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Abstract: Exosomes are membrane-enclosed vesicles that contain lipids, proteins, mRNA, and
microRNA. They can be a source of multiple markers of malignancy that could offer clinically valuable
data. On the other hand, they can pass through the blood-brain barrier (BBB) and play an endogenous
nano anticancer drug delivery vehicle for glioma. This review will discuss exosome potential in the
diagnosis and novel treatment of glioma and their role in chemotherapic resistance and metastasis
through an interaction with a range of host cells in the brain.
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1. Glioma

Malignant glioma such as glioblastoma multiforme (GBM) is one of the greatest
challenges for cancer patients worldwide. Gliomas based on histological characteristics are
classified into four grades( | — IV). Grade IV of glioma is referred to as a glioblastoma
multiforme (GBM). Glioblastoma is the most malignant grade and common primary brain
tumor. This tumor, base on genomic alterations, divides into 3 to 4 distinct subclasses [1].
Diagnostic key features of GBM include vascular hyperproliferation, necrosis, cellular and
nuclear atypia, poorly differentiated neoplastic astrocytes, vascular thrombosis,
neoangiogenesis, abrupt mitotic activity, along with reduced apoptosis. GBM, similar to most
other malignant CNS tumors, does not metastasize outside the CNS [2-5]. Average patient’
survival despite typical treatments include surgery, chemotherapy with the alkylating agent
temozolomide, and ionizing radiation, is about 1.5 years. So new, more effective targeted
therapeutics are required [6, 7].

2. Exosome

Exosomes are membrane-enclosed and endosome-derived vesicle bodies (MVBs) with
the plasma membrane, the vesicles released into the extracellular milieu are called exosomes
[8-10].

2.1. Exosome structure.

A different group of proteins is in the exosomes; one group contains signal peptides
and is secreted by the ER-Golgi pathway, but the other lacks signal peptides. The second group
is called non-classically secreted proteins, probably secreted by one or more pathways [11-13].
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Feng et al. proposed that proteins with high-ordered oligomerization and associate with the
plasma membrane are sorted into exosomes [14].

Proteins have a different role in exosomes, such as fusion proteins and proteins for
MVB biogenesis, such as Alix and Tumor susceptibility gene Tsg 101 [15]. Density
centrifugation should be done to separate exosomes from nucleosomal fragments and protein
aggregates. Immunoblotting and mass spectroscopy prove the presence of Alix and Tsg 101 in
the separated fractions; suppose that these vesicles originate from MVBs [16]. Some conserved
proteins exist in exosomes like heat shock proteins (HSP), CD63, and tetraspanin [17].

HSPs are the group of proteins activated in response to stresses [18]. Studies have
shown that anticancer drugs stimulate the release of exosomes and HSPs from human
hepatocellular carcinoma cells [19]. More studies revealed that exosomes with HSP could
cause an anti-tumor response in a murine model in an MHC-dependent manner [20].

Of interest, among different proteins in exosomes, pathogenic proteins can exist too.
This kind of protein is secreted via exosomes and causes trans-synaptic exchange, and in this
way, disease propagates from the peripheral nervous system to CNS. Alzheimer’s, Prion,
Parkinson’s disease are examples of neurodegenerative diseases related to exosomes [21].

Studies have exhibited that the different proteins from the Rab family act as key
regulators. As Rab 27 is involved in exosome secretion and cancer progression and tumor
promotion, it is acceptable to suggest that components that have a role in the exosome secretion
pathway can also participate in tumor biology [22].

Two types of lipids exist in exosomes. The first group is conserved, and the second one
is dependent on cell type [23]. Lipids play a role in cell communication and give shape to
exosomes [24]. Exosomes related to lipid rafts are enriched in lipids like sphingolipids,
cholesterol, ceramide, and glycerophospholipids [25]. Different phospholipases, arachidonic
acids, and prostaglandins are signaling mediators present in exosomes [26, 27].
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Figure 1. Schematic representation of biogenesis of exosomes (a), biomarkers for glioma-derived
exosomes(b). The overall content of exosomes includes DNA(MtDNA, dsDNA,ssDNA Viral DNA), non-coding
RNAs (ncRNAs: miRNAs, circRNA, piRNAs, tsSRNA, and IncRNA), proteins ( cytoskeletal, HSP, a nuclear
enzyme, RNA binding apoptotic signal transducers), amino acids and metabolites (c).

Previous studies have revealed that exosomes are enriched with non-coding RNAs
(ncRNASs), including microRNA (miRNAS), circular RNA (circRNA), piwi-interacting RNAs
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(piRNAs), tRNA-derived small non-coding RNA (tsSRNA), and long-noncoding RNA
(IncRNA), which play key roles especially in various cancers [28-33]. Exosomal INnCRNAS
stimulate drug resistance, metastasis, and angiogenesis in cancerous cells—the biological
functions of exosomal ncRNAs in glioma. The structure of glioma-derived exosome and
exosomal biomarkers are shown in Figure 1. The specific roles and mechanisms of exosomal
NcRNA in glioma progression are summarized in Table 1. According to these functions of
ncRNAsS, they have been proposed as potential biomarkers and therapeutic agents in glioma.

Table 1. The biological functions of exosomal ncRNAs in glioma. Reproduced with permission [34].
Copyright 2020, Springer.

NcRNAs Parent cell [Target cell Biological function

Promote proliferation, migration, and
miR-221 U87MG SHG-44 [TMZ resistance
IncRNA-ATB Glioma cells Normal human astrocytes|Promote invasion
miR-148a Glioma cells Glioma cells Promote proliferation and metastasis

Promote proliferation and immune
miR-451/miR-21 Glioma cells Microglia/macrophages [suppression
miR-1587 Mesenchymal Stem Cells Glioma Stem-like Cells |Increase tumorigenicity

Endothelial cells andinhibit angiogenesis, invasion, and

miR-1 Glioblastoma cells glioblastoma cells neurosphere formation

Inhibit proliferation, migration and
miR-124 Mesenchymal stem cells glioblastoma cells confer chemosensitivity
miR-302-367 Glioma stem-like cells Glioblastoma cells Inhibit growth
miR-7 Mesenchymal stem cells Glioblastoma cells Increase apoptosis and suppress growth
miR-584 Mesenchymal stem cells Glioma cells Suppress tumor progress
miR-146b Marrow stromal cells Gliosarcoma cells Reduce glioma growth in vivo
miR-124a Mesenchymal stem cells Glioma stem cell JAntiglioma agent

Inhibit  proliferation, invasion and
mMiRNA-199%a Mesenchymal stem cells Glioma cells enhance chemosensitivity
miR-375 Marrow stromal cells Glioma cells Inhibit glioma progression

IncRNA- HOTAIR

Glioblastoma cells

Endothelial cells

Promote angiogenesis

lincRNA-CCAT2 Glioma cells Endothelial cells Promote angiogenesis
lincRNA- POU3F3 Glioma cells Endothelial cells Promote angiogenesis
miR- 26a Glioma stem cells Endothelial cells Promote angiogenesis
miR-21 Glioma stem cells Endothelial cells Promotes angiogenesis
miR-9 Glioma cells Endothelial cells Promote tumorigenesis and angiogenesis
Myeloid-derived Mediate immunosuppressive
miR-10a, miR-21 Hypoxic glioma cells suppressor cells microenvironments
Myeloid-derived Mediate immunosuppressive
miR-293, miR-92a Hypoxic glioma cells suppressor cells microenvironments
Mediate immunosuppressive
miR-1246 Hypoxic glioma cells Macrophages microenvironment
Mediate immunosuppressive
miR-21 Glioma cells Microglia microenvironment
TMZ-sensitive
miR-151a [TMZ-resistant glioblastoma cells|glioblastoma cells Enhances chemosensitivity to TMZ

INcRNA-SBF2- AS1

[TMZ-resistant glioblastoma cells

Chemo-responsive
glioblastoma cells

Enhances chemoresistance to TMZ

circATP8B4 Radioresistant glioma cells Normal glioma cells Promote cell radioresistance
Normoxia-cultured

miR-301a Hypoxic glioma cells glioma cells Promote radiation resistance

INcRNA-AHIF Radioresistant glioblastoma cells|Glioblastoma cells Promote invasion and radioresistance

3. Brain and Exosomes

The brain's function depends on neurons’ ability to modulate each other via synapses
change in the number of postsynaptic neurotransmitter (NT) receptors or the amount of NT
released from pre-synaptic neuron effect on synaptic efficacy [35]. Scientists recently observed
that secretory exosomes in the nervous system contain miRNA[36]. miRNAs silence target
genes in receiving cells and so cause long changes in specific synapses. Propagation of
pathological alterations throughout the brain is possible by exosome transfer [21, 37, 38].
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Exosomes from GBM cells enriched in proteins and RNAs relate to tumor growth promotion,
stimulation of angiogenesis, suppression of the immune response to tumor antigens,
modulation of normal cellular phenotypes, and chemotherapeutic drugs ejection from tumor
cells [10, 34, 39-42].

3.1. Secretion of exosomes by neurons.

Chivet and coworkers have suggested that a good activator for exosome secretion is
calcium entry through synaptic NMDA-receptor [36]. In other words, the release is regulated
by depolarization [43].

Faure et al., by using proteomic methods, have shown that neuronal exosomes are
similar to exosomes of non-neuronal cell types. However, neurons have some specific
components like AMPA receptor subunit GIuR2/3 and neuronal cell adhesion molecule L1,
which is inclusively expressed by neurons [43].

4. Mechanisms of Uptake of Tumor Vesicle by Cells

To internalize and uptake exosomes, cells use more different pathways, such as
inducing the formation of tunneling nanotubes in the plasma membrane or phagocytosis [14,
44]. Internalization of glioma exosomes mediates by heparan sulfate proteoglycans (HSPGs)
function as receptor exosomes in recipient cells [45, 46].

5. Exosome and Glioma
5.1. Exosome role in metastasis.

Tumor cells influence their surrounding normal cells to provide conditions in which
tumor cells grow, invade, chemoresistant, evade the immune system, and financially metastasis
[47-50]. Studies demonstrated that matrix metalloproteinases (MMPs) and an extracellular
MMP inducer on the exosome surface destroy the extracellular matrix and facilitate tumor cells'
attack into neighboring normal brain cells [51].

Tumors activate the immune-suppressive pathway to dominate the immune system and
progress [52]. Recent studies have shown that communication between tumor cells is very
important [53]. Tumor cells of glioblastoma cultured as monolayers. Cultured cells produce
exosomes at early and late passages(1-15 passages). Exosomes of different sizes (50-500 nm)
covered the tumor cells [54]. Reports have revealed that secretory exosomes mediate the
communication of neurons and astrocytes [55]. Exosomes contained RNA and protein in a ratio
of about 1:80. They contain high concentrations of angiogenic factors promote angiogenic
cascades such as VEGF, TIMP-1, IL-6, IL-8, and angiogenin and various mRNA and miRNA
with different size [54]. Experiments have proved that glioblastoma-derived exosomes initiate
angiogenesis in brain endothelial cells. Skog et al. have shown that angiogenic proteins at least
partially mediate exosomes' angiogenic influence. They suggest that the tumor-derived
exosomes can change their surrounding normal cells by changing cell translation. This
suggestion is a contest with proteins which are export to the outer cellular milieu by exosomes
can be either tumor suppressor or tumor promoters [56]. Likewise, glioblastoma exosomes can
stimulate angiogenesis in the brain's normal endothelial cells and the proliferation of other
glioma cells [54]. Exosome-mediated angiogenesis was done by upregulation of protease-
activated receptor-2 in epithelial cells [57]. Glioblastoma exosomes contain angiogenic
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proteins such as angiogenin, EGFa, VEGF, TIMP-1, IL-6, IL-8, TIMP-2 [54]. On the other
hand, exosomes act as escape routes for miRNA and proteins from cells of cancer origin to a
distant location and conclusively cause metastasis [58]. Recent studies displayed that hypoxia
increases exosome secretion in different kinds of tumors [59-64]. Kucharzewska et al.
demonstrate that exosomes derived from GBM cells that were in hypoxic conditions can induce
phenotype change in endothelial cells to secret some cytokines and growth factors [65]. They
also have exhibited that exosomes, as mediators, communicate between malignant and vascular
cells, such as pericyte and ECs. This communication ends in tumor vasculature phenotype
alteration [65].

Park et al. have demonstrated that cells in a hypoxic microenvironment increase
angiogenic pathways. On the other hand, increased exosome secretion in hypoxic status
promotes potential metastatic | [66]. Experiments on a highly malignant glioma were consistent
with Park group results [67]. In other words, tumor cells in hypoxia status adapt to this
condition by secreting exosomes to facilitate metastasis by stimulating angiogenesis [66].

5.2. Exosome role in cancer resistance.

Acquired resistance to cancer therapy remains a big problem [68]. Experiments have
shown that cells release exosomes containing membrane attack complex (MAC) and Mortalin
to block membrane lysis by the complement system [69].

Resistant glioblastoma cells express miRNA-9. Other studies have shown that miRNA-
9 molecules play a role in the resistance of GBM cells to Temozolomide (TMZ) by increasing
p-glycoprotein. Experiment results indicate that TMZ increased vesicular secretion from GBM
cells and also increase the exosomal miRNA-9 level. So, resistant GBM cells can influence
neighboring GBM cells by releasing miRNA-9 containing exosomes and conclusively cause
GBM cells to acquire resistance to TMZ [70].

6. Exosome as Glioma Biomarker

Recently findings have revealed various exosomal markers such as gene [71],
exosomal proteins [72], and exosomal miRNAs [72] as novel diagnostic biomarkers in glioma
(Table 2). Glioma-derived exosomes enriched with various glioma-specific markers (IDH1
mutant, EGFR, EGFRvIII, and podoplanin (PDPN)) and hence could be applied as diagnostic
biomarkers for glioma tumors [73, 74]. Recently Shao et al. reported a new and useful
diagnostic approach based on an NMR-based chip assay for detecting and quantifying glioma
exosome-related biomarkers such as IDH1, EGFR EGFRvIIl, and PDPN of tumor blood-
derived exosomes [75].

Exosomal molecular signatures such as MMPs, IL8, PDGFs, and CAV1 could use as
a biomarker and new diagnostic tools to detect the oxygenation status and development of
malignant tumors [65, 76].

Tumor-derived microvesicle analysis, RNA profile assay, determining levels of
MRNAs and miRNAs provide new ways among molecular methods in detecting tumor
formation, progression, and response to therapy [54, 77, 78].

MIRNA is present inside a cell and the circulation [79]. These circulatory miRNA can
be used as biomarkers in cancers [80]. For the first time, VValadi et al. suggest that exosome-
mediated miRNA transfer could be a route of genetic exchange between cells [81]. More
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studies proved that the functionality of miRNA is maintained during its transfer by exosomes
[82].

Several exosomal miRNAs were identified in several cancer models, including breast,
colon, prostate, pancreatic cancers, and glioblastoma [83-89].

Experiments have revealed that a subset of 11 miRNA abundant in gliomas was
detected in microvesicles and donor cells of two different primary glioblastomas. Nucleic acids
are good biomarkers because PCR detection is very sensitive. Skog et al. identify tumor-
specific RNAS in serum exosomes [54].

High levels of miR-574-3p, miR-320, miR-10b, and miR-21 in GBM patient’s blood
could be suggested as a potent diagnostic biomarker in patients with brain tumors, especially
miR-21, which is overexpressed in GBMs [90-92].

As the EGFRvVIII mutant splice variant presents specifically in many glioblastomas,
EGFR mRNA is the fascinating mRNA found in glioblastoma exosomes. [93]. It has been seen
in approximately up to 60% of all high-grade gliomas [94]. It is detectable in tumor biopsies
and serum microvesicles of glioblastoma patients. However, it is not detectable in serum
samples of normal control. The sensitivity of this detection method can depend on tumor
location, tumor size and serum volume, the amount of extracted RNA, cDNA conversion, and
finally, PCR. This knowledge is important in therapeutic clinical trials [54].

Researchers found that exosomes from hypoxic conditions reflect hypoxic GBM cells'
signals and patient tumors in another study. They also suggest that exosomal molecules can
serve as a biomarker to assess GBM tumors' aggressiveness [65]. Other tumor-specific
biomarkers revealed in brain tumors are isocitrate dehydrogenases 1 (IDH1) and 2 (IDH2) [95-
98].

Recent findings have demonstrated that glioblastoma and astrocyte cells release some
of the microvesicles that carry mtDNA. Migration of mtDNA via exosomes and uptake by
other cells can help understand some diseases caused by mitochondrial alterations [99-103].

Table 2. Various exosomal markers such as gene [71], exosomal proteins[72], and exosomal miRNAs [72] as
novel diagnostic biomarkers in glioma.

Potential biomarker |[Exosomal Gene Mean fOId'IEgz char_lge vs. normal tissue/ Glioma Type/ Target
Xpression status
Up (1.377-2.254) GBM
. Up (1.251) AA
)Alix (PDCD6IP) Up (1.314) DA
Up (1.881) AO
Up (1.115-1.507) GBM
Up (1.400) A
TSG101 Up (1.519) AO
Up (2.453) 0
Up (1.303-3.178) GBM
Up (1.477) AA
D9 Up (3.059) A
Up (2.469) A
Up (1.931-3.259) GBM
Up (1.450) AA
Up (2.433-3.510) A
D63 Up (1.542) DA
Up (2.772) PA
@ Up (1.232-2.400) 0
3 Up (1.250-1.543) GBM
= CD81 Up (1.414) A
E Up (1.504-1.710) AO
a CD151 Up (1.643-4.264) GBM
ai Up (1.657) AA

https://nanobioletters.com/ 3237


https://doi.org/10.33263/LIANBS111.32323248
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS111.32323248

Potential biomarker

Exosomal Gene

Mean fold-logz change vs. normal tissue/
Expression status

Glioma Type/ Target

Up (1.558) A
Up (1.573-2.128) AO
HMGB1 Up SASH1
IL-8, PDGFs, caveolin
1, Up -
and lysyl oxidase
L1CAM Up FGFR, FAK
STC1, STC2 Up -
CD44, BSG, CD151, CD81
EGFRvIII Up and CD82
VEGF-A Up claudin-5 and occluding
CRYAB Up -
PTRF Up Cavinl
PD-1 Up -
1L-8, ZAP70, TGF-B Down ELISPOT, IL-13R,
IL13Ro2, IL13QD Up -
CAV1 Up p-ERK1/2
NK-Exo Up CD63, Alix
SRSF1, SRSF3 Up PTBP1,PTBP2
NANOGPS8 Up -
:BFN-gamma, granzyme Down )
PTENPL Up miR-10a-5p
CLIC1 Up GFP, FLAG-tagged
K-Ras Up Raf-RBD
immunoglobulin (1g)
G2 and 1gG4 Up CD163
[TrkB Up YKL-40
MGMT mRNA Up -
EGFRvIII Up CD81
N-glycoproteins Up Glycopeptide
LOX, ADAMTS],
TSP1, VEGF Up KCNJ3
% CRCL Down T cell
S ; green fluorescent
EL NF-«B Up protein
< Glut-1, HK-2, and
g PKM-2 Up MMP-2, MMP-9
o
b TDP-43 Up -
miR-301a Up TCEALY
miR-151a Up XRCC4
miR-1238 Up CAV1
mir-5096 Down Kir4.1, AQP-4
miR-148a Down CADM1
miR-29a Up Hbpl
miR-92a Up Prkarla
miR-133b Down EZH2
miR-199a Down AGAP2
miRNA-584-5p Up CYP2J2
MiR-9 U COL18A1, THBS2,
P PTCH1 and PHD3
miR-10a and miR-21 Up RORA, PTEN
miR-21, miR-222 U i
and miR-124-3p P
miR-125b Up -
< miR-21 Up VEGF
z miR-124a Up FOXA2
g miR-451, miR-21 Up c-Myc
= miR-221 Up -
= miR-21, miR-103, U i
£ miR-24, and miR-125 P
2 — CXCR4/SDF1, SHH,
0 miR-302-367 Up cyclin D, cyclin A

https://nanobioletters.com/

3238


https://doi.org/10.33263/LIANBS111.32323248
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS111.32323248

Potential biomarker |[Exosomal Gene Mean fold-log char]ge vs. normal tissue/ Glioma Type/ Target
Expression status

and E2F1
miR-1290, miR-1246 Up -
miR-1587 Down NCOR1
miR-375 Down SLC31A1
miR-454-3p Down ATG12
miR-146b Down EGFR and NF-xB
miR-1246 Down TERF2IP
miR-124 Down CDK6
miR-328-3p,
miR-339-5p,
miR-340-5p, Up -
miR-485-3p, and miR-
543
miR-182-5p,
miR-486-5E Down -
miR-301a Up PTEN
miR-221 Up DNM3
miR-26a Up PTEN

7. Exosome as a Nanocarrier

Recent progress in nanomedicine [104-119] and biotechnology [116, 120-124] bring
enormous potential in medicine and healthcare applications. Exosomes are considered
endogenous nano delivery vehicles to overcome artificial vehicles' obstacles by their
biocompatibility and biodegradability properties. Exosomes can evade detection by the
immune system and have a long half-life in the circulation for therapeutic molecules such as
proteins, mMRNA, small interfering RNAs (siRNA), and contrast agents [125] (Figure 2).

Hydrophilic drug Hydrophobic drug

Nucleic acid and protein ity

l‘:’.fl“ /\‘ i R
Figure 2. Schematic depicts the role of glioma-derived exosomes as a nanocarrier for various types of
therapeutic agents such as nucleic acids (DNA, RNA), proteins, contrast agents. Hydrophilic and hydrophobic
drugs. Targeting ligands can be attached to the surface of the exosome for therapeutic targeting.

The general property of cancer is microRNA deregulation. Exosomes could be used as
a vehicle for the delivery of anti-tumor miRNAs. Especially miR-1 loss may critical step in
GBM genesis and/or progression. miR-1 is a tumor suppressor in GBM. By reintroducing
miR-1 can provide anti-proliferative, anti-angiogenic, and anti-invasive action for GBM.
Because miR-1 simultaneously targets major components of oncogenic signaling networks
(INK, PRCs, MET, EGFR, ANXAZ2). Exosome-based microRNA reintroduction(especially
miR-1 delivery) is a candidate for reducing GBM tumorigenicity. Exosome-derived miR-1
and ectopic expression of miR-1 is a unique example of miRNA-based therapy for GBM [90,
126, 127].
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Exosomes released from brain tumor cells can escape the blood-brain barrier and
potentially apply in malignant gliomas therapy. Recent findings suggest that exosome-
mediated delivery of therapeutic drugs is a new means for drug delivery, but more
investigations and considerations are required to clarify the safety parameters,
immunogenicity, as well as route of delivery across the BBB for future clinical application in
CNS diseases [128-130].

Microglial cells have a substantial role in the progression of glioblastoma. Signal
transducer and activator of transcription 3 (stat 3) have an important role in tumor growth,
especially glioblastoma. So, Zhang et al. encapsulate stat 3 inhibitor JSI-124 in exosomes and
deliver them through an intranasal pathway to mice bearing intracerebral tumors. They
conclude that Exo-JSI-124 is taken up by microglial cells selectively and resulted in the
enhancement of tumor apoptosis. They showed that this strategy is a non-invasive method to
treat glioblastoma [131]. Munoz et al. used exosomes to transfer anti-miRNA to GBM cells
with the therapeutic goal [70].

Brain-targeting exosomes were loaded with siRNAs by fusing neuron-targeting rabies viral
glycoprotein (RVG) peptides in the N-terminus of Lamp2b, a murine exosomal membrane
protein then brain-targeting Exosomes were delivered systematically into syngeneic mice,
resulting in significant success in knock-down of the targeted mRNAs in the brain. This finding
suggests brain-targeting Exosomes have promising potential in RNAI therapy [125, 129].

8. Tumor-Derived Exosomes Roles in Glioma Vaccines Development

At present, there is a clinical study that utilizes exosomes. (ClinicalTrial.gov website
keywords search glioma + exosome): NCT01550523 is its clinical trial gov identifier. In this
phase one pilot immunotherapy trial, scientists take the patient’s tumor cells during surgical
craniotomy and treat them to shut down a targeted surface receptor protein and then re-implant
the cells, but this time in small diffusion chambers. Shutting down surface receptor protein
causes the tumor cells to die through apoptosis. Now, dead cells release exosomes full of tumor
antigens. These antigens can activate the immune system against the tumor. So, this product
serves as a safe therapeutic vaccine.

Recent studies have approved that tumor-derived exosomes can use as anti-tumor
vaccines, but there is a concern with the immunosuppressive properties of tumor exosomes
[94, 132, 133].

A vaccine against GBM is a promising method to eradicate this cancer. By triggering
specific anti-tumor immune responses and immunotherapy, this GBM vaccine has reached
ongoing phase 11 trials [7].

GBM exosomes were shown to be enriched by glioma antigens. Tumor exosomes that
useful as antitumor-specific antigens immune vaccines based on autologous dendritic cells
(DC). DC therapy is an appropriate immune therapeutic approach for the treatment and
prevention of advanced cancer [134-138]. DC and exosome-based approaches seem promising
approaches to effectively induce anti-tumor immune responses and increasing survival in
glioma patients [137].

The recent finding has shown exosomes can be applied as a useful cancer vaccine
vehicle in CNS diseases by using EGFRvIII peptides as GBM-specific antigens in
combination with autologous DCs can serve as a means to administer active immunotherapy
against GBM [125, 139-143].
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9. Concluding Remark

Exosomes are recommended as new powerful tools for targeted anticancer drug
delivery and exosome-based diagnostics in brain cancer. The exosome-based diagnostic is a
non-invasive method without the need for surgery to obtain a tissue sample. Different exosomal
molecular signatures have been used as a biomarker by detecting the oxygenation status and
development of malignant tumors. Despite these, some technical challenges should be
overcome before taking advantage of exosomes as biomarker or drug delivery carriers. For
example, methods of exosome isolation are expensive and time-consuming. Likewise, their
size distribution is wide, so they are not monodisperse as drug delivery carriers. Furthermore,
they have diversity in their density and content, which will influence the investigation results.
One of the challenges is understanding exosome signals in different brain cells because
exosome signals are multifunctional and complex and can show antitumorigenic or
protumorigenic effects depended on exosome content and recipient cells.

To use cancer-derived exosomes in treating glioma, analyses are needed to ensure they
are free from angiogenic proteins that initiate angiogenesis and metastasis in glioma.
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