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Abstract. Glioma is an extremely aggressive and lethal type 
of brain tumour that originates from glial cells. MicroRNA 
(miRNA) dysregulation has been implicated in the occurrence 
and progression of many human cancers, including glioma. 
Thus, some specific miRNAs are potential therapeutic targets 
for glioma diagnosis, therapy and prognosis. MicroRNA-342 
(miR-342) has been reported to be abnormally expressed in 
various types of cancer. However, the precise roles of miR-342 
in glioma remain unknown. The present study showed that 
miR-342 is relatively downregulated in glioma tissues and 
cell lines compared with that in adjacent normal tissues and 
normal human astrocytes. We observed that low miR-342 
expression levels are correlated with advanced WHO grades 
and low KPS scores of glioma patients. In addition, the results 
of the functional assays demonstrated that miR-342 overex-
pression inhibits the proliferation and invasion of glioma cells 
and induces apoptosis. Further investigation revealed that P21 
activated kinases 4 (PAK4) is a direct target of miR-342 in 
glioma. PAK4 was significantly upregulated in glioma tissues 
and inversely correlated with miR-342 expression. Moreover, 
PAK4 knockdown can mimic the effects of miR-342 on glioma 
cell proliferation, invasion and apoptosis. Notably, restora-
tion of expression of PAK4 reversed the suppressive effects 
induced by the miR-342 in the glioma cells. The upregula-
tion of miR-342 inactivated the AKT and ERK pathways in 
glioma. These findings may contribute to the understanding of 
the molecular mechanism underlying the carcinogenesis and 
progression of glioma, and to provide novel therapeutic target 
for the treatment of glioma patients.

Introduction

Glioma, the most common type of malignant tumour in 
the brain, is an extremely aggressive and lethal type of 
brain tumour that originates from glial cells. In China, 
glioma has an annual incidence of 5.26 per 100,000 indi-
viduals (1). Gliomas are divided into two groups according 
to the 2007 World Health Organization (WHO) classifica-
tion: low-grade (grades I and II) and high-grade (grades 
III and IV) (2). Despite the advances in radiotherapy and 
chemotherapy treatments following surgical resection, the 
prognosis of glioma patients still remains poor (3,4). The 
median survival of the glioma patients who received compre-
hensive therapy is <15 months (5). Poor glioma prognosis is 
partially due to the oncogenic nature and rapid growth of 
glioma cell and local invasion of tumour into normal brain 
tissues (6,7). Therefore, improving understanding regarding 
the underlying mechanisms involved in the formation and 
progression of glioma is essential to the identification of 
more effective therapeutic strategies for this disease.

MicroRNA (miRNA) is a group of endogenous, single-
stranded and non-protein-coding small RNAs (20-23 nucleotides) 
without open reading frames (8). miRNAs negatively regulate 
the expression of their target genes by undergoing base pairing 
with the 3'-untranslated regions (3'-UTRs) of their target 
messenger RNAs (mRNAs). The base pairing inhibits mRNA 
translation or promote mRNA degradation (9). Notably, a single 
miRNA can modulate several targets simultaneously, whereas 
a single gene may be regulated by multiple miRNAs (10). 
Thus, miRNAs are involved in complex regulatory networks 
that regulate a multitude of biological processes, such as cell 
proliferation, apoptosis, differentiation, autophagy, angio-
genesis, invasion, migration and stem cell renewal (11-13). 
Moreover, miRNAs are abnormally expressed in various 
cancers and closely related with cancer initiation and progres-
sion (14-16). They also act as tumour suppressors or promoters 
by directly targeting known oncogenes or tumour suppressor 
genes (17-19). Therefore, identifying specific miRNAs that play 
important roles in tumourigenesis and tumour development 
might provide therapeutic biomarkers for cancer diagnosis, 
prognosis and therapy.

MicroRNA-342 (miR-342) plays key roles in the develop-
ment, progression and metastasis of several human cancers 

MicroRNA-342 inhibits the progression of glioma  
by directly targeting PAK4

XIANGHE LU1,  HAOWEN WANG2,  ZHIPENG SU1,  LIN CAI1  and  WENFENG LI2,3

Departments of 1Neurosurgery and 2Radiation Oncology, The First Affiliated Hospital of Wenzhou Medical University;  
3Laboratory for Advanced Interdisciplinary Research, Center for Personalized Medicine/Institutes of Translational Medicine,  

The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, Zhejiang 325000, P.R. China

Received January 26, 2017;  Accepted June 20, 2017

DOI: 10.3892/or.2017.5783

Correspondence to: Professor Wenfeng Li, Department of Radiation 
Oncology, The First Affiliated Hospital of Wenzhou Medical 
University, 2 Fuxue Road, Wenzhou, Zhejiang 325000, P.R. China
E-mail: wflee_wz@163.com

Key words: glioma, microRNA-342, P21 activated kinases 4, 
progression



LU et al:  TUMOR SUPPRESSING miR-342 IN GLIOMA 1241

(20-23). However, the precise roles of miR-342 in glioma 
remain unknown. Therefore, the aim of our study was to 
investigate the expression pattern and functions of miR-342 in 
glioma. Additionally, we examined the molecular mechanisms 
involved in the association of miR-342 with the proliferation, 
invasion and apoptosis of glioma cells.

Materials and methods

Clinical samples. Glioma tissues (49 paired) and corre-
sponding normal adjacent tissues (NATs) were collected 
from glioma patients undergoing surgical resection at the 
Department of Neurosurgery, The First Affiliated Hospital 
of Wenzhou Medical University (Wenzhou, China) from 
August 2014 to January 2016. None of these glioma patients 
received prior radiotherapy or chemotherapy. Tissues were 
frozen in liquid nitrogen immediately after collection and 
stored at -80˚C until further use. This study was approved 
by the Ethics Committee of The First Affiliated Hospital of 
Wenzhou Medical University. Written informed consent was 
also obtained from each patient.

Cell lines, oligonucleotides and cell transfection. Glioma 
cell lines U251, U87, A172, and LN229 were purchased from 
American Type Culture Collection (Manassas, VA, USA), and 
routinely cultured in Dulbecco's modified Eagle's medium 
(DMEM, Invitrogen, Carlsbad, CA, USA) supplemented with 
100 U/ml penicillin and 100 mg/ml streptomycin (Invitrogen) 
and 10% fetal bovine serum (FBS; Invitrogen). Normal human 
astrocytes (NHAs) were obtained from ScienCell Research 
Laboratories (Carlsbad, CA, USA) and grown in astrocyte 
medium (ScienCell Research Laboratories). All cells were 
maintained at 37˚C in a humidified atmosphere containing 
5% CO2.

miR-342 mimics, corresponding miRNA negative control 
(miR-NC), PAK4-targeted small interfering RNA (PAK4 
siRNA) and siRNA negative control (NC siRNA) were chemi-
cally synthesized by GenePharma Co., Ltd. (Shanghai, China). 
PAK4 overexpressed plasmid (pcDNA3.1-PAK4) and blank 
plasmid (pcDNA3.1) were purchased from Chinese Academy 
of Sciences (Changchun, China). For in vitro function assays, 
cells were seeded in 6-well plates at 50-70% confluence. 
Transfection and co-transfection was performed through 
the use of Opti-MEM and Lipofectamine 2000 (Invitrogen) 
according to the manufacturer's protocol. After 6-h transfec-
tion, the culture medium was removed and placed in DMEM 
containing 10% FBS.

Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR). Total RNA from tissues or cells was extracted 
using TRIzol reagent (Invitrogen) according to the manufac-
turer's protocol. The quality and concentration of total RNA 
was examined using a NanoDrop® ND-1000 spectrophoto-
meter. TaqMan® microRNA assays (Applied Biosystems, 
Foster City, CA, USA) was used to detect miR-342 expression, 
with RUN6B as an internal control. To quantify PAK4 mRNA, 
M-MLV Reverse Transcription system (Promega Corp., 
Madison, WI, USA) was used to synthesis single-stranded 
cDNA and qPCR was conducted using SYBR Premix Ex Taq 
(Takara, Dalian, China), with β-actin as an internal control. 

The primers used in this study were as follows: miR-342 
forward, 5'-GTGCTATCTGTGATTGAGGGA'-3 and reverse, 
5'-CGGGTGCGATTTCTGTG'-3; RUN6B forward, 5'-CTCG 
CTTCGGCAGCACA-3' and reverse, 5'-AACGCTTCACGAA 
TTTGCGT-3'. PAK4 forward, 5'-TCCCCCTGAGCCATT 
GTG-3' and reverse, 5'-TGACCTGTCTCCCCATCCA-3'; 
β-actin forward, 5'-ATGGGTCAGAAGGATTCCTATGTG-3', 
and reverse, 5'-CTTCATGAGGTAGTCAGTCAGGTC-3' 
Relative expression was determined using the 2-∆∆Ct method (24).

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-zolium bromide 
(MTT) assays. Briefly, cells were harvested and seeded in 
96-well plates at a density of 3x103 cells/well. The following 
day, miR-342 mimics, miR-NC, PAK4 siRNA, NC siRNA, 
pcDNA3.1-PAK4 or pcDNA3.1 was transfected into cells 
using Opti-MEM and Lipofectamine 2000. The culture 
medium was replaced by DMEM containing 10% FBS at 6 h 
post-transfection and then incubated at 37˚C in a humidified 
atmosphere containing 5% CO2 for 0, 24, 48 and 72 h. MTT 
solution (10 µl) (5 mg/ml; Sigma-Aldrich, St. Louis, MO, 
USA) was added into each well and the plates were incubated 
at 37˚C for another 4 h. Subsequently, the culture medium 
was removed carefully and 150 µl dimethyl sulfoxide (Sigma-
Aldrich) was added into each well to solubilize the MTT 
formazan. The absorbance was measured at a wavelength 
of 490 nm with a microplate spectrophotometer (Molecular 
Devices, Sunnyvale, CA, USA). All experiments were 
performed in triplicate and repeated three times.

Cell invasion assay. Transfected cells were harvested at 48 h 
post-transfection and suspended in FBS-free DMEM. Cells 
(5x104) were placed on the top chambers of 24-well Transwell 
plates (Corning Inc., Corning, NY, USA) coated with Matrigel 
(BD Biosciences, Franklin Lakes, NJ, USA). DMEM supple-
mented with 20% FBS was used as a chemoattractant in the 
lower chambers. After 48 h of incubation at 37˚C with 5% CO2, 
the non-invading cells were removed using a cotton swab. The 
invasive cells were fixed with 100% methanol for 10 min, 
stained with 0.1% crystal violet for 20 min and photographed 
at x200 magnification. The number of invasive cells in five 
random fields was counted under an inverted microscope 
(CKX41; Olympus Corp., Tokyo, Japan). All experiments were 
performed in triplicate and repeated three times.

Flow cytometry analysis. Cell apoptosis was assessed 48 h after 
transfection. Transfected cells were harvested with trypsiniza-
tion, washed in ice-cold PBS and fixed in 80% ice-cold ethanol 
in PBS. Subsequently, cells were re-suspended in 1X binding 
buffer to a concentration of 1x104 cells. Annexin V-FITC 
apoptosis detection kit (Invitrogen Corp.) was utilized to 
examine cell apoptosis according to the manufacturer's 
protocol. Briefly, cells were stained with FITC-Annexin V and 
propidium iodide (PI). After incubation at room temperature 
in the dark for 15 min, cell apoptosis was quantified using flow 
cytometry within 1 h of staining.

Bioinformatic analysis and luciferase reporter assay. 
TargetScan (http://www.Targetscan.org/) and PicTar (http://
pictar.mdcberlin.de/) were utilized to predicate the potential 
target genes of miR-342. The wild-type 3'-UTR segment of the 
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PAK4 mRNA containing miR-342 binding sites was amplified 
and inserted into pMIR Reporter (Ambion, Austin, TX, USA) 
and named pMIR-PAK4-3'-UTR-Wt. To mutate the binding 
site of miR-342, its complementary sequence in the 3'UTR 
of PAK4 (GUGUGAU) was replaced by CACACUC, inserted 
into pMIR Reporter and named as pMIR-PAK4-3'-UTR-Mut. 
For the luciferase reporter assay, miR-342 mimics or miR-NC 
was transfected into cells, along with pMIR-PAK4-3'-UTR-
Wt or pMIR-PAK4-3'-UTR-Mut, using Lipofectamine 2000 
according to the manufacturer's protocol. Luciferase activity 
was determined at 48-h post-transfection using a Dual-
Luciferase Reporter assay system (Promega), according to the 
manufacturer's instructions. Renilla luciferase activity was 
used for normalization.

Western blot analysis. Total proteins were extracted from 
tissues and cells using the RIPA lysis buffer with protease 
inhibitors (Roche Diagnostics, Basel, Switzerland) and 
phosphatase inhibitors (Merck KGaA, Darmstadt, Germany). 
The concentration of total proteins was quantified using a 
BCA Protein assay kit (Pierce Biotechnology, Rockford, 
IL, USA). The same amount of protein was separated by 
10% SDS-PAGE gel electrophoresis, transferred to polyvinyli-
dene difluoride membranes (EMD Millipore, Billerica, MA, 
USA) and blocked with 5% fat-free milk. The membranes 
were then incubated overnight at 4˚C with primary antibodies: 
mouse anti-human monoclonal PAK4 (sc-390507; 1:1,000 
dilution; Santa Cruz Biotechnology, CA, USA), mouse anti-
human monoclonal p-AKT (sc-271966; 1:1,000 dilution; Santa 
Cruz Biotechnology), mouse anti-human monoclonal AKT 

(sc-81434; 1:1,000 dilution; Santa Cruz Biotechnology), mouse 
anti-human monoclonal p-ERK (sc-81492; 1:1,000 dilution; 
Santa Cruz Biotechnology), mouse anti-human monoclonal 
ERK (sc-514302; 1:1,000 dilution; Santa Cruz Biotechnology), 
and mouse anti-human monoclonal GAPDH antibody 
(sc-47724; 1:1,000 dilution; Santa Cruz Biotechnology). 
After washing three times with Tris-buffered saline with 
0.5% Tween-20 (TBST; Beyotime Institute of Biotechnology, 
Haimen, China), the membranes were probed with goat 
anti-mouse horseradish peroxidase-conjugated secondary anti-
body (sc-2005; 1:5,000 dilution; Santa Cruz Biotechnology) at 
room temperature for 1 h. The protein blots were visualized 
using the ECL Protein Detection kit (Pierce Biotechnology). 
GAPDH was used as a loading control.

Statistical analysis. The data in this study are presented as 
mean ± SD. Data were compared using Student's t-test or 
one-way ANOVA with SPSS 16.0 software (SPSS, Chicago, 
IL, USA). The association between miR-342 and clinicopatho-
logic features of glioma was evaluated using Pearson's χ2 test. 
Differences were considered significant at P<0.05.

Results

miR-342 is downregulated in glioma tissues and cell lines. 
To investigate the role of miR-342 in glioma, we measured 
miR-342 expression levels in 49 paired glioma tissues and 
NATs. The RT-qPCR results showed that miR-342 expres-
sion was significantly lower in glioma tissues than in NATs 
(Fig. 1A, P<0.05). We further evaluated the association between 

Figure 1. miR-342 is reduced in glioma tissues and cell lines. (A) Expression 
level of miR-342 in glioma tissues and NATs was examined by RT-qPCR. 
*P<0.05 compared with NATs. (B) miR-342 expression was determined in 
five glioma cell lines (U251, U87, A172 and LN229) and normal human astro-
cytes (NHAs). *P<0.05 compared with NHAs.

Table I. Association between microRNA-342 expression and 
clinicopathological factors of glioma patients.

 microRNA-342
 expression
 ----------------------------
Clinicopathological Cases Low  High P-value
factors

Sex    0.409
  Male 32 19 13
  Female 17   8   9
Age, years    0.740
  <55 21 11 10
  ≥55 28 16 12
Tumour size, cm    0.647
  <5 34 18 16
  ≥5 15   9   6
KPS score    0.035
  <80 26 18   8
  ≥80 23   9 14
WHO grade    0.001
  I-II 23   7 16
  III-IV 26 20   6

WHO, World Health Organization; KPS, Karnofsky performance 
score.
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miR-342 expression and clinicopathological factors of glioma 
patients. We found that the expression levels of miR-342 were 
strongly correlated with advanced WHO grades (P=0.001) 
and low KPS scores (P=0.035). No significant association was 
observed between miR-342 and each of the following parame-
ters: sex, age and tumour size (all P>0.05; Table I). In addition, 
the expression levels of miR-342 in four glioma cell lines 

(U251, U87, A172 and LN229) and normal human astrocytes 
(NHAs) were examined. As shown in Fig. 1B, expression level 
of miR-342 decreased in the glioma cell lines in comparison 
with that in NHAs (P<0.05). These results suggested that low 
miR-342 expression is correlated with advanced malignancy 
of gliomas, and miR-342 may serve as a tumour suppressor in 
glioma occurrence and progression.

Figure 2. Upregulation of miR-342 inhibits cell proliferation and invasion and induces apoptosis in U251 and U87 cells. (A and B) U251 and U87 cells were 
treated with miR-342 mimics or miR-NC. RT-qPCR was performed to assess its transfection efficiency. *P<0.05 compared with miR-NC. (C and D) Cell 
proliferation in the miR-342 mimics and miR-NC group was evaluated by MTT assay. *P<0.05 compared with miR-NC. (E) Cell invasion abilities of U251 and 
U87 cells transfected with miR-342 mimics were detected by cell invasion assay. *P<0.05 compared with miR-NC. (F) Apoptosis rate of the U251 and U87 
cells transfected with miR-342 mimics or miR-NC was assessed by flow cytometry analysis. *P<0.05 compared with miR-NC.
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miR-342 overexpression inhibits cell proliferation and inva-
sion and activates cell apoptosis in glioma. To investigate 
miR-342 functions in glioma, we transfected miR-342 mimics 
into the U251 and U87 cells, which have the lowest miR-342 
expression level, to increase its endogenous expression level 
(Fig. 2A and B, P<0.05). MTT assay was then used to determine 
the effect of miR-342 overexpression on the cell proliferation 
of glioma. As shown in Fig. 2C and D, the proliferation of 
the U251 and U87 cells was suppressed in the group trans-
fected with the miR-342 mimics compared with that in the 
miR-NC group (P<0.05). We then utilized cell invasion assay 
to examine the effect of miR-342 on glioma cell invasion. 
The results indicated that the U251 and U87 cells with high 
miR-342 level showed lower invasion capacities than the cells 
with miR-NC (Fig. 2E, P<0.05). Next, flow cytometry analysis 
was performed to explore the role of miR-342 in glioma cell 
apoptosis. As shown in Fig. 2F, the upregulation of miR-342 
improved apoptosis in the U251 and U87 cells considerably 

(P<0.05). These results highlighted that miR-342 plays tumour-
suppressive roles in glioma by inhibiting cell proliferation and 
invasion and inducing cell apoptosis. Overall, these results 
indicated that miR-342 affects the growth, metastasis and 
apoptosis of glioma cells.

miR-342 directly targets and inhibits PAK4 expression in 
glioma. After observing the tumour-suppressing roles of 
miR-342 in glioma, we explored its potential targets using 
bioinformatics analysis. The results indicated a large number 
of candidate targets of miR-342. Of these targets, P21 activated 
kinases 4 (PAK4) was selected for further target identification 
(Fig. 3A), because it was upregulated in glioma tissues and 
involved in glioma formation and progression (25). To test this 
hypothesis, we conducted luciferase reporter assay to validate 
the interaction between miR-342 and the predicted binding 
site in the 3'-UTR of the PAK4 gene. As illustrated in Fig. 3B 
and C, the restoration of miR-342 expression inhibited the 

Figure 3. PAK4 is a direct target of miR-342 in glioma. (A) Putative seed-matching sites or mutant sites between miR-342 and 3'-UTR of PAK4 gene. (B and C) 
Analysis of luciferase activity in the U251 and U87 cells co-transfected with miR-342 mimic or miR-NC, and pMIR-PAK4-3'-UTR-Wt or pMIR-PAK4-3'-
UTR-Mut. Firefly luciferase activity was normalized to Renilla luciferase activity. *P<0.05 compared with miR-NC. (D) RT-qPCR analysis of PAK4 mRNA 
level in the U251 and U87 cells transfected with miR-342 mimics or miR-NC. *P<0.05 compared with miR-NC. (E) Western blot analysis was conducted to 
measure PAK4 protein expression in the U251 and U87 cells transfected with miR-342 mimics or miR-NC. *P<0.05 compared with miR-NC.
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luciferase activity of pMIR-PAK4-3'-UTR-Wt (P<0.05), but not 
of pMIR-PAK4-3'-UTR-Mut, suggesting that miR-342 specifi-
cally targeted the 3'-UTR of PAK4. RT-qPCR and western 
blot analysis were then performed to detect PAK4 mRNA 
and protein expression in the U251 and U87 cells transfected 
with the miR-342 mimics or miR-NC. Our findings revealed 
that, at the mRNA and protein levels, the PAK4 expression 
levels decreased in the U251 and U87 cells transfected with 
the miR-342 mimics compared with that in the miR-NC 
group (Fig. 3D and E, P<0.05). These data demonstrated that 

miR-342 is a post-transcriptional regulator of PAK4 and binds 
directly to the 3'UTR of the PAK4 gene.

PAK4 expression is upregulated and inversely correlates with 
miR-342 expression in glioma tissues. To confirm the associa-
tion between miR-342 and PAK4, we calculated PAK4 mRNA 
and protein expression levels in glioma tissues and NATs. The 
data obtained from RT-qPCR and western blot analysis showed 
that PAK4 mRNA and protein were significantly upregulated 
in glioma tissues relative to those with NATs (Fig. 4A and B, 
P<0.05). Additionally, Spearman's correlation analysis results 
confirmed that the negative association between PAK4 mRNA 
expression and miR-342 in glioma tissues (Fig. 4C; r=-0.5261, 
P=0.0001).

PAK4 downregulation imitates the roles of miR-342 in 
glioma. PAK4 was identified as a direct target of miR-342 in 
glioma. We hypothesized that the roles of PAK4 knockdown 
on glioma cells are similar with those induced by miR-342 
overexpression. To confirm this hypothesis, we transfected 
the U251 and U87 cells with PAK4 siRNA or NC siRNA. As 
expected, the PAK4 expression decreased in the U251 and U87 
cells after transfection with PAK4 siRNA (Fig. 5A, P<0.05). 
The results of the subsequent functional assays showed that 
downregulation of PAK4 repressed the proliferation (Fig. 5B 
and C, P<0.05) and invasion (Fig. 5D, P<0.05) and induced 
apoptosis (Fig. 5E, P<0.05) in the U251 and U87 cells. This 
result supported the hypothesis that PAK4 underexpression 
plays the same role as that of miR-342 mimics in glioma cells. 
These results further demonstrated that PAK4 may be a func-
tional target of miR-342 in glioma.

PAK4 reverses the tumour-suppressing effects of miR-342 on 
glioma cells. Rescue experiments were performed to evaluate 
the contribution of PAK4 to the roles of miR-342 in glioma. 
After introducing pcDNA3.1-PAK4 or pcDNA3.1 into the 
U251 and U87 cells, we performed western blot analysis 
72 h post-transfection. The results showed that PAK4 was 
upregulated in the pcDNA3.1-PAK4-transfected U251 and 
U87 cells. In addition, PAK4 expression was recovered in the 
miR-342 mimic-transfected cells after being transfected with 
pcDNA3.1-PAK4 (Fig. 6A, P<0.05). The results of the func-
tional rescue experiments showed that reintroduction of PAK4 
effectively rescued the effects of miR-342 overexpression on 
the proliferation (Fig. 6B and C, P<0.05), invasion (Fig. 6D, 
P<0.05) and apoptosis (Fig. 6E, P<0.05) of the U251 and U87 
cells. These data showed clearly that miR-342 exerted tumour-
suppressive roles in glioma, at least in part, by suppressing 
PAK4.

miR-342 is associated with the AKT and ERK pathway in 
glioma. Previous studies reported that PAK4 plays essential 
roles in the AKT and ERK pathways (26,27). Thus, to assess 
the function of miR-342 on these pathways, we transfected 
miR-342 mimics or miR-NC into the U251 and U87 cells. 
As shown in Fig. 7, miR-342 overexpression reduced both the 
p-AKT and p-ERK expression levels in the U251 and U87 
cells (P<0.05). However, it did not affect the entire AKT and 
ERK expression. These results illustrated that miR-342 can 
inactivate the AKT and ERK pathways in glioma.

Figure 4. PAK4 expression is upregulated and negatively correlated 
with miR-342 expression in glioma tissues. (A) The expression levels of 
PAK4 mRNA in glioma tissues and NATs were determined by RT-qPCR 
analysis. *P<0.05 compared with NATs. (B) Western blot analysis of PAK4 
protein expression in glioma tissues and NATs. T, glioma tissue; N, NAT. 
(C) Spearman's correlation analysis was utilized to evaluate the correlation 
between miR-342 and PAK4 mRNA expression in glioma specimens.
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Discussion

Glioma has high mortality, high recurrence rate, and low cure 
rate, because of its rapid growth and metastasis behaviour (6,7). 
miRNA dysregulation has been implicated in the occurrence 
and progression of many human cancers, such as bladder 

cancer (28), gastric cancer (29), hepatocellular carcinoma (30), 
colorectal cancer (31) and glioma (32). Thus, some specific 
miRNAs are potential therapeutic targets for cancer diagnosis, 
therapy and prognosis (33,34). The present study indicated 
that miR-342 expression was low in both glioma tissues and 
cell lines. Additionally, reduced expression of miR-342 was 

Figure 5. PAK4 knockdown imitates the roles of miR-342 in the U251 and U87 cells. (A) Western blot analysis results showed that the protein level of PAK4 
was downregulated in the U251 and U87 cells transfected with PAK4 siRNA. *P<0.05 compared with NC siRNA. (B-E) Downregulation of PAK4 reduced the 
proliferation and invasion and enhanced apoptosis in the U251 and U87 cells. *P<0.05 compared with NC siRNA.
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significantly correlated with advanced WHO grades and low 
KPS scores of glioma patients. According to these results, 

we supposed that miR-342 may act as a tumour suppressor in 
glioma. To confirm this hypothesis, MTT assay, cell invasion 

Figure 6. PAK4 overexpression reverses the inhibitory effects of miR-342 in the glioma cells. (A) PAK4 protein expression in U251 and U87 transfected 
with pcDNA3.1, pcDNA3.1-PAK4, miR-342 mimics or miR-342 mimics+pcDNA3.1-PAK4 was measured by western blot analysis. *P<0.05 compared with 
pcDNA3.1. **P<0.05 compared with miR-342 mimics. (B-E) Cell proliferation, invasion and apoptosis were determined in the U251 and U87 transfected with 
miR-342 mimics, miR-NC or miR-342 mimics+pcDNA3.1-PAK4. *P<0.05 compared with miR-NC and miR-342 mimics+pcDNA3.1-PAK4.
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assay and flow cytometry analysis were performed to examine 
the effects of miR-342 on cell proliferation and invasion and 
apoptosis of glioma. We found that the restoration of miR-342 
expression suppresses the proliferation and invasion and 
enhances the apoptotic abilities of glioma cells. Moreover, 
PAK4 was identified as a direct and functional target of 
miR-342 in glioma. The upregulation of miR-342 expression 
inactivated the AKT and ERK pathways in glioma.

miR-342 was previously found to be aberrantly expressed 
and plays important roles in various human cancers. For 
example, miR-342 was observed to be downregulated 
in ERα-positive breast cancer tissues and cell lines and 
significantly correlated with HER2 and VEGF expres-
sion status (20,21). miR-342 was found to be decreased in 
tamoxifen-resistant tumour cells. Enforced expression of 
miR-342 improved the chemosensitivity of breast cancer 
cells to tamoxifen (22). Wang et al reported that miR-342 
overexpression inhibits colorectal cancer cell growth and 
metastasis both in vitro and in vivo (23). Zhao and Zhang (35) 
then revealed that miR-342 upregulation suppresses cell prolif-
eration in hepatocellular carcinoma by regulating the NF-κB 
pathway. A study by Xie et al (36) found that resumption of 
miR-342 expression can reduce cell proliferation and invasion 
in vitro and cell growth in vivo in non-small cell lung cancer. 
Li et al (37) demonstrated that miR-342 re-expression attenu-
ated cervical cancer cell proliferation, migration and invasion. 
These findings indicated that miR-342 has fundamental roles 
in carcinogenesis and progression of malignant tumours and 
illustrated potential of miR-342 as a therapeutic target for 
various cancers.

Exploring the downstream targets of miR-342 can improve 
our understanding regarding the underlying molecular 
mechanisms involved in the tumour-suppressing roles of 
miR-342 on glioma cells. Notably, several tumour suppres-
sors have been identified as direct targets of miR-342 for 
example, DNMT1 (23), FOXM1 (38) and FOXQ1 (38) in 
colorectal cancer; IKK-γ (35), TAB2 (35) and TAB3 (35) in 

hepatocellular carcinoma; RAP2B (36) in non-small cell lung 
cancer; and FOXM1 (37) in cervical cancer. Through online 
bioinformatics analysis, PAK4 was predicted to contain a 
miR-342 seed match at position 488-494 of the PAK4-3'UTR. 
To test whether miR-342 directly targets 3'UTR of PAK4, we 
performed luciferase report assays. By measuring changes in 
the luciferase activity, we demonstrated that miR-342 directly 
targets 3'UTR of PAK4. Additionally, ectopic expression of 
miR-342 reduced the PAK4 expression level in glioma cells at 
the mRNA and protein levels. The expression level of PAK4 
was upregulated and negatively correlated with miR-342 
expression in glioma tissues. PAK4 knockdown have roles 
similar to those of miR-342 overexpression in glioma cells, 
and the upregulation of PAK4 reverses the effects of miR-342 
in glioma cells. Moreover, miR-342 can inactivate the AKT 
and ERK pathways in glioma cells. These results suggested 
that miR-342 served as a tumour suppressor in glioma, at least 
in part, by directly targeting PAK4 and indirectly regulating 
the AKT and ERK pathways.

PAKs belong to a family of serine or threonine kinases, 
which are best characterized as downstream effectors of Rac 
and Cdc42 (39). This family comprise 6 mammalian isoforms, 
and can be divided into two groups: group A, which includes 
PAKs 1, 2 and 3 and group B, which contains PAKs 4, 5 
and 6 (40,41). PAK4, located at 19q13.2, was reported to be 
upregulated in multiple human cancers, such as pancreatic 
cancer (42), colorectal cancer (43), gastric cancer (44) and 
renal cell carcinoma (45). Increasing evidence indicated that 
PAK4 plays a significant role in a variety of cellular func-
tions, such as cell proliferation, migration, invasion, apoptosis, 
actin cytoskeletal changes and cytoskeletal organisation (46). 
Furthermore, PAK4 was identified to serve important func-
tions in tumourigenesis and tumour development (47-49). In 
glioma, PAK4 is overexpressed and significantly correlated 
with pathological grades. PAK4 downregulation repressed 
glioma cell proliferation, motility and adhesion (25). These 
data indicate a central role of PAK4 in glioma pathogenesis. 

Figure 7. Western blot analysis was conducted to determine the protein levels of p-AKT, p-ERK, AKT and ERK in the U251 and U87 cells transfected with 
miR-342 mimics or miR-NC.
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The findings of the present study identified PAK4 as a direct 
gene target of miR-342 and suggested that the miR-342/PAK4 
pathway is a promising therapeutic target for the treatment of 
gliomas.

In conclusion, this study showed a significantly low expres-
sion level of miR-342 in glioma tissues and cell lines. Our 
results indicated that miR-342 suppresses tumour in glioma 
by directly targeting PAK4 and indirectly regulating the AKT 
and ERK pathways. Thus, miR-342 may be a candidate diag-
nostic marker of glioma and a potential therapeutic target for 
the treatment of patients with this disease.
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