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in glioblastoma by RNA-seq data
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Abstract — Glioblastoma is the most aggressive type of
glioma. It is classified as a tumor of the astrocytic type of the IV
degree of malignancy and is characterized by extremely high
heterogeneity in the composition of cell populations and the
degree of differentiation of cells, the random arrangement of
tumor cells, and polymorphism of their nuclei. Life expectancy
in people with this disease remains low. Slow progress in
increasing the effectiveness of treatment, life expectancy and
improving its quality in gliomas is associated with insufficiently
complete ideas about the mechanism of origin and development
of these tumors. The pathogenesis of gliomas needs to be actively
studied using modern cellular technologies, genome-wide
technologies for high-throughput sequencing, determination of
gene expression on microarrays, and methods of modern
bioinformatics. The main ways of activating genes in tumor cells
have already been sufficiently studied - a more detailed study of
individual transcript isoforms, non-coding RNA, and
alternative splicing, as one of the mechanisms of tumor
development, is needed.
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Motivation and Aim

Motivation

Glioblastoma, along with astrocytoma, are the most
common primary tumors of the central nervous system and
make up approximately 60-70% of all pure brain tumors.
Primary glioblastoma in 60% of cases occurs in people over
50 years old, while secondary glioblastoma is more
characteristic for people under 45 years old [1][2].
Glioblastoma is characterized by rapid infiltrative growth, the
presence of foci of necrosis and a change in blood vessels.
She is prone to metastasis, has a bright invasive phenotype.
The lack of clear boundaries and the ability to relapse are a
particular problem for surgical removal of the tumor, and for
immunotherapy - the specificity of the brain in relation to the
immune system [3].

The main ways of activating genes in tumor cells have
already been sufficiently studied and in recent years,
scientists have been actively studying the role of alternative
splicing in the formation of tumors of different localization
[4]. Alternative splicing is important for the regulation of
gene expression and the protein to perform appropriate
functions in the development of cancer. Changes in
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alternative gene splicing are observed with cancer quite often
and are already becoming one of the important putative
markers of tumor growth. It has been established that for
different types of cancer, the genes of splicing factors often
mutate, leading to a disruption in the normal course of the
process, and also that anomalies of alternative splicing
contribute to the development of the body's resistance to
chemotherapy [5][6].
Aim

Despite the development of new technologies for imaging
neoplasms and modern methods of therapy, the overall
survival of patients remains very low to this day. To date, the
main problem in the diagnosis and choice of therapy is the
lack of histological criteria for typing tumors and predicting
its further passage. Gliomas of even one histological series
are genetic and epigenetic disorders, RNA and protein
expression profiles. For an object such as gliomas, it is
necessary to conduct new studies based on modern cellular
technologies, genome-wide technologies for high-
performance sequencing, and the integration of available
information from international databases and genomic
projects [7].

There is an assumption that alternative splicing factors
may become promising targets in the treatment of cancer
patients and detailed molecular characterization of glioma
stem cells is important for the development of more effective
treatments [8, 9].

Methods

Earlier, a prototype of the database of differential
alternative gene splicing - “Differential alternative splicing of
human genes in secondary glioblastoma (DASGG)”, with the
ability to work through the website and search for expression
levels of individual isoforms in a glial tumor, was presented
at the Institute of Cytology and Genetics SB RAS. The data
on differential alternative splicing presented in this database
can be used in basic research on glioma stem cells and in the
development of cancer treatment diagnostics [10][11]. We
used bioinformatics methods described in [12].

The work used data on the primary culture of glioma cells
and normal brain obtained because of studies conducted in
conjunction with the Federal State Budgetary Institution
National Medical Research Center named after Academician



E. N. Meshalkin, Novosibirsk. Primary culture samples were
obtained from the primary culture of secondary glioblastoma,
and the primary culture of the normal human brain [13].

It is known that epigenetic changes can be observed in the
brain, leading to a change in the expression profile. Taking
into account this fact, when choosing cultural isolation and
further sequencing, RNA takes into account the age and age
of patients. The malignant properties of glioblastoma were
also taken into account.

There are open international databases on gene expression
in various organs (including microarrays and transcript data
of GEO NCBI, http://www.ncbi.nlm.nih.gov/geoprofiles/),
expression in various types of tumor cells (The Cancer Gene
Atlas, cancergenome.nih.gov), gene expression for brain
compartments (Allen Brain Atlas), protein interactions
databases such as HPRD (http://hprd.org/), KEGG
biochemical  reactions  (http://www.genome.jp/kegg/),
Interactome  (http://interactome.org/), sequenced tumor
genomes, including  gliomas and  glioblastomas
(https://cghub.ucsc.edu/). The Allen Institute has developed
the Ivy  Glioblastoma  Atlas  Project database
(http://glioblastoma.alleninstitute.org/) according to patients
with glioma.

Results

Advances in sequencing and bioinformatics technologies
have enabled the analysis of genomic sequences in many
cancers, including glioblastoma. Sequencing data for
multiple GBM samples has been archived in open access
databases such as the Chinese Glioma Genome Atlas
(CGGA, http://www.cgga.org.cn/) and the Cancer Genome
Atlas (TCGA, https: //portal.gdc.cancer.gov/). The result of a
study based on these data is the determination of a prognostic
gene signature that can complement commonly accepted
clinical prognostic factors and additionally provide the
possibility of personalized therapy. The gene signature
included genes CD79B, MAP2K3, IMPDHI1, SLCI16A3,
MPZL3, and APOBR [5].

In the process of differential splicing analysis, significant
differences in splicing profiles in three genes associated with
possible proliferation between normal brain and glioblastoma
cells were revealed: amyloid beta precursor protein, CASC4
cancer gene (cancer susceptibility candidate 4) and the well-
known oncogene, transcription factor TP53. In particular, the
non-coding isoform NR_015381 with a significantly higher
frequency in glioblastoma cells was observed in the TP53
gene.

The short isoform of the APP gene (NM 201413) was
highly expressed in glioblastoma cells, while its longest
isoform (NM_000484) was specifically expressed in normal
brain cells.

For the CASC4 gene, its short isoform (NM_177974) was
expressed 6 times higher in glioblastoma cells, while the
longest isoform (NM_138423) also had a high level of
expression. Overexpression of CASC4 is associated with
increased expression of the Her2 proto-oncogene in ovarian
and breast cancer. For TP53, the entire spectrum (37 of the
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43 known isoforms visible on our data) isoforms observed in
glioblastoma cells differed in expression level from isoforms
in normal brain cells. In particular, the non-coding isoform
NR 015381 applies only to glioblastoma cells.

A computer database of oncogene target genes
determined from ChIP-seq experiments (including
transcription factors R, MYC, TP53) was developed. The
database presents the marking of the binding sites of
transcription factors, as well as the genes whose expression
changes upon activation of the transcription factor in tumor
cells are determined.

Data on transcription factor binding sites were obtained
from open publications and GEO NCBI resources.
Information was obtained on the differential expression of
genes. The database was replenished with its own
experimental data.
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