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Abstract

Glioma is the most common primary malignant tumor of the central nervous system and is related to poor clinical outcomes. At present, the standard treatment 
of glioma in clinical practice is to maximally remove the focus on the premise of protecting the neurological function, supplemented by postoperative chemotherapy 
and radiotherapy. However, after standard treatment, the prognosis of glioma patients is still not satisfactory. DLGAP5 has been shown to play an important role in the 
occurrence and progression of various tumors. This study examined the expression of DLGAP5 in glioma samples and its signifi cance in predicting the prognosis of 
glioma patients. TCGA and CGGA datasets were used to explore the difference in DLGAP5 expression between glioma and normal central nervous system tissues and 
to investigate the prognostic value of DLGAP5 expression in glioma patients. The cBioPortal online analysis website was used to explore the gene mutations of DLGAP5 
expressing in glioma. The String database and GEPIA online analysis website were used to perform Enrichment Analysis to explore the molecular mechanism of DLGAP5.
In this study, we observed that DLGAP5 expression was upregulated in glioma tissues compared with normal CNS tissues and was negatively associated with the 
prognosis of glioma patients. DLGAP5 may affect the occurrence and progression of glioma mainly through gene mutation, gene amplifi cation, and gene depth deletion. 
At the same time, the molecular inhibition of DLGAP5 may be related to the cell cycle and the p53 pathway. In conclusion, our fi ndings suggested that DLGAP5 may be a 
therapeutic target and an independent prognostic indicator for glioma.
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Abbreviations

WHO: World Health Organization; DLGAP5: Discs Large 
Homolog Associated Protein 5; TIMER: Tumor Immune 
Estimation Resource; CGGA: Chinese Glioma Genome Atlas; 
TCGA: The Cancer Genome Atlas; GEPIA: Gene Expression 
Profi ling Interactive Analysis; TMB: Tumor Mutation Burden; 
MSI: Microsatellite Instability; CAFs: Tumor-Associated 
Fibroblasts; ICP: Immune Checkpoints; PPI: Protein-Protein 
Interaction network; GO: Gene Ontology; KEGG: Kyoto 
Encyclopedia of Genes and Genomes; BP: Biological Process; 
CC: Cellular Component; MF: Molecular Function

Background

Glioma is the most common primary malignant tumor in 
the central nervous system [1]. According to the 2021 World 

Health Organization Classifi cation of central nervous system 
tumors, glioma can be divided into 4 grades, of which WHO 
grand1 and WHO grand 2 are low-grade gliomas, WHO grand 
3 and grand 4 are high-grade gliomas [2]. At present, the 
standard treatment of glioma in clinical practice is to maximally 
remove the focus on the premise of protecting the neurological 
function, supplemented by postoperative chemotherapy and 
radiotherapy. Because of the rapid growth and invasiveness 
of glioma, the clinical treatment of glioma is complicated and 
diffi cult [3]. The median survival time of high-grade glioma 
patients is 15 months, and the 5-year survival rate is less than 
5% [4]. It is crucial for glioma patients to fi nd a new diagnostic 
method and more effective treatments. In recent years, with 
the development of molecular biology, we have a better 
understanding of molecular changes in gliomas [5]. Through 
previous studies and the success of other clinical targeted 
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therapies for other tumors, the intervention of molecules 
closely related to the occurrence and prognosis of glioma 
may have a positive impact on the diagnosis and prognosis of 
patients with glioma.

Discs Large Homolog Associated Protein 5 (DLGAP5), also 
known as DLGAP7 or Hepatoma Up-Regulated Protein (HURP), 
is a mitotic spindle protein encoded by the DLGAP5 gene in 
humans [6]. DLGAP5, as a kinetochore protein, stabilizes K 
fi bers and promotes chromosome aggregation by regulating 
the localization and dynamics of kif18A at the positive end of 
kinetochore microtubules, thus stabilizing the microtubules 
near chromosomes [7-9]. DLGAP5 controls spindle dynamics 
and stabilizes in cells through phosphorylation by Aurora 
kinase. It also plays an important role in centrosome formation 
and chromosome separation, thus regulating spindle formation 
[10-12]. Previous studies have found that DLGAP5 is closely 
related to the occurrence and progression of tumors. High 
expression of DLGAP5 is common in colorectal cancers with 
poor overall survival. By down-regulating the expression of 
the DLGAP5 gene, it signifi cantly reduced the invasion and 
migration potential of colorectal cancer [13]. Previous studies 
have found that DLGAP5 expression promotes the development 
of NSCLC [14]. DLGAP5 is overexpressed in hepatocellular 
carcinoma, and DLGAP5 silencing inhibits the cycle and 
proliferation of hepatocellular carcinoma cells [15]. In one 
study, the expression of DLGAP5 in endometrial cancer tissues 
was signifi cantly higher than that in normal endometrial 
tissues, and the expression level of DLGAP5 was negatively 
correlated with the prognosis of patients with endometrial 
cancer [16]. Studies have shown that DLGAP5 is a potential 
new molecular biomarker for the diagnosis and prognosis of 
glioma [17]. DLGAP5 plays an important role in the occurrence, 
progression, and prognosis of glioma, colorectal cancer, lung 
cancer, hepatocellular carcinoma, and endometrial carcinoma. 
However, the role of DLGAP5 in the development and 
progression of glioma is rarely studied in the basic and clinical 
studies of glioma.

Although studies have proved that DLGAP5 may be a 
new molecular biomarker for the diagnosis and prognosis of 
glioma, the mechanism through which DLGAP5 affects the 
occurrence and progression of glioma remains unclear. In this 
study, we performed integrated bioinformatics analysis based 
on gene expression profi les in relevant databases to explore 
the possible mechanisms of DLGAP5. We used TCGA, CGGA 
database, and related online bioanalysis websites to investigate 
the differential expression of DLGAP5 in glioma tissues and 
normal central nervous system tissues and its prognostic 
impact on glioma patients. This study also investigated the 
correlation between DLGAP5 gene mutation and immune cell 
infi ltration. In addition, we performed GSEA (Gene ensemble 
Enrichment analysis) to explore the mechanism of DLGAP5 
action.

Materials and methods

TIMER2

TIMER (Tumor Immune Estimation Resource) is a 
comprehensive resource system for the analysis of immune 

infi ltration in different cancer types. It can fully explore the 
immunological, clinical, and genomic aspects of tumors. The 
Gene-DE module in TIMER2.0 can investigate the expression 
differences of any corresponding gene between the tumor and 
adjacent normal tissues in all TCGA tumors. The distribution 
of gene expression levels was represented by boxplots. In this 
study, we used the gene-DE plate in TIMER2.0 to investigate 
the differential expression of DLGAP5 in different tumor 
tissues, especially glioma and corresponding normal tissues. 
Meanwhile, the TIMER2 online database was used to study 
the correlation between DLGAP5 and the level of immune cell 
infi ltration in glioma [18-20].

CGGA

The Chinese Glioma Genome Atlas (CGGA) database, a 
web-based application focused on brain tumor data storage 
and analysis, explores more than 2000 datasets of brain tumor 
samples from a Chinese cohort. This analysis tool can scan 
DNA mutation profi les, mRNA/microRNA expression profi les, 
and methylation profi les, and perform correlation and survival 
analyses for specifi c glioma subtypes. We used different 
data sources in the CGGA database (data ID: mRNAseq-325, 
mRNAseq-693, mRNA-array-301) to investigate the expression 
differences of DLGAP5 in glioma of different WHO grades. At 
the same time, the CGGA database was used to explore the 
correlation between the expression level of DLGAP5 and the 
prognosis of glioma patients [21-23].

TCGA

The Cancer Genome Atlas (TCGA) is a publicly funded 
project that aims to catalog and discover major cancer-causing 
genomic alterations to create a comprehensive “atlas” of cancer 
genomic profi les. So far, TCGA researchers have analyzed large 
cohorts of over 30 human tumors through large-scale genome 
sequencing and integrated multi-dimensional analyses. Studies 
of individual cancer types, as well as comprehensive pan-cancer 
analyses, have extended current knowledge of tumorigenesis. 
A major goal of the project was to provide publicly available 
datasets to help improve diagnostic methods, and treatment 
standards, and fi nally to prevent cancer [24]. In this study, 
The TCGA database was used to analyze the expression level 
of DLGAP5 in glioma and its correlation with the prognosis of 
glioma patients. Meanwhile, the TCGA database was used to 
explore the correlation between DLGAP5 and TMB, and MSI.

cBioPortal

The cBioPortal for Cancer Genomics is a comprehensive 
open network platform based on the TCGA database, which 
integrates data mining, data integration, and visualization. The 
portal collected records from 147cancer studies and analyzed 
31 cancers, including more than 21000 samples. The variation 
of DLGAP5 in glioma was studied by using the “Cancer Types 
Summary” and “Mutations” sections of this network platform. 
In the current tumor research, tumor immunotherapy has 
received attention from basic and clinical research [25,26]. 

String

The String database is a database that searches for known 
protein interactions and predicts protein-protein interactions. 
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Firstly, 50 genes related to DLGAP5 expression were obtained 
by using the Protein by name module in the sting database. 
Then the protein-protein interaction network is obtained by 
setting the Meaning of network edges selection [evidence], 
Active interaction sources selection [Experiments], Minimum 
required interaction score selection [low confi dence (0.150)], 
Max number of interactors selection [no more than 50 
interactors] and so on [27-29]. The String database was used 
to explore DLGAP5 protein interactions and predict protein-
protein interactions.

GEPIA

GEPIA (Gene Expression Profi ling Interactive Analysis) 
is a web server for cancer and normal gene expression and 
interaction analysis. GEPIA2.0 is a version that adds functionality 
to it. By using the Similar Genes Detection module of GEPIA2 
to obtain the fi rst 100 genes related to DLGAP5 expression, we 
took the fi rst fi ve genes, used the Correlation Analysis module 
to analyze the correlation between the expression of the fi rst 
fi ve genes and DLGAP5 expression, and obtained the related 
scatter plot [30].

DAVID

DAVID (The Database for Annotation, Visualization, 
and Integrated Discovery) provides a comprehensive set of 
functional annotation tools for investigators to understand the 
biological meaning behind large lists of genes. These tools are 
powered by the comprehensive DAVID Knowledgebase built 
upon the DAVID Gene concept which pulls together multiple 
sources of functional annotations. For any given gene list, 
DAVID tools are able to identify enriched biological themes, 
particularly GO terms and discover enriched functional-
related gene groups [31]. The differentially expressed genes 
(DEGs) from differential expression analysis that meet the 
conditions were used for enrichment analysis, including the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene 
Ontology (GO) enrichment analysis. The DAVID was used 
to conduct GO enrichment analysis for the candidate target 
protein obtained after network merging. We could use DAVID 
to visualize the enrichment of BP, MF, CC, and pathways (p < 
0.05). Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analysis was conducted to explore 
biological pathways where relevant proteins were covered. 
DAVID and R language ggplot2 package were used to enrich 
analysis visualization and analyze the possible mechanism of 
actions, [32]. 

Results

The expression level of DLGAP5 in glioma

Genes are often involved in the occurrence and progression 
of tumors. In order to verify whether DLGAP5 is a glioma-
promoting gene or a tumor suppressor gene, we used a variety 
of databases to analyze its expression level in gliomas and its 
difference with normal tissues.

In this study, the TIMER2.0 database was used to explore 
and analyze the differences in DLGAP5 expression in different 

tumors, especially in glioma. Then CGGA and TCGA were used 
to verify their expression level again. Figure 1 can see that 
DLGAP5 is highly expressed in a variety of tumors. Among 
the 153 glioblastoma samples from the TIMER2.0 database, 
DLGAP5 was highly expressed in tumor cells, while DLGAP5 
was low in 5 normal glioblastoma tissues (p < 0.001). DLGAP5 
is also highly expressed in Low-grade gliomas (Figure 1A). 
In order to further study the expression level of DLGAP5 in 
glioma, we used different data sources in the CGGA database 
(data ID: mRNAseq-325, mRNAseq-693, mRNA-array-301) to 
analyze the differences of DLGAP5 expression in different WHO 
grades of glioma. As shown in Figure 1B, the expression level 
of DLGAP5 is the highest in WHO grade 4 glioma, the lowest in 
WHO grade 2 glioma, and in the middle of WHO grade 3 glioma. 
In this study, we verifi ed the results of TIMER by extracting 
data from the TCGA database. The expression of DLGAP5 was 
up-regulated in glioblastoma and low-grade glioma, but not in 
normal tissues, (Figure 1C).

From the expression level of DLGAP5 in glioma, it can be 
concluded that DLGAP5 is highly expressed in glioblastoma 
and Low-grade glioma, and there is a signifi cant statistical 
difference between glioblastoma and normal tissue. The results 
of this data showed that the expression level of DLGAP5 was 
signifi cantly different in different grades of gliomas. The 
expression level of DLGAP5 in high-grade gliomas is higher 
than that in low-grade gliomas.

Prognosis of glioma patients with DLGAP5 expression

In this study, we used multiple bioinformatics databases 
to investigate the effect of DLGAP5 expression level on the 
prognosis of glioma patients. First of all, this study used 
three different data sources in the CGGA database (data ID: 
mRNAseq-325, mRNAseq-693, mRNA-array-301) for analysis. 
The samples were divided into the DLGAP5 high expression 
group and low expression group, and the effect of DLGAP5 
expression on the prognosis of primary glioma and recurrent 
glioma was studied respectively. We used data from the CGGA 
database to explore the effect of DLGAP5 expression level on the 
prognosis of glioma patients in primary glioma and recurrent 
glioma. The data show that in primary glioma, the survival 
probability of the group with high expression of DLGAP5 was 
lower than that of the group with low expression (p < 0.0001). 
In recurrent glioma, the data from the CGGA database (data ID: 
mRNAseq-325 and mRNAseq-693) showed that the survival 
probability of the high-expression group of DLGAP5 was lower 
than that of the low-expression group. The data obtained 
from the CGGA database (data ID: mRNA-ARRAY-301) had 
no statistically signifi cant results. Our team thought that the 
small sample size made it impossible to obtain meaningful 
positive results (Figure 2A).

In order to further study and analyze the effect of DLGAP5 
expression on prognosis, the data from the TCGA database 
were used to analyze the effect of DLGAP5 on overall survival 
and Progression-Free Survival in glioblastomas and low-grade 
glioma. The data showed that in glioblastoma and low-grade 
glioma, the overall survival and Progression-Free Survival of 
the DLGAP5 high-expression group was signifi cantly lower 
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than that of the low-expression group (p < 0.001), (Figure 2B). 
We extracted relevant data from the TCGA database to analyze 
the expression difference of DLGAP5 in different grades of 
glioma and its relationship with the prognosis of glioma 
patients. It can be seen from Figure 2C that the high expression 
of DLGAP5 in WHO grade 3 glioma is higher than that in WHO 
grade 2 glioma, the death rate of the DLGAP5 high expression 
group is higher than that of the low expression group, and the 
survival rate of low expression group is signifi cantly higher 
than DLGAP5 high expression group.

It is known from this picture that DLGAP5 has an adverse 
effect on the prognosis of patients with glioma. It is further 
verifi ed that DLGAP5 is an oncogene in glioma.

Genetic variation of DLGAP5 in glioma

In this study, the cBioPortal database was used to study 
the variation of the DLGAP5 gene in glioma. DLGAP5 changes 
in glioma were studied in detail by analyzing 6,339 patients 
and 6,548 samples from 20 studies in the database. As shown 
in the Figure 3A histogram, the horizontal axis represents 18 
valuable studies fi ltered out of 20 studies, and the vertical 
axis is the mutation frequency. The three colors in the picture 
represent different types of variation. According to the 2019 
Mayo Clinic’s PDXs study of brain tumors, 1.2% of the DLGAP5 
gene mutations were found. In low-grade brain glioma, TCGA 
tumor data showed that DLGAP5 gene amplifi cation accounted 

Figure 1: Analysis of DLGAP5 expression. (A) The expression of DLGAP5 was different between the tumor and adjacent normal tissues by the TCGA database. (B) The 
expression of DLGAP5 was different among different glioma grades in the CGGA database. (C) The difference in DLGAP5 expression between glioma tissues and normal 
neural tissues in the TCGA database. *p < 0.05, **p < 0.01, ***p < 0.001.
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for 0.58%, and mutation accounted for 0.39%. According to 
these studies, it can be seen that the main variations of the 
DLGAP5 gene in glioma are gene mutation, gene amplifi cation, 
and gene deep deletion. Then, we used cBioPortal database to 
research the mutation sites of the DLGAP5 gene and which 
amino acids changed. As shown in Figure 3C, there are a total of 
10 mutations, including 4 repeated mutations in patients with 
multiple samples. Among the 10 variants, 9 were missense, and 
1 was truncation. This fi gure shows that 6 variations sited in 
the DLGAP5 gene, which lead to the changes of amino acids 
of D126H, P243S, S306F, I1587Lfs*13, P697T, and Q823L, in 
which the variation site of I1587Lfs*13 is located at the site of 
guanosine monophosphate kinase-associated protein (GKAP). 
Finally, it is displayed by 3D structure.

In this study, we analyzed the relationship between the 
expression of DLGAP5 and Tumor Mutation Burden and 
Microsatellite Instability and then explored the therapeutic 
effect of immunotherapy on gliomas expressing DLGAP5. 
As shown in the fi gure, the Abscissa represents the DLGAP5 
expression distribution, the ordinate represents the TMB/MSI 
score distribution, the right density curve represents the TMB/
MSI score distribution trend, and the upper-density curve 
represents the DLGAP5 expression distribution curve. The TMB 
score increased with the increase of DLGAP5 expression. It 
meant that the expression of DLGAP5 in glioma was positively 

correlated with TMB (p < 0.0001). However, the score of TMB 
is between 0 and 2mutations/Mb, and the TMB score of root 
drama is low. We can see from Figure 3D that the score of MSI 
decreased with the increase of DLGAP5 expression (p < 0.0001). 
However, the score of MSI ranged from 0 to 0.4. It was classifi ed 
as MSI low-frequency type according to MSI classifi cation.

Analysis of immune infi ltration results

The growth and development of glioma are closely related 
to the tumor microenvironment. The infi ltration level of 
tumor-associated fi broblasts in DLGAP5-expressing gliomas 
was investigated by using different algorithms in TIMER2.0. 
The different colors in the picture represented different 
relationships. The reddish color indicated a positive correlation 
and the blue color indicated a negative correlation. In 
glioblastoma, only the EPIC algorithm was positively correlated, 
while there was no statistically signifi cant association in the 
other three algorithms. In low-grade glioma, three algorithms, 
EPIC, MCPCOUNTER, and TIDE, indicated that DLGAP5-
expressing low-grade gliomas positively correlated with 
tumor-associated fi broblasts, (Figure 4A). In Figure 4B, we 
investigated the link between gliomas and immune checkpoints. 
SIGLEC15, TIGIT, CD274, HAVCR2, PDCD1, CTLA4, LAG3, and 
PDCD1LG2 were genes involved in immune checkpoints. In 
Figure 4B, the blue color indicated a positive correlation, and 

Figure 2: Prognostic analysis of DLGAP5 in glioma patients. (A) Survival difference of DLGAP5 expression in glioma patients in CGGA database (data ID: mRNAseq-325, 
mRNAseq-693, mRNA-array-301). (B) Survival differences of gliomas with different DLGAP5 expression levels in TCGA database. (C) The expression and survival of DLGAP5 
in different grade glioma.
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the red color indicated a negative correlation. In glioblastoma, 
there was no statistical association with LAG3, PDCD1, and 
SIGLEC15, but negative correlation with other immune 
checkpoint genes and a signifi cant negative correlation with 
HAVCR2 (P<0.001). In low-grade glioma, LGG was negatively 
correlated with TIGIT and had no statistical signifi cance with 
CD274 and SIGLEC15. But it was positively correlated with 
other genes, and signifi cantly positively correlated with LAG3 
(P<0.01). In this study, the level of immune cell infi ltration in 
glioma was also investigated by using different algorithms. In 
the QUANTISEQ, MCPCOUNTER, and XCELL algorithms, the 
blue color indicated a positive correlation and the red color 
indicated a negative correlation. Among the three algorithms 
with statistical signifi cance, most immune cell infi ltration 
levels in glioblastoma were negatively correlated, especially the 

macrophage infi ltration level in glioblastoma was signifi cantly 
negatively correlated (p < 0.01). In low-grade gliomas, there 
were multiple positive correlations of immune cell infi ltration 
and negative correlations of immune cell infi ltration, (Figure 
4CDE).

Functional analysis 

In this study, the DLGAP5 protein interaction network was 
studied by using the String database. There was a total of 37 
protein nodes as shown in Figure 5A. Each node represented 
all proteins encoded by a single protein-coding locus. The red 
node in the middle was the protein encoded by the DLGAP5-
encoding gene. The lines between the nodes represented 
protein-protein associations, indicating that they collectively 
participated in a certain function. The color of the line indicated 

Figure 3: Mutation characteristics of DLGAP5 in glioma. (A) Change frequency of DLGAP5 mutation types in glioma. (B) DLGAP5 mutation site in glioma. (E) The mutation 
site with the highest frequency of change in DLGAP5 3D structure. (C) Correlation between DLGAP5 and TMB. (D) Correlation between DLGAP5 and MSI.
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the source of evidence for the association between proteins, 
and pink indicated experimental validation. The blue indicated 
evidence from the database. The fi gure showed that DLGAP5 
had experimentally verifi ed associations with other 36 nodes. 
The top 100 genes related to the expression of the DLGAP5 gene 
were obtained from the glioma data of the TCGA database. We 
selected the top fi ve genes of BUB1, CCNA2, KIF2C, CDCA8, 
and CDCA2. As shown in Figure 5B, the abscissa in the fi gure 
represented the expression level of DLGAP5, and the ordinate 
represents the expression level of the top 5 related genes. With 
the increase of DLGAP5 gene expression, the expression of the 
top 5 genes related to its expression also increased. Therefore, 
we thought BUB1, CCNA2, KIF2C, CDCA8, CDCA2 were positively 
correlated with DLGAP5 (p < 0.001). 

The gene ultimately exerted its fi nal function by affecting 
the encoded protein. Therefore, we performed DLGAP5 gene 
enrichment analysis to research the DLGAP5 expression 
information in this study. In the DLGAP5 gene enrichment 
analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis and Gene Ontology (GO) enrichment 
analysis were mainly performed. The Gene Ontology enrichment 
contained cellular components, molecular functions, and 
biological processes. The abscissa in the fi gure was the Gene 
Ratio and the ordinate was the enrichment analysis item in 

the fi gure. In Figure 5C, the color of the circle represented the 
correlation. The reddish color indicated a higher correlation. 
In terms of molecular function, DLGAP5 was mainly related 
to tubulin binding, microtubule binding, and adenosine 
triphosphatase activity. In the biological process, the gene is 
mainly associated with the organelle fi ssion process, nuclear 
division process, and chromosome segregation process. In 
cellular components, the gene was mainly associated with 
spindles, chromosomal regions, and centromeric regions. In 
the Encyclopedia of Genomes enrichment analysis, DLGAP5 is 
mainly associated with cell cycle, oocyte meiosis, p53 signaling 
pathway, and progesterone-mediated oocyte maturation.

Discussion

Glioma is the most common type of primary central 
nervous system malignant tumor, which mainly originates 
from astrocytes, oligodendrocytes, and so on [33]. Due to the 
characteristics of rapid growth and aggressive glioma, glioma 
patients have poorer survival time and quality of life compared 
with other nervous system tumors. The median survival for 
glioblastoma is only 14.4 months [34]. The standard treatment 
for gliomas is maximal resection, followed by standard 
radiotherapy combined with temozolomide chemotherapy. 
Despite standard treatment, the survival and quality of life 

Figure 4: Relationship between DLGAP5 expression and immune cell infi ltration in glioma. (A) Correlation between DLGAP5 and Cancer-Associated Fibroblast Infi ltration. 
(B) Correlation between DLGAP5 expression in glioma and immune checkpoints. (C-E) The correlation between DLGAP5 expression and immune infi ltration in glioma was 
determined by QUANTISEQ, MCPCOUNTER, and XCELL, respectively.
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of glioma patients have not improved signifi cantly. With the 
development of basic medical research and clinical science, 
new therapeutic schemes have been applied in the adjuvant 
treatment of gliomas, such as immunotherapy, targeted 
therapy, and tumor treatment fi elds. These cutting-edge 
adjuvant therapies have prolonged survival and improved 
the quality of life of patients with glioma [33]. At present, 
molecular targeted therapy for glioma has entered the stage of 
clinical trials, but few positive effects [35]. Therefore, fi nding 
suitable target genes has positive signifi cance for the treatment 
of glioma. A host of researchers have found that DLGAP5 plays 
an important role in the occurrence and development of other 
tumors such as lung cancer, cervical cancer, and intestinal 
cancer. In this study, the effects of DLGAP5 on the occurrence 
and progression of glioma were analyzed from the aspects of 
DLGAP5 gene expression, prognosis, immune response, and 
mechanism of action.

DLGAP5, also known as DLG7 or HURP, is a mitotic spindle 
protein whose function is to promote the formation of tubulin 
polymers [7]. As a cell cycle-regulating gene, DLGAP5 mRNA 
changes periodically in the cell cycle and plays an important 
role in the occurrence and development of a variety of 
tumors. In hepatocellular carcinoma, researchers found that 
DLGAP5 was overexpressed in hepatocellular carcinoma, and 
silencing of DLGAP5 inhibited the HCC cycle and proliferation 

of hepatocellular carcinoma differentiation [15]. By fl ow 
cytometry, some research teams found that after DLGAP5 
down-regulation in glioma, the cells in G0/G1 phase increased, 
while the cells in S and G2/M phases decreased signifi cantly. 
Their study suggested that DLGAP5 may contribute to glioma 
progression by accelerating G0/G1 phase progression [17]. 
However, the specifi c mechanism of DLGAP5 in glioma 
remains unclear. In this study, we mainly explored the possible 
molecular mechanism of DLGAP5.

Through the analysis of TCGA and CGGA databases, it was 
found that DLGAP5 was highly expressed in glioma tissues and 
lowly expressed in normal tissues. We found that the expression 
of DLGAP5 in tumor tissues increased with the increase of 
glioma grade. The differential expression of DLGAP5 in tumor 
tissues and normal neural tissues suggested that DLGAP5 may 
be a gene that promotes glioma development. In the prognostic 
analysis, the Overall Survival and Progression Free Survival 
of glioma patients in the high-expression group of DLGAP5 
were lower than those in the low-expression group. In order 
to further explore the mechanism of DLGAP5 in glioma tissue, 
we carried out a detailed exploration of different aspects of 
DLGAP5 gene mutation, immune cell infi ltration analysis, 
gene function analysis, and so on. The occurrence of tumors is 
caused by related gene mutations, and in this process, tumor 
suppressor genes and tumor-promoting genes are mainly 

Figure 5: (A) Relationship between DLGAP5 protein and related proteins. (B) Correlation between DLGAP5 and expression of related genes. (C) GO and KEGG pathway 
analysis of DLGAP5 expressing glioma. GO pathway: Biological Process, Cellular Component, Molecular Function.
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involved. The mutation of DLGAP5 changed the downstream 
proteins, causing the occurrence and progression of glioma. By 
analyzing the data in the TCGA database, the main types of 
DLGAP5 gene variants were gene mutation, gene amplifi cation, 
and gene deep deletion. The mutated genes exert corresponding 
functions through transcription and translation into proteins. 
In this study, we confi rmed the major mutation sites of DLGAP5. 
Epigenetics is the process of causing heritable gene expression 
or cell phenotype changes through some mechanism without 
changing the DNA sequence, which includes DNA methylation, 
histone modifi cation, and microRNA [36]. Epigenetic alterations 
are the main mechanisms underlying many human diseases, 
especially growth and developmental disorders, including 
Beckwith-Wiedemann (BWS), Silver-Russell, Prader-Willi, 
and Angelman syndromes [37]. The role of epigenetic changes 
in DLGAP5 variation in glioma needs to be further explored in 
basic experiments.

At present, studies have confi rmed that Tumor Mutation 
Burden (TMB), Microsatellite Instability (MSI), and Tumor 
Micro-Environment are independent prognostic indicators 
to evaluate the prognosis of patients and the effect of 
immunotherapy. TMB refers to the number of genetic 
mutations in tumor cells. It represents the number of somatic 
nonsynonymous mutations in a particular genomic region, 
usually expressed in mutations per megabase (mut/Mb). 
The tumor mutation load can laterally refl ect the tumor’s 
ability to generate neoantigens and can be used to predict 
the immunotherapy effect of various tumors. In general, the 
higher the tumor mutational burden, the better the effect of 
immunotherapy [38]. MSI refers to the change of any length 
of microsatellites caused by the insertion or deletion of base 
pairs in the microsatellite region due to point mutation, sliding 
chain mismatch, and mismatch repair mechanisms during 
DNA replication in tumor tissues. According to the level of 
MSI, MSI can be divided into three types: low microsatellite 
instability (MSI-L), high microsatellite instability (MSI-H), 
and microsatellite stability (MSS). Tumors with high 
microsatellite instability are more effective in immunotherapy 
than those with low microsatellite instability [39,40]. TMB and 
MSI are commonly used as biomarkers of immunotherapy to 
predict the therapeutic effect of immunotherapy on tumors. 
In DLGAP5-expressing glioma, the number of TMB was lower, 
and the level of MSI was low microsatellite instability. TME 
refers to the surrounding microenvironment of tumor cell 
growth and development, including fi broblasts, immune 
cells, surrounding blood vessels, and tumor cells. The tumor 
microenvironment plays an important role in tumor growth 
and development and the body’s response to tumor cells [41].

Tumor-Associated Fibroblasts (CAFs) are a core component 
of the tumor microenvironment. CAFs play an important role 
in tumor growth and development. The main role of CAFs is to 
promote tumor growth, however, under certain circumstances, 
they can have tumor-suppressive effects [42,43]. This study 
analyzed the infi ltration levels of tumor-associated fi broblasts 
in the glioblastoma and low-grade glioma microenvironments. 
CAFs were positively correlated with DLGAP5 expression in 
both glioblastoma and low-grade glioma. As an important part 

of the body, immune cells play an important role in killing 
tumor cells in the body. Immune Checkpoints (ICP) refer to a 
series of molecules expressed on immune cells that can regulate 
the degree of immune activation. ICP plays an important role 
in maintaining the body’s self-tolerance, preventing immune 
responses, and controlling the timing and extent of immune 
responses. ICP is expressed on immune cells and inhibits the 
function of immune cells by interfering with costimulatory 
signals so that the body cannot produce an effective anti-tumor 
immune response, and tumors thus form immune escape [44]. 
It is a new treatment for tumors to block the inhibitory effect 
of tumor cells on the immune system by inhibiting immune 
checkpoints.

By studying the expression levels of immune checkpoint-
related genes in glioma, we analyzed the immune response 
of the body to glioma patients. In glioblastoma, most of the 
statistically signifi cant immune checkpoints were negatively 
expressed. In low-grade gliomas, the majority were positive. 
Inhibition of immune checkpoints with immune checkpoint 
inhibitors may have dramatic effects in low-grade gliomas. 
Whereas in glioblastoma, the effects may be minimal.

Protein-protein interaction network (PPI) is composed 
of proteins interacting with each other to participate in all 
aspects of life processes such as biological signal transmission, 
regulation of gene expression, metabolism of substances and 
energy, and regulation of cell cycle. PPI is of great signifi cance 
to people’s understanding of protein function and relationship 
[45]. By analyzing the interaction between proteins in glioma, 
it is of great signifi cance to understand the function of proteins 
in glioma and the relationship between proteins. The String 
database showed that the DLGAP5-expressed protein is closely 
linked to 36 other proteins in glioma. Kyoto Encyclopedia 
of Genes and Genomes (KEGG) is a database for systematic 
analysis of gene function and genomic information, which 
integrates information from genomics, biochemistry, etc. 
It is important to study the process of gene and expression 
information as a whole [46]. Normal human cells undergo 
normal cell cycles after receiving appropriate mitotic signals. In 
the case of tumor cells, the normal cell cycle fails to proceed to 
lead to tumorigenesis [47]. As a transcription factor composed 
of different domains, P53 plays a central role in maintaining 
cellular homeostasis and is often deregulated in cancer [48]. 
Studies have confi rmed that the p53 pathway is deregulated in 
most glioblastoma [49]. The p53 pathway plays an important 
role in the occurrence and progression of glioma. Exploring the 
molecular mechanism of DLGAP5 is of great signifi cance for 
understanding the relationship between DLGAP5 and glioma. 
Gene Ontology (GO) covers the molecular functions, cellular 
components, and biological functions of genes. Molecular 
Function (MF) is to describe the molecular biological function 
of the body; Cell Component (CC) refers to the functional part of 
the downstream substance of the gene; Biological Process (BP) 
is the process analysis of molecular function from generation to 
function [50]. We found that the main mechanism of DLGAP5 
in Biological Processes is involved in organelle fi ssion, nuclear 
division, and chromosome segregation. In terms of Molecular 
Function, DLGAP5 is mainly involved in tubulin binding, 
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microtubule binding, ATPase activity, and microtubule motor 
activity. In terms of the Cellular Component, DLGAP5 is 
involved in the spindle, chromosomal region, and condensed 
chromosome. KEGG analysis showed that DLGAP5 regulated 
glioma progression by participating in the cell cycle, oocyte 
meiosis, p53 signaling pathway, and so on. A large number of 
studies have confi rmed that the genetic variation of glioma is 
fi nally pooled in three core cell signal transduction pathways: 
RTK/RAS/PI-3K pathway, p53 pathway, and RB pathway 
[51]. Therefore, DLGAP5 may regulate the occurrence and 
progression of glioma through the p53 pathway and cell cycle.

This study fi rst analyzed the expression of DLGAP5 in 
glioma tissues and normal neural tissues. And then we explored 
the relationship between the expression level of DLGAP5 and 
the prognosis of glioma patients. Through the analysis of gene 
mutation, immune cell infi ltration, and functional enrichment 
of DLGAP5, it was fi nally concluded that DLGAP5 may regulate 
the progression of glioma through the p53 pathway and cell 
cycle. Although relevant studies have proved that DLGAP5 
plays an important role in the development of glioma, the 
specifi c mechanism of action is still unclear. In this study, the 
molecular mechanism of DLGAP5 was studied for the fi rst time, 
and the results of further study were obtained. A number of 
basic experiments have confi rmed the role of this gene in many 
tumors, including glioma. However, the mechanism of this gene 
in glioma remains unclear. Our study was conducted on the 
basis of multiple databases and online analysis sites. Although 
it lacks the research confi rmation of basic experiments, it can 
be used as a supplement to other studies. Therefore, we need 
to further validate our results through basic experiments, so as 
to provide a new scheme for the clinical treatment of glioma.

Conclusion

Our fi ndings indicate that DLGAP5 is highly expressed 
in glioma tissues. Moreover, the expression level of DLGAP5 
increases with the grade of glioma. The high expression 
of DLGAP5 is closely related to the low prognosis of glioma 
patients. DLGAP5 may act on glioma through the cell cycle and 
p53 pathway.
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