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Application of exosomes in brain-targeted delivery
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Abstract: Brain-targeted delivery plays an important role in the diagnosis and treatment of neurological
diseases, but the existence of blood brain barrier (BBB) limits the development of brain-targeted delivery. As
cell-derived nanovesicles, exosomes can participate in the transportation of substances between cells to mediate the
communication between cells to play a biological regulatory role in vivo. Due to the low immunogenicity, low
toxicity, high engineering and natural crossing over BBB, exosomes play an important role in brain-targeted
delivery. In this paper, the composition of exosomes, the mechanism of brain targeted delivery and its role in
various brain diseases are systematically described.
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Figure 1

Schematic structure of exosomes. HSP: Heat shock protein; MHC: Major histocompatibility complex
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Figure 2 Schematic diagram of exosomes generation. The early endosomes gradually mature into late endosomes, and the late endosomes

subsequently transform into MVB. MVB bind to lysosomes for degradation, fuse with plasma membrane to secrete exosomes. ILV:

Intraluminal vesicle; MVB: Multivesicular bodies; ESCRT: Endosomal sorting complex required for transport
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Figure 3 Schematic diagram of exosomes entering and leaving brain. Exosomes can enter nerve cells through (A) ligand-receptor specific

binding and (B) endocytosis. Inflammation of the nervous system will also promote the absorption of exosomes (C). After the exosomes

enter central nervous system (CNS), in addition to specific targets, the cyclic communication of exosomes will also be realized among

neurons, astrocytes, and microglia, which jointly mediate the treatment of CNS diseases

AR AN (10 4 16 1k S = A A B, AT BEAR B3 AN R S
IS, e KBRS e T RCR (K 4).

220 WEEM LB WR IR G E A R
4543 B 1 BN - SR EL A R A 2 S SRR B B
5 B R IE B AR S S W S S A s 5 ST 1

K, BIAE 10 1A 3 T 45 171 73 A5 AR 5 P )
R o A [ A1 T AR T AL R O A S AR R Y
RIEAE L, (2 R AR A B R v F] e 2 LR
[IESESTEHINE/E Sk

e 3o B I RPN T ol B L, A TR A o e L 1 B

Figure 4 Schematic diagram of surface engineered exosomes modification. Chemical modification can be performed directly on the

membrane. For example, carbodiimide can be used to modify natural amines to present azide groups for click chemistry reactions. Genetic

engineering exosomes can be used to introduce coding and non-coding oligonucleotides into cells, which can be packaged into exosomes to

promote gene expression or regulate transcription in recipient cells. At the same time, genetically modified proteins can also be incorporated

into exosomes. Virus infection can obtain the exosomes carrying the target genes or drugs
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Figure 5 Brain-targeted administration routes of exosomes. A:
For intravenous injection, drugs mainly reach the brain through the
transportation of the human blood circulation system. Drugs can
be distributed in whole body, but the content in the local brain area
is low; B: Nasal administration mainly involves the absorption of
drugs through the nasal mucosa, which are taken up by the end of
olfactory neurons and transferred to the olfactory bulb and then to
the brain; C: Intracranial injection is to directly inject the drug into
brains. Intraperitoneal injection is to inject drugs outside the serous
membrane of gastrointestinal tract and inside the peritoneum to

achieve efficient absorption
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Figure 6 The application of exosomes in the treatment of brain diseases. AD: Alzheimer's disease; HD: Huntington's disease; PD:

Parkinson's disease
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Figure 7 Curcumin exosomes for treatment of AD. Curcumin-loaded exosomes were purified by ultracentrifugation, and AD rats were

injected with curcumin exosomes. Due to the interaction between exosomes and brain epithelial cells, curcumin crossed blood brain barrier

(BBB) and inhibited AD induced tau phosphorylation, and finally improved the cognitive function of mice. PKB: Protein kinase B; GSK-34:
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