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COMMENTARY

Glia modulate growth of the fly neurovascular unit
Amin Ghabriala,1

The last decade has seen an explosion of research on
exosomes, small (30 to 100 nm) vesicles that are traf-
ficked to the extracellular environment by the fusion of
themultivesicular body to the plasmamembrane (1, 2).
Exosomes arise from endosomal microdomains that,
through the agency of ESCRT proteins and Alix, curve
inward and bud as intraluminal vesicles (50 to 150 nm)
into the lumen of the multivesicular body. The small
GTPases, Ral1, Rab27a, and Rab27b, mediate the trans-
port and fusion of multivesicular bodies to plasmamem-
brane, resulting in the exocytic release of the exosomes
into the extracellular space (3, 4). Once thought of
primarily as disposal devices, tiny garbage bags,
exosomes are now appreciated to act as hormone-
like signals. Cells may use exosomes to exert systemic
influence through the activity of exosomal microRNAs
(miRNAs), messenger RNAs, and proteins. Indeed,
exosomes and miRNAs have been purified from the
vertebrate circulation, and shown to play important
roles in health and disease (5). Likewise, exosomes
have been purified from the invertebrate hemolymph
(6). In PNAS, Tsai et al. (7) reveal that Drosophila glial
exosomes stimulate growth of target motor neurons
and trachea in larvae. The authors not only identify
the source of a specific population of exosomal vesi-
cles but also the identity of the cell populations tar-
geted by the glial exosomes, and a key genetic
target of the exosomal miRNA within the target
cells.

Glial Regulation of Neuronal and Tracheal
Growth
Glia were once considered to provide largely sup-
portive roles in the nervous system, but are now
considered to play key regulatory roles (8), including
in synaptogenesis. Tsai et al. (7) show that the Dro-
sophila subperineural glia serve as the key provider
of miR-274 containing exosomes that stimulate growth
of motor neuron synapses on muscle, and branching of
tracheal terminal cells. The subperineural glia cover
the entire central nervous system surface and form
pleated septate junctions, thus forming a paracellular

barrier that is the insect equivalent of a blood−brain
barrier (hemolymph−brain barrier). At the neuromuscular
junction, subperineural glia extend processes that interact
with motor neuron boutons, providing a transforming
growth factor β growth cue as well as recycling secreted
neurotransmitters (9). In PNAS, Tsai et al. demonstrate
that exosomes released by subperineural glia into
the hemolymph—the fluid occupying the open insect
vascular system—are taken up by motor neurons and
further stimulate bouton formation by decreasing
expression of the receptor tyrosine kinase pathway
inhibitor, Sprouty (10–12). Exosomes released into
the hemolymph are also taken up by tracheal terminal
cells, and the consequent reduction in Sprouty within
terminal cells induces the formation of additional termi-
nal branches. Adult glial cells had previously been found
by another group (13) to require miR-274 cell autono-
mously to promote circadian behavior, and Tsai et al.
note a developmental requirement for miR-274 in
blood−brain barrier; however, these requirements
appear to be entirely distinct from the nonautonomous
roles of glial-derived miR-274 exosomes.

Roles for Glia and MicroRNAs in Systemic
Response to Hypoxia
In both vertebrate and invertebrate systems, the re-
sponse to hypoxic stress may be significantly regu-
lated by miRNAs and by glia. For example, in
vertebrates, exosomes generated by hypoxic cells
can promote an angiogenic response (14), and hypoxic
astrocytes are thought to promote vascular growth
via vascular endothelial growth factor secretion (15).
In Drosophila, 4 miRNAs have previously been im-
plicated in the response to hypoxia (16). Indeed,
miR-190 expression was found to be induced by
hypoxia and, in turn, to promote the hypoxic response
by down-regulating HIF proly hydroxylase (Fatiga), a
negative regulator of Hifα (Sima) stability. Now miR-
274 is shown by Tsai et al. (7) to act through regula-
tion of Sprouty expression levels. The roles of 2 other
miRNAs are yet to be defined. Like hypoxic astrocytes in
the vertebrate retina, recent work has shown that hypoxic
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perineural glia inDrosophila neuromuscular junctions drive responses
to hypoxia—in this case, a change in boutonmorphology—byHifα-
dependent secretion of a growth factor (Wingless) (17). How miR-

274 expression and incorporation into exosomes is regulated
and how those exosomes are targeted to specific recipient cells
remain fascinating questions for future work.
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