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Introduction

Gliomas are a diverse group of tumors originating in the glial cells 
of the brain and spinal cord. These tumors are classified based on the 
type of glial cells involved, their genetic characteristics, and their grade 
of malignancy [1]. The primary types of gliomas include glioblastomas, 
astrocytomas, oligodendrogliomas, and ependymomas. They have the 
third-highest cancer-related mortality and morbidity rates worldwide 
[2]. Despite aggressive treatment involving surgery, radiation, and 
chemotherapy, the majority of gliomas are nearly universally fatal 
within 5 to 7 years [3].

Advances in genomic and molecular profiling have led to 
the identification of distinct molecular markers such as IDH1/2, 
EGFR, p53, BRAF, TERT promoter mutations, 1p/19q co-deletion 
and MGMT promoter methylation as diagnostic, prognostic and 
therapeutic indicators in glioma management [4]. However, tumor 
recurrence in glioma is a major hurdle in the effective management 
of the disease. Tumor recurrence in glioma is significantly influenced 
by several factors. Surgical resection often cannot remove all tumor 
cells, particularly those infiltrating the surrounding brain tissue, 
leaving residual cells that can proliferate and cause recurrence [5]. 
Furthermore, glioma cells can develop resistance to therapies such 
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as chemotherapy and radiation due to genetic mutations, epigenetic 
changes, or adaptive responses to treatment [6]. Additionally, a 
subpopulation of glioma cells with stem-like properties, known 
as cancer stem cells, can survive initial treatments and drive tumor 
regrowth [7]. These cancer stem cells are often more resistant to 
conventional therapies, further complicating the management of 
glioma recurrence.

Post-operative evaluation for disease burden is primarily 
conducted through MRI or other radiological investigations. 
However, these imaging techniques often fail to accurately correlate 
with the actual neoplastic disease burden, inadequately addressing the 
micro-infiltrative disease beyond the borders depicted radiologically 
[8]. Furthermore, MRI interpretation post-treatment can be 
challenging due to inflammation and necrosis caused by radiation, 
chemotherapy, or immunotherapy. Treatment-related inflammation, 
known as “pseudo-progression,” frequently results in false positives, 
complicating clinical interpretation [9]. Furthermore, reliable 
biomarkers for early detection of recurrence are lacking, making 
it hard to monitor disease progression effectively [10]. Invasive and 
serial tumor biopsies for histological analyses are not only impractical 
and dangerous but also ineffective in providing adequate information 
about the tumor due to its heterogeneous nature. This highlights the 
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need for non-invasive procedures capable of detecting unique features 
that precisely reflect tumor status, enabling continual assessment of 
patients to monitor disease progression and supervise therapeutic 
response.

In this review, we summarized the recent understanding of 
exosomes as liquid biopsies and the role of different exosomal 
miRNAs in glioma progression, tumor recurrence, and drug 
resistance. We discussed how exosomes can serve as liquid biopsies, 
providing valuable molecular and genetic information that reflects the 
current state of the tumor. Further we highlighted the multifaceted 
role of exosomal miRNAs in glioma, emphasizing their potential as 
biomarkers for diagnosis, prognosis, and therapeutic targets.

Exosomes as Liquid Biopsy in Glioma

Exosomes, small extracellular vesicles secreted by cells, have 
emerged as a promising tool for liquid biopsy in glioma [11]. These 
vesicles carry a variety of biomolecules, including [12]. Cancer cells 
actively produce, release, and utilize exosomes to promote tumor 
growth and progression. These tumor-derived exosomes carry 
molecular and genetic information that can alter the phenotypic 
and functional attributes of recipient cells [13]. By transferring 
oncogenic proteins, RNAs, and other bioactive molecules, exosomes 
can reprogram recipient cells into active contributors to various 
processes crucial for tumor development [14]. For instance, they can 
enhance angiogenesis, which is the formation of new blood vessels 
to supply the growing tumor with nutrients and oxygen [15]. They 
can also promote thrombosis, creating a pro-coagulant environment 
that facilitates tumor cell survival and dissemination [16]. Moreover, 
exosomes contribute to immunosuppression by modulating the 
immune response, helping the tumor evade detection and destruction 
by the body’s immune system [17].

In the context of brain tumors, exosomes have a unique advantage. 
The blood-brain barrier (BBB) is a selective barrier that typically 
prevents most molecules from entering or exiting the central nervous 
system (CNS). However, exosomes can cross the BBB, making them 
detectable in body fluids such as blood and cerebrospinal fluid [18]. 
This ability is particularly significant for brain cancer management 
because it allows for the non-invasive monitoring of tumor dynamics. 
The inability of brain tumor cells to exit the CNS combined with 
exosomes’ capacity to cross the BBB and carry tumor-specific 
information into the systemic circulation underscores their potential 
as powerful biomarkers. This capability facilitates the early detection 
of brain tumors, monitoring of disease progression, and assessment of 
treatment response, making exosomes a valuable tool for liquid biopsy 
in the management of glioma.

Exosomal MicroRNAs in Glioma

Exosomes are rich in various RNA molecules such as mRNA, 
long non-coding RNAs (IncRNAs), circular RNAs (circRNAs) and 
miRNAs, with miRNAs being the most prevalent [19]. MicroRNAs 
(miRNAs) are a class of small, non-coding RNA molecules, 
typically about 22 nucleotides in length, that play a crucial role in 
regulating gene expression [20]. They function primarily by binding 
to complementary sequences on target messenger RNA (mRNA) 

transcripts, usually resulting in gene silencing through translational 
repression or mRNA degradation [21]. This regulatory function is 
crucial in numerous biological processes and disease states, including 
cancer [22].

According to the Exocarta database, which catalogs molecules 
identified in exosomes, 2,838 miRNAs have been detected in 
exosomes from various biological sources [23]. Among the thousands 
of miRNAs identified in exosomes, approximately 26 have been 
closely associated with gliomas [24]. These miRNAs are involved in 
various aspects of glioma biology, including tumor growth, invasion, 
angiogenesis, and immune evasion. Their presence in exosomes 
allows them to influence the tumor microenvironment and facilitate 
intercellular communication within the brain [25].

The miRNA content in exosomes is notably higher than in their 
source cells, suggesting a selective enrichment process [26]. Studies 
have shown that miRNAs are preferentially incorporated into 
exosomes before other RNA molecules, resulting in their elevated 
expression levels in exosomes compared to the originating cells 
[27]. This selective sorting of miRNAs into exosomes is critical for 
intercellular communication within the tumor microenvironment 
and plays a vital role in glioma biology [28]. The ease of access, 
abundance, and stability of exosomal miRNAs in biofluids make them 
ideal biomarkers for gliomas, offering significant potential for non-
invasive disease monitoring.

Several miRNAs have been identified as significant prognostic 
biomarkers in glioma. Among them, miR-21 is extensively studied 
and typically overexpressed in high-grade gliomas, correlating 
with poor prognosis, increased tumor aggressiveness, resistance 
to apoptosis, and enhanced invasion capabilities [29]. High levels 
of miR-21 are associated with shorter overall survival and disease-
free survival. Similarly, the miR-221/222 cluster is upregulated in 
glioblastomas, promoting cell proliferation and inhibiting apoptosis 
by targeting tumor suppressor genes like p27 and p57, resulting in 
poor clinical outcomes and reduced patient survival [30]. miR-10b, 
significantly overexpressed in gliomas, is crucial for tumor invasion 
and metastasis, with high levels indicating poor prognosis and shorter 
survival times [31]. The miR-181 family, including miR-181a and 
miR-181b, is often downregulated in gliomas, with lower expression 
levels linked to poorer prognosis. These miRNAs regulate glioma cell 
proliferation, apoptosis, and differentiation [32]. miR-124, typically 
downregulated and acting as a tumor suppressor, is associated with 
advanced tumor grade and poor prognosis; its restoration inhibits 
glioma cell proliferation and induces apoptosis [33]. Lastly, miR-196a, 
overexpressed in gliomas, promotes cell proliferation, migration, 
and invasion, with high levels linked to shorter overall survival, 
highlighting its value as a prognostic marker [34].

Clinical Application of Exosomal MiRNA as Prognostic 
Biomarkers

Given the unique biological characteristics of exosomes, their 
collection from patient body fluids combined with the detection of 
related miRNAs offers significant promise in glioma management. 
The miRNAs contained within exosomes can reflect the molecular 
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landscape of their cells of origin, providing a non-invasive means to 
gain insights into the tumor’s genetic and proteomic profile [35].

By analyzing exosomal miRNAs from body fluids such as blood, 
cerebrospinal fluid, or urine, clinicians can obtain valuable information 
about the current state of the glioma. Bioinformatics analysis and 
processing of this miRNA data can help identify specific miRNA 
signatures associated with treatment response, disease progression, 
and recurrence [36].

Systematic collection of exosomes from body fluids enables 
continuous, non-invasive monitoring of tumors, eliminating the 
need for invasive procedures like biopsies. This facilitates real-time 
assessment of treatment efficacy and early detection of changes in 
tumor behavior. By tracking changes in exosomal miRNA profiles, 
clinicians can evaluate the effectiveness of therapeutic interventions. 
A decrease in specific oncogenic miRNAs or an increase in tumor-
suppressive miRNAs may indicate a positive response to treatment. 
Additionally, certain miRNA signatures in exosomes can serve as 
prognostic biomarkers, aiding in predicting patient survival and 
the likelihood of tumor recurrence. For example, elevated levels of 
specific miRNAs associated with aggressive tumor behavior can signal 
a higher risk of recurrence.

Thus the integration of exosome-based miRNA analysis with 
advanced bioinformatics holds great potential for improving the 
management of glioma patients. This innovative approach can 
enhance our ability to evaluate treatment effects, predict survival 
outcomes, and identify early signs of tumor recurrence, ultimately 
leading to more effective and personalized therapeutic strategies.

Opportunities and Challenges

Standardizing and improving the methods for isolating and 
purifying exosomes from body fluids is essential to ensure consistency 
and reliability. Establishing standardized protocols for exosome 
handling, storage, and analysis will ensure reproducibility across 
different laboratories. It is also crucial to address the inherent 
heterogeneity of exosomes, which can vary greatly between patients 
and even within the same patient over time. Enhancing the sensitivity 
and specificity of detection techniques to accurately measure miRNAs 
within exosomes is vital. Conducting large-scale clinical studies is 
necessary to validate the prognostic utility of exosomal miRNAs 
in glioma. Additionally, gaining a deeper understanding of the 
biological functions and mechanisms of exosomal miRNAs in glioma 
progression and treatment response is imperative.

Conclusion and Future Perspectives

Exosomal miRNAs present a promising frontier in glioma 
diagnosis, prognosis, and treatment. Advancing non-invasive 
diagnostic methods using exosomal miRNAs can minimize the 
need for surgical biopsies, significantly improving patient comfort 
and outcomes. Utilizing these miRNA profiles for early detection 
of glioma recurrence holds the potential for timely interventions, 
thereby enhancing patient survival rates. Personalized treatment plans 
based on unique exosomal miRNA signatures can tailor therapies 
to individual patient needs, ensuring more effective and targeted 

treatment strategies. Routine profiling of exosomal miRNAs allows for 
real-time monitoring of disease progression and treatment response, 
providing continuous and up-to-date information on the patient’s 
condition.

Combining exosomal miRNA analysis with other biomarkers 
and imaging techniques can offer a more comprehensive approach 
to glioma management, integrating various data sources for a holistic 
understanding of the disease. Predictive models incorporating 
exosomal miRNA data can forecast disease recurrence, guiding 
follow-up care and improving long-term outcomes. Finally, leveraging 
bioinformatics and machine learning to analyze complex exosomal 
miRNA data will uncover new insights into glioma biology and 
treatment, driving the field forward and opening new avenues for 
research and clinical application. These advancements collectively 
highlight the transformative potential of exosomal miRNAs in the 
comprehensive management of glioma, paving the way for more 
precise, personalized, and effective cancer care.
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