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 E . FRKHEERR (Alzheimer’s disease, AD) /2L AB. it FEBERRAL tau K {1 AT 20 S0 A 5 B BT AE
(AR B AT VR . SN (exosome) &GN K FMEIE MU/ NEEND, ATl #4532 AR tau 25 (4RI 4 E K F A
R 7R PR BRI AR Ao 28 2R G P A0 40 G R IR 5T 00 L P B Sk R o A AR T 3 e i i e B A AE T LR
PSah o I P A 2 0 B3R5 400 B SRR 1) A A BT 45 4 1) AR tau 25 . miRNAL 0 PR F 9 fk 2 1
[ ULE R AD FHIS W A bR B, BEAh, SR ) 7857 T 40 AR VR (4 2 AR vT JE ik 1 4% AD i Py AB.
tau B [ S SRS B AR o A SCIRNIRGT T AN TER R S BB R 12 WA T e .
KRR« FURIRIEERI 5 AMIBIAR ; AB ;s tau s FER JONE
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Role of exosomes in the pathogenesis, diagnosis,

and treatment of Alzheimer's disease

LI Yi-Xuan’, WANG Ya-Rong’, LIAO Jing-Wen, MU Lian-Wei*
(Guangdong Provincial Key Laboratory of Physical Activity and Health Promotion,
Guangzhou Sport University, Guangzhou 510500, China)

Abstract: Alzheimer's disease (AD) is the most prevalent neurodegenerative disease, characterized by senile
plaques formed by extracellular amyloid-f (AP) peptide, intracellular neurofibrillary tangles (NFT) formed by
hyperphosphorylated tau protein, and neuroinflammation. Exosomes are nanoscale membranous vesicles that play a
role in the pathology of neurons and glial cells in the central nervous system in Alzheimer's disease by transporting
AB, tau proteins, and inflammatory factors. Exosomes can traverse the blood-brain barrier and remain stable in the
bloodstream. AP, tau proteins, miRNAs, inflammatory factors, and synaptic proteins transported by exosomes
derived from neuronal or glial cells in serum or plasma can serve as biomarkers for the early detection of AD. In
addition, exosomes derived from exogenous mesenchymal stem cells can improve cognitive impairment in AD by
modulating A, tau proteins, and inflammatory status in the brain. This article provides insight into the role of
exosomes in the pathogenesis, diagnosis, and treatment of Alzheimer's disease.
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60 % K Lh B NBER) AD B3R 2N 3.9% . FRERK
AD FIH A R S EAE T AR BAL 2 A 1990 41
5510 A7 B TFE 2019 4FE [ 5 5 Ar . [, AD
R 1.6 JTAL T AT A . B R i
TR HERE, AD Oy ™ = 1 T 3 B e
(R E KPR AL 2 ) . SR, A 254 ] LA
WA FIGIT AD. 2 3Rk{b#EH 71697 AD KA
T TRk T g 0 460 77 . N- H R D- R A RS 4t
Fl BT AP B B AR H #R RN R B (GV-971),
{H Bl et RE IR 2% &) HH B 24 1k Rl
U, ] AD 8RR HLE]E B AD [ 12 Kr E
FRAIG YT J7 SR B EEE . AN (exosome) i
29K % (30~150 nm) JEEPER N, LA LA Sk
22 o0E (A ) i 4 2 8] 145 5 A% 2 DASE i A
MERGHIRE < FEARTE B 5 M55 10 22 1 1
A O MR R A B AL RN, LT Ay i
LAY =R PSRN | N (RN piit) O 3 O
A A RTS8 T Hh R 228 T g A A 2 I AR
i, JRInsh R AR Y. EREDRA T, 4
WAKRT] 2 5 R & E B Y BRSSP A SE
SR T M RTHE IT R SN A 5 AD R
AFUR R, TIRERCN AD iZWi AR T ISk . IR
FEARSMIMALE AD KIi . 2 ANETT HERH, %
AT )9 AD K515 MG 7 SR B 1@t .
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1 SR

b Pl 41 % 3 $p £ (International Society For
Extracellular Vesicles, ISEV) & 1305 BT 4334 21 41 iy
407 8] H 0 T J5E A 3 )2 3 A ) B0 i 44 D 4 B b
HE Y (extracellular vesicle, EV). 4 il #h 3y A2 45 H
RoTy AR ARz 8 ) Bl o AN A . TR
(microvesicles, MVs) Fl i T /) & (apoptotic bodies)
AR PRI R TN IR B4R A 100~2 000 nm,
FEAEAH A T B T R rh EH B L 2 T B R e
e 7, OEIIERAN 150~1 000 nm, 2 H1iE 4R
JR R DA BB 2 O S A e Y AR B
N 30~150 nm, IR R R BRI AR 2 9 = AN B
B (B DM () BRBE RS R N B
(clathrin-coated pit, CCP) PN 7 - JE i %y, RIH H
WK1k (early endosome, EE). 7Ebidfir, —ubgy
JH 471 RS0 RN 24 Y 2 T A AT RN RS R A . R
PR IR AR 2 TR LR B A B 9 4 B 2 AT 4
A LR DN R ) 16 A R 44 (late endosome,
LE). (2) M0 A IR 44 5 1) P 1 2 3807 i =3 ) oh DA
% N 329 (intraluminal vesicles, ILVs) 540 N2
W9 4K (multivesicular bodies, MVBs). fE It i #2 o,
YRR T R R S B TR S L T ILVs.
(3) ¥ 4> MVBs 1] 5 4H i P 145 Bl A4 Rl 17 45 B A
T 5 )5 5 fil 5 7 MVBs T DA i (1) 7 =08 ILVs B

2R

< -

(1) WHEEH

J - (4
vt
@ HEEs

N 20

(3) G ARIEA

X% B A% /)N 55 (clathrin-coated pit, CCP); F.HH N4 (early endosome, EE); B i Py 4 (late endosome, LE); i P 23
(intraluminal vesicles, ILVs); £ {#&(multivesicular bodies, MVBs); ¥ {4 (lysosome); 4l {A(exosome, Ex)
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T 20 B A0 3 BT I TR BRI A Y A I AR
R AU 1R 7 A Gk R T e AR i 4 52 T H A S ) S
ks B AN A A K B AN AR A R A A B B
F1 (TSG101. ALIX). DYk (CD9. CD63,
CD81. CD82) F# R Fi & [ (hsp70. hsp90), L4
Bl R B AR A B R S PR B BRI . R B R A R
(DNA. rRNA. microRNA., K% 465 RNA. Hoik
RNA) F sz B (3644 201 e f 5 B8 B A= RS A0 1 0 ik
Gb, FEHTRAEE T, AN 2 A 2 T R Y5 A A
ETT BICRERIE . SEETE . EIR B S5 AN [F] 1
AL gi b, ANBRTT LUK R A RIbRE
HEEATRAE, H WX 25 A5 28 84 240 Mo R 5 1) 4
WAk

PR LT BT A 25 24 B 40 B 350 ] 6 AN 43 s 41 s
i, Bl E T, BRI, /N 54
PR TANM R DA R i LA i s MY 1R
PEAAR L L 3 WA R AE S P BT, AR TT B i Atk Ad
S M A5 5 5 B QAT Bz PR B I 2 AR A . S A
vl N R BERR G EEs G AMIMA R T
AR S s AR R g e (B DY 24
TF 95 3 BH A1 1 A4 38 22 0k 9 AR A A0 210 48 i
W, EEBUIFEDE R A U0 Har, WE
YE AT 43 A A% 85 A (Clathrin) 4851 B1CIE X A% &5
FR R A, 538 32359 M Caveolin 1. RhoA #l
ARF6"™ . Caveolin /135 [ P4 JE 5 (R 1R A X (M
D W A A% N NG = [ O ) A L B N
T ) i J53 A2 JE AT AR L SE T IR R A i, Ho b
G E R RS BRI, S BRE FLITIT
DI E A BKZ O A M thah, ZRE AR
CHE AN A MR AR M R I 25 5 24k, B dE 3G
% - IS IR 3 & &%) (integrin-tetraspanin complexes).
JIFC 8 F (ephrin, Eph) AR A i i 45 14 B4 40 i
24K (macrophage receptor with collagenous structure,
MARCO)™ ™, fEZ R4 PY, AR U s 17
W VAR Y 52 A4 4 BRI 22 P A R B AR I E A T 48
Mo [a] (I . 7E AD FIIH 4 #%J% (Parkinson's disease,
PD) S5 2R AT MR, AMIMA TR N EUR R A
(AB. tau. o-Syn) )& INIR HAE HAX PP R G
s U224, Ak, AN NG R B, AT
i% 3L IfiL i 5 % (blood brain barrier, BBB)™. i —
(RRIE T B, MM T 2 A AE T LIRS T PR
PRI SCRE I HEEL R F7K BRI RE AL S i
b U2 R, X R SR S A () A A
AR BRI R G, TR —Fh o7 (8 = R A0 A 3E

RANMEA DR S UL T J00 AN 2 W % R 22 1R 4T
PR o [FIRE, MM AT AR A8 h e s T T
PRI A R 5 73 138 i B B B A A 4 AR
Gio HETHURI AN A B 2, HPTRESE AD
WEUR . 2GR R EEAE .

2 SNRRSRIRKRE IR & TS

2.1 SMNBIESAP

K B 2 A0 1 S5 i X ph 42 To B A HE IR 23
BT (senile plaques, SPs) #& AD H = i FAFE 2
—o EEREH F LR NIEMFERT A H (amyloid
precursor protein, APP) £& it B- Fl y- 43 WA fiff 8Y ) 7=
R B 39~42 ANEURL IR (K T Ik AR, AR HLUK B
T AB( R BEIRIBE ) A B A AR B 40 i 55
PEAER, HoREMEICEFRETIEH, @&n] LA
TR VR Y P A A A i 2 e B
AL B SR, 7E AD RJEHERE T & B AB PR A
S BIEPRFERS T S EUM AN AR . XL AB
AlEFMATTANI . WA RAE. LRRT)REkE
T /DN o 40 R B T i Jo 40 LTS Ul / B RR
By P AT B VE 2P, A S HME L)
REFE ARG AN 22 e AE T P70, AN 40 B 115 B
&35 AP o is R, Hon] BEEEl R 2 5
AD [f55 B R I R 45 2 7 AR A B St R
PHEE TORE TR AP IMA AN AT A2 5 AR 177 AR SR
Bk, ¥ A I tau 55 % i2 B4R #H 4 TG,
MIfITBCR AB A tau 2 (1 (8 AR A U2 4k,
HMILARTE AR B IR RS B R v k3 — e A .

AP & APP Rk 22t B 7 il Big Al y 73 ik g BT 1)
PR 39~42 DMEIERRIRE I Z L B, Bk
B APP BYY) 74 AR I RE v R AE T & n R N
R (B 2)P B R IZ D N MVBs,
AB W 4T MVBs 1) ILVs™, #5» MVBs 1]
5 B AR 455 AR AB, T 5 5 R G 1) MVBs
FKE AR LAANIAAAL Y ) 7 ORI 40 i AR 5 B
AD B35 7K K sh Wi 7 ¥ 3% B i 2H 2L A i Ak
BA AR P2 Ay N & R AR A DA
I TCNIEBHRRE IR S, AT AR REE,
I HANZTCANBIR R SR AB A3 P2, Ak,
AD RN 4L ZURT APP 33 23K N2a 43 5%
P v 43 85 B A6 Y ) miR-185-5p 7K P 1) & 3 %
i 7. T miR-185-5p 7K1 [ b 44 ] 3 25 42 v
ZARIH APP (RIEAKCE BT BIR B TR R
L ITCHINBEAMUTT L E#Z 5 APP A Ap i
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FE, 10 H AT LB 12 F) miRNA [8]#:2 5 APP [
AU R B A0 I 2 55 (0 S A3 5 1) AD
BN R S IR |, RIS CA1, CA3
AR F7 i ELAE AR BEHRJE Bl R 45 Y. 4k, AD
EH ML AR B BA K& 1AM bR R
F1 (ALIX) FU%, $RIMB AT 508 AR, 15
b AR BEERIEEL B #E AD Hh, HAGHARIZ T
Iy UL ANIMA T APP A1 AR 535 B4R ek He b
26, JFINE A EEITEET:, M T8 AD Ji
HURFAE T B (B 2) SR, H0 2 TT o A IR AM A
PR TTHE AR 512 22 /NI 5 4L R 7 i 4 ARE At AB,
SRR AN AR TE AD R A5 T 81 B AR T (B 2)RY
B2, HIEH/NRAME, AD BN 20N
FI 57 24 T 47 R P B i B S il L $R IR A A A
TEAZE 0 A /N 5 24 1) 1) %% 3 R 3R ] B 5295 K

FEM B sz, AN WA R T Rl i /)N Ji 5T 4 72
AB VTR A B FEAEF P 244 oh i R T B 43 b
G, AR BIEREKPFEIR—F LU b, SR MR AE
RARFEE BT AB AP elm iR . 42 AR,
HMIMRTE AP B AE RN fifE . Al A1 e s R R AR i
) R EEAEH .
22 Sk StauER

Tau & 3 FE B2 4k & AD 1 55— B HL HLRR
fE. fEIEHMAIF, tau &AW FREME R4
fRFMERIE . S 5 RN MHE Tk
fho SR, KEHHZ TGN tau & Ak BRI 2 5
HBAh AL YA 2 TT A AR B, BRI IREE L
PR A LT Y4 (neurofibrillary tangles, NFTs)"Y,
Pl 8 21 At 9 45 o3 3k — 0 5] B IR I ) 4 5z Be ) PR
ik, S Ansh e aer: B,

¥
» p-Tau
N
N Ap
w R LRtk
it

I KIEET

‘ IL-1p. TNFa
Q4 e w

lysosome

JB2 57 4 i

LI N i 14 (early endosome, EE); ML R #A A [ (amyloid precursor protein, APP); 2 ifdf&(multivesicular bodies, MVBs); BiE
i RERE H (amyloid B, AB); #MidsfA(exosome, Ex); &TH#A (lysosome)
E2 SR SR/REEER R &L H
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5/ AD BB KR AN IAA H p-tau (13
ERER TR AD B3, FERIMBALE R B AD
A tau B 5N T UL B R p-tau 30+
RAEBETAER P W ERRRA tau 5 [ DL tau H A
NP & e N tau B AR ITSIEE
FERAAR A4 W i, ZE RIS RR T
% tau B RIS T, AR DA EE Y tau 5
Tl AN AR B 1) tau B Rl R R N &2
ZARANAE, FERR AT A tau A RRI S, M
7 51 I R 2 i Ar U0 AR FE R B AD B I
HAUMBAEPSH taw EH, HHEEWHESTIE
wNUL R, AD X4 AR R ) tau 2R
AR B R AR, HECREE Y tau AR
TSR FIHA T tau P B 2 0 O R AT R A A
PRAACRT LI 2 AR 40 M 1) A B D B R G  F
tau F [ 7E #2200 () (1) F5 88, 38 R B4 A 42 R
fEH VAN T tau TR AFEM LTI B S5
RO AD B ML A VB 4 A SR )
tau 2 [ [ FM A AT DL 3/ BRpH 22 70 /N B J5it 48
M tau 25 B SEAE, JERILH tau TR S I
GRS 2 B B2 FRE DR
5 240 B AT 38 sk W A A AR T AR B tau R, T
1l 71 A A B AT 2 ek D R AR R N tau B T
B, E Trem 2 KO /N BRORTET A= 72/ R P4 ) Py 1
B 2V 5 220K P301L tau 285 1A ) Jif A 5% 975 25 O A
FRM, Trem 2 KO /)R A tau 25 3@ i &1 A4 A\
PR P PSR 2 i N T R R [ DX 9 o ], 42
/N 5 4B ¥ 4 % 52 R TREM2 Th g B A5 £ 1
REAMBAREE tau 2R A 7ERG YO YEL Y [FIRE, AE
tau &% R B BB AY A, 0 B B /N e o
ST A T B R I tau AR LR PN IR R 1)U R
[ 3 I AR IR [l p e e 6 s ik B9 48 LT,
GhIAR 22 5 AD R R R A 2 o0 R i 5 41 A Y
tau 25 P REMY L, MTF tau &5 IHE
PEVEH
2.3 INESHERAE

K R R 1 M ph 22 2 i FEBE S AD i gk i
W& B, AMUZ5 AP K AL, tau 3
FI I R AL . R e AR MR AT, T HL K =36
FRZE 98 RE 5 3 S A% 34 0% B0 & AD BB 2 3]0
fZIhREFERG I E B R A 0, R ph s 2R Ge b KOE L
N T B R AN R . T AR R tau BE (1 RESS
B0 /N B 5T 4 RS I 2 Y T (IL-1B. TNF-ar)
I AR 20 R A e Bt T A A R

JUAN A 28 15 5 40 e 1) 368 TR B A . AD BRI
B 22 70 R U IR A A A S A R B AR BE R AR AT tau
EE, HAT R AT Bk £ i ot 40 i A A 5T 0 S g%
SN S RE (I 2)P, kA, AD KN #E
SN 5 AR iMAR R IZ miRNA 45 #) Toll 5% 44 (TLRs)
Wom AR ¥, TLRs & —Foe R e 2k, HEus
Al A FERE /LR T 88 (myeloid differentiation factor
88, MyD88) (i P Bl AR ML IR AT IS TS 55
T, FFESERIER TR B TR AD B3 A
A4/ B miR-146a & A7 1 i X o5 K E i
K TLRs {2 28 B, HH K5 950 1™ H A2
FSE B Rk, AMBA T B s AR, tau E
A1 miRNA /3 AD At F2 A 28 2R 0E

RGNS RE (systemic chronic inflammation,
SCI) 52 G4 4 P\ R0 Dy R B G 1) /& K A 3
PIMIDE, JEEEIREEHK AD B R B A
A o I R 5 5 A 3 4 B MR JE AR 28 98 i TR 1)
B B 78 SCI /g, AMIMAREIE (R & M4 i A
T AMAEE E AR B JE S RNA 2 3 I 7 B,
WS BT BT A (A8 /N R BT A i M M2 R A
FEAR g M1 R PO ML RN fi 5 40 B R 11
BRI AR #— 2 RECRE EARKNITEE. &
it AN g AR FH 240, APP FH 2 2 WA T 1A 3% PR 38
tau 25 [(IREERIE T R LA 4 28 IR KT8 B
P8 R E I AT 3 BUR A A A . B AB AR R tau
BRI B R AL IR PR AR WERRAE S M. i b, 4b
WAART] AR JE e e 48 R 7 B AR Bh 22 2R 42, AN
Z5 AD [FRAEMBEE .

3 SNRESRIRKERRISHT

FURT,  1E R S8 W0 23 45 R0 o SR T 2 A
B RAGBAR . A OHE MRS T e ZH
T AD IR Z Wi . {2 AD J& AT M b 238 47 P
5, HAP 2 FERRAE B BT IR O IR AT 15~20 4.
DR, 75 A 2 H AR TE (1) 530 AD 12 W TR kAl
BRIt . HAr, %l AD SRS A Vs &
Y2 6 W (CSF) 1) AB1-42/1-40. s Tau (T-tau)
FBERR AL tau-181 (p-taul81)**, SRy, LUR A PENE
TR U VR ) BBURE 7732 R 17 LA M PR 5 Bk v )
R BT EULERANEEN 5 TS24
%, AR AR E R AD 2l BT %
AU AA R AN K R AR/ N TRV, LT S e o i o s
R MR R R R BB IR BUAIAR R 2 A
B8 FF g B A A 4 6 10 5 39 % A BRARRAIE o [RIISE, ARk
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EA R R, WA, Hh s, RHE
T A LT R A 2Ll P B T O i, L B e
TEUREE, DLORUESMALE SN A i Fe e . [
I, SRME R I IR AR AD BRI W AR
PrEY)
3.1 SNIMARRIERIApFAtautE H

AP Ml tau & 42 AD [0 E SR BT, NG
7 (CSF) ' ) AB1-42/1-40. T-tau F1 p-taul81 & %%
iz F T AD R B2 Wi, AD #1123 g
28 TG KYR TN IR N AB1-42, T-tau A1 p-taul81 7K
SRR A T R AR FE N RIBE RS AR N, R
I3 4 28 70 KU [ A W AR ) AB1-42, T-tau Fil
p-taul 81 £ AD Wi A bR EY, H 50
B ABL1-42. T-tau Fl p-taul81 E A 4H [F] 112
B B i B IIRIR T TR WA, AD W2 i
JILHHIZ AT 1 AEFD 10 4 1 I 3 H i 242 0 SR YR 1 Ak
WK Y ABL1-42., p-taul81. p-tau396 /K- & % &
FIEH G HRA, H AP1-42 /K P75 59 R vp g i
W, BN ATE N AD FE W Ko kR R
Yibs &4 B BRIELAAE, AD R i 4o
SR (1 AME ) sAPPo. SAPPB. p-tau396. p-tau231
KPS 2 P T IR X R B R 4 e R IR
() Ah A A e AB AT tau 25 4 AT LAAE 9 AD 312
(bR &Y, (HEAH TR AD B FEH A
HRZ TR IR I AN IR N ABL-42. T-tau %545 b JF
TREMZES P Hi, BT M sMe kR £ 48R
YRR EYIRIZ I AD K B T R R BUB: o

BT BU IR 54 e AR AR APP AT AR AR 4
FAPP BV, o W IR A WA A B 32 1 TRt ]
WeFH T AD (02 . B2 T I 5 40 B AT A2 R A ik
RTE IR & A D, (H2 AD & 2k
BV A0 AT A A R T AB1-42 /KPS 3E TR,
il SAPPB Al BACE-1 /K V- i 3 i T IE % A ™, 42
ERTIR, A AR 2 G B TR R T AN A SRR ) Ak
WA AB A tau 2 [ 11K F T A AD F 12 B
T 59 1t R (1 R b A
3.2 N FR IE R miRNA

MiRNA J2& K & 2y 20~22 % R 1 A 4 A /)
RNA, 7] B 32 5 1) 45 2 mRNA (1) 3'- JEFH 2% X
(3'-UTR) DL 58 4= B A AN 58 4 H AN 7 R4 &
mRNA 1fij 1 i 3B 8 B4 2R P Wk,
miRNA 7E 8 [ i K8 45 B R #EEH . MIRNA /K
ST S A0 5 BSU G A O %) % i e R RV % 1
AD K miRNA 2302 SRk, Hodid s

A B 12 22 IR VRO LV S AR 8 AR AE . BEFE R W] AD
B35 55 0E X IR B ) (CSF) AR 4R 1) miRNA
U HZERRIE, Hob AD B #E WG AN A
miR-125b-5p FEK-F3E 0, 1 miR-16-5p. miR-451a
F1 miR-605-5p 1) % 15 7K - FEAK, 42 75 40 W 1
miRNA A AD F 2 Wi Hadr B

WAL, IfLTE o B I AMUAMA S & miRNA, H
miRNA M R FK - B 5 Re e 1, R L7
A A miRNA AT LLA T2 2 K. MiR-193b 5
AD R A YIS, H AD 235 1 I or i &
A miR193-5p (KPR T 1EH A . BT,
KT MR MR A 72 K B0 AD R 1) i 375 51T
AN AR N miR-135a Il miR-384 F£iA /KT B E &
TIEH X 4H, 1 miR-23a-3p. miR-126-3p. let-7i-
5p. miR-151a-3p H1 miR-193b [ 7%k /K N 55 35 B4
i N, EExt AD H IS A AR 5 R 56 S AR
5% miRNA (miR-137. miR-155. miR-223) [ ik i
1750, RILFIA AD &3 IfiLiE 4 b miR-223
AKCE R T IEE XA, MZ99ias7 1 AD B
IMiE AR miR-223 JKF# T )2 AD &%, #2
7 L3 A AR miR-223 S& 21 AD A4l 59 10t
(G R s B4 . RNA I F R AE AD % Al
e JE 0t R (1 IL375 A AR miRNA i, KINT 24 42
5+ miRNA, H miR-30b-5p. miR-22-3p Il miR-378a-
3p #f AD TR B B AT B A 2 Wi fig 0
g Eprik, AD B MR £ I H K E miRNA [
FRIE, HEAFET AR Z T miRNA H AR
A PRk, 7 Bk — DA 5T DAR e B8 I AR 1
miRNA (£ f miRNA 215 H T AD [H 2 W7,
3.3 MR HRERFRRMEB

PRES T 40 LA T AR R 22 R A8 M R E 2
AD [ CERFIE 2 — . BIER A2 NS s
ZRAGNEENMHER M, TREWEICE TR
TERIREME TR E . WREKMRAIE K. H
se, A2 R NME R TR AR EiE s a o
KT 12RIE, T A1 B s b PR T i 5 40 it 200 48
T4 R F IR IE H P R A 40 . AD B
RO B ot F A1 B T i o 4 i A = N 2,
B2 60% i) A1 7Y B2 K 5T 40 i N 52 30 Hh A A C3
fRw Rk O FR, I AD B ik bR
Ji2 J5 24 > U A WA AR N A& Clq. C3b. C3d.
C4b. B+, DA+, BmEZBHEFED 1 LR
JiE Rl 7~ IL—1B. IL—6. TNF-o ) /KF & 2 & TR
RV S0 AR X6 S f I N 0%, kA, 4R AR PD
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B LTS AM AR fh A& Clq. C3a. C3b B £
K7 TNF-a. IL-1B 17Kt 2 2 48 n % (R ik,
1 25 v B2 TR 5 4 L AR ) A7 T A A AR B 5 A
TAMEDy AD R Wr A Bh A bs £, B
T RX A 3 3 S H A R AT MR

WP S B AR T4 UE SE AD B B 1
DUAE T BRI R Al 25 R 40 R fk 5 o [RJI
AD i H 23 Fe fid A 5% 2 B K B VERR G, HL
EINEKE 2ILIEM G, BHFLER AD B35 M2
28 T0 R U5 I A i A& A R fid 3% (synaptophysin,
Syn). fZHHIRL & (neurogranin, NRGN). e fih4h &
& H (synaptotagmin-1, Syt-1). 4= K & Bk & H 43
(growth-associated protein 43, GAP43). Zfili/NMAAH
K [ -25 (synaptosomal nerve-associated protein 25,
SNAP-25). Zfili#) 25 1 (synaptopodin) 45 5% fit 4% i
AT fih T BEAH O< 2 3 B 7K-F S IR T IE RN, 4R
NELATRE RN AD RIS I AR M ks B B 3
R, BB R R B A PD R I b R 2 T R IR
SMMETR I T A . RARE L RS G EE -2,
NRGN 25 (7K PR T IE % A ™70, B, Mk
oh R 22 T0 SRR Y AN A A N R S R KPR 2 A
ZRAT MR ML [FRRE . FFAREME N AD B2
Wr IR B e bR . £% B RTIR, IR A T EUE TR IR
5T 240 JH0 K VR PR A/ A A A 48 RE DR - 0 5% fi 2 1 AT A
NEEE) AD FIRZ Wi AR B

4 SNiR SRR R RIS TT

4.1 S3TApFItaunEH

AU AR T 38 1 32 AB A tau B 1 BAINIE AD
MR AR R, AHHAE— R E E Xt AD K%k
FHER . & TTAT A AN IR AT B iz AR I tau 2
1 /N S5 4 A /1 e S 40 R ) N 4
JiL mT R B E T AB AN tau 2R (VS BR LU FE AD BB
s B PR AR AL, T2

WEAR, 22 Foh SIS 0 8 it SRR P 7R A & A AR 7
AD PRI SR ZL AR 2 R AP . I 4 ok
VAN AT A PR S AD B AP (AB42.
AB40. APB42/40 LUAH ) LA S 4R AR T H ¥ (p53+ Bax.
pro-caspase-3. cleaved-caspase-3) /K ¥, 3 it I
T2HF Bel2 AKSF i R M &R 1 T sh4)
Tt 5522 BN T 107 905 A 1) 7 Joi 400 B o A Ak 428 B PN T
%5 45 2 ] AT RUBEAR AD BN B BE AR UTRUIRER
e AD R /)N BT ) i X FH 22 T R Ak Ay B L R
RARESEIZEE S T, shAh, VI W R L3R

B R Je b B AD B3 28 12 J8 [R) R0 S 4R N AR s 5
P 1) 78 57 40 P A s 1k S A BT 30807, REE I
TRk S 4 A AT e FLN R oh e 3 20k 7 i
H, BN RO ) R 52 21 3287 77 A P EE A
R, SR S A 55 () 78 o~ 40 B SRRt F) 1 A
10T AD BAT R I0 2 AR Rk T Bk
Ab, R R 2 R G R S R RO R B B R
(RVG) JIk 5 B (1) 18] 78 )5t - 48 A2 (mesenchymal stem
cells, MSCs) fiT 4= (1) #h WA 4 55 38 A 5% 5 18] 78 Joi + 41
i (human umbilical cord mesenchymal stem cells,
hucMSC) K5 i) 4 A (hucMSC-exosomes) i i &
VKIS 2 APP/PST XU B AD BN 5, #]
W 35 AD AL/ BRAE KRR B H IR 2 2J 1R RE T
F2 750 v HE K B (neprilysin, NEP) Fil i 1% & [% fi# s
(insulin-degrading enzyme, IDE) %5 AB [ M 1) 15
K, FEREAG A FITTRL K AR AKSF 770 i) i
2V S 1) A 4 SRR ) b ik A T AR AD
1LY /N B 5 iR [X AB1-42 A1 p-Tau ik /K 77,
[FIIS, V5 2] AD AL /) R S 1 X A PR e 22 BE 2
FRLIRE SRR A1 A A T H 3R AR I 5% da 25 /0N i 5 4 i Y
TERR, AR SN X AR 7K. AR BEHUE R AL
AB A SR ™ g5 ERTIR, hIXAA RS
(180 PN R A7 A A RT3 e 0 T 5T 44 L G AR T tau
HETHER, T AMIEE A 8] 78 5 20 P A R 2 B i
TR RUZ SNSRI RE TT DAREAIR AR H ™ AR AR AR .
42 SRHEREE

T AD 5 33 R H I RR 22 R OE 2 AD YR T
M BB 2 WU 5T R W AN AT A Rk AD
HFAX A RG A SORE. AD BN R4 2 ik
TS NIt 18] 78 J53 40 0 A Y P &b i A T S 245 1P e
AR ORI B2 22 s i DX /0 J2 J5 40 i P T80T IR 2
it 48 K7 TIL-1B Ml TNF-a FIEKF, FHiRE L
+ TGF-B Al IL-10 [R5 7KF-, #Emi$em AD B3
ANBREIN RN RE A U i R B R S R AR 2 R G
F 1 RVG IR AR I 14 18] 78 )57 40 M AT A= 1 410 3 4 5
APP/PS1 XL PR AD A5 /) B A FeAI A2 TR Ji o
2 B B3 A6 K R RE A7 TL-1B84 TL-6. TNF-o
MK P, $2m PR K7 IL-10. IL-4 Al IL-13 ff 7K
ST B S O 7 5 T4 R b
WATT R 2 2 AD BN R S 2l AeLRe A, O
368 Ik R T G 0 X0 2 S 24 oL R 2 2 e Jota 4 M ) it
FEROE VAR RIER - TL-181 TL-6. TNF-a HIFEIX
pi S P 7 11 P i i a1 B SN N A N ]
1L AD BN R SR I XA 2 S 45 DA 2
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R

SN 3 AD K. 12N T DS R
BRBAEARE. H AT TN NS FE AR A tau
AR A HoR R ERAER . B2, mt
28 70 B2 S5 A A U 1 A1l A P 45 417 ) AB tau
H . miRNAL SR 7 A5l 2 5 AT BLE Y AD
RIS W R bR S . [FIRE, ARSI IR) 78 54
ARV AR S AR W] 3 1 4% AD BB TN AR tau
W H RIS EEE HAOAFIFERG . RoKK T oMbk
£ AD K~ 2 WA TT 7 A AL LR SR A R
TR AL - (1) £E AD A RERE Y, A s A B AT g 2t
RELIE SR H A RR, CREfRE LY kA
2 o £ S HAE SR AN R B 5 7776 22 50 ?
(2) AD & AN A & A KR 2 I RIE &
D, (EASFRT FTIa AR 22 57, XA 15 BRI AE
PRI AN R B BRI A AL AR RIE? #E AD B e o
IR Al A o o B B 1 BARE A 1 FR A2 1 il 2k
EFERINE?  (3) A 8] 78 Jo 40 M R IR K Sh s i o
R E R RIS 5 0 TR AT A ? DAL
it g it — D HES AMBATE AD i WARST
HRIRLFH o

9]

(& % X #

[1] LiP, Quan W, Wang Z, et al. Early-stage differentiation
between Alzheimer's disease and frontotemporal lobe
degeneration: clinical, neuropsychology, and neuroimaging
features. Front Aging Neurosci, 2022, 14: 981451

[2] Jia L, DuY, Chu L, et al. Prevalence, risk factors, and
management of dementia and mild cognitive impairment
in adults aged 60 years or older in China: a cross-sectional
study. Lancet Public Health, 2020, 5: ¢661-71

[3] Ren R, QiJ, Lin S, et al. The China Alzheimer report
2022. Gen Psychiatr, 2022, 35: ¢100751

[4] Alhazmi HA, Albratty M. An update on the novel and
approved drugs for Alzheimer disease. Saudi Pharm J,
2022, 30: 1755-64

[5] LiuQ, Tan Y, Qu T, et al. Therapeutic mechanism of
human neural stem cell-derived extracellular vesicles
against hypoxia-reperfusion injury in vitro. Life Sci, 2020,
254: 117772

[6] Caruso BC, Scalia F, Marino GA, et al. Extracellular
vesicle-mediated cell-cell communication in the nervous
system: focus on neurological diseases. Int J Mol Sci,
2019, 20: 434

[7] Livne-Bar I, Lam S, Chan D, et al. Pharmacologic
inhibition of reactive gliosis blocks TNF-a-mediated
neuronal apoptosis. Cell Death Dis, 2016, 7: €2386

(8]

[12]

[13]

[15]

[16]

(23]

(24]

Antonucci F, Turola E, Riganti L, et al. Microvesicles
released from microglia stimulate synaptic activity via
enhanced sphingolipid metabolism. EMBO J, 2012, 31:
1231-40

Sardar SM, Ansell-Schultz A, Civitelli L, et al. Alzheimer's
disease pathology propagation by exosomes containing
toxic amyloid-f oligomers. Acta Neuropathol, 2018, 136:
41-56

Ruan Z, Pathak D, Venkatesan KS, et al. Alzheimer's
disease brain-derived extracellular vesicles spread tau
pathology in interneurons. Brain, 2021, 144: 288-309
Doyle LM, Wang MZ. Overview of extracellular vesicles,
their origin, composition, purpose, and methods for
exosome isolation and analysis. Cells, 2019, 8: 727
Battistelli M, Falcieri E. Apoptotic bodies: particular
extracellular vesicles involved in intercellular communication.
Biology (Basel), 2020, 9: 21

Jeppesen DK, Zhang Q, Franklin JL, et al. Extracellular
vesicles and nanoparticles: emerging complexities. Trends
Cell Biol, 2023, 33: 667-81

Hadizadeh N, Bagheri D, Shamsara M, et al. Extracellular
vesicles biogenesis, isolation, manipulation and genetic
engineering for potential in vitro and in vivo therapeutics:
an overview. Front Bioeng Biotechnol, 2022, 10: 1019821
Ye SL, Li WD, Li WX, et al. The regulatory role of
exosomes in venous thromboembolism. Front Cell Dev
Biol, 2022, 10: 956880

Moghassemi S, Dadashzadeh A, Sousa MJ, et al.
Extracellular vesicles in nanomedicine and regenerative
medicine: a review over the last decade. Bioact Mater,
2024, 36: 126-56

He A, Wang M, Li X, et al. Role of exosomes in the
pathogenesis and theranostic of Alzheimer's disease and
Parkinson's disease. Int J Mol Sci, 2023, 24: 11054

Isaac R, Reis F, Ying W, et al. Exosomes as mediators of
intercellular crosstalk in metabolism. Cell Metab, 2021,
33:1744-62

Mulcahy LA, Pink RC, Carter DR. Routes and
mechanisms of extracellular vesicle uptake. J Extracell
Vesicles, 2014, 3: 24641

Jankovicova J, Secova P, Michalkova K, et al. Tetraspanins,
more than markers of extracellular vesicles in reproduction.
Int J Mol Sci, 2020, 21: 7568

Sato S, Vasaikar S, Eskaros A, et al. EPHB2 carried on
small extracellular vesicles induces tumor angiogenesis
via activation of ephrin reverse signaling. JCI Insight,
2019, 4: 132447

Kanno S, Hirano S, Sakamoto T, et al. Scavenger receptor
MARCO contributes to cellular internalization of exosomes
by dynamin-dependent endocytosis and macropinocytosis.
Sci Rep, 2020, 10: 21795

Wang Y, Balaji V, Kaniyappan S, et al. The release and
trans-synaptic transmission of Tau via exosomes. Mol
Neurodegener, 2017, 12: 5

Zheng T, Pu J, Chen Y, et al. Plasma exosomes spread and
cluster around B-amyloid plaques in an animal model of
Alzheimer's disease. Front Aging Neurosci, 2017, 9: 12



GRS

374

[26]

[27]

[28]

[31]

[40]

Abdelsalam M, Ahmed M, Osaid Z, et al. Insights into
exosome transport through the blood-brain barrier and the
potential therapeutical applications in brain diseases.
Pharmaceuticals (Basel), 2023, 16: 571

Liu M, Lai Z, Yuan X, et al. Role of exosomes in the
development, diagnosis, prognosis and treatment of
hepatocellular carcinoma. Mol Med, 2023, 29: 136

Zhang Y, Chen H, Li R, et al. Amyloid B-based therapy for
Alzheimer's disease: challenges, successes and future.
Signal Transduct Target Ther, 2023, 8: 248

Lazarevic V, Fieniko S, Andres-Alonso M, et al. Physiological
concentrations of amyloid f regulate recycling of synaptic
vesicles via a7 acetylcholine receptor and CDK5/calcineurin
signaling. Front Mol Neurosci, 2017, 10: 221

Craft JM, Watterson DM, Van Eldik LJ. Human amyloid
B-induced neuroinflammation is an early event in
neurodegeneration. Glia, 2006, 53: 484-90

Xie L, Zhang N, Zhang Q, et al. Inflammatory factors and
amyloid B-induced microglial polarization promote
inflammatory crosstalk with astrocytes. Aging (Albany
NY), 2020, 12: 22538-49

Manczak M, Anekonda TS, Henson E, et al. Mitochondria
are a direct site of A f accumulation in Alzheimer's disease
neurons: implications for free radical generation and
oxidative damage in disease progression. Hum Mol Genet,
2006, 15: 1437-49

Liang T, Wu Z, Li J, et al. The emerging double-edged
sword role of exosomes in Alzheimer's disease. Front
Aging Neurosci, 2023, 15: 1209115

Rajendran L, Honsho M, Zahn TR, et al. Alzheimer's
disease B-amyloid peptides are released in association
with exosomes. Proc Natl Acad Sci U S A, 2006, 103:
11172-7

Buoso E, Lanni C, Schettini G, et al. B-Amyloid precursor
protein metabolism: focus on the functions and
degradation of its intracellular domain. Pharmacol Res,
2010, 62: 308-17

He C, Zheng S, Luo Y, et al. Exosome theranostics:
biology and translational medicine. Theranostics, 2018, 8:
237-55

Pacheco-Quinto J, Clausen D, Pérez-Gonzalez R, et al.
Intracellular metalloprotease activity controls intraneuronal
AP aggregation and limits secretion of AP via exosomes.
FASEB J, 2019, 33: 3758-71

Ding L, Yang X, Xia X, et al. Exosomes mediate APP
dysregulation via APP-miR-185-5p axis. Front Cell Dev
Biol, 2022, 10: 793388

Rawat P, Sehar U, Bisht J, et al. Phosphorylated tau in
Alzheimer's disease and other tauopathies. Int J Mol Sci,
2022, 23: 12841

Saman S, Kim W, Raya M, et al. Exosome-associated tau
is secreted in tauopathy models and is selectively
phosphorylated in cerebrospinal fluid in early Alzheimer
disease. J Biol Chem, 2012, 287: 3842-9

Martinez P, Patel H, You Y, et al. Bassoon contributes to
tau-seed propagation and neurotoxicity. Nat Neurosci,
2022, 25: 1597-607

[41]

[42]

[46]

[47]

[48]

[50]

Jucker M, Walker LC. Propagation and spread of
pathogenic protein assemblies in neurodegenerative
diseases. Nat Neurosci, 2018, 21: 1341-9

Winston CN, Goetzl EJ, Akers JC, et al. Prediction of
conversion from mild cognitive impairment to dementia
with neuronally derived blood exosome protein profile.
Alzheimers Dement (Amst), 2016, 3: 63-72

Jiang L, Dong H, Cao H, et al. Exosomes in pathogenesis,
diagnosis, and treatment of Alzheimer's disease. Med Sci
Monit, 2019, 25: 3329-35

Asai H, Ikezu S, Tsunoda S, et al. Depletion of microglia
and inhibition of exosome synthesis halt tau propagation.
Nat Neurosci, 2015, 18: 1584-93

Zhu B, Liu Y, Hwang S, et al. Trem2 deletion enhances
tau dispersion and pathology through microglia exosomes.
Mol Neurodegener, 2022, 17: 58

Heneka MT, Carson MJ, El KJ, et al. Neuroinflammation
in Alzheimer's disease. Lancet Neurol, 2015, 14: 388-405
Novoa C, Salazar P, Cisternas P, et al. Inflammation
context in Alzheimer's disease, a relationship intricate to
define. Biol Res, 2022, 55: 39

Weng S, Lai QL, Wang J, et al. The role of exosomes as
mediators of neuroinflammation in the pathogenesis and
treatment of Alzheimer's disease. Front Aging Neurosci,
2022, 14: 899944

Lukiw WJ, Dua P, Pogue Al, et al. Upregulation of micro
RNA-146a (miRNA-146a), a marker for inflammatory
neurodegeneration, in sporadic Creutzfeldt-Jakob disease
(sCJD) and Gerstmann-Straussler-Scheinker (GSS)
syndrome. J Toxicol Environ Health A, 2011, 74: 1460-8
Ozansoy M, Mikati H, Velioglu HA, et al. Exosomes: a
missing link between chronic systemic inflammation and
Alzheimer's disease ? Biomed Pharmacother, 2023, 159:
114161

Gao ZS, Zhang CJ, Xia N, et al. Berberine-loaded M2
macrophage-derived exosomes for spinal cord injury
therapy. Acta Biomater, 2021, 126: 211-23

Mankhong S, Kim S, Lee S, et al. Development of
Alzheimer's disease biomarkers: from CSF- to blood-
based biomarkers. Biomedicines, 2022, 10: 850

Jia L, Qiu Q, Zhang H, et al. Concordance between the
assessment of AP42, T-tau, and P-T181-tau in peripheral
blood neuronal-derived exosomes and cerebrospinal fluid.
Alzheimers Dement, 2019, 15: 1071-80

Fiandaca MS, Kapogiannis D, Mapstone M, et al.
Identification of preclinical Alzheimer's disease by a
profile of pathogenic proteins in neurally derived blood
exosomes: a case-control study. Alzheimers Dement,
2015, 11: 600-7

Soares MT, Trindade D, Vaz M, et al. Diagnostic and
therapeutic potential of exosomes in Alzheimer's disease.
J Neurochem, 2021, 156: 162-81

Kapogiannis D, Mustapic M, Shardell MD, et al.
Association of extracellular vesicle biomarkers with
Alzheimer disease in the baltimore longitudinal study of
aging. JAMA Neurol, 2019, 76: 1340-51

O'Brien J, Hayder H, Zayed Y, et al. Overview of microRNA



ByE, e SNBRLERRAEEGEEIN AN 2 WA 4R R

205

[70]

biogenesis, mechanisms of actions, and circulation. Front
Endocrinol (Lausanne), 2018, 9: 402

McKeever PM, Schneider R, Taghdiri F, et al. MicroRNA
expression levels are altered in the cerebrospinal fluid of
patients with young-onset Alzheimer's disease. Mol
Neurobiol, 2018, 55: 8826-41

Liu CG, Song J, Zhang YQ, et al. MicroRNA-193b is a
regulator of amyloid precursor protein in the blood and
cerebrospinal fluid derived exosomal microRNA-193b is a
biomarker of Alzheimer's disease. Mol Med Rep, 2014,
10: 2395-400

Yang TT, Liu CG, Gao SC, et al. The serum exosome
derived microRNA-135a, -193b, and -384 were potential
Alzheimer's disease biomarkers. Biomed Environ Sci,
2018, 31: 87-96

Gamez-Valero A, Campdelacreu J, Vilas D, et al.
Exploratory study on microRNA profiles from plasma-
derived extracellular vesicles in Alzheimer's disease and
dementia with Lewy bodies. Transl Neurodegener, 2019,
8:31

Wei H, Xu 'Y, Xu W, et al. Serum exosomal miR-223
serves as a potential diagnostic and prognostic biomarker
for dementia. Neuroscience, 2018, 379: 167-76

Dong Z, Gu H, Guo Q, et al. Profiling of serum exosome
miRNA reveals the potential of a miRNA panel as
diagnostic biomarker for Alzheimer's disease. Mol
Neurobiol, 2021, 58: 3084-94

Li K, Li J, Zheng J, et al. Reactive astrocytes in
neurodegenerative diseases. Aging Dis, 2019, 10: 664-75
Goetzl EJ, Schwartz JB, Abner EL, et al. High
complement levels in astrocyte-derived exosomes of
Alzheimer disease. Ann Neurol, 2018, 83: 544-52

Wang T, Yao Y, Han C, et al. MCP-1 levels in astrocyte-
derived exosomes are changed in preclinical stage of
Alzheimer's disease. Front Neurol, 2023, 14: 1119298
Han C, Xiong N, Guo X, et al. Exosomes from patients
with Parkinson's disease are pathological in mice. J Mol
Med (Berl), 2019, 97: 1329-44

Zhang H, Lin S, McElroy CL, et al. Circulating pro-
inflammatory exosomes worsen stroke outcomes in aging.
Circ Res, 2021, 129: e121-e140

Soliman HM, Ghonaim GA, Gharib SM, et al. Exosomes
in Alzheimer's disease: from being pathological players to
potential diagnostics and therapeutics. Int J Mol Sci, 2021,
22: 10794

Goetzl EJ, Kapogiannis D, Schwartz JB, et al. Decreased
synaptic proteins in neuronal exosomes of frontotemporal

[72]

[74]

[79]

dementia and Alzheimer's disease. FASEB J, 2016, 30:
4141-8

Agliardi C, Meloni M, Guerini FR, et al. Oligomeric a-Syn
and SNARE complex proteins in peripheral extracellular
vesicles of neural origin are biomarkers for Parkinson's
disease. Neurobiol Dis, 2021, 148: 105185

Feng W, Zhang Y, Wang Z, et al. Microglia prevent
B-amyloid plaque formation in the early stage of an
Alzheimer's disease mouse model with suppression of
glymphatic clearance. Alzheimers Res Ther, 2020, 12: 125
Lee M, Ban JJ, Yang S, et al. The exosome of adipose-
derived stem cells reduces B-amyloid pathology and
apoptosis of neuronal cells derived from the transgenic
mouse model of Alzheimer's disease. Brain Res, 2018,
1691: 87-93

Ma X, Huang M, Zheng M, et al. ADSCs-derived
extracellular vesicles alleviate neuronal damage, promote
neurogenesis and rescue memory loss in mice with
Alzheimer's disease. J Control Release, 2020, 327: 688-
702

Xie X, Song Q, Dai C, et al. Clinical safety and efficacy of
allogenic human adipose mesenchymal stromal cells-
derived exosomes in patients with mild to moderate
Alzheimer's disease: a phase I/II clinical trial. Gen
Psychiatr, 2023, 36: €101143

Shi MM, Yang QY, Monsel A, et al. Preclinical efficacy
and clinical safety of clinical-grade nebulized allogenic
adipose mesenchymal stromal cells-derived extracellular
vesicles. J Extracell Vesicles, 2021, 10: e12134

Cui GH, Guo HD, Li H, et al. RVG-modified exosomes
derived from mesenchymal stem cells rescue memory
deficits by regulating inflammatory responses in a mouse
model of Alzheimer's disease. Immun Ageing, 2019, 16:
10

Ding M, Shen Y, Wang P, et al. Exosomes isolated from
human umbilical cord mesenchymal stem cells alleviate
neuroinflammation and reduce amyloid-f3 deposition by
modulating microglial activation in Alzheimer's disease.
Neurochem Res, 2018, 43: 2165-77

Liu S, Fan M, Xu JX, et al. Exosomes derived from bone-
marrow mesenchymal stem cells alleviate cognitive
decline in AD-like mice by improving BDNF-related
neuropathology. J Neuroinflammation, 2022, 19: 35
Yuyama K, Sun H, Sakai S, et al. Decreased amyloid-
pathologies by intracerebral loading of glycosphingolipid-
enriched exosomes in Alzheimer model mice. J Biol
Chem, 2014, 289: 24488-98



