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Abstract
Background: We evaluated role(s) of miR-202 in glioma cell lines, its effect on ROCK1 expression, and
also evaluation of apoptosis and migration of human glioma cell line after transfection with miR-202
mimics and inhibitors. Material and methods: The cell lines were transfected with mimic, inhibitor and NC
of miR-202. Reverse transcription polymerase chain reaction (RT-PCR) was conducted to evaluate the
expression of miR‐202 and ROCK1 . Western blot was performed to detect the protein level of ROCK1.
Furthermore, MTT and wound healing assay were performed to evaluate the effects of miR-202 on
apoptosis and migration of human glioma cell line, respectively. Results: miR-202 showed a signi�cantly
decrease in human glioma cell lines, compared with the NHA cell line (P<0.05). The ROCK1 expression
was signi�cantly upregulated in glioma cell lines, compared with the NHA cell line ( P <0.05). Furthermore,
a negative correlation was observed between expression of ROCK1 and miR-202 ( P =0.01, r=-0.426). The
mRNA and protein levels of ROCK1 were decreased in U87 cell line in miR-202 mimics group, compared
with mimic NC group (P<0.05). In addition, apoptosis was signi�cantly increased in miR-202 mimics,
compared with the NC group in U87 cell line at 72 and 96 h (P<0.05). Furthermore, invasion showed a
signi�cant decrease in miR-202 mimic group, compared with U87 cell line at 24 and 48 h (P<0.05).
Conclusions: The miR-202 could serve as a tumour-suppressor miRNA in glioma. Therefore, targeting
ROCK1 by miR-202 may increase improve disease outcome and could be considered as a potential
therapeutic target for glioma patients.

Background
Glioma is an aggressive and a common type of malignant brain tumour [1], which is characterized with
hypoxia, angiogenesis, invasiveness and high rates of recurrence [2–5]. The main treatments, which is
currently used for glioma patients, are; radiation, chemotherapy, and surgical excision [6]. These types of
treatments are not satisfactory for both the patients and physicians [7, 8]. Despite the considerable
efforts and progress in glioma treatment, the average survival time of patients is less than a year [9, 10].
Therefore, in order to develop new and e�cient strategies for treatment of glioma patients, we need to
clarify and understand the cellular and molecular mechanisms of progression and tumourigenesis of
glioma.

MicroRNAs (miRNAs) are endogenous, evolutionarily conserved and non-coding RNAs, which have ~ 19–
22 nucleotides [11]. miRNAs through binding to 3' untranslated regions (3'UTRs) of the target mRNAs,
negatively regulates gene expression by two different mechanisms 1) degradation of the target mRNA
and 2) delay translation of the target mRNA [12]. Through decades of researches, it has been evident that
miRNAs have been participated in the regulation of different biological processes such as angiogenesis,
metastasis, invasion, apoptosis, cell division, cell cycle, and cell growth [13–16]. Owing to their important
roles, investigations on these short RNAs revealed that they are implicated in various human diseases [17,
18]. The balance of miRNA expression is disturbed in many diseases, some of these miRNAs are
upregulated, which are considered as a tumour promoters owing to their suppressive roles for tumour
suppressor genes. On the other hand, some of these miRNAs act as tumour suppressors owing to their
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roles in downregulation of oncogenes [19, 20]. These data illustrated that miRNAs could be considered as
potential therapeutic targets for prognosis, diagnosis, and treatment.

Recently, investigations have shown that the miR-202 is downregulated and implicated in biological
processes such as apoptosis and proliferation in various cancers including colorectal carcinoma [20],
lung carcinoma [21], and gastric cancer [22]. However, data concerning about role of miR‐202 in glioma is
insu�cient. We evaluated role(s) of miR-202 in glioma cell lines, its effect on ROCK1 expression, and also
evaluation of apoptosis and migration of human glioma cell line after transfection with miR-202 mimics
and inhibitors.

According to our work, we clari�ed that the miR-202 expression is downregulated in glioma cell lines and
the ROCK1 could be the potential target of this miRNA. In addition, the related molecular mechanisms
were investigated to reveal the exact role of this miRNA in pathogenesis of glioma. Based on our present
study, this information may lead to introducing a new therapeutic marker for treatment of glioma
patients.

Materials And Methods

Cell culture
Five human glioma cell lines (LN229, U373, A172, U251, and U87) were cultured in Dulbecco’s modi�ed
Eagle medium (DMEM), which was supplemented with 10% heat inactivated fetal bovine serum (FBS)
and 1% penicillin/streptomycin (all from Gibco, USA). The normal human astroglia (NHA) cell line was
cultured in astrocyte medium with 10% FBS and 1% astrocyte growth supplement (all from Gibco, USA).
The cell lines were incubated in a humidi�ed atmosphere at 37˚C and 5% CO2. For subsequent
investigations, cell lines were in their logarithmic growth phase. For transfection of cell lines, cell lines
were implanted in 96-well plates with 3000 cells per well. Afterward, cells were transfected with mimic,
inhibitor and NC of miR-202 by Lipofectamine 2000 (Invitrogen) according to the protocol.

Reverse Transcription-quantitative Polymerase Chain
Reaction (rt-qpcr)
Total RNA from the six cell lines (LN229, U373, A172, U251, U87, and NHA) was extracted by TRIzol
reagent (Invitrogen). After RNA extraction, purity and yield of total RNA were measured by NanoDrop
spectrophotometer (NanoDrop ND-2000C Spectrophotometer, Thermo Fisher Scienti�c, USA). TaqMan
miRNA reverse transcription kit and TaqMan miRNA PCR kit (both from Applied Biosystems, USA) were
used for cDNA synthesis and quantify the miR-202 expression, respectively. PrimeScript RT reagent kit
and SYBR® Premix Ex Taq (both from Takara, Japan) were used for reverse transcription and quantify
the ROCK1 expression, respectively. Each PCR mixture contained a set of speci�c forward and reverse
primers, SYBR® Green Master Mix (Applied Biosystems, USA) and cDNA. In order to perform the Real-time
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PCR analyses, StepOnePlus™ instrument (Applied Biosystems) was applied. U6 and β-actin were used as
internal controls for miR-202 and ROCK1 expression, respectively. The 2−ΔΔCt method was applied to
measure the fold changes [23].

Western Blot
To analysis protein level of ROCK1 in the glioma cell lines, western blot analysis was carried out. The
glioma cell lines were transfected with mimic, inhibitor and NC of miR-202, then harvested and washed
with ice-cold phosphatebuffered saline (PBS) after 48 h. The Radio Immunoprecipitation Assay (RIPA)
buffer with protease inhibitors (Cell Signaling, USA) was used to lyse the cell lines and then, total proteins
were extracted. The BCA Protein Assay Kit (Thermo Scienti�c, USA) was used to measure the protein
level. Sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) was applied to separate
protein extracts and transferred to polyvinylidene �uoride (PVDF) membranes (Millipore, USA). In order to
block free spaces, 5% skim milk in Tris-buffered saline with Tween (TBST) was used (room temperature,
1 h). Then, the membrane was incubated with primary antibodies (overnight, 4˚C). The primary antibodies
were mouse anti-human monoclonal GAPDH (1:1,000 dilution; sc-137179) and mouse anti-human
monoclonal ROCK1 (1:1,000 dilution; sc-517220) (all from Santa Cruz Biotechnology, Santa Cruz, CA,
USA). After washing, the membrane was incubated with goat anti-mouse horseradish peroxidase (HRP)-
conjugated secondary antibody (1:4,000 dilution; Santa Cruz Biotechnology) (room temperature, 1 h). To
visualize protein bands enhanced chemiluminescence detection kit (ECL, Amersham) was used. ImageJ
software was used to semi quantify the results and β-actin was used as internal control to normalize
protein level of ROCK1.

Mtt Assay
Cells (3000 cells per well) were seeded into a 96-well plate with 100 µl of DMEM. After medium
replacement, cells were treated with mimic, inhibitor and NC of miR-202 for 24, 48, 72, and 96 h. After
transfection, MTT assay solution (20 µL) was added into each well and incubated at 37 °C for 4 h. The
medium was removed and dimethyl sulfoxide (DMSO) solutions (100 µL) was added into each well. The
plate was covered and placed on shaker for 15 min. To evaluate the optical density (OD), a microplate
reader (Bio-Tek, USA) with wavelength of 490 nm was used. All experiments were triplicate.

Scratch–wound healing migration assays
The U87 cell line was seeded into a 6-well plate. When con�uency reached 80%, a 200-µL pipette tip was
used to scratch across the center. Then, the medium was replaced with an FBS-free DMEM. To analysis
migration capability of the cell line, pictures were taken at the time of wounding (0 h) and after 48 h. We
used the Image J Software to measure migration capability of the cell line. All the experiments were
triplicate and the mean values were reported.
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Statistical analysis
The SPSS software (version 25.0, SPSS Inc.) was used to analysis data and the GraphPad Prism
software (Version 8.0 for Windows) was used to generate graphs. According to normality test (KS), our
data was normally distributed. In order to compare the results between two groups, the Student t-test was
carried out and in cases to compare the results among multiple groups, the one-way Analysis of Variance
(ANOVA) following post hoc Bonferroni test was operated. The Spearman’s rank correlation coe�cient
test was operated to measure the correlation between ROCK1 and miR-202 levels of expression. P values
less than 0.05 (P < 0.05) were considered statistically signi�cant. Data are shown as mean ± standard
deviation (S.D.).

Results

Targeting ROCK1 by miR-202 in glioma cell lines
miRNA targets prediction databases such as Targetscan, mirWalk, and miRanda were searched to
identify the miR-202 targets. The bioinformatic analysis showed highly conserved binding sites in ROCK1
for miR-202. Firstly, the miR-202 expression in glioma cell lines (LN229, U373, A172, U251, and U87) and
the NHA cell line was assessed and our results illustrated that the expression of miR-202 is signi�cantly
downregulated in glioma cell lines, compared with the NHA cell line (P < 0.05) (Fig. 1). Furthermore,
relative expression of ROCK1 was evaluated in glioma and the NHA cell lines. ROCK1 expression was
signi�cantly increased in glioma cell lines, compared with the NHA cell line (P < 0.05) (Fig. 2). On one
hand, the miR-202 expression was downregulated and on other hand, the ROCK1 expression was
upregulated in glioma cell lines in comparison to the NHA cell line. The correlation between miR-202 and
ROCK1 mRNA expression was analyzed in U87 cell line using Spearman's correlation analysis and the
result showed a negative correlation (P = 0.01, r=-0.426) (Fig. 3). The U87glioma cell lines was transfected
with mimic, inhibitor and NC of miR-202. After transfection, total mRNA and protein were extracted from
the cell line and qRT-PCR and western blot assay were performed to measure the expression and protein
level of ROCK1, respectively. We documented that the miR-202 may modulate the ROCK1 at
transcriptional and translational level in U87glioma cell line. We illustrated that the miR-202 upregulation,
miR-202 mimic group, could signi�cantly decrease both the protein and mRNA levels of ROCK1 (Figs. 4
and 5). Nonetheless, downregulation of miR-202, miR-202 inhibitor group, could not signi�cantly increase
both the protein and mRNA levels of ROCK1 in U87 glioma cell lines. Indeed, our data showed that the
ROCK1 could be a potential target of miR-202 and also, the miR-202 regulate the ROCK1 in the human
glioma cell line at mRNA and protein level.

Overexpression Of Mir-202 And Apoptosis
The MTT assay was performed to evaluate cell viability. For this purpose, U87 glioma cell line was
transfected by mimic, inhibitor and NC of miR-202. Our data revealed that the mimic group, low level of
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ROCK1, showed signi�cantly higher apoptosis than the miR-202 NC groups at 72 and 96 h (P < 0.05)
(Fig. 6). Indeed, downregulation of miR-202 could be associated with high level of ROCK1, which is linked
with low rate of apoptosis in cancerous cells. The bottom line is that high level of miR-202 may reduce
the ROCK1 expression and leads to apoptosis in cancerous cells such as human glioma cell lines.

Upregulation of miR-202 and migration capability of U87
cell line
The scratch test was carried out to evaluate role of miR-202 in migration capability of the U87 glioma cell
line. For this purpose, the U87 cell line was transfected with mimic, inhibitor and NC of miR-202 and
healing rate in different groups was measured after 24 h and 48 h of transfection. Our results revealed
that the healing rate was signi�cantly suppressed in the miR-202 mimic group in comparison to the miR-
202 NC group (P < 0.05) (Fig. 7). Brie�y, the closed area in miR-202 mimic group was 25% and 35% after
24 and 48 h, respectively. In miR-202 NC group, the closed area was 37% and 53% after 24 and 48 h,
respectively. In miR-202 inhibitor group, the closed area was 42% and 59% after 24 and 48 h, respectively.
Collectively, our data showed that migration capability of U87 cell line may be in�uenced by miR-202
level. Low level of miR-202 expression may lead to upregulation of ROCK1 and eventually causes
invasion and migration of U87 cell line. The other side of the coin, high level of miR-202 could possibly
downregulate the ROCK1 and migration and invasion of these cells could be suppressed.

Discussion
Many researchers are trying to clarify the important molecular mechanisms that are implicated in glioma
pathogenesis. Through recent years, various genes and miRNAs are introduced to be participated in
glioma tumorigenesis. From decades up to know, miRNAs are considered as an important biomarker,
which are dysregulated in many types of disorders including glioma [24–26]. Change in expression of
miRNAs is associated with various malignant biological behaviors in glioma such as cell survival,
metastasis, proliferation, resistance to chemotherapy and radiation [11, 27].

It has been reported that the miR-202 is dysregulated in many cancers. There are reports, which has been
shown that the expression of miR-202 is downregulated in cervical cancer [28], lung cancer [21],
hepatocellular carcinoma [29], colorectal cancer [20], and multiple myeloma [30]. In oesophageal
squamous cell carcinoma, the miR-202 showed low level of expression in tumour tissues and its
expression was signi�cantly correlated (negative correlation) with lymph node metastasis and cell
differentiation [31]. It is documented that the miR-202 expression in gastric cancer is also downregulated
in tumour tissues and showed an inverse correlation with age and tumour size [22]. In osteosarcoma,
miR-202 was downregulated and upregulation of miR-202 increased apoptosis and decreased cell growth
[32]. Another report in cervical cancer showed that overexpression of miR-202 could suppress metastasis
and cell growth in cervical cancer cell line [28]. In lung cancer, restoration of miR-202 increased apoptosis
and G0/G1 cell cycle arrest and suppressed cell proliferation in lung cancer cell line [21]. Studies on
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oesophageal squamous cell carcinoma showed that upregulation of miR-202 could suppresses invasion,
migration, proliferation and also, increase cell apoptosis [31, 33]. Together, these �ndings clarify that the
miR-202 could be introduced as an important biomarker in these cancers and may serve as a potential
therapeutic target.

ROCK1 is a member of the Rho-associated serine/ threonine kinase family and play an important role in
cell movement through reorganization of actin cytoskeleton [34]. It has been reported that ROCK1 is
overexpressed in different cancers including prostate cancer [35], osteosarcoma [36], and gastric cancer
[37]. ROCK1 gene is implicated in metastasis, invasion, and migration of cancer cells and could be
considered as an oncogene [37]. Recent researches reported that the upregulation of ROCK1 is associated
with poor survival in various cancers [38, 39].

To clarify miR-202 effects in glioma, direct targets of miR-202 were evaluated through bioinformatic
databases. Among potential targets of miR-202, the ROCK1 gene was selected for further evaluation
owing to its upregulation in glioma. Moreover, it was documented that this gene is implicated in
progression and tumourigenesis of glioma [40–42].

Our study revealed that the miR-202 is signi�cantly downregulated in human glioma cell lines in
comparison to the NHA cell line (Fig. 1). The ROCK1 expression is signi�cantly upregulated in human
glioma cell lines in comparison to the NHA cell line (Fig. 2). Indeed, the miR-202 level was decreased and
the ROCK1 level was increased in glioma cell lines, compared to the NHA cell line. Furthermore, there was
a negative correlation between expression level of miR-202 and ROCK1 (Fig. 3), which makes the ROCK1
as a possible target for miR-202 in glioma. Besides, the online bioinformatic databases showed that the
ROCK1 could be one of miR-202 target. We further analysed mRNA and protein levels of ROCK1 in U87
glioma cell lines after transfection with mimic, inhibitor and NC of miR-202. We documented that the miR-
202 may modulate the ROCK1 at transcriptional and translational level in the glioma cell line. We
illustrated that miR-202 upregulation could signi�cantly decrease both the protein and mRNA levels of
ROCK1 (Figs. 4 and 5). Indeed, our data showed that the ROCK1 could be a potential target of miR-202.

We reported that apoptosis rate could be elevated via downregulation of ROCK1 through miR-202
upregulation, miR-202 mimic group, in U87 glioma cell line (Fig. 6). Indeed, apoptosis was signi�cantly
increased in miR-202 mimic group in comparison to the miR-NC group in U87 glioma cell lines. Since the
miR-202 expression was low in glioma cell lines, the miR-202 inhibitor could not increase the ROCK1
expression signi�cantly in the U87 glioma cell line. Together, ROCK1 suppression through high level of
miR-202, miR-202 mimic group, could increase the apoptosis in glioma.

We showed that migration could be suppressed in situation with high level of miR-202, the mimic group.
Upregulation of miR-202 was associated with downregulation of ROCK1 and since the ROCK1 plays an
important role in invasion and migration of glioma, then its downregulation leads to suppression of
invasion and metastasis in the U87 cell line. In the miR-202 inhibitory group, migration capability was
increased in comparison to the miR-202 NC group but, difference was not signi�cant. The miR-202 level
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is low in glioma cell line and the inhibitory miR-202 did not make any differences. These results proposed
that the miR-202 effects in glioma likely exerted through negative controlling of ROCK1.

Generally, the miR-202 expression was low in glioma cell lines, which makes the miR-202 as a tumour-
suppressor miRNA in glioma. High level of miR-202 expression in glioma cell lines led to high apoptosis,
low proliferation rate and also suppressed invasion and migration capability in glioma through negative
regulation of ROCK1. The role of ROCK1 gene in glioma is known and served as an oncogene in glioma.
Therefore, targeting ROCK1 by miR-202 may increase survival, improve disease outcome and could be
considered as a potential therapeutic target for glioma patients.
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Figure 1

Relative expression of miR-202 was evaluated in glioma cell lines (LN229, U373, A172, U251, and U87)
and normal human astrocytes (NHA) cell line by Real-time PCR. miR-202 expression was signi�cantly
decreased in glioma cell lines, compared with the NHA cell line. Data are represented as mean ± SD.
*P<0.05.
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Figure 2

Relative expression of ROCK1 was measured in glioma cell lines (LN229, U373, U251, U87, and A172) and
normal human astrocytes (NHA) cell line by Real-time PCR. ROCK1 expression was signi�cantly
increased in glioma cell lines, compared with NHA cell line. Data are represented as mean ± SD. *P<0.05.
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Figure 3

The correlation between miR-202 and ROCK1 mRNA expression was analyzed in U87 cell line using
Spearman's correlation analysis and the result showed a negative correlation. (P=0.01, r=-0.426).
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Figure 4

The impact of miR-202 on mRNA level of ROCK1 in U87 glioma cell lines. Regulatory effect of miR-202 on
ROCK1 mRNA in the glioma cell line was detected by RT-qPCR. The mRNA expression of ROCK1 was
signi�cantly decreased in miR-202 mimics group, compared with miR-202 NC group at 24 h in U87 cell
line (P<0.05). Data are represented as mean ± SD. *P<0.05, NC; negative control, miR; microRNA.

Figure 5

The impact of miR-202 on protein level of ROCK1 in U87 human glioma cell line. Regulatory effect of
miR-202 on ROCK1 protein in U87 human glioma cell line was detected by Western blot. The protein level
of ROCK1 was signi�cantly decreased in miR-202 mimics group, compared with miR-202 NC group in
U87 cell lines at 48 h (P<0.05). Data are represented as mean ± SD. *P<0.05, NC; negative control, miR;
microRNA.
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Figure 6

High level of miR-202 increased apoptosis in U87 glioma cell line. The effect of miR-202 on apoptosis of
U87 glioma cell line was evaluated through MTT assay. Upregulation of miR-202 signi�cantly increased
apoptosis in miR-202 mimics group, compared with the NC group in U87 cell line at 72 and 96 h (P<0.05).
Data are presented as the mean ± SD. *P<0.05, NC; negative control, miR; microRNA.
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Figure 7

miR-202 decreased migration of the U87 glioma cell line. The effect of miR-202 on migration of U87
glioma cell line was evaluated through scratch–wound healing migration assay. Upregulation of miR-202
signi�cantly decreased migration ability in miR-202 mimics group, compared with the NC group in U87
cell line at 24 and 48 h (P<0.05). Quanti�cation of cell migration was conducted through measuring the
wound width. The number of migrating cells was displayed as the percent of migrating cells at 24 and 48
h. Data are presented as mean ± SD. *P<0.05, NC, negative control; miR, microRNA.


