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MicroRNA-494 promotes the proliferation and migration
of human glioma cancer cells through the protein
kinase B/mechanistic target of rapamycin pathway
by phosphatase and tensin homolog expression
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Abstract. The aim of the present study was to analyze the
possible association between microRNA-494 (miR-494) and
cell proliferation in glioma cancer. Firstly, the expression
of miR-494 was revealed to be upregulated in patients with
glioma, compared with the normal group. Next, anti-miR-494
mimics were used to decrease the expression of miR-494 in
glioma cancer cells, which subsequently induced apoptosis,
and inhibited cell growth and migration. Downregulation of
miR-494 expression induced phosphatase and tensin homolog
(PTEN) and suppressed the protein kinase B/mechanistic
target of rapamycin pathway (Akt/mTOR) pathway in glioma
cancer cells. By contrast, overexpression of miR-494 by
miR-494 mimics promoted cell growth and migration, and
suppressed the apoptosis of glioma cancer via the Akt/mTOR
pathway by PTEN expression. Furthermore, a PTEN inhibitor
was used to attenuate the function of miR-494 in glioma cancer
autophagy through Akt/mTOR pathway. The promotion of
PTEN promoted the function of anti-miR-494 on glioma
cancer cell growth through Akt/mTOR pathway. Collectively,
these results demonstrate that the effect of miRNA-494 on the
proliferation and migration glioma cancer cells was mediated
through Akt/mTOR pathway by PTEN expression.

Introduction

Glioma cancer is also referred to as neuroectodermal tumor
or neuroepithelial tumor since the tumor develops in the
neuroderm. According to the World Health Organization,
~75% malignant primary brain tumors are glioma cancer (1).
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Meanwhile, the annual morbidity rate of 5/10,000 and the high
mortality rate of glioma have attracted extensive attention (2).
It has been reported in the literature that the annual morbidity
rate of glioma in China is 3-6/100,000, with a higher inci-
dence among male patients than female patients. In addition,
~30,000 patients succumb to this disease annually (3). Glioma
can occur at all age groups, which is dominated by adults,
with 30-40 years being the peak age of morbidity (2). Glioma
in adults is commonly observed in the supratentorial region,
while that in children is mostly in the cerebellum (4). The
majority of gliomas are tumors with invasive growth, which
are associated with the possibility of recurrence following
resection (4). Common clinical symptoms of glioma are asso-
ciated with the tumor site and pathological type of glioma (5).

As one of the most common malignant primary intracra-
nial tumors, glioma cancer is the central nervous system tumor
with the poorest therapeutic effects at present (6). Medical
professionals have performed a large number of studies on
the molecular biology of glioma, including its association
with microRNA (miRNA) (7). It has been demonstrated that
microRNA is associated with glioma stem cells (7). This is of
crucial importance to study microRNA and it has attracted
extensive attention (8). miRNA acts on downstream target
genes or proteins through multiple signaling pathways and
transcription factors (8). Therefore, miRNAs can regulate
the expression of oncogenes or tumor suppressor genes, and
result in cell cycle changes in glioma stem cells. In addi-
tion, this will lead to changes in cell apoptosis, proliferation
and differentiation, and affect the differentiation of glioma
and its self-renewal ability (9). miRNA expression has been
demonstrated to be upregulated or downregulated in glioma
stem cells. This renders corresponding changes in signaling
pathways, or all types of transcription or growth factors (9).
Furthermore, certain tumor stem cell-related characteristics
can also be affected, including proliferation, differentiation,
invasion and migration. Therefore, microRNA can inhibit the
growth and proliferation of tumor stem cells (9).

The phosphatase and tensin homolog (PTEN) gene is a
new gene isolated from the homologous deletion region of
primary breast cancer (10). It is the first tumor suppressor
gene possessing dual phosphatase activity discovered thus
far, and is located on chromosome 10q23 (10). The PTEN
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gene inhibits tumor cell proliferation, induces apoptosis, and
suppresses tumor cell migration and local adhesion, thereby
exerting effects on the tumor (10). Deletion or mutation of
the PTEN gene can result in abnormal cell proliferation (11).
Loss of homozygosity and heterozygosity, as well as abnormal
promoter methylation of the gene, can result in its inactiva-
tion (11). A previous study demonstrated that the PTEN gene is
associated with the genesis and development of multiple solid
tumors (12). A previous study suggested that abnormal methyl-
ation of the PTEN gene promoter may be observed in different
types of tumors (11), including breast cancer, esophageal
cancer, thyroid carcinoma, renal carcinoma, oral squamous
cell carcinoma and ovarian clear cell carcinoma (13).

The phosphoinositide 3-kinase (PI3K)/protein kinase B
(Akt) signaling pathway is extensively distributed in cells.
It exerts important physiological functions through multiple
pathways, including regulating cell cycle and cellular energy
metabolism (14). It has been demonstrated that the PI3K/Akt
signaling pathway is excessively activated in glioma cancer,
suggesting an association between this pathway, and the
genesis and development of glioma (15). Meanwhile, PI3K
and Akt may be effective targets for the clinical treatment of
glioma cancer (15). Zhang et al (16) reported that miRNA-494
promotes colorectal (16), epithelial ovarian (17) and pancreatic
cancer (18). The aim of the present study was to analyze the
possible association between microRNA-494 and cell prolif-
eration in glioma.

Materials and methods

Glioma samples. The peripheral blood of patients with glioma
(n=58; age range, 44-70 years; mean age, 57+12.5 years;
28 males and 30 females) and healthy volunteers (n=28; age
range, 51-69 years; mean age, 59.5+9 years; 14 males and
14 females) were collected and centrifuged at 10,000 x g at 4°C
for 10 min. Serum was collected and stored at -70°C, prior to
being used for quantitative polymerase chain reaction (QPCR).

RNA isolation and qPCR. Total RNA was extracted from
serum samples using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), cDNA was
amplified from 10 ng RNA using Tagman MicroRNA assays
(Applied Biosystems; Thermo Fisher Scientific, Inc.). cDNA
was prepared using SYBR Premix Ex Taq™ II (Takara
Biotechnology Co., Ltd., Dalian, China). MicroRNA-494
forward, 5'-CATAGCCCGTGAAACATACACG-3' and
reverse, 5'-GTGCAGGGTCCGAGGT-3"; and U6 forward,
5'-CGCTTCGGCAGCACATATACTA-3' and reverse, 5'-GCG
AGCACAGAATTAATACGAC-3". The thermocycling condi-
tions for this stage were as follows: 95°C for 5 min; 40 cycles
of denaturation at 95°C for 25 sec; and annealing/extension
at 60°C for 30 sec. The miRNA expression was determined
using the comparative Cq (222°9) method method (19). Low
miRNA-494 expression was categorized as 1-2 times that of
the control group (U6), and high miRNA-494 expression was
categorized as >2 times that of the control group (U6).

Cell lines and transfection. Human glioma U251 cells
were maintained in RPMI-1640 medium (HyClone™; GE
Healthcare Life Sciences, Logan, UT, USA), supplemented
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with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.) and cultured at 37°C in a 5% CO, incubator. A total of
100 ng anti-miR-494, miR-494, si-PTEN, PTEN plasmid and
negative control were synthesized by Guangzhou RiboBio
Co., Ltd. (Guangzhou, China). Anti-miR-494 (5'-UUCUCC
GAACGUGUCACGUUU-3" and 5'-ACGUACACGUUC
GGAGAAUU-3"), miR-494 (5'UGAAACAUACACGGG
AAACCUC3' and 5'-GGUUUCCCGUGUAUGUUUCAU
U-3') and negative control were transfected into cells using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). Next, anti-miR-494 and si-PTEN (cat. no. sc-44272;
Santa Cruz Biotechnology) or miR-494 and PTEN plasmid
(5'-ACTCTTGCCTGGTTGCAAGTGTCAA-3' and 5'-TCT
GAATTTTTTTTTATCAAGAGGGGATAAA-3") were
transfected into cells using Lipofectamine 2000. After 4 h of
transfection, fresh RPMI-1640 medium was added to cells.

Luciferase reporter assay. The PTEN 3'-UTR containing the
microRNA-494 target site was cloned into the pGL3 luciferase
reporter vector (Sangon Biotech Co., Ltd. Shanghai, China).
The PTEN 3'-UTR containing the microRNA-494 plasmid
was transfected into cells using Lipofectamine 2000. A
Dual-Luciferase Reporter assay system (Promega Corporation,
Madison, WI, USA) was used to measure luciferase activity
levels at 48 h after transfection through comparison with
Renilla luciferase activity using a Renilla luciferase activity
kit (Promega Corporation).

MTT assay. Cell proliferation was analyzed at 24, 48 and
72 h after transfection by MTT assay. A total of 20 ul MTT
was added to cells, followed by incubation for 4 h at 37°C.
Medium was removed and 150 ul dimethyl sulfoxide (DMSO)
was added to cells, followed by agitation for 20 min at 37°C.
Optical absorbance was read by EnSpire Multimode Plate
Reader (PerkinElmer, Inc., Waltham, MA, USA) at 490 nm.

Transwell assay for cell invasion. Cells (1x10°) were seeded
into upper chambers (8-ym pore size; Merck KGaA, Darmstadt,
Germany) in RPMI-1640 medium, and RPMI-1640 medium
supplemented with 10% fetal bovine serum was plated into the
lower chambers. Meanwhile, cells were placed into the upper
chambers and pre-coated with Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA). Following incubation for 48 h,
the chambers were fixed with 4% paraformaldehyde at room
temperature for 30 min and then stained with 0.1% crystal
violet (BD Biosciences) at room temperature for 15 min. Cell
was observed using a Zeiss Axioplan 2 confocal microscope
(magnification, x100; Carl Zeiss Microlmaging).

Flow cytometric analysis and caspase-3/-9 activity.Cell prolif-
eration was analyzed at 48 h after transfection, and cells were
resuspended in PBS and stained with Annexin V-fluorescein
isothiocyanate/propidium iodide (5 ul; BD Biosciences)
for 15 min at room temperature. The stained cells were
quantified using a flow cytometer (BD Influx™ Instrument;
BD Biosciences) and analyzed using FlowJo 7.6.1 software
(FlowJo LLC, Ashland, OR, USA) Protein was extracted from
cells using radioimmunoprecipitation assay (RIPA) buffer
and the liquid was placed in an ice bath for 30 min. Total
protein concentration was determined using a bicinchoninic
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Figure 1. miRNA-494 expression. (A) Gene chip for miRNA-494 expression. (B) Quantitative polymerase chain reaction for miRNA-494 expression.
(C) Overall survival and (D) disease-free survival of patients with glioma. Control, healthy volunteer group (n=28); GC, glioma cancer (n=58); miRNA,

microRNA. #P<0.01, compared with the healthy volunteer group.

acid (BCA) protein assay kit. Proteins were used to measure
caspase-3/-9 activity, and optical absorbance was read by
an EnSpire Multimode Plate Reader (PerkinElmer, Inc.) at
405 nm.

Western blot analysis. Protein was extracted from cells
using RIPA buffer and the liquid was placed in an ice bath
for 30 min. Total protein concentration was determined
using BCA protein assay kit. Proteins were resolved through
8-10% SDS-PAGE, prior to transfer onto PVDF membranes
(EMD Millipore, Billerica, MA, USA). The membranes
were blocked with 5% dry skimmed milk for 1 h at 37°C,
and probed with Bax (cat. no. ab32503; 1:2,000; Abcam,
Cambridge, MA, USA), LC3 (cat. no. ab48394; 1:2,000;
Abcam), PTEN (cat. no. ab228466, 1:2,000; Abcam), p-Akt
(cat. no. 4060; 1:2,000; Cell Signaling Technology, Inc.),
p-mTOR (cat. no. 5536; 1:2,000; Cell Signaling Technology,
Inc.) and GAPDH (cat. no. ab8245, 1:5,000; Abcam) primary
antibodies at 4°C for 6-8 h. Membranes were washed with
TBST, incubated with horseradish peroxidase-conjugated
goat anti-rabbit IgG antibodies (cat. no. 7074; 1:5,000; Cell
Signaling Technology, Inc.) at room temperature for 2 h,
visualized using chemiluminescence (Pierce; Thermo Fisher
Scientific, Inc.) and analyzed using Image_Lab_3.0 software
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. The results are expressed as the
mean + standard error of the mean. Data were analyzed using

Student's t-test or one-way analysis of variance, followed by
Tukey's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

The expression of miR-494. To determine whether miR-494
from the serum of glioma samples, the miR-494 expression
was examined. As demonstrated in Fig. 1A and B, miR-494
expression was upregulated in the serum of patients with
glioma, compared with the normal group. Subsequently,
the association between miR-494 expression and survival
rate was analyzed in patients with glioma. As a result, the
overall survival (OS) and disease-free survival (DFS) rates
in patients with glioma with a lower expression of miR-494
were higher than those in patients with a higher expression of
miR-494 (Fig. 1C and D).

Anti-miR-494 inhibits the growth and migration of glioma
cells. Furthermore, the growth and migration of glioma
cells was assessed following downregulation of miR-494.
As demonstrated in Fig. 2A-D, anti-miR-494 mimics
decreased miR-494 expression, and inhibited the growth
and migration of glioma cells, compared with the control
group. Furthermore, caspase-3 and caspase-9 activity levels,
apoptosis rate and Bax protein expression were induced
by anti-miR-494 in glioma, compared with the control
group (Fig. 2E-H).
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Figure 2. Anti-microRNA-494 inhibited the growth and migration of glioma cells. (A) Expression of microRNA-494, (B) cell proliferation, (C) migration
rate and (D) migration rate by statistical analysis, (E) Caspase-3/-9 activity, (F) apoptosis rate, and Bax protein expression by (G) statistical analysis and
(H) western blot analysis in glioma. Control, negative control group (n=3); anti-miRNA-494, downregulation of microRNA-494 (n=3). *P<0.01, compared

with the negative control group.

miR-494 promotes the growth and migration of glioma cells.
The expression of miR-494 was upregulated by miR-494
mimics, followed by analysis of the function of miR-494 on
the growth and migration of glioma cells. miR-494 expression
of glioma in miR-494 group was increased, compared with
the control group (Fig. 3A). Growth and migration of glioma
cells were promoted by overexpression of miR-494, compared
with the control group (Fig. 3B-D). However, caspase-3 and
caspase-9 activity levels, apoptosis rate and Bax protein
expression in glioma were suppressed by miR-494 upregula-
tion, compared with the control group (Fig. 3E-H).

The effects of miR-494 regulates the PTEN/Akt/mTOR
pathway in glioma. As demonstrated in Fig. 4A, PTEN is
a direct target of miR-494. Immunofluorescence revealed
that anti-miR-494 induced the protein expression of PTEN
in glioma, compared with the control group (Fig. 4B). Next,
western blot analysis was used to measure changes in the
PTEN/Akt/mTOR pathway in glioma using anti-miR-494
or miR-494 mimics. As a result, PTEN protein expression
was induced, and p-Akt and p-mTOR protein expression
were suppressed by anti-miR-494 in glioma, compared with
the control group (Fig. 5SA-D). Overexpression of miR-494

suppressed PTEN protein expression, and induced p-Akt and
p-mTOR protein expression in glioma, compared with the
control group (Fig. SE-H).

The inhibition of PTEN reduces the function of miR-494
in glioma cell growth through the Akt/mTOR pathway.
To determine the role of PTEN in the function of the
miR-494/Akt/mTOR pathway in glioma, si-PTEN was used
to suppress PTEN protein expression in glioma following
anti-miR-494 transfection, compared with the anti-miR-494
alone group (Fig. 6A and B). Consequently, the protein
expression of p-Akt and p-mTOR in glioma was induced
by the inhibition of PTEN, compared with anti-miR-494
(Fig. 6A, C and D). The function of miR-494 in the inhibi-
tion of cell growth and migration in glioma was reversed
following PTEN interference, compared with anti-miR-494
alone (Fig. 7A-C). The inhibition of PTEN reduced the effect
of miR-494 on glioma cell apoptosis and Bax protein expres-
sion, compared with anti-miR-494 (Fig. 7D-G).

The promotion of PTEN promotes the function of miR-494
in glioma cancer cell proliferation through the Akt/mTOR
pathway. Finally, to further determine the role of PTEN
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in the anticancer effect of miR-494 on glioma, PTEN
plasmid induced the protein expression in glioma following
anti-miR-494, compared with anti-microRNA-494
alone (Fig. 8A and B). The promotion of PTEN suppressed the
protein expression of p-Akt and p-mTOR in glioma following

494, downregulation of microRNA-494 (n=3). PTEN, phosphatase and tensin

anti-miR-494 transfection, compared with anti-miR-494
alone (Fig. 8A, C and D). The promotion of PTEN reduced cell
growth and migration, and induced apoptosis and Bax protein
expression in glioma following anti-miR-494, compared with
anti-miR-494 alone (Fig. 9).
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group. PTEN, phosphatase and tensin homolog; Akt, protein kinase B; mTOR, mechanistic target of rapamycin; miR, microRNA.
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Figure 10. Effect of microRNA-494 promotes glioma cell proliferation and migration through the Akt/mTOR pathway by PTEN expression. Akt, protein
kinase B; mTOR, mechanistic target of rapamycin; PTEN, phosphatase and tensin homolog.

Discussion

Glioma is an intracranial tumor with a high morbidity rate
and it cannot be cured (4). WHO has classified it as the most
severe astrocytoma with the highest degree of invasion (20).
Previous studies have demonstrated that miRNA expres-
sion profiles in glioma and multiple malignant tumor tissues

are different from those in normal tissues (4,21). These
differentially expressed microRNAs exert irreplaceable
functions in the genesis and development of tumors through
regulating the expression of oncogenes and tumor suppressor
genes (20). Therefore, studying microRNA is required in
order to elucidate the pathogenesis, diagnosis and treatment
of cancer (22). Furthermore, the present study demonstrated
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that microRNA-494 expression is upregulated in the serum of
patients with glioma, compared with the normal group. Taken
together, the results of the present study suggested that miR494
acts as an oncogene in glioma. Zhang et al (16) reported that
microRNA-494 promotes colorectal, epithelial ovarian (17)
and pancreatic cancer (18). These results are in line with those
of the present study and demonstrated that miR-494 partici-
pates in the development and progression of glioma.

In the pathogenesis of autophagy, the most dominant
morphological feature of autophagy is the presence of a large
amount of foam-like structures in cells (13). They are the
double membrane phagocytic vacuoles that contain cytoplasm
and organelles. The genesis of autophagy can be classified into
the following 4 steps based on this (23): Autophagy induction,
formation of autophagy vacuoles, fusion of autophagy vacuoles
with lysosome, and degradation and recycling of materials.
There are numerous cellular transduction signals regulating
autophagy. Of them, PI3K and mTOR are relatively well
known (24). PI3K is of crucial importance in the formation
of early phagocytic vacuoles. For instance, PIK3C3-BECN1
in mammals serves a key role in regulating phosphatidylino-
sitol in autophagy. In addition, it serves an important role in
the formation of double molecular membrane structure of
autophagy (25). The results of the present study demonstrated
that anti-microRNA-494 induced PTEN expression and
suppressed the Akt/mTOR pathway in glioma. Su er al (25)
demonstrated that miR-494 upregulates the PI3K/Akt pathway
through targeting PTEN in ischemia/reperfusion injury (26).
Li et al (26) demonstrated that miR-494-3p regulates cellular
proliferation and apoptosis by PTEN/Akt signaling in human
glioblastoma cells (27). These results demonstrated that
miR-494 participated in the growth and apoptosis of human
glioblastoma cells, and it was established that PTEN is a direct
target of miR-494 and that miR-494 regulates the Akt/mTOR
pathway through PTEN expression.

The PTEN gene can promote autophagy. As a type of lipid
phosphatase, PTEN can transform its substrate 3,4,5-phos-
phatidylinostiol triphosphate into 4,5-diphosphoinositide (28).
Therefore, it serves a negative regulatory role in the PI3K-Akt
signal transduction pathway. This pathway involves multiple
downstream events, including apoptosis inhibition and stimu-
lation of protein synthesis through the sirolimus target protein
(mTOR) pathway (11). In the present study, the inhibition of
PTEN reduced the microRNA-494-promoted apoptosis of
glioma cells. Zhu et al (28) demonstrated that microRNA-494
inhibits apoptosis by modulating the PTEN/Akt/mTOR
pathway in rats following spinal cord injury (29). However,
only si-PTEN was used, and PTEN affected the function of
miR-494, which demonstrated that PTEN only participated
in the function of miR-494 in glioma. Further experimental
methods are required in order to verify these results.

The present study demonstrated that microRNA-494
was involved in the growth and migration of glioma cells,
and promoting the apoptosis of U251 cells. These results
suggested that a high microRNA-494 expression level is a
potential risk factor for glioma, and that the therapeutic poten-
tial of anti-miRNA-494 promoted the apoptosis of glioma
cells through the Akt/mTOR pathway via PTEN expres-
sion (Fig. 10). Therefore, miRNA-494 may be considered as a
potential therapeutic target for the treatment of glioma.
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