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Exosomes are a type of extracellular vesicle containing proteins and messenger and microRNAs; they
are secreted by all cell types. Once released, exosomes are selectively taken up by other cells adjacent
or at a distance, releasing their contents and reprogramming the target cells. Since exosomes are
natural vesicles produced by cells as small sizes, it is generally accepted that exosomes have a non-toxic
nature and non-immunogenic behaviors. Recently, exosomes have elicited scientific attention as drug
delivery vehicles to the central nervous system. The central nervous system has a blood-brain barrier
that makes it difficult for drugs to penetrate. Thus, the blood-brain barrier has been a major obstacle
to the development of drugs for treating neurodegenerative diseases. However, accumulating evidence
suggests that exosomes can cross the blood-brain barrier primarily through transcytosis. Consequently,
exosomes are expected to become a new delivery vehicle that can cross the blood-brain barrier and
deliver drugs into the brain parenchyma. In addition, since different types of exosomes are secreted
depending on the cell type and disease state, exosomes can also be utilized as biomarkers for the
diagnosis of diseases in the central nervous system. In this review, we summarized recent research
trends on exosomes, including clinical trials as biomarkers and treatment options for diseases in the

central nervous system.
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Table 1. Recent researches on exosomes as biomarkers in central nervous system diseases

Disease Sources of exosome

Biomarkers in exosome cargos

Reference

Cerebrospinal fluid (CSF)

Parkinson’s

miR-1, miR-126, miR-19b-3p| [17]
miR-153, miR-409-3p, miR-10a-5p, miR-127-3p,
miR-433, miR-370, miR873-3p1

discase Serum Acetylcholinesterase activity| [46]
Serum miR-223-3pt [8]
Plasma Up: AOA0OG2JRQ6, CI1QC, C09, GP1BB, RSU1 [4]
Down: ADAI10
Serum Fibulin-1 [5]
Alzheimer’s Serum miRNA-342-3p [29]
disease [53]
Cerebrospinal fluid (CSF) miR-1911-5p [65]
Serum miR-223 | [60]
Total tau, P-T181-tau, P-S396, AR 1-421 [13]
Serum Circular RNAs (hsa_circ_ 0112036, etc.) 1 [66]
Stroke Serum miR-152-3p| [48]
Serum Lnc-CRKL-2, Inc-NTRK3-41 [64]
RPS6KA2-AS1, Inc-CALMI1-7|
Multiple . . .
Serum miR-223-3p, miR-485-3p, miR-30b-5p [11]

sclerosis
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Table 2. Recent researches on exosomes as drugs carriers for the treatment of diseases in the central nervous system

Target disease Source of exosome Cargo Mechanism Reference
Macrophage; Raw Catalase Elimination of ROS [19]
264.7 Anti-inflammation: decrease in CD11b and GFAP
. Neuroprotection: dopaminergic neurons
Parkinson . .. . . .
disea Blood Dopamine Amelioration of Parkinson’s disease phenotypes in [40]
sease mice
Adipose-derived miR-188-3p Suppression of autophagy and inflammation [25]
stem cells Reduced damage of neurons in the substantia nigra.
Macrophage; Curcumin Enhancing cognitive function [58]
Raw 264.7 Inhibition Tau phosphorylation
Bone marrow-derived miR-146a Improvement of cognition [33]
mesenchymal stem Increase of synaptic density
cells (BM-MSC) Anti-inflammation: decreased ratio of M1/M2
. activated microglia and decrease of NK-kB
Alzheimer’s . . . .
disease BM-MSC Growth Suppression of cell apoptosis and inflammation [63]
differentiation in AB42-treated SH-SYSY cell
factor-15 Amyloid degradation
(GDF-15)
M2 microglia - Restoration of MMP disruption [24]
Decrease of mitophagy maker (LC3IIL, beclinl)
and Abl-24 expression
BM-MSC - Neurite remodeling, neurogenesis, angiogenesis [63]
Multipotent MSC miR-133b Promotion of neurite outgrowth [61]
Multipotent MSC miR-17-92 Increase of axonal extension and myelination [62]
Rat Serum - Inhibition of endothelia cell apoptosis and [20]
Stroke autophagy-mediated BBB breakdown
Adipose-derived stem Anti-CHACI1 gene Inhibition of ferroptosis [59]
cells
M2 microglia miR-124 Reduction of infarct volume [49]
Attenuation of behavior deficits
Mouse lymphoma Curcumin Inhibition of LPS-induced inflammation: reduced [74]
. cell; EL-4 number of activated inflammatory microglial cells
Brain . .
. JSI-124; Signal Delay brain tumor growth
inflammatory-
. transducer and
mediated .
. activator of
disease o
transcription 3
(STATS3) inhibitor
Traumati BV2 microglia miR-124-3p Anti-inflammation: reduction of pro-inflammatory [21]
au .a ¢ cytokines/ induction of anti-inflammatory
brain .
iniu cytokines
i Promotion of neurite outgrowth
Intracerebral BM-MSC miR-21 Reduction of hematoma area and cell apoptosis [69]
Hemorrhage Cytotoxicity on PC12: targeting for TRPM7
CNS BM-MSC Rifampicin Angiopep-2 modified exosomes: improvement of [23]
Tuberculosis BBB permeability
Multiple Macrophage; Raw Resveratrol Anti-inflammation: reduction of cytokines [73]

sclerosis

264.7
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Fig. 1. Schematic overview of clinical availability of
exosomes. Exosomes generated by cells in the
central nervous system such as neurons can cross
blood brain barrier (BBB) by transcytosis. Since
exosomes may contain mRNA and proteins re-
flecting disease status, by analyzing its contents
diseases in the central nervous system can be
diagnosed. In addition, exosomes can also be
used as drug carriers. Especially, the central
nervous system is not easy to deliver drugs be-
cause it has BBB. However, exosomes can pass
through BBB, which can greatly increase the ef-
ficiency of drug delivery into the central nervous
system.
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