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Abstract. MicroRNA-130b (miR-130b) is a novel tumor‑related 
miRNA that has been found to be involved in several biolog-
ical processes. However, there is limited evidence regarding 
the role of miR-130b in the tumorigenesis of human gliomas. 
In the present study, reverse transcription‑quantitative 
polymerase chain reaction (RT-qPCR) assays were used to 
quantify miR‑130b expression levels in human glioma tissues 
and glioma cell lines (U251, U87, SNB19 and LN229). The 
expression level of miR-130b was found to be markedly 
higher in human glioma tissues than in non‑neoplastic brain 
specimens. Specifically, higher expression levels of miR‑130b 
were observed in the glioma cell lines, compared with those 
in normal human astrocytes  (NHA). We also confirmed 
that miR‑130b interacted with the 3'-untranslated region 
of peroxisome proliferator‑activated receptor-γ  (PPAR‑γ), 
which negatively affected the protein levels of E-cadherin. 
Furthermore, its effects on cell proliferation and invasion 
were examined using CCK8, colony formation, cell cycle and 
Transwell assays. We found that the upregulation of miR-130b 
induced cell proliferation, decreased the percentage of cells 
in the G0/G1 phase and enhanced the invasiveness of U251 
glioma cells whereas the downregulation of miR-130b exerted 
opposing effects. Moreover, it was demonstrated that the 
downregulation of miR‑130b in U251 glioma cells restored 
the expression of PPAR-γ and E-cadherin, and inhibited 
the expression of β-catenin. Notably, PPAR-γ knockdown 
abolished the inhibitory effect of miR-130b inhibitor on the 
proliferation and invasivness of U251 cells. Taken together, 

these findings suggest that miR‑130b promotes the prolifera-
tion and invasion of U251 glioma cells by inhibiting PPAR-γ.

Introduction

Malignant gliomas are the most common and deadly primary 
brain tumors of the central nervous system (1). Glioblastoma 
multiforme (GBM) is the most malignant and common type 
of glioma, which arises from astrocytes with poor differentia-
tion and is associated with a median survival of approximately 
10-14 months (2,3). Rapid proliferation and diffuse brain inva-
sion are the histopathological hallmarks of these tumors and 
are likely to determine the unfavorable prognosis (4). Therefore, 
the recurrence of gliomas remains inevitable. Novel therapeutic 
targets, based on the identification of molecular events key to 
carcinogenesis and tumor progression, are necessary in order to 
improve the overall outcome of patients with GBM.

MicroRNAs (miRNAs or miRs) are a class of non-coding, 
regulatory RNA molecules, 21-24 nucleotides (nt) in length, 
that modulate the expression levels of specific proteins 
based on sequence complementarity with their target mRNA 
molecules (5). Accumulating evidence indicates that miRNAs 
are abnormally expressed in various types of cancer and act 
as both tumor suppressor genes and oncogenes by negatively 
regulating their mRNA targets either by degradation or trans-
lational repression (6-8). Therefore, it has been proposed that 
miRNAs may serve as novel targets for anticancer therapies.

It has been suggested that miR-130b is a novel tumor‑related 
miRNA and it has been found to be significantly dysregulated 
in some types of cancer; this includes overexpression in mela-
noma (9), gastric cancer (10), bladder cancer (11), colorectal 
cancer (12), metastatic renal carcinoma (13) and glioma (14), as 
well as downregulation in papillary thyroid carcinomas (15), 
endometrial cancer (16), pituitary adenomas (17) and pancre-
atic cancer  (18). Therefore, the functional significance of 
miR-130b in cancer development and progression appears to 
be specific to the type of cancer. Malzkorn et al identified the 
increased expression of miR-130b in four patients with WHO 
grade II primary gliomas that spontaneously progressed to 
WHO grade IV secondary glioblastomas (14). However, the 
precise role that miR‑130b plays in the proliferation, differ-
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entiation and migration of glioma cells remains unknown. In 
this study, we observed that miR-130b expression was elevated 
in glioma tissues and cells. Moreover, we examined how 
miR‑130b affects the proliferation and invasion of glioma cells 
as well as the mechanism responsible for the miRNA-mediated 
direct suppression of the peroxisome proliferator‑activated 
receptor-γ (PPAR-γ) pathway in gliomas.

Materials and methods

Clinical samples and cell lines. Human glioma tumor tissue 
samples were obtained from patients undergoing surgical resec-
tion at the Department of Neurosurgery at Fuzhou General 
Hospital (Xiamen University Medical College, Fuzhou, China) in 
accordance with procedures approved by the Ethics Committee 
of our hospital and the study was performed according to the 
Declaration of Helsinki. Written informed consent was obtained 
from the family of each patient. Twelve glioma samples were thor-
oughly reviewed by an experienced neuropathologist according 
to the 2007 WHO classification, which classifies astrocytomas 
as i) well‑differentiated low-grade diffuse astrocytoma (WHO 
grade II, 4 cases), ii) anaplastic astrocytoma (WHO grade III, 
4 cases) and iii) glioblastoma multiforme (GBM; WHO grade IV, 
4 cases). In addition, four non-neoplastic brain specimens were 
obtained from patients with traumatic brain injury at the site of 
decompression. All tissue samples were frozen in liquid nitrogen 
immediately after resection and were stored at -80˚C. Normal 
human astrocytes  (NHAs) were purchased from ScienCell 
Research Laboratories (Carlsbad, CA, USA) in 2013. The glioma 
cell lines U251, U87, SNB19 and LN229 that were used in this 
study were obtained from the Institute of Biochemistry and Cell 
Biology (Shanghai Institutes for Biological Sciences, Chinese 
Academy of Science, Shanghai, China).

Cell culture and transfection. The cells were grown in 
Dulbecco's modified Eagle's medium (DMEM; Invitrogen, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum  (FBS; Invitrogen) and 1%  penicillin/streptomycin 
(Invitrogen/Thermo Fisher Scientific  Inc., Waltham, MA, 
USA) in 5% CO2 atmosphere at 37˚C. The U251 cells (1x105) 
were seeded into 6-well plates and transfected with either the 
negative control (NC), miR‑130b mimic, miR-130b inhibitor 
or siPPAR-γ (5'-AAUAUGACCUGAAGCUCCAAGAAU 
AAG-3') which were purchased from GenePharma (Shanghai, 
China), using Lipofectamine 2000 (Invitrogen) according to 
the manufacturer's instructions. Following a 24 h transfection, 
the media were removed and the cells were placed in complete 
medium and maintained at 37˚C in an atmosphere of 5% CO2.

RNA extraction and reverse transcription-quantitative 
polymerase chain reaction  (RT-qPCR). Total RNA was 
extracted from the cultured cells and fresh glioma tissues 
using TRIzol reagent (Invitrogen) and total miRNAs were 
extracted using mirVana kits (Ambion, Austin, TX, USA) 
according to the manufacturer's instructions. Gene-specific 
primers were used to synthesize miR-130b cDNA from total 
RNA, according to the miRNA‑specific TaqMan miRNA 
assay kit (Applied Biosystems, Foster City, CA, USA); U6 
snRNA was used as an internal control. The expression levels 
of miR-130b and PPAR-γ were examined by performing qPCR 

with an SYBR‑Green PCR Master Mix kit in conjunction with 
an ABI PRISM 7300 system (both from Applied Biosystems). 
The primer sequences were as follows: PPAR-γ forward, 
5'-CATGCTTGTGAAGGATGCAAG-3' and reverse, 
5'-CCCATCATTAAGGAATTCATGTC-3'; GAPDH forward, 
5'-TCGGAGTCAACGGATTTGG-3' and reverse, 5'-CAT 
GGGTGGAATCATATTGGA-3'.

Western blot analysis. Total cell lysates from different experi-
ments were obtained by lysing the cells in RIPA buffer. The 
protein concentration was determined using a BCA Protein 
assay kit (Pierce Biotechnology, Rockford, IL, USA). Forty 
micrograms of protein from each sample were resolved by 
10% SDS-PAGE gel and transferred to PVDF membranes 
(Millipore, Billerica, MA, USA). The membranes were further 
incubated with primary antibodies PPAR-γ (1:200 dilution), 
E-cadherin (1:500 dilution) and β-catenin (1:200 dilution) (all 
from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) 
followed by incubation with an HRP-conjugated secondary 
antibody (1:1,000 dilution; Zymed, San Diego, CA, USA). The 
membranes were stripped and reprobed with a primary anti-
body against GAPDH. The signal intensity was determined 
using gel analysis software, ImageJ. GAPDH was used as 
an endogenous protein for normalization (1:1,000 dilution; 
Santa Cruz Biotechnology, Inc.).

Dual luciferase reporter assay. The 3'-untranslated 
region  (3'-UTR) sequence of PPAR-γ predicted to interact 
with miR‑130b was identified using TargetScan (http://www.
targetscan.org) as well as a mutated sequence with the predicted 
target sites. They were synthesized and inserted into the XbaI 
and FseI sites of a pGL3 control vector (Promega  Corp., 
Madison, WI, USA). The cells (8x103) were seeded into a 24-well 
plate. The cells in each well were co-transfected with either the 
miR-130b mimic, miR‑130b inhibitor or NC. The transfections 
were performed using the FuGENE HD transfection reagent 
(Promega  Corp.). A Renilla luciferase vector pRL-SV50 
(Promega Corp.) was co-transfected to normalize the differ-
ences in transfection efficiency. Following a 24 h transfection, 
the cells were harvested and assayed using the Dual-Luciferase 
Reporter assay system (Promega Corp.) according to the manu-
facturer's instructions. Transfection was repeated in triplicate in 
three independent experiments.

Proliferation assays. The cells were plated at 5x103 cells/well 
in 96-well plates and were grown for 24, 48 and 72 h after 
transfection, according to the manufacturer's instructions. Cell 
proliferation was documented every 24 h for four days using a 
cell counting kit-8 (CCK8) assay (Dojindo, Tokyo, Japan). The 
absorbance at a wavelength of 570 nm was detected using a 
microplate reader (Thermo Fisher Scientific Inc.).

Clonogenicity assay. Transfected glioma U251 cells (1x103) 
were seeded into 6‑well plates and cultured in cell culture 
medium for 2 weeks to allow colony formation. The culture 
medium was changed every third day. The colonies were 
then fixed in 100% methanol for 5 min and stained with 
1.0% crystal violet solution (BioLab, Inc., Shanghai, China) 
for 30 sec. The number of macroscopically detectable colo-
nies was registered.
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Cell cycle assay. The cells were harvested by trypsinization 
48 h after transfection. They were washed three times with 
ice-cold phosphate-buffered saline  (PBS) and fixed with 
70% ethanol overnight at 4˚C. The fixed cells were rehydrated 
in PBS and subjected to propidium iodide/RNase staining 
followed by fluorescence-activated cell sorting  (FACS; 
Becton‑Dickinson, Mountain View, CA, USA). The percentage 
of cells in each phase of the cell cycle was estimated using PV 
Elite software (Intergraph Corp., Madison, AL, USA).

Transwell assay and scratch-wound assay. Cell invasion and 
migration was examined using Transwell and scratch-wound 
assays, respectively. For the Transwell assay, the appropriate 

oligonucleotides were transfected into the cells as described 
above. Following incubation for 48 h, 3x104 cells were trans-
ferred to the top of the Matrigel-coated invasion chambers 
(BD Biosciences, San Jose, CA, USA) in serum-free DMEM. 
DMEM containing 10% FBS was added to the lower chamber. 
After 24 h, the non‑invading cells were removed, and the invading 
cells were fixed using 95% ethanol, stained with 0.1% crystal 
violet and images were captured at x100 magnification under 
an inverted phase contrast microscope (Olympus CKX31/41; 
Olympus, Tokyo, Japan). The experiments were repeated three 
times independently. For the scratch‑wound assay, the miR‑130b 
mimic, miR-130b inhibitor or NC, were transfected into the cells 
in 6-well plates. The cell layers were then scratched using a 200 µl 
sterile pipette tip to form wound gaps. The wound location in the 
6-well plates was marked. Images of the cells were captured to 
record the wound width at the marked wound locations at 0 and 
24 h in order to measure the migratory ability of the cells.

Statistical analysis. All data are presented as the means ± SD. 
The experiments were repeated three times. All statistical 
analyses were performed using a two-tailed Student's t-test 
in SPSS 12.0 software. A P-value of <0.05 was considered to 
indicate a statistically significant difference.

Results

miR-130b is overexpressed in glioma tissues and cell 
lines. The expression of miR-310b in 12 glioma tissues and 
4 non‑neoplastic brain specimens was examined by RT-qPCR. 
The expression of miR-310b was significantly higher in the 
glioma tissues in comparison with that in the 4 non‑neoplastic 
brain specimens, particularly in the grade III/IV tissues (Fig. 1A). 
Compared with miR-310b expression in the NHAs, it was 
higher in the glioma cell lines U251, U87, SNB19 and 
LN229 (P<0.05) (Fig. 1B). Taken together, these findings indi-
cate that miR-310b is overexpressed in glioma tissues and glioma 
cell lines.

miR-310b directly targets PPAR-γ in glioma cells. We identi-
fied the tumor suppressor gene PPAR-γ as a potential target of 

Figure 1. miR-310b expression in glioma tissues and glioma cell lines. (A) miR‑310b expression was detected in 4 non-neoplastic brain specimens and 12 glioma 
tissues by RT-qPCR. miR‑310b expression was significantly higher in the glioma tissues compared with that in the non-neoplastic brain specimens. *P<0.05 vs. 
non‑neoplastic brain specimens. (B) miR-310b expression was detected in several glioma cell lines (U251, U87, SNB19 and LN229) and primary normal human 
astrocytes (NHAs). RT-qPCR revealed that miR‑310b was upregulated in all of the glioma cell lines compared with the NHA cells. *P<0.05 vs. NHAs.

Figure 2. Identification of peroxisome proliferator‑activated receptor-γ 
(PPAR-γ) as the target of miR-130b. (A) Identification of target sites in the 
3'-UTR of PPAR-γ was performed using TargetScan. (B) A dual luciferase 
reporter assay was used to determine the target relationship in U251 cells. 
Luciferase activity was evaluated as described in the Materials and methods. 
Representative of at least three independent experiments. *P<0.05. NC, nega-
tive control; mimic, miR-130b mimic; inhibitor, miR-130b inhibitor.
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miR-130b by using the publicly available algorithm TargetScan 
(http://www.targetscan.org) (Fig. 2A). A dual luciferase reporter 
assay was performed in order to verify that the 3'-UTR of 
PPAR-γ mRNA is a direct target of miR‑130b. The luciferase 
activity of the U251 cells transfected with miR-130b mimic 
was reduced when compared with the cells transfected with NC 
whereas miR-130b inhibitor increased the luciferase activity of 
the U251 cells (Fig. 2B). Collectively, this experiment demon-
strated that PPAR-γ is a direct target of miR-310b.

miR-130b regulates the expression of PPAR-γ, E-cadherin 
and β-catenin. We performed western blot analysis and 
RT-qPCR in order to elucidate the possible molecular mecha-
nism through which miR-130b exerts effects in glioma cells. 
The results of western blot analysis revealed that the trans-
fection of U251 cells with the miR‑130b mimic significantly 
reduced the expression of PPAR-γ and E-cadherin whereas it 
increased the expression of β-catenin (Fig. 3A). Conversely, 
the protein expression levels of PPAR-γ and E-cadherin were 
increased whereas those of β-catenin were decreased when 
endogenous miR-130b was downregulated by the miR-130b 
inhibitor (Fig. 3A). However, the results of RT-qPCR revealed 
that the mRNA expression of PPAR-γ was unaffected by the 
miR-130b mimic and inhibitor (Fig. 3B). These results demon-
strate that the overexpression of miR-130b negatively regulates 
the protein levels but not the mRNA levels of PPAR-γ, indi-
cating that regulation occurs at the translational level.

miR-130b regulates the proliferation of U251 cells. We 
performed the cell proliferation assay in order to explore 
the effect of miR-130b upregulation and downregulation on 
glioma cell proliferation in vitro. The cell proliferation rate was 
clearly increased in the miR-130b mimic‑transfected group at 
48 and 72 h compared with the NC groups (P<0.05) (Fig. 4A). 
By contrast, the cell proliferation rate was inhibited following 
transfection with the miR-130b inhibitor (P<0.05) (Fig. 4A). 
In Fig. 4B and C, stable overexpression of miR-130b mark-
edly increased the number of surviving colonies, whereas the 
miR‑130b inhibitor reduced the number of surviving colonies 
formed by U251 cells compared with the NC groups (P<0.05). 
This finding indicates that miR-130b significantly enhances the 

proliferation of glioma cells. As shown in Fig. 4D, FACS revealed 
that miR-130b overexpression increased the percentage of cells 
in the S phase and significantly decreased the percentage of 
cells in the G1/G0 (P<0.05). By contrast, the miR-130b inhibitor 
decreased the percentage of cells in the S phase and significantly 
increased the percentage of cells in the G1/G0 phase (P<0.05).

miR-130b regulates the migration and invasion of U251 
cells in vitro. As invasiveness is one of the pathophysiological 
features of malignant human gliomas, the effects of miR‑130b 
on the invasiveness and migration of glioma cells were exam-
ined by Transwell and scratch-wound assays, respectively. 
The former showed that the overexpression of miR‑130b signif-
icantly enhanced the invasive ability of U251 cells whereas the 
downregulation of miR-130b significantly decreased the number 
of cells capable of invasion (Fig. 5A and B). The scratch-wound 
assay also demonstrated that the miR‑130b mimic enhanced 
the invasiveness of U251 cells and the miR-130 inhibitor inhib-
ited the invasiveness of the cells (Fig. 5C and D).

PPAR-γ siRNA imitates the role of miR-130b in U251 glioma 
cells. To examine the role of PPAR-γ in the miR‑130b-depen-
dent cell proliferation and invasion, the miR-130b inhibitor 
was transfected into the U251 cells treated with PPAR-γ 
siRNA. As expected, PPAR-γ siRNA co-transfected with 
the miR-130b inhibitor decreased the expression levels of 
PPAR-γ (Fig. 6A). The effect of the miR-130b inhibitor on 
cell invasion (Fig. 6B and C) and proliferation (Fig. 6D) was 
reversed by the silencing of PPAR-γ expression. These results 
indicate that PPAR-γ plays an essential role in miR‑130b-de-
pendent cell proliferation and invasion.

Discussion

Gliomas are the most common primary tumors of the central 
nervous system with glioblastomas as the most malignant 
entity (1). Despite progress in glioma therapy regimens, such as 
surgery, radiation, chemotherapy or combined modalities, the 
prognosis for malignant glioma patients remains dismal (19), and 
most patients with glioma die within two years of diagnosis (20). 
Therefore, extensive study of the biological characteristics of 

Figure 3. miR-130b regulates the expression of peroxisome proliferator‑activated receptor-γ (PPAR-γ), E-cadherin and β-catenin. (A) U251 cells were trans-
fected with the neagtive control (NC), miR-310b mimics (mimic) and miR-310b inhibitor (inhibitor). The levels of PPAR-γ, E-cadherin, and β-catenin proteins 
were measured by western blot analysis. (B) The levels of PPAR-γ mRNA in U251 cells were measured by RT-qPCR.
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Figure 5. miR-310b regulates the migration and invasion of U251 cells. (A and B) U251 cells were examined for cell invasion in 24-well plates with Transwell 
chambers. Migrated cells were stained with crystal violet. The invasiveness of U251 cells was enhanced by the upregulation of miR-310b and reduced by the 
downregulation of miR-310b. (C and D) The wound was photographed at 0 and 24 h, and wound gaps were analyzed by measuring the distance of migrating cells 
from three different areas of each wound. The number of cells migrated from the edge of the scratch was recorded. *P<0.05 vs. NC group; #P<0.05 vs. NC group.

Figure 4. Effect of miR-130b on the proliferation of U251 cells in vitro. (A) U251 cell proliferation was significantly induced by transfection with miR-130b 
mimic (mimic) and inhibited by transfection with miR-130b inhibitor (inhibitor) at 48 and 72 h. (B and C) Upregulation of miR-130b markedly increased the number 
of surviving colonies and downregulation of miR-130b reduced the number of surviving colonies of U251 cells compared with the negative control (NC) groups. 
(D) The results of the cell cycle assay revealed that the upregulation of miR-130b decreased the percentage of cells in the G0-G1 phase and downregulation of 
miR-130b increased the percentage of cells in the G0-G1 phase. Data are means + SD of 3 independent experiments. *P<0.05 vs. NC group; #P<0.05 vs. NC group.
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gliomas is necessary in order to identify an effective treatment 
capable of suppressing the invasiveness of glioma cells. Over 
the last few years, miRNAs have emerged as a new class of gene 
regulators which are associated with different malignancies. 
For example, miR-222 promoted the proliferation of epithelial 
ovarian cancer cells by downregulating p27Kip1 (21). miR-218 
reversed the highly invasive nature of glioblastoma cells by 
targeting the oncogenic transcription factor LEF1 (22).

miRNAs are emerging as a novel class of regulatory 
molecules involved in numerous biological processes (23,24). 
They regulate gene expression at the transcriptional or transla-
tional level by binding to the 3'-UTR of mRNAs (25). miRNA 
deregulation is a common feature of human malignancies as 
they control the expression of oncogenes or tumor suppressors 
by acting as onco-miRNAs or tumor suppressor miRNAs (24). 
Previous studies have demonstrated the association between 
miR-130b with some types of solid tumors. For example, Yu et al 
demonstrated that miR-130b is significantly overexpressed in 
gastric cancer, which increased the proliferation of esophageal 
squamous cell carcinoma cells and enhanced their ability to 
migrate and invade through interactions with the 3'-UTR of 
phosphatase and tensin homolog  (PTEN) to downregulate 
PTEN expression (26). On the contrary, it has been shown that 
miR‑130b is downregulated in ovarian cancer and papillary 
thyroid carcinoma, and its expression inversely correlates with 
tumor aggressiveness and multidrug resistance in these types 
of cancer (15,27). In recent years, miR-130b has been found to 
be overexpressed in colorectal cancer and hepatocellular carci-
noma (28). It has also been observed that miR‑130b represses 

the expression of PPAR-γ protein by targeting the PPAR-γ 
3'-UTR, leading to enhancement of the oncogenic capacities of 
cancer cells (12,28). In the present study, we used RT-qPCR to 
confirm that miR-130b is overexpressed in glioma tissues and 
cells. Furthermore, upregulated miR-130b induced cell prolifera-
tion, decreased the percentage of cells in the G0/G1 phase, and 
enhanced the invasiveness of U251 glioma cells whereas these 
abilities were weakened when miR-130b was inhibited. PPAR-γ 
was identified as a direct functional target of miR-130b using 
bioinformatics analysis, and this finding was experimentally 
confirmed by performing a dual luciferase reporter assay.

PPAR-γ is a ligand-activated transcription factor that 
belongs to the superfamily of hormone receptors  (29). It is 
abundantly expressed in many cell types, where it regulates 
lipid metabolism, glucose homeostasis, tumor progression and 
inflammation (30). Some studies have verified that PPAR-γ is 
implicated in epithelial cell differentiation and anti‑proliferative 
responses, acting as a tumor suppressor (31,32). It has also been 
demonstrated that PPAR-γ is frequently downregulated in human 
glioma cell lines including SWO-38 and U251 glioma cells (33), 
and PPAR-γ agonists induce growth arrest and apoptosis in 
glioma cells, suggesting that they may be suitable for use in the 
treatment of brain tumors (34). A previous study has proposed 
that the PPAR-signaling pathway is connected to the β-catenin 
pathway; β-catenin is a multifunctional, intracellular protein that 
binds to either E-cadherin or APC proteins; β-catenin forms a 
complex with the transmembrane receptor E-cadherin, becomes 
plasma membrane-associated and mediates intercellular adhe-
sion (35). Wan et al found that the PPAR-γ agonist pioglitazone 

Figure 6. Peroxisome proliferator‑activated receptor-γ (PPAR-γ) siRNA imitate the role of miR-130b in U251 glioma cells. (A) Western blot analysis revealed 
that the protein level of PPAR-γ was significantly increased when U251 cells were transfected with miR-310b inhibitor whereas PPAR-γ siRNA co-transfected 
with the miR-130b inhibitor decreased PPAR-γ expression. (B and C) Transwell assays showed that miR-130b inhibitor reduced the invasiveness of U251 cells 
and PPAR-γ siRNA promoted the invasion.*P<0.05; #P<0.05.(D) PPAR-γ siRNA rescued the inhibited proliferation of U251 cells induced by miR-130b 
inhibitor at 48 and 72 h. *P<0.05 vs. NC group; #P<0.05 vs. inhibitor group.
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not only suppressed the proliferation and migration of U251 
glioma cells and induced cell apoptosis, but also decreased 
the expression level of the β-catenin protein. The knockdown 
of β-catenin expression mimicked the anti-neoplastic potency 
of pioglitazone. These findings suggest that the PPAR-γ/β-
catenin signaling pathway plays a key role in the development 
of glioma (36). The present study demonstrated that miR‑130b 
binds to the 3'-UTR of PPAR-γ mRNA and downregulates the 
protein expression of PPAR-γ and E-cadherin and increases the 
expression of β-catenin. Furthermore, the silencing of PPAR-γ 
expression reversed the effect of the miR‑130b inhibitor on cell 
proliferation and invasion.

Taken together, our findings reveal that miR-130b expression 
is markedly upregulated in glioma tissues and cells. PPAR-γ is a 
direct functional target of miR-130b. miR-130b repressed PPAR-γ 
expression which downregulated E-cadherin and increased the 
expression of β-catenin, thereby promoting the proliferation 
and invasion of glioma cells in vitro. These results suggest that 
miR-130b plays a critical role in promoting the development and 
progression of glioma, and the downregulation of miR‑130b may 
be a useful treatment strategy for the management of glioma.
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