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[ Abstract] Background and purpose: Glioma is the most common and malignant primary brain tumor in the central nervous

system (CNS). Glioblastoma is highly malignant and aggressive, and the prognosis of patients with recurrent glioblastoma is

very poor. This study aimed to screen the genes related to the recurrent glioblastoma, and analyze the relationship between their
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expressions, clinicopathological parameters and prognosis in glioma. Methods: By mining the relevant datasets of the primary and
recurrent cases of glioblastoma in the GEO database, the differentially expressed gene (DEG) in the samples of primary and recurrent
glioblastomas were screened and analyzed. All DEGs analyses were carried out in ontology function and pathway enrichment.
Protein-protein interaction (PPI) network was constructed and used for screening Hub gene. Key genes were intersected by PPI
network and Venn diagram, and the Gene Expression Profiling Interactive Analysis (GEPIA) and Chinese Glioma Genome Atlas
(CGGA) database were analyzed for association of key gene expressions and survival status. Key genes were furtherly analyzed to
determine the relationship between their expressions and clinicopathological parameters of glioma. Results: There were 40 DEG
screened in the dataset GSE62153, including 34 up-regulated genes and 6 down-regulated genes. There were 19 DEG screened in
the dataset GSE58399, including 16 up-regulated genes and 3 down-regulated genes. Go functional analyses showed that the DEG
of GSE62153 were mainly involved in 11 physiological processes, such as central nervous system development, myelin sheath, actin
binding, central nervous system myelination. The DEG of GSE58399 were mainly enriched in the positive regulation of epithelial
cell migration. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment showed that the datasets GSE62153
and GSE58399 were both enriched in histidine metabolism. By using the STRING database, the core of PPI network was constructed
with 20 protein molecules. A total of 10 hub genes were screened, including MOBP, OPALIN, ERMN, PLP1, MOG, CLDN11, ASPA,
TMEM125, KLK6 and NKX6-2 gene. The key genes for recurrent glioblastoma were ERMN, MOG and MOBP gene. Based on
analyses using The Cancer Genome Atlas (TCGA) and CGGA databases, the prognosis of patients with high expressions of ERMN,
MOG and MOBP was favorable compared with the low expression group. The expression levels of key genes in glioblastoma were
lower compared with the control tissues (P<0.001). There were significant differences in the expressions of ERMN, MOG and MOBP
gene among different World Health Organization (WHO) grades (WHO I, Il and IV) (P<0.001). As the grade of glioblastoma
increased, the expressions of ERMN, MOG and MOBP were decreased gradually. The expressions of ERMN, MOG and MOBP gene
were correlated with WHO classification, isocitrate dehydrogenase (IDH) status and clinicopathological characteristics (P<0.001).
The expression of MOBP gene was correlated with age (P<0.001) and MGMT methylation status (P=0.022). Conclusion: ERMN,
MOG and MOBP gene may function as tumor suppressor genes and participate in the recurrence of glioblastoma. The histidine
metabolism pathway may be related to the sensitivity of methotrexate treatment.
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L2 e 52 AR G 25 S A BE A ( differentially
expressed gene, DEG) , Jf:PAP<0.05, logFC>1
5logFC<— 1/ i BE S5 A A T F 225307 o

1.2 SEYEEHEXDH

FEH ) BE M g o B . AR T H “org.
Hs.eg.db” “clusterProfiler” “enrichplot” Xf

DEG#TIE AL ( Gene Ontology, GO ) A1t
HRHE R ALK 2 A R4 45 (Kyoto Encyclopedia
of Genes and Genomes, KEGG ) {55 & %01,
GO M+ Yt (biological process ) .

0B ZH A%, ( cellular component ) Fl43F I iE
( molecular function ) 37#4>. FJHSTRING
THW#EEAFMEAEN (protein-protein
interaction, PPI) [Z%, SR )5 [H] B9 AH &
YERICZ . HubZE R 1 i e 8 1 PPIRI 2%, F1
Cytoscape ) “Hub” JFHEAM. HEfE53HT .
FIR 5T 8 FHGEPTA FIIC GG AU PP AH I e 2k
SurvivalM#f T H.. STRING, GEPIAFMICGGA%L
PEEPIHE LR 2,

F1 HRNEGEOHIEESRER

Tab.1 Information about the GEO data and series

Datasets Case n Primary GBM n Recurrent GBM n Platforms
GSE62153 43 25 18 GPL10558, illumina human HT-12 V4.0 expression beadchip
GSE58399 105 72 33 GPL6244, affymetrix human gene 1.0 ST Array

R2 EUBEBHEXELANIE

Tab.2 Databases related to bioinformatics analysis

Databases Website
STRING https://string-db.org/
GEPIA http://gepia.cancer-pku.cn/
CGGA http://www.cbioportal.org

1.3 GFitFEarE
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I PR B2 SR (R] 25 5 ( n<SHIMATIE SR IE )
i) o
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SR

PPIM 2% 4 7 3t T GSE62153 HIGSE58399
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CNDP1. SH3GL2. OPALIN. KLK6. MYBPC1 .
SH3GL3. PLP1, TMEM125., AKR1C3 .
CARNS\ . HLA-DPA1. HHATLFISEPP13:H (&
2) o JE A HCytscapef A4 % #4 4 i PP 2% it
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MOG . CLDN11, ASPA. TMEM125. KLK6F
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Tab.3 GSE62153 GO function analysis

PR 6NDEG (El4) o &5 FiEPEHEA |
5HHub3E N 5 GSE62153 FIGSE58399f ik Hi 5k
DEGHUZESE ,, Z5 34/ HEA 3R, 4300k
ERMN . MOGHIMOBP}:H

Category Term Description Countn (%) P value Gene
BP GO: 0007417  Central nervous system development 4(12.01) 0.001  SH3GL3, MOG, SH3GL2, KLK6
CcC GO: 0043209  Myelin sheath 4(12.10) 0.002  CLDN11, MOBP, PLP1, ERMN
MF GO: 0003779  Actin binding 4(12.10) 0.011 MYBPC1, MOBP, DAAM2, PHACTR3
BP GO: 0022010  Central nervous system myelination 2 (6.006) 0.012  NKXe-2, PLP1
BP GO: 0008366  Axon ensheathment 2 (6.006) 0.012  CLDN11, PLP1
MF GO: 0008599  Protein phosphatase type 1 regulator activity 2 (6.06) 0.016 PPP1R1B, PHACTR3
MF GO: 0019911  Structural constituent of myelin sheath 2 (6.06) 0.016 ~ MOBP, PLP1
BP GO: 0019371  Cyclooxygenase pathway 2 (6.06) 0.018  AKR1C3, PTGDS
MF GO: 0031432 Titin binding 2 (6.06) 0.023  MYBPC1, CAPN3
BP GO: 0006796  Phosphate-containing compound metabolic process 2 (6.06) 0.032  ENPP2, LHPP
MF GO: 0042802  Identical protein binding 5(15.15) 0.034  CLDN11, SH3GL3, HSPBS, SH3GL2,
ETNPPL
#* 4 GSE58399 GOLNEERKEGGIE SR SEREEN LR
Tab. 4 GSE58399 GO function and KEGG signal pathway enrichment analysis
Category Term Description Count 1 (%) P value Gene
BP GO: 0010634 Positive regulation of epithelial cell migration 2(12.5) 0.027 DOCKS5, ENPP2
KEGG hsa00340 Histidine metabolism 2(12.5) 0.016 ASPA, CNDP1

Arginine and proline metabolism-

Arachidonic acid metabolism-

Histidine metabolism-

Beta-alanine metabolism-

Endocytosis-

P value
0.015

0.020
0.025
0.030
0.035
0.040

1

o
o

Bl 1 GSE62153#IEEKEGGREEHSERELE
Fig.1 Enrichment of KEGG signaling pathway in GSE62153 dataset
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Fig.2 PPI network
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Fig.3 Bioinformatics screening of Hub gene
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DEG

GSE62153 Hub gene

GSE58399
E 4 DEGHHubEEFEE

Fig.4 Venn diagram of DEG and Hub gene
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IREWE I TRE Y, BAEARERESIT
FEX (P<0.01, E5) . HiFE—LWIEZALF
SRR, AR — 2 CGGA mRNAE F 4L
PEE AT AR oM, 53R Bon, ERMN, MOGHI
MOBPREN 5 118 TR £ 35 10 S A A7 588 el 2B A G
( P<0.000 1, Kl5) , ERMN, MOGHMOBPH:

PREE S e R SR e I e S A

P<0.000 1

153 cases of ERMN high expression

160 cases of ERMN low expression

2000 3000 4000 5000

Survival time #d

0 1000

P<0.000 1

153 cases of MOG high expression

160 cases of MOG low expression

2000 3000 4000 5000

Survival time #/d

1000

P<0.,000 1

156 cases of MOBP high expression

157 cases of MOBP low expression

1000 2000 3000 4000 5000

Survival time #/d

B 5 ETTCGAFICGGAR BRIERHIMERFIT
Fig. 5 Survival analysis of TCGA and CGGA database

The higher expression groups were favorable than those of patients with lower expression. A: Analysis of ERMN expression in TCGA database;
B: Analysis of MOG expression in TCGA database; C: Analysis of MOBP expression in TCGA database; D: Analysis of ERMN expression in CGGA
database; E: Analysis of MOG Expression in CGGA database; F: Analysis of MOBP expression in CGGA database.
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2.4 ERMN. MOGFIMOBPEEmMRNATZER: &
EAARHRIE

i 3 GEPIAMTERMN . MOGHIMOBP3:
RAE i B i i Rk IE L . ERMN . MOGHI
M OB PR AR 50 J1 988 U RE 21 40 2 [R] Y
TR KR TG 2E = S, TR T A
JEFIXT RN Z 2R A G FE X (E6) .
ERMN ., MOGHIMOBPIE [H 75 i Jii £ 41 a8 41 41
N BB KR F AT REZH 4L, WFoRatE— i ok
CGGASHRE/SWTERMN . MOGHIMOBPX:ATE
i AN 44 (WHO I . M AIIVZ: ) 2021011
FIktEM, G5B BN, ERMN, MOGHIMOBP
FERAEARFE S FAL NN R IR Z AR HE
X (P<0.001) , Hifi 5 W 5B 20 H e 09 99

%, ERMN, MOGFMOBPHEHN )ik
(Ele6) .
2.5 ERMN, MOGFIMOBPEEMRNAZR XK
mﬁ%ﬁr%tra&a&%%%
%EERCGGA;&%EJ?FE’JII* B KA
magﬁsz — T ERMN . MOGHIMOBPH:
E’J%@LT /RSWWWIIFVJ%EEM%JE@%
%, SRR, ERMN, MOGFIMOBPH: [N
RIEE5WHOM Y . FFrEmRNL AR (isocitrate
IDH ) PR FIE A 38~ 2 50
* (P<0.001, #5) . MOBPRHNRIEKIL S BE
AR (P<0.001) FIMGMTH P F EALR S HH X6
(P=0.022, #5) .

AT AEAR

dehydrogenase,

&5 ERMN. MOGHIMOBPEEmMRNAMR XK TSR FEIRKFEZSHNX R
Tab.5 Association between ERMN, MOG and MOBP genes expressions and the patient's clinicopathological characteristics in

patients with glioma

(n)

ERMN Expression MOG Expression MOBP Expression
Clinicopathological Features Case
Low High P value Low High P value Low High P value
Gender
Male 203 109 94 0.170 104 99 0.620 106 97 0.270
Female 122 56 66 59 63 56 66
Agelyear
<40 143 65 78 0.090 64 79 0.084 61 82 0.022
>40 182 100 82 99 83 101 81
WHO Grade
I 103 29 74 <0.001 28 75 <0.001 24 79 <0.001
1 79 37 42 37 42 39 40
1% 139 96 43 95 44 96 43
MGMT methylation status
Un-methylated 149 82 67 0.250 78 71 0.640 85 64 0.029
Methylated 157 76 81 78 79 70 87
IDH mutation status
Wild type 149 97 52 <0.001 96 53 <0.001 99 50 <0.001
Mutant 175 67 108 66 109 62 113
Type of tumorigenesis
Primary 229 116 113 0.900 117 112 0.780 113 116 0.910
Recurrent 62 30 32 29 33 30 32
Secondary 30 16 14 14 16 16 14
Histology
Strocytoma 56 17 39 <0.001 16 40 <0.001 13 43 <0.001
Oligodendroglioma 52 14 38 14 38 14 38
Anaplastic oligodendro 12 5 7 4 8 5 7
Anaplastic astrocytoma 62 30 32 31 31 31 31
Glioblastoma 139 96 43 95 44 96 43
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Fig. 6 mRNA expression of ERMN, MOG and MOBP genes in control tissues and glioma tissues

N: Control tissues; T: Glioma tissues. A: mRNA expression of ERMN gene in control tissues and glioma tissues; B: mRNA expression of MOG gene
in control tissues and glioma tissues; C: mRNA expression of MOBP gene in control tissues and glioma tissues; D: mRNA expression of ERMN gene
in different WHO grades of glioma; E: mRNA expression of MOG gene in different WHO grades of glioma; F: mRNA expression of MOBP gene in

different WHO grades of glioma. *: P<<0.05, compared with control tissues.
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NCCN) 8 F a5 18I R

Jie o Bk A LR LA e S b, b
FEI 0 B SRR, e R A S R A e
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