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ceRNA network analysis reveals prognostic
markers for glioblastoma
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Abstract. Glioblastoma (GBM) is a common aggressive
cancer that originates in the brain, which has a poor
prognosis. It is therefore crucial to understand its underlying
genetic mechanisms in order to develop novel therapies. The
present study aimed to identify some prognostic markers
and candidate therapeutic targets for GBM. To do so, RNA
expression levels in tumor and normal tissues were compared
by microarray analysis. The differential expression of RNAs
in normal and cancer tissues was analyzed, and a competing
endogenous RNA (ceRNA) network was constructed for
pathway analysis. The results revealed that RNA expression
patterns were considerably different between normal and
tumor samples. A ceRNA network was therefore constructed
with the differentially expressed RNAs. ETS variant 5 (ETVS),
myocyte enhancer factor 2C and ETS transcription
factor (ELK4) were considerably enriched in the significant
pathway of ‘transcriptional misregulation in cancer’. In
addition, prognostic analysis demonstrated that E7V5 and
ELK4 expression levels were associated with the survival time
of patients with GBM. These results suggested that ELK4 and
ETVS5 may be prognostic markers for GBM, and that their
microRNAs may be candidate therapeutic targets.

Introduction
MicroRNAs (miRNAs/miRs) are a class of small noncoding

RNAs that serve key roles in various types of biological
processes. Competing endogenous RNAs (ceRNAs) were
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recently defined as a group of RNAs that competes for
shared miRNA targets and affects the biological functions
of miRNAs (1). It has been reported that ceRNAs serve
regulatory roles in gene expression, and are involved in the
pathogenesis of cancer and other diseases (2). Therefore,
focusing on ceRNA networks is important to understand the
underlying mechanisms of cancer progression.

Glioblastoma (GBM) is a common aggressive cancer
that originates in the brain. Early stage symptoms of GBM
are similar to those of a stroke, but they worsen rapidly (3).
The survival time of patients after diagnosis is between 12
and 15 months, and only 3-5% of patients survive for 5 years
following therapy (4). Current therapies include surgery,
chemotherapy and radiation; however, GBM maintains a
poor prognosis. It is therefore important to study the under-
lying genetic mechanisms of GBM. Identifying prognostic
markers of GBM will also aid understanding of the mecha-
nism underlying metastasis and may lead to the discovery of
novel therapeutic targets. Identifying the ceRNA network in
GBM may provide a novel perspective for understanding the
biological mechanisms of the disease.

In the present study, RNA microarray analysis was
performed on tumors from patients with GBM, and a ceRNA
network based on the GBM datasets was designed. The genes
that were highlighted in the dysfunctional pathways may serve
key roles in GBM progression. Subsequently, a functional
analysis of mRNAs from the ceRNA network was performed,
and focused on the significant pathway-associated genes and
miRNAs.

Materials and methods

Sample collection. Tumor specimens and paired adjacent
healthy tissues were obtained during surgical resection
performed at Luhe Hospital Affiliated to Capital Medical
University (Beijing, China) between September 2016
and December 2016. The patients with GBM included
in the presented consisted of one female and two males
(age, 60+7.21 years). All surgically removed tissue samples
were immediately frozen in liquid nitrogen and then stored
at -80°C within 30 min. The study was approved by the Ethics
Committee of Luhe Hospital Affiliated to Capital Medical
University (Beijing, China) and all patients provided informed
consent prior to the study.
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Microarray RNA expression. Total RNA was isolated using
a TRIzol® Plus RNA Purification kit (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), according to
the supplier's protocol. RNA quality and concentration were
assessed using an ND-1000 Spectrophotometer (Nanodrop;
Thermo Fisher Scientific, Inc., Wilmingtom, DE, USA).
Microarrays were performed using a GeneChip® WT Pico
Reagent kit (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Briefly, total RNA (>1 ug) was used
for cDNA synthesis, which was performed with WT Pico
Reagent kit (Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. The cDNA was fragmented with
uracil-DNA glycosylase and apurinic/apyrimidinic endonu-
clease 1 at the unnatural dUTP residues, and then labeled with
biotin and terminal deoxynucleotidyl transferase (TdT) using
the Affymetrix DNA Labeling Reagent (Affymetrix; Thermo
Fisher Scientific, Inc.). The samples were hybridized with the
GeneChip® Hybridization, Wash, and Stain kit (Thermo Fisher
Scientific, Inc.). After washing, the arrays were scanned with a
GeneChip® Scanner 3000 7G (Thermo Fisher Scientific, Inc.).

Testing for correlation of expression levels between samples.
The correlation and reliability of RNA expression between
samples were evaluated. Based on RNA expression, a prin-
cipal components analysis (PCA) was conducted for each
sample using the psych package (version 1.7.8) (5) in R 3.4.1
(https://cran.r-project.org/web/packages/psych/index.html) in
order to evaluate whether obvious outliers were present in the
samples. In addition, Pearson correlation coefficients (PCC)
were calculated between samplesusing the corfunctioninR 3.4.1
(https://stat.ethz.ch/R-manual/R-devel/library/stats/html/cor.
html).

Data preprocessing and differential expression analysis. The
raw data were preprocessed by oligo (version 1.40.2) (6) in
R 3.4.1, which included original data transformation, unwanted
data elimination, background correction and normaliza-
tion. RNA data were annotated based on the human whole
genome (GRCh38.p10), provided by the GENCODE database
(https://www.gencodegenes.org).

The differentially expressed mRNAs (DE-mRNAs),
long non-coding RNAs (DE-IncRNAs), miRNAs
(DE-miRNAs) and circular RNAs (DE-circRNAs) between
the GBM group and controls were identified using the
limma package (version 3.32.5) (7) (http://bioconductor.
org/packages/release/bioc/html/limma.html). P<0.05 and
llog fold change (FC)I>1 were defined as cutoff values. The
DE-mRNAs, DE-IncRNAs, DE-miRNAs and DE-circRNAs
were clustered based on the expression values obtained by the
pheatmap package (version 1.0.8) (8) in R (https://cran.r-project.
org/web/packages/pheatmap/index.html).

Function and pathway analysis of DE-mRNAs. The Gene
Ontology (GO) functions and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways closely associated with
DE-mRNAs were predicted by the Database for Annotation,
Visualization and Integrated Discovery (DAVID) online
tool (9) (https://david.ncifcrf.gov/).

If the number of genes enriched in a GO term were exact,
P-values were calculated using the Fisher exact test based on
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hypergeometric distribution. When 2n; < n, the P-value was
calculated as follows:
N-n
X )| Nf-x
1 N
(v
where ng, number of DE genes enriched in the GO term; n, total
number of genes enriched in the GO term; N, total number
of DE genes that are either enriched or not enriched in the
GO term; N, total number of genes in all conditions; N-n, total
number of genes not enriched in the GO term; pg, P-value

obtained by Fisher exact test; p,, P-value of the GO term; and
X, random variable.
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Prediction of the disease-related RNAs. Weighted gene
co-expression network analysis (WGCNA) (10) is a biological
method used to design correlation networks based on high
throughput expression data. WGCNA can be employed to find
clusters of genes closely correlated and analyze the correlation
between RNA and disease. In the present study, DE-mRNAs,
DE-IncRNAs, DE-miRNAs and DE-circRNAs were analyzed
with the WGCNA package (11) in R.

Prediction of IncRNA-miRNA, circRNA-miRNA and
miRNA-mRNA interactions. Based on the differentially
expressed RNA analysis, the interactions between IncRNA and
miRNA were analyzed by miRcode version 11 (http://www.
mircode.org/) (12). The circRNA-miRNA interactions were
predicted by the starBase database version 2.0 (13) (http://
starbase.sysu.edu.cn/index.php). The Icorrelation coef-
ficient|>0.6 obtained by WGCNA analysis was defined
as the criterion for screening the IncRNA-miRNA
and circRNA-miRNA interactions. The interaction
network was visualized by Cytoscape 3.3 (14) (http://
www.cytoscape.org/).

Thetargetgenesregulated by DE-miRNAswere predicted by
miRanda (http://www.microrna.org/microrna/home.do) (15)
and TargetScan (16) Release 7.1 (http://www.targetscan.
org/vert_71/). The miRNA-mRNA interactions with reverse
expression were collected for network construction using
Cytoscape 3.3. Subsequently, the target genes of the miRNAs
were subjected to GO function and pathway analysis using the
DAVID online tool.

ceRNA network construction. Based on the IncRNA-miRNA,
circRNA-miRNA and miRNA-mRNA interactions predicted,
a ceRNA network was constructed. Pathway analysis was
performed for the mRNAs in the ceRNA network. The signifi-
cant pathways and genes were further analyzed.

Prognosis analysis. A total of 305 brain tumor datasets,
including 128 GBM, 46 oligodendrocytomas, 94 astrocytomas
and 37 mixed brain tumor samples were downloaded from
the Chinese Glioma Genome Atlas (CGGA;http:/www.cgga.
org.cn/) database. The 128 GBM samples with prognostic
information were collected for further analysis. The signifi-
cant pathway-related genes were subjected to Kaplan-Meier
curve analysis (17) based on the expression values of the
128 GBM samples with the application of the survival
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Figure 1. RNA analysis of GBM and normal control samples. (A) Box plot of RNA expression patterns before and after normalization. Blue box, normal
control samples; red box, GBM samples. (B) Correlations between expression patterns across samples. (C) PCA analysis of RNA expression levels. Black,
control samples; red, tumor samples. (D) Distribution of RNA classified statistics chart. Ctrl, control; circRNA, circular RNA; GBM, glioblastoma; IncRNA,

long non-coding RNA; miRNA, microRNA.

package (version 2.41.3; https://cran.r-project.org/web/pack-
ages/survival/index.html) in R.

Results

Correlation between the gene expression profiles of samples.
After data preprocessing, the expression data were normalized
(Fig. 1A). PCC between samples was calculated. If the correla-
tion coefficient was close to 1, this indicated that the expression
patterns between samples were similar. As shown in Fig. 1B,
all PCCs ranged between 0.95 and 1, which indicated that the
expression pattern correlations between samples were high.

PCA analysis demonstrated that there were no outliers.
The sample distribution was relatively centralized, particu-
larly for samples in the same group (Fig. 1C). After RNA data
annotation, a total of 135,750 probes with expression signals
were detected, including 28% IncRNAs, 24% miRNAs,
4% circRNAs and 19% mRNAs (Fig. 1D).

Identification of differentially expressed RNAs. According to
the cutoff value, a total of 987 DE-mRNAs, 2,879 DE-IncRNAs,
702 DE-circRNAs and 44 DE-miRNAs were found in tumor
samples compared with controls. Bidirectional hierarchical cluster
analysis illustrated that the expression patterns of DE-mRNAs,

DE-IncRNAs, DE-circRNAs and DE-miRNAs were consider-
ably different between GBM and control samples (Fig. 2).

DE-mRNAs GO functions and pathways. GO function
and KEGG pathway analyses were performed for the up
and downregulated mRNAs. The downregulated mRNAs
were considerably enriched for 32 GO terms [15 biological
processes (BP), 9 cellular components (CC) and 8 molec-
ular functions (MF)], including ‘G0:0045333~cellular
respiration’ (BP), ‘G0:0016197~endosome transport’ (BP) and
‘G0:0016881~acid-amino acid ligase activity’ (MF) (Fig. 3A).
The upregulated mRNAs were closely associated with 31 GO
terms (22 BP, 5 CC and 4 MF), including ‘G0:0022403~cell
cycle phase’ (BP), ‘GO:0000775~chromosome, centromeric
region (CC)” and ‘GO:0003774~motor activity’ (MF) (Fig. 3B).

Downregulated mRNAs were considerably enriched in
four pathways: ‘hsa05010: Alzheimer's disease’; hsa00970:
Aminoacyl-tRNA biosynthesis’; ‘hsa04740: Olfactory trans-
duction’; and ‘hsa04130: SNARE interactions in vesicular
transport’. The upregulated mRNAs were considerably enriched
in seven pathways, including: ‘hsa00601: Glycosphingolipid
biosynthesis’; ‘hsa04110: Cell cycle’; ‘hsa04664: Fc epsilon RI
signaling pathway’; and ‘hsa00380: Tryptophan metabolism’
(Table I).
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Table I. Significant pathways enriched by mRNAs.

A, Upregulated mRNAs

Pathway Count P-value Genes
hsa00601:Glycosphingolipid biosynthesis 4 0.029075 GCNT2, B3GNTS5, B3GALTS, ST8SIAI
hsa04110:Cell cycle 8 0.045249 RAD21, EP300, TGFB3, BUBIB, SMCIA, GADD45A,

CDC25A, TGFB2

hsa00603:Glycosphingolipid biosynthesis 3 0.045376 B3GALTS, HEXA, STSSIAI

hsa04664:Fc epsilon RI signaling pathway 6 0.045974 IL5, PLCG1, PLA2G2A, IL13, VAV2, PLA2G2F

hsa04140:Regulation of autophagy 4 0.046813 IFNA2, PRKAAI, IFNAS, IFNA17

hsa00511:Other glycan degradation 3 0.046845 MAN2CI, HEXA, NEU1

hsa00380:Tryptophan metabolism 4 0.049342 TDO?2, IDO2, WARS2, INMT

B, Downregulated mRNAs

Pathway Count P-value Genes

hsa05010:Alzheimer’s disease 10 0.008332 NOSI, UQCRCI, CASP9, NDUFAS, COX7B2, SNCA,
BACEI, PPP3RI1, NDUFAIO, ITPRI

hsa00970: Aminoacyl-tRNA biosynthesis 4 0.0458 NARS, PSTK, CARS2, IARS?2

hsa04740:Olfactory transduction 14 0.046398 OR4KS5, OR5P3, OR4K2, OR5M11, OR6C74, ORIE?2,

OR2K2, PRKGI1, OR2AEI, OR4A5, ORIS1, OR4CI5,
OR2T33, ORI1411

hsa04130:SNARE interactions in 4 0.048063 VAMP7, SNAP47, GOSRI1, STXIB
vesicular transport
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Figure 2. Bidirectional hierarchical clustering of (A) DE-mRNA, (B) DE-IncRNA, (C) DE-circRNA and (D) DE-miRNA. Ctrl, control; DE-mRNAs, differen-

tially expressed mRNAs; DE-IncRNAs, differentially expressed long non-coding RNAs; DE-miRNAs, differentially expressed microRNAs; DE-circRNAs,
differentially expressed circular RNAs.

Disease-related RNAs and modules based on WGCNA  As shown in Fig. 4A, when (correlation coefficient)® was up
analysis. In order to screen the disease-related RNAs, correla-  to 0.9, the weight parameter power was 12. Power=12 was
tion analysis was performed based on the WGCNA algorithm.  used for the RNA dendrogram and module analysis, and other
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Figure 3. Function analysis of differentially expressed mRNAs. (A) GO function analysis of downregulated mRNAs. (B) GO function analysis of upregulated
mRNAs. Circle size represents the count of mRNAs, and the color from green to red represents the P-value, from small to large. BP, biological process;

CC, cellular components; GO, Gene Ontology; MF, molecular function.

parameters were set as gene count=100 and cutHeight=0.95. A
total of 13 modules were obtained (Fig. 4B) and the correla-
tion dendrogram of modules was presented in Fig. 4C. The

correlations between RNA expression and disease state
(disease/control) were calculated. All modules were signifi-
cantly correlated with disease (P=0.0016) and the correlation
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Table II. Correlation and RNA composition of each module with disease.

Module color Correlation with disease Total RNAs IncRNA mRNA miRNA circRNA
Black 0.8981 188 100 53 6 29
Blue 0.8367 423 220 117 6 80
Brown 0.8756 372 213 88 15 56
Green 0.8619 210 114 60 2 34
Green/yellow 0.8017 157 89 40 3 25
Grey 0.8573 492 267 123 23 79
Magenta 0.7969 165 87 41 7 30
Pink 0.8559 178 92 49 2 35
Purple 0.9369 158 74 51 3 30
Red 0.9365 210 103 64 5 38
Tan 0.8589 126 80 26 4 16
Turquoise 0.8611 680 327 201 24 128
Yellow 0.8027 260 125 74 6 55

circRNA, circular RNA; IncRNA, long non-coding RNA; miRNA, microRNA.

Table III. Significant pathways enriched by mRNAs in the ceRNA network.

Term ID P-value Genes
Transcriptional misregulation in cancer hsa05202 0.0008963 ETVS5, MEF2C, ELK4
RNA transport hsa03013 0.0139342 EIF2B1, GEMINS
Glycosphingolipid biosynthesis hsa00603 0.0153436 DSE, STSSIAI
MAPK signaling pathway hsa04010 0.0288689 MEF2C, ELK4
Amino sugar and nucleotide sugar metabolism hsa00520 0.0492771 CYB5R4
Notch signaling pathway hsa04330 0.0492771 NCSTN
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Figure 4. Correlation analysis was performed using the weighted gene co-expression network analysis algorithm to screen the disease-related RNAs.
(A) Diagram of power selection. (B) Dendrogram of modules. (C) Dendrogram of correlation across modules. (D) Disease-related modules.
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coefficient of each module to disease was >0.8 (Fig. 4D and
Table II).

IncRNA-miRNA, circRNA-miRNA and miRNA-mRNA interac-
tions. A total of 55,064 IncRNA-miRNA interactions were
predicted by the miRcode database. Based on WGCNA analysis,
the IncRNA-miRNA pairs with Icorrelation coefficient!>0.6
were collected for the IncRNA-miRNA interaction network. As
shown in Fig. 5A, the IncRNA-miRNA interaction network was
constructed with 450 IncRNA-miRNA interaction pairs.

Based on the information deposited in the starBase data-
base, 20,480 circRNA-miRNA interactions were collected,
among which 313 pairs had a Icorrelation coefficient!>0.6. The
circRNA-miRNA interaction network comprised 183 circRNAs
and 22 miRNAs connected with 313 edges (Fig. 5B).

A total of 8,275 and 15,573 miRNA-mRNA interactions
were predicted through miRanda and the TargetScan data-
base, respectively. Among the 425 overlapping interactions,

151 interaction pairs had inverse expression. In addition,
209 mRNA interaction pairs with a Icorrelation coefficient/>0.6
were collected to construct the miRNA-mRNA interaction
network. The network presented 163 nodes (42 miRNAs and
121 mRNAs) and 360 edges (151 miRNA-mRNA interactions
and 209 mRNA-mRNA interactions) (Fig. 5C). miRNAs
and mRNAs in the network were mainly the members in the
turquoise and brown modules by WGCNA.

ceRNA regulatory network construction. Based on the
aforementioned RNA interactions obtained, a ceRNA
network comprising IncRNA, circRNA, miRNA and mRNA
was constructed (Fig. 5D). The ceRNA network contained
487 nodes (273 IncRNAs, 156 circRNAs, 14 miRNAs and
44 mRNAs) and 602 edges (317 IncRNA-miRNA interactions,
234 circRNA-miRNA interactions and 51 miRNA-mRNA
interactions). The IncRNA, circRNA and mRNA nodes were
mainly members of the turquoise disease-related module in
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WGCNA. The miRNAs were mainly from the turquoise and  between gene expression and prognosis was analyzed. Fig. 6
brown modules. demonstrated that low expression of ETV5 and ELK4 were
All mRNAs in the ceRNA network were subjected to  significantly associated with a good prognosis, whereas
pathway analysis, and six significant KEGG pathways were =~ MEF2C expression was not associated with prognosis.
enriched, including ‘has05202:Transcriptional misregula-
tion in cancer’, ‘has00603:Glycosphingolipid biosynthesis’  Discussion
and ‘hsa04010: MAPK signaling pathway’. The differen-
tially expressed ETS variant 5 (ETVS5), myocyte enhancer  ceRNAs serve an important role in regulating gene expression.
factor 2C (MEF2C) and ETS transcription factor (ELK4) It has been reported that perturbations in ceRNA networks are
were enriched in the ‘transcriptional misregulation in cancer  closely associated with cancer progression (1). GBM is a common
pathway’ (Table III). The ceRNA networks associated with  aggressive brain cancer, known to have a poor prognosis and
ETV5, MEF2C and ELK4 were further analyzed. As shown limited available therapies. Therefore, ccRNA networks may
in Fig. SE, ETV5, MEF2C and ELK4 were regulated by  provide novel tools to understand the underlying mechanisms
hsa-miR-8067, hsa-miR-3161 and hsa-miR-4528, respectively. ~ of GBM and discover potential novel therapeutic targets. In the
present study, RNA microarray data were obtained from GBM
Determination of prognostic markers. Prognostic marker anal-  tumor and paired control tissues. Based on the RNA expression
ysis was performed for ETV5, MEF2C and ELK4. The samples  datasets, a ceRNA network was constructed.
were classified into high and low expression groups based The differential expression of RNAs between GBM and
on the expression median of the given gene. The association  control samples observed suggested that DE-RNAs may be
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important for cancer progression. For instance, it has been
demonstrated that reducing SH2-containing-inositol-5-pho
sphatase 2 expression affects the control of cell migration
in glioblastoma (18). In addition, inhibition of mammalian
target of rapamycin complex 1 and 2 leads to suppression of
GBM cell proliferation (19). It is well known that miRNAs
are a class of small IncRNAs, which negatively regulate
gene expression at the mRNA level (20). Some ceRNAs,
including IncRNAs and circRNAs, share the target binding
sites of miRNAs and competitively bind in order to affect
gene expression and biological processes (2). The ceRNA
networks contain transcripts that share miRNA response
elements targeted by miRNAs (1). The ceRNA network
analysis performed in the present study revealed that

‘transcriptional misregulation in cancer’ was a markedly
altered pathway in GBM.

ETVS5, ELK4, and MEF2C are mRNAs that exhibited
significant differential expression in the most significantly
enriched pathways. ETVS5 is a member of the erythroblast
transformation-specific (ETS) family of transcription factors,
and its dysregulation is associated with prostate (21) and endo-
metrial cancer (22). A recent study revealed that ETS pathways
are perturbed in the initiation and maintenance of glioma (23).
In addition, Li er al reported that ETV5 serves a critical role
in perinatal gliogenesis (24). It has been reported that many
ETS family members are upregulated in Kras, Hras and
Erbb tumors (23). ETVS is also involved in tumor initiation
and gliogenesis regulation (24). ETV5 may therefore serve an
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important role in GBM development. In addition, prognostic
analysis of ETV5 expression in 128 brain nerve tumor samples
revealed that low expression was considerably associated with
a good prognosis, which suggested that high expression of
ETV5 may be a risk factor for GBM.

High expression of ELK4 was also revealed to be a risk
factor for GBM by prognostic analysis. Similar to ETVS5, ELK4
is an ETS-domain transcription factor. ETS transcription factors
serve regulatory roles in gene expression and various biological
processes, including cellular proliferation, differentiation,
development and apoptosis (25). ETS transcription factors have
previously been suggested as candidate therapeutic targets for

cancer (26). In addition, ETS gene rearrangement and fusion
are frequently observed in prostate cancer (27,28). The solute
carrier family 45, member 3-ELK4 is a novel fusion transcript
highly expressed in patients with prostate cancer (29). Some
ETS genes, including ETVI, ETV4, ETV5 and ELK4, have been
reported to be rearranged in prostate cancer (28). In addition,
ELK4 promotes apoptosis in glioma by inhibiting the expres-
sion of the anti-apoptotic protein myeloid cell leukemia-1 (30).
Downregulation of ELK4 inhibited GBM tumor formation and
ELK4 was defined as a novel target for GBM therapy (30). In
the present study, ELK4 was considerably upregulated in GBM
tumor samples, and these high expression levels were associated



ONCOLOGY LETTERS 17: 5545-5557, 2019 5555

E AR C S,

HONI 4973

RP11EETI4 4
nu‘_:.zﬂ!vl.l |n=vK|A&_\1:4|7-l.1
NON 4529 \
1961 po ENSTO0000413745.1
‘m.' . hel‘hi.t hea_che 0000429 nu_v..aqa:s
RP1 14.2 - e
@ RPILS1EM14.2 Eum’uns.l ""-‘E Re1(TBrs.1 o "
!NSTD‘!QTG 1 ) Inn_('Dl’Z?
31 ;
- ‘ s RP\‘!S.S LINCOO349 o155
hsa_cke 0088723 ’ n ..- "'“—‘.5"55
NONHSATOD257S . hea_cire_0062691 ?
; s - inc-Cdorf23-1:1
RP4TBAA16.1 wa_chmomb0as ™ v..aas .6923 oL 'mel =0
0270 -
hsa_cire_0072845 0135 :.121'!
P hea_ 8153 c‘rs—uﬂ!el haea_cire_D046761 “*2
" 3186 He=) b@ﬂ
ENSTD0000503685.1 h iR-8067 "-@ Ine-ANXAT-41 hsa-miR-4528 han_cire_0000055 i !
X sa-mi- nsa_che, 0032532 ! - -
RPALTT40NY ~—_ B NONHSATO34123 Lﬁ.-—--""' ... = A1
bl SN el o P
3 ~— ___—NORHSAT002320 e NN
NONHSAT137282 NONHSAT112963 Ensrwas-' ELK4 l nonnghTBsasss A i NOMHQ‘;!:II?Q-IH\.
HONHSATI23546 NONHSATOZTHS *»..ETVS < e
4 HONHSAT125744 . wﬂ'&m
NONHSATOE5018 NONHSATOS2782 N M e .
HONHSATOTS352 nPn-__s)pele.s Wuﬁz‘goummms
7 HONHSATDESS0S x

hsa052\32'\TLaﬂs riptional
misregulation
in
cancer

Correlation with disease from WGCNA
e |

-1 0 1
mIRNA miRNA - mRNA regulation connection
mRNA
miRNA - IncRNA connection
circRNA
<> INcRNA miRNA - cirRNA connection
Pathway mRNA involved in pathway

Figure 5. Continued. (E) Subnetwork of ceRNA involved with ETV5, MEF2C and ELK4. circRNA, circular RNA; ELK4, ETS transcription factor; ETV5,ETS

variant 5; KM, Kaplan-Meier; IncRNA, long non-coding RNA; MEF2C, myocyte enhancer factor 2C; miRNA/miR, microRNA; WGCNA, weighted gene
co-expression network analysis.

A KMplot for ELK4 B KM plot for ETVS C KM plot for MEF2C
o | = | =]
—— High expression group (N=63) - —— High expression group (N=63) — High expression group (N=53)
—— Low expression group (N=63) — Low expression group (N=63) — Low expression group (N=63)
@
31 31 2
2w - 2w - w Kk P=0.5866
g 54 Log-rank P=0.02892 3 3 Log-rank P=0.01729 § = Log-rank P=0.
g 3 3
; 3 S
3o @ 3 21
o o [
=S =4 =
=3 -] = |
= = = -
0 10 20 30 40 0 10 20 30 40 0 10 20 £ 40
Qverall survival time (months) Qverall survival time (months) Cwverall survival time (months)

Figure 6. KM curve analysis of the association between the expression of (A) ELK4, (B) ETV5 and (C) MEF2C, and prognosis. The purple and blue lines

represent low and high expression levels, respectively. ELK4, ETS transcription factor; ETVS5, ETS variant 5; KM, Kaplan-Meier; MEF2C, myocyte enhancer
factor 2C.

with a poor prognosis, which was consistent with previous find- The ceRNA network analysis revealed that ETV5 was regu-
ings. Altogether, these results suggested that ELK4 may serve a  lated by miR-8067, and that ELK4 was a target for miR-4528.
critical role in GBM formation. In a previous study, miR-4528 was revealed to be differentially
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expressed in colon cancer (31). Although the evidence for a
critical role of miR-8067 and miR-4528 in GBM is minimal,
they may aid the regulation of ELK4 and ETV5, and further
investigation is required.

In the present study, the ceRNA analysis indicated that
the ‘transcriptional misregulation in cancer’ pathway, which
involves ELK4 and ETV5, was considerably dysregulated in
GBM tumor samples. Therefore, ELK4 and ETV5 may be
critical in tumor formation, and their expression levels were
significantly associated with prognosis. ELK4 and ETV5
may be considered as prognostic markers for GBM, and the
miRNAs regulating their expression may be candidate targets
for GBM. In order to verify these assumptions, further inves-
tigations are required.

Despite its interesting findings, the present study had
some limitations. Firstly, experimental verifications of the
results using clinical specimens or cell lines have not been
included due to insufficient material and funding. In addition,
the sample size was not large enough to produce significant
results. In conclusion, due to the analysis design and compre-
hensive bioinformatics analysis, the results obtained in the
present study may be of great interest to identify novel prog-
nostic markers for GBM. Further validation will be the focus
of further studies.
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