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Microvesicles

A direct membrane contact is the most evident way for two
cells to communicate. In the immune system this is indeed
the central mechanism by which T cells are activated by
antigen-presenting cells. However, soluble mediators are also
an essential link for the right information to be transmitted.
Such mediators include cytokines, chemokines, hormones
and smaller molecules, such as bioactive lipids and nitric
oxide. Recent work has emphasized a third mechanism by
which cells communicate, i.e. microvesicles released by one
cell, which transmit essential information to target cells

(reviewed in [1-3]).

Various eukaryotic cell types release membrane-derived
microvesicles under specific physiological or pathological
conditions. Interestingly, this phenomenon seems conserved
during evolution, as bacteria are even described to release
microvesicles that are important components of biofilms,
and is a major signal trafficking system [4].

Vesiculation is a physiological mechanism that is used in
cell growth, activation and protection. For example, for
mineral formation in cartilage, bone and predentin, calcifi-
cation is initiated by matrix vesicles released by chondro-
cytes, osteoblasts and odontoblasts [5]. Vesicles released by
activated monocytes expose tissue factor and enhance
coagulation [6]. Vesicle shedding is also an important
defence mechanism protecting against complement attack,
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Summary

Vesicles released by cells have been described using various names, including
exosomes, microparticles, microvesicles and ectosomes. Here we propose to
differentiate clearly between ectosomes and exosomes according to their for-
mation and release. Whereas exosomes are formed in multi-vesicular bodies,
ectosomes are vesicles budding directly from the cell surface. Depending upon
the proteins expressed, exosomes activate or inhibit the immune system. One
of the major properties of exosomes released by antigen-presenting cells is to
induce antigen-specific T cell activation. Thus, they have been used for
tumour immunotherapy. By contrast, the major characteristics of ectosomes
released by various cells, including tumour cells, polymorphonuclear leuco-
cytes and erythrocytes, are the expression of phosphatidylserine and to
have anti-inflammatory/immunosuppressive activities similarly to apoptotic
cells.
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by allowing the removal of the C5b-9 attack complex from
the cell surface by a calcium (Ca**)-dependent elimination as
shown for many cell types including platelets, polymorpho-
nuclear leucocytes (PMN), erythrocytes and oligodendro-
cytes [7]. Specific vesiculation is triggered or enhanced in
pathological conditions such as inflammation, injury, vascu-
lar dysfunction or cancer [1].

A major problem in the microvesicle literature is the
somewhat confusing nomenclature. Various names have
been used, including particles, microparticles, vesicles,
microvesicles, nanovesicles, exosomes, dexosomes, argo-
somes, ectosomes, etc. [1,2]. We will make no attempt in this
review to be complete, but rather to highlight some impor-
tant aspects, in order to try to define more clearly the role of
ectosomes in human biology. Many excellent reviews are
cited.

Whereas their formation, size and biological function may
be different, one common point between all vesicles is the
fact that they bud from a membrane, whether this occurs at
the cell surface or in a vesicular compartment inside the cell
(Fig. 1). Johnstone etal. [8] initially named exosomes,
vesicles produced by intracellular budding into the late
endosomal compartment. Evidently, every vesicle brings
many of the specificities of the originating cell; however,
there are some general properties characterizing those
released directly from the cell surface which justifies a spe-
cific name, i.e. ectosomes [9], or ‘shedding’ microvesicles [3].
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Fig. 1. Exosomes and ectosomes are microvesicles budding from a
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membrane. (a) Exosomes are produced by inward budding into the
late endosomal compartment, called multi-vesicular bodies (MVB).
When MVB fuse with the cell membrane, exosomes are released as
preformed vesicles. (b) Ectosomes are small membrane vesicles shed
by many cells by budding directly from the cell membrane.

Before reviewing the evidence for this new nomenclature, it
is worthwhile to describe exosomes briefly as they were
defined initially, then misused as a generic name for every
type of vesicle.

Exosomes

Exosomes are defined as small membrane vesicles formed by
inward budding of endosomal membranes, called multi-
vesicular bodies [1] (Fig.1la). Recently the machinery
responsible for exosome formation has been defined more
clearly and includes a set of protein complexes (endosomal
sorting complex required for transport: ESCRT) and an
alternative pathway involving the sphingolipid ceramid
[10,11]. When multi-vesicular bodies fuse with the plasma
membrane, the preformed exosomes are released
extracellularly. Many haematopoietic cells, including reticu-
locytes, platelets and leucocytes, produce and release
exosomes. For reticulocytes, exosomes mediate the clearance
of obsolete proteins such as the transferrin receptor [8].
Exosomes released by mature dendritic cells (DC) and B
lymphocytes bind firmly to follicular DC and have the func-
tion of presenting antigen—major histocompatibility
complex (MHC) class II complexes to T lymphocytes, and
therefore have strong immunostimulatory activities. To
identify them more clearly, DC-derived exosomes have been
called ‘dexosomes’ by many authors (reviewed in [2,12-14]).

From the foregoing it is evident that (d)exosomes have
been and are considered as potential candidates for cancer
vaccines [15,16], and several clinical trials have been initiated
[17,18]. There was then the hope that vesicles released by
tumour cells — called exosomes by the authors — would have
similar properties to dexosomes. Indeed, vesicles/exosomes
of tumour cells express specific antigens, which are clear
targets for vaccines, and are enriched in heat shock proteins
known to favour antigen-presenting cell activation by deliv-
ering danger signals [12]. However, it was already known for

© 2010 The Authors

Immunomodulation by ectosomes

some years that ‘shed vesicles’ released by cancer cells could
also exhibit immune suppressive properties and more data
have accumulated recently [19-21]. The down-regulation of
the immune system was related to specific molecules
expressed by the vesicles, such as Fas ligand (FasL) or trans-
forming growth factor (TGF)-B1 [19,20]. Valenti et al. [22]
showed the inhibition of DC differentiation by ‘exosomes’
released by melanoma and colon carcinoma cell lines by yet
another, undefined mechanism. Thus, each type of tumour-
derived vesicles might have unique inhibitory properties
related to the cells producing them. In addition, for most of
these data we are confronted with the unclear definition of
exosomes as used by many authors in the literature. Collect-
ing vesicles from the supernatant of tumour cell cultures or
from plasma/ascites of patients with tumours does not
provide sufficient information about their origin, despite
some structural analogies with dexosomes [19]. The well-
characterized immune presentation properties of dexosomes
is related to their formation in multi-vesicular bodies, where
the antigen is fixed onto the MHC molecules before the
dexosome is released. Vesicles released by tumour cells,
although expressing specific antigens, do not present them in
the same correct context, and because they may be, to a large
extent, shed directly from the cell surface, these vesicles do
not correspond to the structurally organized exosomes
which are formed inside the cell, or exceptionally in equiva-
lent specialized cell membrane domains [23].

Ectosomes

As well as the release of preformed vesicles, many cells shed
small membrane vesicles, which bud directly from the cell
membrane (Fig. 1b) [3]. Stein and Luzio [9] coined the term
‘ectocytosis’ for the release of right-side-out-orientated
vesicles with cytosolic content (ectosomes) from the surface
of PMN attacked by complement. However, ectocytosis cor-
responded not only to the removal of the C5b-9 complex,
but also to a specific sorting of membrane proteins into the
shed ectosomes. Enrichment in cholesterol and diacylglyc-
erol in the membrane attested to a specific sorting of lipids.
The exposure of phosphatidylserine (PS) in the outer leaflet
of the membrane is also a specific characteristic [24].
Although ectocytosis describes the same phenomenon in
all cell types, the stimuli inducing cell-membrane budding
can differ from one cell to another. Endothelial and circulat-
ing blood cells release ectosomes when exposed to specific
stimuli such as complement attack [7]. Monocyte ectocytosis
is induced by bacterial cell wall components including
lipopolysaccharides (LPS), and platelets release ectosomes by
activation through thrombin [6]. Fibroblasts release ecto-
somes in response to stress relaxation when cultured in a
three-dimensional collagen matrix [25]. Many cancerous
cells have an activated phenotype with highly active ectocy-
tosis in the absence of any stimulus [1,26,27]. Although the
shedding of ectosomes is enhanced when cells are activated,
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ectocytosis is an ongoing process in vivo for many cells (see
osteoblasts [5]). Background levels of microvesicles originat-
ing from circulating and endothelial cells are found in blood
[6], and similarly ectosomes originating from glomerular
epithelial cells are found in urine [28,29].

It is known that different cells can produce both ecto-
somes and exosomes (e.g. platelets, DC). In a landmark
paper, Heijnen et al. described the characteristics of these
two type of vesicles released by platelets [30]. When activated
with a thrombin receptor agonist, platelets release two dis-
tinct populations of vesicles. The first, corresponding to exo-
somes, were sized between 40 and 100 nm, bound annexin V
poorly and were enriched in the tetraspanin protein CD63 —
known to be a marker for late endocytic and multi-vesicular
compartments. The second, being shed from the cell surface,
were sized between 100 and 1000 nm, expressed many plate-
let surface proteins and bound annexin V, readily indicated
an enrichment in PS. Interestingly, the properties of the two
types of vesicles also differed; for instance, exosomes did not
allow the prothrombinase complex to form, whereas factor X
and prothrombin bound to the PS of shed vesicles
(= ectosomes). These distinctions between the two types of
vesicles were taken up by many authors who worked with
vesicles released by cells (size and expression of specific
markers to distinguish between intracellular-produced
vesicles/exosomes versus vesicles shed from the cell surface/
ectosomes) [31,32]. The presence of only trace amounts of
PS on exosomes of reticulocytes had already been observed
by Johnstone, although some PS is certainly present, as
lactadherin/milk fat globule-EGF factor 8 (MFG-ES8) is
hooked onto PS on specific tumour and other exosomes
[33]. Of interest is the observation by Heijnen et al., that
exosomes were too small to be characterized by flow cytom-
etry unless prebound to larger beads before flow cytometric
analysis [30,34]. Electron microscopy is the major tool to
characterize them.

For clarity, we will refer to microvesicles when the origin
is uncertain, and to ectosomes only when the evidence is
sufficient to exclude the presence of significant numbers
of exosomes. Recent data suggest that ectosomes from
polymorphonuclear leucocytes, erythrocytes and possibly
tumour cells have, beside their specific properties,
similar biological effects on inflammation and immune
response.

Ectosomes released by PMN

Beside complement attack, the stimulation of PMN with
N-formyl-methionyl-leucyl-phenylalanine (fMLP) or C5a
induces the release of ectosomes within a few minutes [35].
Using electron microscopy it is possible to visualize the for-
mation of buds on activated PMN and the newly formed
ectosomes (diameter of 50-200 nm). They express a selective
set of proteins originating not only from the cell membrane
but also from intracellular compartments [e.g. elastase,
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myeloperoxidase/myeloperoxidase (MPO)], probably by
binding of the soluble proteins released back to the ecto-
somes [36,37]. They also acquire proteins from plasma [38].
Gasser and Schifferli [39] demonstrated that they block the
inflammatory response of human monocyte-derived mac-
rophages to Zymosan A and LPS by inhibiting the release of
tumour necrosis factor (TNF)-o, and reducing the release of
interleukin (IL)-8 and IL-10. These results were unexpected,
as PMN have a major role in defence against pathogens and
in inflammatory processes. In addition, previous data sug-
gested the opposite, i.e. microvesicles released by PMN were
proinflammatory [40]. However, Mesri and Altieri [40]
analysed a mixture of microvesicles released by PMN after a
very long incubation time (overnight), a time-point at which
PMN undergo apoptosis, necrosis and release many intrac-
ellular fragments, which might have contained proinflam-
matory stimuli. In addition, Gasser and Schifferli [39]
noticed that PMN ectosomes induced an immediate release
of TGF-B1, which is a known anti-inflammatory/repair
cytokine.

The observation that ectosomes released by PMN can
deactivate macrophages arriving at the site of injury suggests
that they may play a central role in the control of local
inflammation. Gout is a disease caused by the deposition of
monosodium urate monohydrate (MSU) crystals in articu-
lar and periarticular tissues. The massive infiltration of PMN
into the joints leads to dramatic clinical signs and symptoms.
The central role of activation of the inflammasome by MSU
has been elucidated in recent years [41]. However, even in the
absence of clinical intervention, acute gouty arthritis under-
goes self-resolution within a few days [42]. The underlying
mechanism responsible for the resolution of the inflamma-
tion still remains poorly understood. Recent observations
imply that macrophages attracted by PMN to the site of
inflammation might play a major role in its resolution [43].
Indeed, Yagnik and colleagues [44] have demonstrated that
macrophages do not release proinflammatory cytokines such
as IL-1P, IL-6 and TNF-q, but in contrast release the anti-
inflammatory cytokine TGF-B1 in the presence of MSU
crystals as well as in human cantharidin-induced skin
blisters. These results are similar to those obtained by expos-
ing macrophages to PMN ectosomes [39]. Whether or not
they are involved in the resolution of inflammation in acute
gout remains to be tested.

The redistribution of PS to the surface is a hallmark of
ectosomes, including those released by PMN [37]. It may
explain some of the main properties of ectosomes. Under
normal conditions, most of the PS and phosphatidylethano-
lamine are maintained by an active adenosine-5’-
triphosphate (ATP)-dependent transport to the inner leaflet
of the cell membrane, an aminophospholipid translocase. At
the time of cell activation PS is externalized to the outer
leaflet by several mechanisms, which include the blockade of
the translocase and the activation of a Ca*'-dependent
scramblase or ‘scramblase activities, as there is still debate
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about all possible reactions leading to scrambling. The expo-
sure of PS on the activated PMN cell surface is patchy and
transient, less than 1h [45], whereas all the ectosomes
released express PS as if the patches of PS exposure might be
related to the budding of the cell membrane and ectosome
shedding. This reversible expression of PS by living cells
contrasts with the mechanisms leading to PS expression by
dying/apoptotic cells [46]. When polarized neutrophils are
studied, PS localizes predominantly to the uropod, where the
release of vesicles (= ectosomes) has been observed [45].
Interestingly (d)exosomes express little PS [12].

The exposure of PS on ectosomes is a reminder of its
known high expression on apoptotic cells. The clearance of
apoptotic cells by phagocytes such as macrophages and DC
occurs in a non-inflammatory manner, and there is growing
evidence that their phagocytosis results in powerful anti-
inflammatory or even immunosuppressive effects [47]. Mul-
tiple molecules on apoptotic cells drive this ‘death and silent
clearance’ by phagocytic cells. Essential is the expression of
PS, which might dock directly on the specific PS receptors
[48] or, thanks to soluble proteins such as growth arrest-
specific gene 6 (GAS6) or MFG-ES, bind receptors involved
in phagocytosis and inhibition of the immune response
(TAM receptors) [49]. A central role for PS in the immuno-
modulation of macrophages and DC has been emphasized
by experiments using PS-expressing liposomes [50,51].
Thus, it would not be surprising that PS plays a similar
central role for ectosomes to inhibit macrophages and DC.
Experiments using annexin V as PS blocking agent would
support this hypothesis [52].

Like apoptotic cells, ectosomes of PMN have been shown
to inhibit/modify DC maturation and function [52]. Thus,
ectosomes may represent a host factor influencing DC matu-
ration at the site of injury, thereby possibly impacting upon
downstream DC-dependent immunity. Returning to human
diseases characterized by massive PMN infiltration, such as
gout or myocardial infarction, it is noteworthy that no
autoimmunity is induced despite strong local inflammation.
In contrast to apoptotic cells, ectosomes have the particular-
ity to be involved very early in inflammation, a time-point
which might be crucial for determining later aspects of the
cascade responsible for acquired immunity. In that sense,
ectosomes might be involved not only in the termination of
inflammation, but also in the initial control of the immune
response, even perhaps in helping monocyte/macrophages
to convert into a repair phenotype. PMN ectosomes are not
only released in vitro; there is good evidence for their release
in vivo in humans at sites of injury, as in synovial fluids
and skin blisters [35,53]. In addition, during sepsis,
‘microvesicles’ of PMN origin have been found in the circu-
lation [54]. These data indicate that significant ectocytosis
occurs in vivo. However, PS is certainly not the only molecule
involved; recently it has been shown that ectosomes of PMN
may also inhibit inflammation by the expression of annexin
1 [55].
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Fig. 2. Confocal microscopy of erythrocyte ectosomes phagocytosed
by human macrophages. Human monocyte-derived macrophages were
incubated with fluorescently labelled ectosomes for 30 min, fixed and
analysed by confocal laser microscopy. (a) Macrophages bind and
ingest erythrocyte-derived ectosomes in absence of cytochalasin D
(CytD). (b) Alternatively, macrophages were preincubated with CytD
prior to the addition of labelled ectosomes showing absence of
intracellular fluorescence. Phagocytosis of erythrocyte ectosomes was
blocked.

Ectosomes released by erythrocytes

Another situation during which humans are exposed to a
large amount of ectosomes is blood transfusion. Stored
blood contains ‘microparticles’ formed by ectocytosis from
erythrocytes. The number of such particles increases with
storage time, and it should be realized that high quantities
are transfused with erythrocytes. Erythrocytes release them
during in vitro (ATP depletion) and in vivo ageing [56-58].
Whereas erythrocyte ectosomes are devoid of spectrin they
are enriched in several membrane proteins, including
glycophosphatidyl-inositol (GPI)-linked proteins such as
decay accelerating factor (DAF) and acetylcholine esterase,
and in PS [58,59], similar to those released by PMN. They
blocked the activation and release of proinflammatory
cytokines from macrophages exposed to LPS or Zymosan A
[60]. PS expression might not be the only molecule
involved; however, CD47, known to inhibit the clearance of
whole erythrocytes [61,62], was evidently insufficient to
block the uptake of erythrocyte ectosomes by macrophages
(Fig. 2). They were also shown to have long-lasting effects
on macrophages, i.e. they did not only inhibit macrophages
transiently, but modified their phenotypic profile [60].
Whether the ectosomes transfused with erythrocytes may
account for some of the putative immunosuppressive prop-
erties attributed to blood transfusions remains to be
further defined. Recent clinical study has shown that trans-
fusions of erythrocytes might be responsible for a dimin-
ished survival in cancer patients [63]. In addition, the risk
of complications after cardiac surgery (sepsis/mortality)
increases with the duration of erythrocyte storage before
transfusion, i.e. with the number of ectosomes transfused
[64].
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Vesicles released by tumour cells: ectosomes
or exosomes?

The answer to this question is certainly both. There is,
however, evidence that many vesicles released by tumour
cells are ectosomes, even when they are not described as
such. For instance, Koppler et al. [65] have analysed the char-
acteristics of microvesicles released by the human gastric
carcinoma cell line Kato. These vesicles interfered with the
activation of monocytes by LPS [decreased release of
granulocyte—macrophage colony-stimulating factor (GM-
CSF), TNF-o. and increased release of IL-10], suggesting
similar anti-inflammatory/immunosuppressive properties
than ectosomes from PMN. Although the formation and
release of these vesicles was not studied, it is noteworthy that
they expressed PS and were pelleted by 15 000 g for 10 min
only, suggesting that they were larger vesicles than exosomes.
A different inhibitory profile was shown for microvesicles
released by melanoma and colon carcinoma cell lines [22].
These vesicles interfered with the differentiation of normal
human monocytes to DC, producing a subset of immuno-
suppressive cells. In addition, the vesicles isolated from the
plasma of patients with melanoma had similar properties.
The studied vesicles had a size of 100-200 nm, and from
previous work showed many of the characteristics of exo-
somes (CD63 expression) [66], suggesting that there might
be a size overlap between exo- and ectosomes. They most
probably inhibit immunity by the expression of a series of
proteins [FasL, TNF-related apoptosis-inducing ligand
(TRAIL) and lactadherin/MFG-E8] fixed onto PS
[33,66,67]. Multiple other data suggest that tumour releases
exosomes. However, ectocytosis by various tumour cells is
also well documented [1,26,27]. In addition, there is evi-
dence that tumour ectosomes express PS as they bind to, and
their function is inhibited by, annexin V [34,68]. Finally,
Lima et al. [69] showed that vesicles shed by a melanoma cell
line could be pelleted at 14 000 g, were approximately
200 nm in size, expressed PS and that their in vitro and in
vivo down-regulation of inflammation/immune response
could be inhibited by annexin V, i.e. by blockade of
PS-mediated functions. Thus, many vesicles released by
tumour cells have structural and functional characteristics of
ectosomes. In sum, tumour cells are releasing vesicles by
different routes (shedding from the cell surface, release of
exosomes from multivesicular bodies), and the data in the
literature do not take these differences into consideration
systematically.

Other microvesicles

Microvesicles derived from activated endothelial cells, plate-
lets and monocytes have been described to induce procoagu-
lant activity due, to a large extent, to the expression of PS
[6,70], the hallmark of ectosomes. The formation of a clot
may enhance inflammation [6]; however, under most cir-
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cumstances a vascular injury with thrombosis does not
produce excessive inflammation or activation of cells
responsible for an immune response. PS expression might be
important in this control.

Differences between ectosomes

Whereas PS confers many general properties to ectosomes
(procoagulant/anti-inflammatory), there are also significant
differences related to the specificity of the ectosome released.
First, their origin is evidently essential. For instance, there are
differences in the inhibitory profiles of PMN versus erythro-
cyte ectosomes [39,60]. TGF-PB1 is released by macrophages
exposed to PMN ectosomes, but not when exposed to those
of erythrocytes. Secondly, the site of release determines its
function: ectosomes released by platelets in blood vessels will
be active mainly as ‘procoagulant factors, whereas those of
PMN released in tissues will essentially regulate local
inflammation. Thirdly, the continuous release of ectosomes
by tumour cells may act as efficient immunosuppressors,
whereas a burst of ectosome shedding by PMN will affect
only local immunity. Many other factors will determine the
functions of ectosomes. The unravelling of their biological
roles is only beginning.

Conclusion

Ectocytosis describes the direct budding of vesicles from the
cell membrane, and is different from exocytosis, which indi-
cates the release of preformed vesicles. The resulting ecto-
somes express PS, whereas there is little expression of PS on
exosomes [31,32]. Despite these clear differences, it is often
difficult to distinguish between the two types of vesicles,
particularly when they are harvested from in vivo materials,
or even from supernatants of cell cultures. The hope that
exosomes might present tumour antigens has led many
research groups to collect ‘vesicles’ from tumour cells, defin-
ing them as exosomes, without controlling for ectocytosis.
The debate on the terminology is not over, as was evident at
a workshop in Montreal discussed by Johnstone [1].
The debate is, however, not about terminology, but rather
about putative functions of ‘vesicles, as exosomes have
various effects on the immune system with, for example,
(d)exosomes enhancing the immune response, and thus are
worth vaccine trials, whereas ectosomes have generic func-
tions in the opposite direction, due in particular to the
expression of PS, i.e. to down-regulate inflammation and
immunity.
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