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EVs move messes, not messages, at the synapse

Marina N. Bostelman! and Heather T. Broihier'®

Extracellular vesicles are known for intercellular signaling roles but can also serve to simply dispose of unwanted cargoes. In
this issue, Bostelman and Broihier discuss new work from Rodal and colleagues (https://doi.org/10.1083/jcb.202405025) that
refutes prior work by showing that extracellular vesicles at Drosophila neuromuscular junctions are not required for signaling
and instead likely serve a proteostasis role.

EVs (electric vehicles) are widespread on
roads around the world, where they move
people, packages, and even garbage. Perhaps
similarly, extracellular vesicles (EVs here-
after) are widespread in metazoans, where
they also transport a broad range of cargoes.
What has been less clear is what the func-
tion of this intercellular EV traffic is. On one
hand, EVs are proposed to carry key inter-
cellular signaling proteins between cells,
and on the other, to serve primarily as a
waste disposal mechanism. The current
study from the Rodal lab convincingly
demonstrates that for two different signal-
ing molecules at the Drosophila neuromus-
cular junction (NMJ), neurons release EVs
most likely as a disposal mechanism—not
to signal across the synapse (1).

EVs are a heterogeneous vesicle popula-
tion responsible for releasing a wide variety
of cargoes from many cell types, including
neurons and glia. However, the underlying
functions of EV release in physiological and
pathological contexts are contested. Typi-
cally, studies of neuronal EV function purify
the vesicles from donor neurons and then
exogenously apply them to recipient cells
(2), which tests the effects of high concen-
trations of EVs on target cells, but not nec-
essarily what these vesicles actually do
in vivo. A rigorous assessment of neuronal
EV function requires (1) an in vivo system
permitting independent genetic manipula-
tion of signal-sending and signal-receiving
cells, (2) genetic mutations that block EV

biogenesis, and (3) putative EV-mediated
signaling pathways with well-defined neu-
ronal functions. The Drosophila NM]J fulfills
these three criteria and is an ideal in vivo
model in which to investigate EV signaling.

Dresselhaus et al. (1) sought to exploit
the myriad experimental strengths of the
fly NMJ model to test whether two pu-
tative trans-synaptic signals, evenness
interrupted/Wntless/Sprinter (Evi) and
Synaptotagmin-4 (Syt4), require EV release,
as proposed. Both proteins appear to be
carried across the synapse from pre-synaptic
neuron to post-synaptic muscle in EVs (3-5).
Moreover, elegant phenotypic analysis has
established that they serve key functions at
the NMJ (6, 7). Evi traffics Wg (Wingless)/
Wnt to presynaptic terminals and wg and
evi mutants display characteristic defects in
NM]J maturation. Syt4, on the other hand, is
best known for its roles in activity-dependent
plasticity. However, whether their functions
depend on EV release has not been defini-
tively established.

Before tackling this question, the authors
of the current study first needed to identify
genetic backgrounds with impaired EV bio-
genesis. Exosomes, a subtype of EV, derive from
structures called multivesicular endosomes
(MVESs). An important pathway through
which EVs are formed from MVEs is the
endosomal sorting complex required for
traffic (ESCRT) family: ESCRT-O, -1, and -2
aggregate EV cargoes and disrupt the

membrane of the MVE, then recruit

ESCRT-3 to drive fission of the MVE
membrane and form intraluminal vesicles
(8). When the MVE membrane fuses with
the plasma membrane, the vesicles are re-
leased as exosomes into the extracellular
space and can then be taken up along with
their cargoes by neighboring cells to signal
or undergo phagocytosis.

Because ESCRTs are not involved in EV
biogenesis in all cell types and their roles at
the NMJ were unknown, Dresselhaus et al.
(1) tested if ESCRT machinery is required for
EV release in this model. They find that
presynaptic knockdown of the ESCRT-1 com-
ponent Tsgl01 leads to accumulation of mul-
tiple EV cargoes on the presynaptic side and
virtually eliminated their release. Impor-
tantly, they observe a comparable impair-
ment of EV release when two other ESCRT
components are mutated: the ESCRT-0
complex component Hrs and the ESCRT-III
homolog Shrub. Thus, the authors conclude
that ESCRT machinery is indeed required
for EV release at the NM]J, thereby estab-
lishing the Drosophila NM]J as an ideal system
to study endogenous roles of EV release.

A possible caveat to inferring EV func-
tions from analysis of ESCRT component
mutants is that these proteins are important
not only for EV biogenesis, but also broadly
in neuronal membrane traffic. Specifically,
they regulate autophagy and autophagic flux
in different cell types (9). The authors ad-
dressed this concern in several ways.
First, they tested if neuronal Tsg101 RNAi-
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mediated knockdown (KD) affects autoph-
agy and indeed found a dramatic build-up
of autophagic intermediates in Tsgl01-KD
presynaptic terminals, suggesting a com-
pensatory induction of autophagic ma-
chinery. Importantly however, loss of Hrs
did not similarly impair autophagy. Given that
EV release is blocked in both backgrounds, the
defect in EV release does not necessarily re-
flect broader defects in membrane traffic.
Second, the authors tested whether EV release
is disrupted when the core autophagy com-
ponents Atgl and Atg2 are lost and found that
it is not. Thus, the role of the ESCRT pathway
in EV release is at least partially separable
from its involvement in autophagy.
Dresselhaus et al. (1) next investigated
their central question: is EV release neces-
sary for trans-synaptic signaling? They
turned first to the EV cargo Evi/Wntless, a
carrier protein required for Wg secretion.
Unexpectedly, loss of ESCRT components
does not phenocopy the reduction in
bouton number observed in wg or Evi
mutants. Interestingly, loss of one of the
ESCRT components (Tsgl01) does result in an
increase in immature boutons like that ob-
served upon Wg/Evi loss; however, Hrs/
ESCRT-0 mutants do not display this pheno-
type. Similarly, a post-synaptic Wg signaling
reporter indicates active Wnt signaling in
the Hrs/ESCRT-0 mutant, but not upon loss
of Tsgl01. In the future, it will be interest-
ing to pursue the function of Tsgl01 in Wg
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signaling, but the absence of Wg pheno-
types in Hrs mutants indicates that it is not
due to impaired EV release. Might EVs still
be essential for the action of another EV
cargo at the NMJ? To investigate this ques-
tion, the authors tested whether their ESCRT
mutants phenocopy the defects in synaptic
plasticity observed in Syt4 mutants. Simi-
larly, they find that Syt4-dependent struc-
tural and functional plasticity is not
impaired upon loss of the ESCRT path-
way. Together, these data indicate that EV
release is dispensable for Wg and Syt4 sig-
naling and suggest that these proteins are
also released by a canonical secretory
pathway or that they act cell-autonomously
in the neuron.

If EVs carrying Wg/Evi and Syt4 do not
play a primary signaling role, what is their
function? The simplest hypothesis is that
motorneurons release EVs as debris to
maintain proteostasis. In this event, the EVs
are likely to be engulfed and phagocytosed
by surrounding cells. Thus, the authors
tested whether levels of secreted/post-syn-
aptic Syt4 are elevated when phagocytosis is
impaired in Draper-KD animals. Draper is a
key phagocytosis receptor important for
clearing neuronal debris at the NMJ (10).
The authors found a dramatic increase in
secreted Syt4 in Draper-KD animals, argu-
ing that the normal destination of Syt4-
positive EVs is phagocytosis by cells in the
environment.
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This important work demands a broader
re-evaluation of proposed signaling roles for
EVs and their cargoes with a focus on in vivo
systems and loss-of-function approaches. It
should also be emphasized that while this
study calls into question roles of signaling
EVs at the Drosophila NM]J, there are other
contexts where compelling evidence exists
for signaling and pathological EVs (11).
Moving forward, as more EV cargoes are
defined, it will be critical to rigorously
evaluate if EV-mediated release is specifi-
cally required for their functions.
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