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Abstract:

Glioblastoma is a lethal tumor that can develop in the central nervous system. The most serious type of brain cancer is
known as glioblastoma multiforme (GBM). This work aims to emphasize the usage of different glioblastoma markers
during the diagnosis process and the treatment of the GBM. And also this may focus on the changes that are often associated
with GBM pathogenesis and understanding the significance of glioblastoma markers, as well as their involvement in
numerous critical cellular signaling pathways, can help direct potential research toward novel GBM treatments.
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Introduction

Glioblastoma is a sort of malignant growth that can develop in the central
nervous system that is classified as a grade 1V astrocytoma, which is a
rapidly-growing and aggressive cancer. Glioblastoma starts from
astrocytes, which are cells that feed on nerve cells. Glioblastoma tumors
produce their blood, which helps in their growth. They can easily
penetrate normal brain tissue. Glioblastoma, also known as glioblastoma
multiform (GBM), is the most serious form of brain cancer [1].

GBM is a fatal disease with a sad prognosis, short-term median patient
survival, and adverse treatment outcomes. It has a complex etiology that
includes genetic mutations and mutations in several important cell
pathways involved in cell proliferation, survival, migration, and
angiogenesis. As a result, better knowledge of GBM etiology is essential
for the development of effective treatment [2].

CD133, CD44, CD15, CD70 (CD27 L), S100A4, ALDH1A3, Nanog,
OCT-4, SOX-2, and Nestin are some of the potential symptoms an
approach for detecting glioma stem cells (GSCs). GSC indicators play an
essential purpose in malignancy. Micro-RNAs (miRNAs) are very high
sensitivity and specificity indicators that might be used to both diagnose
and predict cancer [3].

RTK Receptor Tyrosine Kinase (RTK) Expression in GBM

GBM tumors are subdivided into several cell subtypes with distinct
genetic signals and show abnormal activation of many signaling
pathways, especially those linked to receptor tyrosine kinases (RTKSs) that
regulate glioma cell growth, survival, migration, invasion, and
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angiogenesis. G-protein-coupled receptors and calcium channels are the
two non-canonical types of RTK signaling detected in GBM [4].

More than 80% of key GBMs include RTK mutations, which include
EGFR, PDGFRA, basic fibroblast growth factor receptor 1 (FGFR-1),
and insulin-like growth factor receptor (IGFR-). 1) [5]. The RAS / RAF /
MAPK pathway, which leads to cell proliferation, differentiation, and
migration, as well as the PI3K / AKT / mTOR method, which is highly
effective in promoting cell proliferation and survival through cell cycle
progression and prevention of apoptosis, are two main symptoms RTK
techniques utilized in gliomas [5]. The PTEN implant component, which
suppresses this process, controls PI3K activity [6]. PTEN deficiency may
result in significant overproduction, which may be a major source of
resistance to EGFR treatment [7]. The most common genetic mutations
include EGFR mutations, reorganization, further consolidation, and
environmental enhancement [8]. In clinical trials of people with GBM,
EGFR antagonists weren't efficient [9-11]. Lack of response may be
attributed to very small drug intrusion into the entire blood-brain barrier,
which was found to change resistance to target RTKSs, and intratumoral
heterogeneity in GBM tumors [12, 13].

When it comes to additional RTK mutations, high levels of PDGFRA
have been found, and about half of these issues have also been able to
increase EGFR and/or mutation [14]. Despite the relatively rare
occurrence in GBM, mutations such as increased mesenchymal-epithelial
transition factor (c-Met) and FGFR mutations were found in 2% of GBMs
tested [15, 16].

All of these functional genetic mutations can occur simultaneously in a
few RTKs within a single GBM, as well as changes in the lower parts of
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the growth pathway for growth factor acquisition. The most powerful
oncogenic mechanism for GBM is PI3K / AKT / mTOR, which can be
activated by converting the catalytic domain (PIK3CA) or PI3K
(PIK3R1) [17]. It was found that more than 10% of GBMs have PIK3R1
mutations, which have not been reported as commonly expressed in any
other hate [18]. AKT categorization was found to be a sign for detecting
a subgroup of GBM patients who reacted to carmustine (BCNU)/CCNU
and PI3K/AKT/mTOR pathway antagonists [19]. Recent studies have
found that the gene for tumor suppressor NF1, which produces the
neurofibromin (RAS negative regulator), is altered or removed from 15%
to 18% of the primary GBM (mesenchymal subclass) [20].

The tyrosine kinase receptors

RTKs are a kind of membrane protein that works as a sensor for external
signaling molecules such as growth factors, cytokines, hormones,
neurotrophic factors, etc. RTKSs respond to ligand activation by signaling
via two key downstream pathways: Ras/MAPK/ERK and Ras/PI3K/AKT
[21]. Cell division, survivability, specialization, and angiogenesis are all
influenced by these mechanisms. EGFR, PDGFR, FGFR, IGF-1R,
VEGFR, and hepatocyte growth factor receptor (HGFR/c-MET) are the 6
main tyrosine kinase receptors.

Tyrosine kinase receptors have the same structure as ligand-binding
domains, hydrophobic transmembrane domains, and intracellular tyrosine
kinase domains. Ligand contact stimulates them, causing receptor
dimerization and tyrosine kinase domain autophosphorylation. This
causes two important downstream signaling pathways to be activated:
Ras/MAPK/ERK and Ras/PI3K/AKT [22-28]. RTKs and their ligands are
prospective therapeutic targets for the treatment of GBM due to their
capability to stimulate downstream signaling pathways involved in
proliferation, invasiveness, survival, and angiogenesis.

RTK signal transduction cascade biomarkers
PDGFR

PDGFR signaling is crucial in normal tissue development, and its
imbalance causes oncogenesis. GBMs frequently have a PDGF autocrine
loop that is not present in normal brain tissues [29]. PDGFRa (platelet-
derived growth factor receptor alpha) is the second most frequently
increased RTK in GBM after EGFR. GBM has been demonstrated to
express all PDGF ligands (PDGF-A, PDGF-B, PDGF-C, and PDGF-D),
as well as the two cell surface receptors PDGFR-a and PDGFR-f [30].

VEGFR

The angiogenesis protein VEGF has been found to promote capillary
permeability. It has also been shown that malignant transformation
increases VEGF Expression level [31]. Hypoxia-inducible transcription
factors (HIF1 and HIF1) translocate to the nucleus and activate the VEGF
gene under hypoxic conditions. When VEGEF is activated, angiogenesis
increases to compensate for hypoxia [32]. GBM tumors are frequently
hypoxic, with elevated VEGF production, which contributes to the
irregular vasculature associated with GBM. GBM tissues have been found
to exhibit extremely high levels of VEGF expression, which has been
linked to an increase in the expression of the VGFR receptor VEGFR2
[33, 34].

EGFR

EGFR is a member of a family of four tyrosine kinases that includes
ErbB1 (EGFR, HER1), ErbB2 (Her-2), ErbB3 (Her-3), and ErbB4 (HER-
4) (Her-4). EGFRs promotes proliferation and have been linked to
glioblastoma etiology and treatment resistance [35]. ErbB2/HER-2
mutations were also found in 8-41% of GBM cases [36]. In GBM, a
mutant EGFR variant Il (EGFRvIII) is widely produced and is
constitutively induced in a ligand-independent manner, resulting in cell
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proliferation and survival. Despite the EGFRvIII's growth-promoting
capabilities, its expression has been associated with increased overall
survival in patients [37, 38] this can be understood by the fact that
EGFRuvIII is a neoantigen, which may induce an immunological response.

FGFR

There are 22 FGFs (fibroblast growth factors) and four distinct FGF
receptors in humans (FGFR1, 2, 3, and 4). FGF2 has been demonstrated
to increase the growth of cultured GBM cell lines, whereas FGFR
signaling inhibition via RNA interference or antibody blocking reduced
GBM cell proliferation. . FGFR1 has also been observed to be expressed
at higher levels in brain tumors when compared to neighboring normal
brain tissue, implying that this receptor plays a role in carcinogenesis.
FGF5 has even been discovered to be upregulated in GBM, and its
expression has been linked to increased proliferation.

IGF-1R

IGF-1R was shown to be highly expressed in GBM, and this upregulation
was associated with decreased survival and lower responsiveness to
temozolomide, implying a role for IGF-1R signaling in GBM
pathogenesis.

HGFR/c-MET

The activating ligand for HGFR/c-MET that has been demonstrated to be
released by brain tumor cells is scattered factor (SF)/hepatocyte growth
factor (HGF) In cancer cells and vascular endothelial cells, HGFR/c-MET
expression and activation result in cellular proliferation and invasion. The
relationship of HGFR/c-MET with proliferation and survival suggests
that it could be used as a target for GBM therapy.

IDH Mutations

IDH1 and IDH2 gene codes two key metabolic enzymes: isocitrate
dehydrogenase 1 & 2. These proteins do the oxidative carboxylation of
isocitrate to alpha-ketoglutarate in the Krebs cycle, culminating in the
production of NADPH [39, 40] The development of the oncometabolite
2-hydroxyglutarate is aided by mutations in these IDH genes [41, 42].
Gliomas with IDH mutations are a separate pathological disease that
emerges virtually exclusively in gliomas with EGFR amplification and
chromosome 10 loss and develops in the context of TP53 mutation or
1p/19g chromosomal deletion. Furthermore, IDH-mutant tumors have
been associated with significant epigenetic abnormalities, such as DNA
methylation disorders, which exhibit a dramatic pattern of
hypermethylation of certain DNA promoter regions known as the glioma-
CpG island methylator phenotype (G-CIMP). The IDH route is not used
by wild-type IDH gliomas, including pilocytic astrocytomas and primary
GBMs (G-CIMP).

TP53/MDM2/p14ARF Pathway

The tumor suppressor gene TP53 encodes a p53 protein that controls
target genes associated with cell arrest in the G1 and/or G2 phases, cell
death and differentiation, DNA repair, and neovascularization. [43-45].
TP53 can be inactivated indirectly by mutation or deletion, or directly
through damage to collaborating genes [46] The oncoprotein MDM2
suppresses p53 function by ubiquitinating it and causing it to be degraded
by the proteasome. In addition, the p1 protein functionally antagonizes
MDM2 and, as a result, inhibits p53 silencing [47].

MGMT Methylation

MGMT encoding promoter O6 -methyl guanine-DNA methyltransferase
is a DNA repair enzyme that protects cells from alkylating chemicals by
preventing G: CA: T gene alterations. [48]. MGMT promoter methylation
disorders are related to transcriptional suppression of the MGMT gene
and loss of MGMT expression, which leads to reduced DNA repair and
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retention of alkyl groups, making alkylating drugs more effective in
patients with MGMT promoter hypermethylation. The methylation level
of the MGMT promoter is a powerful predictor of responsiveness to
alkylating medications and one of the most significant prognostic factors
in GBMs.

p16INK4a/CDK4/RB1 Pathway

The CDKNZ2A binds specifically to CDK4 cyclin and inhibits the
CDK4/cyclin D1 complex, preventing the cell cycle from entering S-
phase [49]. As a result, abnormal activity of any of the p16INK4a, CDK4,
or RB1 genes could result in the loss of typical RB1 function. This route
is frequently inactivated in both primary and secondary GBMs.

Immune Checkpoints

In addition to alterations in cell communication and growth factors, the
capacity of the GBM to evade immune system surveillance contributes to
its aggressive nature. Through the generation of immunosuppressive
cytokines, GBM has found a way for dampening the immune response
[50]. The antigens cytotoxic T-lymphocyte (CTLA 4) & programmed cell
death protein (PD-1) have an influence on immune reduction [51].

CTLA-4 is exclusively located on T cells and controls T-lymphocyte
stimulation in the initial stages by interfering with the costimulatory
protein CD28 for B7 ligand binding [52, 53].

Furthermore, PD-1 modulates immunity at several stages of the immune
response, influencing T-cell activity in peripheral tissues [54]. PD-L1, a
PD-1 ligand, and CTLA-4 have high levels of mRNA expression in
mesenchymal GBMs, suggesting a relationship between immune
checkpoint proteins and GBM severity [55]. According to findings from
phase 111 research utilizing a dendritic cell vaccine (DCVax-L), CTLA-4
activity can predict survival in GBM patients, suggesting that CTLA-4
might be used as a biomarker for treatment response. A randomized phase
11/111 study of ipilimumab in combination with TMZ in patients with early
diagnosed glioblastoma is also being planned by the RTOG.

Discussion
Several Glioblastoma Markers
a) NESTIN

Nestin has recently been found as an endothelial cell-enriched protein in
all adult vascular beds. Nestin expression in tumors is not confined to
cancer cells but also occurs in newly formed tumor vasculature [56], and
it is a useful marker of continuing angiogenesis and CSCs [57]. In some
malignancies, nestin expression is linked to metastasis and aggressive
development [58].

Nestin regulates proliferation, stemness, and invasion in glioblastoma
cells via modifying HSC71 (gene HSPAB). As a result, inhibiting Nestin
and/or HSC71 could be a useful molecular target therapy for
glioblastoma. [59]

The activation of the KRAS/Notch route promotes NestinPos GSC
proliferation, whereas the activation of the Akt/PI3K and p53 pathways
promotes radiation resistance. Glioblastoma cells were sensitized to TMZ
by suppressing miR-381, which prevents stemness factors such as Nestin.
Furthermore, miR-423-5p boosted Nestin expression in GSCs by
suppressing its target gene (ING-4) and induced glioblastoma cells to be
more resistant to TMZ. As a result, miR-423-5p or miR-381 inhibition in
conjunction with TMZ intervention may be a good therapeutic method for
decreasing GSC proliferation.

B) SOX-2

SOX-2, also known as sex-determining region Y (SRY)-box 2, is a
transcription factor in the sry-related high-mobility group (HMG) box

Auctores Publishing LLC — Volume 3(5)-061 www.auctoresonline.org
ISSN: 2690-8816

Copy rights@ Lizaveta I. Bon

(SOX) family. In glioblastomas, SOX-2 is overexpressed [60]. SOX-2 is
demonstrated to play a function in cancer cell metastasis, proliferation,
apoptosis, carcinogenesis, and invasion [61].

SOX-2 has been identified to be crucial for growth and survival in glioma

and is linked to relapse following chemotherapy or radiotherapy [62]. In
developed glioblastoma cells, SOX-2 suppression induces cellular
senescence. Furthermore, SOX-2 overexpression is required for GSC
maintenance in addition to enhancing invasiveness and migration. One of
the most crucial proteins in GBM treatment resistance is this one. Because
of the crucial role, it plays in GSC maintenance, inducing resistance to
chemotherapy and radiotherapy, the CD133Pos/SOX-2 alliance is
appropriate for glioblastoma treatments [63]. Furthermore, SOX-2 has
demonstrated different roles for self-renewal in GSCs through its
association with FOXG1, one of the most overexpressed genes in
glioblastoma [64].

SOX-2 was a primary target of miR-429, which has been identified to
function in glioblastoma as either an oncogene or a tumor suppressor.
miR-429, by directly targeting SOX-2, had a preventative effect on the
proliferation and invasion of glioblastoma cells. By targeting SOX-2-
Wht/-catenin, miR-126-3p sensitized glioblastoma cells to TMZ. Their
findings revealed that miR-126-3p suppresses SOX-2 expression, hence
blocking the Wnt/-catenin pathway. Similarly, another study found that
miR-145 increased the chemosensitivity of GSCs to desmethoxycurcumin
(DMC) through targeting SOX-2-Wnt/-catenin.GSC state characteristics
and maintenance have also been demonstrated to be hindered by miR-
34a's suppression of SOX-2 and Nanog. Additionally, SOX-2 was
discovered to be a direct target of miR-124, resulting in decreased
migration and self-renewal in GSCs.

¢) CD133

CD133 acts as a cancer stem cell marker in glioblastoma (GBM) cells
that can commence neurosphere growth and produce heterogeneous
tumors. However, even though CD133-negative cells exhibit identical
features, there is no hierarchical relationship between CD133-positive and
CD133-negative cells that comprise the neurospheres. Indeed, CD133
emerges in an interconvertible state, switching between the cytoplasm and
the plasma membrane of neurosphere cells. The use of lentivirus-
mediated short hairpin RNA to silence CD133 in human GBM
neurospheres affects neurosphere cell self-renewal and tumorigenicity
[65].

According to the studies, the more the expression of CD133 in GBM
patients, the bigger the malignancy potential of the cells. Based on the
literature assessment, it is clear that CD133 is critical for the malignant
oncogenic potential of GBM stem cells since its silencing inhibits both
self-renewal and tumorigenic capacity. However, certain CD133-negative
cells can produce aggressive cancers, which is a little conflicting finding
[66].

d) CD44

CD44 is a transmembrane molecule that has many isoforms and is
overexpressed in GBM, where it promotes tumor development through
interactions with the tumor microenvironment. CD44 increases tumor cell
invasion, proliferation, and resistance to conventional chemoradiation
therapy, promoting GBM aggressiveness. In GBM, CD44 shows an
inhibitory influence also [67].

e) CD15

CD15 is a disaccharide that contains 3-fucosyl-N-acetyllactosamine and
is also known as stage-specific embryonic antigen 1. [68-70] CD15 has
been demonstrated to be highly expressed on pluripotent SCs and neural
stem cells (NSCs) in the adult brain, where it is thought to play a role in
cell-cell interaction throughout neuronal maturation. [68, 71]. PN subtype
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GSCs have a high level of CD15 expression on the cell surface, associated
with CD133.

CD15 expression was observed to be increased in non-CSCs under
hypoxic circumstances. Hypoxia does, in fact, trigger sphere formation in
glioblastoma-sorted non-CSCs, and those freshly formed spheres are
strongly expressed in SC markers such as CD15. This suggests that
CD15Pos GSCs can be activated throughout dedifferentiation in a
hypoxic environment and that this interaction between non-GSCs and
GSCs may promote cancer progression. The therapeutic doses of TMZ
significantly raised the expression of numerous gliomas stem cell
markers, such as CD15 and CD133, in vitro and in vivo glioblastoma cells
can restart GSC features, including an increase in the expression of
CD133 and CD15, following continued TMZ exposure. Similarly, N-(p-
coumaroyl) serotonin therapy resulted in a significant dose-dependent
increase in the number of CD15 markers in GBM [72].

f) OCT4

OCT-4 expressed in astrocytic brain cancers. OCT-4, like GLI1, has a
transcriptional regulatory mechanism involving secreted phosphoprotein
1. (SPP1). Both OCT-4 and GLI1 are overexpressed in glioma-initiating
cells and glioblastoma, and this axis maintains the stemness phenotype
through binding to the SPP1 gene [73] GLI1 is a member of the SHH
pathway that is overexpressed in glioblastoma tumors. It upregulates not
just OCT-4 but also Nanog and SOX-2, whereas its inhibition
downregulates OCT-4 and Nanog. GLIlactivated by the Akt pathway.
[74].GLI1 inhibition causes glioblastoma growth suppression. [75] The
crosstalk between Akt and OCT-4 was validated. They found that Akt
might indirectly influence OCT-4 mRNA levels, transcriptional activity,
and protein stability in ESCs. Other research has found that knocking
down OCT-4 in embryonic cancer cells increased Akt expression levels,
whereas inhibiting the Akt pathway increased OCT-4 expression in
GSCs. [76, 77]. These findings point to a negative regulatory connection
between Akt and OCT-4.

g) CD70 (CD27L)

CD70 association with CD27 regulates the activity of cytotoxic T
lymphocytes, extending the life of mice with renal cell carcinoma [82]
The co-expression of CD70 and CD163 in M2 macrophages was
discovered to be linked to shorter survival of GBM patients. These
findings suggest that CD70 increases tumor immunosuppression and
aggressiveness by activating and recruiting tumor-associated
macrophages [80].

h) S100A4

This protein is a trophic factor with a wide range of functions discovered
in the CNS. [84, 85]. S100A4 is significantly overexpressed in the injured
human brain[86].5100A4 interacts with ErbB4 ligand and neuregulin
(NRG), and this signaling is important for neuroprotection in a damaged
or wounded brain. In numerous malignancies, including glioblastoma,
S100A4 has been identified as a prognostic marker, metastasis promoter,
and regulator. [87],

S100A4 played a role in glioma progression with MES characteristics. A
recent study offered more solid clarification and definitive evidence for
S100A4's roles as a crucial regulator and a novel marker of GSCs.
S100A4Pos cells were demonstrated to be capable of beginning tumors
and generating spheres, and S100A4 is required for GSC self-renewal.
While the molecular mechanism that promotes GSC self-renewal and
maintenance remains unknown, it appears that SI00A4 is involved in the
upstream processes of EMT and MES transition. [87]. S100A4
knockdown prolonged the anti-VEGF treatment profile, reducing
glioblastoma resistance to antiangiogenic therapy. As a result, inhibiting
S100A4 may be a potential strategy for limiting glioma malignancy. [88,
89]. CCAAT/enhancer-binding protein (C/EBP) inhibition significantly
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reduced S100A4 levels in glioblastoma cells, resulting in inhibitions of
growth, transformation capacity, and migration. Thus, targeting C/EBP in
glioblastoma cells is therapeutically advantageous to inhibit the SL00A4
gene [90].

i) ALDH1A3

ALDH1A3 has been identified as a marker that promotes GSCs and
corresponds with the MES phenotype and invasion in human
glioblastoma. [92-94] The PN subtype was more prevalent in gliomas
with reduced ALDH1A3 expression. and ALDH1A3 inhibition decreased
the growth of PN GSCs [95]. ALDH1A3 was also found to be not only
connected with the MES lineage of GBM but also to be a critical driver
in promoting MES subtype differentiation [96].

Transcriptional factor FOXD1 has direct control on ALDH1A3
transcription. FOXD1-ALDH1A3 signaling was identified as a critical
route in the self-renewal and tumorigenicity of MES GSCs. As a result, it
offers a potential new molecular target for treating GBM. [97], where it
increases stem cell-like qualities by promoting the production of tissue
transglutaminase (tTG), an enzyme previously associated with the onset
and progression of aggressive cancers tTG promotes the aggressiveness
of MES GSCs in glioblastoma cells by increasing proliferation, self-
renewal, and survival. Inhibiting this enzyme with TMZ or radiotherapy
reduced cell growth and increased cell death. These findings suggest that
ALDH1AS3 plays a new role in the aggressive MES GSCs phenotype via
tTG overexpression.

j) NANOG

Nanog has been identified as a new hedgehog (HH) and glioma-associated
oncogenes (GLI) signaling pathway mediator that is required for
glioblastomas. In patients with low- and high-grade gliomas, Nanog
expression levels beyond a particular threshold were connected to a worse
chance of survival [98]. a pathologically significant connection with
Nanog and CD133 co-expression They found that Nanog overexpression
and its strong association with the undifferentiated condition of
glioblastoma led to carcinogenesis by keeping the tumor undifferentiated.
Nanog inhibition may prevent glioblastoma carcinogenesis, and targeting
Nanog may be an effective way to improve therapeutic intervention for
poorly differentiated glioblastoma. Similarly, under hypoxic conditions,
Nanog and CD133 were found to have a favorable association. In addition
to CD133, hypoxia consistently increased Nanog expression in
glioblastoma cell types [99].

Conclusion

According to the above-mentioned information, Glioblastoma Markers
can be used to detect the previously described alterations in a minimally
invasive method. These indications can also be used to evaluate if a
person's prognosis is favorable or unfavorable, as well as to identify
individuals who do not react to treatment.
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