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Glioblastoma accounts for 45.2% of central nervous system tumors. Despite the
availability of multiple treatments (e.g., surgery, radiotherapy, chemotherapy, biological
therapy, immunotherapy, and electric field therapy), glioblastoma has a poor prognosis,
with a 5-year survival rate of approximately 5%. The pathogenesis and prognostic
markers of this cancer are currently unclear. To this end, this study aimed to explore
the pathogenesis of glioblastoma and identify potential prognostic markers. We used
data from the GEO and TCGA databases and identified five genes (ITGA5, MMP9,
PTPRN, PTX3, and STX1A) that could affect the survival rate of glioblastoma patients
and that were differentially expressed between glioblastoma patients and non-tumors
groups. Based on a variety of bioinformatics tools for reverse prediction of target genes
associated with the prognosis of GBM, a ceRNA network of messenger RNA (STX1A,
PTX3, MMP9)-microRNA (miR-9-5p)-long non-coding RNA (CRNDE) was constructed.
Finally, we identified five potential therapeutic drugs (bacitracin, hecogenin, clemizole,
chrysin, and gibberellic acid) that may be effective treatments for glioblastoma.

Keywords: bioinformatics analysis, therapeutic targets, glioblastoma, competing endogenous RNA, mRNA-
miRNA-lncRNA, CRNDE

INTRODUCTION

Glioblastoma (GBM) is a primary tumor that occurs in the brain, and accounts for 45.2% of central
nervous system tumors (Kanderi and Gupta, 2020). Ostrom et al. (2015) (Ostrom et al., 2015),
2008–2012) found that the incidence of GBM in Americans under the age of 54 was approximately
3.2/100,000, with the rate peaking at 75–84, representing a rate of approximately 15.24/100,000
people. Patients with GBM have poor prognosis, with a median survival time of approximately
15 months (Kanderi and Gupta, 2020). The 5-year survival rate after being diagnosed with GBM
is approximately 5% (Alexander and Cloughesy, 2017). The main treatment methods for GBM
include surgery, radiotherapy, chemotherapy, biological therapy, immunotherapy, and electric field
therapy (Batash et al., 2017). Despite these multiple treatment methods, treatment outcomes are still
unsatisfactory. The most fundamental reason for this is the unclear pathogenesis and prognostic
markers of GBM. Therefore, this study aimed to explore the pathogenesis of GBM and identify
potential prognostic markers.
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Salmena et al. (2011) proposed that molecules can play the
regulatory role of competing endogenous RNA (ceRNA) by
competing with the same microRNA (miRNA) response elements
(Salmena et al., 2011). The ceRNA hypothesis states that miRNAs
can regulate multiple target genes, and the same target genes
can be regulated by different miRNAs (Wang and Liu, 2017).
One hypothesis of ceRNA suggests that lncRNAs can sponge
and inactivate miRNAs, ultimately reducing mRNA degradation
or silencing mRNA translation, thus affecting protein coding
(Salmena et al., 2011). And the ceRNA hypothesis also suggests
that the expression levels of lncRNA and miRNA are negatively
correlated with each other and positively correlated with the
expression of mRNA (Li et al., 2020). Based on the above
hypothesis, we performed the construction of this network. The
ceRNA network includes mRNAs, miRNAs, and long non-coding
RNAs (lncRNAs). mRNA is a common protein-coding gene, with
approximately 20,916 genes in the Genecards database1. Both
miRNAs and lncRNAs belong to non-coding RNAs (ncRNAs),
and there are approximately 219,587 genes in the body. miRNAs
are RNA molecules that do not encode proteins and are
approximately 22 bases in length. They negatively regulate
gene expression by targeting specific mRNAs and ultimately
induce their degradation or inhibit their translation (Bartel, 2004;
Ballantyne et al., 2016). LncRNAs are RNA molecules that cannot
encode proteins and are over 200 bases in length. Their presence
in cells is low, but they have high specificity. The transcript
of lncRNA is incompatible with classical mRNA has significant
similarity (Derrien et al., 2012; Nakagawa and Kageyama, 2014).
LncRNAs can function as ceRNAs, and can bind to miRNAs
or mRNAs to isolate miRNA from their target mRNAs, thereby
inhibiting miRNA (Yoon et al., 2014). The role of ceRNA in GBM
is still unclear. In this study, we analyzed the ceRNA network to
strengthen our understanding of the pathogenesis of GBM.

This research used bioinformatic tools to construct a ceRNA
regulatory network and successfully predicted therapeutic drugs
for GBM based on potential target genes. We believe that this
study will improve our understanding of the pathogenesis of
GBM and provide new insights into the treatment of this cancer.
And the article research process is shown in Figure 1.

MATERIALS AND METHODS

Microarray Data Analysis and Screening
of Differentially Expressed Genes
To identify genome-wide gene expression datasets that have
compared gene expression between GBM and normal tissues,
we searched the widely used Gene Expression Omnibus
(GEO2) database. The GSE50161 dataset (including 34 tumor
samples and 13 non-tumorous samples) was selected for
subsequent analyses. To improve the reliability of our differential
mRNA screening results, we used GBM samples from the

1https://www.genecards.org/
2www.ncbi.nlm.nih.gov/geo/

TCGA database3. Differentially expressed genes (DEGs) in the
GSE50161 microarray were screened using the limma package4

in the R software5 (Ritchie et al., 2015). The cut-off conditions
were set to an adjusted P-value <0.05, and the absolute value of
log-fold change | log2FC| ≥ 2. Similarly, in the TCGA dataset, |
log2FC| ≥ 2 and adjusted P < 0.05 were defined as statistically
significant for the DEGs. A Venn diagram of the DEGs was
constructed using the online tool ’Calculate and draw custom
Venn diagrams’6, and the common DEGs were identified.

Functional Enrichment Analysis,
Interaction Network Analysis and Hub
Gene Identification
To further clarify the potential functional annotation and
pathway enrichment associated with the DEGs, Gene Ontology
(GO) analyses, including biological process (BP), cellular
component (CC), molecular function (MF), and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analyses
were performed using the clusterProfiler package (version:
3.18.0)7 (Yu et al., 2012), with p < 0.05 representing statistically
significant differences. The protein-protein interaction (PPI)
network of DEGs was constructed using the online database
Search Tool for the Retrieval of Interacting Genes (STRING,
version: 11.0)8, and a confidence score of ≥0.4 was set as the
threshold. Protein nodes that did not interact with other proteins
were removed. Furthermore, the PPI network was analyzed to
screen the significant modules and hub genes, using Cytoscape
(version: 3.8.0)9 software (see text footnote 8) (version 3.7.2). The
MCODE (version: 2.0.0)10 plug-in was used to select significant
clustering modules based on the criteria: MCODE score >10 and
number of nodes >20, and pathway enrichment analyses of the
genes in these modules were performed using the clusterProfiler
package (Bader and Hogue, 2003). Subsequently, the CytoHubba
(version: 0.1)11 plug-in was used to screen the PPI network, and
genes with degree >10 were identified as hub genes in the GBM
(Chin et al., 2014).

Survival Analysis and Verification
To further evaluate the prognostic value of hub genes in GBM,
survival analyses were performed using the survival package
(version: 3.2-7)12 (Therneau and Grambsch, 2000), using the
default parameters, with the median set as the cut-off value. The
GBM sample was selected as the dataset, and the hazard ratio
(HR) was calculated based on both the Cox proportional hazards
model and the Kaplan-Meier model. P < 0.05 was considered

3https://www.cancer.gov/about-nci/organization/ccg/research/structural-
genomics/tcga
4https://bioconductor.org/packages/release/bioc/html/limma.html
5https://www.r-project.org/, version 4.0.0
6http://bioinformatics.psb.ugent.be/webtools/Venn/
7https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html
8http://string-db.org
9https://cytoscape.org/
10http://apps.cytoscape.org/apps/mcode
11http://apps.cytoscape.org/apps/cytohubba
12https://cran.r-project.org/web/packages/survival/index.html
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FIGURE 1 | Research flow chart.

statistically significant. The GEPIA13 database includes RNA
sequencing expression data of 9,736 tumors and 8,587 normal
samples from TCGA and GTEx projects (Tang et al., 2017).
Using this database to analyze the above gene survival, we set
Group Cutoff to Quartile, Cutoff-High to 75%, Cutoff-Low to 25,
and 95% Confidence Interval to NO. All parameters were set to
default values to explore differential expression between tumor
samples and normal samples, and perform differential expression
analysis at the same time. P < 0.05 was considered statistically
significant. To explore the role of these genes in the pathway, the
metascape online analysis tool14 was used for pathway analysis
(Zhou et al., 2019).

ceRNA Network Construction
The ceRNA network not only affects signal transduction but
also participates in the initiation and progression of a variety

13http://gepia.cancer-pku.cn/index.html
14http://metascape.org/gp/index.html#/main/step1

of diseases (Ala, 2020). Since the mechanism of ceRNA in
the occurrence and development of many diseases has become
clear, but its role in GBM is still unclear, we conducted this
analysis based on a hypothesis of ceRNA. However, since all
previous studies have sequentially studied lncRNA, miRNA and
mRNA, we found through reading the literature that li et al.
have successfully constructed ceRNA networks by backward
prediction and this provides a new idea to reveal the development
of diseases. Therefore, we also used the same method to construct
the ceRNA network about GBM. First, to improve the accuracy of
prediction, the miRNA-targeting mRNA was predicted using the
Mirtarbase (version: 8.0)15 and Starbase16 databases. Cytoscape
software was then used to construct the mRNA-miRNA network,
and its plug-in Cytohubba was used to identify the top highly
connected miRNAs. In addition, to verify whether miRNAs in
the network meet the ceRNA hypothesis of low expression and

15http://mirtarbase.cuhk.edu.cn/php/index.php
16http://starbase.sysu.edu.cn/
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poor prognosis. Finally, Oncolnc17 was used to perform survival
analysis on miRNAs. The miRNA expression profile provided by
the Firehose database18 was used to analyze the gene expression
of the identified miRNAs. Based on the miRNAs identified above,
the miRNA-lncRNA interaction was predicted in the Starbase and

17http://www.oncolnc.org/
18https://gdac.broadinstitute.org/

LncBase Predicted v.2 databases19 (Paraskevopoulou et al., 2016)
and the intersection taken. The ceRNA hypothesis suggests that
lncRNA expression and miRNA expression levels are negatively
correlated and positively correlated with mRNA expression. So,
the GEPIA database was used for survival analysis and expression

19http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=
lncbasev2%2Findex-predicted

FIGURE 2 | Screening of differentially expressed genes. (A,B) Volcano and heat maps of the GSE50161 dataset. (C,D) Volcano and heat maps of TCGA-GBM.
(E,F) Common upregulated and downregulated DEGs in the GSE50161 and TCGA-GBM datasets. TCGA, The Cancer Genome Atlas Program; DEGs, differentially
expressed genes; GBM, glioblastoma.
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analysis of the identified lncRNAs. All analyses were considered
statistically significant at P < 0.05.

Enrichment Analysis of DEGs and
Screening of Small Molecule Therapeutic
Drugs
To explore the influence of gene expression on the pathway,
GSEA-enrichment analysis was performed. First, we extracted
the protein-coding genes of TCGA-GBM. We took the first
50% of the expression of five DEGs as the high expression
group, and the last 50% as the low expression group. All
mRNAs in TCGA were selected and the GSEA desktop
version (version: 4.0.320, version 4.0.3) was used for GSEA
analysis. The selected DEGs were used for drug prediction in
Cmap (Connectivity Map)21, which is the most comprehensive
transcriptome database for drug interference treatment, and
is commonlys used for exploring potential drugs for treating
diseases. A negative connectivity score is considered to represent

20https://www.gsea-msigdb.org/gsea/index.jsp
21https://portals.broadinstitute.org/cmap/

a potential therapeutic drug. Therefore, enrichment <−0.7
and P < 0.01 were used for screening. The PubChem22

database was used to retrieve the molecular structure of
identified drugs.

RESULTS

Identification of Differentially Expressed
Genes
There were 1989 DEGs identified in the GSE50161 dataset,
including 791 upregulated (UP) genes and 1198 downregulated
(DOWN) genes. In the TCGA dataset, 1315 DEGs were
identified, including 447 UP genes and 868 DOWN genes.
The bioinformatics and evolutionary genomics webpage tool,
Venn, was used to construct a Venn diagram of the two
groups of DEGs. and 786 common DEGs were identified,
including 189 common UP and 597 common DOWN genes
(Figures 2A–F).

22https://pubchem.ncbi.nlm.nih.gov/

FIGURE 3 | Analysis results of co-expressed genes in the GO and KEGG pathways. (A,B) Results of GO enrichment analysis of the DEGs that were common UP
and DOWN genes. (C,D) Results of KEGG pathway analysis of the DEGs that are common UP and DOWN genes. DEGs, differentially expressed genes; GO, Gene
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; UP, upregulated; DOWN, downregulated.
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Functional Enrichment Analysis of DEGs,
Integration of Protein-Protein Interaction
Network, and Module Analysis
To further explore the biological function of the DEGs, the
clusterProfiler package in R was used to perform GO and

KEGG enrichment analyses. In the biological process (BP) group,
upregulated DEGs were primarily enriched in extracellular
structure organization, response to oxygen levels, and cell-
substrate adhesion (Figure 3A). In contrast, downregulated
DEGs were mostly enriched in the modulation of chemical

FIGURE 4 | Results of MCODE analysis in common DEGs. (A,C,E,G,I) Use Cytoscape plugin MCODE to filter the important modules in DEGs, and then filter the
final 5 important modules according to the filtering criteria. (B,D,F,H,J) Results of the 5 important modules pathway enrichment analyses. DEGs, differentially
expressed genes.
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synaptic transmission, regulation of trans-synaptic signaling,
and regulation of membrane potential (Figure 3B). In the
cellular component (CC) group, upregulated DEGs were
primarily enriched in collagen-containing extracellular matrix,
endoplasmic reticulum lumen, and cytoplasmic vesicle lumen
(Figure 3A). In contrast, downregulated DEGs were mostly
enriched in the presynapse, synaptic membrane, and neuronal
cell body (Figure 3B). In the molecular function (MF) group,
upregulated genes were primarily enriched in extracellular
matrix structural constituent, cell adhesion molecule-binding,
and peptidase regulator activity, while downregulated DEGs were
mostly enriched in metal ion transmembrane transporter activity,
channel activity, and passive transmembrane transporter activity
(Figures 3A, 2B). Moreover, KEGG pathway analysis results
showed that the upregulated DEGs were significantly enriched
in the PI3K signaling pathway, cancer proteoglycans, focal
adhesion, and cell cycle (Figure 3C). In contrast, downregulated
DEGs were considerably enriched in the modulation of chemical
synaptic transmission, regulation of trans-synaptic signaling, and
regulation of membrane potential (Figure 3D).

The STRING online database was used to construct a PPI
network consisting of 740 nodes and 7646 edges, and this
network was then analyzed using Cytoscape software. Five
significant clustering modules were selected using the MCODE
plug-in, and the functional annotation of the DEGs involved
in these modules was analyzed (Figure 4). Clustering module
1 consisted of 40 nodes and 713 edges, and the genes in
module 1 were primarily associated with cell cycle, cellular
senescence, oocyte meiosis, and the P53 signaling pathway
(Figures 4A,B). Clustering module 2 consisted of 25 nodes and
274 edges. The genes in module 2 were primarily associated
with morphine addiction, pancreatic secretion, and neuroactive
ligand-receptor interaction (Figures 4C,D). Clustering module
3 consisted of 44 nodes and 489 edges, and the genes in
this module were primarily associated with synaptic vesicle
cycle, nicotine addiction, GABAergic synapse, and retrograde
endocannabinoid signaling (Figures 4E,F). Clustering module
4, consisted of 54 nodes and 308 edges, with the genes
in this module 4 beingprimarily associated with neuroactive
ligand-receptor interaction, GABAergic synapse, and morphine
addiction (Figures 4G,H). Clustering module 5, consisted of
41 nodes and 173 edges, had genes that were primarily
associated with the AGE-RAGE signaling pathway in diabetic
complications, proteoglycans in cancer, and focal adhesion
(Figures 4I,J). A total of 408 DEGs were selected for further
analysis using the degree algorithm in the CytoHubba plug-in.

Survival Analysis and Verification
The prognostic value of the 408 hub genes was evaluated using
the survival package in R. Survival analysis revealed that most
of them were not associated with the overall survival (OS) rate
of patients with GBM. However, STX1A, MMP9, ITGA5, SYT5,
PTPRN, IBSP, PTX3, and TIMP4 were significantly associated
with the OS rate of patients with GBM based on both the Cox
proportional hazards model and Kaplan-Meier model (Table 1).
We identified five genes (ITGA5, MMP9, PTPRN, PTX3, and
STX1A) that could significantly affect the OS rate of patients, and

TABLE 1 | Survival analysis of all hub genes showed 8 genes with a
prognostic value.

Gene KM HR HR.95L HR.95H CoxP-value

STX1A 0.020011 1.034186 1.001931 1.06748 0.037591

MMP9 0.015394 1.005912 1.000337 1.011518 0.037637

ITGA5 0.041694 1.024932 1.007057 1.043124 0.006082

SYT5 0.045524 1.077953 1.008107 1.152638 0.028078

PTPRN 0.000968 1.055406 1.027832 1.083721 6.55E-05

IBSP 0.012715 1.009347 1.000701 1.018068 0.034033

PTX3 0.031197 1.008474 1.00371 1.013261 0.000478

TIMP4 0.035142 0.995475 0.992269 0.998691 0.005855

STX1A, syntaxin 1A; MMP9, matrix metalloproteinase 9; ITGA5, integrin subunit
alpha 5; SYT5, synaptotagmin 5; PTPRN, protein tyrosine phosphatase receptor
type N; IBSP, integrin binding sialoprotein; PTX3,pentraxin 3; TIMP4, TIMP
metallopeptidase inhibitor 4.

the difference between the tumor group and the normal group
was statistically significant (Figures 5A–E). Using the Metascape
database, we found that these five genes were concentrated in the
extracellular matrix organization pathway, cytokine-mediated
signaling pathway, regulated exocytosis in the GO pathway, and
were mostly concentrated in ’cellular component organization or
biogenesis,’ ’localization,’ and ’signaling’ in the biological process
group (Figures 5F,G).

Construction of a Network of
mRNA-miRNA-lncRNA
Guided by the ceRNA hypothesis, we reverse predicted the
miRNAs upstream of five mRNAs with prognostic value. The
results found a total of 75 miRNAs targeting mRNA were found
in the Mirtarbase and Starbase databases (Figure 6). Cytohubba
identified the top nine highly connected miRNAs (Figure 7A;
Table 2). The OncoLnc database identified one miRNA, hsa-miR-
9-5p, which could significantly reduce the OS of GBM patients,
and their differential expression in tumor and normal samples
was apparent (Figures 7B,C). Nearly half of miR-9-5p in GBM
group was lower than normal samples. Based on the above
miRNAs, We used miRNAs to reverse predict their upstream
lncRNAs that the miRNA-lncRNA network was constructed,
and the intersection of the two databases was used to identifya
total of 10 lncRNAs (TTN-AS1, THUMPD3-AS1, PPP1R26-AS1,
PROSER2-AS1,KCNQ1OT1, RAB30-AS1,CRNDE, LINC00665,
TUG1, and XIST) (Figure 8A). However, only CRNDE
significantly reduced the OS of GBM patients (Figure 8B,C).

Results of Enrichment Analysis and
Small Molecule Therapeutic Drugs
The enrichment results of the three genes (STX1A, PTX3,
MMP9) showed that they were significantly enriched in the
JAK-STAT signaling pathway, apoptosis, and cytokine-cytokine
receptor interaction pathways, which may be related to GBM
invasion, metastasis, and adhesion (Figures 9A–D; Zhu and
Li, 2011; Trejo-Solís et al., 2018; Henrik Heiland et al., 2019).
Using the Cmap database, we used three mRNAs (STX1A, PTX3,
MMP9) to predict potential therapeutic drugs for GBM. A total
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FIGURE 5 | Survival analysis results of 5 DEGs. (A–E) Based on the GEPIA database for differential expression and survival analysis of the 5 selected target genes, it
was found from the above images that these 5 genes were differentially expressed in normal and tumor samples, and significantly reduced the overall survival (OS)
rate of patients. (F) Bar graph of enriched terms across input gene lists, colored by P-values. (G) The top-level biological processes can be viewed here. OS, overall
survival; DEGs, differentially expressed genes.

of five drugs, namely bacitracin (its structure has not been found
yet), hecogenin, clemizole, chrysin and gibberellic acid were
identified (Table 3; Figure 10).

DISCUSSION

GBM is a malignant tumor that spreads rapidly in the central
nervous system. Its prognosis is very poor and remains low even
after treatment. Although the research on GBM has produced

successful results, the pathogenesis of GBM is still unclear, and
effective targeted drugs and prognostic markers are lacking. This
study identified potential prognostic markers of GBM through
integrated bioinformatics analysis, which are expected to provide
new ideas and insights for the treatment of GBM.

Based on the ceRNA hypothesis, we gradually reverse
predicted the upstream miRNA and lncRNA from mRNA,
and finally successfully constructed the ceRNA network, in
which all genes in the network are associated with poor
prognosis of GBM. Importantly, our model fully conforms
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FIGURE 6 | The network result of use mRNA to reverse-predict miRNA. Red represents highly expressed mRNA, green represents lowly expressed mRNA and blue
represents miRNA. mRNA, messenger RNA; miRNA, microRNA.

to the construction rules of the ceRNA network. The results
of pathway enrichment analysis showed that PTX3 gene and
MMP9 gene are jointly involved in JAK-STAT signaling,
apoptosis and cytokine-cytokine receptor interaction pathways,
and all the above pathways are related to the occurrence and
development of GBM. The above pathways have been linked to
the development of GBM.

The ITGA5 gene belongs to the integrin alpha chain
family. Integrin is a membrane protein composed of two
subunits, which have cell adhesion and signal transduction
functions (Desgrosellier and Cheresh, 2010; Xu et al., 2015).

Feng et al. (2017) inhibited the expression of ITGA5 gene to
reduce the proliferation, invasion, and migration ability of GBM
cells and found that it was potentially regulated by miR-330-
5p, and found that the gene was highly expressed in GBM
patients (P < 0.05), and was associated with poor prognosis
in these patients (Figure 4A). MMP9 belongs to the matrix
metalloproteinase (MMP) family. It is mainly involved in the
degradation of the extracellular matrix, promotes remodeling
of the extracellular matrix, and participates in angiogenesis
(Long et al., 2017). Studies have found that the expression of
MMP9 is an independent prognostic marker of primary GBM
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FIGURE 7 | The plug-in Cytohubba of Cytoscape software was used to screen the miRNAs that were closely associated with the 5 mRNAs, through the visual
analysis of the OncoLnc database, and one miRNAs were found to have a prognostic value. (A) Reverse prediction of miRNAs by 5 mRNAs and calculation of
9 miRNAs with the highest degree to 5 mRNAs using Cytoscape’s plugin Cytohubba. The yellow represents miRNA. (B) Results of differential analysis of miR-9-5p in
normal tissue group and GBM group. (C) Results of miR-9-5p survival analysis in GBM. miRNA. mRNA, messenger RNA; miRNA, microRNA.

(Li Q. et al., 2016; Xue et al., 2017) and is related to the
grading and aggressiveness of gliomas (Forsyth et al., 1999).
They also found that this gene couldsignificantly reduce the
survival rate of patients, which is consistent with the results of
this study. Through single gene GSEA analysis, we found that

TABLE 2 | The result of use mRNA to reverse-predict miRNA.

Name Degree

hsa-miR-29b-3p 12

hsa-miR-582-3p 6

hsa-miR-491-5p 6

hsa-miR-29a-3p 6

hsa-miR-9-5p 6

hsa-miR-29c-3p 6

hsa-miR-498 6

hsa-miR-588 6

hsa-let-7e-5p 6

MMP9 and PTX3 genes are involved in the JAK-STAT signaling,
apoptosis, and cytokine-cytokine receptor interaction pathways.
Overexpression of JAK-STAT signaling promoted the occurrence
of immune escape in glioma (Chang and Lai, 2019). PTPRN is a
member of the protein tyrosine phosphatase (PTP) family and
an essential transmembrane protein of vesicles. It is related to
the occurrence and progression of a variety of cancers (Frankson
et al., 2017). Some studies have shown that it is negatively
correlated with prognosis in GBM patients (Shergalis et al., 2018;
Yin et al., 2019), which is consistent with our survival analysis
(Figure 4C). PTX3 is a component of humoral immunity, and
it is a marker of inflammation (Locatelli et al., 2013). Studies
have found that IL-1 induces the expression of PTX3, which is
related to tumor invasion, migration, angiogenesis, and grade of
GBM (Locatelli et al., 2013; Tarassishin et al., 2014). In addition,
our study found that high PTX3 expression was associated with
poor prognosis (Figure 4D). PTX3 and MMP9 are involved in
a number of biological processes, which may be related to the
occurrence and development of GBM. The alias of the STX1A
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FIGURE 8 | Prediction of lncRNA by miRNA, and differential expression and prognostic analysis using the GEPIA database showed that lncRNA CRNDE has
prognostic value. (A) Results of miRNA reverse prediction lncRNA. (B) Results of differential analysis of lncRNA CRNDE in normal tissue group and GBM group.
(C) Results of survival analysis of lncRNA CRNDE in GBM. miRNA. miRNA, microRNA; lncRNA, long non-coding RNA; GEPIA, Gene Expression Profiling Interactive
Analysis.

gene, known as syntaxin 1A, is mainly involved in the contact
of synaptic vesicles in the active area of neurons (Nakayama and
Akagawa, 2017). Blocking the expression of STX1A using SNARE
protein can reduce the invasiveness of GBM cells in vitro (Ulloa
et al., 2015). We found that STX1A gene was downregulated
in patients with GBM, with a hazard ratio of 1.9. Combined

with patients’ survival curve, STX1A gene was found to be a
poor prognostic marker in patients with GBM. In addition,
enrichment analysis showed that these five genes were mainly
enriched in the biogenesis, localization, and signaling pathways.
We speculated that they might be related to the occurrence and
development of GBM.
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FIGURE 9 | Single-gene GSEA enrichment results of 3 genes. (A) The results of using mRNA to stepwise reverse predict miRNA and LncRNA, and constructing a
ceRNA network. The red rectangle represents key lncRNA. The green rectangle represents key miRNA. The blue rectangle represents key mRNA. (B–D) Single gene
enrichment analysis of 3 mRNAs. GSEA, Gene Set Enrichment Analysis.

miRNAs are single-stranded non-coding RNAs, generally
composed of 21–23 nucleotides (Tiwari et al., 2018). They are
closely related to the growth and development of the body, and
mainly regulate gene expression by inhibiting the translation

of mRNA or promoting their degradation (Correia de Sousa
et al., 2019). Under hypoxic conditions, miRNAs can promote
cancer progression through editing (modification) (Eltzschig and
Carmeliet, 2011). Several studies have found that miR-9 is mainly
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TABLE 3 | mRNA was used to predict potential drugs for the treatment of GBM.

Cmap Name Mean N Enrichment P Specificity Percent
Non-Null

Bacitracin −0.725 3 −0.866 0.00483 0.0182 100

Hecogenin −0.752 4 −0.862 0.00066 0 100

Clemizole −0.759 5 −0.848 0.00024 0 100

Chrysin −0.754 3 −0.843 0.00773 0.0152 100

Gibberellic Acid −0.652 4 −0.788 0.00408 0.0107 100

expressed in the nervous system and is associated with brain
tumors. It can inhibit tumor development, and progress and
differentiation (Coolen et al., 2013) (Cai et al., 2019). Zhang et al.
(2019) found that miR-9-5p can downregulate the expression of
FOXP2 and inhibit the proliferation of glioma cells. Our study
found that the expression of mir-9-5p differed between the tumor
and normal groups, and it can also be targeted and regulated by
CRNDE genes. In addition, the expression pattern of mir-9-5p
also conforms to the construction rules of the ceRNA network,
which paves the way for further analysis.

lncRNA is a type of RNA molecule that is particularly
associated with tumor growth, invasion, and metastasis (Chi
et al., 2019). CRNDE is an lncRNA located on chromosome 16,
which was first found to be upregulated in colorectal cancer
(Graham et al., 2011). It is involved in a variety of biological
processes in tumors, such as promoting proliferation, inhibiting
cell apoptosis, inducing invasion and migration, and regulating
inflammation, even with drug resistance and radiotherapy
resistance (Lu et al., 2020). In recent years, it has been found
to be a poor prognostic marker for liver cancer (Chen et al.,
2016), lung cancer (Zhang et al., 2018), ovarian cancer (Szafron
et al., 2015), and breast cancer (Fu et al., 2017). In addition,
in glioma, the expression of the CRNDE gene is related to its
growth and invasion (Wang et al., 2015). It is also an independent
prognostic marker for gliomas (Jing et al., 2016). CRNDE was
also found to regulate the occurrence and development of glioma
through the TLR3-NF-κB-cytokine signaling pathway (Li et al.,
2017). Zheng et al. found that CRNDE could inhibit miR-384

expression, leading to an increase in PIWIL4, causing an increase
in the expression of its downstream product MMP9, with the
end result of glioblastoma proliferation and migration (Zheng
et al., 2016). The correlation between CRNDE gene and PTX3
and STX1A genes has not been correlated for the time being
confirmation in the literature, but PTX3 has been shown to
be associated with poor prognosis in gliomas (Locatelli et al.,
2013), and in connection with our results, its upstream target
marker may be the CRNDE gene. This study found that the
CRNDE gene is highly expressed in GBM patients and is related to
poor prognosis of patients. Based on the ceRNA hypothesis, the
CRNDE gene can competitively bind to mir-9-5p, thus increasing
the transcription levels of PTX3, MMP9, and STX1A regulated
by mir-9-5p, thus affecting the JAK-STAT signaling pathway,
apoptosis, and cytokine-cytokine receptor interaction pathways,
and promoting the occurrence and development of GBM.

In this study, we identified the common DEGs through joint
analysis of the GSE50161 dataset and GBM samples in the TCGA
database, and then carried out a survival analysis. We identified
five key mRNAs, which were significantly differentially expressed
between GBM and normal samples, with HR values greater than
1. Together with the survival analysis curve, we confirmed that
these were important factors affecting the prognosis of GBM
patients. To explore the prognosis-related ceRNA network, we
used five mRNAs to reverse predict miRNA, and then used
miRNA to predict lncRNA. Finally, we successfully constructed
the mRNA-miRNA-lncRNA ceRNA network. We also analyzed
the single gene GSEA of the ceRNA network and found that PTX3
and MMP9 genes could target the JAK-STAT signaling, apoptosis,
and cytokine-cytokine receptor interaction pathways, which were
found to be associated with GBM. The ceRNA network suggested
that theCRNDE gene may regulate the expression of critical genes
through the sponge miR-9-5p. It also indicated that CRNDE may
be a therapeutic target for GBM. By using key genes to predict
potential drugs for its treatment, five drugs were identified,
related studies confirmed that bacitracin, clemizole and chrysin
can induce GBM cell apoptosis in vitro (Richter et al., 2014, 5; Li S.
et al., 2016; Wang et al., 2018). Although there were no relevant
studies on two of these (hecogenin and gibberellic acid).

FIGURE 10 | Prediction results of potential small molecule drugs for the treatment of GBM based on 3 target genes. (A–D) Prediction results of targeted drugs.
GBM, glioblastoma.
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CONCLUSION

Through the integration of various bioinformatics analyses, we
successfully constructed a reverse mRNA prediction model based
on the hsa-mir-9-5p/STX1A, MMP9, and PTX3 ceRNA network,
which can promote our understanding of the occurrence and
development of GBM. It is important that all genes in the ceRNA
network reduce the overall survival rate of GBM patients; HR
values are greater than 1, suggesting that they are risk factors for
GBM, so they can be used as therapeutic targets for GBM. GSEA
analysis of a single gene showed that MMP9 and PTX3 genes may
promote the occurrence and development of GBM through the
JAK-STAT signaling, apoptosis, and cytokine-cytokine receptor
interaction pathways. We also identified five potential drugs for
the treatment of GBM, among which Bacillus, clemizole, and
chrysin have been verified by relevant in vitro tests. However,
there are currently no relevant tests for hecogenin and gibberellic
acid, which indicates that our findings can provide ideas for
future research.

Our study has some limitations. First, the sample size was
small. To compensate for this, we used the GEO and TCGA
databases to increase credibility. Second, all samples were from
America. The samples from America may differ from GBM
in the Chinese population. Third, there is no relevant basic
experiment for detecting the expression levels of key genes in the
ceRNA network in clinical samples. Finally, we are the first group

to predict the ceRNA network through analysis of the reverse
transcription of mRNA. However, only one link was predicted.
ceRNA is very complex, and its complex regulatory network
needs to be further clarified.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

XL, TT, YZ, SX, XC, LC, and FY designed the study. XL, TT,
YZ, SX, and XC performed the bioinformatics analysis and
interpretation of the data. XL, TT, and YZ wrote the manuscript.
LC and FY revised the manuscript and gave final approval of
the version to be published. All authors read and approved the
final manuscript.

ACKNOWLEDGMENTS

We thank Editage (https://www.editage.com/) for editing
this manuscript.

REFERENCES
Ala, U. (2020). Competing endogenous RNAs, non-coding RNAs and diseases: an

intertwined story. Cells 9:1574. doi: 10.3390/cells9071574
Alexander, B. M., and Cloughesy, T. F. (2017). Adult glioblastoma. J. Clin. Oncol.

35, 2402–2409. doi: 10.1200/JCO.2017.73.0119
Bader, G. D., and Hogue, C. W. V. (2003). An automated method for finding

molecular complexes in large protein interaction networks. BMCBioinform. 4:2.
doi: 10.1186/1471-2105-4-2

Ballantyne, M., McDonald, R., and Baker, A. (2016). lncRNA/MicroRNA
interactions in the vasculature. Clin. Pharmacol. Ther. 99, 494–501. doi: 10.
1002/cpt.355

Bartel, D. P. (2004). MicroRNAs: genomics, biogenesis, mechanism, and function.
Cell 116, 281–297. doi: 10.1016/s0092-8674(04)00045-5

Batash, R., Asna, N., Schaffer, P., Francis, N., and Schaffer, M. (2017). Glioblastoma
multiforme, diagnosis and treatment; recent literature review. Curr. Med.
Chem. 24, 3002–3009. doi: 10.2174/0929867324666170516123206

Cai, K., Li, T., Guo, L., Guo, H., Zhu, W., Yan, L., et al. (2019). Long non-
coding RNA LINC00467 regulates hepatocellular carcinoma progression by
modulating miR-9-5p/PPARA expression. Open Biol. 9:190074. doi: 10.1098/
rsob.190074

Chang, W. H., and Lai, A. G. (2019). An immunoevasive strategy through
clinically-relevant pan-cancer genomic and transcriptomic alterations of JAK-
STAT signaling components. Mol. Med. 25:46. doi: 10.1186/s10020-019-
0114-1

Chen, Z., Yu, C., Zhan, L., Pan, Y., Chen, L., and Sun, C. (2016). LncRNA
CRNDE promotes hepatic carcinoma cell proliferation, migration and invasion
by suppressing miR-384. Am. J. Cancer Res. 6, 2299–2309.

Chi, Y., Wang, D., Wang, J., Yu, W., and Yang, J. (2019). Long non-coding RNA in
the pathogenesis of cancers. Cells 8:1015. doi: 10.3390/cells8091015

Chin, C.-H., Chen, S.-H., Wu, H.-H., Ho, C.-W., Ko, M.-T., and Lin, C.-Y.
(2014). cytoHubba: identifying hub objects and sub-networks from complex
interactome. BMC Syst. Biol. 8(Suppl. 4):S11. doi: 10.1186/1752-0509-8-S4-S11

Coolen, M., Katz, S., and Bally-Cuif, L. (2013). miR-9: a versatile regulator of
neurogenesis. Front. Cell Neurosci. 7:220. doi: 10.3389/fncel.2013.00220

Correia de Sousa, M., Gjorgjieva, M., Dolicka, D., Sobolewski, C., and Foti, M.
(2019). Deciphering miRNAs’ action through miRNA editing. Int. J. Mol. Sci.
20:6249. doi: 10.3390/ijms20246249

Derrien, T., Johnson, R., Bussotti, G., Tanzer, A., Djebali, S., Tilgner, H., et al.
(2012). The GENCODE v7 catalog of human long noncoding RNAs: analysis
of their gene structure, evolution, and expression. Genome Res. 22, 1775–1789.
doi: 10.1101/gr.132159.111

Desgrosellier, J. S., and Cheresh, D. A. (2010). Integrins in cancer: biological
implications and therapeutic opportunities. Nat. Rev. Cancer 10, 9–22. doi:
10.1038/nrc2748

Eltzschig, H. K., and Carmeliet, P. (2011). Hypoxia and inflammation. N. Engl. J.
Med. 364, 656–665. doi: 10.1056/NEJMra0910283

Feng, L., Ma, J., Ji, H., Liu, Y., and Hu, W. (2017). miR-330-5p suppresses
glioblastoma cell proliferation and invasiveness through targeting ITGA5.
Biosci. Rep. 37:BSR20170019. doi: 10.1042/BSR20170019

Forsyth, P. A., Wong, H., Laing, T. D., Rewcastle, N. B., Morris, D. G., Muzik,
H., et al. (1999). Gelatinase-A (MMP-2), gelatinase-B (MMP-9) and membrane
type matrix metalloproteinase-1 (MT1-MMP) are involved in different aspects
of the pathophysiology of malignant gliomas. Br. J. Cancer 79, 1828–1835.
doi: 10.1038/sj.bjc.6690291

Frankson, R., Yu, Z.-H., Bai, Y., Li, Q., Zhang, R.-Y., and Zhang, Z.-Y. (2017).
Therapeutic targeting of oncogenic tyrosine phosphatases. Cancer Res. 77,
5701–5705. doi: 10.1158/0008-5472.CAN-17-1510

Fu, X., Tian, M., Gu, J., Cheng, T., Ma, D., Feng, L., et al. (2017). SF3B1 mutation
is a poor prognostic indicator in luminal B and progesterone receptor-negative
breast cancer patients. Oncotarget 8, 115018–115027. doi: 10.18632/oncotarget.
22983

Graham, L. D., Pedersen, S. K., Brown, G. S., Ho, T., Kassir, Z., Moynihan, A. T.,
et al. (2011). Colorectal Neoplasia Differentially Expressed (CRNDE), a novel
gene with elevated expression in colorectal adenomas and adenocarcinomas.
Genes Cancer 2, 829–840. doi: 10.1177/1947601911431081

Henrik Heiland, D., Ravi, V. M., Behringer, S. P., Frenking, J. H., Wurm, J.,
Joseph, K., et al. (2019). Tumor-associated reactive astrocytes aid the evolution
of immunosuppressive environment in glioblastoma. Nat. Commun. 10:2541.
doi: 10.1038/s41467-019-10493-6

Frontiers in Genetics | www.frontiersin.org 14 March 2021 | Volume 12 | Article 617350

https://www.editage.com/
https://doi.org/10.3390/cells9071574
https://doi.org/10.1200/JCO.2017.73.0119
https://doi.org/10.1186/1471-2105-4-2
https://doi.org/10.1002/cpt.355
https://doi.org/10.1002/cpt.355
https://doi.org/10.1016/s0092-8674(04)00045-5
https://doi.org/10.2174/0929867324666170516123206
https://doi.org/10.1098/rsob.190074
https://doi.org/10.1098/rsob.190074
https://doi.org/10.1186/s10020-019-0114-1
https://doi.org/10.1186/s10020-019-0114-1
https://doi.org/10.3390/cells8091015
https://doi.org/10.1186/1752-0509-8-S4-S11
https://doi.org/10.3389/fncel.2013.00220
https://doi.org/10.3390/ijms20246249
https://doi.org/10.1101/gr.132159.111
https://doi.org/10.1038/nrc2748
https://doi.org/10.1038/nrc2748
https://doi.org/10.1056/NEJMra0910283
https://doi.org/10.1042/BSR20170019
https://doi.org/10.1038/sj.bjc.6690291
https://doi.org/10.1158/0008-5472.CAN-17-1510
https://doi.org/10.18632/oncotarget.22983
https://doi.org/10.18632/oncotarget.22983
https://doi.org/10.1177/1947601911431081
https://doi.org/10.1038/s41467-019-10493-6
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles


fgene-12-617350 March 3, 2021 Time: 17:24 # 15

Luo et al. CRNDE May Promotes Progression

Jing, S.-Y., Lu, Y.-Y., Yang, J.-K., Deng, W.-Y., Zhou, Q., and Jiao, B.-H. (2016).
Expression of long non-coding RNA CRNDE in glioma and its correlation
with tumor progression and patient survival. Eur. Rev. Med. Pharmacol. Sci.
20, 3992–3996.

Kanderi, T., and Gupta, V. (2020). “Glioblastoma Multiforme,” in
StatPearls. Treasure Island, FL: StatPearls Publishing. Available online at:
http://www.ncbi.nlm.nih.gov/books/NBK558954/ (accessed October 5, 2020).

Li, H., Li, Q., Guo, T., He, W., Dong, C., and Wang, Y. (2017). LncRNA CRNDE
triggers inflammation through the TLR3-NF-κB-Cytokine signaling pathway.
Tumour Biol. 39:1010428317703821. doi: 10.1177/1010428317703821

Li, J., Wang, X., Wang, Y., and Yang, Q. (2020). H19 promotes the gastric
carcinogenesis by sponging miR-29a-3p: evidence from lncRNA-miRNA-
mRNA network analysis. Epigenomics 12, 989–1002. doi: 10.2217/epi-2020-
0114

Li, Q., Chen, B., Cai, J., Sun, Y., Wang, G., Li, Y., et al. (2016). Comparative analysis
of matrix metalloproteinase family members reveals that MMP9 predicts
survival and response to temozolomide in patients with primary glioblastoma.
PLoS One 11:e0151815. doi: 10.1371/journal.pone.0151815

Li, S., Li, C., Ryu, H.-H., Lim, S.-H., Jang, W.-Y., and Jung, S. (2016). Bacitracin
inhibits the migration of U87-MG glioma cells via interferences of the integrin
outside-in signaling pathway. J. Korean. Neurosurg. Soc. 59, 106–116. doi: 10.
3340/jkns.2016.59.2.106

Locatelli, M., Ferrero, S., Martinelli Boneschi, F., Boiocchi, L., Zavanone, M., Maria
Gaini, S., et al. (2013). The long pentraxin PTX3 as a correlate of cancer-related
inflammation and prognosis of malignancy in gliomas. J. Neuroimmunol. 260,
99–106. doi: 10.1016/j.jneuroim.2013.04.009

Long, H., Liang, C., Zhang, X., Fang, L., Wang, G., Qi, S., et al. (2017). Prediction
and analysis of key genes in glioblastoma based on bioinformatics. Biomed. Res.
Int. 2017:7653101. doi: 10.1155/2017/7653101

Lu, Y., Sha, H., Sun, X., Zhang, Y., Wu, Y., Zhang, J., et al. (2020). CRNDE:
an oncogenic long non-coding RNA in cancers. Cancer Cell Int. 20:162. doi:
10.1186/s12935-020-01246-3

Nakagawa, S., and Kageyama, Y. (2014). Nuclear lncRNAs as epigenetic regulators-
beyond skepticism. Biochim. Biophys. Acta 1839, 215–222. doi: 10.1016/j.
bbagrm.2013.10.009

Nakayama, T., and Akagawa, K. (2017). Transcription regulation mechanism of
the syntaxin 1A gene via protein kinase A. Biochem. J. 474, 2465–2473. doi:
10.1042/BCJ20170249

Ostrom, Q. T., Gittleman, H., Fulop, J., Liu, M., Blanda, R., Kromer, C., et al.
(2015). CBTRUS statistical report: primary brain and central nervous system
tumors diagnosed in the United States in 2008-2012. Neuro-Oncology 17(Suppl.
4), iv1–iv62. doi: 10.1093/neuonc/nov189

Paraskevopoulou, M. D., Vlachos, I. S., Karagkouni, D., Georgakilas, G., Kanellos,
I., Vergoulis, T., et al. (2016). DIANA-LncBase v2: indexing microRNA targets
on non-coding transcripts. Nucleic Acids Res. 44, D231–D238. doi: 10.1093/nar/
gkv1270

Richter, J. M., Schaefer, M., and Hill, K. (2014). Clemizole hydrochloride is a
novel and potent inhibitor of transient receptor potential channel TRPC5. Mol.
Pharmacol. 86, 514–521. doi: 10.1124/mol.114.093229

Ritchie, M. E., Phipson, B., Wu, D., Hu, Y., Law, C. W., Shi, W., et al. (2015). limma
powers differential expression analyses for RNA-sequencing and microarray
studies. Nucleic Acids Res. 43:e47. doi: 10.1093/nar/gkv007

Salmena, L., Poliseno, L., Tay, Y., Kats, L., and Pandolfi, P. P. (2011). A ceRNA
hypothesis: the rosetta stone of a hidden RNA language? Cell 146, 353–358.
doi: 10.1016/j.cell.2011.07.014

Shergalis, A., Bankhead, A., Luesakul, U., Muangsin, N., and Neamati, N. (2018).
Current challenges and opportunities in treating glioblastoma. Pharmacol. Rev.
70, 412–445. doi: 10.1124/pr.117.014944

Szafron, L. M., Balcerak, A., Grzybowska, E. A., Pienkowska-Grela, B., Podgorska,
A., Zub, R., et al. (2015). The putative oncogene, CRNDE, is a negative
prognostic factor in ovarian cancer patients. Oncotarget 6, 43897–43910. doi:
10.18632/oncotarget.6016

Tang, Z., Li, C., Kang, B., Gao, G., Li, C., and Zhang, Z. (2017). GEPIA: a web
server for cancer and normal gene expression profiling and interactive analyses.
Nucleic Acids Res. 45, W98–W102. doi: 10.1093/nar/gkx247

Tarassishin, L., Lim, J., Weatherly, D. B., Angeletti, R. H., and Lee, S. C. (2014).
Interleukin-1-induced changes in the glioblastoma secretome suggest its role in
tumor progression. J. Proteomics 99, 152–168. doi: 10.1016/j.jprot.2014.01.024

Therneau, T. M., and Grambsch, P. M. (2000). Modeling Survival Data: Extending
the Cox Model. New York, NY: Springer-Verlag.

Tiwari, A., Mukherjee, B., and Dixit, M. (2018). MicroRNA key to angiogenesis
regulation: MiRNA biology and therapy. Curr. Cancer Drug Targets 18, 266–
277. doi: 10.2174/1568009617666170630142725

Trejo-Solís, C., Serrano-Garcia, N., Escamilla-Ramírez, A., Castillo-Rodríguez,
R. A., Jimenez-Farfan, D., Palencia, G., et al. (2018). Autophagic and apoptotic
pathways as targets for chemotherapy in glioblastoma. Int. J. Mol. Sci. 19:3773.
doi: 10.3390/ijms19123773

Ulloa, F., Gonzàlez-Juncà, A., Meffre, D., Barrecheguren, P. J., Martínez-Mármol,
R., Pazos, I., et al. (2015). Blockade of the SNARE protein syntaxin 1 inhibits
glioblastoma tumor growth. PLoS One 10:e0119707. doi: 10.1371/journal.pone.
0119707

Wang, J., Wang, H., Sun, K., Wang, X., Pan, H., Zhu, J., et al. (2018). Chrysin
suppresses proliferation, migration, and invasion in glioblastoma cell lines via
mediating the ERK/Nrf2 signaling pathway. Drug Des. Devel Ther. 12, 721–733.
doi: 10.2147/DDDT.S160020

Wang, L., and Liu, J. (2017). [Research progress of competing endogenous RNA].
Sheng Wu Yi Xue Gong Cheng Xue Za Zhi 34, 967–971. doi: 10.7507/1001-5515.
201606080

Wang, Y., Wang, Y., Li, J., Zhang, Y., Yin, H., and Han, B. (2015). CRNDE,
a long-noncoding RNA, promotes glioma cell growth and invasion through
mTOR signaling. Cancer Lett. 367, 122–128. doi: 10.1016/j.canlet.2015.03.0
27

Xu, S., Cui, L., Ma, D., Sun, W., and Wu, B. (2015). Effect of ITGA5 down-
regulation on the migration capacity of human dental pulp stem cells. Int. J.
Clin. Exp. Pathol. 8, 14425–14432.

Xue, Q., Cao, L., Chen, X.-Y., Zhao, J., Gao, L., Li, S.-Z., et al. (2017). High
expression of MMP9 in glioma affects cell proliferation and is associated
with patient survival rates. Oncol. Lett. 13, 1325–1330. doi: 10.3892/ol.2017.
5567

Yin, W., Tang, G., Zhou, Q., Cao, Y., Li, H., Fu, X., et al. (2019). Expression profile
analysis identifies a novel five-gene signature to improve prognosis prediction
of glioblastoma. Front. Genet. 10:419. doi: 10.3389/fgene.2019.00419

Yoon, J.-H., Abdelmohsen, K., and Gorospe, M. (2014). Functional interactions
among microRNAs and long noncoding RNAs. Semin. Cell Dev. Biol. 34, 9–14.
doi: 10.1016/j.semcdb.2014.05.015

Yu, G., Wang, L.-G., Han, Y., and He, Q.-Y. (2012). clusterProfiler: an R package
for comparing biological themes among gene clusters. OMICS 16, 284–287.
doi: 10.1089/omi.2011.0118

Zhang, H., Li, Y., Tan, Y., Liu, Q., Jiang, S., Liu, D., et al. (2019). MiR-9-5p Inhibits
glioblastoma cells proliferation through directly targeting FOXP2 (Forkhead
Box P2). Front. Oncol. 9:1176. doi: 10.3389/fonc.2019.01176

Zhang, M., Gao, C., Yang, Y., Li, G., Dong, J., Ai, Y., et al. (2018). Long noncoding
RNA CRNDE/PRC2 participated in the radiotherapy resistance of human lung
adenocarcinoma through targeting p21 expression. Oncol. Res. 26, 1245–1255.
doi: 10.3727/096504017X14944585873668

Zheng, J., Liu, X., Wang, P., Xue, Y., Ma, J., Qu, C., et al. (2016). CRNDE promotes
malignant progression of glioma by attenuating miR-384/PIWIL4/STAT3 axis.
Mol. Ther. 24, 1199–1215. doi: 10.1038/mt.2016.71

Zhou, Y., Zhou, B., Pache, L., Chang, M., Khodabakhshi, A. H., Tanaseichuk, O.,
et al. (2019). Metascape provides a biologist-oriented resource for the analysis
of systems-level datasets. Nat. Commun. 10:1523. doi: 10.1038/s41467-019-
09234-6

Zhu, H., and Li, L. (2011). Biological pathway selection through nonlinear
dimension reduction. Biostatistics 12, 429–444. doi: 10.1093/biostatistics/
kxq081

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Luo, Tu, Zhong, Xu, Chen, Chen and Yang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Genetics | www.frontiersin.org 15 March 2021 | Volume 12 | Article 617350

http://www.ncbi.nlm.nih.gov/books/NBK558954/
https://doi.org/10.1177/1010428317703821
https://doi.org/10.2217/epi-2020-0114
https://doi.org/10.2217/epi-2020-0114
https://doi.org/10.1371/journal.pone.0151815
https://doi.org/10.3340/jkns.2016.59.2.106
https://doi.org/10.3340/jkns.2016.59.2.106
https://doi.org/10.1016/j.jneuroim.2013.04.009
https://doi.org/10.1155/2017/7653101
https://doi.org/10.1186/s12935-020-01246-3
https://doi.org/10.1186/s12935-020-01246-3
https://doi.org/10.1016/j.bbagrm.2013.10.009
https://doi.org/10.1016/j.bbagrm.2013.10.009
https://doi.org/10.1042/BCJ20170249
https://doi.org/10.1042/BCJ20170249
https://doi.org/10.1093/neuonc/nov189
https://doi.org/10.1093/nar/gkv1270
https://doi.org/10.1093/nar/gkv1270
https://doi.org/10.1124/mol.114.093229
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1016/j.cell.2011.07.014
https://doi.org/10.1124/pr.117.014944
https://doi.org/10.18632/oncotarget.6016
https://doi.org/10.18632/oncotarget.6016
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1016/j.jprot.2014.01.024
https://doi.org/10.2174/1568009617666170630142725
https://doi.org/10.3390/ijms19123773
https://doi.org/10.1371/journal.pone.0119707
https://doi.org/10.1371/journal.pone.0119707
https://doi.org/10.2147/DDDT.S160020
https://doi.org/10.7507/1001-5515.201606080
https://doi.org/10.7507/1001-5515.201606080
https://doi.org/10.1016/j.canlet.2015.03.027
https://doi.org/10.1016/j.canlet.2015.03.027
https://doi.org/10.3892/ol.2017.5567
https://doi.org/10.3892/ol.2017.5567
https://doi.org/10.3389/fgene.2019.00419
https://doi.org/10.1016/j.semcdb.2014.05.015
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.3389/fonc.2019.01176
https://doi.org/10.3727/096504017X14944585873668
https://doi.org/10.1038/mt.2016.71
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1093/biostatistics/kxq081
https://doi.org/10.1093/biostatistics/kxq081
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles

	ceRNA Network Analysis Shows That lncRNA CRNDE Promotes Progression of Glioblastoma Through Sponge mir-9-5p
	Introduction
	Materials and Methods
	Microarray Data Analysis and Screening of Differentially Expressed Genes
	Functional Enrichment Analysis, Interaction Network Analysis and Hub Gene Identification
	Survival Analysis and Verification
	ceRNA Network Construction
	Enrichment Analysis of DEGs and Screening of Small Molecule Therapeutic Drugs

	Results
	Identification of Differentially Expressed Genes
	Functional Enrichment Analysis of DEGs, Integration of Protein-Protein Interaction Network, and Module Analysis
	Survival Analysis and Verification
	Construction of a Network of mRNA-miRNA-lncRNA
	Results of Enrichment Analysis and Small Molecule Therapeutic Drugs

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References


