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Abstract. The aim of the present study was to identify the 
common molecular mechanisms of multiple glioma subtypes, 
including astrocytoma, glioblastoma and oligodendroglioma, 
in addition to the specific mechanisms of different types. 
The gene expression profile set GSE4290 was downloaded 
from the Gene Expression Omnibus database. Differentially 
expressed genes (DEGs) from three types of glioma, relative 
to non-tumor tissue, were calculated by the t-test method 
with a linear regression model. Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analysis of the 
DEGs was performed. GeneVenn online analysis software 
was used for the comparison of the DEGs between subtypes. 
A total of 795 DEGs, including 619 up and 176 downregu-
lated DEGs were screened from the astrocytoma expression 
profiles; these were enriched in the KEGG pathways of 
‘neuroactive ligand‑receptor interaction’ (upregulated) and 
‘Wnt signaling pathway’ (downregulated). Protein‑protein 
interaction networks for astrocytoma, glioblastoma and 
oligodendroglioma were constructed with 1,617, 7,027 and 
1,172 pairs, respectively. A total of 595 common DEGs were 
obtained between the three subtypes, which were enriched 
in pathways associated with neural signaling. Glioblastoma 
is a subtype of astrocytoma; there were 195 DEGs common 
between these subtypes that were not also associated with 
oligodendroglioma. DEGs unique to astrocytoma, glio-
blastoma and oligodendroglioma were associated with the 
development of the nervous system, the cell cycle and cell 
matrix components, respectively. The screened DEG p53 
gene is likely to be critical for glioma development, including 
via the Wnt and p53 signaling pathways. Brain‑derived 
neurotrophic factor and cyclin-dependent kinase 1 genes 
were also likely to be important in the mechanism of glioma 
development, and were associated with the cell cycle and 

p53 signaling pathways. Immune system‑associated and cell 
matrix component pathways may be unique signaling path-
ways associated with astrocytoma and oligodendroglioma, 
respectively.

Introduction

Glioma is a type of tumor originating in the brain or spine (1). 
On the basis of histological features, gliomas may be divided 
into subtypes, including ependymoma, astrocytoma, oligo-
dendroglioma and brainstem glioma (2). Gliomas of the 
brain typically induce headaches, cranial nerve disorders and 
seizures, whereas spinal cord gliomas induce pain and numb-
ness in the extremities (3). Depending on the location and cell 
type of the disease, surgery, radiation therapy and chemo-
therapy may be combined in glioma treatment (4). However, 
gliomas are associated with a poor prognosis (5).

The underlying molecular mechanism for glioma tumori-
genesis has yet to be established, as it is associated with a 
number of contributing oncogenes. Therefore, character-
izing the molecular mechanisms of the disease is a popular 
area for research. Previous studies have demonstrated that 
polymorphisms of DNA repair genes, including excision 
repair cross-complementing group 1 and 2, and X-ray repair 
cross-complementing 1, may be associated with an increased 
risk of glioma development (6). Excessive DNA damage may 
induce the progression of cancer by causing further muta-
tions that upregulate glioma proliferation (7). In addition, it 
was previously identified that microRNA‑181d regulated the 
expression of O‑6‑methylguanine‑DNA methyltransferase, 
potentially inducing glioma progression (8). Although a 
number of genes and microRNAs associated with glioma 
have been identified, it is not sufficient to establish a complete 
strategy for glioma treatment.

Sun et al (9) produced mRNA microarray expression 
profile data with tumor samples collected from glioma 
patients (GSE4290), which demonstrated that stem cell factor 
may be associated with tumor-mediated angiogenesis and 
the development of glioma. Using bioinformatics analysis 
of the Sun et al (9) study, Wei et al (10) identified additional 
differentially expressed genes (DEGs) and the associated 
transcription factors. The molecular mechanisms of different 
glioma subtypes were associated with distinct regulatory 
signaling pathways (10).
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In order to research the common molecular mechanisms 
of gliomas, in addition to the specific mechanisms of different 
subtypes, the aforementioned GSE4290 gene expression 
profile was downloaded and analyzed in the present study. A 
DEG comparison between different subtypes was performed. 
This may lay the theoretical foundation for novel strategies of 
glioma treatment.

Materials and methods

Data acquisition. The gene expression profile collec-
tion GSE4290 (9), which included the expression profile 
data from 180 samples, was downloaded from the Gene 
Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/geo/). The data had been generated using the 
GPL570 (HG‑U133_Plus_2) Affymetrix Human Genome 
U133 Plus 2.0 microarray platform. The data of 23 samples 
from the glial cells of epilepsy patients from GSE4290 were 
used as non‑tumor control profiles. The remaining 157 tumor 
expression profiles included 26 astrocytoma profiles, 50 oligo-
dendroglioma profiles and 81 glioblastoma profiles. The raw 
data were obtained for the subsequent analysis.

Data preprocessing and DEG screening. The reduced major 
axis method (11) was used to normalize the raw data with the 
Affy package (12) in R. Compared with non‑tumor expression 
profiles, the DEGs from each glioma subtype were identified 
by the T-test method with a linear regression model from 
the R package limma (13). The threshold for DEGs was 
|logFC| >1.0 and P<0.05.

Gene ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis of DEGs. 
The GO database comprises data concerning gene annota-
tions, which primarily includes 3 categories: Molecular 
function (MF); biological process (BP); and cellular compo-
nent (CC) (14). KEGG (www.kegg.jp) is a database for the 
systematic analysis of gene functions. The online tool Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID) (15) was used for a KEGG pathway enrichment 
analysis of the identified DEGs. P<0.05 was considered to 
indicate a significant enrichment.

Protein‑protein interaction (PPI) network construction. 
STRING is a database of experimentally confirmed and 
predicted PPIs (16). A PPI network was constructed based on 
STRING and visualized with Cytoscape 2.8.2 (17) with the 
threshold of combined score >0.4. The degree of connectivity 
was used to identify hub nodes and remove nodes of low 
significance.

Module analysis and KEGG enrichment analysis. Modules, 
i.e., groups of genes with similar functional properties, of the 
constructed PPI network were identified with ClusterONE (18) 
in Cytoscape with a threshold of P<0.05. The DEG modules 
were subsequently used for KEGG pathway enrichment 
analysis as previously described.

DEG comparison of different subtypes. GeneVenn is an online 
application for comparing gene lists using Venn diagrams (19). 

GeneVenn software was used for comparing DEGs between 
the glioma subtypes.

Results

DEG screening and pathway enrichment analysis
Astrocytoma. Compared with non‑tumor expression profiles, a 
total of 863 DEGs, including 624 upregulated and 239 downreg-
ulated DEGs, were screened from the astrocytoma expression 
profile data. The upregulated DEGs were enriched in KEGG 
pathways including ‘neuroactive ligand‑receptor interaction’, 
‘calcium signaling pathway’, ‘MAPK signaling pathway’ and 
‘gap junction’, whereas downregulated DEGs were enriched 
in pathways including ‘cell adhesion molecules’, ‘complement 
and coagulation cascades’ and ‘intestinal immune network for 
IgA production’ (Table I).

Glioblastoma. There were 1,520 DEGs, including 969 upregu-
lated and 551 downregulated DEGs, between non‑tumor and 
glioblastoma expression profiles. Upregulated DEGs were 
enriched in KEGG pathways including ‘calcium signaling 
pathway’, ‘long‑term potentiation’, ‘neuroactive ligand‑receptor 
interaction’, ‘MAPK signaling pathway’ and ‘axon guidance’, 

Table I. Top 10 pathways associated with upregulated and 
downregulated DEGs in astrocytoma expression profiles.

Term DEGs P‑value

Upregulated pathways
  hsa04080: Neuroactive ligand‑receptor 29 1.57x10‑9

  interaction
  hsa04020:Calcium signaling pathway 22 4.84x10-8

  hsa04010:MAPK signaling pathway 22 4.43x10-5

  hsa04540:Gap junction 12 6.55x10-5

  hsa04360:Axon guidance 14 1.23x10-4

  hsa04720:Long‑term potentiation 10 1.81x10-4

  hsa04012:ErbB signaling pathway 11 2.61x10-4

  hsa04730:Long‑term depression   8 4.56x10‑3

  hsa05014:Amyotrophic lateral sclerosis   6 2.13x10-2

  hsa04666:FcγR‑mediated phagocytosis   8 2.43x10-2

Downregulated pathways
  hsa04514:Cell adhesion molecules   9 1.28x10‑3

  hsa05222:Small cell lung cancer   7 2.32x10‑3

  hsa04610:Complement and coagulation   6 5.09x10‑3

  cascades
  hsa04672:Intestinal immune network   5 8.01x10‑3

  for IgA production
  hsa04310:Wnt signaling pathway   8 1.11x10-2

  hsa05216:Thyroid cancer   4 1.13x10-2

  hsa05310:Asthma   4 1.13x10-2

  hsa05217:Basal cell carcinoma   5 1.20x10-2

  hsa05020:Prion diseases   4 1.89x10-2

  hsa05330:Allograft rejection   4 2.03x10-2

DEG, differentially expressed gene.
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whereas downregulated DEGs were associated with the path-
ways of ‘cell cycle’, ‘ECM‑receptor interaction’, ‘complement 
and coagulation cascades’, ‘focal adhesion’ and ‘p53 signaling 
pathway’ (Table II).

Oligodendroglioma. Compared with the non-tumor expres-
sion profiles, a total of 795 DEGs, including 619 upregulated 
and 176 downregulated DEGs, were screened from the 
astrocytoma expression profile data. The upregulated DEGs 
were enriched in ‘neuroactive ligand‑receptor interaction’, 
‘calcium signaling pathway’, ‘axon guidance’ and ‘gap junc-
tion’, whereas downregulated DEGs were enriched in ‘TGF‑β 
signaling pathway’, ‘p53 signaling pathway’ and ‘Wnt signaling 
pathway’ (Table III).

PPI network construction and module analysis
Astrocytoma. With the threshold of combined score >0.4, a 
PPI network for astrocytoma was constructed with 1,617 pairs. 
Once nodes with a degree <2 were removed, a PPI network for 
astrocytoma with 506 nodes and 1,590 edges was obtained. 
In this network, the hub nodes with a degree score >25 
were SPY, tumor protein p53 (TP53), brain‑derived neuro-
trophic factor (BDNF), NPY, SST, TAC1 and SYT1. Module 
analysis was subsequently performed for this PPI network. 
Modules A‑C were screened, with P=2.065x10-8, P=3.418x10-7 
and P=7.808x10-4, respectively. Module A included 24 nodes 
and 126 edges; module B included 21 nodes and 120 edges; 
module C included 10 nodes and 31 edges (Fig. 1A). On the 
basis of the analysis of modules A-C, 8 genes in these modules 
were enriched in the ‘neuroactive ligand‑receptor interaction’ 
pathway.

Glioblastoma. A total of 7,027 pairs were identified in the 
PPI network for glioblastoma. Once nodes with a degree <2 
were removed, a PPI network with 1,064 nodes and 7,003 
edges was obtained. Hub nodes with a degree score >90 were 
cyclin-dependent kinase 1 (CDK1), PCNA, TP53, KNTC1 and 
CCNB1. A total of 4 modules were screened with P<0.05; 
modules D‑G were screened with P<0.001. Module D 
included 27 nodes and 178 edges, module E included 27 nodes 
and 176 edges, module F included 12 nodes and 33 edges 
(Fig. 1B), and module G included 7 nodes and 11 edges. Genes 
in modules D‑F were enriched in the ‘protein processing in 
endoplasmic reticulum’ pathway (P=1.13x10‑16).

Oligodendroglioma. A total of 1,172 pairs were identified in 
the PPI network for oligodendroglioma. Once nodes with a 
degree <2 were removed, a PPI network with 419 nodes and 
1,040 edges was obtained. SPY, TP53, BDNF, CDC42, SYN1, 
TAC1, NPY, SYT1, SNAP25, MCM7 and ENO2 were identi-
fied as hub nodes, with a degree score >20. With the threshold 
of P<0.05, only module H was screened. Module H was 
associated with P<0.001. Module H contained 22 nodes and 
108 edges (Fig. 1C). The genes in module H were associated 
with the pathways of ‘neuroactive ligand‑receptor interaction’ 
(P=3.20x10-14) and ‘calcium signaling pathway’ (P=7.75x10-10).

DEGs comparison of different subtype. As included in Table IV, 
a total of 595 common DEGs were obtained across all three 
subtypes of glioma (Fig. 2). The pathways enriched with these 
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genes were associated with neural signaling. Furthermore, glio-
blastoma is a subtype of astrocytoma; there were 195 common 
DEGs between the glioblastoma and astrocytoma datasets 

that were not also associated with oligodendroglioma, which 
were enriched for immune function‑associated pathways. The 
unique DEGs from astrocytoma, glioblastoma and oligoden-
droglioma were generally associated with the development of 
the nervous system, the cell cycle and cell matrix components, 
respectively (Table IV).

Discussion

In order to screen for potential therapeutic targets in different 
glioma subtypes, the GSE4290 profile was downloaded from 
the GEO for a bioinformatics analysis of the associated molec-
ular mechanisms. In the present study, a total of 595 common 
DEGs were identified between the three glioma subtypes. The 
pathways enriched by these genes were associated with neural 
signaling. There were also a number of unique DEGs and 
pathways specifically associated with different subtypes.

TP53 was screened as an overlapped DEG between the 
three glioma subtypes. Additionally, it was enriched in 
various pathways including the Wnt signaling pathway and 
the p53 signaling pathway. TP53 is a critical target in the 
regulation of malignant progenitor cell renewal, differen-
tiation and tumorigenic potential (20). In addition, cellular 
pathways involving TP53 are frequently dysregulated in 
glioma tumors (21). Dickkopf‑1 was previously demonstrated 

Figure 1. Modules from the PPI network. (A) Module C of the PPI network for astrocytoma; (B) module F of the PPI network for glioblastoma; (C) module H 
of the PPI network for oligodendroglioma. PPI, protein‑protein interaction.

Figure 2. Number of differentially expressed genes that were common 
between different glioma subtypes. AST, astrocytoma; GLI, glioblastoma; 
OLI, oligodendroglioma.
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to be an inhibitor of the Wnt signaling pathway by inducing 
TP53 tumor suppression (22). Dysregulation of the TP53 
pathway was also necessary for human astrocytoma by 
regulating the G1‑S transition (23). Therefore, alterations to 
TP53 expression are critical in glioma via the Wnt and p53 
signaling pathways.

Compared with non-tumor expression profiles, notable 
genes, including BDNF, were screened from the astrocy-
toma expression profiles, which were enriched in the KEGG 
pathways of ‘cell adhesion molecules’, ‘complement and 
coagulation cascades’ and ‘Wnt signaling pathway’. BDNF, a 
member of the nerve growth factor family, is necessary for the 
survival of striatal neurons in the brain; in human glioma, the 
expression of BDNF was previously demonstrated to be upreg-
ulated and closely associated with pathological grading (24). In 
addition, Xiong et al (25) identified that mature BDNF could 
promote the growth of glioma cells in vitro. The expression 
of BDNF was confirmed to be regulated by the Wnt signaling 

pathway (25). Therefore, BDNF may be a therapeutic target in 
astrocytoma.

CDK1 was a hub node of the PPI network for glioblas-
toma expression profiles. Chen et al (26) identified that the 
overexpression of CDK1 may have promoted the oncogenesis 
and progression of glioma, whereas the downregulation of 
CDK1 inhibited proliferation. Combined with cyclin B1, 
CDK1 forms a complex that induces the G2‑M transition in 
malignant glioma cells (27). In the present study, CDK1 was 
associated with the KEGG pathways ‘cell cycle’ and ‘p53 
signaling pathway’. For the treatment of human glioblastoma 
cells, inducing G1 cell cycle arrest, as may be mediated by 
the p53 pathway, is an effective strategy for suppressing 
tumorigenicity (28). CDK1 may thus be associated with the 
mechanisms of glioblastoma by affecting the cell cycle and 
the p53 signaling pathway.

In the present study, pathways enriched by DEGs 
common between the three types of glioma were associated 

Table IV. GO term enrichment analysis of unique DEGs in three types of glioma.

A, Astrocytoma (enrichment score, 2)

GO category GO term DEGs P‑value

BP GO:0050767:Regulation of neurogenesis 3 7.66x10‑3

BP GO:0051960:Regulation of nervous system development 3 1.01x10-2

BP GO:0060284:Regulation of cell development 3 1.15x10-2

BP GO:0045596:Negative regulation of cell differentiation 3 1.27x10-2

B, Glioblastoma (enrichment score, 7)

GO category GO term DEGs P‑value

BP GO:0022403:Cell cycle phase 44 4.80x10-10

BP GO:0000278:Mitotic cell cycle 40 2.09x10‑9

BP GO:0022402:Cell cycle process 50 1.26x10-8

BP GO:0000280:Nuclear division 27 1.14x10-7

BP GO:0007067:Mitosis 27 1.14x10-7

CC GO:0005819:Spindle 22 1.29x10-7

BP GO:0000087:M phase of mitotic cell cycle 27 1.64x10-7

BP GO:0048285:Organelle fission 27 2.54x10-7

BP GO:0007049:Cell cycle 58 2.63x10-7

BP GO:0051301:Cell division 31 3.48x10-7

BP GO:0000279:M phase 33 3.88x10-7

CC GO:0015630:Microtubule cytoskeleton 38 3.98x10-4

C, Oligodendroglioma (enrichment score, 2)

GO category GO term DEGs P‑value

CC GO:0044421:Extracellular region part 12 1.40x10‑3

CC GO:0005576:Extracellular region 16 1.19x10-2

CC GO:0005615:Extracellular space   8 2.02x10-2

GO, Gene Ontology; DEG, differentially expressed gene; BP, biological process; CC, cellular component.
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with neural signaling. The unique genes of astrocytoma 
and oligodendroglioma were enriched in immune- and cell 
matrix component‑associated pathways, respectively. The 
simultaneous activation of the Ras and Akt pathways has 
been demonstrated to induce glioblastoma development 
in mice (29). Alterations to the immune system were previ-
ously observed to be the primary etiology of adult glioma, 
particularly in the brain (30). In the process of tumor invasion, 
extracellular matrix proteins, including fibronectin, may also 
serve an important function in intracerebral invasion (31).

In conclusion, the screened DEG TP53 is likely to be 
critical for glioma development, including via the Wnt and 
p53 signaling pathways. BDNF and CDK1 were also possibly 
important in the mechanism of glioma development, and 
were associated with the cell cycle and p53 signaling path-
ways. Immune system‑associated and cell matrix component 
pathways may be unique signaling pathways associated with 
astrocytoma and oligodendroglioma, respectively. However, 
further experiments are required to confirm the results of the 
present study.
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