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ABSTRACT

Microvesicles (MVs) or shedding membrane vesicles have recently been described as a novel model of intercellu-
lar communication. Previously, MVs were considered as unnecessary or secreted cellular debris, but MVs have
lately been described as having roles in a variety of biological functions, such as cell homeostasis and the cellular
processes involved in the oncogenesis of many types of tumors. Carrying several key molecules that contribute to
tumor development and progression, similar to mRNAs, microRNAs and other non-coding RNAs, DNA and even
small proteins, MVs can be considered as a ubiquitous form of novel cell communication that is present in most
somatic cells. Although tumor-derived MVs have been demonstrated in different types of cancers, the literature
data on MVs in primary central nervous system (CNS) tumors are relatively scarce. In this review, we address
the involvement of MVs in diffuse astrocytomas, particularly glioblastomas, as well as oligodendrogliomas and
medulloblastomas. We placed particular focus on the cellular crosstalk between tumor and “normal” cells, the
putative mechanisms how the tumor microenvironment is modulated and the spread of aggressive phenotypes.
Additionally, a better understanding of the participation of tumor-derived MVs in the regulation of key cancer
pathways will offer new insights into tumor pathogenesis and the mechanisms of multidrug resistance, and may
help to develop new strategies for novel therapies against these infiltrative CNS tumors.
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1. Introduction gh eighth decades of life, though they can be observed at
any age, including children and even newborns [2].
Grade | gliomas are considered benign, non-infiltrative
tumors and therefore, are susceptible to surgical cure. In

contrast, diffuse astrocytomas (Grade II, Il or IV) are

Gliomas are the most common type of primary malignant
brain tumor, accounting for 80% of brain tumor cases,
and comprise tumors of astrocytic, oligodendroglial and
ependymal differentiation at different grades of malig-

nancy. The last World Health Organization (WHO) clas-
sification for tumors of the Central Nervous System
(CNS) categorizes gliomas into four histological grades
according to proliferative activity, tumor invasiveness,
anaplasia, presence of necrosis and/or abnormal vascula-
ture, which is defined as microvascular proliferation [1].
In general, gliomas are most common in the sixth throu-
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considered malignant, mainly due to their active brain
invasiveness, hindering complete tumor resection or sur-
gical cure. Grade IV astrocytomas or glioblastomas
(GBMs) are the most prevalent and lethal glioma of
adulthood. Due to the rapid growth of GBMs and their
high resistance to current therapies, GBM patients have a
dismal prognosis, with a median survival rate of 12 - 14
months after diagnosis [2].
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Box 1. Glossary.

Microvesicles: a collective term used for mix population of vesicles

comprised of exosomes, microparticles, Golgi vesicles,

non-secretory vesicles and ectosomes.

Exosomes: a subtype of microvesicle that is sorted in

multivesicular late endosomes (MVEs) and shed following the

fusion of MVEs with the cell membrane.

Microparticles: a subtype of microvesicle that buds off from the

outward protrusions of specific regions of the cell membrane

(mainly lipid rafts) and is shed outwardly.

Ectosomes: microvesicles produced by the direct release of the

plasma membrane. This term sometimes overlaps with

microparticles, but ectosomes are commonly linked to immune

cells, whereas microparticles bud off from specific regions of the

cell membranes.

Shed vesicles: a broad term used for almost all types of vesicles

that are shed to the outside environment, as microparticles and

exomes, even though their origins are different.

MVEs: multivesicular late endosomes are endosomal sacs that

contain large numbers of exosomal vesicles.

MVBs: multivesicular bodies are a type of late endosome

containing internal vesicles formed after the inward budding of the
outer endosomal membrane. The contents of MVBs are then

released into the lysosome lumen (UNIPROT).

ESCRTSs: endosomal sorting complexes required for transport are

components of the system involved in the sorting of MVEs and the

production of exosomes.

Medulloblastomas (MBs) are embryonic tumors of the
cerebellum, one of the most common CNS tumors in
childhood and a major cause of cancer-related deaths in
pediatric patients [3,4]. Standard treatment includes gross
total resection, radiation therapy (RT) and adjuvant che-
motherapy. Although MBs have a tendency to metastas-
ize via the cerebrospinal fluid (CSF), 60% to 70% of
patients with high-risk disease attain long-term, event-
free survival; however, young children (<3 years of age)
and patients with metastatic tumors have a dismal prog-
nosis.

One of the key features of diffuse gliomas (Grades Il
to IV) and MBs is the capacity of their tumor cells to
actively invade and spread throughout the brain paren-
chyma and CSF pathway, respectively. Historically, the
main proposed mechanisms suggest that cancer cells
modulate their local environment through direct cell-
to-cell interactions via tunneling nanotubules and the
release of soluble factors. However, more recently, mi-
crovesicles have been implicated in a novel model of
intercellular communication in these tumors [5-7].

Microvesicles (MVs) are membrane vesicles that are
shed form different types of cells and are composed of
small lipid bilayer bodies of different sizes [8]. In the
past, MVs were considered as unnecessary or secreted
cellular debris. However, recent findings have hig-
hlighted the neglected roles of MVs and have shown
their participation in a variety of biological functions,
such as cell homeostasis, physiology and cellular pro-
cesses leading to the pathogenesis of various cancers,
including gliomas.
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Most somatic cells use MVs ubiquitously to commu-
nicate with neighboring cells under both normal and pa-
thologic conditions. The functional activity of MVs is
determined by their cellular origin and site of release.
Additionally, MVs are capable of modulating the sur-
rounding extracellular environment by carrying several
key molecules related to tumor development and pro-
gression, such as angiogenic proteins, mRNAS, micro-
RNAs and other small non-coding RNAs, and even DNA.
In fact, tumor-derived MVs have been shown to be in-
volved in the immune response, tumor invasiveness and
progression, metastasis, and multidrug resistance [7,9-12].

2. Biogenesis of Microvesicles

Based on their size and mechanism of release, membrane
vesicles can be categorized into three types: exosomes
(50 - 100 nm), microparticles (100 - 1000 nm) and apop-
totic bodies [13]. In fact some authors have proposed that
MVs comprise a mixed population of microparticles and
exosomes [7,8]. Microvesicles can be formed by differ-
ent pathways, namely through apoptotic disaggregation
or endocytosis, followed by exocytosis and the formation
of exosomes [8,14-16]. Although used interchangeably
by some authors, exosomes and microparticles are quite
different structures based on their origin, shape and mode
of formation, as shown in Table 1.

The precise cellular mechanisms that regulate micro-
vesicle packing and biogenesis are not yet fully unders-
tood. However, it is well known that the biogenesis and
shedding of MVs are tightly regulated processes. Basi-
cally, MV biogenesis depends on the type of membrane
vesicles of which they are composed, i.e., microparticles
Or eX0Somes.

Microparticles are generated through the cellular traf-
ficking of bioactive molecules to the cell surface using
intracellular membranes. This process leads to cell mem-
brane protrusion, budding and, finally, the detachment of
spherical fragments from specific regions of the cell sur-
face known as lipid rafts (Figure 1(a)).

Conversely, the biogenesis of exosomes uses the mul-
tivesicular body (MVB) sorting pathway in which pro-
teins and lipids are initially destined for degradation in
lysosomes. In a simplistic view, exosome formation is
linked to cellular endocytosis, whereby multivesicular
late endosomes (MVES) initially destined for digestion in
lysosomes are recycled back to the extracellular envi-
ronment after fusion with the cell membrane and shed-
ding (Figure 1(b)).

The load of MVEs appears to be chosen on the basis of
both cis-acting sorting signals, such as ubiquitin, and
trans-acting factors, such as the endosomal sorting com-
plex required for transport (ESCRT) machinery [17,18].
Trakjovic and colleagues described an alternative path-
way for the sorting of cargo into MVEs, which is inde-
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Table 1. Main features of microparticles and exosomes.

Microparticles Exosomes

Origin Plasma membrane Endosomes
Mode_of Outward budding Endocytoms_and

formation Exocytosis

Size 100 - 1000 nm 50 - 100 nm

Shape/morphology  Irregular vesicles Cup-shaped vesicles

Integrins, Selectins Tetraspanins (CD9,
(CD62), CD63),
CD40 ligand, CD133  Alix, TSG101, ESCRT

Markers and
surface receptors

Cholesterol,
- Phosphatidylserine, sphingomyelin,
Lipids lipid rafts ceramide,

phosphatidylserine

Actin, myosin, tubulin, RAB family,
transmembrane proteins,

Cytoskeleton and
signaling factors”

“Present in both microparticles and exosomes.

pendent of the ESCRT machinery but is instead depen-
dent on raft-based microdomains [19]. Subsequently, these
ceramide-rich microdomains can promote the domain
induced budding of exosome vesicles through the lateral
segregation of cargo within the endosomal membrane.

Interestingly, MV uptake and trafficking are not pas-
sive mechanisms. The MV cargo may be quite different
from the material of the parental cell, as the intracellular
content of MVs is selectively enriched rather than pas-
sively sequestered. More recently, Li and colleagues re-
ported in an elegant study that, although microRNAs are
relatively depleted in U251 glioma cell MVs, some mi-
croRNAs (miR-451 and other non-coding RNAS), re-
peated-derived small RNAs, and even vault RNAs are
enriched in those MVs [7].

Lastly, based on the observations of Rankin and Wor-
deman [20], we may speculate that the spindle rocking
and cytoskeleton machineries, which are escorted by
clathrin, tubulin, actin and myosin molecules, may traffic
and propel biomolecules toward the plasma membrane in
abnormally proliferating cells where they may initiate
membrane blebs at lipid rafts, resulting in the budding
and cell extrusion of MVs. However, this mechanism has
not been demonstrated to date.

3. Components of Microvesicles

In a pioneering study, Valadi and colleagues reported
that exosomes released from human and murine mast cell
lines contain mMRNAs and miRNAs [9]. In 2008, Skog et
al. concluded that GBM cells also release MVs loaded
with non-coding RNAs and mRNAs [12]. Other studies
have formed a consensus that the content of MVs and the
biological functions depend on the cells of origin. In fact,
MVs derived from donor cells contain heterogeneous
biomolecules, which include a plethora of genomic com-

OPEN ACCESS

Lipid raft
ipid rafts

Outward budding
/

{ noncoding
/ genomic
elements

{ o Exosomes
Cell specific recéptdrs

(b)

Figure 1. Schematic representation of microvesicle (MV)
biogenesis. (a) Microparticle formation: Discrete regions of
plasma membrane bud off small vesicles. Green bars
represent lipid rafts in which MV budding initiate. Arrows
represent the trafficking of membrane elements and cyto-
solic components. In order to adjust or respond abnormal
environment of the cell, the cytoskeleton machinery may
contribute for these minute blebs. Magnified circle exhibits
the enlarged view of a typical shed vesicle with its internal
content and surface markers. (b) Exosome formation: 1)
Initiation of endocytosis either in response to external sti-
muli or by interaction of other MVs into plasma membrane
receptors. 2) Development of early endosome to sort endo-
cytic material that further results into formation of two
types of multivesicular late endosomes (MVESs), namely “de-
gradative” MVEs and *“exocytic” MVEs. 3) Exocytic MVEs
are recycled back and fused with plasma cell membrane. 4)
Exocytosis followed by the fusion of MVEs with plasma cell
membrane and exosomes are released to the extracellular
environment. 5) In degradative MVEs proteins and lipids
assigned for lysosomal degradation by ubiquitin are incor-
porated into intraluminal vesicles (ILVs) of degenerative
MVEs. 6) Delivery of degradative cargo to lysosome for
enzymatic digestion. 7) Enlarged view of a typical exosome
with its internal content and surface markers. Ceramide
and ESCRT are critical for endosome sorting to MVEs.
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ponents: mMRNASs, microRNAs, small non-coding RNAs,
tRNAs, vault RNAs, as well as intronic regions of the ge-
nome, most of which are of unknown function, and even
transposable elements. Microvesicle cargo may also be
packed with proteomic contents, cell-surface receptors,
signaling proteins, cytoskeletal components and intracel-
lular signaling proteins, including transcriptional regula-
tors [21], EGFRVIII, and EGF [22,23]. These results are
very suggestive the involvement of MVs in cancer
(Table 2) [7,10-12].

Some MVs may exhibit highly selective and custo-
mized microRNA packing. Microvesicles from the
HEK?293 embryonic kidney cell line are selectively pac-
ked with miR-451, suggesting the specific packing of this
microRNA [15]. Similarly, MVs from breast cancer cell
lines have also been found to selectively release miR-
1246 [24] and glioma-derived MVs exhibit the selective
packing of miR-21, an oncomir that has been consistently
overexpressed in several cancers [7]. Altogether, these
data are consistent with the concept that MV packing is
not a random process but is rather a highly customized
and specific way for tumor cells to communicate with
each other and with stromal cells to modulate their mi-
croenvironment.

4. MVs, Mediators of Intercellular
Communication and Genetic Transfer

Shed MVs are capable of interacting with a variety of
cell types and have emerged as messengers of cross-talk
and vehicles of horizontal genetic exchange between
different types of cells (Figure 2). Therefore, tumor cells
can modulate their environment by shedding MVs, which
can fuse and transfer a cargo of bioactive molecules to
stromal cells [9,12,22,25]. In addition, MVs released by
neural stem cells have been described as displaying in-
tercellular communication, as they exchange non-se-
creted proteins and genetic information [26]. The speci-
ficity of MVs for target cells may be guided by their dis-
tinct membrane surface molecules, such as adhesion mo-
lecules, surface receptors, integrins and ligands (Table 1),
which can influence their capture by target cells [27,28].

These surface interactions enable MVs to be coupled
to receptor molecules on target cells and/or to transfer
their contents directly to recipient cells in a phagocytic
manner. The incorporation of MVs into the recipient cell
appears to constitute a ubiquitous biological event, but
there could be some discrete mechanisms for distinct tis-
sues or cell types, which are not yet fully understood.

We have also speculated on the conceivable participa-
tion of transcytosis in tumor cells, whereby biomolecules
can be conveyed from one side to the other side of a cell
by membrane-bound vesicular carriers to adjust the com-
position of two dissimilar microenvironments. Although
the mechanism of transcytosis has been studied under
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different pathologic conditions [29-31], it has not yet
been described in gliomas.

5. Epigenetic Reprogramming of Recipient
Cells

Ratajczak and colleagues were the first to show that MVs
can induce the reprogramming of target cells, which oc-
curs when normal cells are exposed to cancer cell-de-
rived MVs and acquire a transformed phenotype [25,41].
Furthermore, MVs play critical roles in modulating stro-
mal cells to transform the tumor microenvironment to
support tumor cell proliferation, invasion and angiogene-
sis, and decrease immune responses [16]. Microvesicles
may play important roles in tissue homeostasis and in
tumor cell orientation in their microenvironment. For
instance, it was shown that, when glioblastoma MVs
loaded with mRNAs were taken up by recipient cells,
these cells changed their translational phenotype [12].
Similarly, MVs derived from embryonic stem cells and
glioma cells can affect gene expression in recipient cells
by transferring microRNAs, non-coding RNAs and small
RNAs [7,42]. Conceptually, although a single miRNA
might interact with different mRNAs and could induce
abnormal changes in the environment, this genetic trans-
fer may cause a huge impact on the physiologic and
phenotypic state of the recipient cells.

The trafficking of MVs with a concealed cargo of
biomolecules would not only affect the phenotypic state
of surrounding cells but could also affect distant cells by
facilitating tumor cell invasiveness [43]. For instance,
microRNAs shuttled to recipient cells by tumor cell MVs
have also been shown to downregulate the activity of key
proteins participating in cell proliferation and apoptosis
pathways, such as cyclin D1, Bcl-2 and Pten. This indi-
cates that the transfer of microRNAs from tumor cells to
surrounding tissue cells through MVs may modulate the
tumoral milieu (Figure 2).

Therefore, tumor-derived MVs are a novel way to ex-
change genetic information between cells (neoplastic and
non-neoplastic cells) and modify the milieu and pheno-
type of recipient cells. The delivery of MVs has the po-
tential to lead to the horizontal epigenetic spread of ag-
gressive phenotypes and to reprogram normal cells to
enhance their capacity to become more supportive for
tumor growth and invasion [37,39].

6. Microvesicles in Glioblastomas

There are relatively few data in the literature about MVs
in GBMs, but it is well-documented that glioma cells
have co-opted this effective mode of communication me-
diated by MVs to spread proliferative and invasive sig-
nals throughout neighboring cells. Al-Nedawi and col-
leagues showed that EGFR vlll overexpression in glio-
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Table 2. Components of microvesicle cargo.

Genomic content References Proteomic content References
Valadi et al., 2007 [9] .
MRNAS, NncRNAs, Skog et al., 2008 [12] Exocarta of 111 proteins, RT, ExoCarta database 2012"

microRNAs

Pluripotent transcription
factor-related mRNAs

Non-microRNAs, tRNAs,
vault RNAs, intronic repeats

Taylor et al., 2008 [11]
Lietal. 2013 [7]

Ratajczak et al., 2006 [25]

Lietal., 2013 [7]

transmembrane & cytoplasmic
proteins

Mutant EGFRvIII,
EGFR

Proteolipid protein (PLP),
Alix and flotillin

Mathivanan et al., 2012 [13]

Al-Nedawi et al., 2008 [22]
Al-Nedawi et al., 2009 [23]

Trajkovic et al. 2008 [19]

LncRNAs Nilsson et al., 2009 [32] Nogo B, Fas-L D’Agostino et al., 2006 [50]
Transposable elements B?_Iiale f;?l"zégél[%o] TRAIL Lo Cicero et al., 2011 [53]
Spees et al., 2006 [33]
mtDNAs Guescini et al., 2010 [44] ADAMTS-1,4,5 Lo Cicero et al., 2012 [54]

Balaj et al., 2011 [10]

Bastida et al. 1984 [34]
Yu & Rak, 2004 [35]
del Conde et al., 2005 [36]

ssDNAs, including gDNA

and cDNA Balaj et al., 2011 [10]

Transcription factors (TFs)

rRNAs and cell cycle
related mRNA

SiRNAs Kosaka et al., 2010 [38]
SNRNAs Valadi et al., 2007 [9]

Hong et al., 2009 [37] Cytokines, interleukin-1 beta Bianco et al., 2009 [47]

Transferrin receptor Johnstone et al., 2006 [39]

H1 histone protein Schiera et al., 2013 [40]

“Note;: http://www.exocarta.org; Note,: ncRNA, non-coding RNA; IncRNA, long noncoding RNA,; ssDNA, single stranded DNA; gDNA, genomic DNA.
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Figure 2. Schematic representation of sorting and packing of bioactive molecules into vesicles, their release and entry into
recipient cells. (a) Release of Golgi vesicles containing secretory molecules including mRNAs and proteins (sorted by ER). (b)
Biogenesis of pre-mRNA and pre-microRNA from nucleus and their transport to cytoplasm. (c) Maturation of mMRNAs and
microRNAs and sorting into diverse populations comprising normal and oncogenic RNAs. (d) Plethora of normal and onco-
genic proteins. (e) and (f) Incorporation of biomolecules into vesicles under the influence of packing cell machinery. (g) Dis-
similar population of released vesicles carrying different combinations of biomolecules. (h) Fusion of released vesicles to the
recipient cell. Recipient cells and vesicles are interacted through common surface receptors. Receptor-ligand interaction and
fusion with plasma membrane induces signal transduction via transmembrane proteins. Release of MV contents into cell
further triggers cell signals that results into reorganization of cellular machinery. The epigenetic reprogramming results in
novel cell phenotype and leads alteration in the tumor microenvironment (ER: endoplasmic reticulum; TEs: transposable
elements; Pre-mRNA/pre-microRNA; premature mRNA/premature microRNA; mtDNA: mitochondrial DNA).
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ma cells stimulates the formation of lipid-raft-related
MVs that can be shared between glioma cells, inducing
an angiogenic switch [22]. In turn, this angiogenic sig-
naling alters the expression of EGFRvIII-regulated genes,
such as VEGF, BCL2 L1 (Bcl-xL), and CDKN1B (p27).

Microvesicles in GBM and normal astrocytes may
contain mitochondrial DNA and single-stranded DNA
(ssDNA) molecules, including both genomic DNA and
cDNA that can be transferred to recipient cells [10,44,45].
Characterization of the microvesicles shed from gliob-
lastoma cells has shown that they contain a variety of
mMRNA transcripts and non-coding RNAs related to cell
proliferation, migration, angiogenesis, and immune re-
pression [7,12]. The selective packing of miRNAs in
glioma-derived MVs is thought to significantly enrich
several functional pathways. For example, the MVs loa-
ded with selected microRNAs in the U251 cell line are
implicated in tumor growth, angiogenesis, cell death, cell
proliferation, and tumor infiltration by targeting the gly-
cosaminoglycan (GAG) biosynthesis pathway, Ca* reab-
sorption, and ECM-receptor interactions, respectively
[7,46].

As a disposal mechanism for cellular debris, MVs
from brain tumor cells may also contain truncated and
de-generative proteins in addition to cytokines, which
may induce abnormal signals and have toxic effects after
being taken up by normal cells. Bianco and colleagues
described the severe injury of neural tissue induced by
IL-1p released from MVs derived from activated micro-
glia triggered by reactive astrocytes [47].

Box 2. Summary of MVs in GBMs.

Cargo: microRNAs, mitDNAs, ssDNAs, long ncDNAs, mRNAs,
EGFRuVIII.

Effects: cell proliferation, cell death, migration, tumor infiltration,
angiogenesis, immune repression.

7. Microvesicles in Low-Grade Astrocytomas

There are very few data in the literature about MVs in
low-grade astrocytomas. Guescini et al. showed that as-
trocytes can release microvesicles containing mitochon-
drial DNA. In this study, the authors indicated that exoso-
mes as microvesicles carried mitochondrial DNA [44].

8. Microvesicles in Oligodendrogliomas

Microvesicle shedding in oligodendrogliomas was in-
itially studied based on the assumption that oligodendro-
cytes have inhibitory effects on distant cells [48], and the
majority of the proteins identified in oligodendrocytes
that show inhibitory effects on neurons are components
of cell membranes [49].

One early investigation revealed the presence of Nogo
B (Neurite Outgrowth Inhibitor B) and Fas-L (Fas ligand)
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within oligodendroglioma vesicles, which have inhibito-
ry effects on neurite outgrowth and trigger neuronal apo-
ptosis [50]. Moreover, the overexpression of NogoB in
tumor cells results in pro-apoptotic effects [51] due to the
interaction of this ER-associated molecule with cytop-
lasmic anti-apoptotic proteins, such as Bcl-2 and Bcl-XL
[52].

However, Fas-L activation allows tumor cells to es-
cape from host immune surveillance and to create a
cell-free environment that facilitates the growth of tumor
cells [50]. TNF-related apoptosis-inducing ligand (TRAIL)
is another component of MVs in oligodendrogliomas that
is related to cell death [53]. It is assumed that both Fas-L
and TRAIL cooperate to induce pro-apoptotic effects in
normal brain cells through the shedding of these vesicles.

Microvesicles shed by oligodendrogliomas also play
roles in cellular invasion, especially among aggrecan-rich
extracellular matrices, by fusing part of the vesicle pop-
ulation with the surrounding cells [53,54]. Recently, Lo
Cicero and colleagues reported that TIMP-3-sensitive ag-
grecanase activity was detected in MVs from oligoden-
drogliomas and that the aggrecanase activity in the shed
MVs was due to ADAMTS enzymes (A Disintegrin and
Metalloproteinase with Thrombospondin Motifs). Among
these enzymes, the authors confirmed the presence of
ADAMTS-1, ADAMTS-4 and ADAMTS-5 by RT-PCR
in MVs shed by oligodendroglioma cells. Furthermore, it
was suggested that the aggrecanase activity was asso-
ciated with the MV surface through interactions with he-
paran sulfate proteoglycan moieties. The presence of
ADAMTSs in shed MVs presents a novel mechanism by
which cells target these enzymes to lectican substrates in
diverse extracellular matrices [54].

Box 3. Summary of MVs in oligodendrogliomas

Cargo: mRNAs, microRNAs, Nogo B, FAS-L, TRAIL, ADAMTS
motifs.

Effects: trigger apoptosis, tumor growth and invasion, escape from
immune surveillance.

9. Microvesicles in Medulloblastomas

Thus far, there are few data in the literature about MVs
in medulloblastomas. In 2009, Graner et al. first reported
exosomes produced from medulloblastoma cell lines.
These exosomes had the same biochemical and physical
properties as observed in other primary brain tumor ex-
osomes, namely, the size, density, canonical heat shock
protein content, acetylcholinesterase activity, and isoe-
lectric points [55]. Later, Epple and colleagues described
high percentages of nuclear proteins in medulloblastoma
exosomes as well as proteins involved in transcriptional
regulation that harbor nucleic acid-binding properties

JCT



188 Microvesicles in Gliomas and Medulloblastomas: An Overview

[56]. These authors also revealed that, in MBs, exosomes
contain other components that play roles in cell prolifera-
tion, migration and immune responses. Further evalua-
tion lead to the identification of a transcription factor (TF)
within these exosomes, namely hepatocyte nuclear factor
4-alpha (HNF4a) [56]. HNF4a is a member of a nuclear
receptor superfamily associated with hepatocyte diffe-
rentiation during embryogenesis, and dysregulation of
this TF is associated with hepatocellular carcinoma
(HCC) development via the induction of tumor growth,
loss of epithelial morphology, and metastasis [56,57].
HNF4o, expression is usually dysregulated in tumors [58],
and it exhibits a tumor suppressor effect in medulloblas-
toma cell lines [56].

The nucleic acid content of tumor MVs in medullob-
lastoma also contains high levels of specific coding and
non-coding RNAs and DNA, mutated and amplified on-
cogene sequences and transposable elements [10]. Me-
dulloblastoma cell lines that had genomic amplification
and high-expression levels of the c-MYC oncogene (fre-
quently amplified in MBs) were found to have a high le-
vel of exoDNA and exoRNA within their microvesicles.
Thus, monitoring the levels of these ribonucleic acids as bio-
markers in the serum or cerebrospinal fluid of patients with
MBs may indicate c-MY C oncogene amplification [10].

Box 4. Summary of MVs in medulloblastomas.

Cargo: nuclear proteins, HNF4a transcription factor, mRNAs,
microRNAs, DNAs

Effects: cell proliferation, cell migration, immune surveillance,
tumor growth, metastasis

10. Perspectives

As stated, there are few data regarding microvesicles in
gliomas. Indeed, we did not find studies that addressed
the participation of MVs in certain types of gliomas, such
as pilocytic astrocytomas, anaplastic astrocytomas and
ependymomas, despite a thorough search of the literature.
Consequently, this is an open field that is yet to be ex-
plored and investigated. Nonetheless, there are several
aspects of this novel mode of cell communication that
remain obscure, and we can expect intensive research on
tumor-derived MVs in the near future. A better under-
standing of the participation of MVs in the regulation of
key cancer pathways will offer new insight into tumor
pathogenesis and the putative mechanisms of developing
multidrug resistance by cancer cells. This may be helpful
in developing new strategies for novel therapies against
these infiltrative CNS tumors, particularly in glioblasto-
mas, the most lethal tumor type in humans.
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