-fat milk, the membranes were incubated
with primary antibodies at 4°C overnight; followed by incu-
bation with horseradish peroxidase-conjugated anti-rabbit
antibody (Santa Cruz Biotechnologies, Inc.) at room temper-
ature for 1 h. Signals were detected on a gel imaging system
using the electrochemiluminescent western blotting substrate
(Thermo Fisher Scientific, Inc.). The expression of f-actin
was used as the loading control. Quantity One software
(v.4.62; Bio-Rad Laboratories) was used for quantification.

Statistical analysis. Data are presented in means + standard
deviation of at least three separate experiments. Indepen-
dent-samples t-test and paired-samples t-test were used for
comparison of normally distributed data. SPSS statistical
software package (version 18; SPSS, Inc., Chicago, IL, USA)
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Table IV. OD values for SET expression in association with
clinicopathological parameters of cancer samples.

Parameter OD (mean + SD) P-value
Gender
Female 0.89+0.19 0.002
Male 1.0+0.16
Age, years
>50 0.99+0.17 0.419
<50 0.90+0.18
WHO classification®
I 0.58+0.14 0.304
II 0.90+0.11 0.031
111 0.91+£0.20 0.003
v 1.11+0.12 0.001
Differentiation degree®
Well 0.58+0.14 0.298
Moderate 0.90+0.11 0.031
Low 0.99+0.16 0.001

*According to the 2007 WHO classification (17). "According to
glioma grading (18). OD values (mean + SD) for the total normal
and cancer samples were 0.54+0.14 and 0.91+0.20, respectively.
OD, optical density; SD, standard deviation; WHO, World Health
Organization.

was used for statistical analysis. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of SET in glioma tissues. Representative staining
of SET in glioma tissues is shown in Fig. 1. Positive expression
of SET was observed in the cell nucleus. SET protein expres-
sion was detected in 100% (20/20) of cancer samples. Among
the 18 cases of glioma and 2 cases of meningioma, 15% (3/20),
25% (5/20) and 60% (12/20) of cases exhibited weak (+),
moderate (++) and strong (+++) SET protein staining, respec-
tively. By contrast, among the 12 normal tissues, including
6 adjacent normal tissue and 6 other patient samples, 83.33%
(10/12), 8.33% (1/12) and 8.33% (1/12) of normal brain speci-
mens exhibited weak (+), moderate (++) and strong (+++) SET
protein staining, respectively. The OD of SET was examined
by Image ProPlus software. Results revealed that the protein
expression level of SET significantly increased in glioma
tissues compared with normal brain specimens (P=0.001).
Thus, SET appears to be frequently upregulated in glioma
tissues at the protein level. In addition, there were significant
associations between SET expression and gender (P=0.002),
World Health Organization grade II (18) (P=0.031), III
(P=0.003) and IV (P=0.001) cancer, and moderately-differen-
tiated (P=0.031) and poorly-differentiated (P=0.001) cancer.
However, the association between SET expression and age
(P=0.419), WHO grade I cancer (P=0.304) and well-differ-
entiated cancer (P=0.298) were not statistically significant
(Table IV).
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Inhibition of SET promotes cell apoptosis. Following transfec-
tion for 48 h, the cell apoptosis rates of US7MGSET, US7TMG™N¢
and UR7MG cells were 71.8+2.92,44.17+1.48 and 38.56+4.61%,
respectively. The cell apoptosis rate of US7MG™ET cells was
significantly higher than that of U87MG™¢ (P=0.001) and
US7MG (P=0.001) cells. There was no statistical significance
noted between US7TMG™N® and US7MG cells (P=0.161). The
apoptosis rates of U2515ET, U251N¢ and U251 cells were
86.2+1.54, 59.33+0.93 and 59.3+0.46%, respectively. The
U251°5ET cell apoptosis rate was significantly higher than that
of U251N¢ (P<0.01) and U251 (P<0.01) cells. No statistically
significant difference was found between the U251N¢ and
U251 cells (P=0.479) (Fig. 2).

Inhibition of SET downregulates cell proliferation. Compared
with the blank group, cell proliferation significantly declined
in U87MGSET (51.04£10.22%, P=0.002) and U251 5ET
(32.45+6.99%, P=0.015) cells, respectively, in a time-depen-
dent manner (12, 24, 36, 48 and 60 h after transfection).
However, there was no statistically significant difference in
U8TMG™€ (7.80+3.62%, P=0.057) and U251N¢ (10.79+6.04%,
P=0.110) cells (Fig. 3).

Inhibition of SET reduces cell migration. Following trans-
fection for 24 h, the number of US7MG™SET, US7TMG™NC¢ and
US87MG cells that migrated was 114+6, 170+8 and 17749,
respectively. Furthermore, the number of migrated U251-5ET,
U251N€ and U251 cells was 7942, 153+5 and 16247, respec-
tively, compared with the blank group; and the number of
cells in the experimental group was significantly inhibited in
U87MG ST (35.60%, P=0.001) and U251-5FT (51.23%, P=0.001)
cells. There was no statistically significant difference between
U87MG™C and US7MG cells (P=0.661) or between U251N¢
and U251 cells (P=0.146) (Fig. 4).

Bcl-2, Bax and caspase-3 mRNA expression levels in
US7MGSET and U251°5F7 cells. Following transfection for 48 h,
SET gene expression was inhibited in US7TMGS*T (75.7+4.9%,
P=0.006) and U2515ET (79.92+8.77%, P<0.01) cells compared
with the blank groups, and in US7MG™C cells (7.72+4.65%,
P=0.053) and U251NC cells (8.61+5.1%, P=0.100). Similarly,
the Bel-2 mRNA expression level was decreased in US7MGSET
(63.31£10.81%, P=0.020) and U251 (68.25+17.17%,
P=0.001) cells. No statistically significant difference was
found in US7MG™C cells (10.59+1.18%, P=0.054) and U251N¢
cells (7.36+5.83%, P=0.160) cells compared with the blank
groups. In contrast to Bcl-2, the mRNA expression levels of
Bax and caspase-3 increased in US7MGSET (40.40+5.65%,
P=0.014 and 36.30+8.63%, P=0.023, respectively), and
U2515ET (41.58+17.13%, P=0.005 and 79.54+11.15%, P=0.014,
respectively); however, in the US7MG™C cells (0.36+10.79%,
P=0.628; 10.85+6.60%, P=0.059) and the U251™N¢ cells
(10.30+6.60%, P=0.064; 9.69+6.40%, P=0.120), there was no
statistical compared with the blank group. (Fig. 5).

Bcl-2, Bax and caspase-3 protein expression levels in
U87MGSET and U2515T cells. Following transfection for
48 h,SET protein was inhibited in US7MGSET (69.69+8.29%,
P=0.005) and U2515ET (70.52+5.67%, P<0.001) cells,
while the inhibition rate was 9.12+3.19% (P=0.054) and
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Figure 2. Effect of SET on cell apoptosis. Apoptosis rates of (A) U87MGSET, US7TMG™C and US7MG cells, and (B) U2515ET, U251NC and U8251 cells, as
determined by flow cytometry. Compared with the NC and blank groups, significant inhibition of SET resulted in significantly upregulated cell apoptosis in
(C) USTMGSET (P=0.001) and (D) U251%ET (P<0.01) cells. Data are presented as the mean + standard deviation. “P<0.01 vs. NC and blank control groups. PI;

The percentage of cell apoptosis
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Figure 3. Effect of SET on cell proliferation. Inhibition of SET decreases (A) U87MGSET (P=0.002) and (B) U251 T (P=0.015) cell proliferation compared
with the NC and blank control groups. Data are presented as the mean + standard deviation. A, absorbance; NC, negative control.
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Figure 4. Effect of SET on cell migration. Cell migration in (A) US7MGET, U§7MG™¢ and USTMG cells, and in (B) 2515ET, U251°NC and U8251 cells
(magnification, x400). Compared with the NC and blank groups, after SET was significantly inhibited, cell migration was significantly downregulated in
(C) USTMGSET (P=0.001) and (D) U251SET (P=0.001) cells. Data are presented as the mean + standard deviation. “P<0.01 vs. NC and blank control groups.
NC, negative control.
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Figure 5. Downregulation of SET can significantly change the mRNA expression of Bcl-2, Bax and caspase-3. Compared with the NC and blank groups, the
mRNA expression levels of Bax and caspase-3 were significantly upregulated while the mRNA expression level of Bcl-2 was significantly downregulated in
(A) USTMG S T and (B) U251, Data are presented as the mean + standard deviation. "P<0.05 and “P<0.01 vs. NC and blank control groups. NC, negative control.
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Figure 6. Downregulation of SET can significantly change the protein expression of Bcl-2, Bax and caspase-3. Western blots of (A) U§7MG and (B) U251 cell
lines were (C and D) quantified. The data revealed that, after SET was significantly inhibited, the protein expression level of Bcl-2 decreased, while the expres-
sion of Bax and caspase-3 increased compared with the NC and blank groups. Data are presented as the mean + standard deviation. "P<0.05, “P<0.01 vs. NC

and blank control groups. NC, negative control.

caspase-3 were upregulated in US7TMG™SET (75.59+6.28%,
P=0.015 and 115.76+15.18%, P<0.001, respectively) and U2515ET
(82.03+£3.76%, P=0.004 and 124.01+8.91%, P=0.008, respec-
tively), and in US7MG™C (7.67+3.88, P=0.156; 11.07+6.80,
P=0.063) and U251 (5.31+4.14, P=0.076; 7.61+3.47, P=0.147)
cells compared the control groups (Fig. 6).

Discussion

In the present study, IHC determined that the protein expres-
sion level of SET was significantly upregulated in glioma

tissues compared with normal brain tissues, indicating that
SET may have an effect on the occurrence of GBM. In addition,
the increased expression of SET was significantly correlated
with a variety of important clinicopathological parameters,
including gender, WHO grade II, IIT and IV classification, as
well as moderate and low differentiation. SET expression was
higher in men than that in women, suggesting that men may
develop GBM more easily compared with women. In agree-
ment, a previous study showed that the incidence rate of GBM
is 1.6 times higher in men than in women (2). Although there is
no statistical significance between SET expression and WHO
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grade I or well-differentiated cancer, the high malignancy of
GBM and high expression of SET (Table IV) indicate that the
expression level of SET may be associated with the malig-
nant degree of cancer. In particular, SET expression may be
positively involved in the progression of glioma. The current
results suggest that the SET gene is associated with the occur-
rence of GBM and may be a potential carcinogenic factor in
GBM. However, the detailed mechanism for SET upregulation
in glioma has yet to be clarified.

In the current study, the rate of cell proliferation (Fig. 3) and
migration (Fig. 4) significantly decreased after SET was inhib-
ited, while the rate of cell apoptosis (Fig. 2) was significantly
upregulated. A previous study revealed that SET is involved in
regulating cell apoptosis, the cell cycle and cell migration (14),
indicating that it may be a potential carcinogenic factor in
GBM cells. Furthermore, the possible mechanism of SET
involves the promotion of cell proliferation and migration, and
the inhibition of GBM cell apoptosis.

In order to understand the detailed mechanism of SET in
the occurrence of GBM, the present study focused on the corre-
lation between SET, and Bcl-2, Bax and caspase-3 in US7MG
and U251 cell lines. Anti-apoptotic Bcl-2, pro-apoptotic Bax
and pro-apoptotic caspase-3 have important roles in the occur-
rence, development and outcome of cancer. In particular, the
relative ratios of the pro- and anti-apoptotic BCL2 family
protein levels determine the sensitivity or resistance of cells
to multiple apoptotic stimuli (20). Generally, there are two
interconnected apoptotic pathways: Extrinsic and intrinsic
mechanisms mediated by death receptors on the cell surface
and mitochondria, respectively (21). This apoptotic mecha-
nism is regulated by several proteins that belong to the BCL2
family, including anti-apoptotic (Bcl-2, Bcl-x] and Mcl-1) and
pro-apoptotic (Bax, Bak, Bcl-xs, Bad and Bid) mediators that
differentially effect mitochondrial homeostasis and cyto-
chrome c release (22). Bcl-2, which belongs to the BCL2 family,
was initially identified in B cell malignancies and encodes an
integral outer mitochondrial membrane protein that regulates
the intrinsic mitochondrial apoptosis pathway; thus, Bcl-2
serves as an anti-apoptosis gene (23). Bax, a pro-apoptotic
member of the Bcl-2 family of proteins, has the ability to form
transmembrane pores large enough to allow cytochrome ¢
release, as well as the ability activate the mitochondrial perme-
ability transition pore (24). Caspases, a family of cysteinyl
aspartate-specific proteases, are best known as executioners of
apoptotic cell death, and their activation are considered to be
committed to inducing cell death (25); in particular, caspase-3,
as one member of cysteinyl aspartate-specific proteases family,
is known as a central effector of apoptosis (26). Furthermore,
mitochondria have an important role in the intrinsic pathway
of apoptosis, which is regulated by the Bcl-2 family of proteins
through the pro-apoptotic protein BAX and the anti-apoptotic
protein Bcl-2. Mitochondria are involved in the production
of reactive oxygen species production, the downregulation
of Bcl-2, the upregulation of Bax, the release of cell death
protein cytochrome c, and caspase-3 activation in various cell
lines (27). In the present study, following inhibition of SET
expression in two glioblastoma cell lines (U87MG and U251),
the mRNA and protein expression level of SET were both
significantly downregulated in U87MGSET and U251-5ET cells.
Subsequently, mRNA and protein expression levels of Bcl-2,
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Bax and caspase-3 were detected in these two cell lines, and it
was found that the expression of Bcl-2 significantly decreased,
while the expression of Bax and caspase-3 significantly
increased compared with the two control groups, resulting in a
lower Bcl-2/Bax ratio at the mRNA (Fig. 5) and protein (Fig. 6)
expression level. Thus, the current data suggests that SET may
regulate cell proliferation and apoptosis by upregulating Bcl-2
gene expression and downregulating Bax and caspase-3 genes,
resulting in the development of cancer.

In conclusion, the current data suggests that SET may be
a potential carcinogenic factor in GBM, and may regulate
cell proliferation and apoptosis by upregulating Bcl-2 gene
expression, and downregulating Bax and caspase-3 expression.
However, its detailed mechanism remains unknown. Previous
studies have indicated that SET may be a downstream molecule
that could be activated by the PI3K/Akt/mTOR signaling
pathway in colorectal adenocarcinoma (28). Further research is
required to determine whether SET regulates the expression of
Bcl-2, Bax and caspase-3 through a series of complex regulatory
mechanisms in this signaling pathway, resulting in the occur-
rence of GBM.
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