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Abstract:-Glioblastoma is major Astrocytoma which has been found out to be formed from the positive regulation of the different factors 

such as EGFR, NF-1 and PGDFR, etc.. It leads to the brain more cellularly differentiated and the metastasis is found to lead the cellular 

proliferation. Several other factors such as GADD 14-3-3∑ and RAD001is responsible to activate the major signalling in the glioblastoma 

pathways . The p21 acts the major apoptotic gene to regulate the GS Cell-lines. The EGFR is found to be associated with the TERT-

Dependent as well as AKT dependent  manner of signalling for the glioma cells to acquire stem –like features . There has been developed 

a signalling cascade for the GS Cell-lines to function as the tumerous cells. These tumerous cells can be inhibited by the different types 

of antioxidating factors, histone deacetylase inhibitors, CDK Inhibitors and miRNAs . 
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I. INTRODUCTION 

The Glioblastoma is a type of Grade – IV Astrocytoma, found to be a malignant brain tumor . It has been described according to  the 

major  intra- and intertumoral heterogeneity at histological and molecular level and are  characterized as the  mesenchymal , neural, 

proneural, and classical subtypes, according  to specific genetic aberrations or expression of marker genes (mesenchymal: NF1; neural: 

SYT1; proneuronal: PDGFRα/IDH1, classical: EGFR).[ Kristyn Galbraith et al.]The CD 133 ( Cluster of Differentiation 133 ;also termed 

as Prominin -1) is a probable marker   to differentiate the GS ( Glioblastoma stem) Cell – lines from the other type of brain tumor.  The 

ability to   form tumors  in  GS – Cells  show the heterogeneous phenotype of  their parent tumor when implanted into the brain of 

immunodeficient mice is considered  the  major  differentiation role for  GS-cells  by  nonstem-like tumor cells )., GS-cells contain the 

ability to self-renew and to differentiate along neural lineages ,that is similar to adult cells ,  which means , astrocytes , neurons, and 

oligodendrocytes, when cultured in differentiation medium (fetal calf serum, retinoic acid, and cyclic adenosine monophosphate) are able 

to clone their own.  GS-cells are also   found to be highly resistant to radio- and chemotherapy in vitro and in vivo and to adapt rapidly 

to changes in the tumor microenvironment, that is, acidic stress or hypoxia. [Lee JS et al., Mitsudomi T et al.]  
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II. FACTORS RESPONSIBLE FOR GLIOMA DEVELOPMENT 

The Nuclear factor I (NFI) family of transcription factors (site-specific DNA-binding proteins that bind to a specific motif 

(TGGC(N5)GCCA)) functions  as activators or repressors of gene expression. NF IA, a member of the NF I family, correlates an essential 

role in glial development in the central nervous   system . It specifies glial identity, maintains glial progenitors, and regulates astrocyte 

differentiation in part through transcriptional regulation of glial fibrillary acidic protein (GFAP). More  recently , there had been 

discovered an association between NFIA and human gliomas which showed that NF IA is abundantly expressed in astroglial tumors 

compared with non- neoplastic brains. It was unknown, however, whether NF IA is involved in regulation of glioma growth.[Lee JS et 

al. Liffers K et al.] . NF IA increases cell proliferation and survival by repressing p53 and p21. Furthermore, NF IA promoted GBM cell 

migration by repression of PAI 1(plasminogen activator inhibitor 1), an important regulator of cell migration. Importantly, these effects 

were mediated via specific NFIA-recognition sequences in the promoters of p53, p21, and plasminogen activator inhibitor 1 (PAI 1).[ 

Lee JS et al]  Epidermal growth factor (EGF)  , isolated by Stanley Cohen in 1962 , located on chromosome 7p12‐13 , codes for a 170kDa 

receptor tyrosine kinase. All EGFR proteins have four functional domains: an extracellular ligand ‐binding domain; a transmembrane 

domain; an intracellular tyrosine kinase domain; and a C‐terminal regulatory domain .The extracellular domain is subdivided further into 

four domains. The tyrosine kinase domain consists of an N‐lobe and a C‐lobe, and ATP binds to the cleft formed between these two lobes. 

The C‐terminal regulatory domain has several tyrosine residues that are phosphorylated specifically upon ligand binding. [Liffers K et 

al.- Mitsudomi T et al.] 

 There have been three different types of deletion mutations (categorized according to the extent of deletion, and termed EGFR vI, EGFR 

vII and EGFR vIII , which  have been reported in the extracellular domain of the EGFR gene , out of which EGFR vIII ( de2–7EGFR or 

ρEGFR )  is reported to occur in 30–50% of glioblastomas. [Kanu OO et al.] EGFRvIII results from a nonrandom 801-bp inframe 

deletion of exons 2–7 of the EGFR gene that occurs at the genomic level leading to expression of aberrant transcripts and proteins. This 

mutated protein lacks a portion of the extracellular ligand-binding domain as a result of genomic deletions, resulting in a constitutively 

autophosphorylated receptor, albeit, at a lower level than wild type.  In addition to enhancing growth, proliferation, migration, and tumor 

neovascularization, this truncated receptor also confers resistance to chemotherapies such as cisplatin through modulation of Bcl-XL and 

caspases in cell death pathways.  Multiple murine glioma models have also been confirmed of this aberrant growth factor signaling in 

gliomagenesis.  Platelet derived growth factor receptor (PDGFR) is also a studied receptor expressed in most types of gliomas,  while 

EGFR which  is expressed mainly in GBM .  PDGFR signals through phosphoinositide 3-kinase (PI3K) and phospholipase C gamma 

(PLC-γ) to express the mTOR pathway leading glioblastoma.[ Mitsudomi T et al.] 
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III. STAGING OF GLIOBASTOMA  

The staging of the tumor is based on hypercellularity, mitosis rates, presence of necrosis, and vascular proliferation. [Gabrielle L. Brown 

et al.] 

 

 Fig.1  Staging of glioblastoma 

 

IV. GENE INTERACTIONS RESPONSIBLE FOR HIGH RATE OF HYPERCELLULARITY 

 EGFR Amplification:  

 

Fig.2 The EGFR Amplification is associated with the PARK2 and LARGE 1 factors of the mTOR pathway , which is also related with the TERT activation resulting to 

loss of exons 2-7 
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EGF induces the apoptosis by activating the EGFR in A431 cells, which can be revoked by tyrosine kinase inhibition. When there is much 

EGFR signaling due to increased receptor expression and subsequent ligand-induced overstimulation, the EGFR pathway seems to be a 

major negative selector for EGFR-amplified GBM cells in vitro.[ Liffers K et al.] Experimental evidence from a genetically engineered 

mouse brain tumor model allows the lineage tracking of neural stem/progenitor cells, that indicates that NSCs are considered to be  the 

prime suspects for the cell of origin in GBM .  EGF-induced activation of EGFR increases proliferation, survival, and migration, while 

inhibiting differentiation, whereas withdrawal of EGF from NSC cultures leads to differentiation and cell death. [Liffers K et al., Mitsudomi 

T et al.]  EGFR amplification and the EGFR gene rearrangement events leading to the loss of exons 2–7 resulting in EGFRvIII expression 

, which is  considered as early events in GBM development. It have been also illustrated that   EGFRvIII-positive cells can give rise to both 

EGFRvIII-positive and -negative cells. Furthermore upregulation of EGFR in a telomerase reverse transcriptase- (TERT-) dependent 

manner allows differentiated glioma cells to acquire stem-like features [Liffers K et al.].  There has been also revealed that 

PARK2 and LARGE1 CNAs are also associated to EGFR amplification. It is seen that PARK2 and LARGE1 are related to receptor 

tyrosine kinase/PI3K/PTEN/AKT/mTOR-signaling pathway [Shamloo, B et al.] 

 

 Role of p21 (WAF1 /CIP1) gene:  

 

 

Fig.3 Induction of Warburg Effect and sustaining CpG Methylation by LincRNA p21 with the  regulation of pro-apoptotic genes by PANDA - Two sites of p21 gene 

p21 has a critical function in the regulation of cell cycle initiation  by exerting inhibitory effects on the activity of cyclin -dependent 

kinase (CDK), of which, the  activation controls cell cycle alterations. The regulation of p21 activity initially occurs at the transcriptional 

level.  p53 after phoshophorylation corresponds with p21 activation. However, p53-independent pathways that control p21 expression, 

involving Stat3 and Sp1 have also been reported. The physiologic function of p21 involves proliferation, apoptosis, and DNA repair.  It 

is also studied that the Up-regulation of p21 gene expression leads to arrest cell growth to allow for the damage to be repaired. [Dongsun 

Cao et al.]. LincRNA-p21 (long intergenic noncoding RNA-p21) which is located15 kb upstream of p21 gene regulates gene expression 

both at the transcriptional level as well as post-transcriptional level. When regulated by p53, lincRNA-p21 physically interacts with 

heterogeneous nuclear ribonucleoprotein K (hnRNP K), functioning as a key repressor. LincRNA-p21 regulates cell proliferation, DNA 

http://www.ijcrt.org/


www.ijcrt.org                                                                          © 2021 IJCRT | Volume 9, Issue 5 May 2021 | ISSN: 2320-2882 

IJCRT21A6025 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org j434 

 

damage response, and apoptosis through its regulatory role in p53 target gene expression. LincRNA-21 also regulates reprograming with 

the help of several mechanism, example, lincRNA-p21 sustains CpG methylation and/or H3K9me3 at the promoter region of pluripotency 

genes, causing somatic cell reprogramming prevention. LincRNA-p21 also modulates Warburg affect, hence playing an important role 

in cancer cell metabolism. PANDA (P21-associated noncoding RNA DNA damage-activated) is another lnc (intergenic non-coding) 

RNA located 5 kb upstream of p21 gene that regulates proapoptotic genes and senescence through stabilizing p53 tumor suppressor gene. 

p 53 binds to transcription start site of p21 and activates PANDA and p21 transcription in response to DNA damage. [Shamloo, B et al.] 

 Regulation of p21 and EGFR :-  

  

 

Fig .4 The intrinsic and extrinsic activation of pathways which are regulated by EGFR and p21 

The p21 gene is transcriptionally initiated by p53 gene and arrests the cells in G1 phase. Although p21 is a tumour suppressor gene, it 

also promotes oncogenesis [Han C et al.] .  Furthermore in some cases it has been shown that the p21 directly degrades the cdc25 and 

Cyclin D1 that leads to cell cycle arrest.  There is some mechanism of action of p21 in G2 phase arrest also, it targets the 14-3-3∑ (which 

sequesters cyclin B1–CDK1 complexes outside the nucleus) and GADD45 (Growth arrest and DNA-Damage inducible protein) and 

makes the cells overexpressive.  [El-Deiry WS]. The p21 is also found to be associated with SYNE -2 (Spectrin repeat containing, nuclear 

envelope 2). The p21 with the help of different SNPs downregulates the EGFR and the SYNE- 2 proteins , which thereby increases the 

cell proliferation [Han C et al.]. When the p21 gets activated , it also activates the STAT 3 genes , which  arrests the cell cycle upon 

phosphorylating. [Dongsun Cao et al.]. The  ligands  which are synthesized as transmembrane proteins, and soluble ligands (growth 

factors) are also  released into the extracellular environment via proteolytic processing , mediated by ADAM (a disintegrin and 

metalloprotease) proteins that are membrane‐anchored metalloproteases . [Liffers K et al.]The Dimerization of EGFR consequently 

stimulates intrinsic tyrosine kinase activity of the receptors and triggers autophosphorylation of specific tyrosine residues within the 

cytoplasmic regulatory domain.  The   tyrosine residues  when phosphorylated serves as the binding domain for phospholipase Cg, CBL, 
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GRB2, SHC and p85.  There have been several signal   transducers, which then bind to these adaptors to initiate multiple signalling 

pathways, which   includes mitogen‐activated protein kinase, phosphatidylinositol 3‐kinase/AKT and the signal transducer and activator 

of transcription (STAT)3  and STAT5 pathways. These pathways then resulting to the angiogenesis [Liffers K et al.].  

 Role of Calmodulin in GBM:- 

 
Fig .5  CALM-1, CALM -2, CALM -3 ; Three sub-units of Calmodulin  along with their function 

Calmodulin is higher in glioblastoma than low- grade glial tumors and has a correlation with prognosis. It transduces calcium secondary changes inside 

the eukaryotic cell. Ca2+ calmodulin complex does a master role in subcellular variable effects as enzyme activation, growth signaling, transcription 

factors which consequently control the cellular behavior. Three genes were identified to encode Ca+2 calmodulin protein, CALM1, CALM2, and CALM3 

and each has specificity for transcription activity indifferent tissues. . A study to analyze the expression levels of different types in GBM found that, 

CALM1 and CALM2 are significantly expressed more than CALM3 in GBM [Mohammed A Azab et al.]. 

 

V.SIGNALLING PATHWAYS OF GLIOBLASTOMA WITH THEIR INHIBITORS 

Pathways  

 AKT Pathway:-   

The   AKT   regulation   is   multifactorial, i.e., it directly phosphorylates the cell cycle machinery as well as the cell death machinery. It 

increases the cyclin D1 levels by inhibiting its degradation which is responsible for G1/S phase transition. Also it activates the   pro- 

apoptotic process such as Caspase – 9 and BAD which provides the cell longitivity. It was also seen that the activated AKT deactivates 

the Rb gene and downregulates the p21 gene leading to transcriptional upregulation of   p21 expression [Vivanco I et al.], i.e., inhibition 

of CDK-2 [Bhunia AK et al].   
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Fig.6  The  AKT ,  JAK-STAT , mTOR  and NF Pathways along with their regulation and the inhibitors associated 

 STAT Pathway:-  

The polycistin group of genes are responsible for direct activation of the STAT pathways of tyrosine kinase family. The polycistin -1 when 

phosphorylated directly activates the JAK –2, which is also supported by the activation of polycistin – 2. Upon the activation by   polycistin-

1, it phosphorylates the PKD1 (Polycistin kinase domain -1) which induces the activation of STAT -3 ,leading to the cell differentiation , 

invasiveness , consequently the angiogenesis . [Bhunia AK et al.][Fig.6] 

 MAP Kinase Pathway:-  

The RAD001 upon activation  by the IRK-1 leads to the EGFR and PGDFR downregulation  which responds with the  PI-3 K 

pathway[Wullschleger S et al.]  , thereby  activating  the  ras , myc and jun genes , eventually increasing the cellular proliferation, thus 

leading metastasis . [Carracedo A et al.] The   low concentration of  EGF  activate  the ras genes , thereby activating PIP3 genes which 

upregulates the  GAP/Shp2 genes.[ Wullschleger S et al. , Nichols R.J. et al ]. Also, the mTORC1 inhibition increases RTK/ IRS-1/PI3K 

activity toward Ras/MAPK, therefore promoting both AKT activation and ERK phosphorylation in a dual feedback manner.[Carracedo 

A et al. - Nichols R.J. et al.] [Fig.6] 

 NF-1 Signalling:-  

NF -1 Signalling is a Ras independent pathway in which the Caspase 3 upon being phosphorylated  corresponds with the Camp  which 

facilitates the Caspase – 7 activation  thereby increasing  the NF-1 expression . This NF-1 expression then downregulates the EGFR, 

which upon phosphorylated, induces the Thymidine kinase pathway. [Guha A et al., Shapira S et al. ] It has been also studied in the 
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canonical manner that when there is any mutation in the NF-1 receptor , it is activated upon binding with the p21 promoter (p21-Luc-

mt), which then leads to de-phosphorylation of CDK-2 and  Rb genes . [Liffers K et al.] [Fig.6] 

 

Inhibitors:- 

 Inhibition through antioxidants:-   

 The activation of NF-1 cascade can be triggered by TNFα (TRAFs, NIK, IKKs) that are anti-oxidative in nature and enable the 

identification of the redox-responsive target(s). It has also been reported that various agents like TNFα, IL-1, phorbol ester (e.g., PMA), 

lipopolysaccharide (LPS) or ultraviolet (UV) light can also induce oxidative stress as well as induce NF-κB.  Reducing agents like 

dithiothreitol and β-mercaptoethanol Have also been studied to reverse the   direct and specific interference of DNA binding by NF-κB. 

[Epinat JC et al.][Fig.6] 

 Inhibition through ADAR-2 molecules:-   

ADAR3 is only expressed in the brain and catalytically inactive. ADARs bind to dsRNA through their N-terminal RNA-binding domains 

and convert adenosine into inosine via their C-terminal catalytic domain (deaminase domain). Inosine is recognized as guanosine by both 

splicing and translational machineries.  Consequently, ADARs have the potential to ‘fine-tune’/modulate genomic information with 

important consequences on editing RNA and brain proteins (CDC14B/Skp2/p21/p27) [Galeano F et al.]. [Fig.6] 

 Inhibition through TRIM :- 

 TRIM3   binds   with the CDK inhibitor p21WAF1/CIP1. TRIM3 is a tumor suppressor mapping to chromosome 11p15.5 and it blocks the 

tumor growth by sequestering p21 and preventing it from facilitating the accumulation of cyclin D1–cdk4 [Liu Y et al.]. [Fig.6] 

 Valproic Acid and Etoposide inhibition:- 

These are the histone deacetylase inhibitors which modulates the gene expression and sensitize  the GBM cell – lines .  They act alone or 

in combination to different GBM    cell – lines, i.e., U87, LN 18 and  U251 . It was seen that the Valproic acid enhanced the G1 

accumulation of U87 and G2/M accumulation of U251 AND LN 18 Cells. It has been also studied that both lead to the increase in 

Caspase-3 activity leading to apoptosis. [Tseng JH et al.] [Fig.6] 

 

 Inhibition through   MiRNA:-  

Several studies with miR – 21 showed that when miR –specific antisense oligonucleotide when treated with GBM Cell- lines U251 

(mutant PTEN) and LN 229 (wild – type PTEN) showed decreased expression of EGFR , activated AKT , Cyclin –D and Bcl -2 .  

Similarly, miR-26a mimics decreased PTEN protein levels and increased AKT phosphorylation.  miR - 451 upon downregulation led to 

increase p27 levels , which thus shows the invasive ability , induced apoptosis in GBM cells in vitro , which shows that the miR-451 

affects GBM cells via regulation of the PI3K /AKT signaling pathway. It is also seen that the miR-7 directly inhibits EGFR expression 

via its 3’ – UTR and independently suppresses the AKT pathway via targeting upstream regulators (IRS-1 and IRS-2). miR – 7  

downregulates EGFR mRNA and protein expression in GBM cell- lines via two of the three predicted sites , which induces cell – cycle 

arrest leading to apoptosis .  miR - 128 downregulation and BMI – 1 expression leads to decrease  in H3K27 methylation and modulation 

of p21 and AKT and inhibits cell – cycle arrest . [Papagiannakopoulos T et al. ] [Fig.6] 

 

VI. CONCLUSION 

 The EGFR and p21 plays a major role in the regulation of Glioblastoma . 

 They supports the major AKT signalling with the NF-1 and TK signalling . 

 It has also been found that the JAK-STAT  and  mTOR  signalling is also found along with AKT signalling . 
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  The AKT signalling provides the huge vascular and cellular proliferation ,with the NF-1 and TK signalling providing cellular 

differentiation. 

 The STAT signalling promotes the phosphorylation of the cellular receptors, helping in cellular arrest, invasiveness, thus the Metastasis. 

 Role of Calmodulin is also been found with the GS-Cell lines. 

 It has been reported that the Glioblastoma signalling can be inhibited with the help of antioxidants, ADAR molecules, TRIM  molecules, 

Valproic acid , etoposide and the mi RNA . 
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