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Abstract. Glioblastoma (GBM) is one of the most lethal forms 
of human cancer, and new clinical biomarkers and therapeutic 
targets are urgently required. microRNAs (miRNAs) are small, 
non-coding RNAs that negatively regulate gene expression at 
the post-transcriptional and/or translational level by binding 
the 3' untranslated regions (3' UTRs) of target mRNAs. The 
dysregulated expression of several miRNAs has been reported 
to modulate glioma progression. In the present study, we 
defined the expression and function of miR-708, which, based 
on real-time PCR analysis, were downregulated in GBM cells. 
The overexpression of miR-708 inhibited cell proliferation and 
invasion and induced apoptosis in the human GBM cell lines 
A172 and T98G. Furthermore, the overexpression of miR-708 
reduced the expression of Akt1, CCND1, MMP2, EZH2, 
Parp-1 and Bcl2 in A172 and T98G cells. Taken together, our 
study suggests that miR-708 affects GBM cell proliferation and 
invasion, and induces apoptosis. It is suggested that miR-708 
may play an important role as a tumor suppressor in GBM and 
it may be an attractive target for therapeutic intervention in 
GBM.

Introduction

Glioblastoma (GBM) is the highest grade glioma and is the 
most common malignant primary brain tumor in adults. 
Although there have been advances in therapy, the median 
survival time of patients with GBM is only 15 months (1-3). 
Furthermore, while our understanding of the molecular and 
physiological features of GBM has improved, no effective 
treatments for this type of cancer have been identified (4). 
Therefore, there is a critical need for new molecular targets, 

concepts, and approaches for treating this devastating disease. 
Due to the diversity and heterogeneity of GBM (5), targeting 
only a single factor would not result in a satisfactory clinical 
outcome. Thus, it would be necessary to regulate several onco-
genes simultaneously.

microRNAs (miRNAs) are small, non-coding RNAs 
~18-24 nucleotides in length that negatively regulate gene 
expression at the post-transcriptional and/or translational 
level by binding loosely complementary sequences in the 3' 
untranslated regions (3' UTRs) of target mRNAs (6). miRNAs 
regulate the expression of multiple target genes and participate 
in processes involved in the molecular pathology of cancer (7). 
Based on the concrete function and genes targeted, miRNAs 
can act as oncogenes or tumor suppressors (8,9). One example 
of a tumor suppressor miRNA is miR-7, whose expression is 
frequently found decreased in GBM, while its overexpression 
reduces cell proliferation, survival and invasiveness in cultured 
glioma cells (10,11). In contrast, miR-21 is almost invariably 
overexpressed in GBM and a number of other tumor types, 
resulting in enhanced cell motility, migration, and decreased 
apoptosis (12-14). miRNA profiling further reveals anoma-
lous levels of multiple miRNAs in a wide variety of tumor 
types, suggesting that dysregulation of the complex network 
of miRNA-mRNA interactions provides growth advantages 
to tumor cells  (15). In addition, many miRNAs have been 
demonstrated to function as tumor suppressors or oncogenes 
in glioma.

Previous studies have found that miR-708 plays different 
roles in several types of cancers. One example is in renal 
cancer cells, where miR-708 plays a role in inducing apoptosis 
and suppressing tumorigenicity, but in lung adenocarcinoma, 
increased miR-708 expression is associated with poor prog-
nosis (16,17). Therefore, the concrete function of miR-708 is 
associated with the cell type. Due to the inconsistent function 
of miR-708 in different types of cancers, studying the concrete 
function of miR-708 in GBM has become increasingly of 
interest to researchers, including ourselves. In our study, 
miR-708 in GBM cell lines was found to be decreased when 
compared with that in normal brain tissue. Therefore, we 
hypothesized that miR-708 may act as a tumor suppressor in 
GBM cell lines. In the present study, we analyzed the func-
tion of miR-708 in human glioma cell lines. We found that 
ectopic expression of miR-708 in A172 and T98G glioma cells 
caused decreased proliferation, migration and invasion, with 
accompanying low expression of several critical factors such 
as Akt1, CCND1, MMP2, EZH2, Parp-1 and Bcl2, which play 
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important roles in the process of proliferation, invasion, and 
anti-apoptosis. Our results identify a critical role for miR-708 
in the regulation of tumor progression in GBM, suggesting that 
miR-708 acts as a tumor suppressor gene for GBM.

Materials and methods

Tissue samples and cell culture. Human brain samples from 
epilepsy patients were obtained from Renji Hospital, Shanghai 
Jiaotong University School of Medicine, Shanghai, China. 
The hospital institutional review board approved this study, 
and written informed consent was obtained from all patients. 
Human A172, T98G, U87 and U251 GBM cells were obtained 
from the ATCC (Manassas, VA, USA). The cells were main-
tained in Dulbecco's modified Eagle's medium (DMEM)  
supplemented with 10% fetal bovine serum (FBS) (both from 
Gibco-BRL, Los Angeles, CA, USA) and were incubated at 
37˚C in 5% CO2.

Plasmid construction and transfection. HEK293T cells 
were seeded in 60-mm2 plates (4x106 cells/plate) in DMEM 
with 10% heat-inactivated FBS 1 day before transfection. 
Cells were transfected with 5.2 µg pGIPZ-miR-708, along 
with 2.36 µg psPAX2 and 0.8 µg pMD2G plasmids using 
Lipofectamine 2000 in DMEM. After 6 h, the transfection 
media were removed and replaced with DMEM containing 
10% heat-inactivated FBS without penicillin-streptomycin. 
Lentiviral particles were harvested at 72 h post-transfection. 
The A172 and T98G cells were transduced with 3 ml addi-
tional media containing viral particles and 6 µg/ml Polybrene. 
After 12 h, the conditional media were removed and replaced 
with DMEM containing 10% FBS.

To construct the miR-708 overexpression (over-miR-708) 
vector, 2 oligonucleotides were synthesized: forward primer, 
TCGAAAGGAGCTTACAATCTAGCTGGGGTGTGCTGT 
CCCCCAGCTAGATGTAAGCTCCTTTTTTT and reverse 
primer, AATTAAAAAAAGGAGCTTACAATCTAGCTGG 
GGGACAGCACACCCCAGCTAGATTGTAAGCTCCTT. 
The oligonucleotides were annealed to be cloned into the 
EcoRI and XhoI sites in the pGIPZ plasmid (Open Biosystems).

Real-time PCR. RNA was extracted from tissues or cells 
using TRIzol (Invitrogen Life Technologies, Carlsbad, CA, 
USA). Real-time PCR reactions were performed with TaqMan 
reverse transcription reagents (Invitrogen Life Technologies) 
and SYBR-Green PCR Master Mix (Applied Biosystems, 
Foster City, CA, USA) according to the manufacturers' proto-
cols. Normalization was performed on U6 miRNA levels. In 
addition, GAPDH mRNA was used as an internal control to 
the normalized selected genes.

Western blotting. Western blotting was performed as previ-
ously described (18), using primary antibodies against Akt1, 
MMP2, EZH2 (1:1,000 dilution; Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA), CCND1, GAPDH, PARP-1 
and Bcl2 (1:1,000 dilution; Cell Signaling Technology, Inc., 
Danvers, MA, USA), and incubated with a horseradish perox-
idase-conjugated anti-rabbit or anti-mouse antibody (1:1,000 
dilution, Sigma-Aldrich, St. Louis, MO, USA) for 2 h at room 
temperature.

Cell growth analysis. The cells were plated in 6-well culture 
plates (5x104 cells/well), and incubated in a humidified atmo-
sphere of 5% CO2 at 37˚C. Cell growth was monitored by 
counting cell numbers at various time intervals. Three inde-
pendent experiments were carried out in triplicate.

Cell cycle analysis. The cell cycle distribution was analyzed 
by flow cytometry (FCM). The cells were harvested by 0.05% 
trypsinization, washed with phosphate-buffered saline (PBS), 
fixed with 75% ethanol overnight at 4˚C, and then incubated 
with RNase at 37˚C for 30 min. The nuclei were examined 
in a FACSCalibur flow cytometer, and DNA histograms were 
analyzed by Modifit software (both from Becton-Dickinson, 
Franklin Lakes, NJ, USA). The experiments were performed 
in triplicate.

Apoptosis assay. The Annexin V-FITC Apoptosis Detection 
Kit I (Abcam, Cambridge, MA, USA) was used to detect and 
qualify apoptosis by FCM according to the manufacturer's 
protocol. The cells were washed with cold PBS, resuspended at 
a density of 1x106 cells/ml in 1X binding buffer, stained with 
FITC-labeled Annexin V for 5 min, and immediately analyzed 
by the FACScan flow cytometer. The data were analyzed by 
Cell Quest software (Becton-Dickinson).

BrdU cell proliferation assay. Cell proliferation was 
assessed by 5-bromo-2'-deoxy-uridine (BrdU) incorporation 
using a Cell Proliferation ELISA, BrdU kit (Roche Applied 
Science, Indianapolis, IN, USA) according to the manufac-
turer's protocol. The cells were seeded onto a 96-well plate 
(1x105 cells/well) in 100 µl culture medium and incubated at 
37˚C for 12, 24, 36 and 48 h. BrdU labeling solution was added 
to a final concentration of 10 µM, and the cells were incubated 
for an additional 2-4 h at 37˚C. The medium was removed and 
FixDenat (200 µl/well; Roche Applied Science) was added 
to the cells and incubated for 30 min at 25˚C. The FixDenat 
solution was removed completely and 100 µl/well anti-BrdU-
POD working solution was added and incubated for 90 min at 
25˚C. The antibody conjugate was then removed by flicking, 
and the wells were washed 3  times with washing solution 
(200 µl/well). Substrate solution (100 µl/well) was added and 
the cells were incubated at 25˚C until color development was 
sufficient for photometric detection (after 12, 24, 36 and 48 h). 
The absorbance (optical density) at 450 nm was measured 
using a microplate reader.

Transwell invasion assay. The cells were detached and 
resuspended in serum-free medium before being plated 
(5x105  cells/well) into Matrigel-coated invasion chambers 
(Becton-Dickinson) and allowed to invade for 16  h. The 
invading cells on the lower surface of the chambers were fixed 
with 70% ethanol and then stained with hematoxylin, while 
the remaining cells in the chambers were removed using 
cotton swabs. The number of remaining cells was calculated 
by counting five different fields under a microscope. The 
experiments were performed in triplicate.

Statistical analysis. GraphPad Prism 5.0 was used for statis-
tical analysis. One-way analysis of variance (ANOVA) and 
Student's t-tests were used to analyze the significance between 
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groups. We considered P<0.05 to indicate statistical signifi-
cance. The means ± standard deviation of each group were 
calculated for all experiments.

Results

miR-708 is downregulated in GBM cell lines. The expression 
of miR-708 in normal brain tissue and GBM cell lines was 
quantified by real-time PCR. In the present study, we extracted 
total RNA from the brain tissue of 2 epilepsy patients and 
4 GBM cell lines (U87, U251, A172, T98G). Compared to the 
brain tissue, the expression of miR-708 in the 4 GBM cell lines 
was low (Fig. 1).

Overexpression of miR-708 inhibits GBM cell proliferation 
in vitro. To explore the role of miR-708 in cell proliferation, we 
carried out the BrdU cell proliferation and cell counting assays 
for 6 days. A miR-708 oligonucleotide was used to overexpress 
miR-708 in the A172 and T98G cells (Fig. 2). As shown in 
Fig. 3A and B, the overexpression of miR-708 led to poor 
proliferative ability in the GBM cell lines compared to the 
control group cells. Both the BrdU cell proliferation assay and 
the cell counting assay demonstrated that the overexpression 
of miR-708 in the A172 and T98G cells reduced their prolif-
erative ability. The cell cycle distribution of the control and 
transfected cells was analyzed by FCM. In the A172 and T98G 
cells, miR-708 overexpression caused G0/G1 arrest (Fig. 4). 
These observations suggest that miR-708 overexpression 
suppresses the ability of GBM cells to proliferate in vitro.

miR-708 overexpression suppresses the invasive ability of 
GBM cells. The Transwell invasion assay was used to evaluate 
the impact of miR-708 expression on GBM cell invasion. Equal 
numbers of A172 control, A172 miR-708 overexpression cells, 
T98G control and T98G overexpression cells were placed in a 
Transwell chamber. After 16 h, the cells that passed through 
the membrane were counted under a microscope. As shown in 
Fig. 5, the over-miR-708 cells exhibited poor invasive ability 
(P<0.05). These data suggest that miR-708 overexpression 
suppresses the invasive ability of GBM cells.

miR-708 overexpression induces apoptosis of GBM cells. We 
used FCM to assess the effect of miR-708 expression on GBM 
cell apoptosis. As shown in Fig. 6, statistically significant 

increases in Annexin V+ apoptotic cells were observed in the 
over-miR-708 groups. This suggests that miR-708 induces 
GBM cell apoptosis.

miR-708 overexpression regulates the expression of compo-
nents of proliferation, invasion and apoptosis factors. To 
investigate the potential downstream effectors of miR-708, 
we examined several signaling molecules that contribute 
to the proliferation, invasion and anti-apoptosis ability of 
various types of cancers. These included Akt1, CCND1, 
MMP2, EZH2, Parp-1 and Bcl2. For example, Akt1 and 
CCND1 play an important role in the proliferation of cancer 
cells (19,20); EZH2 and MMP2 contribute to the invasion of 
GBM cells (21-23); and Parp-1 and Bcl2 act as anti-apoptosis 
factors for several types of cells (24,25). As shown in Fig. 7, 
the expression of Akt1, CCND1, MMP2, EZH2, Parp-1 and 
Bcl2 in the over-miR-708 cells was reduced when compared to 
the levels in the control group cells.

Discussion

In the present study, we identified an important tumor-
suppressive miRNA, miR-708, that plays a critical role in the 
process of GBM. Compared to the brain tissue from epilepsy 
patients, the GBM cell lines A172, T98G, U87 and U251 

Figure 2. miR-708 mRNA upregulation following over-miR-708 oligonucle-
otide transfection of A172 and T98G cells. The cells were incubated with the 
oligonucleotide, and miR-708 mRNA was quantified by real-time PCR. Data 
represent the means ± SD of 3 independent experiments. There was more 
miR-708 mRNA in the over-miR-708 oligonucleotide-transfected cells than 
in the control group (*P<0.05, **P<0.01).

Figure 1. Expression of miR-708 in glioblastoma (GBM) cells is lower than 
that in normal human brain tissue (N1, N2 and N3). Total miR-708 mRNA was 
extracted and analyzed with real-time PCR. Data represent the means ± SD 
of 3 independent experiments (*P<0.05, **P<0.01).
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contained low amounts of miR-708. The ectopic expression 
of miR-708 decreased the proliferation and invasion of GBM 
cells and induced apoptosis in the cells. In other words, the 
expression level of miR-708 may negatively regulate glioma 

malignancy. These data suggest that miR-708 plays a critical 
role in the glioma malignant phenotype and it may function 
as an antitumor factor in glioma cells. Several studies have 
reported on the dysregulation of various miRNAs in GBM, 

Figure 4. miR-708 overexpression induces G0/G1 arrest and inhibits cell growth. Cell counting was performed by flow cytometry (FCM). The percentages 
of cells in the G0/G1, S, and G2/M phase are indicated. FCM data, represented as histograms, revealed a significant increase in the percentage of cells in the 
G0/G1 phase in all groups of cells.

Figure 3. miR-708 inhibits the proliferative ability of glioblastoma (GBM) cells. (A) The proliferative ability of the cells was compared at separate times 
using a BrdU proliferation assay. (B) Equal numbers of control and over-miR-708 cells were incubated, and were counted on separate days. Data represent the 
means ± SD of 3 independent experiments (*P<0.05, **P<0.01).



ONCOLOGY REPORTS  30:  870-876,  2013874

such as let-7, miR-21, miR-221/222 and miR-10b (11,13,26-28). 
However, this is the first report that implicates miR-708 in the 
process of GBM.

Our studies indicate that miR-708 modulates the expres-
sion profiles of multiple genes involved in cell proliferation, 
invasion and apoptosis. Moreover, these genes are aberrantly 
expressed in cancer. Akt1 and CCND1 play a critical role in the 
regulation of cell proliferation, particularly Akt1, which can 
increase cell proliferation through the Akt1 pathway (19,20). 
CCND1 can also affect cell proliferation through regula-
tion of the cell cycle (29,30). Dysregulation of CCND1 can 

also be correlated with the aggressive behavior of a tumor. 
Lebeau  et  al  (30) reported that CCND1 regulates glioma 
cell proliferation by controlling progression to the G1 phase 
of the cell cycle. In addition, our data showed that miR-708 
overexpression induced G0/G1 arrest, subsequently reducing 
the proliferative ability of GBM cells. The effects of Akt1 
and CCND1 provide strong evidence for miR-708 as a tumor 
suppressor that regulates cell proliferation in GBM cells.

Targeting the invasive ability of cells is an important 
treatment strategy for different types of tumors (31), including 
GBM. Aberrant expression of many genes, which act as 

Figure 5. miR-708 reduces the invasive ability of glioblastoma (GBM) cells. The Transwell assay showed that the control A172 and T98G cells exhibited 
stronger invasive ability than the over-miR-708 groups. Data represent the means ± SD of 3 independent experiments (*P<0.05).

Figure 6. miR-708 induces apoptosis. A172 and T98G cells were transfected with over-miR-708 oligonucleotides. All the cells were harvested, stained for 
Annexin V and propidium iodide (PI), and analyzed by flow cytometry (FCM). Early apoptotic cells were Annexin V+/PI+, necrotic cells were Annexin V-/PI+, 
and healthy cells were Annexin V-/PI-. The figure depicts a representative experiment.
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promoters of cell invasion, are observed in cancer. MMP2 
is one of the key enzymes involved in the degradation of the 
extracellular matrix, and its high expression is associated 
with tumor cell invasion (23,32). In addition, EZH2 plays a 
role in increasing the invasive ability of several tumor cell 
types (33,34). Our data showed that MMP2 and EZH2 were 
reduced when miR-708 was overexpressed in GBM cells. The 
regulation of MMP2 and EZH2 also provides support for 
miR-708 as a tumor suppressor that targets cell invasion.

Apoptosis is a well-orchestrated cellular mechanism that 
balances cell proliferation and cell death  (35). The ability 
to evade apoptosis is a hallmark of tumorigenesis. As prior 
studies have demonstrated that Parp-1 and Bcl2 are anti-
apoptotic proteins, the increased expression of these genes 
could contribute to tumor progression (24,25). In our study, the 
expression of Parp-1 and Bcl2 in the over-miR-708 GBM cells 
was low in contrast to the control group cells. These data add 
additional credibility to the tumor suppressor role of miR-708 
in GBM.

In addition, Saini et  al  (16) reported that miR-708 
plays a tumor-suppressive role in renal cancer cells, while 
Jang et al (17) confirmed that miR-708 acts as an oncogene 
contributing to tumor growth and disease progression by 
directly downregulating TMEM88 in lung cancer. This 
phenomenon is plausible because of the biodiversity of tumors, 
indicating that the concrete function of miR-708 depends on 
the cell type.

In conclusion, we demonstrated that the overexpression of 
miR-708 in the human GBM cell lines A172 and T98G signifi-
cantly affected cell proliferation, invasion and apoptosis. Our 
data suggest that these biological effects may be related to 
the modulated expression of Akt1, CCND1, MMP2, EZH2, 
Parp-1 and Bcl2. However, the exact mechanism of miR-708 
regulation in these genes requires further study. The effect of 
GBM cell proliferation, invasion, and apoptosis by miR-708 
suggests that it may act as a tumor suppressor in human GBM. 

Furthermore, miR-708 may be an attractive target for thera-
peutic intervention in GBM.
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