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Summary
Purpose: Gliomas are aggressive brain tumors accounting
for significant mortality across the globe. Biomarkers for
early detection and therapeutic targets for efficient treatment are lacking for glioma. This study was undertaken to
investigate the role and therapeutic implications of miR-22
in glioma.
Methods: U-87 glioma cell line was used in this study. qRTPCR was employed for expression analysis. MTT assay was
used for determination of cell viability. Lipofectamine 2000
was used for transfection. Flow cytometry was used for cell
analysis. Wound healing assay and transwell assay were
used for monitoring cell migration and invasion. Western
blot analysis was used for estimation of protein expression.
Results: The miR-22 expression was found decreased in
glioma cells. Overexpression of miR-22 resulted in arrest of
the U-87 glioma cells at G2/M checkpoint of the cell cycle.
The percentage of apoptotic U-87 cells in G2/M phase were
13.05% in negative control (NC) and 29.06% in miR-22
mimics transfected cells. The cell cycle arrest promoted by

miR-22 overexpression was also associated with depletion
of cyclin B1 expression in U-87 cells. Furthermore, miR-22
could also significantly increase the sensitivity of glioma
U-87 cells to cisplatin. The TargetScan analysis and dual
luciferase assay showed SNAIL1 to be the target of miR22. The expression of SNAIL1 was also enhanced in all the
glioma cells and miR-22 overexpression could cause suppression of the SNAIL1 expression in U-87 cells. Furthermore,
SNAIL1 silencing could also cause decline in the viability of
the U-87 cells. The wound healing assay showed that miR-5
overexpression caused decrease in the migration of U-87 cells,
while the transwell assay showed decline in the invasion of
miR-22 mimics transfected U-87 cells.
Conclusion: Taken together, miR-22 may exhibit therapeutic implications in glioma and may prove useful in glioma
treatment.
Key words: glioma, microRNA, cell cycle arrest, SNAIL1,
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Introduction
Accounting for about 77% of all the primary
tumors of the brain, glioma includes all tumors of
glial origin [1]. Considered to be among the most
destructive human cancers, gliomas cause tremendous human mortality world over [2]. Surgery followed by chemo- and radiotherapy is generally employed for the management of gliomas [3]. Despite
improvements in treatment, the average survival
still remains 16 months for grade 4 gliomas [4].

Therefore, there is need for the identification of
biomarkers for early detection and exploration of
novel therapeutic targets for efficient treatment of
gliomas [5]. Lots of studies carried out have shown
that microRNAs (miRs) may exhibit therapeutic
implications in treating human diseases such as
cancer [6]. miRs regulate the expression of target
genes via post transcriptional regulation and are
around 19-23 nucleotides in length [7]. miR-22 has
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been shown to control a diverse array of molecular
processes [8]. This miR has been shown to inhibit
the growth of lung cancer cells via modulation of
ErbB3 expression [9]. In another study, miR-22 has
been reported to cause inhibition of gastric cancer
cell growth and metastasis by suppressing CD151
[10]. In osteosarcoma, miR-22 targets HMGB1 to
inhibit the cell proliferation [11]. Similarly, miR-22
inhibits the growth of prostate and cervical cancer
cells via modulation of ATP citrate lyase [12]. In
colon cancer cells, miR-22 exhibits the potential
to reverse the paclitaxel-induced chemoresistance [13]. However, there is no report on the role
and therapeutic implicates of miR-22 in glioma.
Therefore, this study was undertaken to ascertain
the role and therapeutic implications of miR-22 in
glioma.

Methods
Cell culture
The normal astrocytes and the glioma cell lines
U-87, U-118 MG, M059K and Hs 683 were obtained
from Type Culture Collection of Chinese Academy of
Sciences, Shanghai, China. The cell lines were cultured
in Roswell Park Memorial Institute 1640 medium (RPMI
1640; Gibco, Carlsbad, CA, USA) supplemented with 10%
foetal bovine serum (FBS) and 0.2% penicillin and streptomycin (Invitrogen, Carlsbad California, United States).
All cells were cultured in a 5% CO2 incubation chamber
at 37°C. Because U-87 cells exhibited the lowest expression of miR-22, this cell line was used for further studies.
Cell viability
To determine the proliferation rate of the U-87 cells,
the cells were transfected and incubated for 24 h and
then incubated with MTT (500 µg/mL) for another 4 h.
About 500 μl dimethyl sulfoxide (10%) was then added
to dissolve the blue formazan crystals formed. Finally,
the optical density (OD) was taken at 570 nm at different
time intervals (0, 12, 24, 48 and 96 h) and cell viability
was evaluated as the percentage of the control.
Cell transfection
The miR-22 mimics and negative control (NC) were
synthesized by RiboBio (Guangzhou, China). Transfection was then carried out by the Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA, USA) as per the manufacturer’s instructions. As the U-87 cells reached 80%
confluence, appropriate concentrations of miR-22 mimics or NC were transfected into these cells.
Flow cytometric cell cycle analysis
After transfection the U-87 cells were cultured for
24 h at 37°C. Then, the cells were harvested and washed
with phosphate buffered saline (PBS). Afterwards, the
U-87 cells were stained with propidium iodide (PI) and
the distribution of the cells in cell cycle phases was assessed by FACS flow cytometer.
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Dual-luciferase reporter assay
The miR-22target was identified by TargetScan online software (http://www.targetscan.org). The miR-22
mimics or NC were co-transfected with Plasmid pGL3BCl-2´-UTR-WT or pGL3-BCl-2´-UTR-MUT into U-87
cells. Dual-luciferase reporter assay (Promega) was carried out at 48 h after transfection. Renilla luciferase was
used for normalization.
Cell invasion assay
The effects of miR-22 overexpression on the invasion ability of U-87 cells was determined by transwell
assay (8 mm pore size, Corning, NY, USA) with Matrigel
(Millipore, Billerica, USA). The U-87 cells were transfected with miR-22 mimics and around 200 ml cell cultures
were placed onto the upper chamber and only medium
was added in the bottom chamber. After 24 h of incubation, the cells were removed from the upper chamber and
the cells that invaded via the chambers were fixed with
methyl alcohol and subsequently stained with crystal
violet. Inverted microscope was used to count the number of invaded cells at 200× magnification.
Cell migration assay
After 24 h of miR-22 mimics and NC transfection of
U-87 cells, RPMI 1649 medium was removed and cells
were PBS-washed. A sterile pipette tip was employed
to scratch a wound in each well and cells were washed
again and a picture was taken. The plates were cultured
for 24 h and a picture was taken again under an inverted
microscope.
Western blotting
The transfected U-87 glioma cells were harvested
and lysed with lysis buffer and the protein extracts were
boiled for 10 min in the presence of loading buffer followed by separation of cell extracts using 15% SDS-PAGE
gel. The samples were then put onto polyvinylidene fluoride membranes and blocked using 5% skimmed milk
powder. Membrane incubation with primary antibodies was then performed overnight at 4°C. This was followed by incubation of the membranes with horseradish
peroxidase-linked biotinylated secondary antibodies at
1:1,000 dilution for 2 h. Washing of the membranes with
PBS was followed to visualise the immunoreactive bands
using the ECL-PLUS/Kit according to the manufacturer’s
instructions. The immune complexes development was
carried out using an ECL detection kit according to the
manual protocol (ECL GST western blotting detection
kit, Pierce Biotechnology, Inc., Waltham, MA, USA). The
bands were analyzed using the GelGDoc2000 imaging
system (Bio-Rad Laboratories GmbH, Munich, Germany).
Statistics
The experiments were carried out in triplicate and
the values were shown as mean±SD. Student’s t-test (for
comparison between two samples) and one way ANOVA
followed by Tukey’s test (for comparison between more
than two samples) were used for statistical analysis using GraphPad prism software 7. The values were considered significant at p<0.05.
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Results
miR-22 is suppressed in glioma cells
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miR-22 was found to be up to 9-fold higher in the
glioma cells. The U-87 showed the highest expression (8.5-fold suppression) out of all the cell lines.

The qRT-PCR was used for the determination of
miR-22 inhibits the proliferation of U-87 glioma cells
the expression of miR-22 in different glioma cells.
To determine the effects of miR-22, the U-87
The results revealed that miR-22 was significantly
suppressed in the glioma cells as compared to the cells were transfected with miR-22 mimics. The
normal astrocytes (Figure 1A). The expression of expression of miR-22 in the transfected U-87 cells

Figure 1. A: Expression of miR-22 in the normal astrocytes and four different glioma cells. B: expression of miR-22 in NC
or miR-22 mimics transfected U-87 glioma cells. C: MTT assay showing the viability of U-87 cells transfected with NC or
miR-22 mimics. The experiments were carried out in three biological replicates and expressed as mean ± SD (*p < 0.05).

Figure 2. A: Cell cycle analysis of NC or miR-22 mimics transfected U-87 glioma cells showing induction of cell cycle
arrest. B: Western blots showing the expression of cyclin B1 in NC or miR-22 mimics transfected U-87 glioma cells. The
experiments were performed in triplicate.
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was examined by qRT-PCR which showed 5.6-fold
increases in the expression of miR-22 (Figure 1B).
Afterwards, the cell viability was assessed at different time intervals (0, 12, 24, 48 and 96 h). What
was found was that miR-22 overexpression caused
significant decline in the viability of the U-87 cells
(Figure 1C). After 96 h of incubation, the cell viability was 67% in the NC transfected cells as compared to 45% in miR-22 mimics transfected U-87
cells (p<0.05).

miR-22 induces G2/M arrest of U-87 glioma cells
To unveil the reasons underlying the inhibition of proliferation triggered by miR-22 overexpression, the miR-22 mimics-transfected U-87
cells were subjected to cell cycle analysis by flow
cytometry. The results showed that miR-22 mimics transfected caused a remarkable increase in the
G2/M phase of the cell cycle (Figure 2A). The percentage of G2/M phase cells was 13.05% in the NC

Figure 3. Effect of miR-22 overexpression on the cisplatin sensitivity of U-87 glioma cells. The Figure shows miR-22
overexpression enhances the sensitivity of U-87 glioma cells to the anticancer drug cisplatin. The experiments were
performed in triplicate and expressed as mean ± SD (*p<0.01, **p<0.001 and ***p<0.0001).

Figure 4. A: Identification of miR-22 target in glioma U-87 cells by TargetScan analysis. B: Dual luciferase assay.
C: Expression of SNAIL1 in normal astrocytes and four different glioma cells. D: Western blots showing the expression of
SNAIL1 in NC or miR-22 mimics transfected U-87 glioma cells. E: MTT assay showing the viability of the NC or miR-22
mimics transfected glioma cells. The experiments were carried out in triplicate and expressed as mean ± SD (*p<0.05).
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transfected U-87 cells in comparison to 29.06% in
miR-22 mimics transfected U-87 cells, suggestive
of the G2/M arrest (p<0.05). Additionally, miR-22
overexpression also resulted in considerable decrease of the Cyclin B1 (Figure 2B).
miR-22 enhances the drug sensitivity of U-87 glioma
cells
To assess whether miR-22 has any effect on
the cisplatin sensitivity of the U-87 glioma cells,
the cells were treated with 2 µM of miR-22 mimics or cisplatin plus miR-22 mimics transfection.
The viability of these group of cells was monitored
by MTT assay at 0, 12, 24, 48 and 96 h time intervals. What was found was that the cell viability of
miR-22 mimics or cisplatin-treated cells was significantly higher as compared to U-87 cells treated
with cisplatin plus transfected with miR-22 mimics
(Figure 3). This suggests that miR-22 enhances the
sensitivity of the glioma U-87 cells to cisplatin.
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Dual luciferase also confirmed SNAIL1 as the target of miR-22 (Figure 4B). Therefore, the expression of SNAIL1 was also determined in all the glioma cells and the results showed that the expression
of SNAIL1 was significantly increased in all the
glioma cells (Figure 4C). The fold upregulation of
SNAIL1 ranged between 2.4 to 3.9 in glioma cells.
Nonetheless, miR-22 overexpression caused suppression of SNAIL1 in U-87 cells (Figure 4D). The
effects of SNAIL1 silencing were also investigated
on the U-87 cell proliferation and it was observed
that silencing SNAIL1 in U-87 cells resulted in decrease of the U-87 cell proliferation (Figure 4E).
miR-22 inhibits the migration and invasion of U-87
cells

The effects of miR-22 on the migration of the
U-87 cells were determined by wound healing assay. The results showed that miR-35 caused considerable reduction in the migration of the U-87 cells
as evidenced from the scratch width (Figure 5A).
miR-22 targets SNAIL1 in U-87 glioma cells
The transwell assay also showed that miR-22 sigThe TargetScan analysis showed that miR-22 nificantly suppressed the invasion of the U-87 cells.
targets SNAIL1 in U-87 glioma cells (Figure 4A). The migration of the U-87 cells was suppressed
up to 62% upon miR-22 overexpression (Figure
5B).

Discussion

Figure 5. A: Wound-healing assay showing cell migration
in NC or miR-22 mimics transfected U-87 cells. B: Transwell assay showing cell invasion in NC or miR-22 mimics
transfected U-87 cells. The experiments were carried out in
triplicate and expressed as mean ± SD (*p<0.05).

Being aggressive brain tumors, gliomas cause
considerable mortality worldwide. The lack of reliable and efficient therapeutic targets/agents is one
of the principal drawbacks in the treatment of glioma [14]. The diverse role that miRs play in humans
by controlling the expression of approximately
30% of the human genes indicates that miRs may
prove useful therapeutic targets for treating human
diseases, including cancer [15]. Herein, we investigated the role of miR-22 in glioma. The findings
from the qRT-PCR indicated that the expression
of miR-22 was significantly suppressed in glioma
cells. In epithelial ovarian cancer, miR-22 has also
been shown to suppress cell proliferation and has
been considered as biomarker for its prognosis [16].
However, overexpression of miR-22 by transfection of the glioma cells with miR-22 mimics resulted in suppression of the viability of U-87 cells.
These findings are all in concordance with previous
observations wherein miR-22 has been shown to
regulate the growth of a diversity of cancer cells
[17]. For instance, miR-22 has been shown inhibit
the growth of gastric, osteosarcoma and bladder
cancer cells [10-12]. The cell cycle analysis showed
that miR-22 overexpression resulted in the arrest
of the U-87 in the G2/M phase of the cell cycle
which was concomitant with depletion of cyclin
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B1 expression. These observations are also complemented by previous studies wherein miR-22 has
been shown to have a regulatory role in cell cycle,
for example, in colon and liver cancer cells miR-22
has been reported to cause significant inhibition
of cyclin A expression [18]. miR-22 has also been
shown to regulate the sensitivity of colon cancer
cells to paclitaxel [13] and 5-fluorouracil sensitivity
in colorectal cancer cells [19]. Herein, we examined
the effect of miR-22 on the sensitivity of the U-87
glioma cells to cisplatin and the results showed
that miR-22 enhanced the sensitivity of the U-87 to
the anticancer drug cisplatin. Additionally, miR-22
also suppressed the migration and invasion of the
U-87 glioma cells. These results are in agreement
with previous studies [11,12] wherein miR-22 has
been shown to suppress the migration and invasion

of the ovarian and gastric cancer cells, suggestive
of the anti-metastatic potential of miR-22.

Conclusion
The findings of the present study indicate that
miR-22 suppresses the growth of the glioma cells
by post-transcriptional suppression of SNAIL1. Additionally, miR-22 also induced cell cycle arrest and
inhibited the migration and invasion of the glioma
cells. Hence, miR-22 may exhibit therapeutic implications in glioma and may prove useful in glioma
treatment.
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