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Exosomes in developmental signalling
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ABSTRACT
In order to achieve coordinated growth and patterning during
development, cells must communicate with one another, sending
and receiving signals that regulate their activities. Such
developmental signals can be soluble, bound to the extracellular
matrix, or tethered to the surface of adjacent cells. Cells can also
signal by releasing exosomes – extracellular vesicles containing
bioactive molecules such as RNA, DNA and enzymes. Recent work
has suggested that exosomes can also carry signalling proteins,
including ligands of the Notch receptor and secreted proteins of the
Hedgehog and WNT families. Here, we describe the various types of
exosomes and their biogenesis. We then survey the experimental
strategies used so far to interfere with exosome formation and
critically assess the role of exosomes in developmental signalling.
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Introduction
Much of the cell-t o-cell communication that occurs durin g
developm ent is mediated by classic liga nd-rece ptor interactions.
In many cases, the ligand is a se creted protei n. Examples include
members of the WNT, Hedge hog (HH) and bone mo rphogenetic
protei n (B MP) families. Liga nds can also be transmembrane
protei ns, as is the case for Notch ligands. Although secreted
ligands can reach target cells by diffusion, there is a growing
realis ation that extracellula r vesicles (EV s) may contribute to the
releas e and spread of these canon ical ligands and/or to medi ate the
transfer of a variety of biolog ically active molec ules from one cell to
another. Such vesicl es, packaged with protei ns, nuclei c acids and
lipids, are ind eed found in various extracellular env ironments. They
rang e between 30 and 1000 nm in diam eter, and are classified
according to thei r origin, physi cal properties and func tion (Gould
and Rap oso, 2013). For example , EVs fo rmed by the outward
budding of the plasma membrane are known as microvesicles or
ectosomes ( Box 1), whereas EVs originating from the endosomal
system are term ed exoso mes ( Cocucci and Meldoles i, 2015). Here,
we focu s on exosomes and their formation and func tion in
developm ent.
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mediators of exoso me secretion; however, given the importa nce of
these proteins in various endosoma l sorting pathways, their
perturbation is likely to have pleotropi c effe cts. Another protei n
that seems to contribut e to exosome fu nction is the Rab- GAP,
TBC1D10 (Hsu et al., 2010). This protein stim ulates the GTPase
activity of RAB27 (Itoh and Fukuda, 2006), onc e again linking
RAB27 to exosome secretion. TB C1D10 add itionally activates
RAB35, whic h has also been shown to contribut e to exoso me
secretion ( Hsu et al., 2010). Yet another Rab family member
implicated in exoso me production is RAB 11 (Beckett et al., 2013;
Koles et al., 2012; Savina et al., 2002). Impo rtantly, the supp ression
of any one individua l Rab family mem ber is not sufficie nt to
completel y block exoso me secretio n, perhaps because of
redu ndancy. Alternatively, it is poss ible that each of these Rabs
could govern the secretio n of a subset of exosomes.

SN ARE protei ns mediate the fusion of vesicl es with their target
membrane compar tment and are therefore likely to contribut e to
the releas e of ILVs as exosomes. Vesicl e SN ARES (v SNAREs)
located on the MVB recognise target SN ARES (tSNA REs)
located at the plasma membrane to drive fusion of the two
membranes ( Cai et al., 2007). The exact machinery required for
MVB plasma membrane fusion has not been fully elucidated. The
SNARE protei n VAMP7 has been suggested to mediate exoso me
secretion, although this has been disput ed (Fader et al., 2009;
Proux-G illardeaux et al., 2007). The Drosophila SN AREs YKT6
and Syntaxi n 1A have been sugg ested to regulate exoso me-
mediated secretion of Wingless (Gross et al., 2012; Koles et al.,
2012). However, this suggestion is difficult to eval uate beca use
these SN ARE proteins contribute to fusion at many sites in the
secretory and endoc ytic pathways (Jahn and Scheller, 2006). The
upshot is that so far no SNARE protei n is known to be spec ifically
involved in exosome release.

The role of exosomes in developmental signalling
Given their varie d cargoes, and their role in the transfer of
biomolec ules (see Box 1), exosomes have been investigated as

pot ential mediators of si gnalling during developme nt, parti cularly
in the context of WNT and HH signallin g. The WNT and HH
signa lling pathways regulate growth and patterning during
embryonic developm ent ( Perrimon, 1994; Perrimo n et al., 2012;
van Ame rongen and Nusse, 2009), as well as stem cell numbe rs in
epit helia such as those of the skin and intestine (Clevers et al.,
2014). Unli ke most extracellula r signa lling proteins, HHs and
WNT s are modified by the additio n of a lipi d during their
bio synthesis. This raises interesting issues because the lipid is
likely to affec t the trafficking, solubilit y and diffusio n of these
signa lling proteins in the extracellula r space. The requireme nt of
lon g-rang e signa lling by WNTs and HH has been the subject of
deb ate (Alexandre et al., 2014; Farin et al., 2016; Serralbo and
Marcelle, 2014). Nevertheless, both proteins have been shown to act
over several cell diameters (Ni ehrs, 2010; Perri mon et al., 2012;
Strigini and Cohen, 1997; Zecca et al., 1996). How lipi d-modified,
and hence poorly soluble, proteins can achieve long- rang e action is
an import ant que stion in cell and developme ntal biology. One
poss ibility is that WNT and HH may not need to diffuse in orde r to
act at a lon g rang e. Inde ed, it has been suggested that these proteins
cou ld remain teth ered to specialised si gnalling filopodia called
cytonem es, whic h extend to distant cells (Bisc hoff et al., 2013;
Hsiun g et al., 2005; Ramirez- Weber and Kornberg, 1999;
Stan ganello and Schol pp, 2016). However, there is as yet no
spec ific means of preventi ng cytoneme fo rmation, precludi ng a
direct test of this model. One alternative to cytonem es is that
lipoprotein particles, such as those involved in lipid transport in the
circulation, might act as vehicles for WNTs and HHs. Specifical ly,
the lipid adduc t would insert into the particle’s outer lipid
mo nolayer that surrounds the lipi d core (Panakova et al., 2005).
Anothe r model is that the lipid adduc t of WNT or HH could be
shielde d by an extracellula r lipi d-binding chape rone , such as SWIM
(Se creted Wingless Interactin g Molecu le), a member of the
lipoca lin fami ly (Mull igan et al., 2012). Yet another possibility,
sugg ested for HH, is that the lipi d adduc t could be shielded insid e
mic elles (Goetz et al., 2006; Zeng et al., 2001), a model that is





have no impact on the distri bution and activity of Wingless (Beckett
et al., 2013). This led the authors of th7.4(led)tt



Table 1. Currently available means of interfering with exosome formation

Complex
targeted RNAi or DN used* References Effect Caveats/other effects

Small
GTPase

RAB11 Koles et al., 2012 Reduced release of WLS-containing
vesicles from S2 cells; reduced
postsynaptic WLS at neuromuscular
junction

RAB11 regulates endocytic recycling; regulates
membrane delivery during cytokinesis;
participates in epithelial cell polarisation; regulates
transcytosis of certain cargo; may be redundant
with other Rabs

Beckett et al., 2013 Reduced exosome release by S2 cells; no
effect on Wingless gradient in imaginal
discs

Gross et al., 2012 Lethal
Gradilla et al., 2014 Reduced HH secretion and/or target gene

expression imaginal disc
RAB35 Beckett et al., 2013 No effect on exosome release from S2 cells RAB35 regulates endocytic recycling; regulates

endosomal trafficking of synaptic vesicles; may be
redundant with other Rabs



distinct composition and activity might exist. Unfortunately, most



shown to regulate HH secretio n and si gnalling (Gradil la et al.,
2014).
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