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ABSTRACT
Extracellular vesicles (EVs) are a heterogeneous collection of
membrane-bound vesicles released by cells that contain bioactive
cargoes including proteins, lipids and nucleic acids. Multiple
subpopulations of EVs have now been recognized and these include
exosomes and microvesicles. EVs have been thought to facilitate
intercellular and distal communication to bring about various processes
that enable tumor progression and metastases. Here, we describe the
current knowledge of the functional cargo contained within EVs, with a
focus on tumor microvesicles, and review the emerging theory of how
EVs support immune suppression in cancer.
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Introduction
Extracellular vesicles (EVs) are a heterogeneous class of membrane-
enclosed particles emitted by virtually all cell types, which function
as mediators of intercellular communication (Raposo and Stoorvogel,
2013). Currently, the EV family comprises a large number of
unique particles, including exomeres, nanovesicles, exosomes,
microvesicles, arrestin domain-containing protein 1-mediated
microvesicles (ARMMs), apoptotic bodies and large oncosomes
(Sedgwick and D’Souza-Schorey, 2018; van Niel et al., 2018). These
species of EVs often co-exist in biological samples and have
overlapping characteristics; however, they can each be recognized by
a distinct mechanism of biogenesis and source of molecular
biomarkers (Fig. 1). For instance, exosomes are a type of small EV
(60–120 nm) of endosomal origin, which are formed through an
inward budding of late endosomes. This event produces a
multivesicular body (MVB) that then may be trafficked to the cell
surface to release its exosome-loaded contents or rerouted for
lysosomal degradation (Colombo et al., 2014). In contrast, another
less extensively studied type of EV, microvesicles, are considered
large EVs (200–1000 nm) generated by outward pinching of the
plasma membrane through the action of actin cytoskeletal machinery
(Tricarico et al., 2017). Adding to the already complex situation, the
EV field continues to grow rapidly in its identification ofmore distinct
EV populations, and even subpopulations within the same biogenesis
route have now been reported (Zhang et al., 2018).
In cancer, tumor cells often ramp up microvesicle shedding,

indicating deviation from a homeostatic state (Ginestra et al., 1998).
These tumor-derivedmicrovesicles, alongwith other types of EVs, are
released to carry out functions that support tumorigenesis, such as
enabling stromal invasion, stimulating angiogenesis and promoting

metastatic colonization (Broekman et al., 2018; Clancy et al., 2015;
Wortzel et al., 2019). In addition to these roles, a burgeoning amount
of recent literature has revealed the immunosuppressive activities of
EVs, including modulating antigen presentation and evading immune
surveillance (Mittal et al., 2014).

To exert these effects, EVs are enriched with a highly
heterogeneous pool of biological cargo, the composition of which
is continually debated and revised. Here, we describe the current
knowledge of the functional cargo contained within EVs with a
focus on microvesicles, and review the studies giving rise to the
emerging view of how EVs modulate immune activities.

Proteomic content and cargo sorting
EVs possess a diverse collection of proteomic cargo (Greening et al.,
2017; Vagner et al., 2019) that changes dynamically according to cell
state and environmental conditions. For instance, Kreger et al. (2016)
found that transformation of mouse embryonic fibroblasts with an
oncogenic form of diffuse B cell lymphoma (onco-Dbl) both
increased the rate of microvesicle production, as well as altered their
proteomic contents. Further, tumor cell-derived microvesicles
(TMVs) possess tissue transglutaminase (tTG, TGM2), which
crosslinks external microvesicle proteins such as fibronectin – the
activity of which appears to be required to impart transformative
phenotypes upon recipient cells (Antonyak et al., 2011). TMVs can
also contain oncogenic proteins, such as the truncated variant of the
epidermal growth factor (EGF) receptor, EGFRvIII, which could
contribute to transformative phenotypes in recipient cells (Al-Nedawi
et al., 2009, 2008). In addition, TMVs from invasive cell types are
enriched in proteases, which become utilized for extracellular matrix
(ECM) degradation, including transmembrane proteins such as
membrane-type 1 matrix metalloproteinase (MT1-MMP, also
known as MMP14), or soluble gelatinases, such as MMP2 and
MMP9 (Clancy et al., 2015; Ginestra et al., 1998; Sedgwick et al.,
2015; Taraboletti et al., 2002) (see Fig. 2). It has been suggested that
the acidic conditions of tumor microenvironments may promote
vesicle rupture, thus releasing the protease-loaded payload and
facilitating cell invasion (Giusti et al., 2008).

Mechanisms for how molecular cargo is selectively packaged into
EVs remain poorly understood within the field. For exosomes, a
portion of cargo is selected by direct protein interactions with
components of the endosomal sorting complexes required for transport
(ESCRT) complex (Frankel and Audhya, 2018). However, during
microvesicle biogenesis, packaging appears to occur by regulating the
traffic of specific endosome populations – carryingMV-destined cargo
– to the site of budding microvesicles at the plasma membrane. In this
regard, MVs are highly enriched for proteins derived from ARF6-
positive recycling endosomal compartments, such as ARF6, Rab22A,
major histocompatibility complex (MHC) class I protein and β1-
integrin (Clancy et al., 2019a, 2015; Muralidharan-Chari et al., 2009).
These endosomes may act as a junction for cellular cargo in transit to
sites of microvesicle formation at the cell surface (D’Souza-Schorey
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and Schorey, 2018; Tricarico et al., 2017). One example of how
endosomal trafficking mechanisms can allow for selective cargo
delivery to microvesicles has been described for MT1-MMP. While a
vesicle-specific soluble N-ethylmaleimide-sensitive fusion protein
(NSF) attachment protein receptor (v-SNARE) known as vesicle-
associated membrane protein 7 (VAMP7) has been implicated in the
delivery of MT1-MMP to invadapodia at the adherent cell surface
(Steffen et al., 2008), MT1-MMP is also delivered to microvesicles
along endosomes carrying a complex involving CD9 and another
v-SNARE, VAMP3 (Clancy et al., 2015).
Other mechanisms for cargo sorting into extracellular vesicles are

continuing to be uncovered in EV biology. While directing
endosomal traffic is important in producing the proteomic
composition of microvesicles, it is likely that the collective
actions of multiple dynamic sorting mechanisms are responsible
for creating the distinct molecular profile of extracellular vesicles.
For instance, it was recently determined that HIV particles, which
closely relate to ARMMs, sort membrane proteins by dynamic
remodeling of the lipid composition at the particle assembly site
(Sengupta et al., 2019). It is possible that similar lipid-based
partitioning mechanisms contribute to generating the unique protein
composition of EVs; for instance, EVs are often reported to be
enriched for lipid-raft-associated proteins and studies have found
that disturbance of these lipid domains can inhibit biogenesis (del
Conde et al., 2005; Llorente et al., 2013; Raposo and Stoorvogel,
2013; Sengupta et al., 2019; Wei et al., 2018).

RNA cargo
Early work a decade ago suggested that EVs carry mRNA cargo that
can be received and translated by recipient cells (Valadi et al., 2007).

Since then, awealth of studies have reinforced the idea that nearly all
EV classes carry a diverse set of RNA species, such as messenger
(m)RNA, ribosomal (r)RNA, micro (mi)RNA, piwi-interacting
(pi)RNA and small nuclear (sn)RNA (Abels and Breakefield, 2016;
Turchinovich et al., 2019). However, the proportional contributions
of particular RNA species across EV subclasses and their functional
significance remain unresolved issues. Small RNA sequencing of
paired EV and whole-cell samples reveals that EV samples are more
heterogeneous with regard to the proportional makeup of RNA
classes compared to the whole cell they originate from (Sork et al.,
2018; Wei et al., 2017). This finding corroborates with the notion of
EVs acting as versatile intercellular messengers; it also sheds light
on the basis of conflicting findings with respect to the RNA content.
Multiple variables contribute to the differential findings among
published studies, including (i) cell-type-specific effects and
variation in culturing conditions, (ii) adaptor ligation biases in
favor of particular RNA classes (Fuchs et al., 2015), and (iii)
inconsistent methodologies of EV sample preparation. Moreover,
recent studies have found that a significant proportion – if not the
majority – of cell-free miRNA is not actually associated with EVs,
and thus the results of many RNA studies may be confounded by the
co-precipitation of ribonucleoprotein complexes with small EVs
(Arroyo et al., 2011; Bettegowda et al., 2014; Jeppesen et al., 2019).

With respect to the RNA content in tumor-derived microvesicles,
the current literature indicates that the majority are rRNA sequences
(Fiskaa et al., 2016; Sork et al., 2018; Wei et al., 2017). Full-length
mRNA cargo can also be detected and the majority of annotated
mRNA cargoes are incomplete sequences derived from 3′ and 5′
untranslated regions (Jeppesen et al., 2019; Wei et al., 2017). EVs
also display enrichment for transposon elements, which are capable
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Fig. 1. Extracellular vesicles (EVs). Schematic representation of the different types of EVs identified in eukaryotic cells. The size range and protein markers of
each type is shown.

2

REVIEW Journal of Cell Science (2019) 132, jcs235085. doi:10.1242/jcs.235085

Jo
u
rn
al

o
f
Ce

ll
Sc
ie
n
ce



of functional transfer into recipient cell types (Balaj et al., 2011; Li
et al., 2013). Following the discovery of miRNA in EVs, a plethora
of studies to date have attributed the functional effects of EVs in
recipient cells to the transfer of miRNA cargo (Ismail et al., 2013; Li
et al., 2013; Liang et al., 2015; Melo et al., 2014; Wei et al., 2017).

However, the relative abundance of miRNA in EVs brings this
hypothesis into question. Even after filtering out rRNA annotated
reads, studies have found miRNA abundance is relatively small
(Wei et al., 2017). Stoichiometric analyses of miRNA abundance in
exosomes has found that biological samples consistently possess
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Fig. 2. Overview over microvesicle biogenesis and cargo. Microvesicles (MVs) formed at the cell surface contain a variety of protein and nucleic acid cargo
that enables them to influence recipient cell behavior. MVs receive membrane from tubular recycling endosome compartments. The cargo of specific MVs
is likely further refined through other yet undescribed mechanisms, such as lipid sorting at the site of MV formation.
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fewer than one copy per exosome for a givenmiRNA species (Akers
et al., 2015; Chevillet et al., 2014). Often overlooked, EVs also
display an enrichment for a variety of non-coding RNA species,
such as transfer (t)RNA, vault RNA, long non-coding (lnc)RNAs
and Y RNA (small non-coding RNAs that are components of the
Ro60 ribonucleoprotein particle), whose functional roles in the cell
continue to be uncovered (Chiou et al., 2018; Fiskaa et al., 2016;
Jeppesen et al., 2019; Li et al., 2013; Wei et al., 2017). In some
cases, these unique RNA species are not involved in the
transcriptional or translational regulation of the recipient cell, but
rather function as ligands for Toll-like receptors and other
molecules, as shown in recent studies (Haderk et al., 2017; Nabet
et al., 2017). Future studies will likely uncover how many of these
less-studied RNA classes contribute to the phenotypic effects of
TMVs.
Advancements in the field have elucidated trafficking

mechanisms of RNA cargo for both exosomes and, as of very
recently, microvesicles. Multiple EV studies have reported the
detection of protein components involved in miRNA maturation,
such as the Dicer protein family, TRBP (also known as TARBP2),
the GW182 protein family and argonaute-2 (Ago2), which could
potentially mediate the trafficking of pre-miRNA or a mature RISC
complex through direct interactions with protein components
involved in EV biogenesis (Clancy et al., 2019b; McKenzie et al.,
2016; Melo et al., 2014). In particular, Ago2 directly associates with
MVBs, enabling its incorporation into budding exosomes; this
interaction is regulated by KRAS–MEK–ERK signaling, which
directly phosphorylates the S387 site on Ago2, thereby disturbing
Ago2-miRNA delivery (McKenzie et al., 2016). In addition, the
tetraspanin CD43 (also known as SPN) was shown to mediate the
recruitment of Dicer proteins into exosomes, which enables cell-free
processing of pre-miRNA cargo into mature miRNA (Melo et al.,
2014). In tumor-derived microvesicles, pre-miRNA cargo is routed
to the plasma membrane via a handoff of the dsRNA-binding
protein, exportin-5 (XPO5), from a nuclear export complex with
Ran-GTP to a cytoplasmic shuttle involving ARF6 and an ARF
guanine exchange factor (GEF), GRP1 (also known as CYTH3)
(Clancy et al., 2019b).
These models suggest that EVs indiscriminately incorporate

miRNA; however, the majority of studies to date have actually
found that EVs exhibit enrichment for particular RNA species,
adding further complexity to the means of miRNA delivery (Li
et al., 2013; Shurtleff et al., 2016; Wei et al., 2017). Different
theories have been proposed to explain this phenomenon, such as a
bias for particular sequence motifs or post-transcriptional RNA
modifications that direct trafficking (Bolukbasi et al., 2012; Lee
et al., 2019; Santangelo et al., 2016; Villarroya-Beltri et al., 2013).
In addition, it appears that some miRNA species are principally
trafficked to EVs by proteins other than those involved in classical
miRNA maturation. Ago2 knockdown was shown to promote a
significant decrease in total exosomal miRNA, while levels of
particular species such as miR-320a remained unaffected
(McKenzie et al., 2016). Another study revealed Y box-binding
protein 1 (YBX1) as a unique regulator of miRNA delivery to
exosomes (Shurtleff et al., 2016) and, in a follow-up paper,
expanded the role of YBX1 to having a broader function in the
delivery of many small RNAs to EVs (Shurtleff et al., 2017).
Similarly, another RNA-binding protein, HNRNPA2B1, was
reported to direct particular miRNA species to exosomes based on
affinity for particular sequence motifs (Villarroya-Beltri et al.,
2013). In addition, a recent study has found that a complex with
caveolin-1 directs HNRNPA2B1 incorporation into microvesicles,

and a post-translational modification induced by oxidative cell stress
alters its selection for miRNA (Lee et al., 2019).

DNA cargo
There is considerable interest surrounding the finding that EVs appear
to carry DNA cargo, including single-stranded and double-stranded
molecules, retrotransposon elements, mitochondrial DNA and
genomic DNA (Balaj et al., 2011; Garcıá-Romero et al., 2016;
Kalluri and LeBleu, 2016; Lee et al., 2014; Thakur et al., 2014;
Vagner et al., 2018). However, this remains the least understood of
the biological cargo carried by EVs. Studies involving EVDNA have
reported its molecular identity to be largely single-stranded, with a
smaller proportion of double-stranded DNA (Vagner et al., 2018).
Further, whole-genome sequencing of EV DNA reflects the cell of
origin and is representative of the entire genome, suggesting an
indiscriminant loading process (Kahlert et al., 2014; Lee et al., 2014;
Takahashi et al., 2017; Thakur et al., 2014; Vagner et al., 2018).
Several studies to date have provided evidence for exosomes
containing DNA (Diamond et al., 2018; Kahlert et al., 2014;
Lázaro-Ibáñez et al., 2014; Takahashi et al., 2017; Thakur et al.,
2014; Torralba et al., 2018). In one of these, electron micrograph
imaging provided evidence for DNA contained in multivesicular
bodies and demonstrated that histones co-fractionate with exosome
markers TSG101 and CD63. Further, the authors found that
disrupting regulators of exosome biogenesis results in the
stimulation of DNA damage-response pathways, suggesting that
tumor cells utilize exosomes for the emission of accumulating
cytosolic DNA (Takahashi et al., 2017).

Although several studies report the detection of DNA in isolated
EVs in vitro and in circulation in vivo, skepticism continues to hang
over whether such extracellular DNA is truly enclosed within the
lipid membrane of EVs (Jeppesen et al., 2019; Shurtleff et al.,
2018). Indeed, only a few reports have performed a thorough
biochemical analysis to demonstrate the internal location of DNA
within EVs, including identifying a DNase-resistant pool of EV
DNA that only becomes susceptible to degradation upon
permeabilization of the lipid membrane (Torralba et al., 2018;
Vagner et al., 2018). In this context, Vagner et al. (2018) reported
that the majority of cell-free DNA emitted by prostate cancer cells is
carried by large EVs, comprising microvesicle and large oncosome
EV populations, whereas the amount of DNA isolated from small
EVs was negligible. This dissimilarity in EV content is also
supported by another study, which found that only the microvesicle
fraction of emitted EVs from transiently transfected HEK293FT
cells are capable of delivering intact plasmid DNA to recipient cell
types (Kanada et al., 2015). Furthermore, a very recent report has
suggested that small EVs do not contain DNA, and, rather,
exosome-associated DNA is actually based on the active secretion
of extracellular chromatin via multivesicular bodies (Jeppesen et al.,
2019). These intriguing developments suggest a discrepancy in the
molecular cargo contained in EVs, whereby DNA associated with
small EVs is external, while large EVs, such as TMVs, apoptotic
bodies and large oncosomes, may actually hold an internal pool of
extracellular DNA.

Since the discovery of extracellular DNA, it has been suggested
that cancer cells may deliver oncogenic sequences via EVs, which
might result in the transformation of surrounding normal cell types
akin to an infection-like process (Bergsmedh et al., 2001; Fischer
et al., 2016; García-Olmo et al., 2010; Kanada et al., 2015; Rak and
Guha, 2012). Indeed, it has been demonstrated that EVs can impart
transformed phenotypes into recipient cell types (characterized by
cellular capacity for formation of foci in culture or anchorage-
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independent growth) (Antonyak et al., 2011; Hallal et al., 2019; Lee
et al., 2014; Oushy et al., 2018). However, cancerous phenotypes
are transient in nature and donor DNA is not permanently
incorporated in the recipient genome (Lee et al., 2014). In
addition, further analysis has revealed that many specialized cell
types, such as normal intestinal epithelia and astrocytes, are resistant
to cellular transformation, bringing into question the physiological
significance of this model (Lee et al., 2016).
Recent evidence shows that cancer cells accumulate cytosolic

DNA as a consequence of DNA damage events and nuclear envelope
rupture, resulting in an activation of intracellular signaling events that
alerts surrounding cells of a compromised cell state (Mackenzie et al.,
2017; Vanpouille-Box et al., 2018). Given this, the intercellular
transfer of DNA as a molecular regulator of inflammatory responses
may be a more reasonable explanation for the function of EV-
associated DNA, but would still have important implications for
many diseases like cancer. This would also provide an explanation for
the apparent lack of a discriminant selection of DNA sequences as
cargo. Supporting this, a recent study showed that cancer cells
depleted of the cytoskeletal regulator diaphanous-related formin 3
(DIAPH3) display increased indications of nuclear instability, such as
nuclear blebbing and increased irregular shape. Coincidingwith these
phenotypes, DIAPH3-knockdown cells secrete large EVs possessing
increased levels of nuclear components, such as emerin and gDNA
(Reis-Sobreiro et al., 2018). In addition, other studies have revealed
that activated T-lymphoblasts and irradiated tumor cells secrete EVs
enriched in dsDNA cargo, which are capable of activating the cGAS–
STING pathway in recipient dendritic cells (Diamond et al., 2018;
Torralba et al., 2018).
In the above sections, we discussed the world of EV cargo,

focusing primarily on protein and nucleic acid content, cargo
loading and release of MVs formed at the cell surface (summarized
in Fig. 2). While the majority of these studies have been conducted
in tumor cells, it is conceivable that other cell types may form
similar structures at the cell surface. However, the functional cell-
signaling roles of these EVs remains an unanswered, but alluring
question. In the following sections, we focus our attention on the
growing intersection between the EV field and cancer immunology,
and highlight some of the currently described mechanisms by which
tumor-derived EVs could significantly contribute to the evasion of
immune surveillance.

Extracellular vesicles as vehicles of immune evasion
In normal cellular physiology, EVs are now appreciated as
important messengers in orchestrating immune responses during
processes, such as wound repair and infection with foreign organism
(Laberge et al., 2018; Robbins andMorelli, 2014). Early work in the
field revealed that immune cells utilize EVs, particularly exosomes,
to mediate antigen presentation with other cells at a systemic level
(Raposo et al., 1996; Wolfers et al., 2001; Zitvogel et al., 1998).
This occurs by way of cells processing foreign antigens in late
endosomal compartments and subsequently loading antigenic
peptides onto MHC class I and II molecules displayed on the
surface of intraluminal vesicles (Roche and Furuta, 2015). Among
other mechanisms, anti-tumor immune responses in human cancers
can be stimulated following the detection of unique peptides
expressed by cancer cells as a consequence of genomic alterations, a
term now referred to as ‘neoantigens’ (Schumacher and Schreiber,
2015). In 1998, Zitvogel et al. reported that professional antigen-
presenting-cells (APCs), the dendritic cells (DC), secrete exosomes
displaying MHC class I and II molecules and T-cell co-stimulatory
molecules. In a subsequent study, they showed that tumor cells

themselves release EVs that act as an antigen source to promote
cytotoxic T-cell priming (Wolfers et al., 2001). Others have
suggested that EVs may actually be a superior mechanism of
antigen delivery to prime dendritic cells than soluble peptides;
mechanistically, this appears to be mediated by reactive oxygen
species (ROS) carried by EVs that result in early alkalization of DC
phagosomal compartments (Battisti et al., 2017; Rughetti et al.,
2014).

While still a subject of active investigation (Battisti et al., 2017;
Dionisi et al., 2018), dendritic-cell-based immunotherapies have
had very limited success in provoking anti-tumor responses in
clinical trials where allogenic or autologous DCs are primed with
soluble antigen or tumor lysates (Bu et al., 2011; Flörcken et al.,
2013; Gu et al., 2015; Liu et al., 2017; Palucka et al., 2006; Sabado
et al., 2017). Growing evidence shows that many of the interactions
between tumor-derived EVs and immune cells are unfavorable for
the host (Pucci et al., 2016). Hence, extending our understanding of
how tumor-derived EVs manipulate the behavior of host immune
cells is important for improving current therapeutic strategies and
unleashing anti-tumor immune responses. Below, we describe the
currently known mechanisms by which tumor-derived EVs
contribute to suppressing immune responses in cancer (Fig. 3).

Immune checkpoint-loaded EVs
Immune checkpoints such as PD-L1 (also known as CD274) and
CTLA-4 are molecules often expressed on the plasma membrane of
cancer cells or colluding cell types, which act as powerful regulators of
immune tolerance. Targeted antibody-based therapies against some of
these molecules have been developed as a method of relieving
cytotoxic T-cells of this negative signaling and thus enable antigen
activation in tumors (Fritz and Lenardo, 2019; Pardoll, 2012). Yet,
while these ‘immune checkpoint inhibitors’ have been demonstrated to
successfully produce anti-tumor immunity for several different types
of cancer, only the minority of patients show responses resulting in
long-term survival (Fares et al., 2019; Schadendorf et al., 2015;
Sharma et al., 2017). As a consequence, current research is focused on
understanding the biology that enables immune evasion in these non-
responsive tumors (Spranger and Gajewski, 2018). A series of recent
studies have conclusively demonstrated that tumor-derived EVs
substantially contribute to immunosuppressive phenotypes in a
variety of cancer types owing to the fact they carry the immune
checkpoint receptor ligand PD-L1 (Chen et al., 2018; Poggio et al.,
2019; Ricklefs et al., 2018; Theodoraki et al., 2018). Ricklefs et al.
(2018) demonstrated in vitro that co-incubation of EVs derived from
glioblastoma stem cell-like cells (GSCs) inhibits activation of CD8+ T
cells presented with antigen by DCs and further, inhibition of T cell
activation by tumor-derived EVs could be rescued by co-culturing
with anti-PD-L1 antibody blockade.

In order to assess the significance of exosomal PD-L1 to cancer
progression in vivo, Poggio et al. (2019) turned to a genetic model
and generated Rab27a or nSMase2 (also known as Smpd3)
CRISPR/Cas9 knockouts of TRAMP-C2, a syngeneic model of
prostate cancer that is resistant to anti-PD-L1 blockade (Poggio
et al., 2019). When tested in fully immunocompetent mouse
models, Rab27a-KO and nSMase2-KO cells failed to form tumors
in a similar fashion to Pd‐l1-KO cells (Poggio et al., 2019). These
findings indicate that the exosome-mediated inhibition of tumor
growth occurs in a process dependent on immune cell interactions.
Further, injection of exogenous wild-type exosomes – but not
exosomes from PD-L1-KO cells – into syngeneic mice rescues the
immunosuppressive phenotype and enables tumor growth of
Rab27a-KO tumors (Poggio et al., 2019).
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These studies establish a role for tumor-derived EVs in inducing
systemic immunosuppression by conveying immune checkpoint
signals to distant immune cells. In terms of clinical applications,
exosomal PD-L1 could also potentially be utilized in the future as a
diagnostic marker to predict tumor responses (Chen et al., 2018;
Theodoraki et al., 2018). Future studies should also investigate
whether there is a difference in the biological activity of currently
utilized antibody-based therapies in inhibiting target receptors on
the whole cell versus those on EVs. A variety of factors such as
binding affinity, target antigen density, flow rate and buffer
conditions can impact the binding of monoclonal antibodies
(Rhoden et al., 2016; Tabrizi et al., 2010; Wemhoff et al., 1992),

and it is currently unknown whether the collective actions of these
factors differentially impact the activity of commercial therapeutic
antibodies against stationary tumor cells and circulating EVs.

Weapons for tumor counter-attack
Tumor cells appear to not simply endure being continuously
targeted for destruction by immunocytes; rather, they actively
secrete substances to eliminate such threatening cell types as a
means of immune suppression. This is sometimes referred to as the
‘counter-attack’ hypothesis. While contested (Restifo, 2001), this
concept has been used to explain the finding that some tumor types
express Fas ligand (FASLG), which induces apoptosis in contacted
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Fig. 3. EV-mediated immune suppression. Three different mechanisms have been described thus far for how tumor-derived EVs silence anti-tumor immune
responses. (1) EVs directly suppress innate and adaptive immune cell responses through interactions of cargo present at their surface, such as immune
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cells that express its receptor, FasR. Interestingly, some have
suggested that this mechanism is also utilized in normal physiology
by immune-privileged tissues, such as retina and brain (O’Connell
et al., 1996).
Early studies investigating the interactions of tumor-derived EVs

with lymphocytes found that EVs harbor Fas ligand as cargo and can
stimulate apoptosis of T cells (Andreola et al., 2002). These findings
are supported by reports that EVs derived from a diverse set of cancer
cell types stimulate apoptosis in CD8+ T cells, in a process that is
dependent on the activity of Fas ligand, or another apoptosis-inducing
ligand, TNF-related apoptosis-inducing ligand (TRAIL, also known
as TNFSF10), within its cargo (Bergmann et al., 2009; Huber et al.,
2005; Kim et al., 2005; Martínez-Lorenzo et al., 2004; Taylor et al.,
2003; Wieckowski et al., 2009). Bergmann et al. (2009) showed that
EVs isolated from the sera of patients with head and neck squamous
cell carcinoma (HNSCC) had significantly higher expression of Fas
ligand compared to EVs in sera from healthy controls and were
capable of inducing cell death in CD8+ T cells.
Tumors that show a high density of infiltrated CD8+ T

lymphocytes generally correlate with a better prognosis and
therapeutic responses for a variety of cancers (Gibney et al., 2016;
Katsuya et al., 2017; Sato et al., 2005; Xu et al., 2019). However,
there are many tumors that lack T-cell infiltration, often referred to as
‘cold tumors’, and this represents a major barrier for their targeting by
immunotherapy (Bonaventura et al., 2019). Therefore, current
research efforts are directed at developing strategies for improving
T-cell trafficking and infiltration (Bonaventura et al., 2019). A
number of studies have also argued that Fas-mediated apoptosis of T
cells is one barrier to immune infiltration in some tumor cases
(Ichinose et al., 2001; Motz et al., 2014; Zhu et al., 2019).

Concealing tumor cell presence with decoys
Similar in someways to the counter-attack mechanism, some groups
have suggested that EVs act as cellular ‘decoys’ that enable a tumor
cell to avoid detection by a patrolling immunocyte. MICA and
MICB are two of the many ligands for the NKG2D (also known as
KLRK1) activating receptor expressed on the surface of natural
killer (NK) cells and CD8+ T cells. While expressed at low levels in
normal cell types, NKG2D ligands are upregulated in response to
cell stress, marking the cell for destruction by the innate immune
response (Lanier, 2015). In the case of cancer, genotoxic stress
likewise can induce the expression of NKG2D ligands, making
tumor cells vulnerable to targeting by immune cells (Gasser et al.,
2005). To circumvent this issue, tumor cells release NKG2D ligands
such as MICA from their surface, either by proteolytic cleavage into
a soluble isoform or by shedding EVs (Ashiru et al., 2010).
Several studies have shown that incubation of NK cells with tumor

exosomes results in downregulation of NKG2D receptor on NK cells
and CD8+ T cells, and thus impairs their cytotoxicity against MICA-
positive target cells (Ashiru et al., 2010; Clayton et al., 2008;
Lundholm et al., 2014). NKG2D downregulation by EVs has been
found to occur in a dose-dependent manner (Lundholm et al., 2014).
In addition, these authors also provide in vivo evidence from patients
with castration-resistant prostate cancer that circulating NK cells and
CD8+ T cells display a lower surface expression of NKG2D than
healthy controls (Lundholm et al., 2014). However, a soluble isoform
of the NKG2D ligand MULT1 (also known as Ulbp1) was shown to
activate NK cells and inhibit tumor growth when injected with B16
cells into mice (Deng et al., 2015). A recent study demonstrated that
treatment of A375 melanoma cells with an α3-domain-specific
antibody that inhibits the proteolytic release of MICA and/or MICB
from the plasma membrane significantly inhibited tumor growth

when applied to fully immunocompetent mouse models (Ferrari de
Andrade et al., 2018). Thus the proteolytic shedding of MICA or
MICB from the cell surface – and potentially also the surfaces of EVs
themselves – may actually be the dominant biological process in
desensitizing NK cells.

It should also be mentioned that many actively utilized antibodies
in cancer therapies target tumor antigens and are capable of
provoking anti-tumor immune responses by antibody-dependent
cell-mediated cytotoxicity (ADCC) (Natsume et al., 2009). In this
mechanism, antibodies bound to tumor cells can activate cells of the
innate immune response (Wang et al., 2015). Previously, studies
pointed out that the serum of some patients with cancer could inhibit
NK cell activation and ADCC (Matsuzaki et al., 1985). Later, it was
determined that tumor-derived exosomes sequester tumor-reactive
antibodies and consequently reduce ADCC activity against tumor
cells (Aung et al., 2011; Battke et al., 2011). This has been
demonstrated to occur for multiple commonly used therapeutics,
such as rituximab, which targets CD20 on B-cell lymphoma cells,
and trastuzumab, which targets HER2 on breast cancer cells (Aung
et al., 2011; Battke et al., 2011).

Controlling cellular phenotypes
Tumor EVs have potent effects on altering the behavior of recipient
cell types, typically in a fashion that supports disease progression.
For instance, cancer cells will phenocopy the behavior of more
aggressive subpopulations within the tumor upon receiving
microvesicles originating from these groups of cells (Zomer et al.,
2015). Tumor-derived exosomes also interact with recipient cell
types at distant organ sites, thereby creating a pre-metastatic niche
(Costa-Silva et al., 2015).

Tumor EVs induce highly differential behavioral effects based on
the particular recipient immunocyte. As discussed above, tumor EVs
inhibit proliferation and induced apoptosis in CD8+ T cells; however,
surprisingly, opposite effects were observed when CD4+ T cells were
tested (Wieckowski et al., 2009). Instead, EV-treated CD4+ T cells
biased their maturation towards CD25high/FOXP3+ T-regulatory cells
(Tregs), which are known to maintain self-tolerance and suppress
immune responses (Szajnik et al., 2010; Wieckowski et al., 2009).
Further, tumor EVs appear to even promote the proliferation of Treg
cells and enhance their immunosuppressive activity (Szajnik et al.,
2010). Tregs were the cell type most sensitive to exposure to
exosomes, which resulted in gene expression changes (Muller et al.,
2016). In addition to all of these findings, it was reported that T cells
largely do not take up tumor-derived exosomes when compared to
other tested immune cell types, indicating that the effects mediated by
tumor-derived EVs are restricted to surface interactions (Muller et al.,
2017, 2016). However, the full mechanism of what specific surface
interactions with tumor EVsmediate Treg stimulatory activity has not
yet been elucidated.

Tumor-associated macrophages (TAMs) are another highly
abundant blood cell found within tumor microenvironments.
Mature macrophages have been conventionally categorized as
being either a ‘classically activated’ (M1) phenotype (often
considered pro-inflammatory and cytotoxic) or an ‘alternatively
activated’ (M2) phenotype (considered anti-inflammatory and
immunosuppressive) (Ostuni et al., 2015). In the past, it has been
suggested that TAMs are produced by circulating monocytes that
have undergone maturation towards an immunosuppressive M2
phenotype, although it is now known that the true TAM phenotype
is not well-captured by this categorization (Franklin et al., 2014;
Sica et al., 2006). Numerous studies have shown that tumor-derived
EVs bias monocyte polarization towards an immunosuppressive
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TAM phenotype (Gabrusiewicz et al., 2018; Ham et al., 2018; Hsu
et al., 2018; Wang et al., 2018a,b; Ying et al., 2016). Accordingly,
EV-treated monocytes display increased markers that are associated
with M2 macrophages, such as CD163 and CD206, and increased
expression of immunosuppressive molecules, such as secretion of
IL-10 and production of PD-L1 (Gabrusiewicz et al., 2018; Hsu
et al., 2018). In addition, treatment with an N-SMase inhibitor to
disrupt exosome biogenesis altered macrophage polarization in co-
culture experiments with gastric cancer cells, and in tumor-bearing
mice (Wang et al., 2018a). With regard to the underlying
mechanism, these studies consistently implicated particular
miRNA species in the reprogramming of macrophages (Chen
et al., 2018; Cooks et al., 2018; Hsu et al., 2018).
While there remain many unanswered questions of how tumor-

derived EVs enable cellular reprogramming, this coercive strategy
of immune suppression may be particularly effective for tumor cells,
given the potential for amplification of suppressive signaling by
newly recruited immune cells. For instance, it was recently shown
that Tregs themselves shed EVs that also modify the behavior of the
recipient immune cells, such as promoting immune tolerance in
dendritic cells (Tung et al., 2018).

Perspectives
As discussed here, EVs contain a diverse set of selectively recruited
cargo, including proteins and nucleic acids, which enable their
function as entities of intercellular communication. Tumor-derived
EVs significantly contribute to the progression of cancer by
multiple means, including modulating immune responses. To date,
several mechanisms have been described for how tumor-derived
EVs support immunosuppression in cancer including: (i) direct
suppression of immune cytotoxicity by mediating immune
checkpoint signaling or dampening stimuli of the innate immune
response, (ii) eliminating threatening cell types through tumor
counter-attack, and (iii) coercing other resident cell types into
supporting immunosuppressive functions (see Fig. 3).
EV-mediated immune suppression is an interesting example of

how cancers subvert normal biological function. In the context of
infection and cell injury, EVs function to alert the immune system
by distributing foreign antigens or danger-associated molecular
patterns, thereby helping to mount an effective response. The
remnants of this physiological response can also be observed in
cancer, for instance, the preference of solid tumor-derived EVs to
travel towards draining lymph nodes, or neoantigen priming of
dendritic cells by tumor-derived EVs. Yet in cancer,
communication to immune cells through tumor-derived EVs may
actually exacerbate the progression of the disease.
As some of these studies have shown, in some cases, the effects of

tumor-derived EVs appear to be mediated by particular units of
cargo contained by them, such as immune checkpoint ligands.
However, as is the case for much of EV biology, the mechanisms
underlying EV-mediated effects on recipient immune cells are not
fully understood. The difficulty of this task is based on multiple
factors including: the heterogeneity of cargo contained in EVs, the
variation in the cell types interacting with them, and the mixed
populations pervading most EV samples. As a consequence of
commonly utilized isolation procedures, the majority of those
studies mentioned here likely involved the use of samples
containing mixed populations of EVs. In addition, there is a
disproportionate focus on exosomes, leaving the functional roles of
less commonly studied large EVs like microvesicles an open
question. Indeed, the study of microvesicles carries with it its own
unique set of challenges (see Box 1); however, determining the

physiological roles of these types of underappreciated EVs will be
necessary to develop our understanding of EV biology.
Interestingly, we are now beginning to understand that the
molecular cargo may differ between these types of EVs; further,
EVs present within the tumor microenvironment contain cargo
species that typically are only found within the context of disease or
injury. Notably, this is the case with DNA and unique noncoding
RNAs, which may facilitate DAMP-recognition-mediated signaling
in recipient cell types. Tumor-derived EVs carrying these elements
could facilitate pro-inflammatory signaling within the tumor
microenvironment, perhaps through such a mechanism (Matei
et al., 2017; Nabet et al., 2017).

Given the importance of tumor-derived EVs in supporting
immunosuppression as discussed here, there has been speculation as
towhether inhibiting exosome or microvesicle biogenesis may prove an
effective therapeutic strategy. However, given the thus far undetermined
role of EV-mediated communication during normal human
physiological processes and the potential functional redundancy of
EVs, this seems less probable. More likely, future treatments might
involve bioengineered EVs, with purposefully packaged cargo aimed at
eliciting anti-tumor immune responses and blocking disease
progression. In this regard, exosomes isolated from non-metastatic
melanoma cultures could effectively inhibit lung metastases of
metastatic melanoma by expanding patrolling monocyte populations
that promote cancer cell clearance at the pre-metastatic niche (Plebanek,
et al., 2017). Lingering but essential questions include: how are
individual cargo species packaged into EVs? What are the molecular
regulators of EV uptake? And, collectively, how does EV cargo
translate into recipient cell function? While an exacting task, fully
understanding the cell biology of EVs will ultimately reveal new ways
inwhich they can be leveraged in clinical settings, including stimulating
anti-tumor immune responses in cancer.
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Box 1. Challenges and outstanding questions in tumor
microvesicle (TMV) research
Challenges
• A lack of defined biomarkers
• Heterogeneous in size, resulting in overlap with both other small EVs

(i.e. exosomes and ARMMs) as well as other large EVs (i.e. apoptotic
bodies and oncosomes)

• Rudimentary understanding of dedicated machinery for TMV
biogenesis, resulting in confounded results with genetic
manipulation in functional studies

• Confusion over the distinction between exosomes, microvesicles and
other EV species

Outstanding questions
• What are the mechanisms and regulators of TMV biogenesis?
• Are there distinct functional roles between exosomes and TMVs in

intercellular communication?
• Do TMVs possess DNA? What is the physiological purpose of the

reported genetic exchange by EVs?
• What mechanisms direct recipient cell uptake of EVs?
• Is EV-destined cargo distributed equally in the cell or sorted into

distinct subpopulations?
• How does EV quantity and contents collectively result in a change in

recipient cell behavior?
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factor–bearing microvesicles arise from lipid rafts and fuse with activated platelets
to initiate coagulation. Blood 106, 1604-1611. doi:10.1182/blood-2004-03-1095

Cooks, T., Pateras, I. S., Jenkins, L. M., Patel, K. M., Robles, A. I., Morris, J.,
Forshew, T., Appella, E., Gorgoulis, V. G. and Harris, C. C. (2018). Mutant p53
cancers reprogrammacrophages to tumor supporting macrophages via exosomal
miR-1246. Nat. Commun. 9, 771. doi:10.1038/s41467-018-03224-w

Costa-Silva, B., Aiello, N. M., Ocean, A. J., Singh, S., Zhang, H., Thakur, B. K.,
Becker, A., Hoshino, A., Mark, M. T., Molina, H. et al. (2015). Pancreatic cancer
exosomes initiate pre-metastatic niche formation in the liver. Nat. Cell Biol. 17,
816-826. doi:10.1038/ncb3169

Deng, W., Gowen, B. G., Zhang, L., Wang, L., Lau, S., Iannello, A., Xu, J., Rovis,
T. L., Xiong, N. and Raulet, D. H. (2015). A shed NKG2D ligand that promotes
natural killer cell activation and tumor rejection. Science 348, 136-139. doi:10.
1126/science.1258867

Diamond, J. M., Vanpouille-Box, C., Spada, S., Rudqvist, N.-P., Chapman, J. R.,
Ueberheide, B. M., Pilones, K. A., Sarfraz, Y., Formenti, S. C. and Demaria, S.
(2018). Exosomes shuttle TREX1-sensitive IFN-stimulatory dsDNA from
irradiated cancer cells to DCs. Cancer Immunol. Res. 6, 910-920. doi:10.1158/
2326-6066.CIR-17-0581

Dionisi, M., De Archangelis, C., Battisti, F., Rahimi Koshkaki, H., Belleudi, F.,
Zizzari, I. G., Ruscito, I., Albano, C., Di Filippo, A., Torrisi, M. R. et al. (2018).
Tumor-derived microvesicles enhance cross- processing ability of clinical grade
dendritic cells. Front. Immunol. 9, 2481. doi:10.3389/fimmu.2018.02481

D’Souza-Schorey, C. and Schorey, J. S. (2018). Regulation and mechanisms of
extracellular vesicle biogenesis and secretion. Essays Biochem. 62, 125-133.
doi:10.1042/EBC20170078

Fares, C. M., Van Allen, E. M., Drake, C. G., Allison, J. P. and Hu-Lieskovan, S.
(2019). Mechanisms of resistance to immune checkpoint blockade: why does
checkpoint inhibitor immunotherapy not work for all patients? Am. Soc. Clin.
Oncol. Educ. Book 39, 147-164. doi:10.1200/EDBK_240837

Ferrari de Andrade, L., Tay, R. E., Pan, D., Luoma, A. M., Ito, Y., Badrinath, S.,
Tsoucas, D., Franz, B., May, K. F. et al. (2018). Antibody-mediated inhibition of
MICA andMICB shedding promotes NK cell–driven tumor immunity.Science 359,
1537-1542. doi:10.1126/science.aao0505

Fischer, S., Cornils, K., Speiseder, T., Badbaran, A., Reimer, R., Indenbirken,
D., Grundhoff, A., Brunswig-Spickenheier, B., Alawi, M. and Lange, C. (2016).
Indication of horizontal DNA gene transfer by extracellular vesicles. PLoS ONE
11, e0163665. doi:10.1371/journal.pone.0163665

Fiskaa, T., Knutsen, E., Nikolaisen, M. A., Jørgensen, T. E., Johansen, S. D.,
Perander, M. and Seternes, O. M. (2016). Distinct small RNA signatures in
extracellular vesicles derived from breast cancer cell lines. PLoS ONE 11,
e0161824. doi:10.1371/journal.pone.0161824

Flörcken, A., Kopp, J., van Lessen, A., Movassaghi, K., Takvorian, A., Jöhrens,
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