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Recent advances in the study of tumor-derived micro-
vesicles reveal new insights into the cellular basis of
disease progression and the potential to translate this
knowledge into innovative approaches for cancer diag-
nostics and personalized therapy. Tumor-derived micro-
vesicles are heterogeneous membrane-bound sacs that
are shed from the surfaces of tumor cells into the extra-
cellular environment. They have been thought to deposit
paracrine information and create paths of least resistance,
as well as be taken up by cells in the tumor microenvi-
ronment to modulate the molecular makeup and behav-
ior of recipient cells. The complexity of their bioactive
cargo—which includes proteins, RNA, mictoRNA, and
DNA—suggests multipronged mechanisms by which
microvesicles can condition the extracellular milieu to
facilitate disease progression. The formation of these shed
vesicles likely involves both a redistribution of surface
lipids and the vertical trafficking of cargo to sites of
microvesicle biogenesis at the cell surface. Current re-
search also suggests that molecular profiling of these
structures could unleash their potential as circulating
biomarkers as well as platforms for personalized medicine.
Thus, new and improved strategies for microvesicle iden-
tification, isolation, and capture will have marked impli-
cations in point-of-care diagnostics for cancer patients.

Intercellular communication is essential for embryonic
development as well as the functional integrity of multi-
cellular organisms. Although traditionally viewed as
being mediated by soluble factors in the surrounding
environment, the contribution of specialized membrane-
enclosed sacs shed from the surface of cells to intercellular
communication has recently become better appreciated
(Ratajczak et al. 2006b; Mause and Weber 2010). Indeed,
shed membrane vesicles serve to shuttle bioactive mol-
ecules between cells, and this cargo can modulate the
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extracellular environment (Ratajczak et al. 2006a; Cocucci
et al. 2009). In addition to depositing paracrine information,
these membrane vesicles can also fuse with cells in the
microenvironment to alter recipient cell content and
behavior. The latter may result from direct membrane
fusion or the endocytosis of the extracellular vesicle into
the target cell. The past few years have seen an explosion
of research on these shed vesicles, largely because of their
perceived roles in cancer, inflammation, coagulation, and
stem cell renewal and expansion. Moreover, microvesicle
presence in body fluids—including the blood—points to
their promise as prospective biomarkers and prognostic
indicators in the surveillance of various health conditions
(van Doormaal et al. 2009; Fleissner et al. 2012).
Eukaryotic cells secrete a wide spectrum of membrane
vesicles under physiological conditions, although aberrant
release of microvesicles can arise in disease states, as has
been well described in cancer (Al-Nedawi et al. 2009b; van
Doormaal et al. 2009; Muralidharan-Chari et al. 2010; Lee
et al. 2011). Microvesicles in cancer patients were first
documented in the 1970s with their identification in
cultures of spleen nodules and lymph nodes from a patient
with Hodgkin’s disease (Friend et al. 1978). The first key
evidence for their role in disease progression came from the
demonstration that vesicles shed spontaneously from
highly metastatic B16 mouse melanoma cells (F10}—upon
fusion with poorly metastatic B16 mouse melanoma cells
(F1)—enabled F1 cells to metastasize to the lung (Poste and
Nicolson 1980). These studies set the stage for further
investigations into the importance of microvesicles in
tumor progression. Since then, by virtue of their ability to
harness select bioactive molecules and propagate the hor-
izontal transfer of their cargo, shed microvesicles have been
shown to have an enormous impact on tumor growth,
survival, and spread, along with demonstrated effects on
many stages of tumor progression, including angiogenesis,
escape from immune surveillance, extracellular matrix
(ECM) degradation, and metastasis (van Doormaal et al.
2009; Muralidharan-Chari et al. 2010). Here, we review
recent advances on tumor-derived microvesicle research.
We discuss and speculate on modes by which they are
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formed, mechanisms by which they modulate the tumor
niche through horizontal transfer of bioactive molecules,
and also isolation protocols that differentiate them from
other shed vesicle populations. Their potential as cancer
biomarkers and a personalized therapy platform is also
considered.

Heterogeneity of tumor-derived extracellular vesicles

Tumor cells emit more than one type of membrane vesicle,
each with unique morphological traits and functions. The
best characterized of these are exosomes, 50- to 100-nm
vesicles generated intracellularly in multivesicular bod-
ies (MVBs) and released upon MVB fusion with the
plasma membrane (Fig. 1). Exosomes are generated and
shed from a wide spectrum of cell types, including tumor
cells. They contain complex sets of cargo, depending on the
physiological conditions in which they are generated and
released, and once shed, they impact a variety of cellular
responses, especially inflammatory responses, as has
been described in several excellent reviews (Schorey and
Bhatnagar 2008; Bobrie et al. 2009; Simons and Raposo
2009). Tumor cells undergoing apoptosis can also gener-
ate apoptotic bodies, which are relatively large membrane
blebs (on the order of several micrometers in diameter) and
formed by random blebbing of the plasma membrane
(Saraste and Pulkki 2000). They contain fragmented nu-
clei as well as cytoplasmic organelles. Reports have in-
dicated that the uptake of apoptotic bodies by cells in the
tumor microenvironment can, in fact, influence the cel-
lular response by transferring oncogenes to target cells
(Bergsmedh et al. 2001) or facilitating immune suppres-
sion of CD8" cytolytic T cells (Xie et al. 2009).

Tumor cells also shed a heterogeneous population of
vesicles that appear to be distinct from both exosomes and

ARF6-regulated
Early Recycling
Endosomes

Figure 1. Types of membrane vesicles released extracellularly
by tumor cells. (1) Exosomes are formed and sequestered in
preformed MVBs and released upon fusion of the MVB-limiting
membrane with the plasma membrane. (2) Apoptotic bodies are
formed by the random blebbing of the plasma membrane.
Fragmented DNA and cytoplasmic organelles are packaged
indiscriminately into these blebs. (3) TMVs contain selectively
sorted cargo and form by the outward blebbing and fission of the
plasma membrane. Nascent microvesicles at the cell surface
may be a convergence point for multiple membrane trafficking
pathways, including ARF6-regulated early endosome recycling,
which directs specialized cargo to these sites of biogenesis.
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apoptotic bodies. These vesicles are larger than exosomes
and can range from 200 nm to a few micrometers in
diameter. Vesicles that fit these criteria—also referred to as
shedding vesicles, oncosomes, microvesicles, microparti-
cles, or ectosomes—are the focus of this review. Here, we
refer to them as tumor-derived microvesicles (TMVs).
Several reports suggest that they appear to be ubiquitously
released by tumor cells, and the amounts shed increase
with cell invasiveness or disease progression (Muralidharan-
Chari et al. 2010). Importantly, TMVs are detected only
upon acquisition of tumorigenic phenotypes and appear not
to be shed in any detectable level by normal or “parental”
cells (Ginestra et al. 1998). For example, while the normal
mammary cell line MCF10A shows no detectable TMV
release, invasive breast tumor lines such as MDA-MB 231
shed TMVs and do so to a much larger extent than MCF7
cells, a breast tumor cell line that is significantly less
invasive. Consistent with this observation, ARF6, which
is a component of TMVs (described further below), is not
detected on extracellular vesicles shed from normal
mammary cells, but is present on TMVs shed from breast
tumor cell lines (A Sedgwick and C D’Souza-Schorey,
unpubl.). Whether TMVs are similar in structure, com-
position, and/or function to extracellular vesicles of com-
parable size released from cells of the immune or nervous
systems (e.g., platelets, neutrophils, and microglia) is still
unclear and requires further investigation.

Of the utmost importance to the analysis of extracel-
lular vesicles shed by tumor cells is the ability to isolate
and capture individual shed vesicle populations. Given
the different size profiles of exosomes, TMVs, and apo-
ptotic bodies, researchers have used size-based separation
procedures, such as centrifugation, as the primary means
of vesicle isolation. For isolation of TMVs, overlap at the
upper (with apoptotic bodies) and lower (with exosomes)
ends of the TMV size distribution can often lead to in-
clusion of multiple vesicle types in subsequent analyses.
Advances in sorting and capture capabilities may provide
relief from these challenges and are explored in greater
detail below. As also discussed further below, molecular
profiling of individual shed vesicle populations will aid in
designing more precise capture strategies.

How are TMVs formed?

TMVs are formed through unique cellular mechanisms.
Unlike exosomes, which are released upon fusion of the
limiting membrane of MVBs with the cell surface (Nickel
2005), or apoptotic bodies, which are formed by indis-
criminate plasma membrane blebbing (Saraste and Pulkki
2000), the formation of TMVs likely involves distinct
mechanisms. The result is outward budding and fission
of vesicles from the tumor cell surface (Fig. 1). Protein
profiling of shed microvesicles from human colon and
prostate cell lines indicates that these membrane-bound
structures harbor signaling proteins that affect cell me-
tabolism, mRNA processing, angiogenesis, and cell growth
and motility, in addition to molecules that are likely
required for TMV biogenesis (Di Vizio et al. 2009; Choi
et al. 2011). It is important to note, however, that due to the



heterogeneity of both TMV populations and isolation
techniques, one cannot exclude the possible contribution
of several vesicle populations to the reported protein pro-
files. Nonetheless, given the complexity of protein cargo,
likely both lateral redistribution at and vertical trafficking
of cargo to the plasma membrane are involved. A recent
study demonstrated that cellular proteins are selectively
incorporated into TMVs via ARF6-regulated endosome
recycling; some cell surface proteins were incorporated
into TMVs with the exclusion of others (Muralidharan-
Chari et al. 2009). ARF6 is a member of the ARF family of
Ras-related small GTP-binding proteins, and its activation
has been linked to the regulation of endosome recycling as
well as actin remodeling at the cell periphery (Donaldson
2003; D’Souza-Schorey and Chavrier 2006). The expression
and activation of ARF6 have been associated with the
acquisition of tumor-invasive potential in cell and animal
model systems (D’Souza-Schorey and Chavrier 2006).
Thus, one mechanism by which ARF6 can promote cell
invasion is by facilitating the formation of large micro-
vesicles. Notably, activated ARF6 or ARF6-GTP appears
to be enriched on the larger TMVs (sized at 200 nm to a
few micrometers) but is barely detectable on the smaller
vesicles that resemble exosomes (Muralidharan-Chari
et al. 2009). This study also showed that MHC class I,
B1-integrin receptors, and VAMP3—all of which trafficked
to the plasma membrane via ARF6-regulated endosomal
recycling—were present in nascent as well as shed TMVs.
Intriguingly, however, transferrin receptors, which are
abundant at the cell surface and also trafficked on ARF6
endosomes in some cell types, were not recruited to TMVs.
In addition, cortactin and Tks5, components of invadopo-
dia, which are membrane protrusions formed at the adher-
ent and invasive front of the tumor cell, were also absent
from shed TMVs. In addition to the cargo mentioned
above, the ARF6-positive TMVs also contain MT1-MMP,
which has been thought to traffic along the early and
late endocytic recycling pathways (Jiang et al. 2001;
Hakulinen et al. 2008). Collectively, these findings suggest
that in tumor cells, specialized ARF6-postive recycling
vesicles target protein cargo to the cell surface for incorpo-
ration into TMVs (Fig. 1). Receptor tyrosine kinases such as
EGFRVIII, which are also present in TMVs (Al-Nedawi et al.
2008), may also be transported intracellularly to TMVs
via early endocytic recycling, although this has yet to be
demonstrated. Studies using prostate tumor cell lines
show that Akt and caveolin-1 are present on TMVs (Di
Vizio et al. 2009) and are also recruited to early endosomes
(Scita and Di Fiore 2010). More recent studies have shown
that caveolin-1 is targeted to MVBs and lysosomes (Hayer
et al. 2010), leading one to speculate that membranes
derived from these compartments may also direct cargo
to TMVs. Thus, while the ARF6-regulated recycling path-
way is one mechanism to direct cargo to sites of TMV
biogenesis, nascent microvesicles at the cell surface may
be a convergence point for multiple membrane trafficking
pathways directing specialized cargo to these structures.

As indicated above, genetic material—including mRNAs,
microRNAs (miRNAs), genomic DNA, and retrotrans-
posons—is also found in microvesicles derived from a wide
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spectrum of tumor cell lines, including glioblastoma,
colon, and gastric cancers (Lee et al. 2011). Here again,
due to the heterogeneity of both TMV populations and
isolation techniques, one cannot exclude the possible
contribution of several vesicle populations to the studies
described. It is unclear how nucleic acids are targeted to
the tumor cell surface or specific intracellular compart-
ments. That there is enrichment of certain nucleic acids
in microvesicles suggests that similar to protein cargo,
nucleic acids may also be selectively packaged into
microvesicles. While it is possible that cytoplasmic
nucleic acids might traffic to sites of microvesicle bio-
genesis as complexes along with lipids or proteins on
cytoskeletal tracks (Ondrej et al. 2007; Holt and Bullock
2009), how genomic DNA might be incorporated is less
clear. One possibility is that amplified genomic sequences
escape into the cytoplasm during mitosis following nuclear
envelope breakdown and are then trafficked as complexes
to specific sites in cells for packaging into TMVs.

TMV biogenesis and shedding occur at regions on the
cell membrane that appear to be enriched in specific
lipids. One of these required lipids is cholesterol; phar-
macological depletion of cellular cholesterol inhibits
microvesicle release (Del Conde et al. 2005; Pilzer et al.
2005). Similarly, phosphatidylserine (PS) is exposed on
the extracellular leaflet of TMVs (Lima et al. 2009;
Muralidharan-Chari et al. 2009). This topological reversal
may facilitate microvesicle formation by promoting shape
changes in the plasma membrane that are conducive to
membrane curvature and detachment from the underlying
cytoskeleton to enable microvesicle formation.

Fission of TMVs from the cell surface to allow “shed-
ding” is facilitated by actin-myosin-based contraction via
a process that also appears to involve the ARF6 protein.
Studies have presented a regulatory role for ARF6-medi-
ated ERK activation in facilitating localized activation of
myosin light chain kinase and, subsequently, the phos-
phorylation of myosin light chain to promote the release
of TMVs from invasive melanoma cells (Muralidharan-
Chari et al. 2009). This ERK induction required ARF6-
induced activation of PLD. A study examining PS exter-
nalization in platelets showed that phosphatidylinositol
4,5-bisphosphate (PIP,) is necessary for efficient PS exter-
nalization (Bucki et al. 2001), providing a potential link to
ARF6-regulated PIP, generation (Honda et al. 1999) and
PS externalization. Of note, blocking ARF6 activation in
a melanoma cell line drastically reduced TMYV release,
and ARF6 is detected on TMVs released from a spectrum
of tumor cell lines (Muralidharan-Chari et al. 2009),
suggesting that common pathways dictate TMV biogen-
esis. The demonstration that TMV shedding is linked to
suppression of Diaphanous-related formin-3 (DRF3) ex-
pression provides further evidence for the involvement of
actin cytoskeleton-based fission (Di Vizio et al. 2009).
DRE3 is a signaling protein that binds small Rho family
GTPases and has been implicated in actin nucleation
(Peng et al. 2003). Loss of DRF3 promotes cellular changes
conducive to the formation of microvesicles and the
acquisition of the amoeboid phenotype (Di Vizio et al.
2009). Intriguingly, in this regard, more recent work has
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implicated RhoA signaling in the generation of TMVs
with downstream activation of ROCK (Rho-associated
coiled-coiled-containing protein kinase) and LIM kinase
downstream from RhoA activation (Li et al. 2012). Cross-
talk between the ARF6 and Rho signaling pathways is
essential to the coordination of TMV release. Also in-
teresting to note are the commonalities between mech-
anisms and signaling pathways that govern TMV forma-
tion and membrane blebbing at the cell surface (Charras
et al. 2006; Gadea et al. 2007). TMVs differ from mem-
brane blebs in that they are in fact shed from the cell
surface, rather than retracted. One hypothesis worth
considering is that mechanisms that favor retraction are
compromised during disease pathogenesis. This reduc-
tion in bleb retraction could facilitate TMV shedding,
which becomes even more pronounced as tumors become
more aggressive. Given emerging literature documenting
the unexpected ways TMVs can influence disease pro-
gression, understanding the mechanisms involved in
TMV biogenesis and shedding at the tumor cell surface
is important, as it could provide novel and key cancer
therapeutic strategies.

TMVs and the horizontal transfer of bioactive molecules

Once shed, TMVs enable the horizontal transfer of bio-
active content and can thus have a profound influence on
the tumor microenvironment. In addition to depositing
paracrine signals, microvesicles have been shown to
interact with cells in the tumor microenvironment, pro-
moting signaling responses in the target cells (Fig. 2).
Microvesicle-target cell interaction results in either the
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Figure 2. TMV-mediated modulation of the tumor microenvi-
ronment. Accruing literature suggests that shed TMVs can
condition the stromal microenvironment to promote angiogen-
esis, evasion of the immune response, tumor invasion, and,
potentially, metastasis. TMVs released from tumor cells (brown)
can be taken up by cells in the tumor microenvironment, such
as carcinoma-associated fibroblasts (blue), with consequences
for target cell behavior. They can also interact with the extracel-
lular matrix by depositing paracrine information or facilitating
matrix degradation, thereby creating paths of least resistance.
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fusion of the microvesicle with the target cell or endocy-
tosis of the microvesicle (Gasser et al. 2003; Losche et al.
2004; Eken et al. 2008; Pluskota et al. 2008). Here we
discuss recent advances and speculations as to how
individual sets of bioactive effectors—namely, proteins
and nucleic acids—contained in TMVs can affect cancer
progression.

Proteins in TMVs

Oncogenic receptors form an important group of bio-
active cargoes packaged in TMVs that can significantly
modulate the microenvironment. For example, when a
nonaggressive population of tumor cells was exposed to
EGFRUVIII protein obtained from aggressive glioma TMVs,
mitogen-activated protein kinase (MAPK) and Akt were
induced, leading to morphological transformation of these
recipient cells and an increase in anchorage-independent
growth (Al-Nedawi et al. 2008). Notably, treatment of the
TMVs with EGFRVIII kinase inhibitor or masking their
exposed PS residues with annexin V diminished the
aforementioned signaling responses in recipient cells,
further suggesting a link between the downstream effects
in the recipient cells and the acquisition of EGFRVIII
from TMVs (Al-Nedawi et al. 2008, 2009b). This raises
the question of whether PS recognition signals might be
present on target cells, analogous to those present on
mononuclear phagocytes that recognize apoptotic mem-
branes (Zhou 2007). Another example is the AXL receptor
in TMVs shed from chronic lymphoblastic leukemia
(CLL). AXL-positive TMVs conditioned the bone marrow
to enhance CLL disease progression (Ghosh et al. 2010).
TMVs are also loaded with proteases, which provide an
additional means of matrix degradation, and likely pro-
mote focal proteolysis at more distant sites to create a
path of least resistance for metastatic cells. Accordingly,
MMP-2, MMP-9, MT1-MMP, and their zymogens uroki-
nase-type plasminogen activator (uPA) and EMMPRIN
have been discovered within TMVs (Ginestra et al. 1998;
Angelucci et al. 2000; Taraboletti et al. 2002; Hakulinen
et al. 2008; Muralidharan-Chari et al. 2009). It has been
proposed that Bl integrins facilitate the interaction of
shed vesicles with the ECM and that the characteris-
tically acidic pH of the tumor environment promotes
microvesicle burst and content release (Giusti et al. 2008).
This mode of matrix degradation might be especially
important, as tumor cells traverse long distances and
assume the amoeboid phenotype that is characterized by
high levels of nonapoptotic blebbing, reduced protease
activities, and a deformable plasma membrane (Paluch
et al. 2006; Pinner and Sahai 2008; Sanz-Moreno et al.
2008; Friedl and Wolf 2010). The amoeboid phenotype is
distinct from the “mesenchymal” phenotype, in which
the cells are elongated and fibroblast-like (Friedl and Wolf
2003; Sahai and Marshall 2003). Amoeboid movement
through tissue spaces can be rapid and only minimally
dependent on repetitive cycles of membrane attachment
to ECM and retraction. TMV shedding from amoeboid
tumor cells could condition the extracellular milieu through
deposition of proteases and other paracrine signals to allow



the cell to traverse and invade at long distances (Fig. 2).
This hypothesis would also be consistent with findings
that support an absolute dependency on protease-mediated
degradation of tumor invasion through ECM (Sabeh et al.
2009).

TMVs are also thought to carry cargo to modulate the
immune response of the tumor microenvironment. This
aspect of TMV function has been extensively reviewed
and is an important feature of disease progression (Giebel
and Wodarz 2006; Valenti et al. 2007; Thery et al. 2009).
Examples of how TMVs aid in evasion of the immune
response are as follows: Direct fusion of microvesicles
produced by human melanoma or colorectal carcinoma
cells with monocytes inhibits monocyte differentiation
to antigen-presenting cells but promotes release of im-
munosuppressive cytokines, inhibited cytolytic T-cell
activation, and function (Valenti et al. 2006). Other
reports have shown that TMVs with exposed FasL, a
ligand of the death receptor Fas (CDys), will induce
apoptosis in activated T cells and thereby abrogate the
potential of these effectors to kill tumor cells (Andreola
et al. 2002; Huber et al. 2005). Furthermore, TMVs shed
by lymphoblastoma cells contain latent membrane pro-
tein (LMP-I), another immune-suppressing transmem-
brane protein, which inhibits leukocyte proliferation
(Flanagan et al. 2003).

TMVs are also thought to harbor proangiogenic regula-
tors, including VEGF and bFGF (Brill et al. 2005; Taraboletti
et al. 2006). Angiogenesis is a hallmark feature of tumor
growth and survival and is characterized by endothelial
cell proliferation to form blood vessels that infiltrate into
the tumor (Carmeliet 2005). Al-Nedawi et al. (2009a)
showed that the transfer of EGFR from TMVs shed by
human cancer cell lines harboring the activated EGFR
mutation results in the onset of VEGF and VEGF receptor
expression in endothelial cells. TMVs shed from ovarian
cancer cells have also been shown to promote the
angiogenic capabilities of endothelial cells via a mecha-
nism that requires CD147 (also known as extracellular
matrix metalloproteinase inducer) found on shed TMVs
(Millimaggi et al. 2007). In addition, reports indicate that
proteins present on TMVs stimulate secretion of several
proangiogenic factors by stromal fibroblasts to facilitate
angiogenesis via the proliferation of endothelial cells
(Tang and Conti 2004). TMVs have also been shown to
support coagulation. One hypothesis put forth to describe
the increased blood coagulation observed in cancer pa-
tients focuses on the presence of procoagulation factors in
TMVs to promote a clotting cascade in the extracellular
environment (Zwicker et al. 2009). Microvesicles shed
from endothelial cells, monocytes, and platelets harbor-
ing similar cargo would only help to amplify such a co-
agulation response.

Nucleic acids in TMVs

Nucleic acids packaged in TMVs include mRNAs,
miRNAs, noncoding RNAs (ncRNAs), genomic DNA, and
cDNAs. The presence of nucleic acids, specifically mRNA,
was first reported in shed vesicles released from stem cells
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in 2006 (Ratajczak et al. 2006a) and then 1 year later from
mast cells (Valadi et al. 2007). These compelling and
unexpected discoveries led to the fascinating idea that
perhaps shed microvesicles, like cell-extruded viruses,
can transfer genetic information between cells. As de-
scribed here, and previously for protein cargo, this type of
intercellular transfer of genetic information was shown
to have a marked effect on the tumor microenvironment.
In a classic example, TMVs shed from glioblastomas
contain mRNAs that promote tumor growth, invasion,
and immune repression (Skog et al. 2008). These TMV
mRNAs are taken up by brain endothelial cells in culture
to promote angiogenesis. TMVs containing mRNAs have
also been reported for colon and gastric cancers (Baran
et al. 2009; Hong et al. 2009). Interestingly, there appears
to be overlap in transcripts contained in TMVs from these
different cell types, suggesting that TMVs, independent
of tissue source, likely have common influences on the
surrounding microenvironment.

miRNA molecules have also been described in TMVs
shed from several tumor cell lines, including lung, glio-
blastomas, and gastric cancers (Skog et al. 2008; Rabinowits
et al. 2009; Ohshima et al. 2010). Through the negative
regulation of multiple mRNA targets in recipient cells
(Croce 2009), miRNAs have the potential to markedly
affect the tumor microenvironment. However, the mech-
anisms by which miRNAs in TMVs might facilitate
changes to the transcriptome of target cells are far from
understood. More recently, TMVs released from CD105-
positive human renal cancer stem cells were shown to
stimulate angiogenesis and the formation of a lung pre-
metastatic niche. Molecular characterization of these
CD105-positive TMVs included a set of proangiogenic
mRNAs and miRNAs implicated in tumor progression
and metastases (Grange et al. 2011).

Retrotransposons, cDNAs, and ncRNAs have also been
reported to be present in TMVs (Balaj et al. 2011). It is
intriguing that a fairly large component of nucleic acids
packaged into TMVs is ncRNAs, although their role in
disease progression awaits further research. Some ncRNA
cargoes have been implicated in cell function and gene
regulation at both the transcriptional and post-transcrip-
tional levels (Gibb et al. 2011). Retrotransposon RNAs
such as LINE-1, HERV-K, and Alu have also been detected
in TMVs (Balaj et al. 2011). The same study showed that
when HERV-K-rich TMVs derived from human medullo-
blastoma tumor cells were exposed to human endothelial
cells, the HERV-K sequences in the recipient endothelial
cells were significantly elevated. By inserting themselves
into the genome, these retrotransposon elements have
the capacity to modulate and manipulate genomic con-
tent. Although normally silent, during cancer, they may
be activated and result in an increased number of these
repetitive elements, which enhances genome plasticity
(Cordaux and Batzer 2009). Genomic DNA as well as
cDNAs have been found in TMVs released from glioblas-
toma tumors. The source of these DNA elements is not
fully understood, but the decrease in DNA content in
TMVs when tumor cells are treated with inhibitors of
DNA replication (such as L-mimosine) suggests that
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amplified genomic DNA sequences generated from DNA
replication (which may enter the cytoplasm during mi-
tosis) could be the source of DNA in TMVs (Balaj et al.
2011). All of the above point toward the idea that TMVs
are important emerging transmitters of genetic informa-
tion in the tumor microenvironment.

Thus, the most direct and potentially significant con-
sequence of TMYV release is their ability to modulate the
behaviors of stromal cell populations. Once integrated,
the consequences to target cell function are now recog-
nized, but the exact fate of the cargo in recipient cells
requires further investigation. As alluded to above, TMVs
might fuse with the plasma membrane of target cells or
be taken up by endocytosis, but the detailed mechanisms
involved require further exploration. Do TMVs use spe-
cialized pathways for endocytosis? Do they interact with
target cells by random contact, or are there “homing”
signals that direct them toward specific cell populations?
Do they fuse with specific intracellular organelles upon
internalization, or are contents released into the cyto-
plasm? Does the molecular cargo dictate the fate of TMVs
in recipient cells, or are common oncogenic-specific
mechanisms involved? These are just a few of the plethora
of questions that remain to be addressed in order to better
understand mechanisms involved in TMV-mediated
intercellular communication. The answers, in turn,
could provide novel strategies for therapeutic interven-
tion that specifically target modulation of the tumor
microenvironment.

TMYVs as cancer biomarkers and platforms
for personalized therapy

While it is important to recognize the potential hetero-
geneity of TMV populations, the release of TMVs into
body fluids such as blood and urine calls attention to their
promise as circulating biomarkers in the surveillance of
disease progression. TMVs have been detected in the
serum of glioblastoma patients, and removal of the tumor
correlates with depletion of circulating TMVs (Skog et al.
2008). Similarly, TMVs have also been detected in the
circulation of patients with other cancers, including breast,
lung, ovary, prostate, colorectal, and gastric cancers (van
Doormaal et al. 2009). Since TMV cargo, both proteins and
nucleic acids, appears to be selectively sorted to TMVs, the
TMYV proteome and nucleic acid profile is likely indicative
of molecular changes in the tumor. Furthermore, given
that common mechanisms are involved in TMV biogenesis
and the overlap in protein and nucleic acid cargo, it is
possible that one may identify common markers irre-
spective of tissue origin. However, TMVs could also
present markers that are tissue-specific. A combination
of these general and tissue-specific markers would con-
stitute a unique, specific, and identifiable biosignature for
individual cancers. This approach is distinct from analy-
sis of whole tissue or unfractionated body fluid and in fact
may also be highly advantageous, particularly if TMVs
indeed concentrate molecular changes that occur in the
tumor, as it would increase the sensitivity of detecting
critical markers of cancer progression. Furthermore, as
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both the genomic and proteomic profiles of tumors change
with disease progression and/or in response to treatment,
TMVs might also be useful in disease staging and assessing
therapeutic responsiveness.

If unique biosignatures on TMVs are amenable to cap-
ture, it would make their sampling over time a preferred
method to monitor changes to the tumor in response to
treatment, especially for tissues such as the ovary or
pancreas, where repeated biopsies of these organs is
unrealistic. Protein profiling of TMVs from colorectal and
oral cancers suggest that these markers were not consis-
tently detected in early stage cancers (Ghiran and Kuo
2010). However, this may be due to the isolation of the
tumor from the circulation. The development of sensitive
capture platforms from reasonably accessible body fluids
(besides blood) that are exposed to the primary tumor—for
example, saliva, ascites, or pleural effusions—could afford
efficient early stage detection. One complicating factor,
however, is the presence of shed vesicles from other
nontumor cell types also in direct contact with these
body fluids. Thus, equally significant is the development
of strategies to selectively capture TMVs separate from
other shed vesicle populations. The enrichment of spe-
cific nucleic acids, proteins, and lipids in TMVs has
the potential to yield an isolation platform selective to
TMVs. Current methods used to discriminate between
various shed vesicle populations found in peripheral
fluids are summarized further below.

With the hypothesis that TMVs are representative of
molecular changes in the tumor, profiling of TMVs could
form the basis of personalized, targeted cancer therapies,
especially as more reliable and rapid profiling technolo-
gies become available. It is well accepted that delineating
the molecular makeup of a tumor could provide invalu-
able insight into treatment options. For example, the
oncogenic receptor HER-2/neu, in addition to being up-
regulated in breast cancer, is also elevated in a relatively
smaller subset of other cancers, such as gastric and
ovarian cancers (Hung and Lau 1999). Indeed, HER-2
has been detected in serum microvesicles derived from
gastric tumors (Baran et al. 2009). This latter group of
patients would benefit from existing treatment strategies
that target the HER-2 receptor (Arteaga et al. 2011). Along
similar lines, somatic mutations in coding genes as well
as cancer-specific miRNAs or RNAs can be profiled in
serologic TMVs. This information may be vital, as
therapeutic treatments are coupled to “oncogenic” mu-
tations and cellular changes. Ultimately, the detection of
such targets in TMVs could pave the way for potential
cancer diagnostic and therapeutic strategies that could
preclude the need for major surgical intervention and
tumor biopsies.

Isolation and separation formats for shed vesicle
populations

As described above, the clinical promise of TMVs prompts
the development of platforms to enable the isolation of
low-abundance microvesicles in body fluids. TMVs com-
prise a relatively small fraction of the bulk fluids from



which they can be isolated. Hence, a growing number of
enrichment and isolation techniques have been aimed at
efforts to effectively concentrate and capture these struc-
tures in a minimally invasive fashion for use as diagnostic
or prognostic indicators. Many of these techniques, de-
veloped for the isolation of shed vesicle populations from
a myriad of sources, show renewed promise for use in
isolating and characterizing TMVs (Table 1). Isolation and
capture of microvesicles can be broadly separated into
two primary categories: techniques that are based on the
physical properties (size, density, and diffusivity) of the
microvesicles and those that are based on biochemical
affinity (Radisic et al. 2006).

Isolation protocols that separate based on physical
characteristics of shed vesicle populations have predom-
inantly relied on processing large fluid volumes with
macroscale instrumentation. Because these sorting meth-
odologies rely on intrinsic properties of the microvesicles
themselves, they have the distinct advantage of requiring
no prior knowledge of cargo content. Serial centrifuga-
tion, for example, has been routinely used in a manner
that first separates cells and cell debris before pelleting
a larger vesicle fraction and, finally, an exosome fraction.
Larger particles have often been removed by first subject-
ing the samples to brief centrifugation at 300-2000g.
Given the size distribution of TMVs, these particles can
then be isolated from the resulting supernatant through
additional centrifugation at 10,000-20,000g (Abrahams
et al. 2003; Muralidharan-Chari et al. 2009; Maguire et al.
2012). Exosomes, with their size an order of magnitude
smaller than TMVs, can be extracted from the final
supernatant by prolonged centrifuging at 100,000g or more
(Thery et al. 2006). In addition to pelleting by sedimenta-
tion at varied levels of applied force, researchers have also
attempted to separate these populations by flotation into
either a linear sucrose gradient or a sucrose cushion as a
means to further purify the respective populations. Cen-
trifugation can also be used in conjunction with other
size-based mechanisms for isolation of extracellular ves-
icles (Choi et al. 2011). Rood et al. (2010) demonstrated
that they were able to separate vesicles from highly
abundant proteins by subjecting the pellets obtained
by ultracentrifugation to size exclusion chromatography.
These methods do generate a relatively homogeneous
population of either larger vesicles or exosomes, although
the process can result in contamination with other
cellular or media components.

Size-based analysis can also be accomplished by exam-
ining the light-scattering properties of particles within
a fluid medium. All particles in a fluid—including shed
vesicles—experience Brownian motion. When illumi-
nated by a laser, suspended particles appear as small
bright spots under a microscope. NanoSight has automated
the process of nanoparticle tracking analysis (NTA), which
tracks the Brownian movement of these bright spots
through time-lapse video frames. Since the velocity of
Brownian motion depends on the solvent viscosity, par-
ticle diameter (the smaller the particle, the higher the
velocity), and temperature, NanoSight is able to approx-
imate a hydrodynamic diameter using a variation of the
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Stokes-Finstein equation. NTA works well on particles
ranging in size from 50 nm up to 1-2 pm in diameter and
can readily measure particle diameters in a polydispersed
sample (Dragovic et al. 2011). Dynamic light scattering
(also known as quasielastic light scattering or photon
correlation spectroscopy) also correlates Brownian mo-
tion with particle size. Unlike NTA, however, dynamic
light scattering measures fluctuations in the intensity of
scattered light that can then be used to mathematically
determine size distributions (Lawrie et al. 2009). This
method is capable of measuring particles ranging in size
from 1 nm to 6 um in diameter but is best suited to
monodisperse samples (Starostina et al. 2008; Dieckmann
et al. 2009). Raman spectroscopy may also be used to
determine the diameter of particles that fit within the
probe volume (on the order of 0.3 pm?), including micro-
vesicles. Since Raman spectroscopy is a quantitative
technique, the signal strength is proportional to micro-
vesicle volume, thereby allowing for relative size estima-
tion (Buehler et al. 1991; Pully et al. 2011). Atomic force
microscopy (AFM) provides topographical imaging at
subnanometer resolution by scanning a sample surface
(without physical contact) with a tipped cantilever and
translating tip deflection into a three-dimensional image
of the surface (Binnig et al. 1986). Given the lateral and
vertical resolution, AFM can be used to measure the
relative size distribution of microvesicles once bound to
an extremely flat surface. The high resolution results
in better size detection of polydisperse samples than
dynamic light scattering; however, surface binding of
microvesicles may adversely affect the morphology and
accurate determination of real diameter (Siedlecki et al.
1999; Hoo et al. 2008; Yuana et al. 2010).

Flow cytometers are capable of sorting and capturing
microvesicles based on both physical characteristics (size)
and affinity (using fluorescently conjugated antibodies). To
determine distributions of vesicles, cytometers make use
of a combination of both forward and side-scatter mea-
surements. In this technique, researchers often used a
series of polystyrene beads with defined sizes to calibrate
the equipment and then gate the experimental population
at or just below 1-um-diameter beads (Robert et al. 2009;
Wysoczynski and Ratajczak 2009; Herrera et al. 2010).
However, this analysis is limited to vesicle populations
that are >200-300 nm in diameter due to constraints
imposed by the wavelength of the laser (Gelderman and
Simak 2008; Doeuvre et al. 2009). As a result, only a small
fraction of the smaller vesicles can be detected using only
forward and side-scatter technology. A further drawback
to this technique applied to extracellular vesicles is that
quantitative sizing is determined by a comparison of
the scattering intensity of calibration beads with that
of microvesicles. Scattering intensity, however, is not
merely defined by the object size, but rather by a com-
bination of absorption, shape, refractive index, and size
(van der Pol et al. 2010). To further refine populations,
microvesicles can be fixed and incubated with fluoro-
phore-conjugated antibodies to known surface markers.
Subpopulations of microvesicles are then investigated
based on the presence or absence of fluorescent emission
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(Cherian et al. 2003; Combes et al. 2004; Pawelczyk et al.
2009).

Exosomes are typically too small to be analyzed on their
own by flow cytometry. Thus, when attempting to char-
acterize exosome populations by fluorescent-activated
cytometry, they are first bound to beads prior to in-
cubation with fluorescently labeled antibodies. The de-
sire to generate isolation systems that are more readily
amenable to diagnostic use has led to a growth in the
design of microfluidic, lab-on-a-chip type systems capable
of separating and capturing particles of different sizes.
Many techniques have been developed using microflui-
dics to separate microparticles, using methods such as
a combination of centrifugal force and graduated me-
chanical gap (Maruyama et al. 2010), flow splitting and
recombining (so-called biomimetic devices that rely on
size-based variations in particle behavior when in lami-
nar flow) (Takagi et al. 2005; Yamada and Seki 2006;
Andersen et al. 2009); optical fractionation (MacDonald
et al. 2003; Ladavac et al. 2004; Milne et al. 2007; Smith
et al. 2007), or deterministic lateral displacement arrays,
which function much like a particle sieve (Huang et al.
2004; Mohamed et al. 2004; Loutherback et al. 2010).
Research has also demonstrated that it is possible to
isolate shed microvesicles from the cells of origin based
on size discrimination using dielectrophoretic sorting.
This method differentiates microvesicles from cells on
the basis of their total membrane capacitance, which is in
turn proportional to the total surface area of the cell/
vesicle membrane (Shim et al. 2011). In addition to being
a surface marker-free mechanism for sorting microves-
icles, dielectrophoresis can be coupled to impedance
measures, providing added benefit during the examina-
tion of biological samples (Zhiwei et al. 2008).

Microfluidic systems have also been developed that can
sort microparticles based on affinity to specific ligands.
Magnetophoretic sorting, for example, introduces ferro-
magnetic beads that have been functionalized by the
addition of ligands, which can bind to and be used to
isolate and capture specific microvesicle populations (Yao
et al. 2010; Plouffe et al. 2012). Similarly, it is possible to
functionalize the flow chamber itself, allowing for the
capture and isolation of the target microvesicles contain-
ing the specific surface markers (Zheng et al. 2007). These
microfluidic affinity chromatography devices often con-
sist of glass and polymer chambers where the interior
surfaces have been coated with antibodies, yielding a
chamber that provides high surface area/volume ratios
and short residence times (given the small total volume),
with very high specificity in research isolating circulating
tumor cells.

The development of multiplex platforms to enable the
detection and capture of low-abundance microvesicles in
body fluids has the potential to shift the paradigm of
cancer care. The molecular stratification of tumors is
often necessary in phase I and phase II clinical trials for
potential therapeutics. Furthermore, frequent cataloging
of readouts of the tumor’s response or resistance to these
agents is also required. While tumor imaging remains
a useful tool, new and improved methods—especially
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ones that allow for the rapid and sequential evaluations
of serologic biomarkers or those present in other body
fluids, such as urine, ascites, spinal fluid, or saliva—could
be transformative. Whether TMVs represent such a bio-
marker still requires intense investigation, but emerging
evidence suggests that strategies for TMV identification,
isolation, and capture will have marked implications in
cancer diagnostics and therapeutics.

Concluding remarks

TMVs are packaged with abundant genetic and cellular
information that can markedly impact the tumor micro-
environment and, as a result, disease progression. Further
investigation into the mechanisms by which cargo is
selectively packaged into TMVs and those by which
TMVs mediate communication between the tumor and
the extracellular milieu will bolster current understand-
ing of how tumor cells have adopted a rather specialized
and sophisticated mode to spread and metastasize. En-
hanced knowledge of TMV biogenesis could also deter-
mine their efficacy as therapeutic targets. The presence of
TMVs in body fluids has also heightened general interest
in their potential as circulating biomarkers. Molecular
profiling of these structures would not only provide
potential biomarkers for diagnostic purposes, but the
information could also develop into critical and highly
effective platforms for personalized medicine. Of vital
importance to these endeavors is the development
of protocols to identify and isolate TMVs and distin-
guish them from other shed populations. While this
review highlights recent developments on large micro-
vesicles shed by tumor cells, further investigation along
these lines will help to better define and characterize
these vesicles and also appreciate their roles in disease
progression.
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