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Abstract — Glioblastoma is a dangerous disease with a low 
survival rate. We aimed reveal set of genes associated with 
glioblastoma using on-line bioinformatics tools. First, we used 
OMIM (Online Mendelian Inheritance in Man) tool to list the 
human genes associated with glioblastoma. Then we analyzed 
the gene ontology categories of this gene set online using 
bioinformatics resources PANTHER and DAVID. In addition 
we reconstructed the gene network of this disease using tools 
GeneMANIA and STING-DB. We found significant
enrichment of the ontology categories related to protein 
binding, membranes, cell adhesion. The network connectivity 
was increased relative to random network structure. Thus, we 
observe frequent protein-protein interaction for glioblastoma 
genes that might affect the disease progression. 
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MOTIVATION AND AIM

Motivation 
Glioma is the most common primary brain tumor. In 

additional, glioma enters into a heterogeneous group and 
has a neuroectodermal origin. This disease leads to multiple 
mutations where the leading mutations in the pathogenesis 
of gliomas are loss of heterozygosity in the long arm of 
chromosome 10 (LOH 10q), mutation of the PTEN gene
(10q23.3), mutation in various exons of the tumor 
suppressor gene p53, amplification of the EGFR gene, 
deletion or inactivating mutations of the p16 gene, as well 
as hypermethylation of the MGMT gene promoter and 1p / 
19q codeletion. The study of gene expression in 
glioblastoma cells, the search for candidate genes for 
therapeutic effects are relevant in modern high-tech 
medicine [1]. 

Aim 
The task is to create a list of genes associated with the 

development of glioblastoma, analyze the categories of 
gene ontologies of this list and reconstruct the gene 
network. For key disease genes obtained by analyzing the 
structure of the gene network, drug search options 
(substances that interact with this protein) will be 
considered. 

METHODS

We used the online resource OMIM (Online Mendelian 
Inheritance in Man) (https://omim.org/) to analyze the 
genes of Mendelian inheritance in humans [2]. A keyword 
search for glioblastoma yielded 244 genes. As a result, 243 
gene names were obtained (GENE SYMBOL - 
alphanumeric designations of human genes) - ADAM10, 
ADAM17, ADAM9, ADGRB1, etc. 

To analyze the categories of gene ontologies, we used 
DAVID resources (https://david.ncifcrf.gov/summary.jsp/
) [3][4]. A list of 243 human genes was downloaded via the 
DAVID interface to search for significant categories of 
gene ontologies for this group of genes. 230 identifiers 
were recognized. 

The Functional Annotation Chart option was used. 

The table was limited to the values of the unnormalized 
p-value <0.0001 (or in the exponential notation <1.0E-04 
(9.9E-05). Categories (rows of the table) for groups of less 
than 8 genes were deleted. 

Gene ontologies were analyzed for the generated gene 
list using the PANTHER resource (http://pantherdb.org/) 
[5]. Thus, an ontology table was constructed for categories 
of biological processes using PANTHER. From the created 
gene list, 206 identifiers were recognized, 37 were not 
recognized or could not be unambiguously mapped. A total 
of 20,996 genes were used in the PANTHER reference 
genome. We limited ourselves to p-value values up to E-
12, to represent the most informative results. The categories 
of processes related to the development of the nervous 
system are also presented. 

To reconstruct the gene network of glioblastoma gene 
interactions, we used the resources GeneMANIA 
(https://genemania.org/) [6] and STRING-DB 
(https://string-db.org/). 226 genes were recognized for 
GeneMANIA, and 211 genes were recognized for 
STRING-DB. 

RESULTS

The most significant categories for glioblastoma genes 
are protein binding, positive regulation of protein 
phosphorylation, membrane location, enzyme binding. 
Based on the created table, membrane proteins play an 
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important role, apparently because of signal transmission 
to the cell, although there is transcription regulation. 

In the table created by PANTHER, the most significant 
categories for glioblastoma genes are organelles, 
intracellular organelles (such as mitochondria), 
intercellular compounds, which may be associated with 
signal transmission between cells and refers to neurons. 
Note a category such as synapse, although with a relatively 
low level of significance. 

Thus, both DAVID and PANTHER for glioblastoma 
genes confirm the categories of gene ontologies for protein 
binding, membranes, cell adhesion, and intercellular 
contacts. 

STING-DB statistics show that a network has a large 
number of connections with significance <1.0e-16, the 
average degree of connectivity of a network node (protein) 
is 10, and the clustering coefficient is 0.493  

Fig. 1. Gene network for glioblastoma genes 
reconstructed by STING-DB

Figure 1 present gene interaction network reconstructed 
for the gene list. One can see several gene (protein) clusters. 

The largest network cluster includes the genes AKT1, 
MTOR, KRAS, STAT3. The largest number of bonds is in 
the known TP53 oncogene.  

In general, analysis of the gene network structure for 
glioblastoma genes shows the existence of a dense, 
coherent, large cluster of genes including known 
oncogenes, such as TP53. 

The network connectivity was increased relative to 
random network structure. Thus, we observe frequent 
protein-protein interaction for glioblastoma genes that 
might affect the disease progression [7]. 

Standard bioinformatics tools appear to be effective for 
the gene list analysis.  
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