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CSF3R/CD114: a predictor related to worse survival in gliomas
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CSF3R/CD114.

a predictor related to worse
survival in gliomas

High CSF3R/CD114 expression is associated with
reduced global survival in different types of glial tumors.
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histological subtypes, the main ones being astrocytoma, oligodendroglioma and
glioblastoma, which, among them, stands out as the most common, aggressive
subtype, with a reserved prognosis even in the face of multimodal therapeutic
approaches.

Perspective

Despite the evidence, the role of CSF3R/CD114 as a possible prognostic
biomarker in gliomas is not yet well elucidated and, i, its role in pathogenesis is
confirmed, CD114 could be used as a therapeutic target in the development of
new drugs or even as a diagnostic and prognostic marker of the disease.
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ABSTRACT

Result: A total of 95 articles were analyzed.

Introduction: Gliomas are the most frequent primary brain tumors, accounting for more than 80% of all primary
neoplasms of the central nervous system. These tumors are classified into different histological subtypes, the main ones
being astrocytoma, oligodendroglioma, and glioblastoma. Among them, glioblastoma stands out as the most common and
aggressive subtype, associated with a poor prognosis, even in the face of multimodal therapeutic approaches that combine
surgical resection, radiotherapy, and chemotherapy with temozolomide

Objective: To analyze the association of CD 114 expression with survival in patients with glioma.

Method: The articles were selected by searching the following databases: Virtual Health Library (VHL), Medline, PubMed,
and SciELO. The descriptors used were “CSF3R, CD 114, colony-stimulating factor of granulocytes, glioma, glioblastoma,
brain tumor”, performing advanced search by combining them with the Boolean operator AND.

Conclusion: There is an association between high expression of CSF3R/CD 114 with worst prognosis of patients, reflected
by the reduction in overall survival in different types of glial tumors.

KEYWORDS: CSF3R. CD114. Granulocyte colony-stimulating factor. Glioma. Glioblastoma. Braintumor.

INTRODUCTION

liomas are the most frequent primary brain
tumors, accounting for more than 80% of
all primary central nervous system (CNS)
neoplasms. These are histologically heterogeneous
neoplasms and classified by the World Health
Organization in different degrees, according to their
cellular characteristics and their capacity for tissue
invasion. Gliomas are neoplasms derived from glial
cells, including astrocytes, oligodendrocytes, and
ependymal cells. These tumors are classified into
different histological subtypes, the main ones being
astrocytoma, oligodendroglioma, and glioblastoma
(GBM), which, among them, stands out as the most
common, aggressive subtype, with a poor prognosis
even in the face of multimodal therapeutic approaches
that combine surgical resection, radiotherapy, and
chemotherapy with temozolomide. The presence
or absence of mutation of the enzyme isocitrate
dehydrogenase (IDH) allows GBM to be subdivided
into three categories: 1) GBM wild-type HDI, which
corresponds to about 90% of cases; 2) GBM with
mutated HDI; 3) unspecified GBM (NOS), when the
IDH mutation is not evaluated.'>
The cell surface protein CD114 (Cluster of
Differentiation 114), encoded by the CSF3R gene,
acts as a receptor for granulocyte colony-stimulating
factor (G-CSF).%” When stimulated by G-CSF, CD114
activation triggers the transcription activator-mediated
signaling pathway 3 (STAT3), which regulates cellular
processes such as cell proliferation, differentiation,
and survival, and in abnormal situations can promote
a cancer stem cell phenotype.®
CD114 has been proposed as a marker of cancer
stem cells in tumors derived from the neural crest,
such as neuroblastoma and melanoma.”?'® CD114
expression has also been identified in several other
solid tumors, such as ovarian, cervical, bladder, and
skin tumors.”'%'® |n addition, mutations in the CSF3R
gene have been found in rare forms of leukemia.'?2°
CD114-positive
the ability to self-renew and generate offspring.?
capable of

cancer cells demonstrated

Malignant  brain  neoplasms are

confiscating molecular and cellular mechanisms
involved in neuronal plasticity.?2¢ In this context,
G-CSF acts as a growth factor, stimulating the survival
and plasticity of neurons and neural stem cells27
and, in addition to stimulating neurogenesis,6 G-CSF
acts synergistically with stem cell factor to induce the
growth of cell projections, dendrites and axons, in
cortical neurons.?®

The combination of G-CSF and stem cell factor also
protects against neurodegeneration and promotes the
reorganization of the neurostructural network in a
murine model of traumatic brain injury.?’

In human gliomas, generalized expression of RNA
and G-CSF protein was demonstrated, with increased
proliferation and migration in CD114+ cells after
exposure to the factor. Neutralization of G-CSF, in
turn, inhibited tumor growth and cellular migratory
capacity."

Despite the existence of evidence, the role of
CSF3R/CD114 as a possible prognostic biomarker in
gliomas is not yet well elucidated and, if its role in
pathogenesis is confirmed, CD114 could be used as
a therapeutic target in the development of new drugs
or even as a diagnostic and prognostic marker of the
disease.*®

This study aims to analyze the levels of CSF3R
transcription in gliomas and its possible association
with clinical prognosis, evaluated by means of overall
survival, and to analyze the association of CD114
expression with survival in patients with glioma.

METHOD

The articles were selected through a search in
the following databases: Virtual Health Library
(VHL), International Literature in Health Sciences
(Medline), PubMed and SciELO. The descriptors
used were “CSF3R, CD114, colony-stimulating
factor of granulocytes, glioma, glioblastoma, brain
tumor”, performing an advanced search combining
the descriptors with the Boolean operator AND.
The inclusion criteria included freely available
publications in full in English and Portuguese,
specifically addressing glioma and its subtypes.
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Incomplete or repetitive articles, preliminary clinical
trials in animals, or those involving other diseases
unrelated to the tumors mentioned were excluded,
totaling 95 articles.

DISCUSSION

Gliomas are the most common and lethal group
of brain neoplasms, accounting for about 80% of
malignant brain tumors. In addition, they, including
low-grade ones, have highly variable clinical
behavior and their survival cannot be adequately
predicted by histological classification.®

The highly aggressive and invasive nature of
gliomas poses significant challenges to their complete
elimination using current therapeutic strategies,
including surgery, radiotherapy, and chemotherapy.
Residual tumour cells often lead to malignant
recurrence and progression, with some gliomas
tending to progress to glioblastoma (WHO grade IV
glioma) in a short period of a few months, resulting in
a poor prognosis.”'

These tumors are classified into different types,
according to the type of cell from which they originate
or with which they share histological characteristics.
Thus, gliomas are classified into ependymomas,
astrocytomas, and oligodendrogliomas. Of these,
astrocytoma is the most common type of glial tumors.*2

Glioblastoma, classified as grade IV glioma by
the World Health Organization, is the most common
and aggressive type of glioma."**3 In this sense, it
presents excessive malignancy, being almost always
lethal and leading to the death of the patient usually
within 12-18 months after diagnosis,®? regardless of
the treatment, and in cases of recurrence, it is quickly
fatal.3* It differs from low-grade gliomas in that it
presents necrosis and microvascular proliferation,
with infiltrative behavior and rapid growth as
characteristics. In addition, glioblastoma can arise
as a primary or secondary tumor, and the secondary
tumor is a malignant transformation of a low-grade
brain tumor and/or with a mutation in the isocitrate
dehydrogenase (IDH) gene35 and codeletion of
chromosome 1p/19q.%

One of the most striking and challenging biological
characteristics of gliomas, which are diffuse, is the
extreme infiltration capacity of their tumor cells. These
cells can spread over extensive regions beyond the
primary focus, following structures of the neuropilus,
which deals with the network of nerve fibers and glial
cells of the brain, even crossing to the contralateral
hemisphere and, in some cases, originating additional
tumor foci, as observed in multiple glioblastoma. And
it is this biological behavior that is one of the greatest
challenges of treatment, considering that complete
microscopic resection can never be achieved.®*

Extracranial metastases are very rare events in
glioblastoma, as it is the communication between
neoplastic cells and the adjacent tumor stroma that
has been shown to be a crucial factor for the invasive
growth and dissemination of this type of glioma. Thus,

the processes of invasion and migration by brain
tissue represent the main mechanisms of disease
propagation.3®

In this context, three fundamental routes of
dissemination are considered: 1) the collective
invasive potential, in which tumor cells advance
through the adjacent tissue through interstices of the
extracellular matrix, expanding from the primary
tumor without completely detaching; 2) the invasion
mediated by inflammatory cells, characterized by
the action of pro-tumor immune cells that secrete
metalloproteinases and degrade the extracellular
matrix, creating an imbalance with their physiological
inhibitors and facilitating the advancement of
malignant cells and it is, in this scenario, that tumor
hypoxia stimulates the production of pro-inflammatory
proteins and favors the activation of cancer stem
cells, promoting gliomagenesis; and 3) via epithelial-
mesenchymal transition, described in heterogeneous
subpopulations of glioblastoma, where intercellular
adhesion and senescence are compromised, which
favor epigenetic alterations that culminate in cell
dedifferentiation and acquisition of phenotypes
similar to those of stem cells, expanding the invasive
and adaptive capacity of the tumor.3*

The epithelial-mesenchymal  transition is a
biological process in which cells with epithelial
characteristics, that is, those with high adhesion
to each other and little mobility, start to acquire
characteristics of mesenchymal cells, with less
adhesiveness and greater migratory and invasion
capacity. This mechanism decisively confers the
aggressiveness, plasticity and therapeutic resistance
of glioblastomas. In them, there are subpopulations of
heterogeneous cells with different phenotypes, so that
they pass through similar pathways to the epithelial-
mesenchymal transition, even though it is not a classic
epithelium; This concept is expanded to tumors of the
central nervous system.

Under natural conditions, cell adhesion limits
proliferation. However, when it begins the process of
senescence, this adhesion is impaired, this “natural
brake” is lost, favoring tumor proliferation.

Thus, this pathway gives glioblastoma an infiltrative
and adaptive phenotype, making surgical and
pharmacological treatments difficult, and in clinical
terms it is one of the reasons why glioblastoma has a
high recurrence rate and poor prognosis.

The current standard treatment of glioblastomas
consists of multimodal therapy involving surgical
resection - which should be as broad and safe as
possible - radiotherapy and chemotherapy. However,
even with adequate treatment results, median survival
is 12-15 months.*”-*% In this core, even with aggressive
treatment, in 75-90% of cases, recurrence occurs
within 7-10 months after surgery.*

Pharmacological treatment options for these
patients are very limited, making the development of
new alternatives one of the greatest unmet demands
of current medicine.*** There is also an urgent need
to identify and validate new appropriate molecular
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biomarkers to improve diagnosis, as well as to guide
treatment choices. 44

Glioblastoma in the current classification of cen-
tral nervous system tumors

The classification of central nervous system
(CNS) tumors is traditionally based on histological
characteristicsand supported by immunohistochemical
analyses.

Glioblastoma multiforme, which was named
by Percival Bailey and Harvey Cushing in 19264,
based on the histological appearance where it was
evident that the tumor tissue would originate from
precursors of glial cells and, in addition, because
its configuration is very varied due to the presence
of necrosis, hemorrhages and cysts, it was called
“multiforme”.#® Currently, glioblastoma multiforme
is called glioblastoma. Thus, it is considered an
extremely heterogeneous disease, and this tumor
heterogeneity is translated by histological patterns,
genetic alterations and gene expression profiles.**

The status of the gene encoding the enzyme
isocitrate dehydrogenase (IDH) determines the
classification of glioblastomas into three types: 1)
wild-type HDI, which represents about 90% of cases;
2) mutated HDI; and 3) unspecified.

IDH is an enzyme that stimulates the expression of
proteins involved in cellular metabolism and energy
production. It performs oxidative decarboxylation of
isocitrate to form alpha-ketoglutarate, a crucial step
in the Krebs cycle.*?

In glioblastoma classified as IDH wild-type, the
gene is normal, that is, it does not present a mutation
and consequently produces the protein in its normal
chemical structure. When the mutation occurs in
the IDH1 or IDH2 genes, the enzyme gains a new
function and starts to produce 2-hydroxyglutarate
(2-HG), which is an oncometabolite that alters
the methylation of DNA and chromatin, promoting
epigenetic changes that affect cell differentiation and
proliferation.*®

In adults, primary glioblastomas are also defined
as wild-type HDI, while secondary glioblastomas can
be mutated HDI and intact 1p/19q, or mutated HDI
and 1p/19q codeletion.*> Mutations in the IDH gene
appear to be early events in gliomagenesis, followed
by acquisition of mutations in the TP53 gene, and are
markers of secondary glioblastoma.3

IDH-wild tumors typically occur in older patients,
while those with IDH mutations, which correspond
to about 10% of cases, affect younger people and
originate from gliomas of lower grade in addition to
presenting a better prognosis.2#

More recently, molecular markers have been
validated and incorporated, acquiring increasing
importance, and are already represented in the most
recent classification of the World Health Organization
(WHO). The fifth edition of the international standard
classification for brain and spinal cord tumors,
established by the WHO and published in 20214
represents an update of the previous classification

from 2016, incorporating advances in the molecular
and genetic understanding of CNS tumors.

Thus, this  classification  determines  that
glioblastoma (wild-type HDI) must include molecular
criteria, such as: mutation in the telomerase reverse
transcriptase  promoter (TERT), amplification of
the gene encoding the epidermal growth factor
receptor (EGFR), gain of chromosome 7, and loss of
chromosome 10 [+7/-10].#

Current treatment of glioblastoma

The current standard treatment of glioblastoma
in newly diagnosed patients consists of extensive
surgical resection followed by radiotherapy and
adjuvant chemotherapy with temozolomide.??*'-** The
fruitful work of Stupp et al. in 2005% established the
multimodal treatment protocol for glioblastoma.??

Neurosurgical management

The current consensus indicates that maximal
surgical resection correlates significantly with better
prognosis as measured by survival in patients with
glioblastoma.

Harvey Cushing, known as the father of modern
neurosurgery, pioneered craniotomy for the resection
of hundreds of glioblastomas from the beginning of
the twentieth century.

In the 1950s and 1960s, the development of
pneumoencephalography and angiography allowed
important advances in the localization of tumors. The
ability to visualize tumors underwent a revolution in
the 1970s with the invention of computed tomography
and, later, functional magnetic resonance imaging
(MRI), allowing better surgical planning.®-**

In addition, MRI tractography is a complementary
imaging method that allows visualizing, mapping,
and reconstructing the direction of nerve fibers, i.* the
tracts, in their path in the white matter.

Glioblastoma is a highly aggressive and invasive
tumor. Early attempts at extensive resections, including
removal of the entire affected cerebral hemisphere,
often resulted in significant neurological deficits,
without, however, preventing disease recurrence.

The trend from the following decades onwards
became the search for a balance between the
maximum increase in survival and the preservation
of neurological function. In the 1980s and 1990s,
there was an advance in the concept of “maximum
safe surgical resection”, aiming at the removal of the
largest possible volume of tumor mass with minimal
functional impairment.

The introduction of craniotomies performed in
awake patients allowed intraoperative functional
mapping, with the identification and preservation of
eloquent cortical areas involved in motor functions
and language during surgery. Surgical precision
has been constantly improved, with the inclusion,
since the 2000s, of ultrasonic aspiration instruments,
intraoperative electrophysiological monitoring, and
neuronavigation systems using information obtained
with CT or MRl in real time.?->?
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Radiotherapy management

Radiotherapy protocols in the treatment of
glioblastoma have advanced notably in terms of the
establishment, fractionation, spacing and staggering
of the doses used, in order to adjust the treatment to
each patient individually. From a technological point
of view, advances are made in the use of MRI-based
techniques and postitron emission tomography (PET),
including MRI-based linear accelerators. These new
strategies aim to reduce treatment toxicity by refining
the selectivity of exposure on tumor tissue, preserving
healthy ones. Other areas of progress include particle,
photon, and proton therapy techniques.*?

Chemotherapy management

Temozolomide is an atypical alkylating agent for
oralusethathasemerged asthe cytotoxicchemotherapy
agent of choice for patients with glioblastoma. The
addition of adjuvant temozolomide to treatment
leads to significant prognostic improvements, with an
increase in median overall survival compared with
radiotherapy-based treatment.’®¢° In addition, the
introduction of temozolomide in multimodal therapy
does not lead to significant increases in toxicity.®'

The effectiveness of temozolomide treatment is
influenced and importantly by the methylation status
of the Oé6-methylguanine-DNA methyltransferase
(MGMT) promoter. Methylation is associated with
better response to temozolomide and can be used as
a predictive biomarker, while unmethylated MGMT is
related to temozolomide resistance, which is currently
one of the biggest challenges in terms of limiting
treatment efficacy.>3¢?

Molecular changes in glioblastoma

Tyrosine kinase receptors

Glioblastoma presents high biological
heterogeneity among tumors, with significant
variations in molecular and cellular abnormalities.
Molecular and genetic alterations common to several
tumors are observed in cell signaling pathways
involved in proliferation, growth, survival, resistance
to apoptosis, and invasion capacity in glioblastoma
cells.®3-63

Oncogenes are genes that, when activated by
mutations, promote the development of cancer,
transforming normal cells into cancerous ones. The
amplification and activation by gain-of-function
mutations of these oncogenes, including genes
encoding receptor tyrosine kinase (receptor tyrosine
kinases, RTKs), such as the epidermal growth factor
receptor (EGFR), which is a protein present on the
surface of cells and plays a fundamental role in cell
growth and development. Mutations in this protein can
trigger uncontrolled cell growth. Also called ErbB1 or
HER1, EGFR is the prototypical member of the ErbB/
EGFR family, which also includes ErbB2 (HER2/neu),
ErbB3 (HER3), and ErbB4 (HER4).

EGFR is one of the most frequently altered
oncogenes in glioblastoma, being observed in 57% of
tumors that present modified amplification, mutation,

rearrangement, or splicing.®®¥” The increase in copy
number and gain-of-function mutations of the EGFR
gene or other RTKs, such as platelet-derived growth
receptor (PDGFR) and HER2/neu and MET, which
are two important receptors involved in cell growth
and development and that determine the increased
activation  of intracellular signaling pathways
mediated by protein kinases, such as phosphoinositide
3-kinase (PI3K)/AKT and mitogen-activated protein
kinase (MAPK)/extracellular signal-regulated kinase
(ERK). Activation of the PI3K pathway also occurs
frequently in glioblastoma due to loss of function of
the tumor suppressor gene PTEN. 446870

Apoptosis and cell cycle regulatory genes

Loss-of-function mutations in tumor suppressor
genes that regulate the cell cycle and apoptosis are
also commonly found in glioblastoma, e.g. loss of
function of the p53 protein due to mutations in the
TP53 gene or aberrant expression of MDM2 (Murine
Double Minute 2), negative p53 inhibitor, and loss of
function of p16INK4a and p 14ARF due to deletion of
the CDKN2A gene.”" The loss of p16INK4a leads to
activation of cyclin-dependent kinase (CDK), resulting
in phosphorylation of the retinoblastoma protein,
which then releases the transcription factor E2F,
allowing cell cycle progression. The p14ARF protein
downregulates MDM2 and thus acts as a stabilizer
of p53. The loss of these regulatory proteins promotes
cell cycle progression and evasion of apoptosis,
contributing to glioma tumorigenesis.®44?-72

Epigenetic mechanisms

Mutations that affect the process of DNA
organization and compaction, within the cell nucleus
and epigenetic regulation are also central features of
gliomas.

Alterations in components of the epigenetic
regulatory system include mutations and modified
expression of histone deacetylases (HDACs), which
regulate chromatin structure.®”7®> Mutations in the
IDH1 and IDH2 genes are common in low-grade
and secondary gliomas, leading to the production
of oncometalyte 2-hydroxyglutarate (2-HG), which
inhibits a-ketoglutarate-dependent enzymes, such
as histone demethylases and DNA demethylases of
the TET (ten-eleven translocation) family. This results
in alteration in the epigenome that contributes to cell
dedifferentiation and malignant transformation.”74

Tumor microenvironment

The tumor microenvironment is a concept that
refers to the cellular and extracellular environment
that permeates a tumor, which directly influences
growth, progression, and response to treatment. The
understanding is that the tumor microenvironment is a
complex and dynamic ecosystem, where tumor cells
interact with normal cells, blood vessels, stromal cells,
extracellular matrix, and immune system cells.”®

This concept evidences heterogeneous collection
of infiltrating and resident host cells, secreted factors,
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and extracellular matrix, where tumor cells stimulate
significant molecular, cellular, and physical changes
in host tissues to sustain tumor growth and progression.
The “tumor microenvironment is believed to be not just
a silent bystander, but rather an active promoter of
cancer progression.”>”¢

From the beginning of tumor growth, a dynamic
and reciprocal relationship is established between
cancer cells and the components of the tumor
microenvironment, which favors survival, local
invasion, and locoregional or metastatic dissemination
of tumor cells.

In the face of a tumor microenvironment, cell
proliferation determines a tissue state of hypoxia
and acidity, causing the promotion of angiogenesis
with the objective of restoring the supply of oxygen
and nutrients, in addition to the removal of metabolic
waste.

In the analysis of tumors, it is observed that they
are infilirated by several adaptive immune cells. The
role of these cells in the tumor microenvironment (TME)
can be both to suppress tumor formation (antitumor
microenvironment) and to promote tumorigenesis
(immunosuppressive microenvironment). Depending
on the context and tumor type, immune cells can
perform both pro-tumor and anti-tumor functions.”

In this context, additional alterations that
contribute  to tumor progression include those
that affect the tumor microenvironment. In the
case of glioblastoma, this involves activation of
angiogenesis, through overexpression of vascular
endothelial growth factor (VEGF), and remodeling of
the extracellular matrix (ECM) through the regulation
of matrix metalloproteinases (MMPs), facilitating
invasion. Gliomas also exhibit remarkable ability
to evade the host immune response by expressing
immunoinhibitory ligands such as PD-L1, recruiting
immunosuppressive immune cells such as regulatory
T cells (Tregs) and tumor-associated macrophages
(TAMs), and releasing immunosuppressive cytokines
such as TGF-B and IL-10.77.78 (Figure 1)

Source: Tonan (2025)

FIGURE 1 — Tumor microenvironment

Tumor stem cells

The scientific conceptualization of tumor stem cells
is based on their ability to differentiate and self-renew,
having the same characteristics as normal stem cells, but

also being able to initiate tumor proliferation composed
of more heterogeneous cellularity of normal tissue.

It is believed that tumor stem cells promote
tumorigenesis from the mechanism of differentiation, i.e.,
cNeural stem cells turning into glioma stem cells and
driving gliomagenesis.”

It is identified that neural stem cells, which transform
into glioma stem cells and are the purported precursors
of glioma stem cells, are commonly found in the toothed
swivel of the hippocampus, subcortical white matter,
and subventricular zone.”

Intratumoral  heterogeneity is a hallmark of
glioblastoma, with genetic, epigenetic, phenotypic
diversity, and distinct subpopulations of cells coexisting
within the same tumor. Glioma tumor stem cells represent
a subpopulation of cells with a high capacity for self-
renewal, resistance to therapy, and potential to initiate
tumors. Glioma tumor stem cells reside in specific
niches, such as perivascular and hypoxic zones, and
are regulated by signaling pathways such as Notch,
Hedgehog, and Whnt, which are characteristic of the
regulation of embryonic development.2%#

The Notch, Hedgehog and Wht signaling pathways
are the main signaling pathways involved in embryonic
development, being essential for the transformation
of the single-celled zygote into a highly specialized
multicellular organism. These same pathways also
regulate fundamental cellular processes such as cell
proliferation, differentiation, and migration. Itisimportant
to highlight that its action is not limited to differentiated
somatic cells, but also extends to adult stem cells.®?

Given their central participation in  essential
biological processes, alterations or dysregulations
in these pathways are often associated with several
diseases, including cancer.

Molecular targets and experimental pharmacolo-
gical therapies in glioblastoma

Examples of experimental targeted therapies
already evaluated in clinical studies, some focusing
on tumor angiogenesis, are studies of antiangiogenic
inhibitors such as cediranib (Recentin®), vatalanib,
sunitinib  (Sutent®), sorafenib  (Nexavar®, and
vandetanib (Zactima®). Phase |/Il studies of these
agents administered as monotherapy or combined
with cytotoxic chemotherapy and radiotherapy have
demonstrated some promising initial results. The PDGFR
inhibitor, imatinib mesylate (Gleevec®) has shown
limited activity in patients with relapsed glioblastoma.
Rapamycin analogues such as sirolimus (Rapamune®)
have been tested as monotherapy or in combination with
EGFR inhibitors. More recently, epigenetic modulators
and immunotherapy are among the most promising
candidate therapies.*® 6445

CD114 granulocyte colony-stimulating receptor
and glioblastoma

CD114 as a regulator of brain development and
neural plasticity

Brain tumors utilize the cellular and molecular
processes of healthy CNS development and

BioSCI. | Curitiba | 2026 | 84 | 00017




synaptic plasticity, hijacking and modifying these
mechanisms.?'?%2%2¢ The CD 114 cell surface protein, also
called GCSFR or CSFR and encoded by the CSF3R gene,
acts as a receptor for granulocyte colony stimulating
factor (GCSF).%” Granulocyte colony-stimulating factor
(GCSF) is a pleiotropic cytokine encoded by the CSF3
gene.?® The GCSF receptor, GCSFR, is an 813-amino
acid protein encoded by the CSF3R gene and is a
member of the cytokine receptor family. Its structure
corresponds to the single transmembrane protein
composed of several extracellular and intracellular
domains CSF3 (Figure 2).2°
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FIGURE 2 — General structure of the GCSFR

By binding GCSF to the receptor, CDI114
activation stimulates signal transducer and activator
of transcription 3 (STAT3). GCSF/CD114 signaling
promotes neuronal and neural stem cell survival and
plasticity,?” in addition to stimulating neurogenesisé
and, together with stem cell factor (SCF), induces the
growthofneuritesincorticalneurons.?® The combination
of GCSF and SCF has neuroprotective action and
promotes the reorganization of neural networks in
experimental models of neurodegeneration and brain
trauma.? Systemic administration of GCSF attenuates
learning and memory impairments and dendritic
spine density in the hippocampus in rats submitted to
a model of cerebral ischemia.®* GCSF treatment also
recovers synaptic plasticity as measured by long-term
depression in hippocampal slices obtained from the
APP/PS1 transgenic model of Alzheimer’s disease.®

CD114 in malignant neoplasms

Activation of STAT3 by GCSF/CD114 promotes a
tumor stem cell phenotype, and CD 114 is proposed as

a biomarker of tumor stem cells in neural crest-derived
cancers such as neuroblastoma and melanoma.”-'°

CD114-positive cells isolated from neuroblastoma
tumors were highly tumorigenic and capable of self-
renewal and differentiation.”

Later studies have also demonstrated that CD114
expression is limited to a subpopulation of melanoma
tumor cells that demonstrate altered growth and
resistance to treatment, suggesting that CD114
expression may be a marker for identifying melanoma
tumor cells that contribute to disease relapse and
poor patient outcomes. '

CD114 expression is found in adult solid tumor
types including ovarian, cervical, bladder, and skin
cancers, although most previous studies have found
no significant associations between CSF3R/CD114
expression and survival prognosis.”'®'® In addition,
mutations in the CSF3R gene have been described
in an atypical type of chronic leukemia.'?° In brain
tumors, CD 114 expression occurs in medulloblastoma,
the most common type of malignant pediatric brain
tumor, both in cell lines, mouse grafts, and primary
tumor samples. The presence of CD114 appears to
confer resistance to cytotoxic chemotherapy.” In
medulloblastoma samples obtained from patients,
there is a difference in CSF3R gene expression
between tumors of the Group 3 molecular subgroup
compared to the other subgroups, as well as between
the SHH molecular subtypes y, Group 3 a, and
Group 3 B.

However, no significcmt associations were found
between CSF3R expression levels and overall survival
of patients.'®

A previous study in glioma described the
widespread expression of GCSF, both at the mRNA
and protein level, in tumor samples. Cell proliferation
and migration were stimulated by GCSF treatment
in CD114-expressing glioblastoma cells, and an
antibody against GCSF produced opposite effects.”

Binding of GCSF to its CD114 receptor (CSF3R)
activates  the JAK-STAT  signaling  pathway,
culminating in the phosphorylation and activation
of signal transducer and transcription activator 3
(STAT3), which acts as a transcriptional regulator of
genes involved in the proliferation, survival, invasion,
and maintenance of tumor stem cells in glioblastoma.®

STAT3 regulates several cellular processes
including cell growth, differentiation and apoptosis,
and is often activated during tumor genesis. Thus,
STAT3 signaling was considered important for the
maintenance of tumor stem cell-like subpopulations,
including glioblastoma.?®”

Specific STAT3 inhibitors are currently being
developed and represent a new class of stimulant
therapeutic agents likely to be effective against tumor
stem cell subpopulations in these tumors.”

Thus, the volume of evidence regarding the possible
role of CSF3R/CD114 as prognostic biomarkers or
therapeutic targets in glioblastoma or other types of
glioma is very limited. In this context, this study aimed
to evaluate the expression of the CSF3R gene and its
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correlation with overall survival in tumors of patients
with different subtypes of glioma, with a special focus
on glioblastoma.

Conceptual aspects

Gliomas constitute the most frequent group of
primary malignant tumors of the central nervous
system in adults.®8 the clinical course is heterogeneous,
with median survival of 14-16 months in IDH-wildtype
glioblastoma,®® and may exceed 8-10 vyears in
diffuse IDH-mutant gliomas of lesser degree.”®

These tumors are classified into different types,
according to the type of cell from which they originate
or with which they share histological characteristics,
and are then classified into ependymomas,
astrocytomas, and oligodendrogliomas. Of these,
astrocytomas are the most common type of glial
tumors.*

In gliomas, residual tumor cells often lead to
malignant recurrence and progression, with some
gliomas tending to progress to glioblastoma,® a very
aggressive neoplasm.

Although morphological classification based on
histopathology provides important information for
the diagnosis of glioblastoma, it has limitations, as
it cannot reflect the heterogeneity of these tumors
and, therefore, ends up being insufficient for patient
management.”?

The 2016 WHO classification of CNS tumors,
therefore,  restructured the classification  of
glioblastoma by incorporating molecular features
into histopathological appearances and was recently
updated, in 2021, by advances in the molecular and
genetic understanding of CNS tumors,* so that there
was progress in the role of molecular diagnostics in
the subclassification of glioblastoma.

In fact, glioblastoma is one of the first tumor
types that have been systematically investigated by
large international cancer projects, e.g., TCGA, due
to its high incidence and in cohort , glioblastoma
corresponded to 57.51% (n = 153) of the sample.

The CSF3R gene encodes the GCSFR protein.
GCSFR presents differentiation giving rise to CD114,
which is the granulocyte colony-stimulating factor
(GCSF) receptor.

Granulocytic colony-stimulating factor (GCSF)
was first identified in bone marrow cells and
derivatives, and is a cytokine, i.e., a small protein that
acts as a messenger of the immune system, encoded
by the CSF3 gene that acts as a hematopoietic
growth factor regulating the function of granulocytic
precursors and neutrophils.®”

The actions of the GCSF are mediated by the
activation of its receptor, called GCSFR or CD114.
Recombinant human GCSF is clinically used to
prevent neutropenia, due to its effects on neutrophil
mobilization and  maturation.®®  GCSF/CD114
signaling has also been investigated as a modulator
of neuronal survival, synaptic plasticity®282984 85,
and cancer.”'0-20

Specifically, CD114 has been proposed as a

marker to identify cancer stem cell subpopulations
associated with tumorigenicity, metastasis, and
treatment resistance.”!°

In epithelial skin tumors, the presence of CD114 is
significantly higher compared to normal skin, Bowen's
disease, or actinic keratosis, and has been associated
with  carcinogenesis. However, no association
between CD114 protein expression and patient
mortality was found.™

Similarly, different levels of CSF3R transcriptions
occur between different tumor subgroups and
medulloblastoma  subtypes, but no significant
association  with  patient  survival has been
established.™

A previous study in glioma looked at GCSF and
CD114 RNA and protein expression in a set of 22
human gliomas (WHO grade II, lll, and 1V) and cell
cultures derived from these tumors.

Although GCSF and CD 114 expression, as well as
that of granulocyte-macrophage colony-stimulating
factor (GMCSF) and its receptor, has been found
in all gliomas and cell cultures, joint expression of
both factors and their receptors has been selectively
observed in grade IV tumors (GBMs), and thus
expression correlates with advanced tumor stage."
This makes understanding CSF3R gene expression
important to know the oncogenesis of each tumor
type and, eventually, to seek ways to block it.

Transcription  Activator  Signal ~ Transducer 3
(STAT3) regulates several cellular processes, including
cell growth, differentiation, and apoptosis, and is
frequently activated during tumor genesis, so STAT3
signaling has been found to be important for the
maintenance of cancer stem cell-like subpopulations,
including glioblastoma.?”

Compared to non-tumor neural tissue (n = 8),
significantly higher levels of CSF3R transcripts were
found in astrocytoma, pilocytic astrocytoma, and
glioblastoma.

The present transcription analyses indicate that a
significant association between high CSF3R mRNA
levels and worse prognosis measured through shorter
overall survival was found in patients with gliomas.

Analyzing the 266 glioma samples from the GEO-
(GSE 16011) section, higher expression of CSF3R/
CD114 was observed, which was associated with a
worse prognosis, based on shorter overall survival.

Similarly, there was a significant association
between high CSF3R mRNA levels and shorter overall
survival in GBM patients (n = 150; p < 0.05).

These initial in silicon findings suggest that further
experimental studies should characterize the effects
of GCSF/CD 114 inhibition in experimental models of
GBM.

IDH-wild tumors typically occur in older patients,
while IDH-mutated tumors, which correspond to about
10% of cases, affect younger patients and originate
from lower-grade gliomas, in addition to having a
better prognosis.?*

No significant impact of CSF3R mRNA expression
on overall survival was found when GBM patients
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were divided according to HDI status (mutated vs.
wild-type), possibly due to the limited number of
samples available in each subgroup.

In addition, there was no significant difference
in CSF3R levels between GBM with wild-type HDI
and those with IDH-mutation. Some IDH1 mutations
are considered prognostic markers, with patients
with mutated tumors having better overall survival.?®
Corroborating these data, worse overall survival was
observed in patients with GBM IDH wild-type.

One study reported that in mutated wild-type
GBM carrying mice, GCSF is secreted by GBM CSCs,
and blocking GCSF accelerates tumor progression by
acting on the myeloid cells that infiltrate the tumor.”!

STAT3 is involved in mediating the cellular effects
of CD114 activation. Several studies have indicated
that STAT3 is an oncogene in GBM. Activation of
STAT3 is associated with shorter, progression-free
overall survival in patients with GBM,92 and STAT3
is required for the maintenance of a CSC phenotype
in GBM cells.” STAT3 can have a dual role in the
GBM, promoting or suppressing the progression of
the GBM. %49

Future experiments should investigate the role of
STAT3 downstream of CD114 in different types of
glioma.

CONCLUSION

Exploring the role of CD114 in glioma cell lines,
other primary tumors, and the tumor microenvironment
in future studies may improve understanding of
the role of GCSF and similar growth factors in the
progression of CNS malignancies. Genomic analyses
are currently the gold standard for categorizing tumor
subtypes, still presenting some overlap between
groups, but less than classical histology. Biomarkers
are essential not only for diagnosis and prognosis
but also for personalized therapeutic planning. The
search for specific proteins and receptors in CNS
cancer cells can determine the identification of
molecular targets that, when inoperative, can inhibit
the growth, proliferation, and spread of the neoplasm,
as well as allow the development of therapies
selectively targeted at gliomas. Several strategies
for the search for molecularly directed therapies, or
targeted therapies, have been developed based on
the inhibition of cell signaling component in tumor
cells or their microenvironment. Several of these
experimental therapies have already been evaluated
in clinical trials. Inhibition of growth factor receptors
or their ligands is a therapeutic strategy that interrupts
the signals that promote cell growth and proliferation,
especially in the context of the treatment of gliomas,
and although expected, the primary endpoint of
increased survival has not yet been achieved.
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