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Background and objectives: MicroRNA-613 (miR-613), a novel cancer-related microRNA, 

has been shown to be responsible for the inhibition of tumor development and progression in 

various cancers. We aimed to investigate the biological function and regulatory mechanisms 

of miR-613 in gliomas. 

Materials and methods: miR-613 expression were detected by qRT-PCR assays in glioma tissues 

and cell lines. Cell Counting Kit-8 (CCK-8) assay, colony formation analysis, wound healing 

and transwell invasion assays were performed to evaluate cell proliferation, colony formation, 

migration and invasion abilities. Luciferase reporter assays, qRT-PCR and Western blot were 

performed to explore the potential targets of miR-613. Xenograft mice model was established 

to evaluate the effect of miR-613 in vivo.

Result: The expression levels of miR-613 were significantly downregulated in the glioma 

tissues and cell lines, and the decreased level was significantly negatively associated with the 

overall disease-free survival of the patients. Functionally, ectopic expression of miR-613 in 

glioma cells suppressed the proliferation, colony formation, and migration and invasion of the 

cells. The sex-determining region Y-box 9 (SOX9) was identified as a direct functional target 

of miR-613, and its expression was inversely correlated with miR-613 expression in glioma 

tissues. Moreover, rescue of SOX9 could partially reverse the inhibitory effects of miR-613 on 

glioma cell proliferation, colony formation, migration, and invasion. Importantly, miR-613 also 

suppressed tumor growth in vivo by targeting SOX9.

Conclusion: Taken together, these findings demonstrate that miR-613 functions as a tumor 

suppressor in glioma cells by directly targeting SOX9.
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Introduction
Malignant gliomas are the most common and aggressive type of primary tumors in the 

central nervous systems of adults worldwide, accounting for ~30% of central nervous 

system tumors and 80% of all malignant tumors in the brain.1 Despite aggressive thera-

pies, including surgical resection, radiotherapy, and chemotherapy, the prognosis for 

patients with glioma remains poor mainly because of significant malignant prolifera-

tion and invasion.2 Accumulating evidence suggests that molecular heterogeneity is a 

key hurdle for improving the clinical outcomes of gliomas.3 Therefore, elucidation of 

the molecular mechanisms involved in glioma proliferation and invasion is urgently 

needed for identifying effective therapeutic targets for this disease.

MicroRNAs (miRNAs) are short (18–25 nucleotides long) single-stranded RNA 

molecules that regulate gene expression by binding to the 3′-untranslated region 

(3′-UTR) of target mRNAs.4,5 Because of their mediation of target gene expression, 

miRNAs have been implicated in the regulation of various biological processes, such as 
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cell proliferation, invasion, apoptosis, and differentiation.6,7 

miRNAs have been shown to be involved in various physi-

ological and pathological processes of gliomas,8,9 suggesting 

that they could serve as diagnostic markers or therapeutic 

agents for this type of cancer.

Several research studies have shown that miRNA-613 

(miR-613) was obviously downregulated in colorectal 

cancer,10 bladder cancer,11 osteosarcoma,12 thyroid cancer,13 

breast cancer,14 hepatocellular carcinoma,15 nonsmall-cell 

lung cancer,16 and ovarian cancer.17 Although miR-613 

has been shown to inhibit cell proliferation and colony 

formation, induce cell cycle arrest in the G
0
/G

1
 phase, and 

suppress the invasive ability of glioma cells, the function 

and underlying mechanism of miR-613 in gliomas remain 

largely unclear.18

Sex-determining region Y-box 9 (SOX9), a high-mobility 

group box-containing transcription factor, is a member of the 

sex-determining region Y family, which plays critical roles 

during embryogenesis, cell differentiation, tumor initiation 

and invasion, and stem cell self-renewal.19,20 The dysregula-

tion of SOX9 has been shown to function like an oncogene, 

promoting cell proliferation, inhibiting senescence, and facili-

tating cellular transformation.21 In addition, elevated SOX9 

expression has been observed in glioma cell lines and clinical 

specimens, and its increased level was significantly corre-

lated with higher World Health Organization (WHO)-grade 

gliomas.22–24 Collectively, these studies imply that miR-613 

and SOX9 are involved in glioma progression, but their roles 

in regulating glioma development remain to be explained.

In this study, the expression status and clinical significance 

of miR-613, as well as its role and underlying mechanism, 

were investigated using glioma tissues from patients and 

various glioma cell lines. It was found that the miR-613 levels 

were significantly downregulated in all the glioma tissues and 

cell lines tested and that the decreased level was significantly 

negatively associated with the overall disease-free survival of 

the patients. Functional assays showed that miR-613 inhibited 

glioma growth in vitro and in vivo. Mechanistic analysis 

revealed that miR-613 exerted its suppressive role in gliomas 

by targeting SOX9. These studies suggest that miR-613 might 

be a potential therapeutic target against gliomas.

Patients and methods
clinical samples
Glioma tissues were collected from 30 patients (17 men and 

13 women, mean age: 58.2 years) with gliomas, who were his-

tologically diagnosed at the Department of Neurology, China–

Japan Union Hospital of Jilin University (Changchun, People’s 

Republic of China). Normal brain specimens were collected 

from 5 patients (3 men and 2 women, mean age: 45.6 years) 

who had suffered traumatic brain injuries. The glioma 

specimens were categorized as either low-grade gliomas 

(WHO I–II, 18 cases) or high-grade gliomas (WHO III–IV, 

12 cases) according to the diagnosis done by two experienced 

clinical pathologists from our hospital. Informed consent was 

signed by all the patients before surgery. Written informed 

consent was obtained from all the patients whose biological 

samples were used in this study. This study was approved by 

the research ethics committee of Jilin University.

cell culture and transfection
Human glioma cell lines U251, T98, and U87MG and human 

umbilical vein endothelial cells were obtained from the 

Chinese Academy of Sciences Cell Bank (Shanghai, People’s 

Republic of China). All cells were grown in high-glucose 

Dulbecco’s Modified Eagle’s Medium (DMEM; Thermo 

Fisher Scientific, Waltham, MA, USA) containing 10% fetal 

bovine serum (Thermo Fisher Scientific) and 100 units/mL 

penicillin or 100 μg/mL streptomycin at 37°C in a humidified 

air atmosphere containing 5% carbon dioxide.

A negative control mimic (miR-NC) and the miR-613 

mimic were purchased from GenePharma (Shanghai, 

People’s Republic of China). The SOX9 overexpression 

vector pCDNA3.1-SOX9, which lacks the 3′-UTR, was a 

kind gift from Dr Ju Peng (Jilin University).

The U87MG cells were transiently transfected with 

the aforementioned oligonucleotides (final concentration: 

100 nM each) or the expression vector (100 g) using Lipo-

fectamine 2000 (Thermo Fisher Scientific) according to the 

manufacturer’s instructions.

rna preparation and real-time Pcr
Total RNA was isolated from the frozen tissue samples and 

the cultured cells using TRIzol reagent (Thermo Fisher Scien-

tific) according to the manufacturer’s protocol. Then, cDNA 

was synthesized from 100 ng of the RNA, using a BcaBEST 

RNA PCR kit (Takara, Dalian, People’s Republic of China) 

according to the manufacturer’s instruction. The cDNAs 

were subjected to the quantitative reverse transcription 

polymerase chain reaction (qRT-PCR) using SYBR Premix 

Ex Taq (Takara) to detect miR-613 and SOX9 mRNA with 

the ABI 7900 Fast system (Thermo Fisher Scientific). The 

primers used in this study have been described previously.15,22 

The U6 gene was used as an endogenous control for miRNA 

expression,25 whereas the GAPDH gene was used as an 

endogenous control for mRNA expression. The relative 

expression levels of miR-613 and SOX9 mRNA were calcu-

lated using the comparative delta CT (2−ΔΔCT) method.26

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2431

role of mir-613 as a tumor suppressor in glioma cells

cell proliferation and colony formation 
assays
Cell proliferation was determined using Cell Counting Kit-8 

(CCK-8; Dojindo Laboratories, Kumamoto, Japan) according 

to the manufacturer’s instructions. In brief, transfected cells 

were collected and seeded into 96-well plates (Corning Incor-

porated, Corning, NY, USA) at a density of 2,000 cells per well 

and cultured for 24–72 h. At indicated times (24, 48, and 72 h), 

10 μL of CCK-8 solution was added to each well. Cell viability 

was determined by measuring the absorbance at 450 nm using a 

microplate reader (Bio-Tek Company, Winooski, VT, USA).

For the colony formation assay, 1,000 transfected cells per 

well were seeded into six-well plates (Corning Incorporated) 

and cultured for 14 days. The cell colonies were fixed with 

4% paraformaldehyde for 30 min and then stained with 0.1% 

crystal violet for 10 min. The stained colonies were imaged 

and counted under a light microscope (Olympus Corporation, 

Tokyo, Japan).

cell migration and invasion assays
To measure cell migration, 8 mm pore size culture inserts 

(Transwell; Corning Incorporated) for separating upper and 

lower chambers were placed into the wells of 24-well culture 

plates. In the lower chamber, 600 μL of DMEM containing 

10% fetal bovine serum was added as the chemoattractant, 

whereas the upper chamber inserts were seeded with 2 × 105 

transfected cells in serum-free DMEM. After incubation at 

37°C with 5% CO
2
 for 24 h, the cells that had migrated through 

the pores were fixed with 4% paraformaldehyde for 30 min and 

then stained with 0.1% crystal violet for 10 min. For the cell 

invasion assay, the upper chamber was precoated with 30 μL 

of Matrigel solution (BD Biosciences, San Jose, CA, USA) and 

then seeded with 1 × 105 cells. The remainder of the procedure 

was similar to that of the cell migration assay. The number of 

cells was quantified by counting five independent visual fields 

under a light microscope (Olympus Corporation; 200×).

luciferase assay
Four established bioinformatic prediction tools (miRDB, 

miRanda, TargetScan, and RNA2222) were used to predict 

potential miR-613 targets. Human SOX9 3′-UTRs, contain-

ing either the putative miR-613 binding site or a mutant site, 

were synthesized by GenePharma and inserted into the psi-

CHECK-2 vector (Ambion, Austin, TX, USA) between the 

NotI and XhoI sites. The resulting expression vectors were 

named wild type (WT)-SOX9 and mutated (MUT)-SOX9. 

All constructed plasmids were confirmed by sequencing. For 

the luciferase reporter assay, U87MG cells were seeded into 

96-well plates (1 × 104 cells/well) for 24 h and were then 

co-transfected with 100 ng of either the WT-SOX9 or the 

MUT-SOX9 3′-UTR reporter plasmids, and 100 nM miR-613 

mimic or miR-NC. At 48 h after transfection, the cells were 

lysed, and luciferase assays were carried out using the Dual-

Luciferase Reporter Assay System (Promega Corporation, 

Fitchburg, WI, USA). The firefly luciferase activity was 

normalized to that of Renilla luciferase.

Western blot analysis
The glioma cells or tissues were incubated with radio immu-

noprecipitation assay buffer (Shanghai Gefan Biotechnology 

Co., Ltd., Shanghai, China) on ice for 30 min and then centri-

fuged at 20,000 × g at 4°C for 15 min. The supernatants were 

collected, and their protein concentrations were determined 

with a bicinchoninic Acid kit (Shanghai Gefan Biotechnology 

Co., Ltd.). Equal amounts of protein (30 μg) were separated 

by 10%–15% sodium dodecyl sulfate polyacrylamide gel 

electrophoresis under a constant voltage of 110 V and then 

transferred to polyvinylidene difluoride membranes. The 

membranes were blocked with 5% skim milk for 1 h and 

then incubated overnight at 4°C with the following antibod-

ies: rabbit anti-SOX9 (1:1,000; Santa Cruz Biotechnology 

Inc., Dallas, TX, USA) and rabbit anti-GAPDH (1:2,000; 

Santa Cruz Biotechnology Inc.). The membranes were then 

incubated with horseradish peroxidase-conjugated goat-anti-

rabbit antibody (1:5,000; Santa Cruz Biotechnology Inc.). 

The protein bands were observed by enhanced chemilumines-

cence amplification according to the manufacturer’s protocol 

(GE Healthcare UK Ltd, Little Chalfont, UK). The density of 

each band was quantified with Image-Pro Plus 6.0 software.

in vivo assay
BALB/c nude mice were purchased from Jilin Laboratory 

Animal Limited Liability Company (Jilin, People’s Republic 

of China) and maintained in our animal facility under stan-

dard conditions. Xenograft transplantation of glioma cells 

into the mice was performed as described previously.27 In 

brief, after pretransplant preparation and 5% chloral hydrate 

anesthetization of the nude mice, U87MG cells (2 × 106) 

transfected with miR-613 mimic or miR-NC were, respec-

tively, implanted into the left and right flanks (cells per flank) 

of the mice (n = 10). The tumor volumes were determined 

every 5 days by measuring the tumor length (L) and width 

(W) and were calculated according to the formula V = LW 2/2. 

After 30 days, the mice were sacrificed, and the tumors were 

extracted and weighed. The expression of SOX9 protein in 

the xenografted tumor tissues was examined by Western 

blot assay. All the experiments were performed according 

to the institutional guidelines and approved by the ethical 

committee of Jilin University.
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statistical analysis
The SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, 

USA) was used for all statistical analyses. The data shown 

are presented as mean ± SD from at least three independent 

experiments. Differences between experimental groups 

were analyzed using Student’s t-test or one-way analysis of 

variance. Kaplan–Meier survival analysis was performed to 

analyze the survival distributions. The correlation between 

expression levels of miR-613 and SOX9 was assessed using 

Spearman’s correlation analysis. All differences were con-

sidered statistically significant at P , 0.05.

Results
mir-613 is downregulated in glioma cells 
and correlated with poor survival
To determine the miR-613 status in gliomas, the expression 

level of miR-613 in human glioma tissues and normal brain 

tissues was first measured by qRT-PCR. It was found that 

miR-613 expression was significantly (P , 0.05) down-

regulated in the 30 glioma tissues relative to the levels in 

the five normal brain tissues (Figure 1A). In agreement 

with this result, miR-613 was also downregulated in the 

three glioma cell lines U251, T98, and U87MG compared 

with that in normal human umbilical vein endothelial cells 

(P , 0.05, Figure 1B). Because the U87MG cell line had 

the lowest expression of miR-613 among the glioma cell 

lines (Figure 1B), it was selected for the functional assays. 

On the basis of a median miR-613 expression level of 0.25, 

the patients with glioma were divided into two groups: high 

miR-613 expression group (.0.25, n = 15) and low miR-613 

expression group (#0.25, n = 15). Kaplan–Meier survival 

analysis revealed that patients in the low miR-613 expression 

group had shorter overall survival than those in the high miR-

613 expression group (Figure 1C). These results suggested 

that the decreased expression of miR-613 might play an 

important role in glioma progression and development.

mir-613 inhibits glioma cell proliferation, 
colony formation, migration, and invasion
To further investigate the biological role of miR-613 in 

gliomas, U87MG cells were transfected with either miR-613 

mimic or miR-NC. The cells transfected with miR-613 mimic 

had significantly higher expression levels of miR-613 than 

the miR-NC-transfected cells (Figure 2A). The CCK-8 assay 

Figure 1 mir-613 is downregulated in glioma tissues and cell lines and correlated with poor survival.
Notes: (A) miR-613 expression levels in normal brain tissues and glioma tissues, as quantified by qRT-PCR analysis. (B) expression levels of mir-613 in U87Mg, U251, and 
T98 glioma cells and HUVECs, as quantified by qRT-PCR analysis. (C) Kaplan–Meier analysis indicating the significant association of miR-613 downregulation with poorer 
overall survival rates for patients with glioma. The data are presented as mean ± sD of three independent experiments. **P , 0.01.
Abbreviations: hUVecs, human umbilical vein endothelial cells; mir-613, microrna-613; qrT-Pcr, real-time reverse transcription polymerase chain reaction.
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Figure 2 mir-613 inhibits glioma cell proliferation, colony formation, migration, and invasion.
Notes: (A) Efficiency of the miR-613 mimic or miR-NC transfection in U87MG glioma cells, as quantified by qRT-PCR analysis. (B–E) Proliferation, colony formation, 
migration, and invasion of U87Mg cells transfected with mir-613 mimic or mir-nc (bar = 50 μm). The data are presented as mean ± sD of three independent experiments. 
**P , 0.01.
Abbreviations: mir-613, microrna-613; mir-nc, microrna-613-negative control; qrT-Pcr, real-time reverse transcription polymerase chain reaction; ccK-8, cell 
counting Kit-8.
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results indicated that miR-613 had significantly inhibited 

U87MG cell proliferation (Figure 2B). In addition, the colony 

formation assay was used to investigate the role of miR-613 

in the clonogenic survival of U87MG cells. Relative to that 

observed in the miR-NC group, the overexpression of miR-613 

had decreased the clonogenic survival of U87MG cells by 

60% (Figure 2C). Next, the potential effect of miR-613 on cell 

motility and invasiveness was investigated by the transwell 

chamber assay. It was found that miR-613 overexpression had 

significantly inhibited the migratory and invasive capabilities 

of the U87MG cells (Figure 2D and E). These data suggested 

that miR-613 might be a tumor suppressor in gliomas.

sOX9 is a direct target of mir-613 in 
glioma cells
To predict the potential targets of miR-613, four estab-

lished bioinformatic prediction tools (miRDB, miRanda, 

TargetScan, and RNA22) were used. SOX9 was subsequently 

selected as a target gene of miR-613 on the basis of its bio-

logical function in gliomas.22–24 SOX9 has previously been 

found to be upregulated in glioma tissues and cell lines and 

to be closely involved in glioma cell proliferation, migra-

tion, and invasion.22–24 As shown in Figure 3A, the SOX9 

mRNA had one possible binding site for miR-613, at the 

1,103–1,110 bp position. The mRNA expression of SOX9 

was upregulated in the glioma tissues (Figure 3B), and its 

expression was inversely correlated with miR-613 expres-

sion (r = −0.638, P , 0.001, Figure 3C). To confirm if SOX9 

interacts directly with miR-613, a Dual-Luciferase® Reporter 

System was used. The WT or MUT 3′-UTRs of SOX9 mRNA 

were inserted downstream of the luciferase reporter gene 

and then co-transfected with miR-613 mimic or miR-NC 

into U87MG cells. It was found that miR-613 significantly 

inhibited the luciferase activity of WT-SOX9 3′-UTR but 

not that of MUT-SOX9 3′-UTR (Figure 3D). Moreover, 

the SOX9 mRNA or protein levels were markedly lower in 

the U87MG cells transfected with miR-613 mimic than in 

the cells transfected with miR-NC (Figure 3E and F). These 

results indicate that miR-613 can directly target the 3′-UTR 

of SOX9 mRNA.

restoration of sOX9 expression rescues 
the inhibitory effects caused by mir-613 
in glioma cells
To further confirm whether miR-613 exerts its function 

by targeting SOX9 in the glioma cells, U87MG cells were 

transfected with either miR-613 mimic or miR-NC alone or 

co-transfected with miR-613 mimic plus pCDNA3.1-SOX9 

(lacking the 3′-UTR) and then subjected to a series of 

functional assays. Western blot analysis revealed that 

co-transfection with the SOX9 overexpression vector had 

successfully mitigated the miR-613 overexpression-induced 

restriction of SOX9 protein expression (Figure 4A). CCK-8 

assay showed that the reduced proliferation induced by 

miR-613 overexpression in U87MG cells was partly abol-

ished by the introduction of SOX9 overexpression plasmid 

(Figure 4B). Consistent with these results, colony formation 

analysis revealed that inhibition role of miR-613 in colony 

formation was reversed by SOX9 overexpression treatment 

(Figure 4C). Meanwhile, transwell migration/invasion assay 

revealed that the inhibitory role of miR-613 in cell migration 

and invasion was also reversed by the SOX9 overexpres-

sion plasmid (Figure 4D and E). These data suggested that 

miR-613 exerts its antitumor effect in gliomas, at least in 

part, by repressing SOX9.

mir-613 suppresses tumor growth in vivo
To investigate the effect of miR-613 on tumor growth 

in vivo, U87MG cells stably expressing miR-613 or miR-NC 

were implanted into nude mice by subcutaneous injection, 

and the growth of the tumors was measured every 5 days. 

Tumor growth was slower in the miR-613/U87MG group 

than in the miR-NC/U87MG group (Figure 5A). At 30 days 

postinjection, the mice were sacrificed, and the tumor tissues 

were extracted and weighed. The weight and size of the 

xenografted tumors of the miR-613/U87MG group were 

found to be smaller than those of the miR-NC/U87MG group 

(Figure 5B and C). Moreover, SOX9 protein expression was 

significantly lower in the miR-613/U87MG group than in the 

miR-NC/U87MG group (Figure 5D).

Discussion
miRNA deregulation has become a main characteristic of 

malignant gliomas, and some miRNAs are potentially novel 

biomarkers for glioma diagnosis and prognosis.8,9 In addition, 

some miRNAs have been shown to be involved in the inhibi-

tion of glioma progression and development and therefore 

proposed as potential therapeutic targets against gliomas.8,9 

Therefore, it is important to find novel miRNAs in gliomas 

in order to gain more prognostic biomarkers and attractive 

therapeutic targets.

miR-613 has been reported to be downregulated in several 

types of cancers and to function as a tumor suppressor.10–17 

For example, miR-613 suppressed colorectal cancer cell 

proliferation, migration, and invasion and induced cell cycle 

arrest at the G
1
 phase by targeting formin-like protein 2.10 
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Figure 3 SOX9 is a direct target of mir-613 in glioma cells.
Notes: (A) The mir-613 binding sites in the 3′-UTr of SOX9, with the WT and MUT sequences highlighted. (B) SOX9 mrna levels in normal brain tissue and glioma 
tumor tissues, as quantified by qRT-PCR analysis. (C) correlations between the expression levels of SOX9 and mir-613 in human glioma tissues (n = 30), as determined 
by spearman’s correlation analysis. (D) luciferase activity in U87Mg cells co-transfected with mir-613 mimic or mir-nc and reporter plasmids containing WT-sOX9 or 
MUT-sOX9 3′-UTr. (E, F) SOX9 mRNA and protein expression levels in U87MG cells transfected with miR-613 mimic or miR-NC, as quantified by qRT-PCR and Western 
blot analysis, respectively. The data are presented as mean ± sD of three independent experiments. **P , 0.01.
Abbreviations: mir-613, microrna-613; mir613-nc, microrna-613-negative control; MUT, mutated; qrT-Pcr, real-time reverse transcription polymerase chain 
reaction; sOX9, sex-determining region Y (srY)-box 9; WT, wild type.

′ ′ ′

′ ′′

′′

Overexpression of miR-613 in osteosarcoma cells signifi-

cantly suppressed tumor cell proliferation and colony 

formation by regulating cell cycle arrest at the G
0
/G

1
 phase, 

impaired the migratory and invasive abilities of the cells, 

and subsequently suppressed epithelial–mesenchymal tran-

sition through the repression of c-MET.12 miR-613 signifi-

cantly suppressed thyroid cancer cell growth, migration, and 

invasion in vitro and inhibited the tumor growth in vivo by 
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targeting sphingosine kinase 2.13 Although a study showed 

that overexpression of miR-613 significantly inhibits glioma 

cell growth,18 the role and underlying mechanism of miR-613 

in gliomas remain largely unclear. In this study, miR-613 

expression in glioma tissues and cell lines was investigated, 

and it was found that its expression was strongly downregu-

lated in all the glioma cells tested, which was consistent with 

previous studies.18 It was also found that miR-613 expres-

sion was negatively associated with the overall disease-

free survival of the patients with gliomas. With regard to 

Figure 4 restoration of sOX9 expression rescues the inhibitory effects caused by mir-613 in glioma cells.
Notes: (A) sOX9 protein level in U87Mg cells transfected with mir-613 mimic or mir-nc and with or without the sOX9 overexpression vector (lacking the 3′-UTr), 
as quantified by qRT-PCR and Western blotting. GAPDH was used as an internal control. (B–E) Proliferation, colony formation, migration, and invasion of U87Mg cells 
transfected with mir-613 mimic or mir-nc and with or without the sOX9 overexpression vector (lacking the 3′-UTr) (bar = 50 μm). The data are presented as mean ± sD 
of three independent experiments. *P , 0.05; **P , 0.01.
Abbreviations: mir-613, microrna-613; mir-nc, microrna negative control; qrT-Pcr, real-time reverse transcription polymerase chain reaction; sOX9, sex-
determining region Y (srY)-box 9; 3′-UTr, 3′-untranslated region; ccK-8, cell counting Kit-8.
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the biological function of miR-613, it was found that its 

overexpression suppressed glioma cell growth, migration, 

and invasion in vitro and inhibited tumor growth in vivo. 

Collectively, these data strongly suggested that miR-613 

might be a tumor suppressor miRNA in gliomas.

It has been demonstrated that miRNAs regulate various 

biological and pathological processes, including tumor 

growth, cell invasion, and tumor metastasis, by repress-

ing target genes.28 To further investigate the biomolecular 

mechanism underlying the miR-613 effects in glioma cells, 

potential targets of miR-613 were screened for using four 

bioinformatic prediction tools. Subsequently, SOX9 was 

selected as a target gene of miR-613. Through luciferase 

reporter assay, qRT-PCR, and Western blotting, it was 

further confirmed that SOX9 is a direct target of miR-613 

in gliomas. It has been shown that SOX9 overexpression 

significantly increased glioma cell proliferation, migration, 

and invasion by regulating several pathways, such as the 

Wnt29 and AKT signaling pathways.30,31 Importantly, SOX9 

has been reported to be regulated by miR-101, miR-145, 

and miR-105 in gliomas.32–34 These results implied that 

SOX9 functions as an oncogene in gliomas. In this study, it 

was shown that SOX9 mRNA expression was upregulated 

and inversely correlated with miR-613 expression in glioma 

tissues. It was also demonstrated that the overexpression 

of SOX9 effectively rescued the miR-613 overexpression-

induced inhibitory effects on glioma cell proliferation, colony 

formation, migration, and invasion. Moreover, in vivo assay 

showed that miR-613 suppressed tumor growth in nude mice 

by repressing SOX9. These results suggest that miR-613 

plays a tumor suppressor role in gliomas, at least in part, by 

targeting SOX9.

Conclusion
Evidence for the role of miR-613 as a tumor-suppressive 

miRNA has been provided, where it was strongly downregu-

lated and negatively correlated with the overall disease-free 

survival of patients with glioma. It has been shown that 

miR-613 overexpression suppressed glioma cell prolif-

eration, colony formation, migration, and invasion in vitro, 
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Figure 5 mir-613 suppresses tumor growth in vivo.
Notes: (A) Determination of tumor growth in BalB/c nude mice, calculated every 5 days postinjection (n = 5). (B) representative image of the tumor tissue. (C) Weights 
of the tumors extracted from the sacrificed mice. (D) Western blot assay of the sOX9 level in the xenografted tumor tissues. The data are presented as mean ± sD of three 
independent experiments. **P , 0.01.
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as well as tumor growth in vivo, by directly targeting SOX9. 

Taken together, these findings suggest that miR-613 might 

be a novel therapeutic target against gliomas.
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