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Abstract
Background: MiRNAs plays a key role in regulating gene expression networks of various biological
processes in many cancers.    

Results: Here, we analyzed miRNA expression pro�les by miRNA microarray and veri�ed by RT-PCR. It was
shown that the expression difference of miR-133a-5p was most signi�cantly and consistently
downregulated. The proliferative capacity and cell cycle pro�le of cells transfected with miR-133a-5p
mimic were assessed by colony forming assay and PI staining, respectively. The target gene of miR-133a-
5p was predicted using TargetScan and veri�ed by dual luciferase gene reporter assay. Western blotting
and RT-PCR were used to analyze the expression levels of relevant factors. Methylation-speci�c
quantitative PCR (MSP) was used to detect miR-133a-5p methylation levels. Epigenetic regulation of miR-
133a-5p was assessed by treating the cells with the DNA methyltransferase inhibitor AZA or the histone
deacetylase inhibitor TSA. We found that overexpression of miR-133a-5p inhibited cell proliferation,
induced a cell cycle arrest and downregulated the expression of Cyclin D1, Cyclin D2, and cyclin
dependent kinase 4 (CdK4). Peroxisome proliferator-activated receptor γ coactivator 1 alpha (PPARGC1A
or PGC-1α) was veri�ed as a target gene of miR-133a-5p. PGC-1α protein levels were signi�cantly
decreased in glioma cells following miR-133a-5p overexpression. Furthermore, forced expression of PGC-
1α partly abrogated the anti-proliferative effects of miR-133a-5p. miR-133a-5p was hypermethylated in
glioma cells, and AZA treatment signi�cantly up-regulated its levels.

Conclusions: MiR-133a-5p is downregulated in glioma cells through promoter hypermethylation, and its
forced expression inhibits glioma cell proliferation and induces G1 phase arrest by targeting PGC-1α. 

Background
Gliomas are the most common primary tumors of the central nervous system, and account for about
40%-60% of all intracranial tumors[1]. Although the diagnosis and treatment of glioma have improved in
recent years, the clinical outcome is still very poor. The �ve-year survival rate of patients with medium to
low-grade glioma is 30%-70%, while those with high-grade gliomas have a dismal median survival
duration of 14 months and a �ve-year survival rate of less than 3%[2]. Therefore, it is essential to identify
the molecular mechanisms underlying glioma initiation and development in order to reduce the incidence
and mortality of glioma, and improve patient prognosis.

MicroRNAs (miRNAs) are a class of endogenous single-stranded non-coding small RNAs that can bind to
the 3' untranslated region (UTR) of a target mRNA through complementary base pairing, and either
degrade or inhibit the translation of the transcript[3]. Recent studies have established a key role of
miRNAs in regulating the gene expression networks in cell cycle progression, proliferation, differentiation
and apoptosis, as well as in�ammation, stress responses and various pathological conditions. In
addition, analyses of the aberrant expression pro�les of miRNAs in speci�c diseases have helped identify
the miRNAs associated with these diseases. For instance, associated aberrant expression levels of miR-
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191 and miR-193a in melanoma patients with reduced survival[4]. Similarly, the downregulation of miR-
1247 in osteosarcoma inhibits tumor progression through MAP3K9 regulation[5]. In glioma tissues and
cells, multiple miRNAs like miR-21[6], miR-128-3p[7], miR-92b[8] and miR-125b[9] are abnormally
expressed, and associated with tumorigenesis and progression. Studies show that epigenetic
mechanisms, such as DNA methylation, play an important role in regulating miRNA expression[10, 11]. In
fact, the hypermethylation of the CpG islands in the promoter regions of tumor-suppressing miRNAs is
one of the most common mechanisms of their downregulation during tumorigenesis[12].

Peroxisome proliferator-activated receptor gamma, coactivator 1 alpha (PPARGC1A, PGC-1α) ,which was
originally identi�ed as a coactivator of PPARγ in brown adipose tissue, is capable of ligand-independent
binding and activation of PPARγ[13]. Numerous studies have since shown that PGC-1α is a nuclear
coactivator that interacts with many transcription factors, and widely expressed in brown adipose tissue,
brain, heart, kidney, and cold-exposed skeletal muscle[14].  Initial studies suggested that PGC1-α
expression is reduced in tumors compared with adjacent normal tissue[15]. Paradoxically, several studies
show that PGC1α is associated with cancer cell proliferation[16]. Therefore, the role of PGC1-α in cancer
is unclear. MiR-133a-5p is a member of the miR-133a family. Recent studies showed that the miR-133a
expression level in glioma tissue is remarkable low[17], and further studies suggested that miR-133a
involved in regulating the proliferation and apoptosis of glioma cells. Substantial evidence shows that
miR-133a acts as a cancer suppressor, and lower expression of miR-133a in cancer patients is associated
with poor prognosis[18,26]. In this study, we compared the miRNA expression pro�les of glioma and
normal brain tissues, and found that the expression level of miR-133a-5p was signi�cantly lower in
glioma tissues, and further discussed through RT-PCR, MTT, bioinformatics and other related experiments
in order to explore the related regulatory mechanisms to obtain novel insights for treating glioma and
improving its prognosis.

Results
MiR-133a-5p is downregulated in glioma cells

The hierarchical clustering analysis were used to reveal distinctive miRNA expression patterns between
cancerous tissue and normal tissue, and we found that the miRNA microarrays of glioma and normal
brain tissues revealed 81 differentially-expressed miRNAs, of which 28 were up-regulated and the
remaining were down-regulated. In addition, 15 miRNAs were consistently up- or down-regulated in all
three glioma tissue samples (Fig 1A), of which miR-133a-5p showed the most signi�cant down-regulation
(Supplementary Table-2). Our gene chip data posted on http://www.xjmu.edu.cn/. Subsequent RT-PCR
validation on all tissue samples con�rmed that miR-133a-5p levels were signi�cantly lower in the gliomas
compared to normal brain tissues (Fig. 1B; p<0.01). Consistent with this, miR-133a-5p was signi�cantly
downregulated in the glioma cell lines U251, U87, T98-G and A172 compared to that in the normal glial
cell line HEB (Fig. 1C; p<0.01). Furthermore, the incidence of low levels of miR-133a-5p in glioma patients
was also evaluated with the TCGA dataset, and consistent with the above results, the expression of miR-
133a-5p was signi�cantly lower in glioma patients than in non-tumor brain tissue (Fig. 1D; p<0.01). Next,

http://www.xjmu.edu.cn/
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in virtue of the TCGA dataset, association between miR-133a-5p expression and overall survival were
investigated in glioma patients using the Kaplan-Meier survival analysis. The results showed that low
expression levels of miR-133a-5p were signi�cantly correlated with short overall survival (OS) in
comparison to high miR-133a-5p levels (Fig. 1E; p<0.05). These data suggested that miR-133a-5p could
be a prognosis biomarker for glioma patients and miR-133a-5p might participate in glioma genesis.

Overexpression of miR-133a-5p inhibits the proliferation of glioma cells

The miR-133a-5phi A172 cells and miR-133a-5plo U251 cells were each transfected with the miR-133a-5p
mimic, which signi�cantly increased the expression of miR-133a-5p compared to that in the un-
transfected controls (p<0.01). However, miR-NC had no effect on miR-133a-5p expression levels (p>0.05),
indicating the speci�city of the miRNA constructs (Fig. 2A). MiR-133a-5p overexpression signi�cantly
decreased the proliferative capacity of both the A127 and U251 cells compared to the respective controls
(Fig. 2B; p<0.01). Consistent with this, the colony formation ability of the cells transfected with miR-133a-
5p also decreased signi�cantly compared to the controls (Fig. 2C; p<0.01). Taken together, miR-133a-5p
inhibits the proliferation of glioma cells.

MiR-133a-5p targets PGC-1α in glial glioma cells

The TargetScan database screening predicted a complementary sequence for miR-133a-5p in the 3'-UTR
of PGC-1α gene, suggesting that the latter is a target gene of miR-133a-5p (Fig. 3A). Dual-Luciferase
Reporter Assay further showed a signi�cant decrease in luciferase activity in cells co-transfected with the
miR-133a-5p mimic and PGC-1α-3’UTR-WT plasmids. However, co-transfection with miR-133a-5p mimic
and PGC-1α-3’UTR-MUT plasmids, or miR-133a-5p NC and PGC-1α-3’UTR-WT/MUT plasmids did not
result in any obvious changes in luciferase activity (Fig. 3B). These results indicated that PGC-1α is a
target gene of miR-133a-5p, and is likely suppressed by the latter. Furthermore, PGC-1α protein expression
was signi�cantly decreased in miR-133a-5p-overexpressing cell lines compared to the control (Fig. 3C;
p<0.01 for both), which con�rmed its downregulation by miR-133a-5p.

MiR-133a-5p inhibits proliferation of glioma cells by targeting PGC-1α

Given that miR-133a-5p direct targeted the 3’-UTR of PGC-1α and repressed its expression, we asked
whether downregulation of PGC-1α was the mechanistic basis of the inhibitory effect of miR-133a-5p on
glioma cells. We co-transfected PGC-1α and miR-133a-5p mimic into A172 cells and then investigated the
cell proliferation activity. The MTT assay results showed that cells co-transfected miR-133a-5p mimic
and pcDNA3.1-PGC-1α (PGC-1α) enhanced glioma cell viability compared to cells transfected with the
miR-133a-5p mimic and empty vector (vector) (Fig. 4A). In addition, increased colony forming ability was
also observed in cells co-transfected with miR-133a-5p mimic and PGC-1α compared to those co-
transfected with the miR-133a-5p mimic and vector (Fig. 4B). Taken together, miR-133a-5p exerts its
inhibitory effects in glioma cells by suppressing PGC-1α expression, and restoring the latter can abrogate
miR-133a-5p-mediated inhibition.
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MiR-133a-5p overexpression induces cell cycle arrest in glioma cells

Overexpression of miR-133a-5p signi�cantly increased the proportion of glioma cells in the G1 phase
compared to that in the controls (Fig. 5A; p<0.05). Furthermore, the A172 and U251 overexpressing miR-
133a-5p showed a signi�cant decrease in the expression levels of proteins driving G1 to S phase
transition, including Cyclin D1, Cyclin D2 and Cdk4, compared to the cells transfected with miR-NC (Fig.
5B; p<0.05). Taken together, miR-133a-5p inhibits the proliferation of glioma cells by arresting the cell
cycle at the G1 phase.

Effect of DNA methylation on the expression of miR-133a-5p in glioma cells

We searched for putative CpG islands upstream of miR-133a-5p gene (-1200) using the prediction website
http://cpgislands.usc.edu, and detected one CpG island in the promoter region (Fig. 6A). To determine
whether DNA methylation affected the expression of miR-133a-5p in glioma cells, we analyzed its levels
after treating the cells with the methylation inhibitor AZA or the acetylase inhibitor TSA. While AZA
signi�cantly upregulated miR-133a-5p in the glioma cells lines (p<0.01), TSA had no signi�cant effect,
indicating that DNA methylation rather than acetylation is the epigenetic mechanism regulating miR-
133a-5p (Fig. 6B). Furthermore, MSP showed signi�cantly greater methylation in the miR-133a-5p CpG
islands in the glioma cell lines compared to the normal glial cells (p<0.01), which was decreased to
normal levels in the presence of AZA (Fig. 6C). Taken together, hypermethylation of the miR-133a-5p
promoter in glioma cells signi�cantly downregulates its levels, and reducing methylation at this site can
restore miR-133a-5p expression.

Discussion
Glioma is the most common primary malignant tumor of the central nervous system. Due to its highly
invasive nature, high mortality rate and poor therapeutics[19], it is essential to unravel the genes and
signaling pathways driving glioma development, in order to devise novel strategies for its diagnosis and
treatment.

MiRNAs are non-coding RNAs about 20-25 nucleotides in length. Since its discovery by Lee et al. in
nematodes in 1993, over 2,000 mature miRNAs have been identi�ed in humans that regulate the
expression of approximately 30% of the total genes. MiRNAs regulate multiple functions, including cell
proliferation, cell cycle, apoptosis and differentiation[20-24]. MiR-133a is downregulated in various
cancers and acts as a tumor suppressor. It is expressed at low levels in renal cancer tissues and cell lines,
and its forced expression inhibited the proliferation and invasion of renal cancer cells, induced apoptosis
and arrested cell cycle progression by targeting TAGLN2[25]. Similarly, Cheng et al. found that miR-133
was downregulated in gastric cancer tissues, and inhibited the proliferation, invasion and metastasis of
gastric cancer cells by targeting the CDC42/PAKs signaling pathway[26]. Furthermore, low expression
levels of miR-133a was signi�cantly correlated with poor prognosis of gastric cancer patients. In a recent
study, miR-133a was also signi�cantly decreased in glioma tissues, and might through suppressing the
expression level of epidermal growth factor receptor (EGFR) to inhibit the glioma cell proliferation and

http://cpgislands.usc.edu/
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apoptosis. However, the molecular mechanism of downregulation of miR-133a expression had not been
further investigated[17].

In this study, we screened the miRNA expression pro�les of glioma and normal brain tissues, and
detected consistent and signi�cant downregulation of miR-133a-5p in the former, which was also
con�rmed by RT-PCR. In addition, miR-133a-5p expression was also signi�cantly decreased in glioma cell
lines compared to that in a normal glial cell line. By mining the miRNA-Seq data of glioma in TCGA
dataset, we found that miR-133a-5p was also signi�cantly lower expressed in large samples of glioma
tissues, and survival analysis con�rmed that the overall survival time of glioma patients with low
expression of miR-133a-5p was signi�cantly lower than that of patients with high miR-133a-5p
expression. These results suggest that miR-133a-5p plays a role of tumor suppressor genes in the
occurrence and development of glioma, and its low expression may lead to poor prognosis in glioma
patients. To further investigate the relationship between miR-133a-5p and glioma, the following studies
were performed. Forced expression of miR-133a-5p in the glioma cells signi�cantly inhibited their
proliferative and colony forming abilities, indicating that it acts as a tumor suppressor in glioma.
Furthermore, in silico target prediction identi�ed PGC-1α as a target gene of miR-133a-5p, which was
veri�ed by Dual-luciferase Reporter Assay. Consistent with this, PGC-1α protein levels were signi�cantly
decreased in glioma cells following miR-133a-5p overexpression. Thus, miR-133a-5p likely binds to the
3’UTR of PGC-1α and inhibits its expression.

Forced expression of PGC-1α in the miR-133a-5p-overexpressing cells rescued them from the inhibitory
effects of the latter, which further indicated that the targeted suppression of PGC-1α by miR-133a-5p is
the mechanistic basis of its action. Studies show PGC1α is associated with cancer cell proliferation[16].
Cyclin D1 is a key regulatory protein of the mammalian cell cycle which binds to the downstream Cyclin
D2 and cyclin-dependent kinase Cdk4 to form a complex that phosphorylates the retinoblastoma protein
(Rb). This releases the nuclear transcription factor E2F from Rb, and promotes its nuclear translocation to
transcriptionally activate genes involved in G1 to S phase transition, �nally enabling the cells to enter a
proliferative state [27]. Overexpression of miR-133a-5p in glioma cells induced cell cycle arrest at the G1
phase, and downregulated Cyclin D1, Cyclin D2 and Cdk4 proteins.

Studies show that epigenetic mechanisms like DNA methylation and histone acetylation play key roles in
regulating miRNA expression [12]. Since aberrant epigenetic regulation of tumor-suppressors is often
observed in cancer[28-31], we next analyzed the levels of miR-133a-5p in glioma cells after speci�cally
inhibiting DNA methyltransferase or histone deacetylase. MiR-133a-5p was signi�cantly upregulated by
AZA but not by TSA, indicating that DNA methylation and not histone deacetylation regulates miR-133a-
5p levels in glioma cells. Furthermore, MSP assay showed that the methylation level of miR-133a-5p was
signi�cantly higher in glioma cells compared to that in normal glial cells. This suggested that the CpG
islands in the miR-133a-5p gene promoter region are hypermethylated in glioma cells, which leads to its
downregulation. Therefore, reducing methylation at this site can restore miR-133a-5p expression in
glioma cells, and can be explored as a therapeutic strategy.
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Conclusions
MiR-133a-5p is downregulated in glioma tissues through promoter hypermethylation, and its forced
expression inhibits glioma cell proliferation and induces G1 phase arrest by targeting PGC-1α. However,
further research is needed to determine other functions of miR-133a-5p in glioma and elucidate the
underlying mechanisms.

Methods
Tissue samples

This study was approved by the Ethics Committee of Second A�liated Hospital of Shenzhen University
(SSZU20180307). All samples and data were collected after obtaining the statement on informed
consent from the glioma patients or the legally authorized representatives of healthy controls with brain
trauma. Fifteen surgically excised glioma tissue samples were collected at our hospital from August 2018
to August 2019, and glioma was con�rmed by clinical and pathological examination. Eight of the 15
samples were obtained from male patients and 7 from female patients, with an average age of 52.3 ± 6.9
years. The histological diagnosis of glioma was based on the Central Nervous System Tumor Grading
Criteria[31] established by WHO in 2016. Three cases were grade I tumors, 5 grade II, 3 grade III and 4
grade IV Supplementary Table-1 . Furthermore, brain tissues were removed from 15 age-matched healthy
controls with brain trauma (9 males and 6 females, average age 52.8 ± 7.4 years) during intracranial
decompression. The differences of the two groups' gender, age have no statistical signi�cance(P>0.05),
and the materials have good comparability. The inclusion criteria for the patients were: 1) primary tumor
occurrence, and 2) lack of radiotherapy, chemotherapy or any treatment before surgery. The tissue
specimens were �ash frozen in liquid nitrogen, and stored at -80°C.

Cell lines and main reagents

The human normal glial cell line HEB and glioma cell lines U251, U87, T98-G and A172 were purchased
from the Cell Resource Center of Shanghai Institutes for Biological Sciences, Chinese Academy of
Sciences. DMEM/HG, fetal bovine serum (FBS), Opti-MEM and 0.25% trypsin containing 0.02% EDTA
were purchased from Gibco, MTT kit, 5-aza-2'-deoxycytosine (AZA) and histone deacetylase inhibitor
(TSA) from Sigma, Trizol, reverse transcription kit from Thermo, SYBR Green Real-time PCR kit from
Shanghai Solarbio Bioscience & Technology, QIAamp DNA Mini kit and EpiTect Bisul�te kit from Qiagen,
Lipofectamine 3000 from Invitrogen, and the cell cycle assay kit from BD. The pcDNA3.1-miR-133a-5p
mimic, scrambled miRNA (miR-NC) and the pcDNA3.1 PGC-1α overexpression plasmid were obtained
from Guangzhou Ruibo Bio. Antibodies against PGC-1α, cyclin D1, cyclin D2, Cdk4 and β-actin were from
Abcam, and the horseradish peroxidase (HRP)-labeled IgG secondary antibody from Guangzhou Jingcai.
QuickChange Site-Directed Mutagenesis kit was purchased from Stratagene. Dual-Luciferase Reporter
Assay kit and pmirGLO vector were from Promega. The PCR primers were synthesized by Shanghai
Shenggong. Other reagents were from our laboratory and of analytical grade.
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Cell culture and transfection

The cell lines were thawed, and cultured at 37°C under 5% CO2 in DMEM/HG containing 10% FBS. The
cells were harvested by trypsin digestion once they were 70%-80% con�uent, centrifuged at 800 rpm for 5
min at room temperature, and resuspended in DMEM/HG for further passaging. Cell transfection was
performed as previously described[7, 9]. Brie�y, for the transfection of A172 and U251 cells, they were
harvested at 80% con�uency, re-suspended in Opti-MEM, and seeded in a 6-well plate at the density of 2 ×
105 per well. Following overnight incubation, the cells were transfected with 100 ng pcDNA3.1- PGC-1α or
50nM pcDNA3.1-miR-133a-5p mimic and pcDNA3.1-miR-NC (using Lipofectamine 3000 according to the
manufacturer’s instructions. Six hours later, the medium was replaced with DMEM/HG containing 10%
FBS, and the cells were cultured for another 48h. The medium was replaced with complete DMEM/HG
containing 2µg/ml puromycin, and the cells were cultured for 3 days. The transfected cells were re-plated
and after 1-2 weeks, the resulting clones were expanded to establish stable miR-133a-5p mimic and miR-
NC cell lines.

miRNA microarray analysis

Three tissue samples each from glioma patients and healthy controls were sent to Shanghai Kangcheng
Biotechnology Co. Ltd. for miRNA microarray analysis. Brie�y, total RNA was extracted from the tissues
using Trizol reagent, and puri�ed with a miRNA Mini kit according to the instructions. The purity and
concentration of the RNA samples were analyzed using a spectrophotometer, and 1µg RNA per sample
was labeled using a Hy3/Hy5 Power Labeling kit according to the instructions. The labeled RNA was then
hybridized with a miRCURYtm LNA Array, and the original signal intensity of the chip was tested using a
GenePix 4000B chip scanner. Using intensity (int) > 50 as the normalization factor, the differences in
miRNA expression levels between the glioma and normal tissue samples were analyzed by inter-chip
standardization, intra-chip standardization, expression difference comparison, statistical signi�cance
test, and cluster analysis. In this experiment, the seventh generation of miRCURYTMLNA hybrid
chip(v.18.0) (Exiqon) was used to test the samples, containing 3100 species of probe. For the speci�c
probe ID, please refer to http://www.kangchen.com.cn/support/supportmain.asp? Id = 21.

TCGA dataset with patient information

 R2.15.3 Epicalc fuction package was used to download and preprocess the expression of miR-133a-5p
miRNA SeqV2 data and the corresponding pathological data of the glioma data set from TCGA database
(https://tcga-data.nci.nih.gov/tcga/). Expression of miR-133a-5p and survival analysis of glioma patients
were as previously described[7, 9]. Brie�y, the level 3 data of quali�ed miR-133a-5p expression with
clinical information of glioma patients were obtained from TCGA data portal. We obtained 725 samples,
which included 518 glioma samples and 207 non-tumor brain samples. And there were quali�ed clinical
information of 479 glioma patients corresponding to miR-133a-5p expression in samples. To avoid the
impact of unrelated causes of death, the cases with less than 1-month overall survival and death from
other diseases or accidents were excluded in this study. As a result, 463 patients �tted this criterion for
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overall survival analysis. The 50% of the sorted miR-133a-5p values was set as cut-off for low/high
expression of miR-133a-5p.

Cell proliferation assay

The miR-133a-5p mimic and miR-NC-transfected cells were seeded into 96-well plates at the density of
2×104 per well in 200µl complete DMEM/HG medium. After culturing for 12, 24, 36 and 48h, 20µl MTT
reagent (5mg/ml) was added to each well, and the cells were incubated further for 4h. The culture
medium was removed, and 150µl dimethyl sulfoxide (DMSO) was added per well to solubilize the
formazan crystals. After shaking for 10 min at room temperature, the absorbance value (OD490) of each
well was measured at 490 nm. Each time point per group was tested in �ve replicate wells, and the mean
values were calculated.

Colony formation assay

A colony formation assay was performed as previously described[16]. Brie�y the miR-133a-5p and miR-
NC-transfected cells were seeded into 6-well plates at the density of 1×103 cells/well. The cells were
cultured for 8 days, and the medium was changed every 3 days. The resulting colonies were �xed with
3.7% paraformaldehyde for 5 min, stained with 0.05% crystal violet for 20 min at room temperature, and
gently washed with double distilled water �ve times. The number of colonies were counted under a white
light microscope.

Western blotting

Protein levels were determined by Western blots as previously described [7-9]. Brie�y, the suitably
transfected cells were washed thrice with cold PBS at 4°C, lysed with RIPA cell lysis buffer supplemented
with a protease inhibitor, and centrifuged at 4°C and 12,000 rpm for 20 min. The supernatants were
aspirated and the protein concentration was determined by the BCA method. Equal amounts of protein
per sample (30µg) were mixed with 5× loading buffer at the ratio of 4:1, and denatured by boiling for 10
min. The protein samples were resolved by SDS-PAGE, and the bands were transferred to PVDF
membranes by the wet transfer method. The membranes were blocked with 5% skim milk at room
temperature for 2h, and incubated overnight with primary antibodies against PGC-1α (1:500), cyclin D1
(1:500), cyclin D2 (1:500) or Cdk4 (1:500), and β-actin (1:1000) at 4°C on a shaker. After washing thrice
with TBST buffer, the membranes were incubated with a horseradish-labeled secondary antibody
(1:2,000) for 1h at room temperature, followed by three more washes with TBST. The blots were then
developed using an ECL solution and photographed on a gel imager. The Image J software was used to
measure the gray value of each band, and the ratio of the intensities of the target proteins to that of the
internal control β-actin was calculated. The experiment was repeated thrice.

Dual-luciferase reporter assay
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To obtain the luciferase construct, the full-length 3’-UTR of PGC-1α (containing the putative biding sites
for miR-133a-5p) was ampli�ed by PCR and subcloned into the downstream of luciferase gene in the
pmirGLO-3 basic vector and named pmirGLO-3/PGC-1α-3’UTR-WT(PGC-1α-WT). Site-directed
mutagenesis of the miR-133a-5p target-site in the pmirGLO-3/PGC-1α-3’UTR-WT , which was generated by
QuikChange Site-Directed kit was also subcloned into the downstream of luciferase gene in the pGL-3
basic vector and named pmirGLO-3/PGC-1α-3’UTR-MUT (PGC-1α-MUT). For luciferase reporter assays,
the A172 and U251 cells were harvested in the logarithmic growth phase and seeded in 96-well plates at
the density of 2×104 cells/well and then co-transfected with 100ng of PGC-1α-WT or PGC-1α-MUT and 50
nM of miR-133a-5p mimic or miR-NC using Lipofectamine 3000. Forty-eight hours after transfection, cells
were harvested and assayed with Dual-Luciferase Reporter Assay kit according to the manufacturer’s
instructions. 

Propidium iodide staining

Propidium iodide staining was performed as previously [15]. Brie�y, the suitably transfected A172 and
U251 cells were gently washed with cold PBS, harvested, and centrifuged at 300 rpm for 5 min at room
temperature. The supernatant was removed, and the cells were re-suspended in 500µl PBS. Ice-cold 70%
alcohol (3.5 ml) was added immediately, and the cells were thoroughly pipetted and �xed overnight at
4°C. After washing thrice with PBS, the cells were stained with 500μl PI/RNase staining solution provided
in the cell cycle �ow detection kit for 30 min at 4°C in the dark. The cell cycle distribution was analyzed by
�ow cytometry. The experiment was repeated thrice.

Drug treatment

HEB, A172 and U251 cells were harvested and seeded in a 6-well plate at the density of 1×105/well, and
cultured till 70%-80% con�uency. The medium was replaced with DMEM/HG containing 1μM AZA or
300nM TSA, and the cells were cultured for 72 h. The control cells were cultured in DMEM/HG containing
1μM DMSO.

Methylation-speci�c quantitative PCR (MSP)

The CpG islands in the miR-133a-5p gene were predicted using the website http://cpgislands.usc.edu, and
one CpG island was detected in its promoter region. Genomic DNA was extracted from the A172 and
U251 cells using a DNA extraction kit as per the manufacturer’s instructions, and the purity and
concentration were determined using an ultraviolet spectrophotometer. The DNA was modi�ed with
bisul�te using the EpiTect Bisul�te kit according to the manufacturer’s instructions, and the methylated
and unmethylated miR-133a-5p were ampli�ed using the following primers: methylated - forward 5'-
GGTTGTTTGTTTTTTGGTTCG-3' and reverse 5'-ATCCTAAAACTACCCAAAATCGTA-3'; unmethylated -
forward 5'-GGGATGAGGATTAGGATTTT-3' and reverse 5'-CAAACAAAACACAATAAAAACAAACA-3'. The PCR
cycling conditions were: pre-denaturation at 94°C (3 min), followed by 35 cycles of denaturation at 94°C
(30s), demethylation at 53°C (30s) and extension at 72°C (90s), and �nal extension at 94°C for 5 min.
Generation of an ampli�ed product with either methylated or unmethylated primers respectively indicated
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presence and absence of methylated sequences in the genome. Generation of ampli�ed products with
both primer pairs implied partial methylation. The methylation level of miR-133a-5p gene was calculated
by the ΔΔCt method. The experiment was repeated thrice.

Statistical analysis

Statistical analysis was performed using SPSS 19.0, R-2.15.3 and GraphPad Prism 5.0. The data were
expressed as (X±S). One-way ANOVA was used for inter-group comparison, and independent-sample t
test for comparing two groups. Kaplan-Meier method was used to draw survival curve and perform Log-
rank tesk. P values< 0.05 were considered statistically signi�cant.

Abbreviations
miRNAs: MicroRNAs; PGC-1α: peroxisome proliferator-activated receptor gamma, coactivator 1 alpha;
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Figure 1

MiR-133a-5p levels are aberrantly low in glioma and related with survival of glioma patients. A. Heat map
of 30 differentially expressed miRNAs (p<0.01) in the microarray analysis (red indicates up-regulation and
green indicates down-regulation). B. RT-PCR results showing miR-133a-5p levels in 15 glioma and normal
brain tissue samples. C. RT-PCR results showing miR-133a-5p levels in various cell lines; D: The incidence
of low levels of miR-133a-5p in glioma patients was evaluated using TCGA dataset; E: Overall survival
(OS) curves of Kaplan-Meier analysis; * * p<0.01.
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Figure 2

Overexpression of miR-133a-5p inhibits the proliferation of glioma cells: A. Expression levels of miR-
133a-5p in the A172 and U251 cells transfected with the miR-133a-5p mimic. B. Proliferation rate of
control and miR-133a-5p-overexpressing glioma cells. C. Number of colonies formed by glioma cells
transfected with miR-133a-5p mimic or miR-NC. **p<0.01

Figure 3
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MiR-133a-5p inhibits PGC-1α expression in glioma cells. A. Schematic representation of PGC-1α 3’-UTR
showed a putative miR-133a-5p binding site. B. Dual-Luciferase Reporter Aassay result. C. Immunoblots
showing PGC-1α levels in A172 and U251 cells transfected with miR-133a-5p mimic or miR-NC. **p<0.01

Figure 4

MiR-133a-5p inhibits the proliferation of glioma cells by down-regulating PGC-1α. A. MiR-133a-5p inhibits
the proliferation of glioma cells by down-regulating PGC-1α. B. MiR-133a-5p suppresses the colony
forming ability of glioma cells by down-regulating PGC-1α; *p<0.05, **p< 0.01
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Figure 5

MiR-133a-5p inhibits the progression of glioma cell cycle. A. Flow cytometry plots showing the cell cycle
distribution of miR-133a-5p-overexpressing and control glioma cells. B. Immunoblots showing the
expression levels of CyclinD1, Cyclin D2 and Cdk4 in glioma cells following miR-133a-5p overexpression.



Page 19/20

Figure 6

DNA methylation inhibits the expression of miR-133a-5p in glioma cells. A. CpG island location in miR-
133a-5p gene promoter region. B. MiR-133a-5p expression levels in control and AZA-treated glioma cells.
C. Extent of DNA methylation in miR-133a-5p promoter region in the normal glial cell line HEB and glioma
cell lines A172 and U251.
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