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Abstract 

Malignant brain tumors are one of the most important causes of morbidity and mortality in a wide range of individuals. 

Malignant brain tumors, gliomas mainly are the most conventional primary intracranial tumors in adult individuals. They 

appear in the brain and concern the glial tissue. The World Health Organization (WHO) grade II tumors, known as low-grade 

tumors incline to progress to grade III high-grade gliomas and, eventually, to grade IV glioblastoma multiforme (GBM), 

which is the most conventional glioma, with a period of 12-15 months median survival after definitive diagnosis. Progress in 

cancer research regarding the genetics and molecular biology of GBM has been substantially increased in the past decades, 

leading to classification methods that could contribute to management and classification of GBM patients into different 

groups. The WHO grading system for glial tumors classifies the distinct neoplasms of astrocytic or oligodendroglial origin, 

as diffuse astrocytoma or GBM, oligodendroglioma, oligoastrocytoma, astrocytoma, and ependymoma, which constitute 

molecularly, genetically and clinically distinctive unique entities. The human glioma molecular biology is a complicated and 

fast-developing field in which basic research is necessary to meet clinical expectations in terms of anti-tumor effectiveness. 

Many researches contributed to advancement in the knowledge of gliomas pathogenesis and biology and to the detection of 

new agents for personalized targeted molecular therapy. Despite the progress in molecular biology, significant contribution 

to the overall survival and life quality still lacks. Unluckily, the fundamental literature concerning gliomas molecular biology 

remains indistinct. The current article presents a comprehensive review of current knowledge regarding the molecular 

characteristics of glioma tumorigenesis from the molecular biology perspective, focused on the major intracellular signaling 

pathways implicated in glioma pathogenesis, genomic and epigenetic relevant characteristics of glioma, the predictive values 

of molecular indices according to the WHO classification of glial neoplasms, and the implication of molecular and cellular 

heterogeneity in gliomas, responsible for its therapy resistance.  
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epigenetics 

Introduction 

Gliomas constitute   the most frequent malignant brain tumors in adult 

individuals. They can appear in any location in the Central Nervous 

System (CNS); however, they arise mainly in the brain, come from glial 

cells and can be either astrocytic, oligodendrocytic or oligoastrocytic [1]. 

More than 75 % of the diffuse gliomas in adult individuals are astrocytic, 

approximately two-thirds of those are represented by the most malignant 

form, Glioblastoma Multiforme (GBM). Oligoastrocytomas (OAs) and 

Oligodendrogliomas (ODs) have been, in general, gathered together as 
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oligodendroglial neoplasms and represent less than 10% of the diffuse 

gliomas. It must be noted that, glioma variations with a more 

circumscribed growth pattern are more common than diffuse gliomas in 

children, whereas oligodendroglial neoplasms are rare, less than 4 % of 

the primary CNS tumors [2].  

Glioma’s ratio ranges from 4.67 to 7.73 cases per 100,000 individuals, 

whereas in a recent research its incidence ranges from 0.59 to 5 cases per 

100,000 individuals [3]. The WHO categorizes gliomas in grades varying 

from I to IV according to their aggressiveness (Table 1), with GBM being 

a grade IV astrocytic glioma [4], which is the fast-growing and the most 

aggressive tumor and frequently spreads out the surrounding   brain 

tissues, and constitutes the deadliest tumor type in the brain [5,6], with an 

incidence of 0.59 to 3.69 cases per 100,000 individuals. The mentioned 

incidence increases with age, getting a maximum between 75 and 84 

years, and is greater in white males [7]. GBM  is the  most conventional 

malignant primary brain neoplasm [8], represents more  than  50,0%  of  

all primary  CNS malignant tumors [8,9], 50-60% of  astrocytic tumors, 

12-15% of all intracranial tumors [10], and has a poor prognosis despite  

the remarkable progress  in knowledge  about its molecular pathogenesis  

and  biology, since  a rate of less than10% of patients survive more  than 

5 years, with an average survival period of 12-15 months after the 

eventual diagnosis [10], whereas  the  median survival of almost 15 

months [11] and a 5-year relative survival rate of 6.8%, although this 

depends  on the age at diagnosis and the patient’s gender [12].  

Type of Glioma [4] (modified)    Central Nervous System WHO Grade 

Adult-type diffuse gliomas 

          Glioblastoma, IDH-wildtype 

          Astrocytoma, IDH-mutant 

          Oligodenroglioma, IDH-mutant, and 1p/19q-co-deleted 

                                   

                           IV 

                         II, III, IV 

                           II, III 

Circumscribed astrocytic gliomas 

          Pilocytic astrocytoma 

          Pleomorphic xanthoastrocytoma 

          High-grade astrocytoma with piloid features 

          Sub-ependymal giant cell astrocytoma 

 

                              I 

                           II, III 

                              - 

                              I 

Ependymal tumors  

Table 1: WHO (2021) Gliomas classification (more common types) 

The great majority of GBMs cases, 90% appear de novo in elderly 

individuals, without previous histopathological or clinical evidence of a 

less malignant precursor lesion, also known as primary GBMs. Secondary 

GBMs come from lower grade gliomas, known as anaplastic or diffuse 

astrocytomas. They develop in younger individuals, are characterized by 

a lower necrosis degree, are commonly discovered in the frontal lobe and 

have significantly favorable prognosis than that of primary GBMs. The 

mentioned GBM forms, histologically, are practically indiscernible, how-

ever, they are different in their molecular aspects that concern genetic and 

epigenetic profiles [13]. GBM is further divided into different subgroups 

and each one of those is linked with a different molecular signature. The 

WHO in 2016, announced a brain neoplasms classification update which 

comprises GBM in the oligodendroglial  and   diffuse  astrocytic  

neoplams  group  and divides it  into  three subgroups  according  to  

isocitrate dehydrogenase  (IDH)  mutations, as 1) GBM, IDH-wild type, 

clinically  recognized  as de novo or primary GBM and predominant in 

individuals over  55 years of  age, which represents 10% of GBM cases, 

2) GBM, IDH-mutant, clinically recognized as secondary GBM and more 

conventional  in  younger  individuals, which represents 90% of GBM 

cases,and 3) GBM NOS, which is not otherwise specified, does not match 

into the previous classes and is not well determined. Moreover, GBM 

IDH-wild type is able to be divided into different subtypes according to 

histologic elements, as 1) gliosarcoma, which shows a metaplastic 

mesenchymal ingredient, 2) giant cell GBM, which identified by the 

existence of multi-nucleated cells, and 3) epithelioid GBM, which 

constitutes a temporary new GBM variant added to the WHO 2016 

classification in 2016 which contains large epithelioid cells and variably 

present rhabdoid cells [14]. 

GBM is a complicated and heterogeneous disease and the classification 

methods are essential for the establishment of personalized targeted 

therapies for the discrete subtypes. GBM molecular classification has 

been extended over the years in order to acquire a better understanding of 

the molecular processes that lead to oncogenesis and tumor progression 

[15]. GBM gene expression profiling permitted the recognition of various 

molecular subgroups [16-18]. Growingly, surveys have detected that 

GBM is a notably heterogeneous group of neoplasms, and its 

pathogenesis implicates complicated changes in genetics, epigenetics, and 

transcriptomics, which eventually result in remarkable alterations in 

substantial signaling pathways [16,19-21].  

Oligodendroglial tumors, comprising ODs and OAs, account for between 

5% and 18% of all primary human brain neoplasms [22]. OD is a type of 

diffusely infiltrating glioma type and constitutes approximately 5% of 

primary intracranial tumors  [23]. Mixed OA and OD account for 5%-

20% of all glial neoplasms [24]. ODs are, generally, low-grade WHO 

grade II neoplasms, are slow-growing and have a promising therapy 

response when compared with other glioma types. Grade III anaplastic  

OD is a more malignant form of the neoplasm that portends a less 

favorable prognosis and may appear de novo or as degeneration from the 

lower grade OD [25]. ODs are uncommon, have an incidence of 0.2 cases 

per 100,000 patients and are the 3rd most conventional primary brain 

neoplasm after GBM and diffuse astrocytoma. ODs comprise 

approximately 5% of all primary CNS neoplasms [26]. They have a light 

male predominance, recorded from 1.1-2: 0.92 male to female ratio [27]. 

ODs are predominantly an adult neoplasm with a peak incidence in the 4th 

and 5th decades and a smaller peak of tumor incidence that occurs in 

children 6 to 12 years of age, whereas the low-grade ODs incline to appear 

in slightly younger individuals [24].  

OAs display both astrocytic and oligodendroglial morphologic 

characteristics [28]. Because of the rather indistinct criteria for 

determining OA, OA incidence diversifies substantially between different 

studies. According to molecular findings, OAs possess an intermediate 

place between astrocytomas and ODs [29].  

Astrocytoma is an invasive intracranial neoplasm, a severe form of brain 

cancer characterized by the worst prognosis and a marginally higher 

survival rate by established therapy. Those tumors are categorized based 

on their grade, the aberrant development and behavior of their cells. Low-

grade astrocytomas, also acquainted as grade I and II, are slow-growing 

neoplasms, less aggressive than high-grade astrocytomas, and are 

classified as grade III or IV. Grade III astrocytomas are regarded 

anaplastic ones, which denotes that their cells have more aberrant 

alterations and show a higher development rate than grade II 

astrocytomas. Grade IV astrocytomas, also known as GBM, are the most 

conventional and aggressive brain cancer form, as already mentioned 

[30]. According to the WHO updated classification for 2016-2021, OAs 

are considered as polymorphic neoplasms that may can induce ODs or 

astrocytic neoplasms according to their molecular components. ODs 

which are located in the frontal, occipital, and lobes parietal revealed a 

https://www.ncbi.nlm.nih.gov/books/NBK559184/
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higher allelic loss possibility than ODs which are located in the temporal 

lobes. Even though 30% to 70% of OAs have LOH 1p and LOH 19q 

[30,31] showing a genetic similarity to ODs, only 30% of OAs carry 

mutations in the TP53 gene or LOH 17p [32] suggesting an association 

with astrocytomas. Particularly, LOH1p and LOH 19q are negatively 

associated with TP53 mutations [33]. Ependymoma is the 3rd most 

conventional pediatric brain neoplasm, following astrocytoma and 

medulloblastoma, and more than 50% of cases concern children less than 

5 years of age [1,34]. Based on the Central Brain Tumor Registry of the 

United States (CBTRUS) report (2014), ependymomas represent 5.2% of 

CNS, and all brain neoplasms and in children and adolescents 0-19 years 

of age compared to 1.9% of adult individuals. Based on the same source, 

the overall 10-year survival rate was estimated to be 79.2% [2]. Generally, 

the survival rate was the highest for individuals aged 20-44 years and 

reduces with increasing age at the time of diagnosis. Actually, the 10-year 

survival rate was 28.1% in individuals aged 75 years whereas, the same 

survival rate in children and adolescents aged 0-19 years was 66% 

[35,36].  

Based on the CBTRUS report in 2020, ependymal neoplasms account for 

approximately 1.6% of all primary CNS neoplasms. Ependymal tumors 

incidence varies from 0.29 to 0.6 per 100,000 individual-years and is 

lowest in the first two decades of life and highest in the 65-74 years old 

individuals [37]. 

Tumor position is substantially dependent on the individual age, with 

almost 90% of pediatric ependymal neoplasms appearing intracranially, 

and almost 65% of adult neoplasms appearing in the spine. A remarkable 

morbidity and mortality has been estimated amongst individuals with 

intracranial ependymomas [38]. Ependymomas are primary CNS 

neoplasms originated from the ventricular system ependymal lining 

[14,39], affect children and adults and are located every-where in the 

CNS, including the infratentorial (IT) space, the spinal (SP) compartment, 

and the supra-tentorial (ST) space, and, derive from the cerebral ventricles 

lining, as mentioned or the central canal of the spinal cord. However, 

recent data suggests that the origin cells concern radial glial stem cells 

[40]. 

The Classification of Tumors of the Nervous System, reported by WHO 

classifies ependymomas as grades I, II, and III according to their anaplasia 

grade. The objective of the mentioned classification was to predict the 

different clinical prognoses for the different histological grades [1]. 

However, an increasing number of surveys challenging the hypothesis 

that   histological grades are able to predict prognosis, particularly in 

different age groups and at different CNS positions [34]. That observation 

suggests that genetic heterogeneity within the same histological grade 

imposes the biological behavior of ependymomas [41].  

The aim of the current article was to review the molecular characteristics 

of glioma tumorigenesis from the molecular biology perspective, and the 

molecular biomarkers that can play possible clinical roles as future 

directions for detecting new biomarkers and therapeutic targets.  

GBM molecular biology 

The great majority of GBMs are developed de novo (90%), whereas 

secondary ones are unusual (10%). IDH mutations are rarely observed in 

primary GBMs (5%), are common in secondary GBMs (85%), are 

responsible for neoplasm progression in early stages, and are associated 

with other genetic aberrations detected in low-grade gliomas, such as 

ATRX and TP53 mutations and 1p/19q co-deletion. GBMs also present a 

reverse association with gene amplification of EGFR and monosomy of 

chromosome 10, which are usual events in primary GBMs [42]. The 

recognition of IDH1 as a molecular index was critical for those two 

subtypes separation. They were first identified when it was detected that 

those mutations incurred in most secondary GBM patients [42]. In this 

day and age, after similar surveys concerning this issue, it has been 

accepted that IDH 1 mutation is   the most valid secondary GBMs 

diagnostic molecular index [43]. In 2010, was carried out a survey 

regarding the genetic expression profiles of 200 GBM samples in order to 

provide a novel and more accurate classification form according to 

molecular characteristics. They were identified four clinically relevant 

GBM subtypes characterized by abnormalities in IDH1, PDGFRA, 

EGFR, and   Fibronectin1 (NF1). Those are classical, neural, proneural, 

and mesenchymal subtypes [44].  

Regardless of the mentioned differences, the TCGA report revealed, in 

2008, three important genetic events in humans GBMs, a) growth 

signaling dysregulation via mutational activation and amplification of 

RTK genes, b) activation of the phosphatidylinositol-3-OH-kinase (PI 

(3)K) pathway, and c) inactivation of p53 and retinoblastoma (RB) tumor 

suppressor pathways. The mentioned events result in GBM malignant 

transformation; however, neoplasms require many genetic and metabolic 

adaptations in order to retain proliferation and spreading, comprising 

alterations in energetic metabolism, invasive ability, angiogenesis and 

migration [43].  

Amplification of MDM2 oncogene has also been detected, especially, in 

neoplasms without TERT and TP53 mutations. In the TCGA report have 

also been described several GBM genetic aberrations which concern 

FN1mutations and PI3KR1 homozygous deletion [43]. On the contrary to 

primary GBMs, TP53 mutations, associated with MGMT methylation 

promoter, have been detected in most secondary GBMs, along with 10q, 

13q, 19q, heterozygosity and partial loss of 22q [44].  

In a recent study, Neftel et al. [45] revealed four heterogeneous cellular 

conditions using single-cell RNA-sequencing and confirmed the GBM 

intra-tumoral heterogeneity and the coherence of this subtyping. The 

authors classified the neural signatures growth into OD-progenitor-like, 

neural-progenitor-like, astrocyte-like, and   mesenchymal-like conditions 

[46]. The neural subtype originates from ODs and astrocytes and 

expresses neuron-related genes, the pro-neural subtype exhibits 

oligodendroglial cells characteristics and is developed in young 

individuals [47]. The classical subtype has astrocytic characteristics and 

expresses stem cell and neuron precursor markers, whereas the 

mesenchymal subtype has characteristics of cultured astrocytic gliomas 

[10] Jankowska et al. [48] categorized GBM subtypes according to 

immunochemical expression and observed the classical subtype of GBM 

is characterized by mutation of TP53, which makes that subtype greatly 

sensitive to classical chemotherapy with adjuvant temozolomide (TMZ) 

and radiotherapy. 

The mesenchymal subtype is characterized by mutations of MET, AKT, 

PTEN, FN1, and TRADD. Moreover, characteristic of the proneural 

subtype is IDH1, TP53PDGFRA, HIF, and OLIG2 mutations. Another 

report recorded the neuronal markers for recognizing and profiling neural 

GBM, such as NEFL, GABRA1, SLC12A5, and SYT1 (Table 2) [49].  

Type of Adult Gliomas  

[4,14] (modified) 

   Genetic/Molecular Profiles Alterations   

Glioblastoma, IDH-wildtype IDH-wildtype, EGFR amplification, TERT promoter mutation 

concurrent gain of chromosome 7, loss of chromosome 10   

Astrocytoma, IDH-mutant IDH1/ IDH2 mutation, TP53 mutation, ATRX mutation, 

CDKN2A/B mutation 

Pleomorphic xanthoastrocytoma BRAF mutation, CDKN2A/B homozygous deletion 

Pilocytic astrocytoma  KIAA1549-BRAF fusion, NF1 mutation, BRAF mutation 



J. Brain and Neurological Disorders                                                                                                                                   Copy rights@ Nikolaos Andreas Chrysanthakopoulos, 

Auctores Publishing LLC – Volume 8(1)-130 www.auctoresonline.org  
ISSN: 2642-973X   Page 4 of 14 

High-grade astrocytoma with piloid features NF1 mutation, BRAF mutation, ATRX mutation, CDKN2A/B 

homozygous deletion 

Sub-ependymal giant cell astrocytoma TSC1 mutation, TSC2 mutation 

Oligodendroglioma, IDH-mutant, and 1p/19q-

co-deleted 

IDH1/ IDH2 mutation, TERT promoter mutation, CIC mutation, 

FUBP1 mutation, NOTCH1 mutation, 1p/19q co-deletion 

Supratentorial ependymoma  ZFTA-RELA fusion, YAP1-MAML2 fusion  

Spinal ependymoma MYCN amplification, NF2 mutation 

Posterior fossa ependymoma H3K27methylation, EZHIP over-expression 

Table 2. Genetic/Molecular alterations in more common gliomas 

Similar to the mentioned categorization, Herrera-Oropeza et al. [50] 

carried out a driver genes multi-omics analysis. They observed that 

mesenchymal subtype growth was associated with the up-regulation of 

the MGMT promoter and the down-regulation of ATRX, TP53, EGFR, 

and H3 F3A. More data was recorded for the proneural subtype, which is 

characterized by the overexpression of MKI67 and OLIG2, and the 

classical subtype by the overexpression of TP53, EGFR, VIM, and NES 

[50].  

Cai et al. [51] examined the glioma reclassification according to the Gβ/γ 

genes expression levels using the TCGA and the Chinese Glioma Genome 

Atlas (CGGA) datasets. The outcomes showed that Gβ/γ heterodimer is 

able to activate the Erk1/2 pathway by inducing the overexpression of the 

guanine nucleotide-binding protein beta 4 (GNB4), which leads to the 

transformation of epithelial and mesenchymal cells into glioma cells. 

After clustering, three subgroups were obtained, GNB2, GNB3, and 

GNB5. GNB2 seemed to be the best malignant neoplasms indicator, 

particularly in individuals with IDH-mutated, non-co-deleted 1p/19q low-

grade gliomas (LGGs). The same subgroup was characterized by high 

M0/M2 cell infiltration levels and was greatly associated with the 

immunosuppressive phenotype, consequently exhibiting increased PI3K-

Akt/JAK-STAT pathways and tumor-associated macrophages (TAMs) 

and M2 macrophages high levels. It is obvious that the mentioned 

subgroup would display the immunosuppressive phenotype in gliomas. 

Each subgroup has a monadic neoplasm-related pathway that can 

contribute to the chemotherapeutic drug selection and increase the 

prognosis of glioma by selecting the proper target [51].  

Two models have been suggested to explain the heterogeneity of the 

tumor. During tumor progression, the genomic instability enhances, and 

new genetic variants arise. The neoplasm heterogeneity could be 

explained by the presence of   the mentioned genetic variants. The 

mentioned model is based on the conventional mutations in G1/S cell 

cycle checkpoint, RTK/MAPK/PI3K and TP53, occurrence [52]. Cancer 

Stem Cell (CSC) model suggests a hierarchical arrangement of cells 

within the tumor, in which only Glioblastoma Stem Cells (GSCs) are able 

to maintain tumor development and give rise to phenotypically various 

malignant cells. The mentioned models are not mutually exclusive, as 

GSCs themselves undergo clonal progress and obtain more growth or 

aggressive self-renewal properties [53].  

Diverse genes seem to be important on GBM cell proliferation and 

invasion. In GBM samples B4GALT3 expression is increased, 

particularly in the proneural subtype, and this increased expression 

predicts poor survival for glioma individuals. B4GALT3 exhaustion 

decreases U251 GBM cells viability and invasion, possibly due to the β-

catenin, vimentin, and matrix metalloproteinase-2 (MMP-2) reduced 

expression, along with an increased expression of E-cadherin. In GBM 

samples, expression of GBP2 is also elevated, especially in mesenchymal 

GBM, and this overexpression promotes, in vitro, cell migration and 

invasion [54]. FN1is an extracellular glycoprotein implicated in cell 

migration, and its exhaustion avoids GBP2-induced invasiveness in the 

examined cell lines. STAT3, which contributes   to the mesenchymal 

subtype maintenance of the GBM’s, is also implicated in expression of 

GBP2-promoted FN1 and other genes expression are induced by 

overexpression of GBP2 in U251 and U87 GBM cell lines [55]. PHIP is 

another gene that is implicated in motility of GBM thru its regulatory 

activity on the focal adhesion complex. Moreover, in melanoma cases, 

promotes   cell invasion which shares its neuroectodermal origin with 

GBM. PHIP interacts with VCL, which is localized to the focal adhesions 

force transductor domain. PHIP down-regulation remarkably suppresses 

the migratory potential of the U251 cells, an expected result regarding the 

focal adhesions role in cell migration. The mentioned gene expression has 

also been proposed to be a biomarker of glioma progression [56]. The 

essential genetic alterations that are characteristic in GBM concern 

mutation of TERT promoter, deletion of PTEN tumor suppressor gene, 

proto-oncogene   EGFR amplification, ATRX mutation high-level gene 

amplification, and mutation of TP53 [4,18,21]. PTEN deletion, TERT 

promoter mutation, and amplification of EGFR are more commonly 

present in primary GBM (IDH wild-type GBM), whereas mutation of 

ATRX and TP53 are much more usual in secondary GBM (IDH mutant-

type GBM) [18]. Other essential genetic alterations recorded in GBM 

concern MDM4, PIK3CA, RB1, CDKN2A/B, and CDK4 [16,20]. In 

general, the genetic aberrations in GBM are characterized by three crucial 

biological processes, beginning tumor growth, evading senescence, and 

immortal development. Genetic deficiencies in each of the mentioned 

processes are necessary for gliomagenesis through the essential signaling 

pathways [5,18].  

Epigenetic alterations, including histone modification, DNA methylation, 

and chromatin remodeling, have been considered as a GBM 

tumorigenesis hallmark [57]. MGMT promoter methylation status is one 

of the better examined instances, which was detected to predict the 

alkylating chemotherapy benefit and has clinical significance in GBM 

patient prognosis [58]. Epigenetic modifications have been largely 

observed in a genome-wide scale in GBM and showed some interesting 

aspects [59]. For instance, by describing promoter DNA methylation 

changes in 272 GBM tumors from TCGA, a special samples subset with 

concerted hyper-methylation at a wide number of CpG island loci (G-

CIMP) have been detected. Moreover, G-CIMP phenotype patients 

inhibited distinct clinical characteristics and prognoses, showing the 

possible role of epigenetic modifications in clarifying patient 

classification [60]. In a similar way, a DNA methylation-based profile 

could categorize CNS tumors, and GBM, into different cancer entities, 

showing again the epigenetic alterations possibility in cancer diagnosis 

[61].  

It has been found that the DNA methylation environment showed 

expansive heterogeneity in time and space during GBM progression [62]. 

Recently, it was observed that epigenetic remodeling was also associated 

with tumor microenvironment as it could influence the activity of immune 

cells and regulate antitumor immune response within the GBM neoplasm 

microenvironment [63]. Mechanistically, epigenetic modifications could 

result in transcriptional aberrations and influence diverse biological 

processes, such as cell cycle, cell differentiation, angiogenesis, apoptosis, 

and eventually regulate GBM proliferation and development of neoplasm 

cells [57]. GBM molecular pathogenesis, and the crucial signaling 

pathways implicated in GBM tumorigenesis and development, concern 

three key signaling pathways that are constantly and frequently modified 

in GBM, namely RTK, TP53, and RB pathway [16,19,20,64], that interact 

with each other and have some degree of overlap as some genes that are 

implicated in one pathway may also be involved in other pathways 

(Figure 2).  
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The signaling of receptor tyrosine kinase (RTK) is the most commonly 

changed signaling pathway in GBM, particularly in IDH-wild-type GBM 

tumors. RTK is a cell-surface receptor that binds growth factors [65], the 

family of which contains TGFR, EGFR, FGFR, PDGFR, VEGFR, and 

MET, and consists a substantial element of signal transduction pathways 

that mediate cell-to-cell communication. In GBM cases, the RTK 

signaling activation through the PI3K/AKT/ m TOR pathway induces cell 

survival, proliferation, differentiation, and migration [66,67]. The most 

usual RTK pathway targets are PTEN and EGFR, the former acts as a 

tumor suppressor gene whereas the second has oncogenic role. In GBM 

cells, the signaling activation of the EGFR and PI3K/AKT/mTOR 

pathways could be affected either through EGFR amplification, leading 

to EGFR overexpression, and/or EGFR mutation. PTEN as a pathway 

negative regulator, could be inactivated through deletion or mutation, and 

thus expedites the pathway activation and induces cell survival, invasion, 

and migration. Ras pathway (Ras/BRAF/MEK), is another usually 

changed RTK pathway in GBM. Active Ras (Ras-GTP) promotes cell 

cycle progression, cell survival, and migration through a downstream 

effectors cascade [66,67]. RTK has been proposed as a druggable target 

in GBM and is expansive examined in clinical trials [67-70].  

TP53 is a tumor suppressor gene and a DNA-binding transcription factor, 

which plays crucial roles in tumor prevention by regulating an extensive 

diversity of cellular processes, such as invasion, proliferation, apoptosis   

evasion, and   migration. The   TP53/MDM2/CDKN2A   signaling 

pathway is deregulated in 94% of GBM cell lines and 84% of GBM cases 

[71]. TP53 inactivation by mutation, which is found in almost 2/3 IDH-

mutant GBM and 1/3 IDH-wild-type GBM results in its tumor 

suppressive functions loss and, consequently, leads in tumorigenesis. 

MDM2, a p53 inhibitor, mediating p53 degradation and therefore 

promotes tumorigenesis. The amplification of MDM2 is commonly 

mutually exclusive with the mutation of TP53 and is more regularly 

observed in primary GBMs that lack the mutation of TP53. CDKN2A is 

another TP53 pathway regulator and its homozygous deletion, which is 

dominant in 22-35% of all GBM cases (58% of IDH-wild-type GBM and 

16-47% IDH-mutant GBM), results in TP53 pathway inactivation and is 

related with lower overall survival in GBM cases [64,71]. CDKN2A has 

presently been comprised into the WHO classification for gliomas, 

indicating its essential potential as a landmark marker in the clinical 

management of GBM [21]. The RB protein pathway is also frequently 

modified in GBM and plays a critical role in regulating GBM 

tumorigenesis [64,67]. The phosphorylation of RB protein, which is 

caused by the CDK4/Cyclin D1complex, is able to inhibit the progress of 

cell cycle from the G1 to S phase by binding with the E2F transcription 

factor. RB pathway could be connected with the TP53 pathway through   

CDKN2A, which encodes Arf and Ink4a proteins and plays an essential 

role in activating TP53and, RB respectively. The RB pathway 

development inhibition function is frequently deranged in GBM, most 

frequently due to RB1 and CDKN2A/CDKN2B inactivation and 

amplification of CDK4 and CDK6 [72,73]. RB1 promoter methylation, 

which is frequent in secondary GBM (IDH-mutant), can also lead to 

decreased expression of RB1 and cell-cycle check-point function and 

eventually results in abnormally regulated cell cycle and uncontrolled cell 

proliferation [73]. CDK4 and CDK6 inhibitors have demonstrated 

hopeful antitumor effectiveness in GBM and are being investigated in 

clinical trials [74].  

Astrocytoma molecular biology 

Astrocytoma is one of severe and invasive brain malignant tumors with 

the worst prognosis and a slightly higher survival rate by conventional 

management. They are categorized based on their grade, according to the 

abnormal emergence and behavior of their cells. Low-grade astrocytomas 

also known as grade I and II (or diffuse astrocytoma), are slow-growing 

tumors less aggressive than high-grade ones, classified as grade III or IV. 

Diffuse astrocytoma has a chance to progress in a more dangerous tumors 

over time. Grade III astrocytomas are regarded anaplastic astrocytomas, 

which means that the cells display more anomalous alterations and have 

a higher development rate than grade II astrocytomas. Grade IV 

astrocytomas, known as GBMs, are the most severe and aggressive brain 

cancer form [75]. The tumor can be further categorized based on the 

genetic variety, such as the IDH1 or IDH2 mutation [76,77]. 

Various molecular genetic events resulted in astrocytoma differentiation 

from grades I-IV. Three critical events, the gene deletion that operates as 

a tumor suppressor gene on chromosome 22q, PDGF gene proliferation, 

and TP53 gene inactivation, have been linked with grade II astrocytoma 

appearance with enhanced cellular proliferation   and reduced apoptosis. 

At loci of chromosomes 9p, 11p, 13q, and 19q, CDK4 and tumor 

suppressor gene suppression are related with the appearance of anaplastic 

astrocytomas (AAs) [75].  

Low grade astrocytomas, classified as grade II, are characterized by 

several molecular genetic alterations and mutations. IDH mutations and 

the 1p/19q co-deletion, are the two features which distinguish ODs, also 

known as diffuse gliomas, from other gliomas types [78]. The IDH 

mutation seems to play a critical role in appearance of several types of 

gliomas, according to the WHO [7]. The IDH mutation has been observed 

in approximately 80% of grade II-III gliomas and subsequent GBM cases 

[42,79]. In gliomas the IDH1 mutation influences amino acid residue 132, 

and the mutation major segment (more than 85%) contains a heterozygous 

alteration from arginine to histidine (R132H) [80]. That amino acid 

residue is localized in the active site of the enzyme, which is essential for 

the binding of isocitrate [81]. The mentioned mutation terminates the 

regular catalytic activity of the protein by inhibiting the protein’s capacity 

to bind isocitrate. Consequently, some concentrations of crucial cofactors, 

such as like-KG and NADPH, are decreased, however the IDH 2 role in 

diffuse astrocytoma remains unclear [82].  

AA, or grade III high-grade astrocytoma, originates from star-shaped glial 

cells, known as astrocytes [83]. The tumor comes from the low-grade 

precursor’s progression or by de novo synthesis, representing 1% to 2% 

of all primary brain neoplasms. It occurs in the brain cerebral hemisphere 

however it may arise in the CNS [84,85]. AA can be further divided into 

subgroups according to IDH mutation and 1p/10q co-deletion. The 

presence of the mentioned events leads to a better prognosis, whereas the 

worst prognosis is observed in the wild type [86]. Typical events of OD 

and OA concern somatic deletions on the chromosome 1 short arm, 

heterozygosity (LOH) 1p loss, and LOH 19q loss [87-89]. So far, 

however, neither the 1p nor 19q gene has been recognized. Although LOH 

19p is also commonly observed in AAs and may be related to tumor 

growth LOH1p is more substantially related to oligodendroglia gliomas 

[90]. The LOH1p and LOH 19q combination has been found only scarcely 

in gliomas other than OD and OA [89].  

The mitogen-activated protein kinase (MAPK) signaling pathway is 

responsible for various cellular functions in the brain, such as memory 

formation, cortical neurogenesis, pain perception, and midbrain and 

cerebellum growth [91]. ERK transcription factor is essential for 

development and its hyper-activation is a crucial component in the 

appearance and spread of cancer. The most important signaling pathway, 

the Ras/Ras/MAPK (MEK)/ERK, is crucial for the tumor cells survival 

and development [92]. The MAPK extracellular signal-regulated kinase 

pathway results in astrocytoma development [93]. To be more specific, 

the mentioned signaling pathway may be changed in most astrocytoma 

cases. For instance, p38 MAPK activation is considered to be a possible 

oncogenic factor that promotes brain neoplasm development and 

chemotherapy resistance in glioma cells by promoting invasion and 

metastasis and is significantly related to the grade of the tumor [94]. The 

most supposed cause is the 2 Mb fragment of 7q tandem duplication, 

which leads to the fusion of two genes and the production of transforming 

fusion protein which contains the KIAA1549 N-terminus and the BRAF 

kinase domain [95]. Many genetic abnormalities, most especially gene 

fusions between KIAA1549 and BRAF, have been shown to be 

responsible for MAPK pathway dysregulation [96]. Various MAPK 



J. Brain and Neurological Disorders                                                                                                                                   Copy rights@ Nikolaos Andreas Chrysanthakopoulos, 

Auctores Publishing LLC – Volume 8(1)-130 www.auctoresonline.org  
ISSN: 2642-973X   Page 6 of 14 

pathway phosphorylation events and essential signaling features play an 

essential role in carcinogenesis. Human cancer normally displays a RAS-

RAF-MEK/ERK/MAPK pathway alteration as an abnormal RTK 

activation result or function mutations gain, mainly in the RAF or RAS 

genes [97]. The MAPK signaling pathway is started by activating a trans-

membrane RTK and the phosphate molecule to Raf kinase binding, which 

in turn activates the intracellular serine/threonine kinase BRAF. BRAF 

fusions have been detected in almost 70% of pilocytic astrocytomas 

(PAs), in 80% of cerebellar PAs, and in 50%-55% of non-cerebellar PAs 

[98]. Even though BRAF fusion genes are the genetic abnormalities that 

most commonly derange the Ras/ERK/MAPK pathway in sporadic PAs, 

other mutations are also able to activate that pathway [99]. MAPK is 

activated in PAs through two special pathways. The tandem duplication 

at 3p25 is the first, which is, impressively similar to the typical BRAF 

fusion, which is responsible for an oncogenic in-frame fusion between 

RAF1 and SRGAP3.The Raf1 kinase domain is implicated in the fusion, 

which shows higher kinase activity than the wild type [100], in which the 

auto-inhibiting RAF1 domain is substituted by the SRGAP3 gene 

beginning, the SRGAP3-RAF1 fusion gene is established. In contrast to 

KIAA1549-BRAF, SRGAP3-RAF1 does not have a trans-membrane 

domain code, but comprises the Fes/CIP4 (cell division control 42 

protein-interactive protein 4) homology domain [98,101]. The genes 

HRAS, NRAS, KRAS, and PTPN11 are activated and somatic G12A 

KRAS mutations have been detected in PAs [102]. The BRAFV600E 

mutation and KIAA1549-BRAF fusions are BRAF gene alterations that 

display a variable standard between different age-groups in the majority 

of circumscribed astrocytomas [103]. In sporadic circumscribed 

astrocytomas, KIIA1549-BRAF is an evidenced hereditary alteration 

leading to the BRAF protein combination (f-BRAF) and increased BRAF 

mobility [104].  

NF1 is a predominant condition which leads to neoplasia different types 

in humans, 15%-20% leads to astrocytoma development, especially 

circumscribed astrocytoma, which are categorized as WHO grade I. NF1-

associated PAs (NF1-PAs) scarcely act as aggressive   neoplasms. It is 

considered that a combination of germline and acquired physical NF1 

tumor silencer quality modifications lead to circumscribed astrocytoma 

development in NF1 acquired malignancy condition [95,105].  

The O6-methylguanine-DNA methyl-transferase (MGMT) is essential for 

DNA damage control from alkylating chemicals [106]. The MGMT gene, 

which codes for O6-alkylguanine-DNA- alkyl transferase, has been 

detected in the chromosomal band 10q26. The O6 position of guanine, a 

critical target of methylating   and alkylating chemicals, is where methyl-

and chloroethyl-groups are removed by the AGT repair enzyme. MGMT 

repair capacity deficiency is responsible for accumulation of DNA 

mutations and chromosomal instability, and contributes to human 

malignancies appearance and growth [107]. In diffuse astrocytoma, the 

TP53 gene mutation and the MGMT gene alteration are dominant [108].  

OAs exhibit both oligodendroglia and astrocytic morphologies. As the 

criteria for determining of OA are inconsistent, OA incidence varies 

remarkably between different reports. According to molecular features, 

OAs possess an intermediate position between astrocytomas and ODs. A 

rate between 30% and 70% of OAs showed LOH 1p and LOH 19q8-12 

[90] consequently, genetically are similar to ODs, whereas 30% carry 

mutations in the TP53 gene or LOH 17p10, indicating an association with 

astrocytomas. LOH 1p and LOH19q are reversely related to TP53 

mutations [28].  

Historically, OA has been determined as an infiltrating glioma constituted 

of two definite   neoplastic cell types, with oligodendroglia and astrocytic 

features, respectively [1]. Based on to the CNS WHO classification, in 

2016, OA diagnosis essentially must not be based on the efficiency of 

molecular testing to distinguish between those glioma types [14]. Even 

though “OA, dual genotype” has been described by the mentioned 

classification, it is not regarded a variant of gliomas or a distinct entity. 

TP53 and ATRX variants characterization with 1p/19q co-deletion testing 

leads approximately all IDH-mutant gliomas cases to be diagnosed 

definitely as astrocytomas or ODs, with TERT promoter, FUBP1and CIC 

variants confirming further definition [109-111]. Similar genetic 

alterations have been detected, on micro-dissection, in oligodendroglia 

and astrocytic segments, suggesting an OAs clonal origin [112]. Even 

though in OAs the astrocytic ingredient entails a lesser positive prognosis, 

many reports did not confirm differences in clinical outcomes between 

OA and OD [29,113].  

According to an updated WHO classification in 2016-2021 OAs are 

polymorphic tumors that may lead to astrocytic tumors or ODs based on 

their molecular characteristics. The BRAF proto-oncogene is responsible 

for the most dominant genomic distortion. Cancers which are 

characterized by BRAF duplication exhibited BRAF mRNA increased 

mRNA levels and a down-stream target, CCND1, compared to tumors 

without such a duplication [114]. The mutation of TP53 seems to play a 

predominant role in the development of brain neoplasms [115,116]. That 

specific mutation comprises oncogenic features, making it more 

appropriate for cell invasion, immortalization, proliferation, and 

metastasis. (Table 2).  

Oligodendrogliomas molecular biology 

Oligodendrogliomas (ODs) are the 2nd most conventional intra-

parenchymal brain tumor in adult individuals [117]. According   to 

neuropathologic criteria, WHO classifies those as low-grade, grade II, or 

anaplastic, grade III ODs [1]. ODs were identified as a special histological 

entity of the family of diffuse gliomas [118], and were determined as the   

prototypic ‘molecularly determined’ brain tumor. Those gliomas sub-

category molecular identification is described by the long arm of 

chromosome 1whole-arm loss and the chromosome 19 short arm loss 

(1p/19q-codeletion) of their genome. Concurrently with 1p/19q-

codeletion, repeated molecular genetic changes have been detected 

comprising mutations in IDH1/2, CIC, FUBP1, TERT promoter, and the 

absence of TP53 and ATRX changes. Those alterations are essential for 

OD consequent diagnosis [119], as the mentioned mutations have been 

identified in the majority of ODs. On the contrary, other mutations such 

as TP53 and ATRX are characteristic features of diffuse gliomas, such as 

astrocytomas [120].  

The lower-grade astrocytomas and ODs, regardless of their distinct 

histologic differences, have high IDH gene mutations rates, showing a 

rate of 80% in most cases. ODs that do not have IDH1 mutations comprise 

IDH2 mutations [121]. Genomic investigation has recorded that the 

1p/19q whole-arm-lost ODs vast majority carry mutations of the IDH 

gene [122], whereas their absence may imitate alternative histologic 

types, such as dysembryoplastic neuroepithelial tumors or clear-cell 

ependymoma [123]. On the contrary, it has been found that TP53 

mutations are usually detected in grade II and III astrocytic gliomas, but 

are scarcely revealed in oligodendroglia neoplasms [27].  

1p/19q-co-deleted ODs which were analyzed by the genomic sequencing 

technology led to the identification of inactivating mutations in the FUBP 

gene on chromosome 1p and in CIC gene on chromosome 19 [124,125]. 

CIC, the most commonly mutated gene in ODs, is regarded to function 

downstream of growth factor receptor signaling pathways by binding to 

DNA regulatory segments as a reversible repressor of target genes [126].  

Specifically, CIC missense mutations in ODs are enclosed in the supposed 

DNA binding domain. The mentioned CIC mutational inactivation tumor-

suppressor spectrum indicates that ODs may have a fundamental level of 

those   signaling pathways ‘released’ activation, which may explicate why 

amplification events of growth factor receptor are scarcely found in ODs, 

as they may not offer additional eclectic growth advantage for the 

malignant cells. Recently, TERT promoter somatic mutations in IDH-

mutant, CIC-mutant ODs were identified [127]. Those mutations are 

related to TERT over-expression. Moreover, somatic TERT promoter 

mutations have also been observed in the IDH wild-type GBMs great 

majority, whereas they are practically never detected in IDH-mutant 
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TP53-mutant ATRX mutant astrocytic gliomas. Therefore, ATRX and 

TERT mutations for the diffuse gliomas are mutually exclusive, and ODs 

comprise no less than four different repeated molecular genetic 

interactions, namely,1p/19q loss, IDH, TERT promoter and CIC 

mutations [128].  

Epigenetic alterations influence cell function in a different way than direct 

DNA sequence alterations such as amplifications and mutations. A small 

number of researches have investigated the epigenetic alterations role in 

ODs pathogenesis. The promoter methylation of MGMT has been 

revealed in many ODs [129], and promoter regions hyper-methylation can 

be observed in many tumor-associated genes in ODs [130]. An ODs 

subset has extensive alterations in DNA methylation to G-CIMP [131]. 

Since IDH mutations are almost general events in ODs, in those tumors 

wide-spread methylation abnormalities may be associated with their 

mutant IDH status. Consequently, it is possible that some of the genetic 

affections reflected in 1p/19q loss and the related molecular genetic 

changes, such as IDH1 mutation, originate from changes in epigenetic 

regulatory mechanisms, similar to what has been observed in other tumor 

types in which pathologic alterations may be associated with regulatory 

enhancers, promoters, and long intergenic non-coding RNAs (Linc 

RNAs) [132].  

Compared to low-grade ODs, anaplastic ODs (AODs) commonly show 

additional chromosomal deletions, LOH of 9p and/or gene deletion of 

CDKN2A, mainly [133]. Those abnormalities appear in 33%-50% of 

AODs and are related to tumor development. Inevitably, other 

chromosomal anomalies have been detected in low- and in high-grade 

ODs with aberrant morphological characteristics, are conventionally 

related to astrocytomas and are commonly mutually exclusive with 

1p/19q co-deletion [29,133,134]. In 19%-25% of anaplastic 

oligodendroglia tumor cases have been observed deletions on 

chromosome 10 [133]. 

EGFR gene amplification on chromosome 7p appears in 20%-30% of 

oligodendroglia tumor cases, but never revealed in those with 1p and 19q 

deletion, and is associated with a poor prognosis [133,135]. Similarly, a 

prospective EORTC study on anaplastic oligodendroglia tumors 

molecular analysis identified more frequent loss of chromosome 10 and 

amplification of EGFR gene in tumors diagnosed as mixed OAs with 

necrosis [136]. Those molecular aberrations were conversely associated 

with the 1p/19q co-deletion, finding indicating that those tumors are 

generated from different precursor cells. That suggestion is contended by 

the considerable differences in clinical outcome and prognosis, with a 

favorable outcome in the presence of 1p and19q loss, and with poor 

survival in AODs characterized by 10q loss and/or EGFR amplification 

[134]. In pure AODs the existence of EGFR amplification or 10q loss is 

remarkably rare to propose an alternate diagnosis, such as small cell GBM 

[133]. Anaplastic oligoastrocytomas (AOAs) are not a constant category 

of malignant tumors, but rather a morphological continuity between 

astrocytomas and pure ODs. Only in special cases mixed tumors show 

genetically special clones of tumor in histologically distinct regions [137].  

Several other mutations have been detected in 1p/19q co-deleted ODs, 

and concern inactivating mutations in the Drosophila capicua (CIC) 

homolog, and FUBP1 gene, considered to appear secondary to the 

unbalanced translocation and observed to be present in almost 50-70 % 

and 15-30 % of 1p/19q co-deleted tumors, respectively. Those genes are 

localized on the 1p (FUBP1) and 19q (CIC) chromosomal arms, 

supporting their hypothesized roles as tumor suppressor genes [124]. In 

tumors without 19q loss have been detected no mutations that concern 

CIC. CIC mutations appear with IDH mutations mainly, and are 

extremely rare in other brain neoplasms. CIC is a receptor kinase (RTK) 

pathways (RTK-RAS-RAF-MAPK) downstream ingredient and prevents 

transcription through binding to a regulatory district. It is also negatively 

regulated by RTK signaling pathway that prevents the CIC function 

through MAPK-mediated phosphorylation, event that leads to CIC 

degradation. Mutations of FUBP1gene may lead to MYC activation or 

ribosomes biogenesis. The extra influence of those changes on the 

patients outcome with 1p/19q co-deleted glioma is currently unknown 

[125, 138].  

In gliomas two mutually exclusive mutations seem to play an essential 

role in the maintenance telomeres. TERT mutations in hot spot promoter 

locations C228T, C250T lead to increased expression of telomerase. 

Incredibly, those mutations are present in IDH wild type high-grade 

gliomas and in1p/19q co-deleted ODs [127, 128]. Almost all 1p/19q co-

deleted neoplasms have TERT mutations. Gliomas in the presence of 

1p/19q co-deletion with TERT mutations, as occurs in ODs, have a very 

favorable clinical outcome where the same TERT mutations in the 

absence of 1p/19q co-deletion or IDH mutations suggest an extremely 

poor prognosis comparable to GBM [139]. Amplifications of EGFR are 

almost mutually exclusive with 1p/19q co-deletion and IDH mutations, 

observation which suggests that oligodendroglia tumors follow a different 

oncogenic pathway from the beginning. The gene amplification of EGFR 

and the chromosome 7 polysomy existence are related to TERT mutations 

and show similar prognosis to primary GBM, generally. In histologically 

pure AODs, EGFR amplification appearance is indicative of GBM [133]. 

The GBM variant which is characterized by small cell has morphological 

similarities to AOD but the EGFR amplification is present in70 % of cases 

[140]. Anaplastic oligodendroglia tumors commonly have extra genetic 

abnormalities, especially 9pLOH and/or CDKN2A gene, PIK3CA 

mutations deletion, and polysomies [124,133,141]. The TCGA regarding 

lower grade gliomas, WHO grade II and III, stated that IDH mutations in 

those tumors were almost mutually exclusive with EGFR amplification 

and CDKN2A homozygous   deletion [109,142].  As already stated, the 

amplification of EGFR mainly appears in 1p/19q   intact, IDH wild type 

gliomas and demonstrates GBM diagnosis. Previous reports suggested 

decreased recurrence free survival times or poorer prognosis for 

oligodendroglia tumors with 1p and 19q polysomy, however the exact 

importance   of that finding it still remains unclear [143,144]. 

Ependymomas molecular biology 

Ependymoma is the 3rd most conventional pediatric brain tumor, 

following astrocytoma and medulloblastoma, with over 50% of cases 

appearing in children less than 5 years of age [145]. Ependymomas are 

primary CNS tumors come from the ependymal lining of ventricular 

system. Those tumors are located everywhere in the CNS, comprising the 

infratentorial (IT) space, the supratentorial (ST) space, and the spinal (SP) 

section, however they are most usually locating in the parenchyma, and 

in the ventricular system [14,39].  

Spinal ependymoma (SPE), classified as WHO grade II or III, is a well-

circumscribed neoplasm comprised of monomorphic glial cells with 

round to oval nuclei with stigmatic chromatin. The tumor is regarded to 

be WHO grade III and is characterized by hypercellularity, frequent 

mitoses, cellular atypia, great endothelial proliferation and/or palisading 

necrosis. The tumors express GFAP, S100, EMA protein, and 

NHERF1/EBP50 [145,146]. SPE is related to neurofibromatosis type 2 

(NF2) deletions or mutations as it has been found that 90.5% of samples 

classified into the SPE group revealed chromosome 22q copy number 

variations [147].  Myelocytomatosis-N (MYCN), a member of MYC 

oncogenes family, plays a crucial role in neurogenesis and has been 

involved in several CNS malignancies pathogenesis such as 

medulloblastoma, neuroblastoma, and pediatric GBM, and in other 

malignancies such as prostate cancer and leukemia [148,149]. SPE with 

amplification of MYCN (SPE-MYCN) has recently been regarded as a 

novel ependymoma molecular class according to the 2021 CNS WHO 

categorization, which was based on diverse surveys that have revealed the 

appearance of that molecular signature in a highly aggressive SPEs 

subgroup. MYCN gene which is localized on chromosome 2p24.3 

encodes a proto-oncogene transcription factor in the cell nucleus which is 

essential for normal growth of CNS [150]. Another report, based on DNA 

methylation analyses, also confirmed the amplification of MYCN in a 
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cohort of 13 neoplasms, of which10 were classified as WHO Grade III 

and three were classified as WHO Grade II SPE [151]. (Table 1).  

Many of those tumors, especially those that are appeared intracranially, 

do not have NF2 mutations. Consequently, despite that NF2 gene may be 

essential for the formation of some SPEs, it is possibly not the critical 

tumor suppressor gene on chromosome 22q that is implicated in sporadic 

intracranial ependymoma   tumorigenesis [147,152]. Ependymoma has 

also been observed in patients with Li-Fraumeni syndrome, and concern 

TP53 tumor suppressor gene germline mutation, however, such 

incidences and TP53 somatic mutations in sporadic ependymomas are 

rare events, thus reducing p53 role in ependymoma tumorigenesis [153].  

The c-myeloblastosis gene (c-MYB), a proto-oncogene encoding a 

transcription regulator is localized on chromosome 6q23.3, and plays a 

critical role in hematopoiesis regulation, is being investigated as a driver 

in ependymoma oncogenesis [154]. In another study multiple 

ependymomas located intracranially and spinally were observed in a 

patient with Turcot syndrome, i.e., adenomatous polyposis coli (APC) 

gene germline mutation, whose function loss activates the Wnt signaling 

pathway and predisposes to colorectal cancer [155,156]. Intracranial and 

SP ependymomas have also been revealed in multiple endocrine neoplasia 

type I (MEN1) syndrome cases [157]. However, the gene/Wnt signaling 

activation and the MEN1 role in sporadic ependymoma tumorigenesis 

remains still unknown.  

Three remarkable genes are under investigation regarding its possible role 

in ependymomas appearance, and as possible future molecular targets. 

The overexpression of Homeobox B13 (HOXB13), a gene encoding a 

transcription factor that regulates skin development, has been found to be 

implicated by previous studies [158,159]. The crucial implication of the 

HOX gene in developmental pathways has led researchers to suggest its 

essential role in myxopapillary ependymoma (MPE) tumorigenesis. The 

weak point of that suggestion is that the up-regulated HOX genes usually 

observed in MPE are HOXB13, HOXC10, HOXA13, and HOXD10. 

Those genes are overexpressed in lumbar spine developing [152,160]. 

Neuro-filament light chain (NEFL) gene, encoding a Class IV 

intermediate neuro-filament expressed in neurons and localized on 

chromosome 8p21.2 in close proximity to HOX genes transcription factor   

binding, and PDGFRA, a gene which encodes a tyrosine kinase are over-

expressed in MPE [158,159,161]. A recent survey estimating DNA 

methylation and pediatric SPEs gene expression profiles also revealed 

HOXB13 over-expression, giving further evidence regarding the 

significance of that gene [161].  

It has also been revealed an important overexpression of genes implicated 

in the mitochondrial oxidative phosphorylation respiratory chain, such as 

cyclooxygenase-2 (COX2), a gene that encodes for cyclooxygenase, 

which is involved in inflammatory response and has been found to be 

overexpressed in diverse cancer types, such as gliomas, as is implicated 

in neovascularization, cell proliferation, and metastasis [162].  

A microarray-based study of gene expression   profiling, was used to 

compare ependymoma with normal brain controls, revealed 112 

abnormally expressed genes in ependymoma. Genes with increased 

expression concern the WNT5A oncogene, TP53 homologue TP63, and 

several cell cycle, adhesion, proliferation, and extracellular matrix genes 

such as the transcription factor ZIC1, VEGF, and FN1. Other supposed 

oncogenes that have been implicated in diverse cancer types are HOX7, 

IBP2, COL4A1, GAC1, and WEE1. Genes that were found to be down-

regulated comprised the NF2-interacting gene SCHIP-1, the APC-

associated gene EB1, and genes that are implicated in vesicle trafficking 

and recycling such as RAB40B, TJ2, NPC1, and SH3GL3 [163]. 

Among the supposed oncogenes in ependymoma are NOTCH1, 

NOTCH4, and JAG1, which are Notch signaling pathway members, 

suggesting the Notch signaling implication in ependymoma 

tumorigenesis [40,164]. NOTCH1, the first oncogene found to be mutated 

in ependymomas, and those missense mutations cause the Notch1 

receptor to be constitutively active in a ligand independent manner [159]. 

(Table 2).  

Supra-tentorial ependymomas also found to be associated with EphB-

Ephrin (EPHB2/3/4 and EPHRI NA3/4) signaling pathways, and genes 

implicated in the regulation of cell cycle (Cyclin B2/D1/G2, 

CDKN1C/2C, and CDK2/4). On the other hand, the highly expressed 

genes that discerned posterior fossa ependymomas were differentiation 

inhibitors (ID1/24) and members of multiple homeobox (HOX) family 

members (HOXA7/9, HOXB6/7, and HOXC6/10) and insulin-like 

growth factor (IGF1) [159]. Previous studies found that supra-tentorial 

ependymomas expressed remarkably increased levels of Notch 

(JAGGED1/2) members [40,152]. Deregulated Notch signaling, which is 

critical for neural development, seems to play an essential role in 

ependymoma tumorigenesis, mainly at the supra-tentorial location, since 

oncogenesis is thought to mirror normal development gene amiss [164]. 

Despite the overexpression of the Notch ligands JAGGED 1/2 shown by 

Taylor et al., [40], there is consistent up-regulation of the Notch receptors 

(NOTCH 1/2), ligands (JAGGED1/2   and DLL1/3), and target genes 

(HES1/5, HEY2, c-MYC, and ERBB 2), whereas FBXW7, the major 

repressor of the Notch pathway, is consistently down-regulated 

[40,159,165,166].  Gilbertson et al. [166] further displayed the ERBB 

receptors high level expression (ERBB2/4), which are direct Notch 

signaling targets, could be observed in more than 75% of pediatric 

ependymomas and were significantly associated with tumor proliferative 

activity as expressed by the Ki-67 index. Moreover, the up-regulation of 

sonic hedgehog (SHH) and bone morphogenetic protein (BMP) pathway 

members were also distinct in intra-cranial ependymomas [152].  

In grade III ependymomas Wnt signaling activation is displayed by the 

Wnt ligand (WNT11), over-expression of Frizzled receptors (FZD2/5/8), 

and its related transcription factor TCF3 and the Wnt target genes c-MYC, 

FOSL1, CCND1, BIRC5, and TP54. The same report also showed that 

WHO grade III anaplastic ependymomas  were differed  from  grade II 

tumors by  the  genes involved  in overexpression of  Wnt/β-catenin 

signaling  activation, regulation  of cell cycle/proliferation (cyclin--

dependent  kinases  CDK2/4 , proteins  of  cell cycle  

CDC25A/25B/25C/2, and minimal chromosome  maintenance  proteins  

MCM2/3/5/6/7), apoptosis  (tumor necrosis  factor  superfamily members 

TNFRSF11A/21 and caspases (CASP1/4), angiogenesis 

(VEGF,VEGFR2, VEGFB, TNIP2 and DOC2), and adherents junctions 

remodeling through E-cadherin destruction (MET, MN23H1, caveolin, 

RAB5/7  GTPases)  as well  as  transcription  factors  E2F1  and DP1 

(TFDP1) up-regulation [159].  

Suarez Merino et al. recorded that SCHIP-1 gene expression was 

significantly down-regulated in pediatric ependymomas [163], whereas 

Modena et al., [152] by integrating the genomic and ex-pression profiles 

of 24 primaries intracranial ependymomas, found SULT4A1 gene down-

regulation which is located at 22q13.3. Candidate oncogenes suggested 

by analyzing recurrent gains on chromosome 7 concern EGFR at 7p11.2, 

ARHGEF5 at 7q34, and TWIST1 and HDAC9 at 7p21.1. EGFR 

especially exhibits frequent gains and high level amplifications in intra-

cranial ependymomas, and its over-expression results in poor prognosis 

[152,167].  

RGCs (Retinal ganglion cells) is of vital importance cell type for 

developing of CNS and are a particular neural stem cells group. They are 

responsible for production of neurons and glia, as guide cells for 

subsequent neuronal migration, and as basic segments in standardizing 

and location specific differentiation of the CNS [168]. It has also been 

found that ependymal cells, from which ependymoma appears, are come 

from RGCs during embryogenesis [169]. Genetic mutations in RGCs may 

consequently result in their transformation into cancer stem cells of 

pediatric ependymomas [145,170]. Since supra-tentorial ependymomas 

are characterized by Notch and EphB Ephrin signaling pathways 

members increased expression, it is possible that those pathways over-

activation may induce RGCs neoplastic transformation in the cerebral 
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sub-ventricular zone. In a similar way, up-regulation of the transcription 

factors HOX family may be involved in SPE growth by transforming 

RGCs in the spinal region. There is also evidence that RG-like cells are 

present not only during CNS development but also persist in the adult 

CNS, especially in the sub-ventricular zone and the spinal cord. 

Consequently, those RG-like cells may act as the cells of origin for adult 

ependymomas [170,171].  

Additionally, a small number of families with increased ependymoma 

incidence but without any currently known familial cancer syndromes 

have been stated. Such families have loss of 22q but do not carry 

mutations, further indicating the presence of another crucial tumor 

suppressor gene at that chromosomal location [163]. CBX7 allelic loss, 

located at 22q13.1, could be detected in 55% of ependymoma cases. 

CBX7 controls cellular lifetime through regulating the Arf/p53 and the 

p16Ink4a/Rb pathways [172]. The role of the mentioned pathways in 

ependymoma pathogenesis is unclear, though their deregulation is pivotal 

to many types of cancer, comprising gliomas [40,173]. In addition, 

CDKN2A/P16 at 9p21.3 and RB at 13q14.2 deletion and hyper-

methylation have been observed in ependymomas [174]. Chromosome 6q 

loss has been found mostly in infra-tentorial tumors, whereas 

chromosome 9 deletions appear more frequently in supra-tentorial tumors 

[175,176]. The most frequently deleted locus concerned 6q25.3, which 

contains the SNX9 and SYNJ2 genes. Nevertheless, loss of 6q25.3 was a 

favorable prognostic index for overall survival in anaplastic intracranial 

ependymomas, as the deletion of the SNX9 and SYNJ2 genes which are 

known to regulate invasion and cell migration could inhibit tumor 

progression [176,177]. Chromosome 9 is also frequently deleted in 

patients with ependymomas, whereas on the sam chromosome 

homozygous deletion extending the CDKN2A locus at 9q21.3 has been 

observed in anaplastic supra-tentorial tumors [173,177,178].  

Promoter DNA (CpG) hyper-methylation as an epigenetics type is an 

important event in carcinogenesis, possibly plays a crucial role in 

silencing tumor suppressor genes implicated in ependymoma appearance. 

However, epigenetic studies on ependymoma have been limited to 

candidate gene and their possible role as tumor suppressor genes and their 

methylation status. The hypermethylated in cancer1 (HIC-1) supposed 

tumor suppressor gene methylation status, which displays hyper-

methylation and expression loss in diverse tumors such as 

medulloblastoma and gliomas, has been examined. Additionally, the HIC-

1 locus at chromosome 17p13.3 is commonly lost in ependymoma 

[179,180]. It has been observed hyper-methylation and down-regulation 

in 83% and 81% of ependymomas, respectively, and that hyper-

methylation was significantly associated with non-spinal localization 

[179].  

The Ras association domain family 1 isoform A (RASSF1A) gene has 

also been found to be frequently silenced by methylation in ependymoma, 

with an incidence of 86% [181]. It is a recently well recognized tumor 

suppressor gene whose inactivation through promoter methylation is 

implicated in many human cancer’s development [182,183]. Other genes 

that are methylated in ependymoma concern the TRAIL apoptosis 

pathway-related genes CASP8, TFRSF10C, TFRSF10D, and 

TNFRSF10C, with incidences of 30%, 9.5%,36.4%, and 9.5%, 

respectively [183]. Methylated genes in ependymoma are also DAPK, 

THBS1, TIMP3, TP73, MGMT, GSTP1, CDKN2A, FHIT, RARB, BLU, 

and MCJ with incidence ranging from 10% to 57% [152,183]. (Table 3).

 

                 Putative oncogenes          Putative tumor suppressor genes 

MYCN (2p24), hTERT (5p15.33), EGFR (7p11.2), NOTCH1 (9q34.3), 

NOTCH4 (6p21.32), DUSP12 (1q23.3), CDC6 (17p13.3), TNC (9q33.1), 

MDK (11p11.2), DNASE1L3 (3q25.2), EDG3 (9q22), MTA1 

(14q32.33), PRM1 (16q12.2), VAV1 (19p13.3), BIRC2 (11q22), BIRC3 

(11q22), JAG1 (20p12.2), SHC3 (9q22), TYR (11p13), YAP1 (11q22), 

ARHGEF5 (7q34), EDG3 (9q22), HOXC4 (12q13.13), SLC6A10 

(16p11.2), STK32C (10q26.3) 

CDKN2A (9p21.3), GRID1 (10q23.2), MINPP1 

(10q23.31), TACC2 (10q26.13), AJAP1 (1p36. 32), 

PRKCA (17q24.2), FOXD4 (9p24.31), 

ZNF262(1p34.3), TUBGCP2 (10q26.3), SULT4A1 

(22q13.3) 

 

Table 3: Molecular genetics of ependymoma pathogenesis 

Conclusions  

Many researches have been carried out in an effort to contribute   to 

decode the genetics and molecular biology and underlying the appearance 

of gliomas. This has resulted in alterations in CNS tumors categorization 

and management of patients, contributing to personalized therapy. 

However, gliomas are responsible for the death of thousands of people 

worldwide annually, with no probabilities to inhibit the disease 

progression. A large amount of promising therapeutic strategies has 

displayed no clinical benefit in glioma patients. Although a great body of 

knowledge regarding the gliomas molecular basis has been acquired, this 

knowledge has not led to efficient treatments for individuals who suffer 

from such diseases. To reach efficient treatments against gliomas, must 

be dominated various of their hallmarks such as tumor invasion potential, 

metabolic heterogeneity, medication and immune resistance, and poor 

pharmacokinetics. The comprehension of genetic, molecular, and 

metabolic characteristics of gliomas is crucial for the identification of new 

possible targets and the establishment of novel therapeutic strategies. 

Glioma’s heterogeneity can influence response to treatments. The current 

interaction between different cell types and molecular and metabolic 

pathways indicates that single-agent therapeutic strategies may lead to 

short term success, whereas, the development of combination therapeutic 

strategies could be more beneficial. 
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