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Abstract  Central nervous system diseases include cerebrovascular diseases, neurodegenerative diseas-
es and brain tumors. The BBB (blood-brain barrier) hinders the delivery of most drugs treated and prevented
central nervous system diseases to the brain through the blood circulatory system. Exosome plays important
roles in intercellular substance transport and signal communication. Due to its small volume, high delivery ef-
ficiency, low immunogenicity, and good biocompatibility, it can enter brain endothelial cells through normal
endocytosis and transcytosis, and then transport contents across the BBB. In order to improve the targeting of
exosomes, engineering their membranes and producing vesicles with targeting ability are essential research

directions for exosomes as vesicles in the future. This article reviews the biological characteristics, engi-
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neered modifications of exosomes and their research as vehicles in the therapy of central nervous system dis-

€ases.
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2 i #h B2 ifd (extracellular vesicles, EVs)t, 45
T-/IMA& (apoptotic body). 1% il (microvesicles)Fl 7k
WA (exosomes) =AML A, HoA AR MASZ B AT
ZRES AN FLAT N30~150 nf) T 5T A2 i
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WS N . IS AR I I N 2, AR B IE N
%% I (intraluminal vesicles, ILVs)H] % ¥ {& (multive-
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1% 5 4% (endosomal sorting complexes required for
transport, ESCRT) i A (TSG101. Alix). #k 5wk
1 (heat shock protein, Hsp)i% 2 (Hsp60. Hsp70.
Hsp90)F1 3= 22 2H ZH 5 1% & & f& (major histocom-
patibility complex, MHC)Z& [ %5 7 A 14 49 &5 1R
FHOGHIEE Yo Al A A 308 iod 485 7 A 5] SR T R A R
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FE75 K (curcumin, Cur)®VF12 ELIZRO%E 3117 48 [m) K
i 325

Xt B4 9 IR 41 fid (dendritic cell, DC)i 47 3 [A] T
FROOE, PAFRIA H 7 Bl 7R AH S50 25 F12b(lysosome
associated membrane glycoprotein 2b, Lamp2b) Fl1#[
[Fi) #1128 TG 1) 1E K9 79 75 4 2 1 (rabies virus glycopro-
tein, RVG)IRZH R [ R 2 1, AT A 48 0 T5 P 4
JiiL 7= A 7 A RV GIE /M RI(E12B) . 1ZRVGHK AT
fe I8 I 5 B £ B IE B 52 44 (nicotinic acetylcholine
receptor, nAChR)%E &, T 328 35 1 #E 1) 0 22 S5 40 g
F P R AT, B A5 E R 72, RVGIKIE i 4
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Fig.1 shows the biogenesis process of exosomes on the left. Exosomes are ILVs formed in endosomes and MVB, and ESCRT proteins and tetraspanins
are also involved in ILVs formation. ILVs, the “exosomes”, are released when MVB fuses with the plasma membrane, whereas different Rab proteins
mediate the secretory process of the exosomes. The structure diagram of exosomes is shown on the right.
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Fig.1 Biogenesis, secretion and structure of exosomes (modified from references [15-16])
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Fig.2 Engineering renovation of exosomes
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KHONGKOW 4§ 7' | pcDNA GNSTM-3-RVG-
10-Lamp2b-HAZL M 5% Ge 7= A2 S A4 (1 40 i, {75 T
2 403 11 41 e 7= 2 R T B A A RVGFIGNSTMIK 1
AR, INBEIX L T AR AN, SR FIE S R i%
] £ £ 2% 4 90 2K JURI((silver nanoparticles, AuNPs)f]
AN . WFFESE IR R, 20 RIS 1) SN A 2%
AuNPs EC R 2B R 1A A 575 B 55 1 I 30 5 e 25
FERE . XTI T AT RE 23 I PR AUNPs R [HI 211 DL %
Jok of o 5 36 FH AL U SRR () T e, R R
VG TT AN o

3 SNIMARERIETT TE IR E R G R TR
YR F
3.1 INBIEER TR

A T R A 2 R G DL IR 2 —,
RAE SN AL AN o 20 4 B 2 2 S o 2 i 457
LRSI = o S SRR 2N I REANAT
PO 55 2 P AR, HH T 7K P 2 A A
AR A )@, FLilim R R FH 52 B BR o 1 A A4 AT
DAL 25 22 3 AT R M %, 40k 1T 5 3 st I 4 i 45
5. HEZEPILL B RGEH g A4, 44 H 53 pg/mL
LR AEIT CCHKA NI F24 h, 8B B 03k
13 7 3 2 I BRI 74 (Exo-Cur) . Exo-
CurAJ I 2 /b i 14 % (reactive oxygen species, ROS)
HIAR S, 38 oS occludin, claudin-5%5 "% %5 % 52
A A Ak LR R I i B B 1) o6 . TIANZER)
T i 3R S PR S B S i AR S S E AL 2 Ik TR
A IE S I NE, 4 Dy fie % BC AR R GDyk P4 Ik 45 75 5|
SN AR ZR TR, FH FE RS 3022 B 3 5 mT A ) B 3K A4 /)
AU ASE 2R ) I Sk XL 3057, A7 285000 ot e X431 8 A e
J FH 2 9 T KALANIZEPOLL /N B 6 - 48 i
(mouse embryonic stem cell, mESC) A it {4 41 fifg, ¥4
HEZRWHAAEI T E 15 min, HPOE R ELE
QA3 L B0 IR AR B R ImESC
GMUMA . xR AR B, fhEZE s R AN AR T
P E AR e 2 DI REVE 2, U800 i B AE TR
i, D RORE IS, TR B TR o7 4 1 A FLN- H
H-D-K 4 F IR %% A 1(N-methyl-D-aspartate receptor
1, NMDARD) K IE. BhAh, 71302 5 & B k]
BIMZIVHEARE . R A YR EE, (BB 4]
Jig % i (lipopolysaccharide, LPS)i/5 5 /N it J5i 41 A 76
A P= e IS RER Y, & NI A A fa, ReRih %

TR R AU AR A R LA /N e Jo 4t R Wiz, AT i
LPSi% 5 [ 5 98 AECH o 8024 SN A AR IX 40 K Al 711
HIEL N 25 25 IR AR IR SE B 45 B AR R A B AR I R4
ANPEREIT RO T A,

BT 7R 7% 1 B 975 (Alzheimer’s disease, AD)/& i i
IR EEIRAT MM, SRR Taudk B WA R 2
ADPIFREMERFE . WANGEEPR I, 0% 20 4 bk
R AR R G, I8 I Akt/GSK-3p15 5 18 B 1
IX] FH i2 (okadaic acid, OA)i%5 3 ) Tauss [ IR 1L, 12F
1M SR AD /DN BRI BN D Re. 10 7R B, B R4
Ji A VR £ A0 A 4 340 W i A 5 AR 4 L s A% T Ik
2 41 A T fig AH OC $t JE-1(lymphocyte function-associ-
ated antigen 1, LFA-1), 1% (15 P 52 410 o 18] 6 Bt 73
“F-1(intercellular adhesion molecule-1, ICAM-1)4H H.
YER, T 7 AN A 5 i 5 B R I, B9 1
2 R BRI 280 e /T QIAERIRL T 1 A A8
B¢ 3 (quercetin, Que) ] Il 5 41 ¥4 14 (Exo-Que), PA KL
5231 () A= DR FE RIS Que 1) K i B ) 2 o A
AL 3N, Exo-Queitt i<t #0148 it J JHA 2 1 i 1 93
li5(cyclin-dependent kinase 5, CDK5) /5 ) Tau s [
Tl IR A A il 2> ANV P 4 2 5 4T 4E 2 45 (neurofibrillary
tangle, NFT)ITE i, M e ADASE AL /N R 1)
HE.

NI R DA, 2 S8 A2 IR 5 25 55 LAVR T i
iR 5381 R A7 BT 5 2% 11 JI S5 B 4 A9 (glioblas-
toma, GBM)R i [ 40 ik A4 5 GBMAE3T °Co& 1 T 3%
5 5 4 h, 5 E R R R AL L, SR R Ak
AR AL A AN ) T GBMIFIEEEET . IX [F] 3%
B, GBMAM AT BB A A SAE ), BRI AR TR
JVRTT 2 1R A A4S 2 s 26 1 B AR AL
3.2 SMNMMEARZEBHIE

AN IAAR I TT LUIN #0412 R AT DR I i,
T 0 i 26 R R AR S I A AR T . B
% b B AT A2 IR P (pigment epithelium-derived factor,
PEDF)£Z —MZ Uife i, RAPIR . Prafupps
RIEFPER . HUANGSEIHPEDFIS KA 1) 8 iR 2
e i W7 18] 78 5 T 41 Jfd (adipose-derived mesenchymal
stem cells, ADSCs), #A Ji F AN AR £ B 77 & 3R 15
# A PEDFRIAMBAR, M= NIES G, KILAM B A
#5747 (FIPEDF ] LA 15 H W AH ¢ 8 3 R IE K, &
5 003 A R LA 2 20 B ) R T 4B . YUANSEHY
W 15 Wk 248 R A/ A A R Y A o 22 9% IR F (brain-
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derived neurotrophic factor, BDNF){t 10 mmol/Lf#
PR 2% vh i IR £, SEBDNFAE AL R (N4 31
Sk, Zefpiikes 25 fa, FERT DUgE Rk o ik e b, O
¥ BDNF i ik 22 K LR M4 ROE . 1 IR I,
FEAFAE R RAEHIIE LT, XA ISEEAE G 9. 1%
RIS FH B A0 A M AE A AR B AR AT VR 9T
PEEE E IR R 1%, BETTVRIT X4 RGP R
CEDN-3'E

HANEY %5 ] 4 it 1o 45 44 S (catalase) 1 )5
KIDNA, G« EWEAN N, 3745 1 B0 1 A S5 B
FT W R (L F5DNA. mRNA. % 5 K 7 liid Atk
SN ) B SMB AR, IX LN AT DL A MR 2K
iy % 7 B 2 70 F 5 10 42 A 99 (Parkinson’s disease,
PD)RRAL/IN R R SR LR E ] o B AR, 4
WAARAE Ny —FhE R Ik R G, AR R A
VPt FEEA . S, HANEYSERIX UM B
Wik 200 10 g (4L A 200 i, S P 5l B 0o 0 20 B A A
s, JEVPAL T IR E . UREIGIA . R A AL PR
SEFE R DU A s A I i A S B R T 0% . SRS AE
B 3 D 1 95 73 B T A A S A S Y A
. X EeRAT L A G 1 S R 22 B N AR 45 2
S, S BT /0N BRI P /) 52 o 4 R B2 TR I i
Nt A, (2 st 7 PDRE RN R A ST HIAF TG . 2T AT
R, SN IR T M R I A S A R .
A B B SN A R, T R fR BE AR
WIS S A G oL 7 B I T 0 2R A1 H A 2 S,
M ST RO -
3.3 MR iR E K

FE X PR 2 2R e 1, A 80M A IE A A
WA, TN 4H M SRR AN AR, HEAT ALY BT, R 2
microRNA A A FH L 40 B, w] DL oS fix 26 ok
A JE R G I B PR T BERR TR A 5 A SR U A
WA (exosomes derived from mesenchymal stem cells,
MSC-EXO)# [fJmiR-17-92, il i % PI3K/ & [ i
BB/ 75 1F 55 22 /0 J5L 5 Bl T B3 B A5 - 10 I SR 503 o
SR MR 2 g R R TR R . MSC-EXOH 7 1
miR-29b-3pid 1] LLid i BEPTENS - F [ Aktf5 5 il
B, A A R R R B L A RSORT R 2 T T
HEFE®), YANGZEUTE I, RVGHK 5 Lamp2bfil £ &
T 8 A7 A RT DAAT 2% MK miR - 12435 3% 22 1 il 1f 78
A, etk N LA M R A Iz R, T
FEAMIAATT BE 2 3 e R 25 W06 7 26 vh i e A Ak ik

Ak, ZHANGZHER I, TREAB M4 AR A Ay i
BB AR T DLB IEmiRNARE i ok oo 2 ek, 1% ]
BA R RGDykH Ik A& 1 (4 41 A 4% ¢ BimiR-2104¢ F& i
JOKVE S Fe, FEAT DU ) 2138 /)N bR a5 I ik 20 21, 32 T 14
S AR DX 35 4] L N Rz AR K PR T (vascular endothelial
growth factor, VEGF)F A& A4 K. Ak, miR-
133bAE A5 (1) AR s A4 3 W] DA, 22 40061 A H IfT (intracere-
bral hemorrhage, ICH)2£ /1 5 Rho A & 1A F-IEERK 1/2-
CREB(E ‘T i8%, MM KRR LRI 1E .

FEFN I B0 28 90E VR TT H, /N B 5 4 B Sk R 1Y)
HMIAA R LK miR-146a-5p e % B 22 g, #Eif1 T~
miR-146a-5p ) 5 il #E A5 DLk 2 0 28 28 RE™. LAL
L0 ik B R KT ST RV GIRAE T 1Y AR WA A4, Fs FL 4%
17 I miR-193b-3pidh 1% 4% ik [ JIE2 1 J1a8 H Ifil(subarach-
noid hemorrhage, SAH) ™ & FI K, AT ##ISAH S
2H 5 A M 20T 2% ¥ 3 (histone deacetylase 3, HDAC3)
1) 2% 15 AL HENF-xB p65 £, B Ab SR Ik 32 o 248 5
A 5T N A W R 15 miRNAYR J7 SAH$E it 1 5 o8
&

FEMZIRAT TEROR 16T 7, JAHANGARDZEE!
H 157 miR-29b ) ARV 5 B AD K B R (115 5
Hh, AT DL S B A $E I INA V3R BIMI) 2235 /K1 5k
M ADS) Y I A (8] 52 2 AR 268 J) .l R T
7 LA SN LR 1 EBACET siRNA, ik 25 25 Jm $0 fil]
T ADHE AL/ L HBACE1 mRNAFIE 4 11 K35, M
Mk 7 AD/IN B B-UE ¥ #F 21 [ (amyloid-beta, AB)
JIR7= AP, RVGHRAZ i ) A0 s 4, 38 7T BL#EsiRNA
138 B A, 4R B ARPDAL Y /)N B o 5 il A%
£ F (alpha-synuclein, a-Syn) mRNAF & [ 5 7Kk
RIFCRAAE P, b Ak, $7800 R ERNATIIA (short
hairpin RNA microcircle, sSERNA-MC)HJ7MBE, 22
T ST 5 TR N S 35 02 2 PDASE A /)N B 2H 23
3T B (R o-Syn B AR KT R > 2 LG RE AR 22
JCIAR R

G JI 8 R B 9T R, 4% miR-133bMSC-EXO
]I L HH] Zeste 235 R 1G58 T (enhancer of Zeste 2,
EZH2)W 2K Wnt/B-cateninf{is 5 ¥ T & 12, M 1 #1011
GBM ST . (222 AT F80Y, AP A AR 5 47 I miR-
199a th ] i@ it N i ArfGAP [1) GTPEF 45 M3 . 4
WA EE S PHE #4485 2(ArfGAP with GTPase
domain, ankyrin repeat and PH domain 2, AGAP2) ]l
)0 28 e TRV kRS, b Ab, 613 miR-146b-5p
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(1) A1l A T 5 0 48 1R o 2 i PR 2 B A TR T 32 A
(epidermal growth factor receptor, EGFR) mRNAZ: &
A FZRAE, BE T AR 22 5 S5 R ) AR SR M A
PERERECY. WA WH TR, FEGBMAE KR 2R 2
b, MR I miR- 1B FEAR, (23 7 GBMIFAE K
FZ 7857, [K i, FE T MRS i microRNA 4T
RN T, A3 BT R I BT 106 96 3l e o

4 ATRERE

L 7% 2 6 7 7 B T 259008 oAk 22 R 4
BRI AT - JLTHiE Ko T2 A98% A
/NG -2 AR R LR B 22 4 20 i
LR IR T AR 0 20 R G 1 LS, T 4
R % % S L B ) 240 4 S, S 2 B )
& RS I B, DR DU AT 2 AT
3 R . BT S 22 W1, 5 I S 95 £
S1A A TT i L S PR L o i 4 T LFA-1, 1% 1
SICAM- UM ELAE ), AT A 53R 24 S 1 B4 i
B8 T B 5B, T i A1 A7 12 i 56 250 £
T 443 [, ST ELMEAB AN PRI 5, 44
] i o AR 0 25 R G L S 1 3 7

JUEE A A E 250 Bk TR LA K H
Y0, AR ARSI R P B SR 1 B e A
G375 B 5 1 PR ) T L3 — 3B O RSP o A1,
S i 42 A W S B A A 1 o R A 5 o,
ST o] S 4% A, B G A ) TR AR AR
FEE— B BT SR 5 AN R B T 7 P AR
W RGO AZ RS BB . S AR R T
3 P 3 ) LR A SRR, T 6 2 2
BT A R A IR SC. WE B Sh
RS2 72 325 ) B B S Sk TR 2
&, TER B KS R T R S 5 SN R S5 1 9 77 A
L
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