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We have known for a long time that
cells communicate with their neigh-
bors by secreting a wide array of small
molecules and macromolecules. How-
ever, in the past three decades, it has
become increasingly apparent that
cells also release membrane-bounded
vesicles not merely to discard selected
cellular contents but as an extension
of the intercellular communication
network. Indeed, there is now vigorous
and widespread interest in the roles of
these extracellular vesicles (ECVs) as
purveyors between cells of growth fac-
tors, selected receptors, cytoplasmic
signaling proteins, transcription fac-
tors, a range of nucleic acid transcripts,
DNA, and selected lipids (1). Although
generation of ECVs may be a ubiqui-
tous cellular activity, interest in this
process has been especially intense
with regard to communication within
embryonic tissues during develop-
ment, between cancer cells and their
surrounding stroma, between stem
cells and their more differentiated
neighbors, and as part of modulatory
interactions in the immune system
(1,2). Evidently, deciphering where
and how ECVs are formed and how
cargoes are selected are key goals in
ongoing efforts to understand this
multi-molecular mode of export. A
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new article by Jackson et al appearing
in this special issue of the Biophysical
Journal has not only clarified a key
step in the export mechanism but
more importantly has reported facile
strategies for resolving and analyzing
ECVs having distinct origins within
the cell (3).

As highlighted in this article, forma-
tion of ECVs is known to occur by two
pathways. In one, vesicles bud and
undergo scission at the plasma mem-
brane, leading to direct ECV formation,
whereas in the other, vesicles bud
into the interior of late endosomes,
which subsequently fuse with the
plasma membrane, resulting in indirect
release of the ECVs (see Fig. 1). Those
arising from the plasma membrane are
heterogeneous and generally larger
(�0.15–1.0 mm) than those discharged
via endosomes, which are more homo-
geneous and smaller (0.04–0.15 mm)
(1). Proteomic studies on ECVs that
have been isolated in bulk and subfrac-
tionated based on size, density, and
immunopurification strategies have
cataloged numerous overlapping com-
ponents in the subfractions, but also
have identified markers for larger and
smaller ECVs (4). What Jackson et al.
(3) convincingly clarify in their study
is that the tetraspanins CD9 and CD63
are selective and useful markers for
ECVs of plasma membrane origin
(referred to as ectosomes) and ECVs
of endosomal origin (referred to as
exosomes), respectively. Using these
markers as analytical tools, the authors
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have developed an ECVenrichment pro-
tocol involving sequential polyethylene
glycol precipitation and adsorption to
immobilized lectin concanavalin A.
The polyethylene glycol/concanavalin
A procedure recovers both ectosomes
and exosomes, rids them of serum con-
taminants, and, strikingly, can be used
to efficiently harvest the vesicles from
as little as 1 mL of conditioned cell me-
dium. Collected ECVs are also readily
resolved into well-separated ectosomal
and exosomal subfractions of differing
density by sucrose-gradient centrifuga-
tion. These new strategies enabled the
authors to demonstrate further that
ectosomes are released more robustly
than exosomes in response to serum
stimulation and that exosomal, but not
ectosomal export, requires intact micro-
tubules. With these approaches, one can
now envision that it will be possible to
follow ectosome and exosome produc-
tion kinetically and differentially and
to correlate the release of the varied
export cargoes with the specific path-
ways.

As emphasized and addressed
further in the article by Jackson et al.
(3), the topology of ECV formation
in both the direct and indirect path-
ways mimics processes (e.g., endocytic
sorting of membrane proteins for
degradation, cytokinesis, and viral
budding) that require the endosomal
sorting complex required for transport
(ESCRT) complex. Although ESCRT
components have been identified in
proteomic studies of ECVs (4,5), no
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FIGURE 1 Pathways of ESCRT-mediated

export of extracellular vesicles (ECVs). Ecto-

somes bud directly from the plasma membrane,

whereas exosomes are released indirectly via

sequential formation in endosomes and exocy-

tosis at the cell surface.
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consistent picture has emerged indi-
cating that ESCRTs and related
machinery are required for ECV for-
mation. Jackson et al. (3) have now
provided clarity to this issue in elegant
studies that focused on inhibiting the
AAAþ ATPase Vps4, which is well
known to be essential for ESCRT-
mediated budding events (6). In partic-
1180 Biophysical Journal 113, 1179–1180, Se
ular, the authors employed cell lines in
which they could inducibly and uni-
formly express ATPase-deficient Vps4
subunits. These Vps4B(EQ) subunits
exert a dominant inhibitory effect
on ESCRT disassembly and thereby
block completion of vesicle budding.
Jackson et al. (3) demonstrate that
Vps4B(EQ) causes a dramatic reduc-
tion in release of both CD9 and
CD63, as well as syntenin, a common
ectosomal/exosomal component, and
two microRNAs, miR-92a and miR-
150, that have been detected extracel-
lularly in earlier studies. Importantly,
the authors could attribute inhibition
to a decrease in the number of released
ECVs, as would be expected for
a block of ESCRT-mediated vesicle
budding.

Taken together, these new achieve-
ments by Jackson et al. (3) in distin-
guishing and efficiently recovering
ECVs formed by the direct and indirect
pathways, and their illustration that
most, if not all, ECVs are ‘‘ESCRTed’’
from cells, nicely complement the
recent proteomic studies of ECV sub-
populations and set the stage for future
efforts to advance our understanding of
ptember 19, 2017
the mechanisms and cargo-sorting pro-
cesses involved in ECV formation.
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