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Glioblastoma multiforme (GBM) is one of the most lethal forms of primary brain tumors.
Glioblastoma stem cells (GSCs) play an undeniable role in tumor development by
activating multiple signaling pathways such as Wnt/B-catenin and PISK/AKT/mTOR that
facilitate brain tumor formation. CD133, a transmembrane glycoprotein, has been used to
classify cancer stem cells (CSCs) in GBM. The therapeutic value of CD133 is a biomarker
of the CSC in multiple cancers. It also leads to growth and recurrence of the tumor. More
recent findings have confirmed the association of telomerase/TERT with Wnt/B-catenin
and the PIBK/AKT/mTOR signaling pathways. Advance studies have shown that crosstalk
between CD133, Wnt/B-catenin, and telomerase/TERT can facilitate GBM stemness and
lead to therapeutic resistance. Mechanistic insight into signaling mechanisms
downstream of surface biomarkers has been revolutionized by facilitating targeting of
tumor-specific molecular deregulation. This review also addresses the importance of
interplay between CD133, Wnt/B-catenin and TERT signaling pathways in GSCs and
outlines the future therapeutic goals for glioblastoma treatment.
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BACKGROUND

Glioblastoma multiform (GBM) is one of the calamitous kinds of aggressive primary glial brain
tumor in adults, with a median overall survival between 10 to 20 months. Intriguingly, the recent
study has demonstrated that outer radial glia-like cancer stem cells could impart to heterogenicity of
GBM (1). The striking cellular-heterogeneity is one of the prominent hallmarks of GBM, and
glioblastoma stem cells (GSCs) are placed at the apex of it (2). GSCs have been indicated to be
involved in imperative processes of tumor growth, disseminated-metastases, chemo- and radio-
therapy resistance and GBM relapse (3).

GSCs have been identified by many biomarkers of CSCs. CD133, also known as prominin-1, has
been used as an essential marker for the detection of GSCs. Additionally, CD133 has been shown to
be associated with GBM development, recurrence, and poor overall survival (4). Emerging
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observations have suggested that CD133 could act as a novel
receptor for PI3K/AKT/mTOR pathway (5). Further, CD133-
Wnt/B-catenin axis was gained attention in GBM as a stemness
regulatory pathway and lead to resistance to chemo- and radio-
therapies (6). Accumulating data have indicated that AKT might
activate Wnt/B-catenin pathway (7, 8). Furthermore, the results
of studies have confirmed the interaction of telomerase/TERT
with PI3K/AKT/mTOR and Wnt/B-catenin in various cancers
which predominately participating in tumor invasion and
metastasis and epithelial to mesenchymal transition (EMT) (9).

Each component of the CD133, Wnt/B-catenin, and TERT
signaling pathways play a crucial role in the normal brain.
CD133 is present in epithelial cells throughout the body,
including the mammary gland, testis, digestive tract, trachea,
and placenta, and is expressed in stem cells. CD133 is also
present in non-epithelial cells, such as rod photoreceptor cells,
and in many cancers (10). The Wnt/B-catenin signaling has a
pivotal role in neural development. The underlying neural
scaffolding that makes the diverse cognitive functions of the
cerebral cortex is generated by a set of basic developmental
processes. Production and differentiation of the immense
diversity of nervous system cells entail a range of main
activities, ranging from regional progenitor specification,
separation and expansion of neural precursor populations,
neuron generation, movement of young neurons to suitable
locations, the evolution of neuronal processes, and the forming
of complex synaptic connections (11). For both physiological
processes and the transformation of human cells by stabilizing
telomere length, TERT activation is necessary. TERT’s telomere
lengthening-independent roles contribute significantly to both
physiological processes and cancer initiation or progression,
including its effects on mitochondrial, ubiquitin-proteasomal

GSCs

Signaling crosstalk between CD133,
Wnt/B-catenin, and TERT

(UPS) structures, gene transcription, expression of microRNA
(miRNA), repair of DNA damage, and operation of RNA-
dependent RNA polymerase (RdRP) (12).

The current review focuses on the significance of interplaying
between CD133, Wnt/B-catenin and TERT signaling pathways
in normal brain and GSCs. From a therapeutic perspective,
targeting the interaction between CD133, Wnt/B-catenin and
TERT will lead to the development of novel anti-cancer strategies
and it would be important to examine if all these three signaling
cascades can be inhibited concurrently by targeting CD133, thus
killing many birds with one stone (Figure 1).

GENERAL OUTLINE OF CD133 ROLES IN
GSCS AND NORMAL CELLS

A great deal of work has been made to classify CSCs in
glioblastoma using the expression of unique surface biomarkers.
Human CD133 (prominin-1), a 5-transmembrance glycoprotein,
is one of these biomarkers and also commonly used in
identification and isolation of GSCs (13, 14). Highly expressed
CD133 indicates poor outcomes among cancer patients with
colorectal cancer, rectal cancer, breast cancer, lung cancer,
prostate cancer, and glioblastoma (15, 16). Whilst the primary
role remains uncertain, it has been presumed that CD133 could be
involved in signal transduction (10). CD133 is a CSCs surface
marker and has been believed to have a prognostic (17, 18) and
therapeutic qualities in GSCs (15). Evidence reveals that, CD133-
targeted therapy of gastric, hepatocellular carcinoma (19), and
glioblastoma (20) has greatly diminished cell proliferation and
tumor growth within both in vitro and in vivo CD133"9%-
marker cells. Furthermore, a study showed that CD133

Brain normal cell
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FIGURE 1 | Signaling crosstalk between CD133, Wnt/B-catenin, and TERT: Rescue and Rancor in brain that is a question. (Created with BioRender.com).
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knockdown could inhibit cell proliferation of glioma (21). In light
of the literature review, it is evident that CD133 is imperative for
the harmful oncogenic potential of GSCs as its silencing prevents
both the self-renewal and tumorigenic capacities of the GBM stem
cells. Notwithstanding, a shred of slightly contradictory evidence
shows that some CD133™ cells can likewise develop aggressive
malignancies (22). It was reported that CD133™€ glioma cells give
rise to tumors in vivo as well as CD133"° tumor cells and it was
suggested that CD133 expression is needed for brain tumor
initiation, however that it could be included during brain tumor
progression (23). In support of this view, it was uncovered that
there are CSCs in both CD133"* and CD133"¢ cell population
originated from GBM patient, and both of CD133"* and
CD133N cells empowered the formation of tumor masses (24).

The formation of the central nervous system (CNS) of
mammals, neurons, astrocytes and oligodendrocytes occurs
from a reservoir of murine neuroepithelial (NE) cells, which
are neural progenitor cells. Proliferative cell division changes to
differentiating cell division as neurogenesis starts and it was
shown that membrane particles containing CD133 have been
shown to help cell differentiation. In addition to being restricted
to NE progenitors, the presence of CD133 is also present in both
epithelial and non-epithelial cell forms (10). Given the
importance of its function it is unsurprising that it existed in
most cells, however, the number of its expression is significantly
different from one cell type to another. CD133 expression in
normal cell is significantly lower compared to that of cancerous
cells. Furthermore, this is also true when comparing normal
cancer cells to their CSCs, with appear to have the highest
number. CD133-mRNAs have been identified in several
human tissues, like testis, digestive tract, and the pancreas,
with the most notable expression in the kidney, placenta,
salivary gland, and mammary gland. Non-epithelial cells, such
as rod photoreceptor cells and bone marrow cells, also have
CD133. CD133 appears to play a role in the formation of
photoreceptor discs in this regard (10). The physiological role
of CD133 in normal cell biology poorly understood. In spite of
the lack of knowledge regarding the role of CD133 in normal
cells, the vast majority of studies indicates that CD133 has a
pivotal function in membrane organization. Moreover, the
subcellular position of CD133 enables it to attach directly to
the cholesterol-containing lipid rafts where it could be
participated in different signaling cascade. It has been found
that CD133 might be act as a scaffolding protein. Evidence
indicates that, a lack of CD133 caused retinal degeneration and
blindness. Additionally, it has suggested that CD133 might be
has a function in maintaining of stemness properties (25).
However, the exact molecular processes are still unknown. The
adult mammalian brain harbors new neurons during life in two
distinct locations: hippocampus and subventricular zone (SVZ).
Immature neurons produced in the SVZ migrate along the
rostral migratory stream (RMS) and become postmitotic
interneurons in the olfactory bulb. The identity of the stem
cells of the adult SVZ has been explored extensively. It was
indicated that new neurons were generated by CD133"%
ependymal stem cells in the adult SVZ/RMS in vivo and it was

reported that CD133 is specifically localized for ependyma, albeit
not all ependymal cells are CD133" (26). In support of this
view, the findings of another study have shown that CD133 is
present neural stem cells in the embryonic brain, in the
intermediate radial glial/ependymal cell type in the early
postnatal stage, and in the adult brain. Based on these surveys,
two competing scenarios for the origin of stem cell tumors in the
brain were proposed: a derivation from CD133-expressing cells
that are not usually found in the adult brain, or from CD133"°*
ependymal cells in the adult brain. Additionally, stem cells of
brain tumors may be produced from proliferative yet CD133"°¢
neurogenic astrocytes in adults brain (27).

ROLE OF WNT SIGNALING PATHWAY
IN DEVELOPMENT OF GSCS
AND NORMAL BRAIN

Wnt signaling pathway is mediated by Wnts proteins that are
secreted by glycoproteins. This Wnts proteins are critical for cell
proliferation, and differentiation of both normal and cancer stem
cells (28, 29). Two kind of Wnt pathways could determine fate of
the cell which are canonical Wnt pathway (Wnt/B-catenin) and
non-canonical Wnt pathway. Embryonic development, cell
movement, and tissue polarity are regulated by canonical and
non-canonical Wnt pathways, respectively (30-32). The Wnt/B-
catenin pathway is a strategically valuable molecular mechanism
that provides proliferation of all types of stem cells. Increasing data
show that hyperactivated-Wnt/B-catenin signaling exist in many
cancers and it could adjust the self-renewal of CSCs and GSCS. It
has also enhanced growth of tumor and tumor recurrence (33). As
a part of the canonical Wnt pathway, B-catenin may control cell
proliferation in different types of cells. Stabilized- B-catenin has
been shown to translocate to the nucleus and to make T cell factor/
lymphocyte enhancer factor 1 (Tcf/LEF1) complex. As a result of
this complex, the target genes of Wnt, Cellular Myc (c-Myc) and
Cyclin-D1, which are involved in the proliferation of glioma cells
are activated (34). Intriguingly, it was speculated that the
interaction of microglia-GBMs could be mediated by activated-
Wnt/B-catenin pathway. Activated-Wnt/B-catenin in GBM cells
might boost the recruitment of microglia by the release of Wnt3a,
Wnt5a, Cyclooxygenase-2 (COX2), and metalloproteinases. As a
consequence of this activation, microglia release factors such as
Matrix metalloproteinases (MMPs), Nitric oxide (NOS), Stress
inducible protein-1 (STI-1), Arginase-1 (ARG-1), Interleukins
(ILS) and COX2 that can be influence the progression of GBM
(35) (Figure 2).

It has been accepted that Wnt/B-catenin plays an inevitable
role in neurogenesis and gliogenesis in the neocortex.
Neurogenesis in neocortex occurs in the ventricular zone (VZ)
of the dorsal telencephalon from radial glia (RG) and in the
subventricular zone (SVZ) from neural intermediate progenitors
(Ips) (37). During embryogenesis, the Wnt/B-catenin pathway is
active in VZ zone (38-40). The B-catenin/TCF complex seems to
specifically control the neurogenin 1 promoter, a gene involved
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FIGURE 2 | Overview of crosstalk between CD133, Wnt/B-catenin, and telomerase/TERT in GSCs, old actors and new players. By contributing to tumor growth via
secretion of anti-inflammatory and pro-tumor factors, particularly in GBMs, Microglia benefits glioma. Several microglia-released molecules, such as STI1, epidermal
growth factor (EGF), type 1 membrane matrix metalloproteinase (MT1-MMP), NOS, ARG-1, ILs, and COX2 facilitate the proliferation and migration of GBM.
Meanwhile, multiple factors that recruit microglial cells and modulate their polarization are secreted by gliomas, such as Wnt3a, Wnt5a, COX2, and MMPs. GBM cells
release Wnt3a in response to Wnt/B-catenin activation, which could interfere with the low-density lipoprotein receptor-related protein 5/6 (LRP5/6) and the Frizzled
receptor. B-catenin stabilized and translocated to the nucleus as a result of this association, and enhanced the transcription of target genes essential for stem and
cell migration (35). The Wnt/B-catenin signaling functions in GBM are defined as follows: GSCs maintenance. \Wnt/B-catenin signaling regulators such as PLAGL2,
FoxM1, Evi/Gpr177, and ASCL1 activate Wnt/B-catenin signaling and increase the stemness of GBM. Invasiveness of GBM cells. Wnt/B-catenin signaling activation
contributes to upregulation of EMT-related genes such as ZEB1, SNAIL, TWIST, SLUG, MMPs, and N-cadherin, leading to increased migration and invasion of GBM
cells (36). Several lines of evidence suggest the positive feedback loop between B-catenin and TERT. B-catenin stimulates TERT transcription directly, while TERT
serves as a co-factor to facilitate the transcription of the target genes of B-catenin via the recruitment of BRG1, resulting in the creation of a positive feedback loop.
Furthermore, BRG1 and P54 (nrb) cooperate to control TERT splicing and facilitate full-length TERT mRNA generation. It has been shown that B-catenin binds
directly to the TCF site in the TERT promoter and recruit’s lysine methyltransferase Setd1a to the promoter region, while Setd1a catalyzes histone H3K4
trimethylation at the promoter site. TCF1, TCF4, and KLF4 can also be involved in B-catenin mediated TERT transcription. In the light of these findings, along with the
influence of TERT on target genes for B-catenin, a positive feedback loop between TERT and B-catenin can be readily present in stem and cancer cells. However, it
is not clear if BRG1 participates in the activation of TERT transcription by B-catenin, or whether TERT participates independently (12). PI3K, Phosphoinositide 3-
kinases; AKT, Protein kinase B; mTOR, The mechanistic target of rapamycin; TERT, Telomerase Reverse Transcriptase; TWIST, Twist-related protein; COX2,
Cyclooxygenase-2; MMPs, Matrix metalloproteinases; NOS, Nitric oxide; STI-1, Stress inducible protein-1; ILS, Interleukins; BRG1, brahma-related gene-1; setdia,
SET Domain Containing 1A; Histone Lysine Methyltransferase; KLF4, Kruppel-like factor 4; PLAGL2, Pleiomorphic adenoma gene-like 2; FoxM1, Forkhead box
protein M1; Evi/lGPr177, G protein-coupled receptor 177; ASCL1, Achaete-scute homolog 1; DVL, Dishevelled; APC, Adenomatous polyposis coli; CK1, The casein
kinase 1; GSK3, glycogen synthase kinase 3p. (Created with BioRender.com).
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in cortical neuronal differentiation (41). The beta-catenin
expression is highest in the brain during the developmental
period and the cytoplasmic level increases in the neurons at
day 5 in the mice (42). The amount of beta-catenin mRNA
declines in the post-developmental period, which continues in
adulthood. However, beta-catenin proteins show higher levels
with progressive aging (43). Regulation of beta-catenin levels
during brain development is significant, as overexpression of the
gene may contribute to an increase in neural growth and a
decrease in differentiation, whereas premature inhibition of beta-
catenin expression before its natural decline can cause the
progenitor neurons to exit the cell cycle early with increased
neuronal differentiation (44). Beta-catenin will act as an adhesion
protein where it acts as an anchor for cadherin, which is then
bound to the actin cytoskeleton of the cell by means of alpha-
catenin and thereby ties the cells together (45). As an adhesion
protein, beta-catenin can influence synaptic stability during the
estrous period between hippocampal neurons, hypothalamic
neurons, and even within the amygdala neurons, where its
activation correlates with the development and consolidation
of brain memory (46-48). Beta-catenin-related dysfunctions
have been involved in pathological disorders such as
depression, neurodegenerative diseases, and cancer (49). In
addition, experimental findings have shown that the activated-
Wnt/B-catenin pathway increases the formation of tight junction
proteins in the developing brain capillaries (50-52). However,
the precise function of Wnt/B-catenin in GSCs and normal brain
cells remains poorly elucidated.

FUNCTIONS OF TELOMERASE/TERT IN
GSCS AND NORMAL BRAIN

It subsists ambiguous what self-defense mechanism are applied
by GSCs against chemotherapeutic drugs. As of lately, it is
believed that the DNA damage response (DDR) and DNA
repair pathway have undeniable role in self-defense mechanism
of cancer stem cells (CSCs) (53). Growing evidence
demonstrated that direct correlation exists between elevated
DDR and chemoresistance of the CSCs. In light of new
observations indicating that maintaining genome stability
CSCs might be on account of activation of DDR pathways.
Activation of telomerase is one of the critical DDR pathways
in GSCs (54). Guanine-rich repeated sequences are attached to
the chromosomal terminals using the RNA template by
telomerase which recompense the loss of DNA replication.
Slight or no activity were reported for telomerase in normal
human somatic cells (55). The enhanced activated-telomerase
enzyme is one of the most significant molecular properties of
cancer. Reactivated telomerase was shown in approximately 90%
of tumors (56). It composed of catalytic protein telomerase
reverse transcriptase (TERT) and RNA template (TERC).
Irrespective of telomerase function, the TERC subunit is
expressed in most cell types and the TERT subunit is heavily
regulated through cell differentiation. The expression of TERT
and TERC in normal cells is small, but the expression of TERT

and TERC in tumor cells is indeed very substantial (54, 57).
Telomerase is a reverse transcriptase enzyme that has a canonical
and non-canonical function in cancer cells. The best-known
canonical function of telomerase is maintaining telomere, and
the non-canonical functions include DNA repair, anti-apoptotic
activity, protection of mitochondrial DNA against oxidative
stress, and pro-proliferative effects (58, 59).

In the majority of human primary cancers (~90%), TERT
expression/telomerase activity is perceptible. Additionally,
induced-TERT or activated-telomerase bestows immortality
properties to cancer cells by stabilizing their telomere length
(TL). However, current surveys have indicated that its oncogenic
features independently of TL, which include DNA damage repair,
gene transcription and microRNA expression (60). Moreover,
mutated-TERT promoter have been observed in more than 50%
of primary adult GBMs. Reports have pointed out that TERT was
able to enhance stemness of glioma cells by modulation of
epidermal growth factor receptor (EGFR) expression. Inversely,
down-regulated TERT expression was coincided with declined
expression of EGFR, basic fibroblast growth factor (bFGF) and
glioma stem cell properties (61). How the molecular mechanistic
details of TERT be able to modulate stemness of glioma remains
unclear. Some suggested that GSCs have common properties with
astrocyte-like neural stem cells (NSCs) of the SVZ and GBM might
spring from the somatic mutations in NSCs of the SVZ. Thus,
mutated-TERT promoter in NSCs could license them to expand a
self-renewal capacity (62, 63).

Does activated-telomerase and expressed-TERT guard the
neurons in our brain? Activated-telomerase is conjoined with
cell proliferation during mammalian embryonic development,
cell transformation, and in cancers. In adult animals the
expression of telomerase is limited to the subventricular zone
(SVZ) and olfactory bulb (62). It was shown that the proliferative
capacity of somatic cells could be boosted by the up-regulation of
TERT. Moreover, as somatic stem cells differentiate, the activity of
telomerase and the expression of TERT decline (64, 65). The
neurogenesis investigations have indicated that the activity of
telomerase and expression of TERT are incremented in neuronal
precursor cells in rats and mice brains during embryonic
development. Furthermore, the declined-telomerase activity has
coincided with a reduction of proliferation of neuroblasts, but the
expression of TERT maintains boosted for an extended time
period as neurons differentiate and migrate (66). Intriguingly, it
was demonstrated that the activity of telomerase is increased in
responses to brain injury and it seems that telomerase activity is
enhanced in microglia and stem cells because brain tissue injury
can induce proliferation of these cells (67).

THE SIGNALING CROSSTALK BETWEEN
CD133, WNT/B-CATENIN, AND TERT IN
NORMAL BRAIN

Meanwhile, CD133, also known as prominin-1, is one of the
most used biomarkers for the isolation of cancer stem cells
(CSCs). The rigorous function of CD133 maintains
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unidentified, but it has been proposed that it would perform as a
cell membrane topology organizer. Furthermore, by activating
the Wnt/B-catenin pathway, CD133 could enhance growth,
differentiation of nerve cells, and neurogenesis in the brain
(10). The activated-Wnt/B-catenin pathway modulates brain
development and adult function such as regulation of dendrite
formation and synaptic function. By considering the findings
stated above, the activated CD133-Wnt/B-catenin has a critical
role in the function and integrity of adult brain (68). Importantly,
it was reported that TERT has an ability to interact with brahma-
related gene-1 (BRGI1), chromatin-remodeling factor, and
facilitates recruiting BRG1 to P-catenin genes for their
transcriptional activation. Thus, the activated-TERT-Wnt/pB-
catenin axis might increase the proliferation of normal mouse
stem cells (60, 69).

THE SIGNALING CROSSTALK BETWEEN
CD133, WNT/B-CATENIN, AND TERT
MIGHT DRIVE GSCS

Up-regulated CD133 in GBM, has been linked to the self-renewal
ability of CSCs and chemotherapy resistance. As well as, it has
demonstrated that overexpressed-CD133 is associated with GBM
progression and tumorigenesis (70). The findings of study
showed that the Wnt/B-catenin pathway could control the
activity of GSCs. In this study, the expression levels of Wnt/B-
catenin pathway proteins in CD133"°°CSC and CD133"°¢
differentiated glioblastoma cells (DGCs) were compared (P <
0.05). The expression of eight Wnt proteins (APC, CSNKIE,
CSNKI1A, CSNK2A2, CSNK2B, CTNNB1, DVL1, RUVBL) was
substantially increased. Interestingly, the expression of CTNNB1
(B-catenin) was enhanced 13.98-fold in CD133"°°CSC relative to
CD133N°¢ DGCs (71). Data suggest that CD133 is one of the
main regulators for B-catenin signaling. Recently, CD133 has
been shown to improve the proliferation of clones and the repair
of kidneys by regulating the Wnt pathway via the modulation of
[B-catenin levels (72). Another research in liver cancers found
that the risen clonogenic ability of CSCs is associated with
modulation in Wnt/B-catenin signaling, which is positively
linked to CD133 expression. It has been indicated that the
CD133-Wnt/B-catenin axis has a critical role in regulating
CSCs (73).

Interestingly, the Wnt/B-catenin pathway can do upregulate
the stemness of brain cancer by modulating the CD44 CSC
marker. It is important to note that Wnt/B-catenin highly
activated sub-population of GSCs showed enhanced levels of
expression of genes CD133, SRY-box 2 (SOX2), Nanog,
Octamer-binding transcription factor-4 (Oct-4), and Nestin,
which proposes the role of biomarkers-Wnt/B-catenin axis in
remaining stemness traits of GBM (74). Additionally, the results
of the study have indicated that CD133 may conceivably activate
Wnt/B-catenin signaling pathway through AKT and leads to
promote brain tumor-initiating cells in GBM. In other words, the
outcome has shown that the CD133-AKT- Wnt/3-catenin axis
drives glioblastoma-initiating cell tumor (4). The level of

phosphorylate-Akt in CD133"°° cancer cells is greater than in
CD133N cancer cells, notably in GSCs (5). Consequently, based
on this, we may assume CD133 to be an activator of the PI3K-
Akt pathway. The 5’ regulatory area of TERT contains multiple
binding sites for transcription factors, such as Wnt/B-catenin, c-
Myec, estrogen receptor, Activator protein-1 (AP1), Signal
transducer and activator of transcription proteins (STAT),
Masl and Pax (Paired Box Proteins) (75-77). The PI3K/Akt/
mTOR pathway enhances the expression of TERT thru many
pathways (78). Activated-AKT through preventing interactions
between mouse double minute 2 homolog (MDM2) and pl4
(p19), induces a cell cycle that could impede ubiquitin-mediated
p53 proteolysis and the mTOR-mediated degradation of the c-
Myc competitor mitotic arrest deficiency-1 (MAD1) (79). Some
investigations have shown that overexpressed-c-Myc oncogene
plays a key role in the induction of telomerase enzyme activity by
increasing TERT expression (80, 81).

Growing data has shown that TERT has mechanistically
occupied Wnt/B-catenin promoters, including cyclin D1 and c-
Myc. Of note, c-Myc (TERT stimulator) may be regulated by
Wnt/B-catenin. On one hand, TERT may be regarded as one of
the key targets of the Wnt/B-catenin signaling pathway. It has
been shown that B-catenin can interact directly with the mouse
and human cancer cells or cancer stem cells TERT promoter. In
plain terms, these findings indicate that -catenin controls the
length of telomere by activating the transcription of TERT.
Another research stated that TERT could stimulate EMT using
Wnt/B-catenin. In addition, in vitro research findings showed
that TERT expression levels were associated with Snaill and
vimentin expression levels (82-86). TERT activation is an
essential step in GBM tumorigenesis and it was shown that
TERT permits GBMs to attain CSC characteristics by inducing
EGFR expression (61, 87). Of note, the investigations have
revealed that TERT has direct interaction with B-catenin and
presumably enhance transcriptional outputs of it. Besides,
activated-TERT- [B-catenin axis mayhap stimulate epithelial-
mesenchymal transformation (EMT) in CSCs (54, 86, 88).
CSCs and TERT could be linked together by Wnt/B-catenin
pathway (85, 89). In summary, the crosstalk between each
component of the CD133-Wnt/B-catenin-TERT axis may be
considered a pivotal regulatory signaling pathway in the CSCs
and GSCs.

CONCLUSION

In a nutshell, in the normal brain, each element of signaling
pathways of CD133, Wnt/B-catenin, and TERT has a critical role
in the integrity of the brain It is generally accepted that the
expression of CD133 in normal cell is significantly lower
compared to cancerous cells. This is also true and when
comparing normal cancer cells to GSCs (i.e., expression in
normal cancer cells is significantly less), especially in GSCs
which has the highest expression. Upon minimizing toxicity
effect towards normal cells targeting therapy is important. One
can target CD133 surface receptor to specifically bring drugs to
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CSCs leveraging on its significantly high expression in CSCs. The
overexpressed-TERT would increase cell proliferation during
embryonic development, whilst CD133 biomarker by activating
Wnt/B-catenin pathway leads to neurogenesis. Thus, might be
the cross-talk between each component of the mentioned axis
has a neuroprotective effect on the normal brain. On the one
hand, CD133P°M&" sub-population of GSCs correlates to
invasiveness and progression of tumor and besides, CD133-
Whnt/B-catenin axis has an inevitable role in stemness of GBM.
Recent evidence also demonstrated that interplay between Wnt/
[3-catenin pathway and TERT can be modulating the stemness of
CSCs. Hence, activation of the above axis in the brain might be
considered as a gate between “tranquility and turmoil”
and targeting this pathway might shed a light on GBM therapy
and prompt further investigations in this area. However, the bulk
of these targeting techniques are of an experimental nature
and their medical use is minimal. The biggest challenge
is the heterogeneity of GSC’s surface biomarkers, which
render it challenging to detect and therefore aim therapy.
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