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Since  their  first description,  extracellular  vesicles  (EVs)  have  been  the  topic  of  avid  study  in a  variety  of
physiologic  contexts  and  are  now  thought  to play an  important  role  in  cancer.  The  state  of  knowledge  on
biogenesis,  molecular  content  and  horizontal  communication  of  diverse  types  of  cancer  EVs  has  expanded
considerably  in  recent  years.  As a consequence,  a plethora  of information  about  EV  composition  and
molecular  function  has emerged,  along  with  the  notion  that  cancer  cells  rely  on these  particles  to invade
tissues  and  propagate  oncogenic  signals  at distance.  The  number  of  in vivo  studies,  designed  to  achieve  a
deeper  understanding  of the  extent  to which  EV  biology  can  be applied  to clinically  relevant  settings,  is
rapidly  growing.  This  review  summarizes  recent  studies  on  cancer-derived  EV  functions,  with  an  overview
xtracellular communication about biogenesis  and  molecular  cargo  of  exosomes,  microvesicles  and  large  oncosomes.  We  also  discuss
current challenges  and  emerging  technologies  that might  improve  EV detection  in various  biological
systems.  Further  studies  on  the  functional  role of  EVs  in  specific  steps  of  cancer  formation  and  progres-
sion  will  expand  our  understanding  of the diversity  of  paracrine  signaling  mechanisms  in malignant
growth.
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. Introduction

The coexistence of many cell types within the same organ-
sm requires a high level of coordination, which is mediated by

olecular mechanisms of intercellular communication. Histori-
ally, soluble factors have been considered the central players in
his process [1,2]. Soluble factors include secreted ligands that
an bind plasma membrane receptors, thus activating signaling
ascades in target cells [3]. Depending on the distance between
riginating cell and target cell, the principal categories of intercel-
ular communication are: autocrine, in which the target cell and the
ecreting cell are the same; paracrine, in which the target cell is in
lose proximity with the secreting one; and endocrine, in which
he target is distant and the secreted factors travel great distances
hrough the blood [4]. Cell communication can also be achieved by
ell-to-cell contacts, as is the case for juxtacrine interactions [4].
ore recently, a more complex, evolutionary conserved commu-

ication system has emerged. Cells are now known to exchange
nformation through the release of membrane-enclosed particles
alled extracellular vesicles (EVs) [5–10]. EVs mediate the exchange
f intricate intercellular messages comprised of classical soluble
nd insoluble signaling factors, as well as molecules of a differ-
nt nature, including structural proteins, nucleic acids, and lipids.
dditionally, EVs can travel through body fluids, thus conveying

unctional information to distant sites in vivo [11]. These and other
ndings have completely changed the concept of the nature inter-
ellular communication, and have helped to clarify diverse cellular
rocesses in pathological and physiological conditions.

The term “extracellular vesicle” has been introduced relatively
ecently and is currently used as a general term to describe virtually
ny type of membrane particle released by any type of cell, includ-
ng microorganisms [12], into the extracellular space, regardless of
ifferences in biogenesis and composition. Current criteria to dis-
inguish between diverse EV populations are based on size, density,
ubcellular origin, function and molecular cargo [7]. Despite the
any challenges in EV isolation and characterization, it is now clear

hat several types of EVs can be released from a single cell. We  are
lso limited in selectively differentiating one EV population from
nother to fully study them individually, because current meth-
ds of purification often result in mixtures of particles. Despite the
bove limitations, the notion that EVs are products of many – and
ossibly all – cells, and are actively shed in a finely regulated man-
er, has completely ruled out the possibility that they represent an
rtifact of purification [6]. Notably, along with the demonstration
hat EVs derived from tumor cells represent specialized molecu-
ar and functional compartments, evidence that tumor cells may
elease different subtypes of EVs, together with those originating
rom normal cells, is emerging [13,14].

This review focuses on the functional roles and clinical relevance
f cancer EVs, which can be organized into several categories: exo-
Please cite this article in press as: Minciacchi VR, et al. Extracellular Ve
of Large Oncosomes. Semin Cell Dev Biol (2015), http://dx.doi.org/10.

omes (30–100 nm diameter), microvesicles (MVs) (100–1000 nm
iameter), and a more recently identified cancer-derived EV popu-

ation termed “large oncosomes,” which are much larger than most
V types characterized to date (1–10 �m diameter). Because of their
 . .  . . .  . .  . . .  .  . . . . . . . . .  . . .  .  . . . . . . .  .  . . . . . .  .  . .  . . . .  .  .  . . .  .  . . . .  .  . .  .  . . . . . .  .  . . .  . .  .  .  .  00

atypical size (>1000 times larger than exosomes by volume), large
oncosomes may  have unique properties in vivo and may  present
new opportunities for tumor profiling. Finally, we discuss current
methods and future opportunities for the study and characteriza-
tion of different classes of EVs.

2. Exosomes and microvesicles

2.1. Biogenesis

Unraveling the mechanism of EV biogenesis is a biologically rel-
evant goal that might shed light on extracellular communication
and also result in clinically applicable tools, including development
of new therapies. The sorting of EV cargo seems to occur during EV
formation, suggesting that the two  processes might be intercon-
nected, and molecules exported in EVs might also be functionally
involved in their biogenesis. Filling the gaps of our understanding is
imperative if we want to eventually be able to modulate this process
in different cell types and diseases. Many different cells are capa-
ble of secreting both exosomes and MVs, including red blood cells
[15] platelets [16], lymphocytes [17], dendritic cells [18], fibrob-
lasts [19], endothelial cells [20], and epithelial and tumor cells [21].
Recent reports suggest that different types of EVs can originate from
the same donor cells, and whether the various biogenetic pathways
are completely independent or overlapping, and to what extent,
needs further study [22].

2.1.1. Exosomes
It is now evident that exosomes can be produced by most

organisms, including bacteria, and can be identified in diverse
ecosystems, including in the ocean [23]. In the human body, exo-
somes can be produced by all cell types examined so far [8,24].
Despite the demonstration in T cells that exosomes can originate
by direct budding from the plasma membrane [25], they are gener-
ally thought to derive from the endosomal compartment. Exosomes
form within the intraluminal vesicles (ILVs) that are generated
within the multivesicular bodies (MVBs) as part of the endocytic
machinery known as late endosomes [26,27]. MVBs can either fuse
with lysosomes for degradation or travel back to and fuse with
the plasma membrane [28]. Thus, molecules can be recycled and
released into the extracellular space within exosomes [6]. Sort-
ing of EV cargo during the internal budding of the membrane that
leads to ILV formation is an essential step in exosome biogenesis.
The endosomal-sorting complex required for transport (ESCRT) is
responsible for the accumulation and sorting of molecules chan-
neled into the ILVs, as recently confirmed in reports from Morvan
and Adell [26,27]. Therefore ESCRT activity has been the topic of
many studies directed to investigate the process of exosome for-
mation [24]. The ESCRT, with its four main complexes (ESCRT-0,
sicles in Cancer: Exosomes, Microvesicles and the Emerging Role
1016/j.semcdb.2015.02.010

-I, -II and -III), is responsible for final delivery of ubiquitinated
proteins to the degradation machinery. A recent study has demon-
strated that depletion of specific ESCRT-family members can alter
the exosome protein content and the rate of exosome release from

dx.doi.org/10.1016/j.semcdb.2015.02.010
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ancer cells [29]. For example, Alix and the tumor susceptibility
ene 101 (Tsg101) are involved in the formation of ILVs, which are
hen released as exosomes [24]. Alix was recently reported to inter-
ct with syndecans through the cytosolic adaptor syntenin, leading
o exosome formation in MCF-7 and HeLa cells [30]. In addition,
wo independent studies have shown that inhibition of Alix impairs
he ability of dendritic or muscle cells to secrete CD63-enriched
xosomes [29,31]. Proteins frequently found involved in exosome
iogenesis in other systems, such as Tsg101, have been used as
xosome markers in benign and cancer models. This suggests that
hese proteins are likely involved in exosome biogenesis in cancer
ells. However, conclusive reports demonstrating their functional
ole in exosome formation are still lacking.

The ESCRT machinery is not the only mediator of ILV cargo sort-
ng and formation, and other ESCRT-independent processes seem
o functionally participate in exosome biogenesis [32]. For example,
nvolvement of sphingomyelinase activity was first demonstrated
n 2008, both by the high levels of ceramide found within puri-
ed exosomes, and by the reduction of EV release upon inhibition
f sphingomyelinases [33]. Two other lipids, cholesterol and phos-
hatidic acid (PA), have been implicated in this process [34,35].
urthermore, evidence suggests that syntenin can promote exo-
ome formation in collaboration with the GTP-binding protein,
DP-ribosylation factor 6 (ARF6) and its effector phospholipase D2

PLD2) [30,36]. Once formed, ILVs containing MVBs can either fuse
ith the lysosomes or with the plasma membrane. Whether this is

he result of the co-existence of two different populations of MVBs
nside the cells, or the activation of specific signaling pathways, is
till a subject of investigation. The involvement of the Rab family
f small GTPases in vesicle trafficking and fusion with the plasma
embrane [37,38] suggests a role for these proteins in exosome

elease. How impaired activity of certain Rab family members, such
s Rab7, Rab11, Rab27a/b and Rab35, affects exosome release has
een the topic of several reports [30,39–42]. While the importance
f these proteins, as a class, in the regulation of exosome shed-
ing, is unequivocal, specific roles for each of the above Rab family
embers in the process are still unclear [42]. For example, Rab27a

ppears to play a more specific function than Rab27b in regulating
xosome release from metastatic tumor cells [43]. The observa-
ion that the GTPases that regulate exosome shedding vary from
ne cellular system to another suggests the existence of cell-type
pecific isoforms. The last and least characterized step of exosome
iogenesis consists of the fusion of the MVBs with the plasma mem-
rane, with consequent release of the EVs into the extracellular
pace. The soluble NSF-attachment protein receptor (SNARE) com-
lex has been implicated in this process, and the Ca2+-regulated
esicle-associated membrane protein 7 (VAMP7), a member of the
NARE complex, appears to be necessary for MVB  fusion with the
lasma membrane in leukemic cells [44]. However, while single
NARE complex members, like VAMP-1, 2 and 3, have been identi-
ed in cancer cell-derived exosomes by mass spectrometry in more
han one study [45–47], the dependency of exosome biogenesis on
he activity of the whole SNARE complex is unclear.

.1.2. Microvesicles
MVs  were originally characterized as products of activated

lood platelets and erythrocytes [16,48] and described for their
nvolvement in coagulation [49]. More recently, MVs  have been
escribed in other diseases [50] including cancer [51–53], as tumor-
erived microvesicles (TMVs) [54]. Unlike exosomes, MVs  seem
o originate directly from the plasma membrane, and are often
lassified as ectosomes [22,55,56]. The process that leads to MV
Please cite this article in press as: Minciacchi VR, et al. Extracellular Ve
of Large Oncosomes. Semin Cell Dev Biol (2015), http://dx.doi.org/10.

eneration starts from the formation of outward buds in specific
ites of the membrane followed by fission and subsequent release
f the vesicle into the extracellular space [53,57]. The plasma mem-
rane undergoes several molecular rearrangements at the sites of
 PRESS
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MV  origin, which result in membrane budding, including changes
in lipid and protein composition [58], and in Ca2+ levels [59]. The
altered levels of Ca2+ result in the recruitment and activation of
calcium-dependent enzymes like scramblase and floppase with
subsequent modification of the plasma membrane lipid composi-
tion [58]. Externalization of phosphatidylserine (PS) appears to be
one of the main features of MVs  [5,60], although the secretion of PS-
negative MVs  has been reported [61]. Moreover, lipid raft domains
seem to be abundant in MVs, and MV  formation can be impaired
by cholesterol depletion [62]. In addition to rearrangements in the
plasma membrane composition, proteins responsible for cell shape
maintenance may  be involved in MV  biogenesis, by regulating actin
dynamics [55,63]. Li et al. [55] recently identified RhoA, a member
of the small GTPases family, together with its downstream targets
Rho-associated coiled coil containing protein kinase (ROCK) and the
LIM kinase (LIMK) as a regulator of MV  release. While it is unclear
whether the EV preparations described in this study were enriched
with MV  over exosomes, ectopic expression of a dominant nega-
tive form of CHMP3 protein (CHMP3 DN), a mammalian homolog
of the yeast VPS24 protein that is essential for the secretion of
exosomes, did not prevent MV  shedding from MDAMB231 cells,
suggesting that MVs  and exosomes are distinct species. Whether
RhoC, whose activated form is similar to RhoA [64], is involved in
the process is still a matter of debate [55,65]. Calpain, a calcium
dependent enzyme, which regulates cytoskeletal proteins, has also
been reported as a component of the MV  biogenesis machinery in
platelets [63]. In addition to this, the D’Souza-Schorey group has
demonstrated that ARF6 is a key protein in MV  formation and shed-
ding [56], and the ARF6-regulated endosomal complex seems to
play an important role in the selective incorporation of molecular
cargo into MVs  [66]. ARF6 downstream targets include extracel-
lular signal-regulated kinases (ERK) and myosin light-chain kinas
(MLCK), key regulators of actin polymerization and myosin activity,
both very important processes in MV  release [56]. As a result, MV
release in the extracellular space can be reduced by the inhibition
of either ARF6 activity or activity of ARF6 targets [56].

2.2. Content

EV content is highly heterogeneous because EVs can accommo-
date proteins, nucleic acids and lipids, and protein cargo includes
both surface molecules (possibly to mediate intercellular interac-
tions) and intra-vesicular species [67]. EV cargo is not merely a
reflection of the donor cell composition but rather the result of a
regulated, but still largely unresolved, sorting mechanism. What
seems to be clear is that the selection mechanism allows discrimi-
nation between molecules meant to be included in the intercellular
message that EVs are delivering, and those that are not [68]. The
nature and abundance of the molecular cargo is often influenced by
the type and physiological or pathological condition of the donor
cell, the stimuli that modulate EV production and release, and most
likely the pathways that lead to the formation of different EV types.
These different layers of regulation explain, at least in part, how the
EV message can be precisely modulated. EVs can carry and con-
sequently transfer into recipient cells tumor-derived molecules,
including epidermal growth factor receptor vIII (EGFRvIII), mutant
Ras family members or c-Met [11,38,69,70], and other proteins or
transcripts with oncogenic functions that are currently being pro-
posed as biomarkers in cancer. Studies determining the number of
copies of transcripts, miRNAs and proteins per single EV are still
lacking. Understanding the stoichiometry of the various molecules
in different EV types might, in the future, improve our ability to
sicles in Cancer: Exosomes, Microvesicles and the Emerging Role
1016/j.semcdb.2015.02.010

select better candidates for clinical investigations.
Large-scale profiling experiments are generating valuable infor-

mation on different types of EV populations originating from single
cell systems and on single classes of EVs from different cell types.

dx.doi.org/10.1016/j.semcdb.2015.02.010
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hese include mass spectrometry and miRNA arrays and sequenc-
ng [38,71,72], while lipidomics characterizations are still lagging
ehind [73,74]. The resulting datasets have been collected into
hree main databases: Exocarta, Vesiclepedia and EVpedia [75–77].
hese resources contain information on protein, mRNA and miRNA
dentified in at least one EV population, and EVpedia contains
ntegrated datasets from prokaryotic and eukaryotic EVs. This infor-

ation can be used as a means of comparison with new datasets
nd as a valuable resource for computational studies to identify new
andidate markers that can facilitate the understanding of EV origin
nd function. Gene Ontology and network analyses of protein and
iRNA datasets are now achievable by using this tool [77]. A recent

eport that analyzed 16 different mass spectrometry studies iden-
ified almost 800 common vesicular proteins in exosomes derived
rom different cell lines [78,79]. This is useful information that
an help identify molecules functionally involved in EV biogenesis,
hich could result in the identification of tumor-enriched mark-

rs. Reports suggesting that given proteins are unique or enriched
n specific EV populations from disease states are contributing to
ur understanding of disease markers generally [73,80]. Recently,
uturi et al. [81] have demonstrated that EV signatures can be

onor cell specific, and Garnier et al. [82] have identified EV signa-
ures that discriminate cellular differentiation and transformation.
owever, more extensive investigation on whether tumor cells can
odulate their cargo in different phases of biological activity is
issing. Future studies will likely provide additional categories

f markers with significant mechanistic implications, along with
isease-specific biomarkers that could help distinguish between
athophysiological conditions. We can also envision the discovery
f new molecules to stratify diverse EV populations and attribute
dentified functions to them.

The selection of the proteins exported in EVs is not only affected
y the status of the donor cell but also depends on the subcellu-

ar compartment of origin, as is the case for the above mentioned
xosomes, derived from MVB  and MVs  and shed from the plasma
embrane [56,83,84]. This choice influences both the intercellular

nteractions and the message delivered by these EVs. Proteins that
re frequently used as exosome markers are often also involved in
xosome biogenesis. These include Alix, Tgs101, ceramide, flotillin,
ab and tetraspannin family members [29–31,33,39–42,85]. In
articular, CD9, CD81 and CD63 have been shown to partici-
ate in endosomal vesicle trafficking [86,87]. Additional reports
uggest the involvement, in protein sorting within exosomes, of
he ESCRT complex, which targets ubiquitinated proteins to the
egradation route [88]. Moreover there are observations of an
SCRT-independent, CD63 dependent sorting process [89], sug-
esting that sorting can be regulated at multiple levels. In the case
f MVs  an important role in the cargo selection seems to be directed
y the ARF6-regulated recycling pathway [53,56]. This process can
egulate the inclusion of proteins such as major histocompatibil-
ty complex (MHC) class I, �1 integrin receptors, vesicle associated
rotein 3 (VAMP3) and membrane type 1 matrix metalloproteinase
MT1MMP) [56].

The mechanism of sorting nucleic acids in exosomes is less
nderstood. Exosomes can export miRNAs, long non-coding and
ther non-coding RNAs, and mRNA [68,90,91]. Importantly, EVs
ight represent a vehicle in which these nucleic acids can be

reserved and analyzed in biological fluids, as well as delivered
o their target cells without being degraded in the extracellular
pace. This is particularly important for mRNA, which is sensitive
o RNAses. Once taken up by recipient cells, mRNAs could play
pecific functions upon translation into protein products [57,68].
Please cite this article in press as: Minciacchi VR, et al. Extracellular Ve
of Large Oncosomes. Semin Cell Dev Biol (2015), http://dx.doi.org/10.

he first demonstration that exosomes can carry single-stranded
NA (ssDNA) and retrotrasposones was reported by Balaj et al. in
011 [92]. More recently, two independent studies have shown
hat exosomes also contain double-stranded DNA (dsDNA), which
 PRESS
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can be profiled in the circulation using next generation sequenc-
ing technologies [93,94]. However, whether the DNA contained
in EVs is representative of the originating tumor cells has not
been fully demonstrated. This revolutionary finding opens up the
opportunity to use the dsDNA derived from exosomes and poten-
tially other EVs as an alternative, more concentrated and better
preserved source of cancer-derived genomic material than circu-
lating DNA. From a more functional perspective, a recent study has
shown that the oncogene H-ras,  identifiable by DNA sequencing in
brain tumor cell-derived EVs can be transferred to recipient cells
where it transiently alters their biological behavior [95]. Further
investigation into the molecular mechanisms by which EVs induce
DNA-mediated transformation might open up enormous opportu-
nities for cancer biology and therapeutics.

2.3. Internalization

The interaction of EVs with their target cells is not only mediated
by membrane-membrane contact, but often results in EV uptake
with subsequent transfer of EV cargo. Both fusion and active endo-
cytosis have been proposed as mechanisms for exosome uptake.
Exosome and MV binding and internalization can be regulated by
adhesion molecules [96]. For example, the interaction between
diverse combinations of tetraspannin complexes, highly repre-
sented on exosome membranes, and integrins on the target cell,
might influence the selection of the recipient cell [97]. EV-cell inter-
actions can also be mediated by the PS expressed on EVs and TIM4
[98] or other PS-specific receptors on target cells. Finally, a rel-
evant role in EV internalization seems to be played by heparan
sulfate proteoglycans residing on the plasma membrane of the tar-
get cell, as recently reported by Christianson [99]. Whether these
processes are truly selective or rather can occur randomly is still
largely unclear. The EV-target cell interaction is the first step of EV
uptake, and seems to be unavoidably followed by fusion or endo-
cytosis [100]. And while the fusion is considered a more passive
event in which the membrane of the exosome and the membrane
of the recipient cell melt together, thereby forming a continuous
structure after the merging of the two  distinct lipid bilayers, endo-
cytosis is an active process. The regulatory features of this active
uptake is still largely undefined, although phagocytosis [98], as
well as a lipid raft-dependent endocytosis, positively regulated by
ERK1/2 and inhibited by Caveolin-1 (Cav-1) [101], could be alter-
natives to conventional endocytosis of soluble molecules. Finally,
once inside the recipient cell, exosomes can release their content
through fusion with the endosome membrane or can be targeted
to lysosomes for degradation.

3. Large oncosomes

The term oncosome was first used by Janus Rak’s group in 2008
to describe, in the context of brain tumors, the existence of EVs
released from glioma cells and expressing EGFRvIII, a mutated form
of the receptor. These vesicles were shown to be capable of trans-
ferring the oncoprotein EGFRvIII to the membrane of tumor cells
lacking this receptor, thus propagating tumor-promoting mate-
rial and inducing transformation [69]. Our group recently reported
that prostate cancer cells release bioactive EVs with diameter of
1–10 �m (Fig. 1). We  used the term “large oncosome” because of
their atypically large size (Fig. 1) and because they appeared to be
contain oncogenic material and to be cancer-specific [102].

3.1. Biogenesis – the amoeboid phenotype
sicles in Cancer: Exosomes, Microvesicles and the Emerging Role
1016/j.semcdb.2015.02.010

Metastasis occurs when tumor cells develop an ability to exit
from the primary tumor, cross the basement membrane, enter
and survive within the vasculature and colonize ectopic tissues.

dx.doi.org/10.1016/j.semcdb.2015.02.010
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ig. 1. Tumor cells release large oncosomes. Tumor sections of PC xenografts imag
nd  2 �m (right).

oward these ends, disparate migratory modes are adopted, includ-
ng collective cell migration as strands or sheets, or single-cell

esenchymal and amoeboid modes. Mesenchymal motility was
ong thought to be the main phenotype adopted by invasive tumor
ells. One of the main features of mesenchymal migration is its
eliance on pericellular proteolysis, and in some tumor cell con-
exts protease inhibition can inhibit cell motility. Disappointing
esults from clinical trials of metalloproteinase (MMP) inhibitors
103], however, argue that alternative modes of dissemination may
lso exist. The first evidence for such escape mechanisms came
rom Wolf et al. [104], who demonstrated that tumor cells invade in
he face of hindering pericellular proteolysis by transitioning to an
moeboid phenotype. Amoeboid cancer cells display an elliptical,
lebbing morphology induced by activation of the GTPase RhoA
r its effector ROCK [105]. Importantly, the non-apoptotic mem-
rane blebs typical of amoeboid cells are dynamically extruded and
etracted thus enabling gliding and directional propulsion through
atrices. Amoeboid migration can also be induced by the silencing

f the cytoskeletal regulator Diaphanous related formin-3, DIAPH3.
IAPH3 loss induces, in different cancer cell types, a transition

o a rapid migratory phenotype with increased metastatic poten-
ial, also known as mesenchymal to amoeboid transition (MAT)
106,107]. Our group was the first to demonstrate that these non-
poptotic membrane blebs can be shed from amoeboid cancer cells
n the form of large oncosomes. The phenomenon could be induced
y stimulation of prostate cancer cells with EGF and observed by

ive microscopy for a long period [102]. Overexpression of a con-
titutively active form of Akt is another trigger that promotes the
elease of large oncosomes [13,102]. Because large oncosomes, sim-
lar to MVs, originate from the plasma membrane, some of the
athways implicated in the biogenesis of MVs  might also contribute
o large oncosome biogenesis. For example, ARF6, which is involved
n the abscission of MVs  from the plasma membrane and is enriched

ithin MVs  [53,56], is also highly expressed in large oncosomes
13]. Because large oncosomes originate from membrane shedding
rom aggressive cancer cells that have acquired an amoeboid phe-
otype, we believe that amoeboid cells may  be associated with
umor progression, not only as a function of their adaptive plastic-
ty, but also through oncosome-mediated progressive remodeling
f their surroundings.

.2. Association with cancer and molecular content
Please cite this article in press as: Minciacchi VR, et al. Extracellular Ve
of Large Oncosomes. Semin Cell Dev Biol (2015), http://dx.doi.org/10.

Studies from our group have determined the rate of non-
poptotic blebbing and oncosome shedding using multiple systems
nd cell lines with different degrees of aggressiveness. The con-
lusion is that only tumor cells release large oncosomes at a
EM showing large oncosome-like features (white arrows). Size bars are 5 �m (left)

quantifiable rate, and the number of large oncosomes is directly
correlated with aggressiveness [13,14,102]. A recent report iden-
tified large oncosome-like blebs in cancer-associated fibroblasts
(CAFs) but not in fibroblasts from benign tissue [108]. However,
a quantitative analysis to establish the extent of the phenomenon
was not performed, therefore there is not conclusive evidence that
this represents a common feature.

Large oncosomes harbor abundant bioactive molecules, includ-
ing signaling factors involved in cell metabolism, mRNA processing
and cell growth and motility [102]. They also contain miRNAs,
metalloproteinases, and Cav-1 [13]. Cav-1 is a serum biomarker
of metastatic prostate cancer [109]. Interestingly the presence,
in the circulation, of large oncosomes containing Cav-1 corre-
lates with tumor progression in mice with autochthonous prostate
tumors [13] and discriminates patients with metastatic disease
from patients with organ-confined prostate cancer [14]. Large
oncosome-like structures can be identified in formalin-fixed, paraf-
fin embedded (FFPE) tumor sections by light microscopy, and this
feature correlated with high Gleason score (GS) and the pres-
ence of metastases in two  independent cohorts of prostate cancer
patients [13]. Electron microscopy highlighted large membrane
blebs directly exposed to the lumen of blood vessels in tumor
tissues. Similar structures were detected in paraffin sections of
tumors from mice with metastatic disease by staining with anti-
ARF6 antibodies [13]. Large oncosomes resemble “giant vesicles”
recently identified by an independent group in breast cancer lines
and detected in tissue sections of human breast cancer [110]. The
demonstrated correlation between the oncosome-like feature and
tumor progression in tissues, albeit potentially significant, requires
further investigation. Objective criteria of identification, based on
specific markers, and automated quantitation of large oncosomes in
tissues are necessary to obtain standardized procedures, clinically
applicable. To date, it is not known how much overlap in terms of
molecular cargo and function exists between tumor-derived MVs
and large oncosomes, although a recent comparative proteomic
analysis of exosomes and large oncosomes reveals distinct cargo
in the two EV types [111]. Additional investigation is required not
only to better define both large oncosome content and function in
tumor progression but also to identify markers to determine if they
represent a unique EV population. Even if the characterization of
large oncosomes is still in its infancy, miRNA profiling of the EV
cargo from cancer cells suggests a selection of miRNA species in
large oncosomes versus smaller EVs [14]..
sicles in Cancer: Exosomes, Microvesicles and the Emerging Role
1016/j.semcdb.2015.02.010

4. Horizontal communication

Whether EVs play a role in tumor development, survival and
progression or other specific phase of tumorigenesis is object of

dx.doi.org/10.1016/j.semcdb.2015.02.010
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ig. 2. Large oncosomes as new players in intercellular communication. Tumor cell
ome  of the most common mechanisms of interaction between tumor-derived MV
overn  the cross talk between large oncosomes and the microenvironment are still

ctive investigation. Tumor derived EVs can alter the homeostasis
f the tumor microenvironment by directly targeting fibroblasts
112–114], endothelial [115,116] and immune [117] cells or by
ltering the structure and composition of the extracellular matrix
ECM) [118] (Fig. 2). Along with several studies showing an EV-

ediated horizontal propagation of tumor promoting molecules
11,69], it is now emerging that EVs can also spread acquired
henotypes and functions including drug resistance [119,120]. A
ew recent studies have demonstrated that EVs may  mediate the
ransfer of nucleic acids, including mutated genetic material, a
henomenon that was previously thought to happen only ver-
ically within clonal cells. The hypothesis that this might occur
hrough direct transfer of DNA is attracting strong interest and
as resulted in a few reports on the functional role of mutated
NA in recipient cells [95]. Additionally, evidence is slowly emerg-

ng that EV-enclosed DNAs can be transferred into cell nuclei, as
emonstrated by acridine orange or lipophilic dye-labeled EVs,

dentified inside the nuclear membrane (unpublished observations)
nd [121]. Whether the transferred DNA can exert a functional role
n target cells is still unresolved. Oncogene transcripts can be prop-
gated through EV transfer and then translated into proteins in the
ecipient cells [115]. Analogously, EV enclosed miRNAs can regu-
ate gene expression, thus altering the behavior of the recipient
ells [108,120,122] and increasing metastatic potential in poorly
etastatic cells. An example is provided by recent findings on miR-

00, in breast cancer metastasis, using a series of xenograft models
123].
Please cite this article in press as: Minciacchi VR, et al. Extracellular Ve
of Large Oncosomes. Semin Cell Dev Biol (2015), http://dx.doi.org/10.

.1. ECM remodeling

The MMP  family of proteins is implicated in ECM remod-
ling and in cancer cell protease-dependent migration and
municate with various components of the tumor microenvironment by EVs. While
dots) and exosomes (green dots) with target cells have been described, those that
y unknown.

invasion. MT1-MMP, MMP9  and MMP2  or A disintegrin and
metalloproteinase domain-containing protein 10 (ADAM10) have
been identified in different EV types, including large oncosomes
[13,38,56]. MMPs  can be found inside or on the EV membrane and
they are also functionally active as is the case for MT1-MMP, whose
ability to remodel the ECM has been shown for melanoma derived
exosomes [118]. Because MT1-MMP  is a proteolytic activator
of MMP9  and MMP2, and these three proteins are not always
identified in the same type of EV, it might be possible that different
EVs release different molecules that then regulate each other’s
activity in the extracellular milieu.

4.2. Fibroblasts

Tumor derived EVs can functionally modify fibroblasts [124], by
reprogramming these cells to cancer associated fibroblasts (CAFs),
which exhibit a myofibroblastic differentiation. Studies from Web-
ber et al. demonstrated that exosomes can release an EV specific
form of transforming growth factor beta1 (TGF-�1), which dif-
fers from the soluble form of this growth factor in that not only
does it induce myofibroblast differentiation but also actively pro-
motes tumor progression [112,113]. Interestingly, disruption of
EV mediated interactions of the tumor cells with the surrounding
stroma in vivo significantly reduces tumor growth by impairment
of either EV dependent signaling activation in target cells or exo-
some production [113]. This result might imply that EVs could be
targeted at multiple levels, from biogenesis to interactions with
target cells, alone or as combinatorial approaches. Parallel studies,
sicles in Cancer: Exosomes, Microvesicles and the Emerging Role
1016/j.semcdb.2015.02.010

from Antonyak et al. [114] have demonstrated that MVs  released
from breast cancer or glioblastoma cell lines can induce transfor-
mation of fibroblasts and the process is mediated by fibronectin1
(FN1) and transglutaminase (tTG). Along with the notion that CAFs

dx.doi.org/10.1016/j.semcdb.2015.02.010
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ight release soluble factors that induce epithelial-mesenchymal
ransition or stemness in cancer cells, it is becoming evident that
hese processes might be also regulated by CAF-derived EVs. A
revious report from Wrana’s group had demonstrated the abil-

ty of exosomes released by fibroblasts to enhance breast cancer
ell invasion [125]. A more recent report indicated that cancer cell
otility is induced by exosomes released from CAFs silenced for

issue inhibitor of metalloproteinases (Timp). In this system, Timp
nock down resulted in increased expression of ADAM10 in the
xosomes, in the absence of increased intracellular levels [126].
his is yet an additional example of how important is to also con-
ider and analyze the exosome content and function within the
umor cell and extracellular components, since they may  contain
nformation or alterations that are not necessarily manifest in the
onor cell. More recently, fibroblast-derived exosomes have been
hown to induce EMT  in cancer cells by miRNA [108].

.3. Angiogenesis

Studies on the role of EVs in angiogenesis have demonstrated
hat cancer cell-derived EVs contain interleukin-6 (IL-6) and vascu-
ar endothelial growth factor (VEGF), potent pro-angiogenic factors,
s well as other molecules able to enhance endothelial cell invasion
nd organization in tubule-like structures [115,116]. Using similar
echanisms, exosomes expressing the neutral sphingomyelinase

 (nSMase 2) can induce tubule formation and migration of HUVEC
nd promote tumor progression through in vivo stimulation of
ngiogenesis as result of their interaction with endothelial cells
127]. Formation of a vasculature within the tumor facilitates can-
er cell entry in the circulation thus promoting metastasis. The
emonstration of a direct involvement of tumor derived EVs in
his process might provide additional targets for the develop-

ent of anti-angiogenic drugs that may  be used in combination
ith the ones already developed. In addition to the direct transfer

f canonical pro-angiogenic proteins, recent studies are identify-
ng novel EV-enclosed molecules that participate in angiogenesis.
hese include EGFR [128], miR-210 [122] and miR-9 [129]. Angio-
enesis is strongly stimulated by hypoxia, in which an increased
elease of exosomes stimulates tubule formation in different tumor
ypes [122].

.4. Tolerogenic immune response

Tumor cells can acquire immunotolerance either through induc-
ion of T regulatory (T reg) proliferation or cytotoxic T cell death,
nd both mechanisms can be mediated by EVs [130]. In fact ovar-
an cancer-derived EVs can enhance Treg proliferation and activity
117], and EVs originating from tumor cell lines can induce a
asL or TNF-related apoptosis-inducing ligand (TRAIL) dependent
ell death in CD8+ T cells [131,132]. Similar results have been
licited by EVs obtained ex vivo from patients with oral squamous
ell carcinoma [133]. As an additional mechanism of EV-mediated
mmunotolerance, EVs containing TGF-� can impair Natural Killer
NK) and T cells activation through downregulation of NKG2D
134]. However, exosomes may  not always be involved in the reg-
lation of the adaptive immune response in vivo [43]. This finding
ighlights the difficulties in translating in vitro findings to animal
nd human models due to large intercellular diversity in vivo.

.5. Drug resistance

The involvement of EVs in drug resistance is a novel area of
Please cite this article in press as: Minciacchi VR, et al. Extracellular Ve
of Large Oncosomes. Semin Cell Dev Biol (2015), http://dx.doi.org/10.

nvestigation. EVs from breast cancer cells and other tumor types
an transfer resistance to docetaxel in cells that are sensitive to the
rug [119,135]. In breast cancer the process seems to be specifi-
ally mediated by P-glycoprotein [119], or by its activator transient
 PRESS
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receptor potential channel 5 (TrpC5) [136]. EV-mediated docetaxel
resistance is also regulated by miR-222 [120,137]. Further evi-
dence demonstrates that the transfer of the prosurvival Akt/mTOR
complex in EVs results in propagating resistance to gefitinib in
non-small cell lung carcinoma cells (NSCLC) [135].

4.6. Metastatic niche

The demonstrated EV ability to enter the circulation and poten-
tially travel far from the site of their origin has generated the
hypothesis of a role for EVs in the education of the metastatic niche.
In vivo results in this area are still largely limited. However, Peinado
et al. [11] have reported, in a very elegant study, the capacity of
melanoma-derived exosomes within the bone marrow to condi-
tion the metastatic niche. Moreover CD105 positive MVs, which
can promote angiogenesis in vitro, may  stimulate lung metastasis
in vivo in renal cancer [138].

4.7. Large oncosomes in extracellular communication

Evidence that large oncosomes can modulate diverse features
of different cell types, including endothelial cells, fibroblast and
tumor cells [13,14], suggests a functional role in the tumor microen-
vironment. Large oncosome-induced migration of CAFs can be
potentiated by EVs derived from tumor cells in which miR-1227
has been overexpressed. Interestingly, this forced expression of the
miRNA intracellularly results in a 3-fold greater export of it in large
oncosomes in comparison to exosomes, in line with their signif-
icantly larger size. Large oncosomes can also potently stimulate
expression of metastasis-associated factors, such as brain-derived
neurotrophic factor (BDNF), C-X-C motif chemokine 12 (CXCL12)
and osteopontin, in stromal cells [13], confirming a role for these
EVs as potent mediators of the communication between tumor
cells and stroma. Moreover, large oncosomes can induce migration
of tumor and endothelial cells. Importantly, migration of normal
endothelial cells was induced by large oncosomes purified from
the circulation of mice with metastatic disease [13]. Furthermore,
tumor cell migration was also enhanced by fibroblasts pre-treated
with large oncosomes and used as tumor cell attractants. Notably,
large oncosomes are ∼1000 times the size by volume of exosomes
and therefore can theoretically accommodate a much larger num-
ber of tumor-derived molecules with a distinct impact on the tumor
microenvironment than exosomes. This hypothesis is supported
by a recent report demonstrating that most of the exosomes in
exosome preparations obtained by standard methods of isolation
only contain a few miRNA molecules [139]. The results further
suggest that, if functional experiments were performed with exo-
somes released in physiologically relevant conditions, the effect
of the various single molecules would be diluted. One interesting
consequence of these findings is that larger EVs including large
oncosomes might contain more abundant miRNA molecules, thus
serving as an enriched source of biomarkers and for the identifica-
tion of functionally relevant EV cargo. The molecular mechanisms
underlying the function of the large oncosomes in horizontal com-
munication are still largely unknown, and additional studies are
necessary to determine, in a comparative manner, whether large
oncosome functions exploit specific pathways (Fig. 2).

5. EV isolation and detection methods

EVs can be isolated from conditioned media of cultured cells as
well as from virtually any type of body fluid, including blood and
sicles in Cancer: Exosomes, Microvesicles and the Emerging Role
1016/j.semcdb.2015.02.010

derivatives, urine, ascites, bronchoalveolar lavage (BAL), saliva, and
cerebrospinal fluid (CSF). The attempts to perfect current methods
of EV isolation have recently lead to increased understanding of
the biological function and nature of diverse types of EVs. Along

dx.doi.org/10.1016/j.semcdb.2015.02.010
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ith much progress, unexpected complexity has emerged. Despite
he numerous reports published on comparative methods for EV
solation, we are still far from having standard protocols appli-
able to clinical practice. One of the most commonly employed
ethods of EV isolation is based on differential centrifugation

140]. In conventional protocols, after pelleting down cells and cell
ebris at low speed, EVs are purified at 10,000–20,000 × g, as is
he case for MVs  and large oncosomes [13,14,56,102,140], or at
00,000–120,000 × g as for exosomes [47,140]. However, different
ariations of this protocol have been employed, resulting in con-
using results. Recent studies have also highlighted that differential
entrifugation, known to result in heterogeneous preparations, is
ot sufficient to isolate pure populations of EVs [47]. EVs can be bet-
er purified and cleared from free proteins and protein complexes
r other contaminants by centrifugation gradients, typically used to
eparate different intracellular organelles based on their sedimen-
ation coefficient [47]. Discontinuous cushion gradients represent a
iable alternative to continuous gradients that can be cumbersome.
ith these methodologies, EVs can be purified through flotation of

he different EV populations at known concentrations of sucrose,
odixanol or other agents [47]. Size exclusion methods based on
he use of filters with specific pore size are often used in combina-
ion with other isolation techniques. This is frequently the first step
n exosome purification from serum and plasma [141]. Our group
ecently developed a size retention rather than exclusion isolation
ethod able to select EVs larger than 200 nm,  which include large

ncosomes, while allowing smaller EVs to flow through the filter.
sing this method, large oncosomes positive for Cav-1 were shown

o discriminate patients with locally confined prostate cancer from
atients with castration resistant and metastatic disease [14].

Immunoaffinity capture is emerging as a new tool to purify spe-
ific EV populations based on the expression of certain membrane
roteins. For example, microbeads coated with glycoprotein A33
nd epithelial cell adhesion molecule precursor (EpCAM) have been
uccessfully used to immunocapture different EVs from colon can-
er cells [46,47,142]. Novel and promising methodologies include
icrofluidic systems that allow EV immunocapture using specific

ntibodies. One elegant system, with high potential for clinical
pplicability, has been used to quantitatively analyze EVs in the
erum of patients with glioblastoma using general exosome mark-
rs and EGFRvIII [143]. As a result of the increasing technical ability
o stratify heterogeneous EV populations, several markers that
ave been considered exosome-specific, including CD63, CD81, CD9
re now being identified in other types of EVs, whereas proteins
uch as Alix and Tsg101 appear to be more consistent markers
144]. PS, ARF6 and Rho family members have been proposed
s MV markers [52,56,60]. However, cross-reactivity with other
Vs has been demonstrated, limiting the current understanding of
otentially different functions and clinical significance for these
wo classes of EVs [75–77]. Whether large oncosomes represent

 discrete population of EV is still unresolved, and whether MVs
nd large oncosomes express different markers has not yet been
xplored. Identification of sets of markers rather than single ones
y multiplexing techniques and large scale mass spectrometry,

ncluding targeted proteomics will improve our ability to purify EVs
pecies with different signatures in vitro and in vivo. If performed
nder well-controlled conditions, these experiments, followed by
xtensive validation, can improve the sensitivity and specificity of
urrently available methods.

.1. EV imaging
Please cite this article in press as: Minciacchi VR, et al. Extracellular Ve
of Large Oncosomes. Semin Cell Dev Biol (2015), http://dx.doi.org/10.

A range of imaging methodologies has been applied to EVs,
ontributing to the conclusion that EVs are discrete, particulate
tructures with a lipid bilayer. Nano-sized EVs and MVs  require
he resolution power of electron microscopy (EM) to be visualized.
 PRESS
elopmental Biology xxx (2015) xxx–xxx

Larger EVs, such as large oncosomes, can be visualized by confocal
or optical microscopy in tissue plasma membranes, and mea-
sured using imaging software. Immufluorescence imaging allows
identification of large oncosomes also in cell media and body flu-
ids [13,14]. Notably, in FFPE sections, large oncosomes can be
highlighted by chromogenic immunohistochemistry [13,14], sup-
porting a high potential for clinical translation in cancer.

5.2. EV fluidic based analysis

Flow cytometry analysis is often employed for EV detection,
although most instruments cannot analyze particles smaller than
500 nm.  A recent study from van der Vlist demonstrated that
nano-sized particles can be accurately quantified [145]. Interest-
ingly, using a multicolor labeling strategy, this approach could
be used to stratify subsets of heterogeneous EVs. Recent studies
further demonstrate that nano-sized EVs can be enumerated by
flow cytometry with the support of antibody-coated beads larger
than exosomes [46,47,142]. Given their atypically large size, large
oncosomes can be quantified in cell secretions, mouse and human
plasma, with and without staining with fluorescently-labeled anti-
bodies, using 1 and 10 �m size beads [13,14]. More frequently used
for the study of nano-sized EVs, the nanoparticle tracking analysis
(NTA) system the light scattered by the particles can be captured
and analyzed by computer software, resulting in a measurement of
the size distribution and concentration of the EVs in the samples
[146]. This method is not suitable for quantitative analysis of EVs
larger than 400 nm.  Newer systems, based on dynamic as well as
electrophoretic and static light scattering in combination, seem to
allow quantitative analysis of EVs of several microns in diameter.
However, their application has been limited to the use of liposomes
in drug delivery experiments [147].

6. Clinical implications

EVs represent a potentially rich source of information obtain-
able from body fluids through non-invasive approaches. Filtering
and interpreting the meaning of this information is challenging.
Several studies have attempted to identify signatures of cancer and
cancer progression and response to the therapy using proteome
and miRNome profiling. For example reduced levels of miR-34a
in EVs derived from docetaxel resistant prostate cancer cells and
of miR-192 in EVs derived from lung adenocarcinoma have been
recently proposed as possible indicators of cancer progression and
metastasis [148,149]. In addition, the recent demonstration that
next generation sequencing technologies can be applied to the
genomic DNA and to miRNA enclosed in EVs [93–95] suggests the
opportunity to derive tumor-specific genomic alterations from EVs.
With the rapid progress of targeted sequencing, it might also be
possible, by analyzing the DNA content of circulating EVs, to peri-
odically monitor tumor progression and response to therapy, as
well as investigate tumor heterogeneity, tumor evolution and clon-
ality. More challenging is the study of the whole transcriptome in
EVs. In fact, current studies rely on the identification of specific
mRNAs by polymerase chain reaction (PCR) [115], whereas whole
transcriptome profiling of EVs has not been optimized. Reports on
RNA sequencing often describe the relative proportion of different
RNA species that can populate EVs rather than identifying spe-
cific mRNA reads [150,151]. Furthermore, because the predominant
species seem to be ribosomal RNA and miRNA and other non-coding
RNA [90], the levels of mRNA might be extremely low. Therefore, for
sicles in Cancer: Exosomes, Microvesicles and the Emerging Role
1016/j.semcdb.2015.02.010

clinical applications of RNA profiling, it is important to develop pro-
tocols specific for EVs and to achieve the deep coverage than that is
commonly used to sequence tumor tissues. Large oncosomes might
represent a population of EVs with advantages for translational

dx.doi.org/10.1016/j.semcdb.2015.02.010
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tudies. The detection of oncosome-like feature in tumor sections
f patients with advanced disease [13] can allow direct compar-
sons between tissue features and circulating large oncosomes
n matched samples. As previously mentioned, large oncosomes

ight also contain more abundant tumor-derived molecules, pos-
ibly including actionable molecules, resulting in candidates for a
on-invasive source of information useful in precision medicine.

mportantly, analyses performed in circulating large oncosomes
ould be validated directly on tumor tissues.

. Conclusion

Creative experimentation is gradually elucidating what is still
argely unknown about the plethora of functional and clinical appli-
ations of EVs in cancer diagnostics and therapeutics. A deeper
nderstanding of the heterogeneity of EVs, of the molecular path-
ays exploited by EVs in cancer, and of their responsiveness to

pecific therapeutic agents will result in a better understanding of
he mechanisms of drug resistance. It will be important to identify
druggable” targets with specific extracellular functions involved
n tumor dissemination. These molecules include not only proteins
nd lipids but also nucleic acids and DNA. EVs might even con-
ain driver mutations of known clinical significance that could be
nalyzable directly in body fluids in the near future. Finally, the
act that DNA, RNA and proteins are packaged together in EVs
uggests the untested hypothesis that these nano or micro parti-
les might function as complex, mobile machines for transcription
nd/or translation.
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