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Abstract. Emerging evidence suggests that long non-coding 
RNAs (lncRNAs) may be involved in modulating various 
aspects of tumor biology and serve as potential therapeutic 
targets as well as novel biomarkers in the treatment of glioma. 
The present study investigated the role of lncRNA, Prader Willi/
Angelman region RNA 5 (PAR5; also known as PWAR5), 
in glioma and its clinical significance in glioma cases. The 
expression levels of PAR5 were determined in clinical samples 
and U87, U251 cells using real-time reverse transcription quan-
titative polymerase chain reaction (qRT-PCR) analysis. The 
effects of PAR5 on cell proliferation, migration and invasion 
were determined using in vitro assays. RNA immunoprecipita-
tion (RIP) and RNA pull-down assays, as well as the evauation 
of the expression of various oncogenes were carried out to 
reveal the underlying mechanisms. We found that PAR5 was 
significantly downregulated in glioma tissues and cell lines. 
Furthermore, PAR5 expression was negatively correlated with 
tumor size, World Health Organization (WHO) grade and 
Karnofsky performance score (KPS). Patients with low PAR5 
expression in tumors had a worse overall survival compared 
to those with higher expression. Finally, in vitro restoration of 
PAR5 expression inhibited human glioma cell proliferation, 
invasion and migration by binding to EZH2 and regulating 
oncogene expression. This finding may provide a therapeutic 
approach for the future treatment of glioma.

Introduction

Gliomas, accounting for ~70% of human malignant primary 
brain tumors, are the most lethal primary brain tumor which 
include a heterogenous group of tumors. It is classified by the 
World Health Organization (WHO) into pilocytic astrocy-
tomas and three groups of diffusely infiltrative astrocytomas, 

including glioblastoma (1,2). Glioblastoma multiforme (GBM), 
the most common form of malignant glioma, is characterized 
as presenting with a highly heterogeneous composition of 
cells and exhibits phenotypic heterogene ity (1,3). Although a 
series of treatment protocol have been developed and several 
potential drug targets have been discovered, the survival rate 
of GBM patients has not been significantly increased (4,5). 
Thus, it is still necessary to identify novel and effective 
biomarkers which may help the development of therapeutic 
targeted drugs.

Long non-coding RNAs (lncRNAs), which were initially 
argued to be spurious transcriptional noise, are now recognized 
as a class of RNAs with transcripts longer than 200 nucleotides 
without the function of encoding proteins (5-7). Recent studies 
have found that lncRNAs: i) regulate downstream target genes 
by multiple means via cis- and trans-regulatory effects (8,9); 
and ii) play a critical regulatory role in many human diseases, 
including cancer (10,11). Other investogators have reported that 
a growing number of lncRNAs can cooperate with neighbor 
genes to form ‘lncRNA-mRNA’ pairs to affect their func-
tion (12-15). Close relationships are often found between these 
lncRNAs and their near-by mRNAs in expression or func-
tion. Based on microarray-based data, Zhang et al previously 
demonstrated that specific lncRNA expression patterns are 
associated with different histological subtypes and malignant 
behaviors in glioma (16). Furthermore, certain lncRNAs were 
found to be of prognostic significance, suggesting that lncRNAs 
may have important roles in gliomagenesis and may serve 
as novel therapeutic targets and biomarkers (17). Previously, 
downregulation of lncRNA Prader Willi/Angelman region 
RNA 5 (PAR5; also known as PWAR5, Homo sapiens, gene 
ID, 8123) was demonstrated to be associated with GBM (17), 
yet the functions of PAR5 have not been well investigated in 
this type of tumor.

Histone modifications and global aberrations at the histone 
level may result in distorted patterns of gene expression, and 
malfunction of proteins that regulate chromatin modification 
and remodeling (18,19). Reports have shown that histone modi-
fications play important roles in the pathogenesis of diffuse 
gliomas in adults and children (20). Typical lncRNAs can 
coordinate histone modifications by binding to various histone 
modification enzymes. It is well known that polycomb repres-
sive complex 2 (PRC2) is a methyltransferase for histone H3 
lysine 27 trimethylation (H3K27me3), consisting of enhancer 
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of zeste homolog 2 (EZH2), suppressor of zeste 12 (SUZ12) 
and embryonic ectoderm development (EED) (20). Lysine-
specific demethylase 1 (LSD1) is a demethylase that mediates 
the enzymatic demethylation of histone H3 lysine 27 dimeth-
ylation (H3K4me2) (21). It was revealed that the 5' domain 
of lncRNA HOTAIR binds to PRC2, whereas the 3' domain 
binds to the LSD1/CoREST/REST complex, which acts as a 
modular scaffold (22).

Previous studies have also shown that lncRNAs influence 
the expression of downstream targets via recruiting PRC2 or 
LSD1 proteins (23,24). Therefore, the present study aimed to 
explore the possible effects of PAR5 involved in the oncogenic 
events of glioma and the interaction between PAR5 and PRC2 
or LSD1 in glioma cells.

Materials and methods

Ethical approval. The present study protocol complied with 
the Declaration of Helsinki and was approved by the Medical 
Ethics Committee of Kunming Medical University. Glioma 
tumor specimens were obtained from consenting patients at 
the Hospital of Yunnan Province (Kunming, China).

Tissues preparation, molecular assay and cell culture. 
Eighty-seven patients, attending (February 2013 to December 
2014) the clinic of the First Affiliated Hospital of Kunming 
Medical University, provided consent to participate in the 
present study. All of patients accepted to undergo surgery at 
our hospital for the first time, without any antitumor treatment. 
The specimens were histopathologically verified as primary 
glioma by three independent senior pathologists according 
to the WHO Classification of Tumors of the Central Nervous 
System (CNS) (25,26). Subsequently, the primary carcinoma 
tissues and the matched adjacent normal tissues (at least 3 cm 
away from the tumor) (27) were collected for analysis. The 
demographic and clinic characteristics of the unselected 
87 glioma population are summarized in Table I.

DNA extraction from frozen tumor tissue was performed 
using a DNeasy Blood and Tissue kit (Qiagen, Tokyo, Japan). 
The presence of hotspot mutations in isocitrate dehydrogenase 
(IDH) gene 1 (R132)/2 (R172), as well as the two mutation 
hotspots in the TERT promoter (C228T and C250T), were 
assessed mainly by pyrosequencing and partly by Sanger 
sequencing, as previously reported (28,29). The methylation 
status of the MGMT promoter was also analyzed using a 
customized pyrosequencing assay, essentially as previously 
described (30). A SALSA MLPA kit probemix (P088-C1; 
MRC-Holland, Amsterdam, The Netherlands) was employed 
for analysis of the copy number of 1p/19q as previously 
described (31).

Human normal skin fibroblast HF cell line and glioma 
cell lines U87 and U251 were purchased from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China). The 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM) (Gibco, Grand Island, NY, USA) supplemented with 
10% fetal bovine serum, 100 U/ml penicillin and 100 µg/ml 
streptomycin (BioWest, Nuaillé, France), at 37̊C in a humidi-
fied atmosphere containing 5% CO2. All of the cells are 
negative for HIV-1, HBV, HCV, mycoplasma, bacteria, yeast 
and fungi before experiment.

Cell transfection. RNA oligoribonucleotides targeting 
to PAR5 were prepared for cell transfection. The small 
interfering RNAs (siRNAs) that specifically target human 
PAR5 mRNA (si-PAR5) were designated and purchased from 
RiboBio (Guangzhou, China). According to the manufacturer's 
protocol, a final concentration of 2x105 U87 and U251 cells 
were seeded into each well of a 6-well plate and transfected for 
48 h using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, 
CA, USA). The negative control duplex containing siRNA 
(si-NC; RiboBio), not homologous to any human genome 
sequences, was employed as control. At the end of transfection, 
U87 and U251 cells were collected for further analyses.

Full-length PAR5 cDNA was synthesized by Biomarker 
Technologies (Beijing, China) and ligated into the pcDNA3.1(+) 
vector (Invitrogen). PcDNA3.1-PAR5 (p-PAR5) and empty 
vector (p-NC) were transfected into glioma cells, U87 and 
U251, cultured in 6-well plates using the Lipofectamine 2000 
reagent (Invitrogen). Cells were harvested for qRT-PCR 
analysis 48 h after transfection.

Quantitative real-time PCR (qRT-PCR). The expression of 
PAR5 in the human glioma cells and specimens from glioma 
patients was determined by qRT-PCR as previously 
described (32). Total RNA was isolated using TRIzol according 
to manufacturer's instructions. qRT-PCR was performed using 
the iQ SYBR-Green SuperMix (Bio-Rad, Hercules, CA, USA) 
as per the protocol of the manufacturer. GAPDH served as an 
endogenous control. lncRNA expression levels were normal-
ized by calculating the lncRNAs/GAPDH expression ratio 

Table I. Summary of the patient cohort with glioma in the 
present study.

Parameters No. of cases (%)

Total glioma cases 87 (100)
Age (≥50 years) 41 (47.1)
Sex
  Male 44 (50.6)
  Female 43 (49.4)
Location of tumor
  Frontal 35 (40.2)
  Occipital 12 (13.8)
  Temporal 14 (16.1)
  Others 26 (29.9)
WHO grade
  I 16 (18.4)
  II 18 (20.7)
  III 25 (28.7)
  IV 28 (32.2)
IDH1 mut 45 (51.7)
MGMT methy 51 (58.6)
1p/19q codel 52 (59.8)
TERT mut 28 (32.2)

mut, mutation; methy, methylation; codel, codeletion; WHO, World 
Health Organization.
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(2-ΔCt). Amplification of qRT-PCR was performed at 95̊C for 
3 min, followed by 40 cycles at 95̊C for 15 sec and 60̊C for 
60 sec. The primer sequences were as follows: GAPDH sense, 
5'-CGAGATCCCTCCAAAATCAA-3' and antisense, 5'-TTC 
ACACCCATGACGAACAT-3'; PAR5 sense, 5'-TGATGTGG 
GTGTTGATAC-3' and antisense, 5'-ACTCAAAGGCAAGA 
ACTA-3' (32).

Cell viability assay. Following various treatments, cell viability 
was determined using the tetrazolium salt 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
Briefly, 1x105 cells/ml cells were plated into 96-well culture 
plates in 200 µl of culture medium/well. After 48 h of culture 
with treatment, 20 µl of 5 mg/ml MTT was added to each well 
and incubated at 37̊C for 4 h. The medium was then gently 
aspirated and 150 µl of dimethyl sulfoxide (DMSO) was 
added to each well to solubilize the formazan crystals. The 
absorbance of each sample was immediately measured using a 
microplate reader (Multiskan MK3; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) at 570 nm.

Migration and invasion assays. Transwell (Millipore, Billerica, 
MA, USA) and Matrigel (BD Biosciences, Franklin Lakes, NJ, 
USA) chamber plates were employed to evaluate the motility 
and invasiveness as previously described (33). After 24 h of 
incubation, cells remaining in the upper chamber or on the 
upper membrane were carefully removed. Cells adhering to 
the lower membrane were stained, imaged and counted using 
an IBX3 inverted microscope (Olympus, Tokyo, Japan) (34). 
The experiments were repeat ed three times.

Scratch wound assay. Scratch wound assay was employed 
to detect the migration of the glioma cell lines treated with 
various treatments, as previously described (35). Briefly, at 
~80% confluency, the glioma cells transfected with various 
chemicals were seeded onto 6-well plates and incubated at 
37˚C, respectively. Then, using a 10-µl pipette tip, a vertical 
scratch wound was made through the center of each well plate. 
The cells were then washed three times with phosphate-buff-
ered saline (PBS) to remove the scratched cells, and fresh 
serum-free medium was transferred. After 48 h, the cells were 
examined by light microscopy (Olympus) at a magnification of 
x200 to determine the resealing of the cell monolayer.

RNA immunoprecipitation (RIP) assay. RIP was performed 
using the EZ-Magna RIP kit (Millipore) according to the 
manufacturer's protocol. Briefly, at 80-90% confluency, U87 
and U251 cells were scraped off the culture plate and lysed 
in RIP lysis buffer. A total of 100 µl of whole cell extract was 
incubated with RIP buffer containing magnetic beads conju-
gated with antibodies against EZH2, LSD1, SUZ12 or control 
IgG (Millipore) for 8 h at 4̊C. The beads were treated with 
wash buffer, then the complexes were incubated with 0.1% 
SDS/0.5 mg/ml proteinase K for 30 min at 55̊C to remove 
proteins. Finally, immunoprecipitated RNA was purified and 
analyzed by qRT-PCR.

RNA pull-down assays. The pCDNA3.1-PAR5 vector was 
cleaved by restriction enzyme NruI and treated with RNase-free 
DNase I (Takara, Dalian, China). PAR5 was transcribed from 

this vector using the mMESSAGE mMACHINE T7® kit 
(Ambion, Carlsbad, CA, USA) and purified using the RNeasy 
Mini kit (Qiagen, Valencia, CA, USA) in vitro. The Pierce RNA 
3'-End Desthiobiotinylation kit (Thermo Fisher Scientific, 
Inc.) was employed to label the 3' end of PAR5, according to 
the instructions. The extensively expressed messenger RNA 
(mRNA) stabilizing protein HuR (encoded by ELAVL1) was 
employed and served as the positive control for RNA pull-
down assays. The nonspecific IgG antibody was used as a 
negative control. One milligram of protein from the U87 cell 
extracts was then mixed with 45 pmol of biotinylated RNA, 
and incubated with 50 µl of magnetic beads for 1 h at 4̊C 
(Thermo Fisher Scientific, Inc.). The RNA-protein complex 
was isolated from magnetic beads using Biotin Elution Buffer 
and boiled in SDS buffer for 5 min. The retrieved protein was 
detected using standard western blotting techniques.

Western blotting. Using cell lysis buffer for western blot-
ting (Beyotime Biotechnology, Shanghai, China), total 
proteins were isolated from the cells with various treatments. 
Subsequently, the protein concentrations were detected using 
the BCA assay kit (Beyotime Biotechnology) according 
to the manufacturer's protocol. The protein expression of 
EZH2, epidermal growth factor receptor (EGFR), VEGF-A, 
cyclin A, AKT and p-AKT (ser473) was detected as previ-
ously described (14). Briefly, protein samples were separated 
by 10% SDS-PAGE and transferred onto nitrocellulose 
membranes (Beyotime Biotechnology). The membranes 
were blocked with 5% non-fat milk for 2 h, and then incu-
bated overnight at 4̊C with the primary antibody, including 
EZH2 (1:1,000; Millipore), EGFR (1:1,000), VEGF-A 
(1:1,000), cyclin A (1:500), AKT (1:500) and phosphorylated-
AKT (p-AKT) (ser473; 1:1,000) (all from Cell Signaling 
Technology, Danvers, MA, USA). Signals were detected 
using the enhanced chemiluminescence (ECL) luminol 
reagent (Millipore).

Statistical analysis. Data are presented as means ± standard 
deviation (SD). SPSS version 21.0 software (SPSS, Inc., 
Chicago, IL, USA) was employed for analyses. Multivariate 
logistic regression analysis was performed to evaluate the 
association between PAR5 expression levels (low or high 
level) and clinicopathological/genetic characteristics of the 
glioma patients. The strength of association was measured 
using odds ratios (ORs) with 95% confidence interval (CI). 
Logistic regression was used for ordinal data to estimate 
adjusted ORs. The statistical significance of PAR5, EGFR, 
VEGF-A, cyclin A, AKT and p-AKT (ser473) expression, 
MTT cell activity, migration and invasion among groups 
following different treatments were determined using one-way 
ANOVA. Significance level was predetermined to be p≤0.05 
unless otherwise indicated.

Results

Abnormal expression of PAR5 in glioma patients and cells. The 
levels of PAR5 were examined in the tumor tissues of glioma 
patients by qRT-PCR analysis. The PAR5 expression was 
significantly decreased in the glioma tissue compared with that 
noted in the adjacent normal brain tissues (p<0.05; Fig. 1A).
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Consistently, the PAR5 level was lower in both human 
glioma cell lines, U87 and U251 (U87 vs. HF cells, and U251 
vs. HF cells respectively, p<0.05; Fig. 1B).

PAR5 expression is associated with glioma progression. The 
expression of PAR5 in GBM tumors collected from patients 
was determined by qRT-PCR. According to the PAR5 level, 
the enrolled patients were divided into two cohorts: those with 
less than or equal to the median expression level of PAR5 
(low level) and those with more than the median expression 
level of PAR5 (high level). The clinicopathologic association 
of PAR5 mRNA levels in the glioma tumors were analyzed. 
The level of PAR5 expression in glioma tissues was lower 
when compared to that in the adjacent normal brain tissues, 
and decreased with increasing WHO grade (p<0.05; Fig. 2A). 
Kaplan-Meier survival analysis showed that patients with high 
PAR5 expression had significantly increased overall survival 
compared with patients with low PAR5 expression (p<0.05; 
Fig. 2B).

Analysis showed that low PAR5 expression was significantly 
correlated with tumor size (≥5 cm, r=0.469, p=0.0019, <0.05), 
WHO grade (r=0.376, p=0.0035, <0.05) and Karnofsky perfor-
mance score (KPS) score (r=0.297, p=0.005, <0.05) (Table II). 
Notably, there were 25 patients with low PAR5 expression 
classified as having highly malignant grade IV glioblastomas 
(GBMs). Age at diagnosis, sex and resection status were not 
correlated with PAR5 expression (Table II).

Assessment of the molecular features of the unselected 
glioma patients revealed that PAR5 expression was 
significantly associated with IDH1 mutation (r=0.809, 
p=0.000, <0.05), MGMT methylated status (r=0.201, 
p=0.013, <0.05) and TERT promoter mutation (r=0.721, 
p=0.000, <0.05) (Table III).

Evaluation of the effectiveness of PAR5 siRNA and overex-
pression plasmid transfection. The glioma cell lines, U87 
and U251, as well as the HF cells were stably transfected with 
si-PAR5, p-PAR5 or the matched control si-NC, p-NC. The 
data showed that stable expression of PAR5 siRNA (si-PAR5) 
in U87, U251 and HF cells resulted in >70% decrease in PAR5 
RNA (Fig. 3A). In the p-PAR5-transfected glioma cells, the 
PAR5 levels as detected were significantly higher than levels 
in the matched p-NC controls, respectively (p<0.05; Fig. 3B). 
The PAR5 level was upregulated at least 1.7-fold in the HF 
cells, while the level was increased significantly in the glioma 
cells (4.7-fold in U87 cells; 4.2-fold in U251 cells), compared 
with the matched p-NC cell lines, respectively.

PAR5 inhibits proliferation, migration and invasion of glioma 
cells. Transfection with p-PAR5 significantly decreased cell 
viability, and suppressed migration and invasion in both U87 
and U251 cell lines, compared with these parameters in the 
matched p-NC treated cell lines, respectively. Functional 
inhibition of endogenous PAR5 by special si-PAR5 induced a 

Figure 2. Low PAR5 expression is associated with increasing grade of glioma. (A) Relative expression of PAR5 in normal adjacent tissues and glioma patient 
tissues according to WHO grade, II-IV. (B) Five-year overall survival rates of glioma patients according to the PAR5 expression level by Kaplan-Meier survival 
analysis.

Figure 1. PAR5 expression is decreased in glioma tissues and cell lines. (A) Relative expression of PAR5 in normal adjacent tissues and glioma tumor tissues 
was examined by qRT-PCR (n=87). (B) Relative expression of PAR5 in normal human HF and glioma cell lines, U87 and U251. Data are represented as 
means ± SD. Five independent experiments were performed in triplicate (n=5).
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significant promotion in viability in the U87 (Fig. 4A; p<0.05) 
and U251 cell lines (Fig. 4B; p<0.05).

Restoration of the PAR5 level in glioma cells by trans-
fection with p-PAR5 significantly reduced cellular motility 
compared with that noted in the p-NC-treated groups. 
The migration assay revealed that the number of crystal 
violet-stained cells was significantly decreased in the p-PAR5-
treated cells, compared with that in the matched p-NC 
control groups (p<0.05; Fig. 4C and D). p-PAR5 transfection 
decreased the number of U87 and U251 cells that migrated 
through the Transwell membrane by at least 80% compared 
with the p-NC-treated cells. Scratch wound assay showed that 
transfection with p-PAR5 significantly impaired the invasive-
ness of U87 (Fig. 4E and G) and U251 (Fig. 4F and H) cells, 
in comparison with that of the control p-NC-treated cells, 

Table II. PAR5 level is associated with clinicopathological 
features of the glioma cases.

 PAR5 levels (n=87)
 -----------------------------------------------
 Low level High level
 n=47 n=40 rs P-value

Ages (years)   0.005 0.65
  <50 22 24
  ≥50 25 16
Sex   0.069 0.32
  Male 25 19
  Female 22 21
Resection status   0.128 0.19
  Total 23 22
  Subtotal 24 18
Tumor size (cm)   0.469 0.0019
  <5 19 31
  ≥5 28 9
Location of tumor   0.024 0.59
  Frontal 20 15
  Occipital 7 5
  Temporal 8 6
  Others 12 14
Histopathological   0.376 0.0035
diagnosis (WHO)
  Grade I 2 14
  Astrocytoma II 6 12
  Astrocytoma III 11 9
  Oligodendro- 3 2
  gliomas II/III
  IV, glioblastomas 25 3
KPS score   0.297 0.005
  <80 33 8
  ≥80 14 32

PAR5, Prader Willi/Angelman region RNA 5; WHO, World Health 
Organization; KPS, Karnofsky performance score. P-value in bold 
print indicates a significant difference.

Table III. Correlation between PAR5 level and molecular fea-
tures of the glioma cases.

 PAR5 (n=87)
 -----------------------------------------------
 Low level High level
 n=47 (%) n=40 (%) rs P-value

IDH1/2 status   0.809 0.000
  WT 37 (78.7) 5 (12.5)
  mut 10 (21.3) 35 (87.5)
MGMT status   0.201 0.013
  Methylation 30 (63.8) 6 (15)
  Unmethylation 17 (36.2) 34 (85)
1p/19q status   0.137 0.087
  Non-codel 20 (42.6) 17 (42.5)
  Codel 27 (57.4) 23 (57.5)
TERT status   0.721 0.000
  WT 15 (31.9) 27 (67.5)
  mut 32 (68.1) 13 (32.5)

WT, wild-type; mut, mutation; 1p/19q code, co-deletions of chromo-
some 1p/19q; TERT, telomerase reverse transcriptase. P-value in bold 
print indicates a significant difference.

Figure 3. Relative PAR5 expression after siRNA and plasmid transduction. (A) PAR5 levels were detected by qRT-PCR in HF, U87 and U251 cells following 
PAR5 siRNA transfection. (B) PAR5 levels were detected by qRT-PCR in HF, U87 and U251 cells following PAR5 overexpression plasmid transfection. 
si-NC, PAR5 siRNA negative control; si-PAR5, PAR5 siRNA. p-NC, blank plasmid serving as control; p-PAR5, pcDNA3.1-PAR5. Data are represented as 
means ± SD. All data are representative of five independent experiments (n=5).
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respectively (p<0.05). In contrast, si-PAR5 transfection signif-
icantly promoted the migration and invasion in both glioma 
cell lines (vs. the matched si-NC control, p<0.05, respectively; 
Fig. 4).

PAR5 interacts directly with EZH2 in glioma cells. The binding 
of PAR5 with EZH2 was confirmed by RIP and qRT-PCR in 

U87 and U251 cells. RIP assays and subsequent qRT-PCR 
revealed that PAR5 was abundant in the RIP samples using 
LSD1, EZH2 and SUZ12 antibodies as compared with the 
samples using nonspecific antibodies IgG, which confirmed 
the specificity of RIP assays and qRT-PCR performed in the 
present study (Fig. 5A). The relative expression of PAR5 was 
significantly enriched in the EZH2 antibody-treated glioma 

Figure 4. PAR5 inhibits the proliferation, migration and invasion of glioma cells. (A and B) Cell proliferation was evaluated by MTT assay after cell transfec-
tion;  p<0.05 vs. the matched negative controls. Quantitative analysis of the migratory and invading cells in (C and E) U87 and (D and F) U251 cells after 
transfection. Scratch wound assay was also performed to evaluate the motility of glioma (G) U87 and (H) U251 cells. Light microscopy images are shown 
immediately after scratching of the monolayer and 48 h later. Data are represented as means ± SD. All data are representative of five independent experi-
ments (n=5). si-NC, PAR5 siRNA negative control; si-PAR5, PAR5 siRNA. p-NC, blank plasmid served as control; p-PAR5, pcDNA3.1-PAR5.
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U87 and U251 cells, compared with that in the LSD1 and 
SUZ12 antibody-treated ones, respectively (Fig. 5A). The 
results showed that PAR5 bound directly to EZH2 in both 
U87 and U251 cells. The following RNA pull-down assays 
and western blotting also confirmed the interaction between 
PAR5 and EZH2 (Fig. 5B). Additionally, HuR served as the 
positive control, indicating the sensitivity of RNA pull-down 
performed in the present study (Fig. 5B). These data suggest 
that EZH2 specifically binds to PAR5 in U87 and U251 cells.

PAR5 inhibits expression of oncogenes in glioma cells. Given 
the significant inhibition of cell growth and motility by PAR5 
in the glioma cells, the involvements of several genes related 
with proliferation, cell cycle and tube formation of tumor 
cells were investigated. The data showed that PAR5 reduced 
the expression of EGFR, VEGF-A and cyclin A (Fig. 6). 
Additionally, the expression of p-AKT was decreased by 
PAR5 overexpressed plasmid transfection (Fig. 6).

Discussion

In the present study, we found that: i) significantly downregu-
lated PAR5 was negatively correlated with clinicopathological 
and genetic features; ii) a cohort with PAR5 low expression in 
tumors had a worse overall survival rate compared to those 
with PAR5 high expression; iii) PAR5 inhibited human glioma 
cell proliferation, invasion and migration; iv) PAR5 interacted 
with EZH2 and suppressed expression of various oncogenes 

including EFGR, VEGF-A, cyclin A and p-AKT in glioma 
cells.

PAR5 was previously reported to be: i) significantly 
downregulated predominantly in one specific hepatitis C virus-
related hepatocellular carcinoma (HCC) type (32); ii) correlated 
with poor prognostic outcomes in human glioblastoma multi-
forme (17). However, there is limited information concerning 
PAR5. Recently, the functions of PAR5 have not been well 
investigated. Thus, additional studies may be needed to elucidate 
the mechanistic connection between PAR5 and the molecular 
pathogenesis of tumors, particularly glioma. We found that 
endogenous PAR5 expression was significantly decreased in 
glioma tissues and cell lines, while a low level of PAR5 was 
associated with pathological features and the survival rate of 
glioma patients. Low PAR5 expression was correlated with 
tumor size (≥5 cm), WHO grade (III-IV) and KPS score (<80), 
which indicated the deterioration of glioma patients. Evaluation 
of the molecular genetic features of this unselected glioma 
cohort revealed that PAR5 expression was also associated with 
IDH1/2 mutation, MGMT methylated status and TERT promoter 
mutation.

The presence of the IDH1/2 mutation in astrocytoma 
patients was found to have a positive effect on overall 
survival (36,37). They are rare in primary GBM and absent 
in pilocytic astrocytomas and are often associated with 
MGMT promoter hypermethylation (‘MGMT methylation’), a 
well-established prognostic marker for primary GBM and a 
predictive marker for the response to temozolomide in elderly 

Figure 5. PAR5 interacts with EZH2 in glioma cells. (A) RIP experiments were performed using the EZH2, LSD1, SUZ12 antibodies in U87 and U251 cells and 
the co-precipitated RNA was subjected to qRT-PCR for PAR5. Expression levels of PAR5 RNA are expressed as fold enrichment in EZH2 RIP relative to the 
matched IgG control. (B) RNA pull-down and western blot assays of the specific association of PRC2 core proteins with PAR5 revealed that biotinylated PAR5 
could bind to EZH2. HuR served as the positive control and IgG was used as a negative control, indicating the sensitivity and specificity of RNA pull-down 
performed in the present study. Data are shown as the mean ± SD of three independent experiments; *p<0.05
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GBM patients (38-40). In the present study, presence of the 
IDH1/2 mutation was associated with significantly enhanced 
overall survival in glioma patients with a high PAR5 level, 
while the presence of IDH-wild-type in patients with a low 
level of PAR5 suffered from poor overall survival. In the 
present unselected cohort, the presence of MGMT methylation 
was frequently detected in those with low PAR5 expression 
(63.8%), in which more patients were diagnosed with glioblas-
tomas (GBMs) (25 vs. 3 cases). PAR5 expression was highly 
consistent with IDH1/2 mutation and MGMT methylation. 
Our data also revealed that the TERE promoter mutations and 
IDH-wild-type are the common genotypes observed in the 
cohort with a PAR5 low expression level, which tend to be 
associated with poor prognosis. Research has demonstrated 
that TERT promoter mutations almost always coincide with 
IDH mutations and 1p/19q codeletion in oligodendrogliomas, 
whereas a combination of TERT mutation and IDH-wild-type 
is the most common genotype observed in GBM (41). Given 
these findings, the combination of PAR5 expression, IDH and 
TERT mutations may be useful to define glioma subclasses 
and predict outcome in GBM. Assessment of expression of 
PAR5 in glioma patients may be valuable for application as 
a molecular classification of IDH-wild-type gliomas and a 
prognostic indicator of GBM. However, further investigation 
between PAR5 and the well-established molecular markers is 
necessary.

Moreover, restoration of PAR5 expression using a PAR5-
overexpressing plasmid resulted in retardation of  proliferation, 
decreased invasion and migration in the human glioma cells, 
U87 and U251. Reversely, si-RNA targeting PAR5 promoted 
proliferation and increased motility in the glioma cells. These 
results suggest that PAR5 may act as a tumor suppressor in 

glioma, and may serve as a novel therapeutic target and 
biomarker. The abnormal expressional loss of PAR5 in glioma 
tissues may contribute to tumor progression and the poor prog-
nosis of patients with glioma.

There is evidence to show that lncRNAs regulate target 
expression through distinct mechanisms in different cancer 
cells. Using RIP and RNA pull-down analysis, we showed that 
PAR5 could bind directly to several RNA binding proteins, 
including EZH2, LSD1 and SUZ12, particularly EZH2. EZH2 
is the core structural catalytic subunit of PRC2, which can 
silence target genes through induction of methylating lysine 27 
of histone 3 (H3K27) and mediation of DNA methylation (42). 
EZH2 was identified as an RNA-binding component protein 
of PRC2 and may bind cooperatively to target RNAs (43). 
Moreover, EZH2 is pivotal to maintain the undifferentiated 
status of neuroblastoma by epigenetic repression of various 
tumor-suppressor genes (44). Reseach investigating the prog-
nostic role of EZH2 in glioma patients, suggested that EZH2 
may be applied as a potential biomarker for glioma (45-47). 
Recently, researchers have proposed that lncRNAs may 
interact with EZH2, thereby repressing target oncogene expres-
sion (48-50). To determine whether PAR5 regulates targets 
using a similar mechanism, we carried out western blotting 
to evaluate the relative expression of various oncogene-coding 
proteins involved in proliferation, tube formation and motility 
of glioma cells.

Cyclin A is a key molecular regulator of cell cycle 
progression from S to G2 phase by activating CDK2. This 
regulatory pathway is involved in cell proliferation and tube 
formation and is closely associated with tumor development and 
morbidity (51,52). Glioma cells commonly share abnormalities 
in pathway signaling through the EGFR (53,54) and its 

Figure 6. PAR5 restoration alters expression of various oncogenes in glioma cells. (A) Representative bands of various proteins in glioma cells after PAR5  
expression restoration, as detected by western blotting. (B) Quantitative analysis of the expression levels of EGFR, VEGF-A, cyclin A, AKT and p-AKT 
proteins. GAPDH served as a control. Data are shown as the mean ± SD of three independent experiments. *p<0.05 vs. p-NC. p-NC, blank plasmid serving as 
control; p-PAR5, pcDNA3.1-PAR5.
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downstream phosphoinositide 3-kinase/protein kinase B (PI3K/
AKT) pathways (55). EGFR and VEGF-A are demonstrated 
to play key regulatory roles in tumor tube formation (56-58). 
Reports have revealed that EGFR overexpression in general 
carries worse prognosis (59). Furthermore, p-AKT and EGFR 
are well-known oncogenes that play essential roles in the 
control of glioma cell proliferation (60). The present data 
found that the expression levels of EGFR, VEGF-A, cyclin A 
and p-AKT are downregulated after PAR5 restoration in 
glioma cells, suggesting that these genes are involved in the 
carcinogenic progression of glioma by PAR5-EZH2.

Given these findings, the present data indicated that PAR5 
may elicit decreased proliferation and motility in glioma 
cells by interacting with EZH2 and altering expression levels 
of various oncogenes, including EGFR, VEGF-A, cyclin A, 
AKT and p-AKT. However, further high-throughput RNA 
sequencing, novel targets of PAR5 and correlation analysis in 
glioma cells are needed.

In conclusion, the present study revealed decreased PAR5 in 
glioma tissues of patients and glioma cells. The reduced PAR5 
expression was correlated with clinicopathological features 
and the 5-year survival rate of glioma patients. Restoration of 
PAR5 expression by pcDNA3.1-PAR5 transfection inhibited 
the proliferation and motility of human glioma cells. RIP and 
RNA pull-down assay showed that PAR5 directly interacted 
with EZH2. Furthermore, restoration of PAR5 also suppressed 
expression levels of EFGR, VEGF-A, cyclin A and p-AKT in 
glioma cells. These data demonstrated that PAR5, as a tumor 
suppressor, reduced proliferation and motility of glioma cells 
by interacting with EZH2 and regulating oncogene expression. 
This finding may provide a therapeutic approach for the future 
treatment of glioma.
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