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ABSTRACT: Glioblastoma Multiforme is a neurological disease resulting from many genetic mutations. In the presence
of Glioblastoma Multiforme patients are presented with a short period after their prognosis as this form of glioma is a stage 4
tumor, and it is also considered the most defective of the neurological tumors. This review article examines the multiple genetic
alterations that occur because of the uncontrollable reproduction of the glioblastoma multiforme tumor cells in the nervous
system. Previous experiences and studies discussed singular gene mutations in Glioblastoma Multiforme. However, the reason
these specific mutations occur, their advantages for the disease, and the normal function of the unmutated genes still need to be
fully uncovered. In my review article, I found that Glioblastoma Multiforme is a very invasive form of cancer that occurs because
of many genetic mutations. The mutations will also provide information about potential therapeutic strategies to eradicate the

disease from patients.
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B Introduction

Prevalent in 45.2% of adults with brain and central nervous
system tumors, glioblastoma multiforme is an incurable form
of a primary brain tumor. In previous years, the disease affected
3.21 people in a population of 100000 people.! This irreme-
diable disease can provide the affected person with a median
survival period of 15 months after diagnosis, as only 5.5% of
patients can survive past 5 years. The malignancy, high mitot-
ic activity, and necrosis caused this neurological disease to be
classified as a stage 4 cancer. GBM can present itself in primary
and secondary forms, which contrast with one another. Prima-
ry GBM presents itself in older patients with an average age of
62, whereas secondary GBM presents itself in patients with a
younger average age of just 45 years.>’

Furthermore, many genetic alterations and pathways vary
between the two forms of this disease, causing them to contrast.
This disease can blend in by appearing as normal neurogenesis
and central nervous system cells, allowing it to affect recep-
tor-Ras and signaling pathways. GBM affects the signaling
pathways in cell proliferation, survival, and DNA synthesis.**

This neurological disease has a unique ability to blend as it
can modify gene expression without changing the DNA se-
quence. These modifications cause epigenetic alterations in
the mechanisms such as DNA methylation, histone modifica-
tions, chromatin remodeling, and noncoding RNA expression.®
All these epigenetic mechanisms play a key role in cells and
are crucial for creating tumours.® Glioblastoma multiforme or
gliomas also cause many genetic alterations, leading to the for-
mation and progression of tumours.**

This review paper will further discuss Glioblastoma mul-
tiforme and its genetic alterations. Even though the genetic
alterations will not be discussed in depth about the various
forms of GBM, they will be addressed holistically concerning
both variations. Each genetic alteration will be accompanied by
a figure utilized to further understand the modification’s scope.

This review article will also delve into the therapeutic strate-
gies for treating this disease based on articles from PubMed
and other scholarly resources.

B Discussion

Both primary and secondary gliomas have different genet-
ic variances. Primary GBM causes EGFR amplifications,
mutation of chromosome 7p, homozygous deletion of the CD-
KN2A-p16INK4a gene in the 9p chromosome, and PTEN
gene deletion, which also occurs with monosomy 10.” Howev-
er, unlike primary GBM, secondary glioblastoma multiforme
causes TP53 mutations on chromosome 17p and infrequent
PTEN alterations.” Even though secondary GBM is also
a type of stage 4 cancer, it also has genetic mutations in the
IDH1/2 genes, which are characterized by low-grade glioma.?
Unlike secondary, primary also depicts characteristics that are
present in high-grade glioma, these include NF1, PKJ3R1,
PIK3CA, and PDGFRA/B amplifications.” Additionally,
many other genetic alterations occur, which cause this disease
to be as prevalent as a stage 4 cancer.’

Epidermal Growth Factor Receptor:

EGFR is a 200kb gene that can encode a protein consist-
ing of 1210 amino acids. Located on the shorter arm of the
7th chromosome, it is overexpressed in various cancers includ-
ing Glioblastoma Multiforme. The epidermal growth factor
receptor normally triggers cell growth, development, and dif-
ferentiation. However, this receptor sends irregular signals in
mutated cells that cause carcinogenesis.'® Similarly, the EGFR
gene is overexpressed in 60% of the more effective primary
GBM, whereas it is only prevalent in 10% of the secondary
GBM." This significant difference between the two types of
neurological disease is due to this characteristic’s aggressive
nature. Furthermore, it has been determined by the TCGA
database that 57% of GBMs cause the frequent activation of

EGFR due to the gene mutations and amplifications they en-
fold."
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The severe effects of this mutated gene arise with the al-
terations in the genetic sequence. A significant alteration that
allows the tumor to gain therapeutic resistance is EGFRAIIL"
As a result of removing the 801 bp from the extracellular do-
main’s DNA sequence using the aa 6-273 deletion, EGFR
fabricates of a short-living, overactive, extensively generat-
ed variant of the receptor.”® Even though this mutation can
provide the GBM cells survival iz vivo by enhancing the mito-
genic factors,'* its imperceptibility allows it to be a frequently
targeted characteristic for therapeutic intervention.

Furthermore, EGFRAIII is vital in glycogenesis as it has
transformative properties that cause the augmentation of as-
trocytes with exhausted INK4A/Arf and neural stem cells
that can create high-grade tumors in vivo.'> This infinitesimal
mutation is resilient to chemotherapy and radiotherapy and
is essential in GBM because it can initiate tumors when it is
paired with the GSC marker CD133+." Due to the muta-
tion’s severe nature and over-amplification of the EGFR, the
patient is provided with a poor survival prognosis.'®

Even though EGFRAIII is a significant mutation that oc-
curs to the EGFR gene in the Glioblastoma multiforme, it
is not the only mutation that occurs in this coding region, as

proven by a sequence analysis of 151 glioblastoma tumours.'”

R198K, T263P, A289V, 5598V, and 1.861Q_are missense mu-
tations that can be employed as a hyperphosphorylated version
during the absence of a ligand and cause the over-representa-

tion of the EGFR gene.18
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Figure 1: An image of the aa 6-273 deletion causing a variation in the
EGFR gene to produce EGFRAIIL Additionally, the sections of the EGFR
gene are labeled with their corresponding names and segregated by color.

Isocitrate Dehydrogenase 1:

Located near the enzyme’s active site, the IDH1 gene is
converted into the IDH1R132H variant with the mutation of
the genetic sequence of codon 132. This minute mutation of
a singular codon causes the creation of a histidine amino acid
instead of arginine.” IDHT1 is a catalyzer that aids with the
forming of alpha-ketoglutarate from the oxidative carboxyl-
ation of isocitrate. However, its most recurrent job is its ability
to reduce NADP into NADPH. Due to its significant roles in
intracellular processes, the IDH1 gene is habitually mutated

patients.”" This variated version of the IDH1 gene causes the
gene to gain an oncogenic function that results in genome-wide
methylation due to the conversion of alpha-ketoglutarate into
oncometabolite 2-hydroxyglutarate.?’
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Figure 2: An image portraying the single nucleotide polymorphism that

causes the creation of histidine instead of arginine. The gene is depicted to
the left with labeled sections segregated with color. Additionally, the base

sequence change is shown on the right.

Even though, IDH1R132H results in the creation of on-
cogenic properties, it provides patients suffering from GBM
with a progenesis with a higher life span than normal IDH1.?
Furthermore, its significant prevalence in secondary GBMs
allowed this mutation to be defined as a definitive marker for
this variant of the neurological disease.'” Additionally, this
unique capability of this recurring alteration may allow for the
creation of therapeutic strategies for combating Glioblastoma
Multiforme.” Unlike EGFR mutations, IDH1R132H is a
gene whose alterations are easily detectable in Glioblastoma
Multiforme, allowing it to be a biomarker for this disease.?*
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Figure 3: An image depicting the mutation pathways for the
Neurofibromatosis Type 1. Additionally, it is accompanied by a list of the
types of mutations that occur on this gene and the types of systems that are
affected by these mutations.

Neurofibromatosis Type 1 is a 280 kb gene that encodes
for the protein neurofibromin and is located on chromosome
17q11.2.23 The gene that consists of 3 or more alternative
spliced exons and 57 constitutive exons.** Furthermore, NF1
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can complicate molecular diagnosis due to its pseudogenes on
chromosomes 2, 12,14, 15,18, 21, and 22. NF1 is particularly
used in cells as a cell cycle regulator and tumor suppressor.”® So,
this gene oversees the cell cycle, the replication period, and the
growth rate to prevent cells from excessively reproducing and
mutating.”® However, in GBM, this gene is deleted, causing
the excessive reproduction of the mutated tumorous cells.*’

Furthermore, in 13 — 14 % of GBM patients, NF1 is mu-
tated”’ due to this gene’s frameshifts, single nucleotide
polymorphisms, and splice variants. This gene can be mutated
into many forms all of which cause the abbreviation neurofi-
bromin and nonsense-mediated ribonucleic acid decay. Even
though the prevalence of this mutation for neurological dis-
ease is particularly low compared to the other mutations, this
disease provides the patient with a very low survival chance.
Additionally, this gene’s inability to function or delete causes
astrocyte mutations. This causes the increase of astrocyte pro-
liferation, and they cause the overactivation of KRAS instead
of HRAS.?®

Tp53:

Furthermore, in 13 — 14 % of GBM patients, NF1 is mu-
tated”’ due to this gene’s frameshifts, single nucleotide
polymorphisms, and splice variants. Located on chromosome
17p13.1, TP53 is a gene that encodes p53, a protein consisting
of 393 amino acids.”” Under normal conditional, p53 functions
as a transcriptional factor with a nucleotide-binding domain
that complies with the consensus DNA sequence of the pro-
tein and other domains that can communicate with regulatory
pathways while regulating transcriptional activity.*® Although
this protein has extensive functions, it has comparatively low
activity, which MDM?2 and MDM4 regulate.* This regulatory
interaction is diverted when p53 is inducted due to the stress
signals produced by damaged DNA. After its induction, the
protein prevents the damaged cells from replicating by produc-

ing cell cycle arrest, senescence, and apoptosis.*?
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Figure 4: The image depicts the frequency of the genetic mutation at
specific portions of the TP53. Using the lines, the frequency of the mutations
is shown. Moreover this image also represents the mutation types that occur
on this gene. Additionally, the type of effects of these mutations and the
corresponding protein’s functions are also depicted in this image.
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Figure 5: The image depicts the frequency of the mutations at a specific
part of this gene using line length. It also represents the names of specific
parts segregated by color. Moreover, the types of loss, the PTEN loss effects,
and the types of mutations that occur to this gene are all depicted in the lists
on the right side of the image.

Enzyme phosphoinositide 3 kinase produces the second
messenger phosphatidylinositol 3,4,5 triphosphate, with the
assistance of the enzyme activating the tyrosine kinase path-
way.>®> Once the second messenger has been produced, it is
inactivated using the PTEN catalyzer.*®> However, this process
does not occur with the presence of glioblastoma multiforme
because this neurological disease causes hemizygous or ho-
mozygous deletions in nearly 90% of the patients.** So, since
there is a lack of inactivation for the second messenger and
a depletion of PTEN, the P1 3-kinase pathway receives in-
creased signalling.>* Furthermore, the deficit of PTEN also
affects a maintenance protein for undifferentiated GBM tu-
mor-initiating cells because it causes this Lgll protein to be
inactivated.®®

PTEN is a protein that is functional due to epigenetic,
transcriptional, and post-translational processes, and it is a
regulator for tumor sensitivity in patients receiving therapy.*®
However, with the presence of GBM, PTEN is deleted or mu-
tated to prevent the tumor from being affected by the protein’s
tumorigenesis-controlling features.’” There are many disad-
vantages to GBM development with the presence of PTEN
because this protein causes the tumor to be more susceptible
to therapy, decreases the malignancy of the tumor cells, and
impairs glycolysis inhibition for GBM metabolism.>”

Therapies (expand on the therapies description):

Glioblastoma Multiforme is one of the hardest tumors to
treat because the neurological disorder poses challenges to
conventional treatments due to its heterogeneity, behavior, and
improbability.*® Since this disease is so unpredictable, many
specific therapeutic measures have been developed, including
the enhancing anti-cancer immune response and destroying
tumor cells.> The appropriate treatment option depends on
many factors, including the patient’s symptoms, physicality,
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and the tumor’s effectiveness.” Even though these factors play
into account, the main requirements of the treatments are to
eradicate the tumorous cells, decrease the potential effect of
the treatments, bring back the function of the affected parts,
and stop metastasizing tumors from being created.> Many po-
tential treatments could occur, such as surgery, chemotherapy,
radiation therapy, virotherapy, immunotherapy, gene therapy,
and epigenetic therapy.

Gene therapies are enstated with the alteration and editing
of specific genes that cause the creation of cancerous cells.”’
This therapy is caused by the restoration of tumor suppressor
genes that have been deleted and the extraction or slicing of
oncogenes.” In previous treatments, the whole genome was
edited to prevent cancer. Still, with current emerging treat-
ment approaches, genes are altered, inserted, removed, and
modulated to decrease the spread of the cancer.*’

Oncogene Silencing:

The main process in this therapeutic measure occurs when
nucleic acid is injected into tumor cells to eradicate the ex-
pression of certain genes.*' Since this disease is propelled by
the overexpression of many genetic alterations and proteins,
nucleic acid acts as a countermeasure to deplete the expres-
sion by silencing them to reduce the spread and effectiveness
of GBM.* Oncogenic silencing can occur with small inter-
fering RNA (siRNA). However, there is no effective method
to transport the siRNA to the region silencing. Even though
some carriers have been discovered to transport this form of
RNA, there have only been a few successful cases in which
these carriers have shown promising results.*

Suicide Gene Therapy:

Suicide gene therapy is a method that is utilized to immo-
bilize and decrease the viability of the cancerous Glioblastoma
Multiforme cells.** The cells are affected by the introduction
of toxin genes or cytotoxic proteins, both of which are used to
destroy the effectiveness of the neurological disease’s cells.**
Moreover, there are many methods to incorporate this meth-
od including employing of mesenchymal stem cells.* In this
treatment, the stem cells that are genetically engineered are
injected with nuclei that contain the suicide gene TGF-B.*
Another method for suicide gene therapy involves the em-
bodiment of viral vectors, which are used to insert the herpes
simplex virus thymidine kinase.*’

Targeting Angiogenesis:

Using angiogenesis to eradicate glioblastoma multiforme’s
tumorous cells involves two different strategies.*® These strat-
egies encompass angiogenic factors but are used in various
methods because the anti-angiogenic factors are overexpressed,
and the pro-angiogenic factors are under-expressed.** This
treatment involves inhibiting the growth of blood vessels
which reduces the growth of the tumors due to the lack of
food and the build-up of toxic waste.*’

Targeting tumor cell-derived exosomes:

Proteins, DNA and RNA are all part of extracellular
nanovesicles used for intercellular communications and they
are called called exosomes.*® Even though the exact macro-
molecules in the exosomes vary with the type of cells, they
are usually crucial for tumor development as they are secreted

in higher quantities in tumorous cells.’® Since exosomes are
important for intercellular commutations, stem cells with glio-
blastoma that contain exosomes with microRNA have been
used for treatment.”? These microRNAs are useful because
they provide intercellular and extracellular communications.>?

Immunization gene tberapy:

Cytokine gene therapy, tumor vaccine therapy, and chimeric
antigen receptor T cells are various methods used to improve
the immune system of patients suffering from glioblastoma
multiforme.> Since this type of therapy is vague, this treat-
ment mainly focuses on ameliorating the immune system to
combat the tumorous cells that are presented with the neuro-
logical disorder.>® These treatments usually include mutated
mRNA to combat the disease. Additionally, they do not have
many extensive side effects as they are like the COVID-19
vaccines.”*

Tumor gene repair:

Tumorigenesis involves the abnormal delineation of DNA
repair genes known for their roles in the progression of glio-
blastoma multiforme cells.”> However, the repair of tumorous
cells is complex as it only embodies the genetic alteration of
specific tumor-causing genes in the damaged genome.56 This
process helps repair the tumorous genes and allows for the
discovery of resistance to genotoxic therapies derived from tu-
mor-driving cells.>®

Genome Editing:

Genome editing uses substitution, insertion, deletion, or
integration to modify the whole-body intracellular DNA se-
quence.57 This method for eradicating tumorous cells uses an
immense amount of technology as it can potentially employ
CRISPR/Cas9 systems.”” However, it provides the opportuni-
ty to repair specifically affected sections of the DNA to reduce
the production of cancerous cells. Moreover, this form of treat-
ment can be used on somatic cells and germline cells, which
are both for reproduction and not for reproduction.5 8

B Conclusion

This review article was created to provide the reader with
a detailed explanation of certain genetic alterations in Glio-
blastoma Multiforme. Moreover, these genetic alterations are
discussed, including the mutations that occurred, their effect
on the patient, and their capabilities in tumorigenesis. In ad-
dition, the mutations in neurological disease are accompanied
by figures that give the reader a visual representation of the
content. The review article also discusses the treatments that
are available for the eradication of Glioblastoma Multiforme.
This topic can be further addressed by depicting the other
genetic alterations that neurological diseases can create. Also,
GBM can be further discussed with research on different types
of alterations and therapies that are not completely related to
genetics. As stated in the review article, many potential alter-
ations and therapies can be created and used for GBM, and
the genetic portion is only a small part of GBM. However,
using images and detailed descriptions of the main effects of
gene alteration in this research article makes it distinct from
the other articles about this glioma. Finally, future research for
this disease should also focus on reducing the symptoms of the
disease to allow patients to have a fuller life. Additionally,
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the researcher for this disease should also research the process
of initiation for the mutation that occurs to discover potential
methods to stop the creation of the alterations. Moreover, the
article's ability to discuss the specific mutations that cause this
creation and treatments to prevent the spread allows this re-
search article to provide the reader with a deep understanding
of Glioblastoma Multiforme.
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