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vous system. Intraluminal vesicles within multivesicular bodies (MVBs) can be transported in neural cells
anterogradely or retrogradely in order to be released into the extracellular space as exosomes. RNA loading
into exosomes can be either via an interaction between RNA and the raft-like region of the MVB limiting mem-
brane, or via an interaction between an RNA-binding protein—-RNA complex with this raft-like region. Outflow of

Keywords:

Exosomes exosomes from neural cells and inflow of exosomes into neural cells presumably take place on a continuous basis.

Multivesicular bodies Exosomes can play both neuro-protective and neuro-toxic roles. In this review, we characterize the role of

Neural cells exosomes and microvesicles in normal nervous system function, and summarize evidence for defective signaling
Neurodegenerative diseases of these vesicles in disease pathogenesis of some neurodegenerative diseases.

Synaptic vesicles © 2016 Elsevier B.V. All rights reserved.
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1. Multivesicular bodies in neural cells: anterograde vs. retrograde
transport

Exosomes are small extracellular nano-size vesicles (50-100 nm in
diameter) that are presumed to primarily originate from multivesicular
bodies (MVBs). MVBs are intracellular endosomal organelles typical-
ly with a diameter of 250-1000 nm and containing at least two and
up to dozens of intraluminal vesicles (ILVs) within the membrane-
enclosed lumen [1]. Upon fusion of MVBs with the plasma membrane
ILVs are released into the extracellular space as exosomes. Exosomes
are secreted by multiple cell types, including neuronal cells [2], and are
characterized by specific sets of lipids, proteins and RNAs. ILVs can be
formed via lipid-induced inward budding from the MVB limiting mem-
brane that can involve its raft-like region associated with protein/RNA
sorting in exosomes [3,4]. Cellular RNAs continuously interact with
the cytoplasmic surface of MVBs, and RNA affinity to the raft-like region
on MVB surface can select these RNAs for incorporation into ILVs [4].
The functions of exosomes in the nervous system are currently under
active investigation. There is evidence to support their role in intercellu-
lar communication, cellular clearance of biomolecular waste, and cell
migration by extracellular delivery of chemoattractants [5].

ILV-containing MVBs can be transported in neuronal cells in order
to fuse with the plasma membrane of the cell body, the plasma mem-
brane of dendrites, the axonal plasma membrane, or the presynaptic
membrane. Neuronal MVBs in the peripheral nervous system (PNS)
and central nervous system (CNS) are 50 times more abundant in
cell bodies and dendrites than in axons [1]. Electron microscopy of
the adult rat hippocampal neurons revealed the presence of MVBs
in dendrites, appearing as large vacuoles delimited by a single mem-
brane and containing varying numbers of 50-80 nm membrane vesicles
[6]. MVBs were detected in dendritic shafts and inside a limited number
of spines (small dendritic protrusions that express glutamate receptors
and appose the active zone of synapsing axons). Movements of MVBs to
synapses of hippocampal neurons were shown to be tightly linked to
synaptic plasticity. For instance, recruitment of MVBs into or near spines
in cultured neurons was correlated with long-term potentiation pre-
sumably by insertion in the postsynaptic compartment of glutamate re-
ceptor subunits [7]. In addition to cortical neurons, MVBs have been
described at the ultrastructural level at the Drosophila larval neuromus-
cular junction (NM]) in the synaptic bouton (presynaptic terminal)
apposing the presynaptic membrane [8].

Fig. 1 shows the biogenesis and trafficking of MVBs in neurons. The
primary endocytic vesicles deliver their contents and their membrane
to early endosomes (EEs) in the peripheral cytoplasm [9]. EEs are recog-
nized as the main sorting station in the endocytic pathway and they
generate recycling tubules and vesicles targeted to distinct organelles,
including the plasma membrane and the trans-Golgi network (TGN)
[9]. Housekeeping receptors and other proteins can be recycled back
to the plasma membrane via the recycling endosomes (REs) derived
from EEs [10]. During the maturation of late endosomes (LEs), lumen is

acidified by vacuolar proton pumps (V-ATPases). Trafficking between
endosomes and the TGN is a continuous process and it is responsible for
the delivery of lysosomal components and removal of endosomal compo-
nents during endosome maturation [9]. The maturing late endosome
(mLE) in the cell body, can be (1) anterogradely transported along the
axon, (2) converted into an MVB involved in the degradation pathway
(dMVB) resulting in a fusion with a lysosome, or (3) converted into an
MVB involved in the secretion pathway (sMVB) resulting in a fusion
with plasma membrane at the cell body or the dendrite and a release of
ILVs as exosomes into the extracellular space. The p75 neurotrophin re-
ceptor defines a subpopulation of MVBs that does not mature to
lysosomes and is available for exosomal release by neuronal cells [11].
The sMVBs are enriched in ceramides while dMVBs are enriched in
bismonoacylglycerophoshate (BMP, LBPA) [4].

Since MVBs are present in both axons and presynaptic terminals |1,
6,8,12], and there is currently no evidence that MVBs are transported
anterogradely within axons [1], we postulate that a mLE enters the
axon from the neuron cell body, and during its anterograde transport
this mLE converts into a SMVB. A diverse array of proteins, lipids and
RNAs are transported anterogradely in the REs or LEs to distal synapses;
LEs can be transported bi-directionally in fast axonal transport and ap-
proximately half of LEs in the axon have bidirectional motility [13].
Kinesins drive anterograde transport outward from the cell body, and
dynein drives retrograde transport back from distal axon. However,
most cargos have both motor types bound simultaneously [13], For ex-
ample, axonal accumulation of the cell adhesion molecule L1/neuron-
glia cell adhesion molecule (NgCAM) occurs via nondegradative
somatodendritic endosomes and subsequent anterograde axonal trans-
port, which is consistent with transcytosis [14].

MVBs can move retrogradely from apical regions (axon terminals or
dendritic spines) to the cell body along axons or dendrites in order to
fuse with the cell body lysosome in the degradation pathway [1]. Thus
MVBs can participate in several distinct bidirectional trafficking
pathways in neural cells: intrasomal (somato-somatic), axo-somatic
(between axon and the cell body), somato-dendritic (between cell
body and dendrite), axo-dendritic (a transcytotic pathway between
dendrites and axon), and interdendritic [1].

MVBs present in axon terminals or dendritic spines have both intra-
cellular and intercellular functions which involve signaling and sorting/
recycling, e.g. regulation of receptor surface expression, exosome re-
lease, neurosecretion via degradation and/or processing of neurosecre-
tory materials, signal termination, clearance of toxins and unnecessary
proteins via degradation, or export to the extracellular space or
neighboring cells [1,15].

2. Extracellular vesicles (EVs) released from neural cells: exosomes
Vvs. microvesicles

Exosomes are a class of EVs (50-100 nm in diameter) that originate
from the endosome and are released from cells when MVBs containing
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