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ÖZ 

2021 yılında güncellenen Dünya Sağlık Örgütü (DSÖ) CNS5 sınıflandırması, agresif beyin tümörlerinin bir alt 
grubu olarak tanımlanan IDH-wild tip glioblastomanın tanı ve tedavi yöntemlerinde önemli bir dönüşüme yol 
açmıştır. Bu yeni sistem, geleneksel doku analizinin yanı sıra moleküler belirteçleri de içeren daha rafine bir 
yaklaşım sunarak, benzersiz genetik profillere sahip farklı glioblastoma alt tiplerinin tanımlanmasını 
kolaylaştırmaktadır. Bu alt tiplere IDH-mutant astrositoma, IDH-mutant ve 1p/19q delesyonu bulunan 
oligodendroglioma ve IDH-wild tip glioblastoma örnek olarak gösterilebilir. Genetik ve hedefli tedavilerdeki 
gelişmelere rağmen, bu malign tümörlerin tedavisi için hala arayış devam etmektedir. Bu nedenle daha özellikli 
tanı ve tedavi yöntemlerine olan ihtiyaç inkâr edilemez. MikroRNA'lar (miRNA'lar) moleküler biyolojinin tıp 
dünyasına bu bağlamda kazandırdığı moleküller olarak ortaya çıkmaktadır. Bu minik moleküller, gen 
ekspresyonunun ana düzenleyicileri olarak görev yapmakta ve glioblastoma tanısı, prognoz tahmini ve 
biyobelirleyici geliştirilmesi için muazzam bir potansiyel barındırmaktadır. Son araştırmalar, miRNA'ların tedavi 
stratejisi olarak kullanılabileceğini vurgulamakta ve bilimsel ilgiyi bu noktaya çekmektedir. Bu inceleme, DSÖ 
CNS5 sınıflandırması çerçevesinde IDH-wild tip glioblastoma kapsamında miRNA'ların güncel ilişkilerini 
incelemektedir. Geniş veri tabanlarından yararlanarak, en son DSÖ sınıflandırmasında tanımlanan genetik 
anormallikler ile düzensiz miRNA'lar arasındaki karmaşık ilişki bu makale kapsamında araştırılmıştır. Önerilen 
moleküler biyobelirteçleri ve ilişkili miRNA düzensizliğini analiz ederek, bu agresif kanser tipi için 
kişiselleştirilmiş, miRNA bazlı tedavilerin geliştirilmesinin önünü açmayı amaçlıyoruz.  
Anahtar Kelimeler: Biyobelirteç, Dünya Sağlık Örgütü, Epigenetik, Glioblastoma, MikroRNA 

ABSTRACT 

The World Health Organization (WHO) CNS5 classification, updated in 2021, has brought about a 
significant transformation in the diagnosis and treatment of IDH-wildtype glioblastoma, a subgroup of 
aggressive brain tumors. This new system, which incorporates molecular markers alongside traditional tissue 
analysis, provides a more refined approach that facilitates the identification of distinct glioblastoma subtypes 
with unique genetic profiles. Examples of these subtypes include IDH-mutant astrocytoma, IDH-mutant and 
1p/19q-deleted oligodendroglioma, and IDH-wildtype glioblastoma. Despite advancements in genetics and 
targeted therapies, the treatment of these malignant tumors remains an ongoing quest. Therefore, the need for 
more specific diagnostic and therapeutic approaches is undeniable. MicroRNAs (miRNAs) are emerging as 
molecules that molecular biology has brought to the medical world in this context. These tiny molecules act as 
master regulators of gene expression and hold immense potential for glioblastoma diagnosis, prognosis 
prediction, and biomarker development. Recent research has highlighted the potential of miRNAs as 
therapeutic strategies, attracting scientific interest to this point. This review examines the current 
relationships of miRNAs in the context of IDH-wildtype glioblastoma within the framework of the WHO 
CNS5 classification. Utilizing extensive databases, this article investigates the intricate relationship between 
genetic abnormalities defined in the latest WHO classification and dysregulated miRNAs. By analyzing 
proposed molecular biomarkers and associated miRNA dysregulation, we aim to pave the way for the 
development of personalized miRNA-based therapies for this aggressive cancer type. 
Keywords: Biomarker, Epigenetic, Glioblastoma, MicroRNA, World Health Organization 
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1. Introduction

Glioblastoma, the most aggressive primary brain tumor in adults, remains a formidable

challenge despite extensive research efforts (1). The intricate mechanisms underlying this 

disease contribute to its treatment resistance, highlighting the critical need to define its 

molecular boundaries and identify disease-specific molecules for accurate diagnosis and 

effective therapy (1, 2). 

Our understanding of glioblastoma has evolved significantly over the past decade. 

Initially classified based on its aggressive nature ("multiforme" in 2007), the focus shifted to 

specific molecular markers like isocitrate dehydrogenase (IDH) in 2016. The World Health 

Organization's (WHO) 2021 classification further refined this definition, classifying 

glioblastoma as an IDH-wildtype (without the mutation) grade 4 astrocytoma with specific 

characteristics (2). This ongoing refinement reflects our growing knowledge of the disease and 

opens avenues for developing targeted approaches. 

Despite recent advances, glioblastoma continues to pose a significant challenge (3). The 

presence of glioblastoma stem cells, which can lie dormant and undetected within the brain, 

significantly impedes current treatment effectiveness (3). These cells retain the ability to 

develop into new tumors, posing a major obstacle to eradication. Beyond deciphering the 

intricate cellular makeup of glioblastoma and the interactions between different cell types, 

researchers are also pursuing the development of novel blood-based biomarkers (4). These 

readily accessible molecules, such as autoantibodies (5) or microRNAs (miRNAs/miRs) (6), 

hold promise for earlier diagnosis, improved prognosis, and potentially a reduction in the need 

for invasive brain biopsies. 

miRNAs, a class of small non-coding RNAs, have emerged as a new frontier in 

glioblastoma research (7). These molecules act as master regulators, meticulously binding to 

specific messenger RNA (mRNA) targets. This allows them to fine-tune crucial cellular 

processes, playing a significant role in how cells function within glioblastoma. Disruptions in 

miRNA expression are linked to various diseases, including glioblastoma. The discovery that 

these epigenetic modifications are potentially reversible offers a promising avenue for novel 

therapies. Researchers are now investigating the potential of miRNA regulators, molecules 

controlling these modifications, as tools to combat glioblastoma (8). 

Haliç Üniv Sağ Bil Der  2024; 7(2):1-13 
Halic Uni J Health Sci 2024; 7(2):1-13

2



Researchers are uncovering the potential of miRNAs in understanding glioblastoma. 

These molecules exhibit altered expression patterns in glioblastoma patients, suggesting their 

role in disease progression. Scientists are particularly interested in these miRNAs as potential 

biomarkers.  By analyzing miRNA expression patterns, they aim to identify unique 

"signatures" that can differentiate tumor subtypes, predict treatment response, and even pinpoint 

potential targets for new therapies (9). 

This study takes a unique approach to understanding IDH-wildtype glioblastoma by 

examining the connection between genetic markers and deregulated miRNA activity. By 

analyzing this link, we aim to investigate the potential of these deregulated 

miRNAs as diagnostic tools specific to IDH-wildtype glioblastoma within the framework of 

the current classification system. This information may be useful for developing 

effective and targeted clinical approaches. 

2. Chronological Overview of Glioblastoma Classification
Diagnosing brain tumors, especially gliomas, has become a much more complex process

since the early days in 1926. Back then, clinicians simply looked at the tumor under a 

microscope, with grade IV being the most aggressive. The first standardized system in 1979 

introduced a grading scale, but it wasn't until the 1990s that glioblastomas were classified 

alongside other astrocytomas. The 2000s witnessed a boom in understanding the role of genes 

in brain tumors. The WHO incorporated these findings, linking specific gene mutations and 

chromosome loss to different glioma types (10). The 2007 update refined the grading system, 

introduced new tumor types, and highlighted the growing importance of analyzing a tumor's 

genes. A significant shift occurred in 2016 with the "multilayered approach." This emphasized 

combining traditional microscopic examination with WHO grade and, crucially, the tumor's 

genetic profile. This approach reshaped glioma classification, making a specific gene mutation 

(IDH) and chromosome changes (1p/19q) key diagnostic factors (11). However, the rapid pace 

of scientific discovery necessitated another update. A team of experts formed in 2018 to pave 

the way for the current system, the 2021 WHO classification system for brain tumors in the 

fifth edition (WHO CNS5). This latest version reflects the intricate interplay between 

microscopic examination and genetic analysis, aiming for standardized diagnosis and 

improved translation of research into patient care (12). 

WHO revamped its classification system for brain tumors in the fifth edition (CNS5). 

This new system goes beyond traditional tissue analysis (histopathology) and incorporates 
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additional molecular markers. CNS5 divides brain tumors into six distinct families, with 

adult-type diffuse gliomas being the most common type found in adults. These adult-type 

gliomas are further categorized using a layered approach to reach a final, integrated 

diagnosis that includes both the WHO grade and specific tumor type.  

The 2021 WHO CNS5 classification introduces a key change for glioblastoma diagnosis. 

IDH-mutant tumors will no longer be classified as glioblastoma within the WHO 

CNS5 framework (12) (Figure 1).

Figure 1. WHO CNS5 simplifies adult glioma grading with molecular markers and Arabic numerals. 
CNS: Central nervous system IDH: isocitrate dehydrogenase, WHO: World Health Organization 

3. Current miRNA Candidates and Their Roles in Glioblastoma

The intricate mechanisms governing gene expression are continuously being unraveled, 

revealing a complexity that extends far beyond the classical DNA-to-mRNA 

pathway. miRNAs, a class of short, non-coding RNAs, have emerged as powerful regulators 

that exert their influence following DNA transcription (13, 14). Unlike messenger RNAs 

(mRNAs) that translate into proteins, miRNAs fine-tune gene expression by silencing or 

fragmenting specific mRNA molecules, impacting crucial cellular processes such as growth, 

movement, and death (15). 

These fascinating molecules undergo a meticulously orchestrated production process. 

RNA polymerase II initiates the process by transcribing primary miRNA transcripts, which 

are then subjected to modifications by the microprocessor complex within the nucleus. These 

pre-miRNAs are subsequently exported from the nucleus by Exportin 5 and further cleaved 

by the Dicer enzyme in the cytoplasm, giving rise to mature miRNA duplexes (15). 

WHO 
CNS5

Astrocytoma, IDH-
mutant (Grade 

2,3,4)

Glioblastoma, 
IDH-wildtype 

(Grade 4)

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

(Grade 2, 3) 
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One strand from this duplex is incorporated into the RNA-induced silencing complex, guiding 

the miRNA to its target mRNA through complementary base pairing (15). This interaction 

can either halt protein production from the mRNA or lead to its complete degradation, 

effectively silencing the targeted gene (16). This intricate miRNA network plays a pivotal 

role in maintaining cellular balance. miRNA dysfunction can significantly impact brain cell 

processes and contribute to the development of various diseases (17). Notably, these same 

miRNAs can act as either tumor suppressors or cancer-promoting miRNAs by 

influencing cell proliferation pathways. Disrupted miRNA expression disrupts cell 

communication, leading to uncontrolled cell division, a hallmark of cancer (18). 

Interestingly, cancer cells can utilize tiny packages called extracellular vesicles (EVs) to 

communicate with each other. These EVs can carry miRNAs that influence the tumor 

environment and promote cancer growth. Additionally, the stability of miRNAs in bodily 

fluids, such as blood and urine, makes them promising candidates for non-invasive 

diagnostics, potentially enabling treatment monitoring and earlier relapse detection (19). 

Abnormal miRNA expression has emerged as a crucial indicator for glioblastoma 

progression, development, and survival rates. These miRNAs can either silence tumor 

suppressor genes, acting like oncogenes, or function as tumor suppressors themselves. 

This duality makes them attractive targets for potential therapeutic interventions (20). 

Researchers are actively investigating various miRNAs in glioblastoma (Table 1).  

Some miRNAs, such as miR-21, miR-582-5p, miRNA-363 are upregulated and 

promote cancer growth, while others, like the miR-34 family, are downregulated and act 

as tumor suppressors (20, 21). This altered miRNA profile disrupts cellular processes and 

contributes to glioblastoma progression. The therapeutic potential of miRNAs lies in their 

ability to modulate gene expression with greater flexibility compared to directly targeting 

DNA. By manipulating miRNA-mRNA interactions, researchers aim to silence specific genes 

associated with disease progression. This makes miRNAs promising candidates for 

treatment development in aggressive cancers like glioblastoma (22). 

While many studies explore the general role of miRNAs in gliomas, this review takes a 

different approach. We specifically focus on the new, WHO-recommended genetic markers 

for glioblastoma and how they relate to miRNA dysregulation. By understanding how these 

two factors interact, we can potentially use miRNAs for monitoring brain tumors and 

developing more targeted therapies in the future. 
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Table 1. Key miRNA candidates known to be oncogenic and tumor suppressors for glioblastoma (6, 21, 23). 
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4. Glioblastoma, IDH-wildtype Markers and miRNA Relation

A major breakthrough in glioblastoma diagnosis came with the WHO's 2021 CNS5 

classification. This update prioritizes advanced molecular analysis over traditional 

microscopic features like cell death and abnormal blood vessel growth. Specifically, the 

presence of mutations in the telomerase reverse transcriptase (TERT) promoter gene, 

amplification of the epidermal growth factor receptor (EGFR) gene, or specific chromosomal 

abnormalities (+7/-10) can now be used to definitively diagnose glioblastoma (Figure 2). 

This shift towards molecular markers allows for more accurate tumor grading, even for 

those appearing less aggressive under a microscope. In essence, these cutting-edge 

techniques can identify high-grade glioblastomas that might previously have been overlooked 

(12).

Figure 2. IDH-wildtype glioblastoma and its genetic markers according to the latest classification 

TERT promoter mutations are potent drivers of malignant progression in gliomas. These 

mutations increase the gene expression, enabling uncontrolled cell proliferation and lifespan 

extension. Their prevalence across various gliomas highlights their significance. Specific 

mutations are most frequent and predict poor patient outcomes (24-27). In contrast, some 

miRNAs act as brakes on TERT, the enzyme crucial for cancer cell survival. miR-661 

suppresses cell growth, invasion, and telomerase activity. Studies suggest it functions as a 

tumor suppressor by targeting the gene, a promising therapeutic target. Similarly, miR-21 is a 

cancer-promoting miRNA that regulates human form of the gene through a member of the 

STAT protein family.  

IDH • IDH-wild type

chromosome
7/10 • amplification/deletion

EGFR • amplification,
mutation

TERT 
promoter • mutation
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Targeting this pathway holds promise for future glioblastoma therapies (28, 29). Another 

study identified six miRNAs, including miR-491-5p, that suppress human TERT activity, 

suggesting they function as tumor suppressors. miR-491-5p was also downregulated 

in glioblastoma cells, further supporting this notion (30). 

Glioblastoma arises from dysregulation of signaling pathways, particularly 

those mediated by EGFR. Somatic mutations and amplifications in its genes can 

constitutively activate these pathways, leading to unchecked cell growth. Specific 

variants of the gene exacerbate tumor aggressiveness. Deciphering these alterations is 

crucial for targeted therapies (31, 32). Several miRNAs act as tumor suppressors by 

targeting EGFR signaling. Studies revealed reduced expression of miR-524 in a specific 

glioblastoma subtype, linked to both increased its levels and the presence of the gene 

mutation. This suggests miR-524 acts as a tumor suppressor and a potential therapeutic 

target (32). miR-7 expression is significantly down-regulated in glioblastoma tissues. It 

suppresses the receptor and the serine/threonine kinase pathway mediated by Akt, critical 

for cancer progression. Restoring miR-7 expression in glioblastoma cells reduced their 

viability and invasiveness, suggesting its potential as a therapeutic approach (33,34). 

Similarly, miR-200a downregulation contributes to increased signaling protein subunit 

protein levels, potentially linked to the receptor activity, ultimately enhancing glioma cell 

proliferation (35). Overall, miRNAs, like those mentioned previously, are potential 

therapeutic targets because they can disrupt the oncogenic EGFR signaling network in 

glioblastoma. 

The frequent co-occurrence of chromosomal abnormalities suggests a coordinated 

attack on tumor suppression. These abnormalities disrupt the balance between cell growth and 

death, promoting uncontrolled proliferation. Because they are associated with poor 

prognosis, they are potential targets for therapy. Restoring phosphatase and tensin homolog 

(PTEN) function or inhibiting the PI3K-AKT cascade could be promising avenues for 

improving patient outcomes (36). Chromosome imbalances in gliomas disrupt miRNA 

levels. Extra copies of chromosome 7 might increase miRNA levels, while missing parts of 

chromosome 10 lead to a shortage. This disrupts the regulation of genes involved in cell 

growth, like the tumor suppressor PTEN. Lower levels of certain miRNAs on 

chromosome 10 are linked to an overproduction of genes that promote glioma growth. 

Interestingly, some miRNAs can even suppress the gene.
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 The loss of it is linked to faster tumor growth and poorer patient outcomes. These findings 

highlight miRNAs as potential regulators and future therapeutic targets (36, 37). Studies 

have identified specific miRNAs involved in its regulation. miR-26a is amplified in 

human glioma samples and suppresses its expression. This suggests a novel mechanism 

for PTEN regulation in gliomas. Overall, these findings highlight the importance of the 

PTEN/Akt signaling axis dysregulation in glioma development (38). Another miRNA, 

miR-182, is located on a chromosome region frequently amplified in glioblastoma 

cells. Its expression is significantly increased in glioblastoma compared to healthy brain 

tissue. This suggests a potential role for miR-182 in the disease malignancy (39, 40). 

5. miRNAs with Therapeutic Potential Associated with Glioblastoma, IDH-wildtype

Despite limited treatment options, research on glioblastoma is uncovering new avenues. 

The standard treatment for glioblastoma involves a three-pronged approach: surgery to remove 

as much of the tumor as possible, followed by radiation therapy and treatment with the drug 

temozolomide (TMZ) (41). Traditional studies focused on genetic alterations, but recent 

attention has shifted to the dysregulation of miRNAs. Among these miRNAs, those with 

therapeutic potential include miRNAs associated with genetic markers indicative of 

glioblastoma IDH wildtype, classified according to the current system.  Ge et al. investigated a 

potential mechanism for glioblastoma resistance to TMZ therapy linked to low oxygen. They 

found hypoxia increases miR-26a, regulated by the key regulator of the hypoxic response, 

which correlates with the drug resistance.  miR-26a, with it, protects mitochondria from cell 

death by interfering with Bax and Bad proteins. This suggests targeting miR-26a might 

improve the drug therapy by disrupting this protective pathway (42). Wang et al. studied 

miR-200a, a miRNA, in gliomas. They found lower miR-200a levels in tumors compared to 

healthy tissue, with even lower levels in higher grade/larger tumors. Notably, patients who 

responded well to the chemotherapy had higher pre-treatment miR-200a levels. These results 

suggest miR-200a could be a biomarker for both glioma severity and response to 

treatment(43). Kouri et al. studied miR-182, a microRNA associated with better 

patient outcomes, increased effectiveness of the therapy, and less aggressive 

glioblastoma subtypes.  Studies suggest miR-182 has anti-cancer properties, enhancing the 

drug efficacy, promoting cancer stem cell differentiation, and suppressing tumor 

growth.  To target delivery to brain tumors, they developed ball-shaped genetic material 

carrying miR-182 sequences (182-SNAs).  These 182-SNAs crossed the blood-brain barrier 

after systemic administration, significantly reducing tumor burden and improving survival 

in animal models.  These findings highlight the potential of miR-182 therapy and this 

technology for delivering miRNAs to treat malignant brain tumors (44).
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 In addition to their connections to existing treatment approaches, there are also 

miRNAs associated with glioblastoma IDH wildtype that hold promise as potential 

novel therapies. Despite existing gene therapy methods, researchers are exploring 

alternative approaches for glioblastoma treatment. Bhere et al investigated the use of 

adeno-associated viral vectors to deliver miR-7. In mice with patient-derived, treatment-

resistant glioblastoma stem cells, the vector-miR-7 demonstrated significant tumor 

reduction. Additionally, it upregulated death receptor involved in apoptosis, a protein 

crucial for cell death, and triggered a pathway leading to tumor eradication. These 

findings highlight the potential of the therapy as a unique and advantageous strategy for 

treating glioblastoma (45). Research on glioblastoma has identified miR-21 as a 

consistently overexpressed miRNA. This molecule promotes tumor growth and invasion 

by its activation through various growth factors. Studies suggest a potential mechanism by 

which miR-21 targets proteins that inhibit a zinc-dependent endopeptidase (MMPs). 

MMPs degrade the extracellular matrix, facilitating tumor cell movement.  

Furthermore, miR-21 contributes to resistance to a chemotherapy drug (carmustine) 

and promotes cell cycle arrest.  Conversely, inhibiting miR-21 increases 

chemosensitivity.  These findings, along with the potential synergy of combined miR-21 

inhibition and miR-7 induction, highlight the potential of manipulating miRNAs like miR-21 

for novel therapeutic approaches in glioblastoma. This approach holds promise for 

developing more effective treatment strategies (46). Glioma cells exhibit lower levels of 

miR-346 compared to healthy cells.  Our research focused on the impact of increasing 

miR-346 expression.  By artificially boosting miR-346 levels, we observed a halt in glioma 

cell cycle progression and a suppression of their growth in both lab studies and animal 

models.  These results suggest that miR-346 could be a valuable target for developing novel 

therapies to combat glioma treatment (47). 

6. Conclusion

This research delves into the potential of deregulated miRNAs, linked to the latest 2021

WHO classification of genetic abnormalities in IDH-wildtype glioblastoma. These miRNAs 

disrupt processes like cell cycle control and cell death, opening doors for their use as 

biomarkers in monitoring brain tumors. Beyond diagnosis, the study explores the exciting 

possibility of personalized miRNA therapies. By targeting these specific miRNAs, clinicians 

might be able to offer more effective treatments with better outcomes for patients. However, 

further research and clinical trials are essential to translate these promising findings into 

actual   therapies.

Ultimately, this work paves the way for a future of personalized medicine, where glioblastoma 

treatment can be tailored to each patient's unique genetic makeup. 
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