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Abstract
EV produced by tumour cells carry a diverse population of proteins, lipids, DNA, and RNA molecules throughout the 
body and appear to play an important role in the overall development of the disease state, according to growing data. 
Gliomas account for a sizable fraction of all primary brain tumours and the vast majority of brain malignancies. Glioblas-
toma multiforme (GBM) is a kind of grade IV glioma that has a very dismal prognosis despite advancements in diagnostic 
methods and therapeutic options. The authors discuss advances in understanding the function of extracellular vesicles 
(EVs), in overall glioma growth, as well as how recent research is uncovering the utility of EVs in glioma diagnostics, 
prognostic and therapeutics approaches.
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1 Introduction

Malignant gliomas, particularly GBM, are the most fatal primary brain tumours due to their highly infiltrative development 
patterns, with an annual incidence of roughly 3/100,000 [1]. According to the 2016 WHO update, gliomas are classified 
as contained gliomas (WHO grade I) or diffusely infiltrating gliomas (WHO grade II–IV) based on their development 
pattern and the presence or absence of an isocitrate dehydrogenase (IDH) mutation [2]. Almost all GBM tumours return 
after surgery, radiotherapy, and chemotherapy, leaving patients with fewer treatment options and a poor prognosis. 
Difficulties in tracking therapy responses and tumour progression aggravate this aggressive cancer phenotype. As a 
result, biomarkers to diagnose and monitor disease burden and therapy responses in GBM patients in a safe, reliable, 
and timely way, particularly before clinically evident alterations, are urgently needed [3]. New histological, cellular, and 
genetic methods for characterising GBM are crucial because they will aid in the development of future treatments that 
are more specific to tumour cells.

EVs are natural nanoparticles produced from the membrane that are secreted by all cells via various pathways. They 
come from two separate subcellular membranes, the plasma membrane and endocytic membranes [4, 5]. They are highly 
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heterogeneous and can be divided into small EVs (also known as exosomes, with sizes of 100 or 200 nm) and large EVs 
(also known as microvesicles (MVs) or ectosomes, with sizes > 200 nm) according to the MISEV (Minimal Information for 
Studies of Extracellular Vesicles) 2018 guidelines [6]. Intraluminal vesicles are the antecedents of exosomes, which are 
formed inside cells by the internal budding of the membrane of endocytic cisternae during early endosome development 
(ILVs). ILVs clump together to form multivesicular endosomes or bodies (MVEs/MVBs), which are secreted and fuse with 
the cell membrane [7–9]. MVs, on the other hand, come from the plasma membrane’s extroversion, generating blebbing 
and release into the extracellular area [10] (Fig. 1). Exosomes that are larger than 200 nm and MVs that are smaller than 
200 nm exist. There are currently no unique markers that distinguish exosomes from other nanoscale vesicles, which 
could limit their specific identification in human fluids. Proteins (both soluble and as part of the EV membrane), nucleic 
acids, lipids, and metabolites make up EV cargo, which can be transported by EVs to local or distant cells. Tumor cells 
produce large amounts of EVs, whose cargo composition is altered as compared to their healthy counterpart. EVs have 
been related to the development of cancer because they deliver factors that control tumor progression processes such 
as cell proliferation, migration, invasion, angiogenesis, and chemoresistance and that are transferred in the cell-to-cell 
crosstalk within the tumour microenvironment components and between cell populations in distant organs [11–13]. 
In the past few years EVs have been considered as emerging component of the so-called liquid biopsy, a minimally 
invasive approach performed on bio-fluids to detect and quantify circulating cells or other cellular components includ-
ing EVs [14]. The profiling of the EV-cargo in the circulation of GBM patients has given impetus to their putative role as 
non-invasive cancer biomarkers [15]. In particular, the RNA profiles of EVs reveals that micro RNA (miRNAs) are highly 
enriched in these EVs and show different signatures between healthy subjects and cancer patients. This has the potential 
to introduce a groundbreaking approach in early diagnosis of cancer since circulating EV-miRNAs are stable and easily 
accessible biological molecules and their detection tend to reflect the pathophysiological state of the primary affected 
tissue. In addition, the use of blood/fluid specimens in the diagnostic routine presents some advantages: samples are 

Fig. 1  Example of protocol to isolate and purify EVs from conditioned cell culture media. Large EVs (macrovesicles, apoptotic bodies, and 
oncosomes) derive directly from the extrusion of plasma membranes. Small EVs (also called exosomes) are produced in the multivesicu-
lar bodies (MVBs) that are then secreted in the extracellular space, fusing with the plasma membrane. Density gradient ultracentrifugation 
protocol to isolate EVs involves centrifuging conditioned cell culture media at different speeds ranging from 300 to 10,000 g for 10–30 min, 
then ultra centrifuging at 100,000g for 3 h. The EV pellets are then ultracentrifuged for 18 h at 100,000g on an iodixanol gradient to be puri-
fied. The pellets containing purified EVs are then resuspended in PSB to be washed ultra centrifuging at 100,000g for 3 h
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easy to obtain without invasive procedures for the patients; molecules (e.g. miRNAs) that are incorporated into EVs to 
circulate in the blood maintain a highly stable form; samples can be stored thus preserving quality and reproducibility 
of the analysis; the costs are reduced and there is rising interest in using them as non-invasive indicators for disease 
diagnosis and disease recurrence monitoring.

Moreover, due to their lipid bilayer membrane, EVs can tolerate degrading environments, and, for this reason, they 
may be exploited to enhance the concentrations of drugs delivered to the target tumour site. Since some of the cargo 
constituents might underlie their cellular tropism, EVs could in theory be manipulated into highly selective drug vehicles, 
hence limiting side effects and toxicity on normal stroma cells in the brain microenvironment.

EV separation is achieved by different protocols [16]. Among them, density gradient ultracentrifugation, involves 
gradually centrifuging EV-containing liquid (conditioning cell culture medium or biofluids) at different speeds rang-
ing from 300 to 10,000 g for 10–30 min, then 100,000 g for 3 h. To be purified, the EV pellets are then placed onto an 
iodixanol gradient and centrifuged for 18 h at 100,000g. Finally, purified EV pellets are resuspended in PSB/washing and 
centrifuged at 100,000g for 3 h. After that, EVs are cleansed and separated (Fig. 1).

Thus, since EVs produced by GBM cells circulate in patients’ peripheral blood potentially carrying diagnostic molecules 
[17, 18], further research into the function of EVs in the formation of gliomas, as well as their potential use in diagnostic, 
prognostic, and therapeutic purposes, is required. As a result, the current study offers an overview of EVs biological 
composition, their possible involvement in glioma development, and their diagnostic, prognostic, and therapeutic value.

2  Classifications and complex mutation burdens of GBM

To ensure individualized brain tumour management, precise classification of the evolutionary pattern of GBM based on 
its cellular origin rather than histopathological criteria is required [19]. The elucidation of the mutational burdens of GBM 
has been highlighted and listed in The Cancer Genome Atlas (TCGA) project, where several mutations in oncogenes and 
tumour suppressor genes have been recorded. This will aid in resolving GBM’s high heterogeneity and highlighting the 
major pathways involved in its pathogenesis and progression [20].

The tumor protein p53 (TP53), phosphoinositide 3-kinases (PI3K), and retinoblastoma tumor suppressor protein 1 (Rb1) 
signaling pathways have all been shown to play important roles in GBM pathogenesis. Mutations in the aforementioned 
pathways increase the lifespan of GBM cells primarily by inhibiting apoptosis and increasing the cellular proliferation 
rate [21]. In 2016, the WHO established further improvements in the classifications of brain tumours, including GBM, in 
which phenotypic and genotypic diagnostic characteristics were integrated with the goal of improving the clinical and 
therapeutic outcomes of GBM [22]. The WHO classifies GBM into two types based on genetic and mutational makeup: 
primary and secondary. Primary GBM affects older patients and accounts for 90% of all GBMs. It is distinguished by 
overexpression of cellular receptors such as epidermal growth factor receptor (EGFR) and platelet derived growth factor 
receptor (PDGFR), deletion of Cyclin-dependent kinase inhibitor 2A/B (CDKN2A/B), mutations in phosphatase and tensin 
homolog (PTEN) genes, and mutations in TERT promoters. Secondary GBM is associated with other genetic changes such 
as isocitrate dehydrogenase 1 (IDH1) and TP53 mutations, methylation of the  O6-methylguanine-DNA methyltransferase 
(MGMT) promoter, and chromosome 19q loss. It has a better prognosis and is usually diagnosed at a younger age [20].

3  Role of EVs in GBM progression

3.1  EVs cargo can promote GBM progression

EVs have been studied extensively in the context of cancer progression in general and GBM in particular. GBM cell-EV 
cargo, has been demonstrated to carry a number of cancer-modulating effector oncoproteins, oncotranscripts, and 
microRNAs that are important in the formation and progression of GBM [23–25]. EVs secreted by GBM cells have been 
related to the transformation of normal brain cells into malignant GBM cells, as well as the production of a tumor-
friendly microenvironment by modifying the activity of surrounding stromal cells [26]. The cargo of GBM EVs is crucial 
in GBM proliferation and invasiveness, in that, for example, EVs, decorated with the L1 adhesion molecule ectodomain 
(L1CAM), released in the tumor microenvironment stimulate motility and invasion of GBM cells [27]. In addition to GBM 
tumour cells, the GBM microenvironment contains a subset of stem cells known as glioblastoma stem cells (GSCs). GSCs 
are unique in that, they can perform two functions, on the one hand, they release EVs, which contain cargo that have 
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protumorigenic effects on GBM cells. On the other hand, are target for EVs released by GBM cells within the microen-
vironment [28]. The constant flow of EVs to and from GSCs could contribute to GBM heterogeneity, which is a key hall-
mark of this tumour type [29]. The GBM EVs are also involved in trafficking several other molecules and receptors that 
have been shown to play crucial role in GBM proliferation and tumor aggressiveness. EVs are thought to be involved in 
PTEN-modulated trafficking, according to Putz et al. [30]. PTEN is a protein found in the nucleus and cytoplasm of cells 
that has been linked to cancer aggressiveness. Maintaining a tumor-free state necessitates PTEN-regulated intercellular 
trafficking via EVs. The Ndfip1 protein aids in the internalisation of PTEN-enriched EVs. Nedd4 family interacting protein 
1 (Ndfip1) is inhibited in GBM, which prevents PTEN from accumulating in the nucleus and hence enhances tumour cell 
survival and proliferation [31]. In addition, EGFRvIII, PDGFR, and HER2 (human epidermal growth factor receptor 2) are 
important underlying components in GBM proliferation. EVs containing these receptors deliver them to cells that lack 
this protein complex, promoting signaling pathways involved in cell proliferation, resulting in cancerogenic activity in 
previously unaffected cells [31].

3.2  Potential role of GBM EVs in induction of chemoresistance

Several studies have devoted to elucidating the potential mechanisms by which GBM cells become resistant to currently 
available pharmacological drugs. In this regard, it has been reported that GBM contains a small population of cancer 
stem cells known as GSCs, which have been shown to be resistant to pharmacological substances [32, 33]. EVs derived 
from GSCs have been shown to induce chemoresistance in recipient normal cells, primarily through the transfer of 
adenosine-producing enzymes, which increases the adenosine level in their cytoplasm. Elevated adenosine levels are 
required for the induction of chemoresistance, which is accomplished primarily through the action of the multidrug 
resistance protein 1 (MRP1) transporter [31]. Specific surface markers for GSCs, such as cluster differentiation 133 (CD133) 
and cluster differentiation 44 (CD44), have been found inside EVs derived from them, and thus represent promising 
biological chemoresistance markers [31].

The EVs are also implicated in reduction the level of pharmacological molecules inside the cells mainly through the 
release of drugs into the extracellular medium and modulating the expression of enzymes involved in drug metabolism 
and action. EVs formed as a result of temozolomide resistance GBM cells had a high level of MGMT and alkylpurine-DNA-
N-glycosylase (APNG), both of which counteract the DNA-damaging effects of alkylating substances [34].

3.3  GBM EVs and their role in enhancing the invasive ability of GBM cells

Another important area that has been linked to the roles of EVs in the progression and development of GBM is inva-
sion. GBM cells have been shown to invade surrounding tissues by extending membrane-derived extensions known as 
invadopodia, which degrade the surrounding matrix primarily through the release of proteolytic factors [35, 36]. Recent 
research has revealed that invadopodia are derived not only from GBM cells but also from their associated astrocytes, 
and that GBM EVs may modulate the astrocytes’ phenotype toward tumorigenicity or acquisition of GBM-supporting 
properties [37, 38]. A reciprocal role of activation between invadopodia and GBM EVs has been described, in which 
invadopodia stimulate EV release from GBM cells and EVs trigger invadopodia synthesis and maturation [39], primarily 
through the release of several proteins derived from GBM EVs such as Annexin A1 (ANXA1), integrin beta 1 (ITGB1), and 
actin-related protein 3 (ACTR3) [28].

3.4  GBM EVs and angiogenesis

As previously stated, the presence of GSCs is a key factor that contributes to the invasiveness and chemoresistance 
properties of GBM [24]. GSCs have been discovered to be strategically placed near vascular niches. This would allow the 
GSC to be sustained by an adequate supply of oxygenated blood while delivering a slew of proangiogenic factors that 
stimulate angiogenesis [24, 26]. Furthermore, GBM-derived EVs have been found to be rich in several pro-angiogenic 
factors including vascular endothelial growth factor (VEGF), transforming growth factor beta 1 (TGF-β1), C-X-C chemokine 
receptor type 4 (CXCR4), plasminogen activator and proteases [31]. The pro-angiogenic VEGF released by GSCs and 
transported by GBM-derived EVs increases the aggressive nature of GBM [31]. Other GBM EVs-derived substances such 
as TGF-β1, are important in glioma extracellular matrix modification and remodeling, as well as increasing the prolifera-
tive potential of glioma-associated endothelial cells [40]. GBM cell proliferation, VEGF synthesis, and endothelial tube 
formation are all stimulated by CXCR4 generated from GBM EVs, and the C-X-C Motif Chemokine Ligand 12 (CXCL12) 
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ligand enables reciprocal communication between GBM and endothelial cells [31, 41]. Induction and activation of angio-
genesis require additional factors such as plasminogen activator representatives and matrix-metalloproteinase [40]. 
MicroRNA 21 (MiR21)-enriched EVs activate the VEGF pathway and increase endothelial cell proliferation [42], whereas 
miR-1-rich EVs reduce the pro-angiogenic impact and thereby limit GBM-associated angiogenesis [31]. Other factors, 
such as semaphorin-3A, a pro-permeability factor, enhance vascular permeability in GBM [43].

3.5  Role of EV‑associated microRNA in GBM progression

Micro-RNAs (also called miR or miRNA) are single-stranded RNAs with a short sequence that regulate gene expression 
that were discovered in GBM-derived EVs. They interact with signaling pathways involved in cell viability and the cellular 
life cycle to increase the viability of tumour cells [44]. Several miRs (miR-21, miR-29a, miR-221, and miR-222) have been 
implicated in enhancing tumour cell proliferation and blocking apoptosis in GBM cells, according to in vitro studies 
and microarray analysis [31]. Other molecules found within GBM-derived EVs, such as miR-451, help glioma cells adapt 
to metabolic stress [45]. Hypoxia-induced EVs also aid GBM invasion and migration by altering the extracellular matrix 
structure and interacting with neighboring cells via the proteins they carry [46]. (Table 1).

Nonetheless, miR-451 has a distinctive function that is greatly influenced by the metabolic state of the environment. 
Its overexpression causes the calcium binding Protein 39 / Liver kinase B1/AMP-activated protein kinase (CAB39/LKB1/
AMPK) pathway to be repressed, which enhances the rate of cancer cell proliferation [44]. Another plausible mechanism 
under investigation is if decreasing miR-451 promotes AMPK activity, which could provide an alternate explanation for 
GBM’s strong invasive capacity [44] (Table 1).

According to Van der Vos et al. EVs generated by GBMs cause a remodeling of both the cytoskeleton and the inflamma-
tory characteristics of monocytes, which increases immunological tolerance to the tumour [47], whereas EVs generated 
by GBMs cause a remodeling of both the cytoskeleton and the inflammatory characteristics of monocytes, according to 
Gabrusiewicz et al. [48] who found that this enhances immunological function. The reversal of this process, which requires 
loading anti-sense miR nucleotides into EVs to target GBM cells and convert their phenotype to chemo sensitive [31], 
could give researchers with a wealth of new data on chemoresistance-inducing miR. Kir4.1 expression is suppressed by 
MiR-5096, which is present in GBM-derived EVs, resulting in increased filopodia outgrowth. It also promotes the produc-
tion of more EVs, which increases their transfer to neighboring cells and speeds up GBM invasion. EVs and invadopodia 
have a mutual and synergistic interaction, according to Hoshino et al. [39]: whereas invadopodia stimulate EV release, 
EVs play a significant role in invadopodia creation and maturation.

3.6  Role of EV in modulation GBM microenvironment and immune response

GBM, as previously stated, uses a variety of communication methods to hijack the basic activities of non-tumoural cells 
in order to support tumour invasion, with the generation of EVs being one of the most important. Innate immune system 
cells such as microglia, monocytes, and macrophages are among the most common cells in the GBM microenvironment, 
and tumor-associated macrophages (TAMs) are made up of them.

The GBM microenvironment is made up of tumour cells, immune cells (such as monocytes, macrophages, and T cells), 
GSCs, endothelial cells, neurons, astrocytes, and oligodendrocytes, as well as extracellular matrix components [49].

De Vrij et al. [50] recently demonstrated that EVs derived from GBM can alter the TAM phenotype from pro- to anti-
inflammatory, hence promoting tumour growth. M1 macrophages are transformed into M2 macrophages by GBM-
released EVs, which are incapable of killing invading tumour cells but can protect tissue integrity [51]. They also prevent 
monocytes from converting into immunologically active macrophages [31]. EVs also boost macrophage phagocytic 
activity, which leads to extracellular matrix degradation and tumour cell movement [28].

Patients with GBM have a weaker immunological response, which is reflected in changes in the circulating lymphocyte 
ratio and immune modulation via an aberrant T helper type 2 lymphocyte (Th2) pathway. While T helper (CD4 +) cells are 
in lower numbers than in the general population, lymphocyte regulators are in high numbers, resulting in insufficient cell 
immunity [31]. T helper type 1 lymphocyte (Th1) is in charge of the general anti-tumour immune response. Both cytokines 
and EVs, on the other hand, generate a Th2 immune response in GBM patients, which promotes M2 macrophages to 
release anti-inflammatory molecules, hence promoting GBM formation [31].

T-cell function is further suppressed by check point molecules carried by EVs that compromise anti-cancer immu-
nity, such as programmed death-ligand 1 (PD-L1) [52]. The PD-1 protein protects against autoimmunity by keeping the 
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immune system in check. GBM cells induce PD-L1 secretion and activation of PD-1–PD-L1 pathway in microglia, which 
results in the inhibition of T cell proliferation and activation and subsequent downmodulation of immunological assaults 
on tumour cells [53]. According to Domenis et al., the suppression of T-cell immune response by GSC-secreted EVs is 
mediated by monocytic myeloid-derived suppressor cells (Mo-MDSC) [54]. In addition, Huang et al. [55] discovered that 
tenascin C, an important component of the extracellular matrix, plays an important role in GBM by maintaining GSC 
stemness and preventing T cell activation and migration [56]. Surprisingly, the size of a tumour has an impact on T cell 
immunology. According to Brooks et al. [57], T lymphocyte mitotic capability is recovered after GBM surgical excision, 
but it is reduced if the tumour recurs.

4  Potential diagnostic role of GBM EVs

The essential features that characterize a good diagnostic marker are bioavailability, ease of isolation, and the ability to 
consistently convey vital information about the illness status. It’s no surprise, then, that tumor-derived EVs have gotten 
a lot of attention as a potential diagnostic tool in the last decade, because they essentially act as nano-scaled parcels 
containing a variety of molecules, some of which have already been shown to have great diagnostic potential, but which 
lack one or both of the first two criteria mentioned above. Non-invasive or minimally invasive diagnostics have a number 
of advantages over invasive diagnostic methods, including speed, cost, and patient acceptability. EVs, for example, have 
been discovered in breast milk, plasma, cerebrospinal fluid (CSF), urine, and saliva, among other physiological fluids [17, 
58–60]. Advances in EV isolation [61] have suggested that EVs could be used as a new minimally invasive diagnostic 
tool. The reason for using EVs for GBM and other tumour diagnostics can be attributed mostly to their distinct protein 
and nucleic acid payloads, which are specific to the tumour cells from which they are separated and can be employed 
as biomarkers for disease diagnosis.

Glioma initiation and progression have been linked to miRNAs, which are small noncoding RNA species that influence 
gene expression at the posttranscriptional level [62]. The miRNA that has been targeted for diagnostic purposes is a major 
component of the GBM EV cargo. miRNAs appear to have taken the lead in diagnostic research. In this regard, cancer 
cells’ EVs have been identified as major carriers of oncogenic miRNAs [63]. Quantification of miRNA levels in human saliva 
and serum samples revealed that the majority of these miRNAs are present as exosomal cargo [64]. MiRNA sequestration 
within EVs has been discovered to be critical for their preservation by nuclease degradation in the blood and other body 
fluids [65]. The EV-contained miR-21was one of the first miRNAs to be indicated for GBM patients diagnostic purposes [66].

At the level of protein biomarkers for GBM EVs, the EGFRvIII (the most common oncogenic variant of the receptor for 
GBM) has been demonstrated in EVs, including EVs generated by glioma cells, and cell lines transfected with EGFRvIII 
[67]. EVs produced by cells that expressed the mutant receptor, as well as EVs detected in GBM patients’ serum, all had 
the mutant receptor on their surfaces [68]. In glioma cell lines, HSPs such as HSP60, HSP70, and HSP90 have been linked 
to a variety of pathways involved in cell proliferation, survival, invasiveness, and migration. HSPs have been reported to 
be carried as a continuous cargo by EVs and other EVs. As a result, EVs derived from glioma cells with a high concentra-
tion of HSPs have a strong diagnostic potential [69].

5  Potential use of EVs for GBM therapy

There are still certain roadblocks in the current GBM treatment that are preventing the creation of a successful therapeu-
tic strategy. Surgery, radiation therapy, and temozolomide (TMZ) chemotherapy are currently the primary treatments 
for GBM [70]. Unfortunately, the surviving tumour cells begin to overexpress MGMT over time, conferring a high level 
of resistance to TMZ. While the usual GBM therapy protocol may help to enhance patients’ disease-free survival, overall 
patient survival is not considerably improved [71]. The use of MGMT inhibitors is one potential way to combat TMZ 
increasing resistance; however, the high risk of disrupting the DNA repair machinery in healthy cells has prevented their 
widespread usage [72]. The use of antiangiogenic medications like bevacizumab in combination with TMZ has resulted 
in a longer period of disease-free time [72]. The presence of multiple resistance mechanisms, the invasive nature of GBM 
tumor cells, their genetic heterogeneity, and the presence of the blood–brain barrier are the most critical factors found 
to diminish the efficacy of the currently standard therapy strategy for GBM [73–75].

Nanocarriers or tumour targeting vesicles have recently been developed for effective and targeted drug delivery to 
tumour sites [76, 77]. Despite the fact that nanocarriers have been shown to be successful for targeted therapy and in 
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crossing the BBB [78], the artificial nature of nanoparticles and their lack of biocompatibility with tumour and healthy 
tissues pose a significant risk to their use in human cancer therapy [79]. The risk associated with the use of synthetic 
nanocarriers have prompted oncologists to look for an alternative carrier that can not only deliver targeted therapy and 
cross the BBB, but also has a high level of biocompatibility. Natural derived EVs appear suitable for this purpose. The 
capacity of EVs to penetrate deeply into tissues, have a long circulation half-life, evade the immune system, and target 
specific tumour cell subtypes clearly qualifies them as a valid alternative to synthetic, non-biocompatible nanoparticle 
drug delivery systems [80].

The unique structure of EVs, which consists of a hydrophobic outer shell and a hydrophilic aqueous interior, makes 
them ideal for delivering diverse cargoes to tumour cells. EVs containing specified cargo have been shown to be uploaded 
using both passive (incubation) and active (electroporation) delivery methods. While active approaches tend to be more 
efficient in terms of loading efficiency, they may be associated with a higher risk of compromising the integrity of EV 
membranes [81].

EVs can be pay loaded with different compounds including peptides, small molecules, and siRNAs, among other 
therapeutic agents. Incorporation of drugs like TMZ into EVs has been shown to improve its effectiveness in targeting 
GBM cells. This could protect against TMZ resistance, which has been shown to be caused by Pglycoprotein (Pgp) over-
expression [82]. EV-based drug delivery appears to be able to bypass the Pgp drug efflux pump (precise mechanism 
uncertain), thus lowering the required dosage of the drug [83].

The capacity of EVs to specifically engage with target cells once delivered into the body is one essential features for 
effective targeting of specific cell types, including tumour cells. EVs from zebra fish brain endothelial cells payloaded with 
paclitaxel and doxorubicin have been demonstrated to not only cross the blood brain barrier (BBB), but also to target 
GBM cells with high specificity [84].

Several ways have been implemented to boost the selectivity of EVs in targeting tumour or diseased cells. EVs derived 
from patient-specific tumour cells (Fig. 2) were discovered to have a natural inclination to target tumour cell types [84]. 
Although, in order to establish this paradigm, more research will be required. EV target specificity has been found to 
be considerably improved when EVs are engineered to express specific targeting proteins on their surface during EV 
synthesis. EVs with rabies virus glycoprotein (RVG)–LAMP2B fusion proteins on their surfaces were able to traverse the 
BBB and target acetylcholine receptor-expressing brain cells [85]. The production of genetically modified cells that can 
produce a specific set of EVs that can be used to target a specific disease such as Parkinson’s disease has been the focus 
of recent research on the use of EVs for therapeutic reasons [86].

Fig. 2  Self-derived GBM 
EVs for therapeutic applica-
tions. EVs are extracted from 
patient blood. EVs could be 
engineered to express tissue-
specific protein. Diverse cargo, 
such as miRNA, antagomir, 
siRNA, and drugs, can be pay 
loaded in the EVs. Following 
standardizing protocols and 
quality controls, EVs could 
be administrated to GBM 
patients to target GBM cancer 
cells
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EVs could be developed to act as a potential glioma vaccination, in addition to its usefulness as a medication delivery 
vehicle. Because EVs originating from individual tumour cells display the same tumour antigen specific for that tumour, 
providing such tumor-specific EVs can activate dendritic cells (DCs), which can then activate CD8 + T cells’ antitumor 
potential [87]. When tumour peptide-containing EVs were treated with DCs, they were found to increase CD8 + T cell 
activity and decrease tumour progression [88].

The presence of major histocompatibility complex-1 (MHC-1) molecules on the surface of patient-derived EVs may 
imply the feasibility of using patients-specific EVs as a prospective treatment method for various tumours, including 
glioma. MHC-1 is the main immunogenic factor responsible for auto-recognition by the host immune system. As a 
result, it’s believed that using patient-specific EVs for therapeutic purposes will result in minimal or no immunological 
response [89].

EVs are a two-pronged system: in some cases, they can be employed to treat tumour cells, but in others, they can 
aid in the progression of cancer. Based on this knowledge, numerous techniques have been developed with the goal 
of suppressing or removing EVs from the circulation of patients. EV release pathways have been found to be activated 
by elevated  Ca2 + ions in a number of cancer cell lines, which is then activated by specific protein receptors and binding 
proteins like Munc 13-4, a  Ca2 + dependent soluble Nethylmaleimide–sensitive factor attachment protein (SNAP) receptor 
and Rab binding protein. As a result, reduction of mammalian uncoordinated 13-4 (Munc 13-4) would allow oncogenic 
EV secretion to be suppressed [90]. Lastly, technologies have also been developed that allow EVs to be filtered from the 
patient’s complete circulatory system. Using EV-binding lectins and antibodies, rapid extracorporeal capture and pres-
ervation of selected vesicles from the systemic circulation is possible [91].

6  Conclusions

The discovery of EVs’ distinctive structure, various cargo components, potential roles in cancer progression, and modu-
lation of many molecular signaling pathways is presently a hot study topic in the field of cancer theragnostics. EVs are 
a one-of-a-kind, highly efficient inter- and intracellular communication system that is involved in the transmission of 
a variety of physiologically active compounds that are known to play critical roles in not just health but also the onset 
of numerous diseases, including cancer. EVs are involved in an elaborated mechanism of communication, membrane 
trafficking, and movement of nucleic acids, oncogenic, and immunological modulatory substances between the many 
cellular components of the tumour cell and the surrounding stroma in a heterogeneous GBM environment. Despite 
the promising roles of EVs as potential diagnostic and therapeutic modality for GBM, currently few studies have been 
devoted to evaluating their potential theragnostic roles for GBM at the clinical level. Even though the involvement of 
EVs in the progression of GBM has been extensively recognized, there are still significant impediments to EV utilization 
for diagnostic and therapeutic purposes in GBM. Isolation, subtyping, enrichment, cargo loading, and imparting target 
specificity to EVs are all examples. Overcoming these barriers will pave the way for EV-based medicines to become a 
routine modality of treatment for glioma patients in the future.

Acknowledgements We used Biorender for designing the figures.

Author contributions HEM wrote the manuscript, and designed Figs. 1 and 2 using Biorender. AA revised the introduction. NA revised Sect. 2 
about classifications and complex mutation burdens of GBM. AH and TC revised Sect. 3 about role of EVs in GBM progression. SC and GS revised 
the figures. IC, ID revised Sect. 4 about potential diagnostic role of GBM EVs. CC revised Sect. 5 about potential use of EVs for GBM Therapy. 
All authors read and approved the final manuscript.

Funding Not applicable.

Data availability All data are available in the manuscript.

Declarations 

Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Competing interests The authors have nothing to declare regarding this manuscript. The authors declare no competing interests.



Vol:.(1234567890)

Review Discover Oncology           (2022) 13:49  | https://doi.org/10.1007/s12672-022-00514-0

1 3

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394–424.

 2. Louis D, Perry A, Reifenberger G, von Deimling A, Figarella D, Branger WKC, Ohgaki H, Wiestler OD, Kleihues P, Ellison DW. The World Health 
Organization classification of tumors of the central nervous system: a summary David. Acta Neuropathol. 2016. https:// doi. org/ 10. 1007/ 
s00401- 016- 1545-1.

 3. Ebrahimkhani S, Vafaee F, Hallal S, Wei H, Lee MYT, Young PE, et al. Deep sequencing of circulating exosomal microRNA allows non-invasive 
glioblastoma diagnosis. NPJ Precis Oncol. 2018;2(1):1–9.

 4. Exosomes MJ. Ectosomes in intercellular communication. Curr Biol. 2018;28(8):R435–44.
 5. Russell AE, Sneider A, Witwer KW, Bergese P, Bhattacharyya SN, Cocks A, et al. Biological membranes in EV biogenesis, stability, uptake, 

and cargo transfer: an ISEV position paper arising from the ISEV membranes and EVs workshop. J Extracell Vesicles. 2019;8(1):1684862.
 6. Thery C, Witwer K, Aikawa E, Alcaraz M, Anderson J, Andriantsitohaina R, et al. Minimal information for studies of extracellular vesicles. J 

Extracell Vesicles. 2018. https:// doi. org/ 10. 1080/ 20013 078. 2018. 15357 50.
 7. Bhattacharyya K, Mukherjee S. Fluorescent metal nano-clusters as next generation fluorescent probes for cell imaging and drug delivery. 

Bull Chem Soc Jpn. 2018;91(3):447–54.
 8. Helenius A. Endosome maturation. EMBO J. 2011;30(17):3481–500.
 9. D’Souza-Schorey C, Schorey JS. Regulation and mechanisms of extracellular vesicle biogenesis and secretion. Essays Biochem. 

2018;62(2):125–33.
 10. Stahl PD, Raposo G. Extracellular vesicles: exosomes and microvesicles, integrators of homeostasis. Physiology. 2019. https:// doi. org/ 10. 

1152/ physi ol. 00045. 2018.
 11. Van der Pol E, Böing AN, Harrison P, Sturk A, Nieuwland R. Classification, functions, and clinical relevance of extracellular vesicles. Phar-

macol Rev. 2012;64(3):676–705.
 12. Yáñez-Mó M, Siljander PR-M, Andreu Z, Bedina Zavec A, Borràs FE, Buzas EI, et al. Biological properties of extracellular vesicles and their 

physiological functions. J Extracell Vesicles. 2015;4(1):27066.
 13. Bebelman MP, Smit MJ, Pegtel DM, Baglio SR. Biogenesis and function of extracellular vesicles in cancer. Pharmacol Ther. 2018;188:1–11.
 14. Palmirotta R, Lovero D, Cafforio P, Felici C, Mannavola F, Pellè E, et al. Liquid biopsy of cancer: a multimodal diagnostic tool in clinical 

oncology. Ther Adv Med Oncol. 2018;10:1758835918794630.
 15. Tabibkhooei A, Izadpanahi M, Arab A, Zare-Mirzaei A, Minaeian S, Rostami A, et al. Profiling of novel circulating microRNAs as a non-

invasive biomarker in diagnosis and follow-up of high and low-grade gliomas. Clin Neurol Neurosurg. 2020;190: 105652.
 16. Sidhom K, Obi PO, Saleem A. A review of exosomal isolation methods: is size exclusion chromatography the best option? Int J Mol Sci. 

2020;21(18):6466.
 17. Skog J, Würdinger T, Van Rijn S, Meijer DH, Gainche L, Curry WT, et al. Glioblastoma microvesicles transport RNA and proteins that promote 

tumour growth and provide diagnostic biomarkers. Nat Cell Biol. 2008;10(12):1470–6.
 18. Ratajczak MZ, Ratajczak J. Horizontal transfer of RNA and proteins between cells by extracellular microvesicles: 14 years later. Clin Transl 

Med. 2016;5(1):1–8.
 19. Lee E, Yong RL, Paddison P, Zhu J. Comparison of glioblastoma (GBM) molecular classification methods. Semin Cancer Biol. 2018. https:// 

doi. org/ 10. 1016/j. semca ncer. 2018. 07. 006.
 20. Montemurro N. Glioblastoma multiforme and genetic mutations: the issue is not over yet. An overview of the current literature. J Neurol 

Surg Part A. 2020;81(01):064–70.
 21. Davis ME. Glioblastoma: overview of disease and treatment. Clin J Oncol Nurs. 2016;20(5):S2.
 22. Merve A, Millner TO, Marino S. Integrated phenotype–genotype approach in diagnosis and classification of common central nervous 

system tumours. Histopathology. 2019;75(3):299–311.
 23. Whitehead CA, Kaye AH, Drummond KJ, Widodo SS, Mantamadiotis T, Vella LJ, et al. Extracellular vesicles and their role in glioblastoma. 

Crit Rev Clin Lab Sci. 2020;57(4):227–52.
 24. Basu B, Ghosh MK. Extracellular vesicles in glioma: from diagnosis to therapy. BioEssays. 2019;41(7):1800245.
 25. Kros JM, Mustafa DM, Dekker LJ, Sillevis Smitt PA, Luider TM, Zheng P-P. Circulating glioma biomarkers. Neuro Oncol. 2015;17(3):343–60.
 26. Cheng J, Meng J, Zhu L, Peng Y. Exosomal noncoding RNAs in Glioma: biological functions and potential clinical applications. Mol Cancer. 

2020;19(1):1–14.
 27. Pace KR, Dutt R, Galileo DS. Exosomal L1CAM stimulates glioblastoma cell motility, proliferation, and invasiveness. Int J Mol Sci. 

2019;20(16):3982.
 28. Matarredona ER, Pastor AM. Extracellular vesicle-mediated communication between the glioblastoma and its microenvironment. Cells. 

2020;9(1):96.
 29. Ricklefs F, Mineo M, Rooj AK, Nakano I, Charest A, Weissleder R, et al. Extracellular vesicles from high-grade glioma exchange diverse 

pro-oncogenic signals that maintain intratumoral heterogeneity. Can Res. 2016;76(10):2876–81.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1080/20013078.2018.1535750
https://doi.org/10.1152/physiol.00045.2018
https://doi.org/10.1152/physiol.00045.2018
https://doi.org/10.1016/j.semcancer.2018.07.006
https://doi.org/10.1016/j.semcancer.2018.07.006


Vol.:(0123456789)

Discover Oncology           (2022) 13:49  | https://doi.org/10.1007/s12672-022-00514-0 Review

1 3

 30. Putz U, Howitt J, Doan A, Goh C-P, Low L-H, Silke J, et al. The tumor suppressor PTEN is exported in exosomes and has phosphatase activity 
in recipient cells. Sci Signal. 2012;5(243):70.

 31. Quezada C, Torres Á, Niechi I, Uribe D, Contreras-Duarte S, Toledo F, et al. Role of extracellular vesicles in glioma progression. Mol Aspects 
Med. 2018;60:38–51.

 32. Bălașa A, Șerban G, Chinezu R, Hurghiș C, Tămaș F, Manu D. The involvement of exosomes in glioblastoma development, diagnosis, 
prognosis, and treatment. Brain Sci. 2020;10(8):553.

 33. Uribe D, Torres Á, Rocha JD, Niechi I, Oyarzún C, Sobrevia L, et al. Multidrug resistance in glioblastoma stem-like cells: role of the hypoxic 
microenvironment and adenosine signaling. Mol Aspects Med. 2017;55:140–51.

 34. Shao H, Chung J, Lee K, Balaj L, Min C, Carter BS, et al. Chip-based analysis of exosomal mRNA mediating drug resistance in glioblastoma. 
Nat Commun. 2015;6(1):1–9.

 35. Gourlay J, Morokoff A, Luwor R, Zhu H-J, Kaye A, Stylli S. The emergent role of exosomes in glioma. J Clin Neurosci. 2017;35:13–23.
 36. Mallawaaratchy DM, Hallal S, Russell B, Ly L, Ebrahimkhani S, Wei H, et al. Comprehensive proteome profiling of glioblastoma-derived 

extracellular vesicles identifies markers for more aggressive disease. J Neurooncol. 2017;131(2):233–44.
 37. Oushy S, Hellwinkel JE, Wang M, Nguyen GJ, Gunaydin D, Harland TA, et al. Glioblastoma multiforme-derived extracellular vesicles drive 

normal astrocytes towards a tumour-enhancing phenotype. Phil Trans R Soc B. 2018;373(1737):20160477.
 38. Hallal S, Mallawaaratchy D, Wei H, Ebrahimkhani S, Stringer B, Day B, et al. Extracellular vesicles released by glioblastoma cells stimulate 

normal astrocytes to acquire a tumor-supportive phenotype via p53 and MYC signaling pathways. Mol Neurobiol. 2019;56(6):4566–81.
 39. Hoshino D, Kirkbride KC, Costello K, Clark ES, Sinha S, Grega-Larson N, et al. Exosome secretion is enhanced by invadopodia and drives 

invasive behavior. Cell Rep. 2013;5(5):1159–68.
 40. Giusti I, Delle Monache S, Di Francesco M, Sanità P, D’Ascenzo S, Gravina GL, et al. From glioblastoma to endothelial cells through extracel-

lular vesicles: messages for angiogenesis. Tumor Biol. 2016;37(9):12743–53.
 41. Ping YF, Yao XH, Jiang JY, Zhao LT, Yu SC, Jiang T, et al. The chemokine CXCL12 and its receptor CXCR4 promote glioma stem cell-mediated 

VEGF production and tumour angiogenesis via PI3K/AKT signalling. J Pathol. 2011;224(3):344–54.
 42. Vallée A, Guillevin R, Vallée J-N. Vasculogenesis and angiogenesis initiation under normoxic conditions through Wnt/β-catenin pathway 

in gliomas. Rev Neurosci. 2018;29(1):71–91.
 43. Treps L, Edmond S, Harford-Wright E, Galan-Moya E, Schmitt A, Azzi S, et al. Extracellular vesicle-transported Semaphorin3A promotes 

vascular permeability in glioblastoma. Oncogene. 2016;35(20):2615–23.
 44. Zhao K, Wang L, Li T, Zhu M, Zhang C, Chen L, et al. The role of miR-451 in the switching between proliferation and migration in malignant 

glioma cells: AMPK signaling, mTOR modulation and Rac1 activation required. Int J Oncol. 2017;50(6):1989–99.
 45. Godlewski J, Nowicki MO, Bronisz A, Nuovo G, Palatini J, De Lay M, et al. MicroRNA-451 regulates LKB1/AMPK signaling and allows adapta-

tion to metabolic stress in glioma cells. Mol Cell. 2010;37(5):620–32.
 46. Kucharzewska P, Christianson HC, Welch JE, Svensson KJ, Fredlund E, Ringnér M, et al. Exosomes reflect the hypoxic status of glioma cells 

and mediate hypoxia-dependent activation of vascular cells during tumor development. Proc Natl Acad Sci. 2013;110(18):7312–7.
 47. van der Vos KE, Abels ER, Zhang X, Lai C, Carrizosa E, Oakley D, et al. Directly visualized glioblastoma-derived extracellular vesicles transfer 

RNA to microglia/macrophages in the brain. Neuro Oncol. 2015;18(1):58–69.
 48. Gabrusiewicz K, Rodriguez B, Wei J, Hashimoto Y, Healy LM, Maiti SN, et al. Glioblastoma-infiltrated innate immune cells resemble M0 

macrophage phenotype. JCI Insight. 2016. https:// doi. org/ 10. 1172/ jci. insig ht. 85841.
 49. Broekman ML, Maas SL, Abels ER, Mempel TR, Krichevsky AM, Breakefield XO. Multidimensional communication in the microenvirons of 

glioblastoma. Nat Rev Neurol. 2018;14(8):482–95.
 50. de Vrij J, Maas SN, Kwappenberg KM, Schnoor R, Kleijn A, Dekker L, et al. Glioblastoma-derived extracellular vesicles modify the phenotype 

of monocytic cells. Int J Cancer. 2015;137(7):1630–42.
 51. Mills CD, Ley K. M1 and M2 macrophages: the chicken and the egg of immunity. J Innate Immun. 2014;6(6):716–26.
 52. Grimaldi A, Serpe C, Chece G, Nigro V, Sarra A, Ruzicka B, et al. Microglia-derived microvesicles affect microglia phenotype in glioma. 

Front Cell Neurosci. 2019;13:41.
 53. Litak J, Mazurek M, Grochowski C, Kamieniak P, Roliński J. PD-L1/PD-1 axis in glioblastoma multiforme. Int J Mol Sci. 2019;20(21):5347.
 54. Domenis R, Cesselli D, Toffoletto B, Bourkoula E, Caponnetto F, Manini I, et al. Systemic T cells immunosuppression of glioma stem cell-

derived exosomes is mediated by monocytic myeloid-derived suppressor cells. PLoS ONE. 2017;12(1): e0169932.
 55. Huang J-Y, Cheng Y-J, Lin Y-P, Lin H-C, Su C-C, Juliano R, et al. Extracellular matrix of glioblastoma inhibits polarization and transmigration 

of T cells: the role of tenascin-C in immune suppression. J Immunol. 2010;185(3):1450–9.
 56. Mirzaei R, Sarkar S, Dzikowski L, Rawji KS, Khan L, Faissner A, et al. Brain tumor-initiating cells export tenascin-C associated with exosomes 

to suppress T cell activity. Milton Park: Taylor & Francis; 2018. p. e1478647.
 57. Brooks WH, Latta RB, Mahaley MS, Roszman TL, Dudka L, Skaggs C. Immunobiology of primary intracranial tumors: part 5: correlation of 

a lymphocyte index and clinical status. J Neurosurg. 1981;54(3):331–7.
 58. Pisitkun T, Shen R-F, Knepper MA. Identification and proteomic profiling of exosomes in human urine. Proc Natl Acad Sci. 

2004;101(36):13368–73.
 59. Keller S, Ridinger J, Rupp A-K, Janssen JW, Altevogt P. Body fluid derived exosomes as a novel template for clinical diagnostics. J Transl 

Med. 2011;9(1):1–9.
 60. Lässer C, Seyed Alikhani V, Ekström K, Eldh M, Torregrosa Paredes P, Bossios A, et al. Human saliva, plasma and breast milk exosomes 

contain RNA: uptake by macrophages. J Transl Med. 2011;9(1):1–8.
 61. Knepper PS, Star RA. Rapid isolation of urinary exosomal biomarkers using. Am J Physiol Renal Physiol. 2007;292:F1657–61.
 62. Palumbo S, Miracco C, Pirtoli L, Comincini S. Emerging roles of microRNA in modulating cell-death processes in malignant glioma. J Cell 

Physiol. 2014;229(3):277–86.
 63. Salido-Guadarrama I, Romero-Cordoba S, Peralta-Zaragoza O, Hidalgo-Miranda A, Rodriguez-Dorantes M. MicroRNAs transported by 

exosomes in body fluids as mediators of intercellular communication in cancer. Onco Targets Ther. 2014;7:1327.
 64. Gallo A, Tandon M, Alevizos I, Illei GG. The majority of microRNAs detectable in serum and saliva is concentrated in exosomes. PLoS ONE. 

2012;7(3): e30679.

https://doi.org/10.1172/jci.insight.85841


Vol:.(1234567890)

Review Discover Oncology           (2022) 13:49  | https://doi.org/10.1007/s12672-022-00514-0

1 3

 65. Cheng L, Sharples RA, Scicluna BJ, Hill AF. Exosomes provide a protective and enriched source of miRNA for biomarker profiling compared 
to intracellular and cell-free blood. J Extracell Vesicles. 2014;3(1):23743.

 66. Akers JC, Ramakrishnan V, Kim R, Skog J, Nakano I, Pingle S, et al. MiR-21 in the extracellular vesicles (EVs) of cerebrospinal fluid (CSF): a 
platform for glioblastoma biomarker development. PLoS ONE. 2013;8(10): e78115.

 67. Al Nedawi K, Meehan B, Micallef J, Lhotak V, May L, Guha A, et al. Montreal Children’s Hospital Research Institute, “Intercellular transfer of 
the oncogenic receptor EGFRvIII by microvesicles derived from tumour cells.” Nat Cell Biol. 2008;10(5):619–24.

 68. Graner MW, Alzate O, Dechkovskaia AM, Keene JD, Sampson JH, Mitchell DA, et al. Proteomic and immunologic analyses of brain tumor 
exosomes. FASEB J. 2009;23(5):1541–57.

 69. Caruso Bavisotto C, Graziano F, Rappa F, Marino Gammazza A, Logozzi M, Fais S, et al. Exosomal chaperones and miRNAs in gliomagenesis: 
state-of-art and theranostics perspectives. Int J Mol Sci. 2018;19(9):2626.

 70. Fernandes C, Costa A, Osório L, Lago RC, Linhares P, Carvalho B, et al. Current standards of care in glioblastoma therapy. Australia: Exon 
Publications; 2017. p. 197–241.

 71. Yu T, Wang X, Zhi T, Zhang J, Wang Y, Nie E, et al. Delivery of MGMT mRNA to glioma cells by reactive astrocyte-derived exosomes confers 
a temozolomide resistance phenotype. Cancer Lett. 2018;433:210–20.

 72. Bobustuc G, Donohoe D, Bosenko D, Rovin R, Kassam A, Konduri S. EXTH-24. MGMT inhibition by disulfiram/copper complex restores 
veliparib enhancing temozolomide effect in unfavorable glioblastoma multiforme. Neuro-Oncology. 2017;19(Suppl 6):vi77.

 73. Omuro A, DeAngelis LM. Glioblastoma and other malignant gliomas: a clinical review. JAMA. 2013;310(17):1842–50.
 74. Phillips HS, Kharbanda S, Chen R, Forrest WF, Soriano RH, Wu TD, et al. Molecular subclasses of high-grade glioma predict prognosis, 

delineate a pattern of disease progression, and resemble stages in neurogenesis. Cancer Cell. 2006;9(3):157–73.
 75. Kim S-S, Harford JB, Pirollo KF, Chang EH. Effective treatment of glioblastoma requires crossing the blood–brain barrier and targeting 

tumors including cancer stem cells: the promise of nanomedicine. Biochem Biophys Res Commun. 2015;468(3):485–9.
 76. Datta B, Paul D, Pal U, Rakshit T. Intriguing biomedical applications of synthetic and natural cell-derived vesicles: a comparative overview. 

ACS Appl Bio Mater. 2021;4(4):2863–85.
 77. Oberoi RK, Parrish KE, Sio TT, Mittapalli RK, Elmquist WF, Sarkaria JN. Strategies to improve delivery of anticancer drugs across the blood–

brain barrier to treat glioblastoma. Neuro Oncol. 2015;18(1):27–36.
 78. Kristensen M, Brodin B. Routes for drug translocation across the blood-brain barrier: exploiting peptides as delivery vectors. J Pharm Sci. 

2017;106(9):2326–34.
 79. Sukhanova A, Bozrova S, Sokolov P, Berestovoy M, Karaulov A, Nabiev I. Dependence of nanoparticle toxicity on their physical and chemi-

cal properties. Nanoscale Res Lett. 2018;13(1):1–21.
 80. Turturici G, Tinnirello R, Sconzo G, Geraci F. Extracellular membrane vesicles as a mechanism of cell-to-cell communication: advantages 

and disadvantages. Am J Physiol Cell Physiol. 2014;306(7):C621–33.
 81. You B, Xu W, Zhang B. Engineering exosomes: a new direction for anticancer treatment. Am J Cancer Res. 2018;8(8):1332.
 82. Munoz JL, Walker ND, Scotto KW, Rameshwar P. Temozolomide competes for P-glycoprotein and contributes to chemoresistance in 

glioblastoma cells. Cancer Lett. 2015;367(1):69–75.
 83. Kim MS, Haney MJ, Zhao Y, Mahajan V, Deygen I, Klyachko NL, et al. Development of exosome-encapsulated paclitaxel to overcome MDR 

in cancer cells. Nanomed Nanotechnol Biol Med. 2016;12(3):655–64.
 84. Yang T, Martin P, Fogarty B, Brown A, Schurman K, Phipps R, et al. Exosome delivered anticancer drugs across the blood-brain barrier for 

brain cancer therapy in Danio rerio. Pharm Res. 2015;32(6):2003–14.
 85. Alvarez-Erviti L, Seow Y, Yin H, Betts C, Lakhal S, Wood MJ. Delivery of siRNA to the mouse brain by systemic injection of targeted exosomes. 

Nat Biotechnol. 2011;29(4):341–5.
 86. Kojima R, Bojar D, Rizzi G, Hamri GC-E, El-Baba MD, Saxena P, et al. Designer exosomes produced by implanted cells intracerebrally deliver 

therapeutic cargo for Parkinson’s disease treatment. Nat Commun. 2018;9(1):1–10.
 87. Segura E, Amigorena S, Théry C. Mature dendritic cells secrete exosomes with strong ability to induce antigen-specific effector immune 

responses. Blood Cells Mol Dis. 2005;35(2):89–93.
 88. Zitvogel L, Regnault A, Lozier A, Wolfers J, Flament C, Tenza D, et al. Eradication of established murine tumors using a novel cell-free vac-

cine: dendritic cell derived exosomes. Nat Med. 1998;4(5):594–600.
 89. Lynch S, Santos SG, Campbell EC, Nimmo AM, Botting C, Prescott A, et al. Novel MHC class I structures on exosomes. J Immunol. 

2009;183(3):1884–91.
 90. Messenger SW, Woo SS, Sun Z, Martin TF. A Ca2+-stimulated exosome release pathway in cancer cells is regulated by Munc13-4. J Cell 

Biol. 2018;217(8):2877–90.
 91. Marleau AM, Chen C-S, Joyce JA, Tullis RH. Exosome removal as a therapeutic adjuvant in cancer. J Transl Med. 2012;10(1):1–12.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


	Glioma extracellular vesicles for precision medicine: prognostic and theragnostic application
	Abstract
	1 Introduction
	2 Classifications and complex mutation burdens of GBM
	3 Role of EVs in GBM progression
	3.1 EVs cargo can promote GBM progression
	3.2 Potential role of GBM EVs in induction of chemoresistance
	3.3 GBM EVs and their role in enhancing the invasive ability of GBM cells
	3.4 GBM EVs and angiogenesis
	3.5 Role of EV-associated microRNA in GBM progression
	3.6 Role of EV in modulation GBM microenvironment and immune response

	4 Potential diagnostic role of GBM EVs
	5 Potential use of EVs for GBM therapy
	6 Conclusions
	Acknowledgements 
	References




