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Abstract: One of greatest common main cancerous tumor of the brain in adults is glioblastoma, 

which is fatal without treatment. For individuals diagnosed having glioblastoma, typical gold level 

treatment consists of surgical removal of the tumor supported by radiation treatment plus concurrent 

chemotherapy drugs. Despite this, overall, prognostic level is still dismal; approximately 12- to 15-

month life expectancy is typical. Cell signaling, angiogenesis,  Gene mutation have all been highlighted 

as promising areas to explore in the lookout for potential treatments, thanks to years of study. The 

pathophysiology of glioblastoma is now much more complicated due to new discoveries of 

extrachromosomal DNA (ecDNA). Numerous oncogenes found within those ecDNAs, which seem to 

be important driving therapeutic resistance, faster tumor progression and intra-tumoral heterogeneity, 

are also found in cancer cells nucleus, where their genome size is noticeably larger. Existing knowledge 

regarding therapy significance, tumor growth and ecDNA synthesis in glioblastoma will indeed be 

reviewed in this article. 
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1. Introduction 

One of the most deadly cancerous tumors of the Central Nervous System is glioblastoma. 

Due to its elevated levels of heterogeneity in the both conditions of inter- and intra-tumor, 

the malignancies are resistant to treatment. Glioblastoma is characterized by its genomic 

diversity, as well as with the existence of stem cells of tumor-initiation. ecDNA has emerged 

as a key factor in the development as well as heterogeneity of glioblastoma. Findings from 

neuroblastoma karyotyping research and pediatric brain cancer cells have long shown the 

presence of tiny ecDNA segments [1,2]. Neither the functionality nor the synthesis of such 

ecDNA were understood at the stage of their identification. Through the use of 

bioinformatics methods and modern biology, we have identified a number of oncogenes that 

are widely transcribed within cancer cells' ecDNA. The double-minute chromosomes, also 

termed as ecDNAs, are structures that have self-replication in various dimensions that may 

be generally divided between microDNAs of size less than 1 Kb and huge circulate DNA of 

size more than 100 Kb to 5 Mb [3,4]. The majority of them are produced throughout the repair 

of DNA, recombination and replication, when the DNA undergoes an annealing and re-

circularization mechanism. The entire genes and regulating portions of ecDNAs can be seen 

under a microscope [5]. The involvement of this ecDNA in tumorigenesis and its 

mailto:aminforoughy.77@gmail.com


development is crucial. The ecDNAs biosynthesis and oncogenesis, their distribution and 

potential connection to extracellular vesicles, as well as the utilization of ecDNAs in the 

management and treatment of glioblastoma, will all be covered in this study. 

2. EcDNA implementation for the intended applications of Diagnosis and Treatment 

In some kind of a process known as liquid biopsy, circulation of nucleic acids are indeed 

being researched as less infiltrative indicators for the prediction and identification of many 

cancers [6]. According to a latest investigations, the amount of cancer growth and the 

development of neoplasia are correlated with variations in the amounts of 

circulated nucleotides. Since this is the case, researchers are dedicated to creating cutting-

edge methods of using circulated nucleic acids in cancer diagnosis and prediction. 

Nevertheless, owing to the existence of endonuclease in blood, cell free circulation of nucleic 

acids have a relatively limited half-life (15 minute to couple of hours), as well as being 

rapidly removed from the circulation via kidney and live [7]. Instead, ecDNA and other 

circle DNA seems to be more stable and anticipated to persist for considerably longer 

compare to the linear DNA following discharge from cells to the circulation because it is 

incapable of being digested by exonucleases [8]. Data suggests the ecDNA is present in the 

human blood, implying that cell-free ecDNAs might be used as possible markers for prompt 

identification and prognosis [9]. Cyclic DNAs provide a unique challenge for liquid biopsy 

since they are said to be released to the blood stream from normal and malignant tissues. 

Kumar et al found, though, that tumor-derived ecDNA is much larger in size than normal 

tissue. ecDNA [10].  Researchers additionally noted that a reduction in the circulating 

ecDNA length following surgery could suggest a successful result, and a future increase in 

length could signify a relapse of the cancer. Moreover, Kumar et al. recognized over 18,000 

larger ecDNAs and smaller microDNAs in glioma cell cultures through the utilizing of 

an assay for transposase-accessible chromatin using sequencing (ATAC-seq) [11]. Numerous 

of the larger ecDNAs carried established cancer genetic markers, such as EGFR, which have 

been further affirmed via metaphase FISH and inverse PCR [11]. Treatment sensitivityIn 

addition, researchers stated that ATAC-seq might be utilized to anticipate treatment 

sensitivity and identify ecDNA in a malignancy prior to amplification [11]. Life expectancy 

for individuals whose tumors were carried with ecDNA were found to be considerably 

lower than those of individuals whose tumors were not caused via ecDNA, according to a 

latest research [12]. If ecDNA are to be used as prognosis factors in the long term, their 

potential must first be uncovered via extensive research. Promising therapies for stopping 

cancer's spread and increasing patients' lives could be discovered by learning further about 

ecDNA's function in amplifying oncogene in tumor development [4]. Novel drugs aimed 

against ecDNA in different tumors are being developed by modern investigations [13]. Thus, 

drugs that can specifically target ecDNA could provide an unique therapeutic window for 

glioblastoma. 

3. Glioblastoma and ecDNA's potential to promote tumor progression  

Using sequence readings that join amplified DNA fragments, researchers may now find 

ecDNAs through employing recently developed Amplicon Architect method [4]. 

Glioblastoma ecDNA factors are found to incorporate oncogenes such as Erb-B2 Receptor 

Tyrosine Kinase 2 (ERBB2), Mouse double minute 2 homolog (MDM2), cyclin-dependent 

kinase (CDK4/6), Mesenchymal to epithelial transition (MET), Platelet derived growth factor 

receptor alpha (PDGFRA), Epidermal growth factor receptor (EGFR) and Myelocytomatosis 



(MYC)[24,14–18].  Additional confirmation of the existence of such oncogenes was provided 

through metaphase neurosphere of glioblastoma, patient-derived xenograft (PDX) model 

and fluorescent in-situ hybridization (FISH) method using a probe which is specific to 

the oncogene in tumor [24,14,15]. Glioblastoma also has a much increased replica frequency 

of ecDNA, indicating an abundance of oncogenes. The architec nhancer in ecDNA has been 

shown to affect carcinogenic transcriptional control, as described by Morton et al. As a 

further piece of evidence, researchers hypothesized that regional enhancer factors are 

virtually invariably present in ecDNA sequences alongside oncogenes [19]. This discovery 

clarified the increased transcription of oncogenes linked to ecDNA.Research demonstrates 

that secondary somatic mutations, such as deletions, insertions and point mutations, may 

arise in ecDNAs, even farther indicating that the course of glioblastoma is continually 

altering in initial malignancies, after therapy, and even following recurrence [24,18]. Finally, 

throughout the development of glioma, genomic heterogeneity may rapidly grow without 

modifications to chromosome due to the unequal ecDNA distribution in daughter cells [24]. 

Another possible factor in the establishment of heterogeneity and the progression of tumors 

in glioblastoma is amplifying oncogenes on ecDNA. Increased expression of 

extrachromosomal oncogenes may help tumors thrive in the dynamic environments that 

promote their sensitivity to treatment, hostility, longevity and growth [4, 18]. In order to 

facilitate tumor invasion and progression, the local microenvironment could be orchestrated 

by the transmission of ecDNA that is oncogenic through use of EVs to surrounding cells. 

4. ecDNA transit, distribution and synthesis 

The synthesis of ecDNA stays unclear, particularly on a biochemical level. Disagreement 

amongst scientists has arisen due to a dearth of supporting data regarding the emergence of 

ecDNA. Inhibiting current replicating, for instance, has been shown to raise ecDNA rates in 

the past [20]. Instead, contradictory evidence suggests that ecDNAs may arise without 

Replicating of DNA. The Origin- Dependent Inverted-Repeat Amplification (ODIRA) 

concept was developed to explain replicating instability, which is thought to be among the 

processes of ecDNA synthesis [21, 22]. According to the ODIRA concept, a replicating 

mistake might happen at already present reversed, interrupted and short repetitive 

segments [21, 22]. Through displacing freshly produced DNA Template, the nearby forks 

of replicating cause the formation of single-stranded DNA containing circular loops as a 

consequence of replicating stoppage. Additionally, the ssDNA serves as a template to 

produce ecDNA with a complementary dsDNA backbone. The synthesis of ecDNA is also 

thought to be heavily influenced by mechanisms of DNA repairing, according to the results 

that have been by far the most frequently recognized [23]. It is believed that the mechanisms 

of DNA repair, including homologous recombination (HR) and nonhomologous end joining 

(NHEJ), regulate the circulating pathways involved in ecDNA synthesis. Latest research 

showed that the synthesis of ecDNA in glioblastoma is significantly influenced by the NHEJ 

DNA repair mechanism utilizing ligase IV, unlike the HR process, which is crucial for 

encapsulating DNA double-strand fractures [3, 24, 25]. Furthermore, chromothripsis, that 

breaks the chromosome into many pieces that may be rearranged inside the chromosome, 

or the releasing of DNA segments, which may be circulated to produce ecDNA, are 

disastrous occurrences [5].  After the initial formation of ecDNAs, further ecDNA clones are 

made by the ecDNAs themselves throughout the cell cycle in S stage [24]. Because ecDNAs 

do not have centromeres, they are distributed unequally among daughter cells during cell 



division. In certain tumors, such as glioblastoma multiforme (GBM), ecDNAs split mostly 

to the cytoplasmic space [24, 26]. Evidence suggests that ecDNAs migrate from the exterior 

of nucleus to the nuclear core in G1, where they are amplified at the beginning of S stage of 

the cell cycle [24]. Due to their absence of centromeres, it could be fascinating to learn how 

ecDNAs are transported return towards the nucleus just at the ending of cell division. Does 

anybody know whether the ecDNAs have nuclear localization signals (NLSs)? There could 

be biomolecules called "nuclear importers" that help get them to the nucleoplasm. This 

leaves important concerns unanswered, since there are still significant voids in our 

knowledge of ecDNA localisation. In glioblastoma cells, some massive extracellular vesicles 

of have been demonstrated to possess ecDNAs containing the c-MYC and EGFR genes, 

which is an important discovery [27]. Therefore, it is probable that cytoplasmic ecDNAs 

being transmitted toward other nearby cells through extracellular vesicles or expelled 

during necrosis. These ecDNA-carrying vesicles also could infiltrate blood vessels through 

the use of a mechanism termed transcytosis mechanism. Glioblastoma pathophysiology 

therefore relies heavily on ecDNAs being transported in extracellular vesicles. 

5. Conclusion 

There has been a great deal of progress in our understanding of ecDNA linked to the tumor 

as well as its involvment in neoplasia after its detection. But, the research into the molecular 

basis of ecDNA production is lacking. As an added complication, it is unknown where the 

ecDNAs seen in the blood of normal people come from. In order to determine the 

ecDNA source in the long term, it will be necessary to analyze the ecDNA's post-biosynthesis 

alternation. Research on the transmission of ecDNA through extracellular vesicles are also 

critical for comprehending the glioblastoma pathogenesis. Numerous intriguing occurrences 

related to ecDNA-regulated pathogenicity have been noted in latest research. Decarvalho et 

al. revealed, for example, that amplifications of carcinogenic ecDNA were greatly reduced in 

neurosphere cells but occurred frequently following cerebral installation [24]. Due to this 

feature, ecDNA may undergo biosynthesis and subsequent re-unification from the 

chromosome as required foundation or in response to a certain microenvironment. 

Nevertheless, it remains to be determined what biochemical circuit controls the 

ecDNA presence and removal in gliomas in response to their environment. Both oncogenes 

and non-coding areas were discovered by scanning ecDNA components produced from 

neuroblastoma cells as part of whole-genome sequencing (WGS) data [16]. Scacheri team's 

[19] discovery that enhancer elements may be found in ecDNA is compatible with our results. 

Non-coding ecDNA segments have been hypothesized to be transcribed into RNA molecules 

with important regulatory functions for both chromosomal and ecDNA genes. In addition, 

ecDNA attracts a lot of interest from scientists all around the globe, and more research is 

needed to figure out the biomolecular aspects of ecDNA-regulated pathogenesis in 

glioblastoma cancerous tumors. 
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