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Abstract
Background: Messenger RNA(mRNA) and Long non coding RNA (lncRNA) targets can interact through the
ability to compete for microRNA binding. However, the roles of cancer speci�c lncRNAs in lncRNA-related
ceRNA network of low grade glioma (LGG) are still unclear.

Methods: This study obtained two types of RNAs sequencing data in Solid Tissue Normal and LGG
Primary Tumor from TCGA database. We used a computational method to analyse the relation between
mRNAs, lncRNAs and miRNAs. The function enrichment of Go item and KEGG pathway were analyzed to
predict the biological process and pathway of the screened gene. Kaplan‐Meier survival analysis was
used to evaluate the association with the expression levels of mRNAs, lncRNAs, and micRNAs and the
overall survival of the patients. the ceRNA network of mRNA-lncRNA-miRNA was constructed with the
version of cycloscape 3.5.1.

Results: 2555 DEmRNA, 218 DElncRNA. 192 DEmiRNAs were screened by using the R package. We
analyzed the function enrichment of Go item and KEGG pathway of mRNAs and lncRNAs in ceRNA
network. The main 10 BP items, 10 CC items, 10 MF items and 48 KEGG pathways were selected.55
survival related lncRNAs, 50 survival related miRNAs and top 10 survival most related mRNAs in LGG.
Finally, 59 miRNAs, 235 mRNAs and 17 lncRNAs, a total of 313 nodes and 1046 edges, constructed the
ceRNA network of mRNA-lncRNA-miRNA.

Conclusions: This study is advantageous to deeply understand the biological mechanism of ceRNA and
to clarify the pathogenesis of LGG.

Background
Low grade gliomas (LGGs) are considered to be grade I or grade II by the World Health Organization
(WHO). The main components are oligodendroglioma and astrocytoma, accounting for about 15% of all
gliomas (1). Current treatment of LGG patients includes surgery, radiotherapy and adjuvant chemotherapy
(2). The overall survival time reported recently is 13.3 years (3), but may vary depending on the molecular
subtypes. Some molecular markers may be potential targets for predicting the prognosis of LGG(4). In
addition, epilepsy is the most common initial symptom of LGGs on the tentorium (5). Recent studies have
pointed out that epilepsy and tumor growth of LGG may have a common pathogenesis and mutual
in�uence. This representing two aspects of the same disease (6). In this context, some genetic changes
are considered to be risk factors of gliomas related epilepsy. Therefore, it is necessary to study the
molecular mechanism of LGGs in order to provide evidence for the effective treatment of LGG.

Non coding RNAs (ncRNAs) are a kind of RNA lacking protein coding function. Only 2% of human
transcriptome is composed of protein encoding RNA, and the remaining 98% is non coding RNA. NcRNAs
have become more and more important research objects because of their special and adaptive biological
role in tumor development (7). Generally, ncRNAs can be divided into two categories according to their
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size: small ncRNAs and long ncRNAs (lncRNAs). Small ncRNAs include several subtypes, including
microRNAs (miRNAs), ribosomal RNAs, microkernel RNAs and transfer RNA (tRNA).

LncRNA is a kind of noncoding functional RNA with a length of more than 200 nucleotides. It is situated
in the nucleus and cytoplasm of eukaryotic cell and has attracted more and more attention in recent
years. In fact, lncRNA plays an important regulatory role in various cell processes, especially in various
types of tumors. The change of lncRNA expression has been reported to be related to the development of
tumors(8), and some lncRNA has been used as biomarkers and potential targets for a variety of tumors.

MiRNA is an endogenous single stranded RNA molecule with 22 nucleotide lengths, which do not encode
proteins. MiRNA can inhibit the expression of target gene by complementary binding of its seed region
and microRNA response element (MREs) on mRNA. A single miRNA can regulate hundreds of target
genes, and each gene can also be regulated by multiple miRNAs. The regulatory network between miRNA
and target genes involves a variety of biological processes, including tumor occurrence and metastasis.
In recent years, the role of miRNAs in the occurrence and development of LGGs and its regulatory
mechanism has been studied in depth, and a large number of papers have been published (4).

In 2011, Salmena et al. Put forward the hypothesis of competitive endogenous RNA (ceRNA), which
hypothesized the relationship between microRNA ,mRNA and microRNA, in which mRNA and ncRNA
targets can interact through the ability to compete for microRNA binding (9).With the development of
bioinformatics technology, more and more researchers use the methods of data analysis and mining to
study the ceRNA network, including head and neck squamous cell carcinoma(10), renal cell carcinoma
(11), hepatocellular carcinoma(12), lung squamous cell carcinoma(13), glioblastoma multiform(14), lung
adenocarcinoma(15), chromatic cancer(16), alternative carcinoma(17) and endometrial cancer(18). In
addition, some representative databases, such as miRTarBase (19), TargetScan (20) and StarBase (21),
provide data and useful resources for the research of ceRNA network. The Cancer Genome Atlas (TCGA)
is a public comprehensive database, which provides multiplatform genome data and clinical information
of matched patients. This database promotes the development of genomics to describe the molecular
landscape of cancer. The roles of cancer speci�c lncRNAs in lncRNA-related ceRNA network of LGG are
still unclear. In this study, the expression pro�les of mRNAs, lncRNAs and miRNAs in LGG were analyzed
by TCGA database, and a LGG speci�c and lncRNA related ceRNA network was constructed. Based on the
analysis of RNA survival in the ceRNA network, we analyzed the mRNAs, lncRNAs and miRNAs that have
a signi�cant impact on survival and prognosis of LGG patients. This network is expected to elucidate the
interaction of RNAs-miRNAs network of LGG, and to further understand the molecular mechanism of the
occurrence and development of LGG.

Methods

Patient datasets and data processing



Page 4/20

We obtained two types of RNAs sequencing data in Solid Tissue Normal and LGG Primary Tumor from
TCGA database (https://portal.gdc.cancer.gov/), Integration and extraction of the RNAs expression
pro�les was done by using the R package. And then, the expression values of mRNAs, lncRNAs, and
micRNAs were obtained by background correction and quantile normalization. This study used
sequencing data from the TCGA public database and there was no ethical review and informed consent.

Differential analysis of mRNAs, lncRNAs, and micRNAs
The differential expression of mRNAs, lncRNAs, and micRNAs was analyzed by using limma package of
R software. The thresholds were |logFc (fold change)|>2 and a false discovery rate (FDR)<0.05, Volcano
plots and heatmaps were drawn by using GDCRNATools package.

Functional Enrichment Analysis
We studied the functional roles of the ceRNA network in the LGG by Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analyses. These gene functional enrichments analyses
were conducted by using the cluster Pro�ler package of R software. The threshold for GO and KEGG
enrichment analysis was P<0.05. The GO plot package of R software was utilized to display the results of
the GO and KEGG analyses.

Survival Analysis
To estimate the relationship between prognoses and RNAs expression signatures, we divided the LGG
samples into high-expression and low-expression groups, and de�ne the median as a cutoff. We used
Kaplan‐Meier survival analysis to evaluate the association between with the expression levels of mRNAs,
lncRNAs, and micRNAs and the overall survival of the patients with the survival package in R3.6.2. P <
0.05 was considered statistically signi�cance.

ceRNA Network Construction.
We selected mRNAs, lncRNAs, and micRNAs which related to prognosis to construct the ceRNA network.
The starBase (http://starbase.sysu.edu.cn/) database was used to predict lncRNA-miRNA interactions
and micRNA-mRNA interactions. Based on the DEmiRNA–DElncRNA and DEmiRNA–DEmRNA
interactions, we constructed the lncRNA–miRNA–mRNA ceRNA network, at the same time the ceRNA
network was visualized by using Cytoscape software(22). In this analysis, P < 0.05 was considered
statistically signi�cance. In Cytoscape, we obtain not only the identi�ed nodes with score from
calculation but the subnetwork composed of these nodes by utilizing cytoHubba. Finally, MCODE �nds
clusters (highly interconnected regions) in the Constructed ceRNA network In Cytoscape.

https://portal.gdc.cancer.gov/
http://starbase.sysu.edu.cn/
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Results

Differentially expressed lncRNAs, miRNAs, and mRNAs in
LGG
The expression of RNA in 450 LGG tumor tissues and 5 normal tissues was studied in TCGA database.
According to this standard, we screened 804 up-regulated mRNA and 1751 down-regulated mRNA,
involving 60483 genes. 140 up-regulated mRNA and 78 down-regulated lncRNA. 78 up-regulated miRNAs
and 114 down-regulated miRNAs involved 2588 genes. The top 20 up-regulated mRNA, the top 20 down-
regulated mRNA and their corresponding logfc, P value and FDR value (by edge) are shown in Table 1.
The top 20 lncRNAs and miRNAs are shown in Table 2, Table 3. In Fig. 1B, The volcano plot showed the
distribution of all differentially expressed mRNA in log FDR and logFC. All mRNAs expression levels were
standardized to the sample mean. It can be seen from Table 1 and Fig. 1B that the difference of down-
regulated mRNA is more remarkable than up-regulated mRNA. Figures 1A, 1B and 1C show heatmap and
volcano plot of differences in lncRNAs, miRNAs, and mRNAs expression. The proportion of mRNA,
lncRNA and pseudogene in RNA can be seen in the Fig. 1D.
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Table 1
Differentially expressed mRNAs in LGG

Top 20 down-regulated mRNAs Top 20 up-regulated mRNAs

Symbol logFC PValue FDR Symbol logFC PValue FDR

ANKRD34A -3.251 5.310E-32 8.370E-28 MAPRE1 1.525 4.377E-
26

6.272E-
23

FABP3 -2.844 8.989E-30 7.084E-26 DPYSL3 2.279 1.014E-
24

7.611E-
22

AKAP5 -3.511 1.586E-28 8.048E-25 ANTXR1 2.443 7.741E-
24

4.693E-
21

PTER -4.827 2.465E-28 8.04762E-
25

VANGL2 2.680 1.340E-
22

5.150E-
20

PTPRR -4.796 2.553E-28 8.048E-25 DDR1 1.859 5.236E-
22

1.684E-
19

DGKE -3.175 5.208E-28 1.368E-24 SOX2 2.549 4.080E-
20

7.749E-
18

ZCCHC12 -4.859 2.095E-27 4.321E-24 RPLP0 2.263 2.745E-
19

4.120E-
17

SH2D5 -4.702 2.193E-27 4.321E-24 44076 1.338 1.128E-
18

1.394E-
16

CES4A -4.081 2.571E-27 4.504E-24 SPARC 3.344 2.806E-
18

3.093E-
16

SAMD12 -3.237 9.999E-27 1.576E-23 TCF12 2.970 4.975E-
18

5.091E-
16

ISLR2 -4.739 5.800E-26 7.618E-23 APH1A 1.018 7.585E-
18

7.472E-
16

RTN4RL1 -4.456 6.792E-26 8.235E-23 CDK2AP1 1.610 4.028E-
17

3.324E-
15

CPNE7 -4.682 1.09872E-
25

1.237E-22 EEF1A1 1.645 1.648E-
15

9.992E-
14

PRRT3 -1.959 1.800E-25 1.891E-22 MAVS 1.017 1.925E-
15

1.149E-
13

HPRT1 -2.734 3.225E-25 3.074E-22 LIX1L 1.653 1.959E-
15

1.165E-
13

LRRC7 -3.628 3.315E-25 3.074E-22 TXNIP 2.113 2.594E-
15

1.498E-
13

KIAA1324 -3.456 4.569E-25 3.937E-22 BCAN 3.247 5.842E-
15

3.197E-
13
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Top 20 down-regulated mRNAs Top 20 up-regulated mRNAs

RASAL1 -5.757 4.746E-25 3.937E-22 NES 3.069 8.806E-
15

4.673E-
13

SMIM10L2B -3.404 8.695E-25 6.853E-22 RELA 1.049 1.054E-
14

5.517E-
13

GLT1D1 -4.353 3.588E-24 2.464E-21 RACK1 1.731 1.104E-
14

5.708E-
13
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Table 2

Differentially expressed lncRNAs in LGG
Top 20 down-regulated lncRNAs Top 20 up-regulated lncRNAs

Symbol logFC PValue FDR Symbol logFC PValue FDR

SLC26A4-
AS1

-5.416 4.505E-
22

1.479E-
19

AC093010.3 2.393 3.505E-
14

1.642E-
12

PART1 -4.040 6.598E-
21

1.486E-
18

LRRC75A-
AS1

1.659 3.225E-
10

6.805E-
09

ATP2B1-AS1 -2.385 3.408E-
19

5.020E-
17

PITPNA-AS1 1.459 5.222E-
10

1.063E-
08

SNAI3-AS1 -1.853 1.952E-
16

1.405E-
14

AC010186.3 2.075 2.743E-
09

4.740E-
08

AC016831.1 -2.894 3.019E-
16

2.115E-
14

UBL7-AS1 1.182 6.393E-
09

1.022E-
07

PRKAG2-AS1 -2.503 2.344E-
15

1.374E-
13

AL391069.3 2.385 7.037E-
09

1.114E-
07

AL049796.1 -1.987 7.905E-
15

4.223E-
13

AL121603.2 1.785 1.862E-
08

2.703E-
07

LINC00957 -3.115 1.065E-
14

5.557E-
13

DLEU1 1.982 2.027E-
08

2.915E-
07

RFPL1S -3.441 6.604E-
13

2.382E-
11

AC021188.1 3.031 3.532E-
08

4.824E-
07

AL365361.1 -3.080 8.084E-
12

2.386E-
10

C21orf62-
AS1

1.471 4.482E-
08

5.947E-
07

DLX6-AS1 -3.773 1.544E-
11

4.240E-
10

GLYCTK-AS1 4.248 5.735E-
08

7.379E-
07

MIR600HG -1.532 1.752E-
11

4.746E-
10

AC019080.5 1.618 8.405E-
08

1.040E-
06

LINC00982 -2.763 3.187E-
11

8.223E-
10

AC025164.2 2.021 9.990E-
08

1.213E-
06

AC004656.1 -2.027 3.525E-
11

8.977E-
10

TFAP2A-AS1 4.887 1.920E-
07

2.188E-
06

MIR22HG -1.778 1.008E-
10

2.329E-
09

ASB16-AS1 1.194 2.505E-
07

2.776E-
06

LINC00294 -1.308 2.129E-
10

4.629E-
09

LINC00511 2.412 3.480E-
07

3.729E-
06

NUP50-AS1 -1.241 1.018E-
09

1.938E-
08

ZEB1-AS1 1.638 3.968E-
07

4.192E-
06
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Top 20 down-regulated lncRNAs Top 20 up-regulated lncRNAs

AC015712.2 -3.049 1.107E-
09

2.097E-
08

AL513165.1 1.231 5.219E-
07

5.405E-
06

AC114811.2 -1.781 1.429E-
09

2.640E-
08

RNF157-AS1 1.999 6.027E-
07

6.141E-
06

HCG11 -2.225 1.598E-
09

2.908E-
08

WEE2-AS1 2.034 6.424E-
07

6.465E-
06
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Table 3

Differentially expressed miRNAs in LGG
Top 20 down-regulated miRNAs Top 20 up-regulated miRNAs

Symbol logFC PValue FDR Symbol logFC PValue FDR

hsa-miR-769-
5p

-1.893 1.698E-
11

1.385E-
09

hsa-miR-497-5p 2.379 2.265E-
14

8.151E-
12

hsa-miR-769-
3p

-2.250 1.003E-
10

6.047E-
09

hsa-miR-135a-
3p

6.086 3.863E-
14

8.151E-
12

hsa-miR-433-
3p

-3.620 5.582E-
10

2.617E-
08

hsa-miR-181a-2-
3p

2.808 1.329E-
13

1.869E-
11

hsa-miR-432-
5p

-3.079 1.532E-
09

4.972E-
08

hsa-miR-195-3p 2.883 2.095E-
13

2.211E-
11

hsa-miR-132-
3p

-2.173 1.871E-
09

5.639E-
08

hsa-miR-629-3p 3.085 1.969E-
11

1.385E-
09

hsa-miR-132-
5p

-1.992 2.219E-
09

6.243E-
08

hsa-miR-93-5p 1.964 3.672E-
10

1.937E-
08

hsa-miR-485-
3p

-3.303 2.611E-
09

6.888E-
08

hsa-miR-3074-
5p

2.972 7.807E-
10

3.295E-
08

hsa-miR-329-
3p

-3.229 3.322E-
09

8.247E-
08

hsa-miR-629-5p 2.141 1.382E-
09

4.972E-
08

hsa-miR-889-
3p

-3.040 9.895E-
09

2.320E-
07

hsa-miR-130b-
5p

2.502 1.498E-
09

4.972E-
08

hsa-miR-218-
5p

-3.549 2.269E-
08

4.787E-
07

hsa-miR-195-5p 2.000 3.082E-
08

5.656E-
07

hsa-miR-3200-
3p

-1.950 2.175E-
08

4.787E-
07

hsa-miR-9-5p 2.240 6.263E-
08

8.621E-
07

hsa-miR-380-
5p

-2.967 2.772E-
08

5.317E-
07

hsa-miR-99a-3p 1.844 8.806E-
08

1.119E-
06

hsa-miR-487b-
3p

-2.900 2.684E-
08

5.317E-
07

hsa-miR-20a-3p 2.440 2.760E-
07

2.532E-
06

hsa-miR-1224-
5p

-3.333 3.704E-
08

6.450E-
07

hsa-miR-19b-1-
5p

1.969 3.241E-
07

2.910E-
06

hsa-miR-139-
5p

-2.901 3.821E-
08

6.450E-
07

hsa-miR-92b-5p 2.812 6.546E-
07

5.416E-
06

hsa-miR-766-
3p

-2.171 4.616E-
08

7.493E-
07

hsa-miR-28-3p 1.471 7.239E-
07

5.875E-
06

hsa-miR-369-
3p

-2.722 4.829E-
08

7.547E-
07

hsa-miR-26b-3p 1.391 2.199E-
06

1.497E-
05
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Top 20 down-regulated miRNAs Top 20 up-regulated miRNAs

hsa-miR-874-
3p

-1.888 5.056E-
08

7.620E-
07

hsa-miR-505-3p 1.517 2.361E-
06

1.557E-
05

hsa-miR-7-5p -3.651 5.525E-
08

8.039E-
07

hsa-miR-92a-3p 1.436 4.215E-
06

2.578E-
05

hsa-miR-370-
3p

-2.681 6.333E-
08

8.621E-
07

hsa-miR-92b-3p 1.874 1.103E-
05

6.126E-
05

Go analysis and KEGG analysis
In order to further predict the biological process and pathway of the screened gene, we analyzed the
function enrichment of Go item and KEGG pathway of mRNAs and lncRNAs in ceRNA network. The main
10 BP items, 10 CC items and 10 MF items were selected(Fig. 2A). Biological process (BP) mainly
includes regulation of neuron project development, axogenesis, signal release, regulation of chemical
synaptic transmission, regulation of trans-synaptic signaling, position regulation of neuron
differentiation; cell composition (CC) mainly includes postsynapse, presynapse, axon part, neuron to
neuron Synapse, asymmetric synapse, postsynaptic density, postsynaptic specialization, total axon and
postsynaptic membrane; molecular function (MF) mainly includes metal transmembrane transporter
activity, ion channel activity, substrate-speci�c channel activity, phosphoid binding, gated channel activity
and ion gated channel activity. In the ceRNA network, 48 KEGG pathways were signi�cantly enriched by
DemRNAs, including cAMP signaling pathway, calcium signaling pathway, axon guidance, glutamic
synapse, dopaminergic synapse, streamlined synapse and GABAergic synapse(Fig. 2B-2E). The GO
enrichment networks of BP, CC and MF for these genes are shown in Fig. 1E. 

Survival analysis of mRNAs, lncRNAs and miRNAs in LGG
The relationship between the expression of differential lncRNAs, miRNAs and mRNAs and OS in LGG
patients was examed in detail. We detected 55 survival related lncRNAs, 50 survival related miRNAs and
top 10 survival most related mRNAs in LGG (P < 0.05). Figure* shows the 10 top important survival related
genes. The most signi�cant mRNA was TOLLIP, FBLN7, ODF2L, RHBDL1, SNAP91, VASN, LMO4,
CAMK2G, AURKB, PTBP1(Fig. 3A). Pearson correlation analysis showed that HNRNPA1 and LRRC75A-
AS1 were the highest R-values (R = 0.855, p = 2.59e-131) (Fig. 3B). 

Construction of a ceRNA network
The targets of all differential mRNAs, lncRNAs and miRNAs were predicted. Through calculation, we
selected 59 DemiRNAs, 235 DemRNAs and 17 DelncRNAs, a total of 313 nodes and 1046 edges, and
constructed the ceRNA network of mRNA-lncRNA-miRNA with the version of cycloscape 3.5.1(Fig. 4A).
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The node connection in the network can re�ect the interaction between RNA, and the stronger the
connection, the more important the biological function of the RNA in the network. Through the analysis of
the maximum clique centrality (MCC) method, the top ten hub miRNAs are calculated as shown in
Fig. 4C. Through the MCODE tool, we �nd highly interconnected regions in the constructed ceRNA
network (Fig. 4B)

 

Discussion
With more and more research on lncRNA and miRNA in various cancer �elds, it has been found that
lncRNA can be used as miRNA sponge to regulate mRNA, and more and more attention has been paid to
ceRNA. Kai Ma et al. Constructed the ceRNA network (23) of pulmonary artistic hypertension. It is
becoming more and more clear that many complex diseases, especially cancer, seldom can be attributed
to one or several genomic variations alone (24). The study of ceRNA network is helpful to systematically
understand the relevant processes of tumor occurrence, development, metastasis, prognosis, etc. In this
study, large queues from TCGA database were used to identify the DElncRNAs, DEmRNAs and DEmiRNAs
between LGG and normal tissues, so as to construct a prognosis related ceRNA network.

Through the Go analysis of DElncRNAs, DEmRNAs and DEmiRNAs, it was found that the differentially
expressed genes in BP mostly led to the development of neurons, the formation of synapses and the
release of synaptic signals. In CC, most of the differentially expressed genes constitute synaptic structure,
while in MF, most of them are enriched in ion channel activity. These results show that the formation of
LGG is inseparable from the formation of neuron structure, which seems to be closely linked to the
development of epilepsy, and these conclusions need further experimental veri�cation. Several key genes
related to Go analysis are shown in Go circle plot map, among which several members of GABAR family
appear in the results, which further verify the previous point of view. In KEGG analysis, cAMP signaling
pathway is the most signi�cant expression, which regulates many biological processes, such as cell
migration, differentiation, proliferation and apoptosis (25). This seems to play an important role in the
development of LGG. The axon guidance, glutamatergic synapse and GABAergic synapse signaling
pathway indicate the cause of LGG epilepsy. Yinian Zhang et al found that glutamatergic synapse
pathway is an important signal pathway related to epilepsy (26). We show the above important signal
pathways, which will be helpful in the future development of LGG and epilepsy research. KM analysis of
mRNA, lncrna and miRNA is helpful for molecular typing and targeted therapy of LGG.

The results of prognostic analysis showed that dlg2, GRIN1, HTR2A, kcnj3, KCNJ9, kif3c, SOCS3 and
linc00599 were veri�ed respectively (27, 28, 29, 30). In the constructed ceRNA network, we found 10
central key nodes through cytohubba: hsa-miR-320d,hsa-miR-30a-5p,hsa-miR-320c,hsa-miR-30b-5p,hsa-
miR-30d-5p,hsa-miR-30e-5p,hsa-miR-320a,hsa-miR-137,has-miR-320b,has-miR-30c-5p.Hsa-mir-137 seems
to be a key target in glioma cells, which has been reported in some studies.
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Chen et al. found that miR-137down-regulated in glioma samples and glioma cells by qRT-PCR. They
demonstrate that miR-137 deregulation is common in glioma, and restoration of its function inhibits cell
proliferation and invasion, suggesting that miR-137 may act as a tumour suppressor (31). Deng et al.
discovered miR-137 was signi�cantly down regulated in astrocytoma tissues, and its expression level
was inversely correlated with the clinical stage. They veri�ed that miR-137 acts as a tumor suppressor in
astrocytoma by targeting RASGRF1(32). Li et al. demonstrate that miR-137 expression is signi�cantly
downregulated in a cohort of 35 oligodendroglial tumors and nine glioma cell lines compared with
normal brains. And miR-137 regulates growth of glioma cells and targets CSE1L(33). Sun et al. con�rmed
over expression of miR-137 in vitro by chemically synthesized miR-137 mimics suppressed the
proliferation, inhibited cell cycle arrest in the G1/G0 phase, and induced cell apoptosis. Their �ndings
indicate that miR-137 inhibits the growth of gliomas cells by directly targeting Rac1(34). In addition,Wang
et al. presented the evidence that miR-30a-5p is overexpressed in glioma cell lines and glioma samples
compared to the normal brain tissues, and its expression level is positively correlated with tumor grade of
malignancy(35). In the core sub-network the high Cytochrome P450, family 1, subfamily B, polypeptide 1
(CYP1B1) expression is a key role in glioma. CYP1B1 is involved in the xenobiotic detoxi�cation
metabolism and possibly activation of numerous procarcinogens and promutagens(36). Yu et al.
demonstrate that extrasynaptic glutamate could in situ affect the arachidonic acid(AA) metabolism via
brain CYP1B1, that can change the neuron-astrocyte reciprocal signaling(37). Besides Wnt/beta-catenin
signaling regulates endothelial metabolic barrier function through Cyp1b1 transcription (38). There are
few studies on relative lnrna, and it is only reported in the papillary gyroid carcinoma that Overexpression
of long noncoding RNA SLC26A4-AS1 inhibits the epithelial-mesenchymal transition via the MAPK
pathway (39).

At present, lack of research on ceRNA in LGG may be due to the limitations of in vitro experiments. In
addition, this study has some limitations, which need to be further veri�ed in vitro and in vivo. The results
and conclusions of this study can be used as the basis for the establishment of mechanical hypothesis
and for further experiments of clinical samples and cell lines. We hope that the systematic analysis of the
interaction of ceRNA will help us to gain a better understanding of the molecular pathogenesis of LGG.

Conclusion
In conclusion, we identi�ed the differentially expressed mRNAs, lncRNAs and miRNAs by utilizing TCGA
database, de�ned the relationship between them, and constructed a ceRNA network. According to
comprehensive analysis, the key RNAs in the network can be selected as potential biomarkers for
diagnosis and prognosis in LGG. This study is advantageous to deeply understand the biological
mechanism of ceRNA and to clarify the pathogenesis of LGG.
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Figures

Figure 1
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A Clustered heat maps of the differentially expressed RNAs in LGG; B Volcano plot of differentially
expressed RNAs in LGG; C Volcano plot of differentially expressed miRNAs in LGG; D Type of differentially
expressed RNAs; E The GO enrichment networks of BP, CC and MF for genes

Figure 2

A Differentially expressed mRNAs results of GO analysis; B Differentially expressed mRNAs results of
KEGG analysis; KEGG pathways enriched by the differentially expressed mRNAs in ceRNA network. (C)
GABAergic synapse signaling pathway; (D)cAMP signaling pathway; (E) MAPK signaling pathway;
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Figure 3

A Kaplan Meier survival analysis for 10 identi�ed differentially expressed mRNAs;B Linear regression of
HNRNPA1 and LRRC75A-AS1 expression level.
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Figure 4

A Construction of ceRNA network. The blue ellipse represent differentially expressed mRNAs; the yellow
diamonds represent differentially expressed lncRNAs; the red v-shaped represent differentially expressed
miRNAs; B The highly interconnected regions in ceRNA network by MCODE; C The top ten hub miRNAs
are calculated by cytohubba


