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Abstract. Long non‑coding RNAs (lncRNAs) can act as 
competing endogenous RNAs (ceRNAs), interacting with 
microRNAs (miRNAs) and playing an important role in tumor 
progression. However, the role of lncRNA‑mediated ceRNAs 
in glioma remains largely unknown. The present study aimed 
to identify novel lncRNAs and their associated function in 
glioma. RNA sequencing and corresponding clinical data from 
patients with glioma were obtained from The Cancer Genome 
Atlas. A total of 598 glioma tissues and 5 normal brain tissues 
were analyzed in the present study. The differentially expressed 
(DE) lncRNAs, mRNAs and miRNAs were identified using R 
packages and were used to construct a ceRNA network. Gene 
Ontology and Kyoto Encyclopedia of Genes and Genomes anal‑
yses were performed to investigate the biological functions of 
the DEmRNAs. Kaplan‑Meier curve analysis was performed to 
investigate the association between DElncRNA expression and 
patient outcome. A total of 752 DElncRNAs, 2,079 DEmRNAs 
and 113 DEmiRNAs were identified between glioma and 
normal tissues. A lncRNA‑miRNA‑mRNA ceRNA network 
consisting of 61 lncRNAs, 12 miRNAs and 92 mRNAs was 
constructed. Survival analysis indicated that 36 DElncRNAs, 
72 DEmRNAs and 3 DEmiRNAs were associated with overall 

survival in patients with glioma. The present study identified 
novel lncRNAs associated with survival prognosis and may 
facilitate further investigation of lncRNA‑mediated ceRNA 
regulatory mechanisms in glioma.

Introduction

Primary brain and central nervous system (CNS) tumors have 
a mortality of 7% in patients <70 years old, and an estimated 
270,000 non‑malignant and 120,000 malignant tumors were 
reported between 2011 and 2015 in the USA (1,2). In 2017, 
~80,000 new cases and 17,000 primary brain tumor‑related 
mortalities were reported (3). Furthermore, one‑third of the 
cases were diagnosed as malignant tumors (4). Glioma is a 
broad term that encompasses several types of malignant tumor 
derived from neuroepithelial cells, such as glial cells and other 
supporting cells of the CNS (1,5,6). Gliomas account for ~80% 
of primary brain tumors in adults and can be categorized as 
astrocytomas, oligodendrogliomas, ependymomas, mixed 
gliomas and other rare types, including brain stem and optic 
nerve gliomas (7). According to the World Health Organization 
criteria, gliomas vary histopathologically and may include 
benign ependymomas, as well as the most aggressive grade‑IV 
glioblastoma (GBM) (5). Surgical removal is the primary therapy 
for intracranial tumors. However, tumors located in inoperable 
or sensitive regions of the brain pose clinical challenges (8). In 
addition, limited effectiveness of systemic chemotherapy can be 
attributed to the blood‑brain barrier, which protects the brain 
from harmful compounds but also restricts the entry of chemo‑
therapeutic drugs (9). The molecular mechanisms underlying 
the development of gliomas remain largely unknown. Therefore, 
elucidating the associated mechanisms may accelerate the 
development of targeted therapies for the disease.

The competing endogenous RNA (ceRNA) hypothesis, 
proposed by Salmena et al (10), has provided insight for RNA 
regulatory networks. According to this hypothesis, mRNA, 
long non‑coding RNA (lncRNA), pseudogenes and other 
molecules can competitively bind to the same microRNA 
(miRNA/miR) response element and modulate miRNA 
function, forming an RNA regulatory network (10).
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lncRNAs are RNAs >200 bp in length that do not encode 
proteins (11). Previous studies suggested that lncRNAs are a 
by‑product of RNA transcription with biological functions 
that include modulation of the nervous system at the epigen‑
etic, transcriptional and post‑transcriptional levels (12‑14). 
Additionally, lncRNAs serve as ceRNAs and participate in 
regulating gene expression and encoding miRNAs (10,15). 
Furthermore, lncRNAs were demonstrated to serve an 
important role in oncogenesis and tumor progression (16).

The present study constructed a ceRNA network in 
order to investigate and to identify potential biomarkers 
for glioma, and to determine the molecular mechanisms of 
glioma pathogenesis, using Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG). Additionally, 
the prognostic value of the identified mRNAs, miRNAs and 
lncRNAs was analyzed by survival analysis.

Materials and methods

Data acquisition and processing. RNA sequencing and the 
corresponding clinical data of patients with glioma (low‑grade 
glioma and glioblastoma) were obtained from The Cancer 
Genome Atlas (TCGA) data portal (https://tcga‑data.nci.nih.
gov/tcga/) (17). The lncRNA, mRNA and miRNA sequence 
data were derived from the Illumina HiSeq platform (Illumina, 
Inc.). A total of 598 glioma tissues and 5 normal brain tissues 
were included in the present study. DESeq package in R soft‑
ware was confirmed to identify significant DEGs in the study 
(https://bioconductor.org/packages/release/bioc/html/DESeq.
html) (18). The present study was conducted in accordance with the 
publication guidelines provided by TCGA (http://cancergenome.
nih.gov/publications/publicationguidelines). Therefore, further 
approval from the local ethics committee was not required.

Identif ication of dif ferentially expressed (DE) RNA. 
DElncRNAs and DEmRNAs were defined and encoded 
based on the annotations from the Ensembl database 
(http://www.ensembl.org/index.html). Using the edgeR 
package version.3.53 in R language to further analyze the data, 
the DElncRNAs, DEmRNAs and DEmiRNAs were identified 
(https://www.r‑project.org). |log2 fold change (FC)|>1.5 and 
false discovery rate (FDR) adjusted to P<0.01 were set as the 
thresholds. In addition, heat maps and volcano maps of the 

DE RNAs were generated, using the gplots and heatmap R 
packages v3.53 (https://www.r‑project.org).

Construction of the ceRNA and cytohubba networks. The miRcode 
(http://www.mircode.org/) database and the Perl program 
(http://www.perl.org) were used to predict lncRNA‑miRNA 
interactions, and the miRNAs sequences were identified by 
using StarBase version.2.0 database (http://starbase.sysu.edu.
cn/). miRNA‑targeted mRNAs were retrieved from the miRDB 
(http://mirdb.org/), miRTarBase version.7.0 (http://mirtarbase.
mbc.nctu.edu.tw/php/index.php) and TargetScan databases 
version.7.2 (http://www.targetscan.org/vert_72/)  (19‑21). 
miRTarBase, miRDB, and TargetScan were used to identify the 
target genes of miRNAs. Only mRNAs recognized by all three 
databases were considered as candidate mRNAs and intersected 
with the DEmRNAs to screen out the DEmRNAs targeted by 
the DEmiRNAs. A co‑expression network of DE genes (DEGs) 
was then constructed, based on DEmiRNA‑DElncRNA and 
DEmiRNA‑DEmRNA interactions, which were visualized 
using Cytoscape version.3.61 (National Institutes of Health). The 
cytohubba plugin (22) was used to evaluate the top‑10 network in 
the network based on the degree of association between RNAs, 
which was termed as closeness.

Functional enrichment analysis. To examine the underlying 
biological mechanisms of DEmRNAs in the ceRNA cross‑
talk network, GO annotation and KEGG pathway analyses 
were conducted using the DAVID version.6.7) (https://david.
ncifcrf.gov/) online tool (23) and cluster Profiler (https://www.
rdocumentation.org/packages/clusterProfiler/versions/3.0.4), an 
R package for functional classification and enrichment of gene 
clusters using hypergeometric distribution. The GO plot package 
of R software was utilized to display the results of the GO and 
KEGG analyses (http://wencke.github.io/). GO and KEGG 
enrichment analysis was based on the threshold of P<0.05.

Survival analysis. To assess the prognostic value of 
DElncRNAs in patients with glioma, survival analysis for 
these DERNAs in the ceRNA network was conducted using 
the survival package in R (https://www.rdocumentation.
org/packages/survival/versions/2.42‑3). Survival curves were 
generated using the Kaplan‑Meier method and the log‑rank 
test was used to compare the difference between the groups. 

Figure 1. Volcano plot of differentially expressed (A) mRNAs, (B) lncRNAs and (C) miRNAs. Red dots represent upregulated RNAs and green dots repre‑
sent downregulated RNAs with statistical significance. P<0.01 indicated a statistically significant difference. lncRNAs, long non‑coding RNAs; miRNAs, 
microRNAs; FDR, false discovery rate; FC, fold change.
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Univariate Cox regression analyses were performed to inde‑
pendently identify the effects of DEmRNAs, DElncRNAs and 

DEmiRNAs on overall survival (OS). P<0.05 was considered 
to indicate a statistically significant difference.

Figure 2. Heatmap of differentially expressed mRNAs between glioma and non‑tumor tissues.
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Results

DElncRNAs, DEmiRNAs and DEmRNAs in glioma. Using the 
‘DESeq’ package in R software, significant DEGs in 598 glioma 
tissues and 5 normal brain tissues were identified. A total of 
752 DElncRNA (180 upregulated and 572 downregulated), 
2,079 DEmRNAs (588 upregulated and 1,491 downregulated) 
and 113 DEmiRNAs (62 upregulated and 51 downregulated) 
were identified with thresholds of |log2FC| >1.5 and adjusted 
P<0.01. The distribution of all DEGs on the two dimensions of 
‑log FDR and logFC are depicted in the volcano map in Fig. 1. 
For the heatmaps presented in Figs. 2‑4, the numerical data 
represent the expression profiles of DEGs.

Construction of the ceRNA network. To further examine how 
lncRNAs interact with miRNAs to regulate mRNA in glioma, 
a lncRNA‑miRNA‑mRNA (ceRNA) network was constructed 
based on the aforementioned data and visualized using 
Cytoscape v3.6.1. Using the 752 DElncRNAs retrieved from 
the miRcode database, the Perl program was applied to iden‑
tify 211 pairs of interacting lncRNAs and miRNAs. Targeted 
mRNAs were screened based on the 12 miRNAs using the 
miRTarBase, miRDB and TargetScan database. The final 
DEmiRNA targeted genes were selected, which were included 
in all 3 datasets (miRTarBase, miRDB and TargetScan). 
miRNA‑targeted mRNAs not included in DEmRNAs were 
discarded. Finally, 92 DEmRNAs were included in the ceRNA 
network (Fig. 5). Thus, a total of 61 lncRNA nodes, 12 miRNA 
nodes and 92 mRNA nodes as differentially expressed profiles 
were presented in the ceRNA network (Fig. 6).

Construction of the cytohubba network. Based on the 
cytohubba plugin, the top‑10 network was obtained (Fig. 7). 
The network consisted of 6 miRNAs, including hsa‑mir‑93, 
hsa‑mir‑424, hsa‑mir‑497, hsa‑mir‑195, hsa‑mir‑182 and 
hsa‑mir‑96, and 4 lncRNAs, AC092171.1, family with sequence 
similarity 87 member A (FAM87A), deleted in lymphocytic 
leukemia 1 (DLEU1) and lymphocyte antigen 86 antisense 
RNA 1 (LY86‑AS1).

Functional analysis of DEmRNAs in the ceRNA network. 
The biological functions of the 92 DEmRNAs were further 
explored using GO and KEGG analysis, which demonstrated 
that these DEmRNAs were enriched in 42 GO biological 
process categories (P<0.05). In the GO analysis, a total of 
5 significantly enriched pathways were obtained (Table  I; 
Fig. 8). The most enriched GO term was ‘protein binding’. 
In the KEGG pathway analysis, a total of 9 significantly 
enriched pathways were obtained (Table II; Fig. 9); Among the 
9 pathways, ‘cell cycle’, ‘dopaminergic synapse’ and ‘Kaposi 
sarcoma‑associated herpesvirus infection’ were linked with 
the progression of glioma. Additionally, other pathways such as 
‘relaxin signaling pathway’, ‘cellular senescence’ and ’human 
T‑cell leukemia virus 1 infection’ were also tumor‑related 
pathways.

Survival associated lncRNAs in the ceRNA network. To identify 
the association between DElncRNAs in the ceRNA network 
and the prognosis of patients with gliomas, a Kaplan‑Meier 
survival analysis was conducted. A total of 36 out of 752 

DElncRNAs were significantly associated with OS. Among the 
36 significant DElncRNAs, 13 lncRNAs, including DLEU1, 
dopamine β‑hydroxylase antisense RNA1 (DBH‑AS1), hyal‑
uronan synthase 2 antisense RNA1 (HAS2‑AS1), LINC02875, 
AL117190.1, chromosome 9 open reading frame 147, cyto‑
chrome P450 family 1 subfamily B member 1 antisense 
RNA 1, human leukocyte antigen group (HCG) 15, HCG23, 
LINC00466, tryptophanyl tRNA synthetase 2, maternally 
expressed (MEG) 3 and MEG8, were negatively associated with 
OS. The remaining 23 lncRNAs [CCD26 lncRNA, long inter‑
genic non‑protein coding RNA (LINC00320), AC011374.1, 
AC020907.2, AC022400.1, AC092171.1, AC110491.1, ArfGAP 
with coiled‑coil, ankyrin repeat and PH domains 2 intronic 
transcript 1, adenosine deaminase RNA specific B2 antisense 
RNA 1, AL359541.1, AL772363.1, Rho GTPase activating 
protein 31 antisense RNA 1, ZNF22 antisense RNA 1, calcium 
voltage‑gated channel subunit α 1 C intronic transcript, gluta‑
mate metabotropic receptor 5 antisense RNA 1, LINC00501, 
MIR4500HG, versican antisense RNA 1, helicobacter pylori 
responsive 1, LINC00461, myocardial infarction associated 
transcript (MIAT), small nucleolar (sno) RNA host gene 1 
and MIR600HG)] were positively associated with OS. The 
top 6 most significant survival‑associated DElncRNAs are 
presented in Fig. 10.

Discussion

Non‑coding RNAs include several types of RNAs, and can 
be classified into lncRNAs and short non‑coding RNAs. The 
latter can be further categorized into transfer RNAs, ribosomal 
RNAs, miRNAs, small interfering RNAs and snoRNAs (24). 
Previous studies demonstrated that lncRNAs played a key 
role in gene transcriptional control, epigenetic regulation and 
post‑transcriptional modification (25,26). The present study 
analyzed RNA sequencing and clinical data from patients 
with gliomas acquired from TCGA in order to investigate the 
functions of lncRNAs in the ceRNA network. DElncRNAs, 
DEmRNAs and DEmiRNAs were identified using R packages 
and were used to construct a ceRNA network. The biological 
functions of the DEmRNAs were determined by GO and 
KEGG analyses. Further survival analysis was performed to 
investigate the association between DElncRNAs and OS.

miRNAs are involved in the regulation of a number of 
biological processes, including cell differentiation, prolif‑
eration and apoptosis, by binding with target mRNAs at the 
transcriptional or post‑transcriptional levels (27). A previous 
study demonstrated that aberrantly expressed miRNAs were 
closely associated with several types of cancer (28). Moreover, 
growing evidence suggests that several miRNAs are impli‑
cated in the progression of glioma (29‑31). hsa‑mir‑183 is 
frequently methylated and was correlated with poor outcome 
in hepatocellular carcinoma (32). Moreover, hsa‑miR‑183‑5p 
was involved in cell cycle regulation via the MAPK and 
glioma signaling pathways (33). In addition, multivariative 
analysis revealed that low serum hsa‑mir‑137 levels were 
closely associated with high clinical grades and poor survival 
in patients with GBM (34). Moreover, hsa‑miR‑93‑5p upregu‑
lation was correlated with poor prognosis in non‑small cell 
lung cancer (35), while hsa‑miR‑93‑3p was recognized as a 
diagnostic biomarker in triple negative breast cancer (36). 
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Overexpression of hsa‑mir‑497 promoted the proliferation 
of glioma cells  (37) and has been demonstrated to be an 

unfavorable prognostic biomarker in human glioma  (38). 
In the present study, 6 DEmiRNAs, which may serve as 

Figure 3. Heatmap of differentially expressed long non‑coding RNAs between glioma and non‑tumor tissues.
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promising prognostic biomarkers, were involved in the 
ceRNA network.

In the present study, 92 DEmRNAs were identified in the 
ceRNA network. The biological processes and pathways of 

Figure 4. Heatmap of differentially expressed microRNAs between glioma and non‑tumor tissues.
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the DEmRNAs were assessed by GO and KEGG pathway 
analyses. The most enriched GO biological processes included 
‘protein binding’, ‘signal transducer activity’, ‘protein kinase 

activity’ and ‘regulation of cell cycle’. The pathway analysis 
revealed that several genes were involved in cancer‑related 
pathways, such as ‘cell cycle’, ‘cellular senescence’, ‘Kaposi 

Figure 5. Venn diagram of differentially expressed mRNAs involved in the competing endogenous RNA network. A total of 92 DEmRNAs were included 
in the ceRNA network. Red, differentially expressed mRNAs; blue, target genes of miRNAs included in miRTarBase, miRDB and TargetScan databases; 
intersection, DEmRNAs.

Figure 6. Competing endogenous RNA network of lncRNA‑miRNA‑mRNA in glioma. lncRNA, long non‑coding RNA; miRNA, microRNA.
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sarcoma‑associated herpesvirus infection’, ‘relaxin signaling 
pathway’ and ‘human T‑cell leukemia virus 1 infection’. 
Among the enriched pathways, ‘Kaposi sarcoma‑associated 
herpesvirus infection’ has been reported to modulate 
the proliferation of glioma stem‑like cells  (39). Kaposi's 
sarcoma‑associated herpesvirus exhibits neurotropism and its 
mRNA was detected in the plasma of patients with glioma in 
previous studies (39‑41). Another previous study suggested 
that viral infection was a risk factor for glioma (42). The 
potential association between Kaposi's sarcoma‑associated 
herpesvirus infection and glioma progression warrants 
further investigation. Among the DEmRNAs in the ceRNA 
network, tyrosine 3‑monooxygenase/tryptophan 5‑mono‑
oxygenase activation protein (YWHA)‑H, E2F transcription 
factor (E2F) 5, E2F2, WEE1 G2 checkpoint kinase (WEE1), 
cell division cycle 25A (CDC25A) and checkpoint kinase 1 
(CHEK1) were enriched in cell cycle‑associated pathways. The 
present study demonstrated that YWHAH was significantly 
downregulated and associated with hsa‑mir‑424, hsa‑mir‑497 
and hsa‑mir‑195 in the ceRNA network. A previous study 
demonstrated that YWHAH was involved in several cellular 
processes, including G1/S and G2/M cell cycle transition (43). 
Additionally, YWHAE, another YWHA isoform involved 
in cell cycle control and signal transduction  (44,45), was 
associated with copy number aberrations in astrocytoma 
pathogenesis (46). E2F5 is a key transcription factor involved 
in cell cycle progression. In a previous study, E2F5 silencing 
inhibited the proliferation of GBM cells and induced cell cycle 
arrest (47). miR‑218 inhibited the growth and metabolism of 
glioma cells by targeting E2F2 (48). WEE1, a regulator of the 
G2 checkpoint in GBM cells, was associated with malignancy 
and poor outcomes of patients with GBM (49). CDC25A and 
CHEK1 are significant regulators of the cell cycle and apop‑
tosis in glioma cells (50).

The top 10 RNAs in the ceRNA network were identified 
using the cytohubba plugin. The network consisted of 
6 miRNAs, including hsa‑mir‑93, hsa‑mir‑424, hsa‑mir‑497, 
hsa‑mir‑195, hsa‑mir‑182 and hsa‑mir‑96, and 4 lncRNAs, 
including AC092171.1, FAM87A, DLEU1 and LY86‑AS1. 
LY86‑AS1 and FAM87A were demonstrated to have a high 
degree of closeness with hsa‑mir‑424, hsa‑mir‑497 and 
hsa‑mir‑195. A previous study revealed that hsa‑mir‑497 
demonstrated high sensitivity and specificity for the prediction 
of malignant astrocytomas (51). Moreover, overexpression of 
hsa‑mir‑497 promoted the proliferation of U87 glioma cells 
by targeting neuregulin receptor degradation protein 1 (37). 
Previous studies held conflicting views on the role of aberrantly 
expressed hsa‑mir‑195 in gliomas. For instance, hsa‑mir‑195 
was demonstrated to inhibit the proliferation of human glioma 
cells by directly targeting cyclin D1 and cyclin E1 mRNA (52), 
and was positively correlated with the OS of patients with 
GBM  (53). Additionally, Zhang  et  al  (54) revealed that 
overexpression of hsa‑mir‑195 resulted in cell cycle arrest 
and significantly decreased invasion of GBM cell lines. By 
contrast, hsa‑mir‑195 promoted the proliferation and invasion 
of the human glioma cell line U87 via the transforming growth 
factor‑β (TGF‑β) signaling pathway (55). The present results 
are in agreement with those reported by Zhang et al  (54) 
and suggested that hsa‑mir‑195 was upregulated in glioma 
tissues. The mechanisms underlying the interactions between 
hsa‑mir‑195, YWHAH and other potential mRNAs involved 
in cell cycle regulation require further investigation.

Protein‑coding genes have long been recognized as conven‑
tional cancer biomarkers. Nevertheless, lncRNAs, which play 
a major role in the regulation of gene expression, have become 
the focus of predictive biomarker investigation due to their 
ability to better reflect tumor prognosis (11). Accumulating 
evidence suggests that dysregulation of lncRNA expression 

Figure 7. Network of top‑10 based on closeness in the competing endogenous RNA network. The network consisted of 6 miRNAs, including hsa‑mir‑93, 
hsa‑mir‑424, hsa‑mir‑497, hsa‑mir‑195, hsa‑mir‑182 and hsa‑mir‑96 and 4 lncRNAs, FAM87A, family with sequence similarity 87 member A; DLEU1, deleted 
in lymphocytic leukemia 1; LY86‑AS1, lymphocyte antigen 86 antisense RNA 1; AC092171.1, non‑protein coding RNA. Boxes with rounded edges, miRNAs; 
boxes with hexagon edges, lncRNAs.
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Table I. GO pathways enriched with differentially expressed mRNA involved in the competing endogenous RNA network.

GO ID	 Term	 Genes	 P‑value

0005515	 Protein binding	 E2F2, LIMA1, E2F5, CPEB3, TOLLIP, TLN2, PDLIM5, E2F7, 	 <0.001
		  TSPAN6, CBX2, ZEB1, CBFA2T3, MMP2, YBX1, DAB2,	
		  MAP3K9, RAPGEF4, RHOC, TMEM100, GNG5, CDCA4,	
		  NRIP3, PPP1R37, KIF5C, PRKCE, WEE1, BTN3A1, TRIM36,	
		  BTG1, TPPP, RRM2, GNB5, MAPK9, MAPRE3, PPP3R1,	
		  SOX4, BCL2L2, CHEK1, CEP55, ABCA1, ATP6V1B2, HPRT1,	
		  FBXW7, MOAP1, BCL11B, ETV1, SSX2IP, POLQ, TXNIP,	
		  GABARAPL1, ADARB1, MAP2K1, MAP2K4, ELAVL2,	
		  MAFK, CDC25A, ITPR1, EPHA4, EPHA7, YWHAH, DUSP2,	
		  SLC16A9, FAM126B, PLEKHA1, TP53INP1	
0051726	 Regulation of cell cycle	 E2F2, ADARB1, TRIM36, E2F5, CDC25A, WEE1	 <0.001
0004672	 Protein kinase activity	 EPHA4, MAP2K1, MAP3K9, MAP2K4, STK17B, MAPK9, 	 <0.001
		  CHEK1, PRKCE, WEE1	
0004713	 Protein tyrosine kinase activity	 EPHA4, EPHA7, MAP2K1, MAP3K9, MAP2K4, WEE1	 <0.001
0004871	 Signal transducer activity	 GNAL, TOLLIP, TSPAN6, GNB5, RHOC, PRKCE, GNG5	 <0.001

GO, Gene Ontology.

Figure 8. Enriched GO biological process terms of differentially expressed mRNAs involved in the competing endogenous RNA network. GO, Gene Ontology; 
FC, fold change.
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is associated with carcinogenesis and progression of glioma. 
Therefore, lncRNAs may serve as potential biomarkers 
for prognosis  (56‑58). For instance, colorectal neoplasia 

differentially expressed (CRNDE), the most upregulated 
lncRNA in glioma (59), facilitated cancer cell proliferation, 
migration and invasion by downregulating miR‑384 expression. 

Figure 9. Top‑9 enriched Kyoto Encyclopedia of Genes and Genomes pathway of differentially expressed mRNAs involved in the competing endogenous RNA 
network. 

Table II. Kyoto Encyclopedia of Genes and Genomes pathways enriched with differentially expressed mRNA involved in the 
competing endogenous RNA network.

Pathway ID	 Description	 Genes	 Count	 P‑value

hsa05167	 Kaposi sarcoma‑associated	 MAP2K1, MAPK9, PPP3R1, MAP2K4, GABARAPL1, 	 9	 <0.001
	 herpesvirus infection	 GNB5, ITPR1, E2F2, GNG5		
hsa05170	 Human immunodeficiency	 MAP2K1, MAPK9, PPP3R1, GNB5, ITPR1, WEE1, 	 8	 <0.001
	 virus 1 infection	 GNG5, CHEK1		
hsa04218	 Cellular senescence	 MAP2K1, PPP3R1, ITPR1, E2F5, E2F2, CDC25A, 	 7	 <0.001
		  CHEK1		
hsa04110	 Cell cycle	 YWHAH, E2F5, E2F2, WEE1, CDC25A, CHEK1	 6	 <0.001
hsa04926	 Relaxin signaling pathway	 MAP2K1, MAPK9, MAP2K4, GNB5, MMP2, GNG5	 6	 <0.001
hsa04728	 Dopaminergic synapse	 MAPK9, GNB5, ITPR1, KIF5C, GNG5, GNAL	 6	 <0.001
hsa04371	 Apelin signaling pathway	 MAP2K1, GABARAPL1/GNB5, PRKCE, ITPR1, GNG5	 6	 <0.001
hsa04912	 GnRH signaling pathway	 MAP2K1, MAPK9, MAP2K4, ITPR1, MMP2	 5	 <0.001
hsa05166	 Human T‑cell leukemia	 MAP2K1, MAPK9, PPP3R1, MAP2K4, TLN2, E2F2, 	 7	 <0.001
	 virus 1 infection	 CHEK1		
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CRNDE knockdown combined with miR‑384 overexpression 
significantly attenuated tumor progression in vivo (57). lncRNA 
activated by TGF‑β (lncRNA‑ATB) served as a ceRNA and a 
sponge for miR‑200a, promoting cell proliferation and inva‑
sion in glioma. Upregulation of lncRNA‑ATB was associated 
with worse OS in patients with glioma (60).

In the present study, 92 DElncRNAs were involved in the 
ceRNA network. Kaplan‑Meier curve analysis indicated that 
36 DElncRNAs were associated with OS. Therefore, these 
lncRNAs may serve as potential prognostic biomarkers in 
patients with glioma. Tian et al demonstrated that LINC00320, 
a tumor‑suppressive lncRNA, was downregulated in glioma 
tissues and inhibited the proliferation of glioma cells by 
repressing the Wnt/β‑catenin signaling pathway in  vitro 
and in vivo (26). Moreover, Mills et al  (61) demonstrated 
that full‑length LINC00320 was only expressed in human 
brain tissue, suggesting that it may be a highly specific 
biomarker for glioma. Zhu  et  al  (62) have demonstrated 
that the expression level of HAS2‑AS1 was closely associ‑
ated with lymph node metastasis and hypoxic tumor status 
in patients with oral squamous cell carcinoma. Notably, the 
expression level of HAS2‑AS1 was negatively associated 
with OS in the present study. DLEU1 was identified to act 
as a sponge for miR‑490 and contributed to the development 
of endometrial cancer (63). Furthermore, DLEU1 has been 
widely accepted as an oncogenic lncRNA and its aberrant 
upregulation was associated with the outcome of various 

types of cancer, including gastric (64), pancreatic (65) and 
colorectal cancer (66). Terashima et al  (67) demonstrated 
that MEG8 was required for the epithelial‑mesenchymal 
transition in lung and pancreatic cancer cells. DBH‑AS1 
was demonstrated to promote cell proliferation and survival 
through the MAPK signaling pathway in hepatocellular 
carcinoma cells (68). MIR600HG independently correlated 
with the outcome of patients with pancreatic cancer (69). In 
the present study, low MEG8 and DBH‑AS1 expression, as 
well as high MIR600HG expression, were associated with 
an improved outcome. Therefore, further investigation is 
required to validate whether these lncRNAs may serve as 
potential predictive biomarkers for glioma.

However, there were some limitations in the present study. 
Indeed, the present study was designed as a bioinformatics 
analysis based on a small sample size, which also lacked 
experimental verification. Further experiment validation in 
larger samples is required to verify the present findings.

In conclusion, the present study constructed a specific 
ceRNA network consisting of lncRNAs, miRNAs and 
mRNAs, and the mechanisms of ceRNA regulation were 
further analyzed. Survival analysis indicated that lncRNAs 
may serve as potential biomarkers for predicting the outcomes 
of patients with glioma. To the best of the authors' knowledge, 
the present study was the first to attempt to construct a specific 
ceRNA network and to investigate the interactions between 
miRNAs and lncRNAs in glioma based on TCGA data.

Figure 10. Kaplan‑Meier survival curves of 6 differentially expressed long non‑coding RNAs associated with overall survival in glioma. Overall survival 
curves of (A) DLEU1, (B) DBH‑AS1, (C) HAS2‑AS1, (D) LINC00320, (E) MEG8 and (F) MIR600HG. DLEU1, deleted in lymphocytic leukemia 1; DBH‑AS1, 
dopamine β‑hydroxylase antisense RNA1; HAS2‑AS1, hyaluronan synthase 2 antisense RNA 1; LINC00320, long intergenic non‑protein coding RNA 320; 
MEG8, maternally expressed 8.
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