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Extracellular vesicles are lipid membrane-bound particles
containing cytoplasmic and transmembrane proteins,
DNA and RNA that are released from cells in a variety of
circumstances and contribute to cell-to-cell communication
and other processes. Recent research has emphasized the
potential role of microvesicles in cancer cell signaling
and tumor biology, from metastasis to cancer-associated
thrombosis (1,2). In this regard, Muhsin-Sharafaldine ez 4/.
report in Oncogene on the contribution of diverse types
of microvesicles (exosomes, microvesicles and apoptotic
vesicles) to the procoagulant and immunogenic properties
of melanoma (3).

Different types of extracellular vesicles

Mammalian and non-mammalian cells release different
types of extracellular vesicles (4). Three main pathways for
the generation of microvesicles are recognized (Figure 1A4).
Exosomes are small particles (<150 nm) generated
intracellularly inside multivesicular endosomes or
multivesicular bodies (Figure 1B). Extracellular vesicles
may be produced by budding from the extracellular
membrane yielding particles from 100 to 1,000 nm known
as microvesicles, ectosomes or microparticles. There are
some specialized “microparticles”. Thus, platelets may
be considered a very specialized form of extracellular
vesicles released from megakaryocytes as the end products
of membrane protrusions that extend into the sinusoidal
vessels, where they are sheered off by blood flow in the
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process known as thrombopoiesis or platelet biogenesis (5).
Finally, apoptotic vesicles are released during apoptotic cell
death and are generally larger (100-5,000 nm in diameter).
During apoptosis, proteases such as caspases are activated
and breakdown intracellular proteins, resulting in nuclear
condensation and fragmentation and cell fragmentation,
with preservation of cell membrane integrity until very late
stages of the process (6). Indeed, apoptotic cells are usually
engulfed by adjacent cells before lysis, and apoptosis is
usually considered a non-inflammatory form of cell death.
Erythropoiesis shares some features with apoptosis, such as
reduction in cell size, chromatin and nuclear condensation,
and enucleation that require caspase-3 activity (7).

Extracellular vesicles in inflammation

Extracellular vesicles contribute to several pathophysiological
responses. Thus, extracellular vesicles derived from
epithelium activate wound repair circuits (8). However,
they may also contribute to the pathogenesis of infection
and sterile inflammatory conditions (9). Danger-associated
molecular patterns (DAMPs), such as extracellular
ATP, are released during tissue damage and activate the
inflammasome in macrophages, amplifying inflammation.
Inflammasome-induced activation of an intracellular
caspase-1/calpain cysteine protease cascade facilitates
the formation and release of phosphatidylserine-
positive, highly procoagulant microparticles (10). Thus,
galectin-3, a molecule contributing to atherothrombosis,
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Figure 1 Different types of extracellular vesicles. (A) According to the mechanism of generation. Exosomes are generated intracellularly

inside multivesicular bodies. Microvesicles are produced by budding from the extracellular membrane. Apoptotic vesicles are released upon

cell fragmentation during apoptotic cell death; (B) comparative size of diverse extracellular vesicles as compared to platelets and red blood

cells. The size range is <150 nm for exosomes, 100 to 1,000 nm for microvesicles and 100-5,000 nm in diameter for apoptotic vesicles.

Representative sizes are shown.

is released from monocyte macrophages in exosomes (11).
Parenchymal cells, such as kidney tubular cells, also release
exosomes constitutively (12). Exosomes may be used as
biomarkers (9). Thus, urinary exosomes from diabetic
nephropathy patients differentially expressed a panel of
3 proteins (AMBP, MLL3, and VDACI) when compared
to non-diabetic controls (13), while osteoprotegerin was
increased in urinary exosome-like vesicles from patients
with autosomal dominant polycystic kidney disease (12).
Furthermore, release of extracellular vesicles from non-
mammalian cells may be involved in the pathogenesis
of infectious disease. Thus, extracellular vesicles from
Trypanosoma brucei mediate virulence factor transfer and
erythrocyte remodeling, causing anemia (14).
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Extracellular vesicles and cancer

Cancer cells also release several types of extracellular
vesicles that are uptaken by other cells, potentially leading
to transfer of functional mRNA and to altered cellular
behavior (15). Indeed, extracellular vesicles released by
malignant tumor cells are taken up by less malignant tumor
cells located within the same and within distant tumors
in vivo (15). Extracellular vesicles carry mRNAs involved
in migration and metastasis and may indeed increase the
migratory behavior and metastatic capacity of less malignant
cells in vivo (15). However, the exact microvesicles that
display this activity remain to be clearly identified (4).
Exosomes from lung-, liver- and brain-tropic tumor cells
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express specific integrins that allow preferential uptake by
resident cells at their predicted destination, promoting the
preparation of the pre-metastatic niche (16). Conversely,
normal cell-derived exosomes mediate an intercellular
transfer of miRNAs that specifically suppresses expression
of tumor-related genes, as it is the case for astrocyte-derived
exosomes and PTEN expression by brain metastasis (17).
Melanoma-derived exosomes reprogrammed bone marrow
progenitors toward a pro-vasculogenic phenotype (18).
Reducing Met expression in exosomes diminished the pro-
metastatic behavior of bone marrow cells. RNA interference
for RAB27A, a regulator of membrane trafficking and
exosome formation, decreased exosome production by
melanoma cells, preventing bone marrow education and
reducing tumor growth and metastasis. This information
may be useful in designing novel therapeutic strategies. In
addition, specific expression of certain proteins in tumor-
derived exosomes may allow non-invasive, early diagnosis of
tumors such as pancreatic cancer (19).

Extracellular vesicles and the immune response

Extracellular vesicles play a key role in immune regulation (20).
During transplant rejection, exosome-like extracellular
vesicles from donor dendritic cells interact with recipient
dendritic cells, leading to their activation and triggering
of alloreactive T cell activation (21). Dendritic cells are
also thought to be important for immune cell-dependent
tumor rejection and early clinical trials have demonstrated
the feasibility and safety of the approach (22). Extracellular
vesicles from cytotoxic T cells are loaded with cytokines
promoting cell death. By contrast, extracellular vesicles also
contribute to tumor-mediated immune suppression. Tumor-
derived exosomes carry immunosuppressive molecules
and factors that interfere with immune cell functions (23).
Melanoma-derived extracellular vesicles disseminate via
lymphatics and preferentially bind subcapsular sinus CD169*
macrophages in tumor-draining lymph nodes (24). CD169"
macrophage may act as tumor suppressors by containing the
spread of vesicles. In this regard, they prevent the interaction
of melanoma-derived vesicles with lymph node cortex B cells,
an interaction that may foster tumor-promoting humoral

immunity (24).
Properties of diverse melanoma-derived

extracellular vesicles

As discussed above, extracellular vesicles derived from

© Annals of Translational Medicine. All rights reserved.

Page 3 of 5

tumor cell may contribute to multiple tumor-related
complications, from metastasis to suppression of the anti-
tumor immune response to promotion of this immune
response to the thrombotic complications of cancer. A
correct understanding of the specific molecule and the
specific vesicles involved in each of these complications may
be used to design therapeutic approaches that differentially
modulate the amount and properties of the different
vesicles to optimize the therapeutic benefit, potentiating
some functions of extracellular vesicles while dampening
others. Muhsin-Sharafaldine ez 2/. have now explored the
specific molecular composition and properties of exosomes,
microvesicles and apoptotic vesicles derived from melanoma
cells (3). The pattern of surface and cytoplasmic molecule
expression differed between the vesicle types and this was
associated with different procoagulant and immunogenic
functions.

Melanoma cells were either killed by adding doxorubicin
to generate apoptotic vesicles or cultured for 48 hours to
generate exosomes or microvesicles. As a result, there is no
information of the relative number of the different vesicles
released under the same culture conditions. An approach
based on amount of protein suggested that the bigger the
vesicles, the higher the amount of protein, but it did not
provide information on number of vesicles.

The composition of the vesicles was assessed using
proteomic approaches and the main findings are
summarized in 7able 1. Exosomes were enriched in histones
and heat shock proteins, and the ten most abundant ion
scores in exosomes included histones (H2A, H2B, H3.1
and H4), heat shock proteins (GRP78 and HSC71) and the
tetraspanin CD81.

From a functional point of view, apoptotic vesicles
had the highest functional impact, assessed either as
immunogenicity or as a prothrombotic potential (Zable I).
Apoptotic vesicles were more immunogenic, and mice
immunized with antigen-pulsed apoptotic vesicles and
challenged with melanoma cells were protected up to
60 days, while lower protection rates were afforded by
microvesicles and exosomes. In this regard, only apoptotic
vesicles showed enrichment for the melanoma associated
antigen PMEL, thus potentially contributing to generate
tumor-specific immunity. However, the immunogenicity of
apoptotic vesicles is a surprising finding, since apoptosis is,
in general, a non-inflammatory, non-immunogenic form
of cell death. The observed immunogenicity of apoptotic
vesicles may be due to the fact that under the culture
conditions, these vesicles were not rapidly engulfed and
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Table 1 Key differential characteristics of eh three extracellular
vesicle types studied in reference (3)

Characteristics Exosomes Microvesicles 'A:IF;:?;(:;C
Histone H4 ++++" + +/—
HSPA5 +4++* + +/—
od +++" ++ +
CD9 +4* + _
CD81 + ++* +
p1 ++ +++* +
CD44 + ++ 4+
PMEL - - +++*
Immunogenicity” + ++ 4
Phosphatidylserine + ++ +++
Coagulation*

Fibrin generation” +++ ++ +++*

Thrombin generation® + ¥ 4+

*, mark the extracellular vesicle type with the highest expression
or function; *, functions. HSPA5, heat shock protein A5; PMEL,
premelanosome protein; CD9, CD81, tetraspanins; a4, p1,
integrins.

cleared by adjacent cells, as would occur in vive, in which
different cell types, including macrophages are present.
Rather, the cell culture conditions of a homogenous cell
type exposed to a toxic that kills or injures all cells in the
culture may impair engulfment of apoptotic vesicles. If
this were the case, the immunogenicity observed under the
experimental conditions may not occur in vivo due to rapid
clearance of apoptotic vesicles. Another possibility is that
doxorubicin also caused immunogenic forms of cell death,
such as necroptosis. In this regard, lethal stimuli may cause
both apoptosis and necroptosis within the same cell culture
(25,26). While the generation of vesicles by necroptotic cells
has not been described, it is conceivable the simultaneous
occurrence of apoptosis and necroptosis may result in the
generation immunogenic apoptosis vesicles. This may
occur through adsorption of immunogenic components
on the surface of apoptotic bodies. This hypothesis merits
further exploration. The observed immunogenicity of
apoptotic vesicles may be used to develop anti-tumor
vaccines. In addition, it may identify a further mechanism
by which chemotherapeutic agents may promote anti-tumor
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Ortiz. Microvesicles

immunity iz vive, especially if these agents also induce
necroptosis.

Microvesicles and apoptotic vesicles, especially the
latter in some assays, were more procoagulant than
exosomes and functional studies disclosed that tissue factor
and phosphatidylserine were critical for procoagulant
activity. In this regard, this may be an untoward effect of
chemotherapeutic agents. A better understanding of the
mechanisms involved may result in the development of
novel therapeutic approaches that target specifically this
well-known complication of cancer and its therapy.
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