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INTRODUCTION

Extracellular vesicles (EVs) are lipid bilayer vehicles that 
range from 30 nm to 1 μm in size and are secreted by most 
cells [1]. Although they are composed of selected proteins, ge-
netic materials (RNA and DNA), lipids, and metabolites rep-
resenting the state of the cells they are derived from [2], EVs 
are highly heterogeneous depending on their size and molec-
ular composition [3]. Traditionally, EVs are classified as exo-
somes and ectosomes based on their mechanism of biogenesis 
[4]. Exosomes are smaller, measuring 30–150 nm, and were 
first observed in endocytic transferrin receptor recycling dur-
ing reticulocyte maturation [5,6]. Later studies have revealed 
the detailed molecular mechanism of exosome biogenesis with 
the formation of multivesicular bodies (MVB) by either the 
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Glioblastoma multiforme (GBM), a high-grade astrocytic brain tumor, has highly aggressive and hetero-
geneous phenotypes with active cellular invasion, angiogenesis, and immune system modulation in the 
tumor microenvironment driven by complex oncogenic mutations. This abnormal disease progression 
could be attributed to extracellular vesicles (EVs) containing diverse bioactive molecules, including pro-
teins, genetic materials, lipids, and metabolites. Importantly, GBM-related EVs have emerged as key 
mediators in cancer progression, acting as carriers for the transfer of oncogenic proteins such as epi-
dermal growth factor receptor variant III (EGFRvIII) and genetic materials (DNA and RNA). Remarkably, 
recent progress in EV analysis has enabled its purification with high confidence by estimating the purity 
level of isolated EVs. Thus, mass spectrometry-based proteomic analysis could generate highly reliable 
vesicular proteomes. Glioblastoma EV proteome studies have revealed the specific increase in vesicu-
lar protein cargo due to their oncogenic transformation, and these EV proteins are closely associated 
with cancer invasion. Moreover, their proteomic data reflects the molecular alterations that occur in pa-
rental GBM and provides potent diagnostic information in a minimally invasive manner in liquid biopsy. 
Thus, proteomic analysis of GBM EVs could provide an increased understanding of their biological 
properties and activity in the GBM microenvironment, and provide significant implications for advanced 
approaches in the diagnosis of these intractable tumors.
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endosomal sorting complexes required for transport (ESCRT) 
machinery [7] or the sphingomyelinase-ceramide pathway [8]. 
These MVB fuse to the plasma membrane [9], resulting in the 
release of intraluminal vesicles into extracellular space and are 
referred to as exosomes. Ectosomes are relatively large EV sub-
types, ranging from 100 nm to 1 μm. These are directly shed 
from the plasma membrane which is regulated by actin cyto-
skeleton rearrangement for fission events [10]. It is well-known 
that the shedding of ectosomes is specifically regulated by ADP-
ribosylation factor 6 (ARF6) [11] and a recent report suggested 
that annexin A1 (ANXA1) is a specific marker protein in the 
shedding of ectosomes [12]. EVs cannot be classified following 
their release because their size, molecular composition, and 
charge are quite similar and overlap each other [13]. Thus, the 
International Society for Extracellular Vesicles recommends 
the use of the umbrella term EVs to cover all secreted vesicle 
subtypes [13]. 

Glioblastoma multiforme (GBM) is a common aggressive 
astrocytic brain tumor with severe morbidity and an average 
five-year survival rate of 6.8% [14]. Its poor prognosis is asso-
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ciated with rapid cellular proliferation and extensive angiogen-
esis, accompanied by therapeutic resistance [15,16]. Moreover, 
the GBM therapeutic bottleneck remains due to recurrence 
after surgical resection and non-responsiveness to radiation 
therapy or chemotherapy drugs such as temozolomide (TMZ) 
[14,17]. While most cases of GBM show morphological sim-
ilarities, these tumors are also characterized by molecular dif-
ferences classified as proneural, classical, and mesenchymal 
subtypes [14]. Various oncogenic mutations are closely asso-
ciated with these subtypes. Platelet-derived growth factor re-
ceptor A (PDGFRA) or cyclin-dependent kinase 4 (CDK4) 
amplification favors the formation of oligodendrocyte-like [18] 
or neural progenitor-like cells [19], respectively. Deletion or 
mutation of neurofibromin 1 (NF1) is associated with the for-
mation of mesenchymal-like cells in the mesenchymal GBM 
subtype and epidermal growth factor receptor (EGFR) ampli-
fication/mutation drives the generation of astrocytic-like cells 
in the classical GBM subtype [20]. Approximately 40%–70% 
of GBMs exhibit abnormal EGFR expression, including EGFR 
gene amplification and mutation known as EGFR variant III 
(EGFRvIII) [21-23], which has a truncated ligand-binding do-
main that enables constitutive ligand-independent transforma-
tion and prevents its downregulation via endocytosis [24,25]. 

These oncogenic transformations of GBM cells affect their 
cancerous properties, including abnormal proliferation and 
invasiveness, and activate the mechanism of EV biogenesis ac-
companied by deregulation of intercellular pathways in a non-
cell-autonomous manner. Importantly, the proteomic compo-
sition of EVs affects their functionality, including alterations 
in proteins related to angiogenesis, coagulation, and inflamma-
tion as well as other intercellular processes essential for GBM 
progression [26,27]. For example, GBM cell-derived EVs can 
stimulate cancer [28] and endothelial cell proliferation [29] 
during angiogenesis. Moreover, upregulation of invasive pro-
teins in GBM cell-derived EVs, such as proteases (e.g., cathep-
sin D) and adhesion proteins (e.g., integrins) for extracellular 
matrix (ECM) interactions, favors GBM invasion [30]. As EV 
proteome which harbors signatures about the status of parental 
cells is affected by GBM progression [29,31-33], its proteomic 
nature provides causative clues regarding GBM pathogenesis. 
Particularly, cancer-specific EVs represent detectable materials 
offering another window for diagnostic opportunities related 
to liquid biopsy obtained from cerebrospinal fluid (CSF) or 
circulating blood. Thus, accurate EV proteome identification 
could provide a detailed biological understanding of abnormal 
intercellular communication in a complex GBM microenviron-
ments and reliable biomarkers to monitor GBM progression. 

 

PURITY OF ISOLATED EVs

Because EVs have unique size, density, protein markers, and 
physical properties of proteolipids, numerous biochemical 
methods have been used for EV isolation, including ultracen-
trifugation, density gradient ultracentrifugation, size exclu-
sion chromatography, immuno-affinity purification, asym-
metric flow-field-flow fractionation, and acoustics (Fig. 1) 
[34-36]. Purity is the most important factor when selecting 
the isolation method. Webber and Clayton [37] suggested an 
excellent and straightforward method to estimate the purity 
of EVs based on the ratio of particle number to protein con-
centration. Particle number concentration of EVs is quantified 
by nanoparticle tracking analysis and tunable resistive pulse 

Fig. 1. Overview of methodological approaches to isolate EV for 
proteomics. Density gradient ultracentrifuge is considered the 
gold-standard method in EV proteomics. The purity of EVs could 
be estimated by particle number per protein amount as suggest-
ed by Webber and Clayton [37]. EV, extracellular vesicle; CSF, ce-
rebrospinal fluid; NTA, nanoparticle tracking analysis; TRPS, tun-
able resistive pulse sensing.
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sensing [38]. Additionally, the recent nano-flow cytometry 
technology provides quantitative information regarding the 
number of EVs [39]. Amount of proteins in EVs is easily quan-
tified by canonical protein quantitation methods, such as the 
bicinchoninic acid assay. Based on Clayton’s research, ratios 
over 3×1010 particles/μg are defined as high vesicular purity, 
ratios from 2×109 to 2×1010 particles/μg indicate low purity, 
and ratios below 1.5×109 particles/μg are impure [39]. High-
purity EVs can be obtained from in vitro culture medium by 
applying sucrose cushion ultracentrifugation, while isolated 
low purity EVs are obtained by simple ultracentrifugation [39]. 
Alternatively, high-purity EVs were acquired by iodixanol 
density gradient ultracentrifugation of glioma cells in which 
3.53×1010 particles/μg of EVs were measured [40]. Jeppesen 
et al. [12] employed a high-resolution iodixanol density gra-
dient ultracentrifuge with a combination of ultracentrifuga-
tion and density gradient ultracentrifugation for isolation of 
high-purity exosome. Based on current knowledge, density 
gradient ultracentrifugation is considered the gold standard 
method to isolate high-purity EVs [41]. 

Although Clayton’s criteria for EV purity applies to in vitro 
culture media, in vivo biological fluids are not well validated 
by it. The same ultracentrifuge coupled with a washing step in 
urine and serum was applied but the purities of urine EVs and 
serum EVs were approximately 1×109 particles/μg and 7×109 
particles/μg, respectively, both of which were lower than that 
of in vitro EVs from culture medium which was about 2×1010 
particles/μg [40]. Contamination levels of isolated EVs is af-
fected by protein concentration in the conditioned medium 
or biological fluid. Density gradient ultracentrifugation could 
be applied to isolate EVs with high purity in serum-free me-
dia and EV-depleted culture media, which are widely used for 
EV isolation in cell lines [42]. However, EVs in ascites of pa-
tients with colorectal cancer require repeated washing steps 
combined with sucrose cushion ultracentrifugation and den-
sity gradient ultracentrifugation for isolation of high-purity 
EVs [43]. 

Because protein concentration is very high in in vivo biolog-
ical fluids, such as blood, these proteins cover the surface of 
EVs, generating a protein corona [44]. Abundant blood and 
ECM proteins, including apoproteins, immunoglobulins, and 
fibronectin, are attached to the EV surface, forming the corona 
[44]. Importantly, these proteins are not simple contaminants 
but are closely associated with EV functionality and uptake 
[45,46]. For example, fibronectin on EVs favors their uptake 
by cancer cells via macropinocytosis by interacting with cellu-
lar heparin sulfate proteoglycan [46]. Thus, high degree of at-
tachment of corona proteins on in vivo EVs makes it difficult 
to isolate EVs using applicable in vitro EV isolation methods. 
Hoshino et al. [47] applied ultracentrifugation with repeated 

washing steps to isolate EVs from different cell lines, tissues, 
blood, and other biological fluids. While they did not com-
pare the purity level among the isolated EVs using the same 
procedure, EVs derived from plasma and serum represented 
lower number of identifications with a lower frequency of ca-
nonical EV proteins, including CD63, CD81, and tumor sus-
ceptibility gene 101 (TSG101), than EVs derived from in vitro 
cell lines [47], implying that contamination levels are differ-
ent between EVs isolated from culture media and blood. Be-
cause mass spectrometry-based proteomics mainly identifies 
relatively abundant proteins [48], a higher abundance of resid-
ual EV corona proteins or other co-purified proteins in in vivo 
biological fluids makes it difficult to identify integrated proteins 
in EVs, classically considered as canonical EV marker proteins 
such as tetraspanins. Thus, a high-purity EV isolation method 
can be effectively or differently applied in biological fluids based 
on the relative amount of non-EV components for the gener-
ation of a reliable EV proteome. 

 
PROTEOMICS OF EVs IN 
GLIOBLASTOMA

As previously mentioned, oncogenic pathways in GBM af-
fect the molecular content of EVs. Thus, mass spectrometry-
based proteomic analyses of EVs have successfully identified 
alterations in proteins related to GBM pathogenesis (Table 1). 
Choi et al. [40] compared EVs derived from mutant EGFRvIII-
expressing U373vIII and their parental indolent glioma cell line 
U373. EGFRvIII induced malignant transformation of U373 
cells with increased invadopodia on their cell surface and tu-
mor-forming ability in severe combined immunodeficiency 
mouse model [40]. This cellular oncogenic transformation was 
reflected in their EVs with dramatic alteration in proteomic 
composition, increasing pro-invasive proteins, such as CD44, 
basigin (BSG), CD151, and integrins [40]. Particularly, CD44 
and BSG, known as EMPIRIN, co-exist in a single U373vIII 
EV, as their cellular expression is also co-localized in cell sur-
face invadopodia, implying that EVs represent their parental 
cellular status. Thus, proteomics of EVs provides information 
about oncogenic changes for applicable biomarkers in GBM. 
Mallawaaratchy et al. [30] extensively analyzed EV proteomes 
from six GBM cell lines: A172, LN229, U87MG, U251, T98G, 
and CCF-STTG1. They also found that invasion-related EV 
proteins such as ANXA1, cathepsin D (CTSD), and integrin 
beta-1 (ITGB1) were significantly upregulated in GBM [30]. 
These upregulated proteins in GBM EVs were similarly ob-
served in EVs derived from cavitron ultrasonic surgical aspi-
rator fluid in high-grade GBM [30]. A similar study also re-
vealed EV proteomes from five GBM cell lines, including A172, 
Glia-Tr, Glia-L, Glia-R, and Glia-Sh [49]. These EV proteomes 



210  Brain Tumor Res Treat  2022;10(4):207-214

Extracellular Vesicle in Glioblastoma

also commonly identified pro-invasive proteins, such as an-
nexin A2 (ANXA2), CD44, and tenascin-C. 

GBM-derived EVs are highly equipped with invasive mem-
brane proteins, such as CD44, melanoma cell adhesion mol-
ecule (MCAM), thrombospondin 1 (THBS1), and integrin 
α6β4, which play a role in tumor dissemination and interac-
tion with ECM (Fig. 2) [40]. CD44 interacts with hyaluronic 
acid, which is highly overexpressed in the brain of malignant 
GBM patients [50]. Hyaluronic acid-rich microenvironment 
retains water-generating hydrogels, which favors GBM inva-
sion [51]. Additionally, MCAM interacts with laminin, a li-
gand for integrin α6β4 which is implicated in organ-specific 
targeting of circulating EVs [52,53] and a major component of 

basement membranes in the blood vessels of the brain tumor 
microenvironment [54]. Thus, GBM EVs interact with ECM 
in the brain tumor microenvironment and modulate GBM in-
vasiveness. Moreover, GBM EVs have proteolytic activity simi-
lar to proteases, including disintegrin and metalloproteinase 
domain-containing protein 9 (ADAM9), ADAM10, cathepsin 
Z (CTSZ), and matrix metalloproteinase-14 (MMP14), which 
are involved in ECM component (laminins and collagens) deg-
radation [40]. The cooperative action of membrane proteins 
and proteases in EVs could enhance their ability to bind to spe-
cific ECM and degrade selective ECM proteins [55], thereby 
contributing to signaling and stromal responses and facilitat-
ing GBM cell invasion [56]. Excluding cancer invasion func-

Fig. 2. EV subtypes and heterogeneity. Glioblastoma cell releases both ectosomes and exosomes. Oncogenic transformation during GBM 
progression alters the single EV distribution with different proteomic compositions related to cancer invasion. Moreover, because released 
EVs from glioblastoma cells represent the status of parental cells, decoding of EV heterogeneity and complexity by a single EV analysis 
could be applied in the diagnosis against GBM. EV, extracellular vesicle; GBM, glioblastoma multiforme; MVB, multivesicular body; BSG, ba-
sigin; ECM, extracellular matrix. 

Table 1. Proteomics of EVs in GBM

Cells or biological fluids Cancer status Isolation method Regulated EV proteins Reference
SMA560vIII, mouse orthotopic glioma cell  
  line expressing EGFRvIII

EGFRvIII mutation Optiprep density gradient  
  ultracentrifuge

EGFRvIII, TGF-β [60]

U373, U373vIII (EGFRvIII overexpressing  
  isogenic U373)

EGFRvIII mutation Optiprep density gradient  
  ultracentrifuge

CD44, CD151, BSG, ITGA6,  
  �ITGB1, PLAT, PLAU,  
laminins, collagens

[40]

A172, LN229, U87MG, U251, T98G,  
  CCF-STTG1 

Optiprep density gradient  
  ultracentrifuge

ANXA1, ACTR3, ITGB1,  
  IGF2R, PDCD6IP

[30]

A172, Glia-Tr, Glia-L, Glia-R, Glia-Sh Ultracentrifuge with  
  washing step

ANXA2, CD44, tenascin-C [49]

Cavitron ultrasonic surgical aspirator fluid Patients in GBM and  
  glioma grade II–III

Optiprep density gradient  
  ultracentrifuge

CCT2, CCT3, CCT5,  
  CCT6A, CCT7, TCP1

[62]

Plasma Patients in glioma Size exclusion  
  chromatography

SDC1 [61]

EV, extracellular vesicle; GBM, glioblastoma multiforme
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tionality, EVs play multiple roles in the biology of GBM and 
tumor microenvironment [57,58]; however, these aspects are 
not well addressed in this review. 

GLIOBLASTOMA EVs: DIAGNOSTIC 
POTENTIAL AND HETEROGENEITY

Cancer-specific EV components offer unique diagnostic 
opportunities in liquid biopsy through recovery of GBM EVs 
from CSF or blood [59]. GBM EVs generated in the brain tend 
to circulate into the bloodstream across the blood-brain barrier 
[60]. Indira Chandran et al. [61] identified syndecan-1 (SDC1) 
in EVs using a proteomic approach in patient plasma as dis-
criminative biomarker between high-grade (grade IV) and low-
grade (grade II) glioma, implying that proteins in EVs are re-
liable biomarkers for minimally invasive diagnosis of GBM in 
blood. Hallar et al. [62] identified 298 differentially regulated 
EV proteins from neurosurgical aspirates of high-grade GBM 
patients. Among them, molecular chaperone T-complex pro-
teins, including CCT2, CCT3, CCT5, CCT6A, CCT7, and 
TCP1, are expressed at higher levels in EVs derived from GBM 
patients [62]. Particularly, the higher CCT6A expression is sig-
nificantly related to lower survival rate [62]. 

Recent single-EV analyses have revealed the heterogeneity 
of EVs with different molecular compositions and sizes, al-
though they are released from the same parental cells. This di-
versity makes it difficult to decode the complexity of GBM EVs 
by harnessing their various functional and diagnostic proper-
ties. To address this complexity, different technologies for sin-
gle-EV analysis have been developed, including super-reso-
lution microscopy [63-65], imaging flow cytometry [66], high-
resolution flow cytometry [40,64,67-69], interferometric imaging 
[70], and single EV capture platform on the chip [71]. In glioma 
cell line U373, nano-flow cytometry revealed that released EVs 
are not homogeneous with a partial positivity for CD9 (about 
35%) and CD81 (about 14%), which are canonical EV marker 
proteins [40]. Additionally, these markers were only partially 
co-localized in single EVs; about 65% of U373 EVs were both 
CD9 and CD81 negative and 7% were double positive, repre-
senting a high degree of EV combination with different surface 
protein cargo [40]. EV heterogeneity is affected by oncogenic 
transformation by EGFRvIII, a frequent mutation related to 
classical glioblastoma [14] with a high degree of aggressive-
ness, as mentioned above [27]. U373vIII cells and U373 cells 
with EGFRvIII overexpression generate a different repertoire 
of EVs with increased mesenchymal markers, including CD44 
and CD151, but decreased tertraspanin CD82 [40], which is 
involved in tumor metastasis suppression [72]. 

Another decent technology, imaging flow cytometry, detects 
a single EV by direct imaging with an optical lens and provides 

high-throughput data of EV morphology and molecular di-
versity by fluorescent antibody labeling [73,74]. Using this ap-
proach, distinctive CD9/GFAP/SVN triple-positive EVs were 
observed in the plasma of patients with glioma [74]. A single 
EV capture platform on the chip is another effective technology 
for diagnosing GBM by high-sensitivity detection of single EVs 
[71,75]. Lee et al. [71] applied this chip technology for the mo-
lecular profiling of glioma-derived EV subpopulations using 
multiple fluorescent antibodies for selected proteins related to 
GBM progression. Additionally, EV heterogeneity in mouse 
glioblastoma was revealed by a single EV analysis detecting 
higher expression of non-POU domain-containing octamer-
binding protein (NonO) in larger-sized EV (>0.8 μm), whereas 
similar gap junction alpha-1 protein (GJA1) expression was 
observed in both larger and smaller EVs [76]. Advances in re-
cent single EV detection techniques have shed light on the ob-
scured complexity of GBM EV landscapes [39]. Particularly, 
specific subpopulations of EVs, not all EVs, play a role in can-
cer progression. Thus, interpreting a combinatorial single EV 
distribution could provide valuable information to understand 
EV-mediated GBM pathogenesis. 

CONCLUSION

EVs have emerged as key regulators the in tumor microen-
vironment. In GBM, the production and molecular composi-
tion of EVs are affected by oncogenic transformation/mutation, 
acquiring new functionalities associated with cancer progres-
sion, such as invasion and angiogenesis. These observations are 
of interest for the investigation of GBM EV proteomes. Mass 
spectrometry-based proteomics has discovered high-through-
put information regarding EV proteins and provided thought-
ful insights into the whole landscape of the vesicular proteome, 
in which enrichment of invasion-related proteins is particu-
larly connected to GBM-connected perturbations. This infor-
mation provides clues about the pathogenic role of GBM EVs, 
as well as applicable biomarkers for the diagnostic approach 
in liquid biopsy. Particularly, confident EV proteomes have 
been acquired through high-purity EV isolation using density 
gradient ultracentrifugation, which is considered the gold stan-
dard method in EV proteomics. However, biological activity 
and diagnostic information may not be uniform across all EVs 
in GBM, and only a selected subpopulation of EVs can be asso-
ciated with GBM progression. Thus, traditional bulk analysis 
of EV cargo has intrinsic limitations. Recent single EV analyses, 
such as nano-flow cytometry, could overcome this challenge, 
by enabling the detection of complex landscape and dynamic 
transition of EV populations depending on GBM progression. 
Therefore, the combination of novel vesicular protein identi-
fication by proteomics and precise mapping of EV populations 
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by single EV analysis may pave the way for understanding 
GBM pathogenesis and innovative diagnostic approaches to 
GBM progression. 
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