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Abstract: Exosomes are nano-sized, lipid bilayer vesicles secreted by cells. They carry essen-

tial bioactive molecules, such as proteins, nucleic acids, and lipids, and are widely present in
bodily fluids including blood and cerebrospinal fluid. Exosomes transfer bioactive molecules to
target cells through various mechanisms, including endocytosis, ligand-receptor interactions,
or direct membrane fusion, and play crucial roles in intercellular communication, including fa-
cilitating intercellular information exchange, maintaining nerve-cell function, participating in
immune responses, and providing nutritional support. Exosomes significantly promote signal
transmission and intercellular communication in the central nervous system and are involved in
the pathogenesis and development of diseases by participating in the spread of pathological pro-
teins, regulating neuroinflammation, and the deposition of pathological proteins. Therefore, ex-
osomes play key roles in the occurrence and development of neurodegenerative diseases, and
their contents, especially proteins and miRNAs, are specific for given pathological and physio-
logical states and are relatively stable during extraction and analysis. Hence, exosomes are ide-
al tools for diagnosing diseases, staging their courses, and assisting prognosis. This article fur-
ther explores exosomes derived from blood, saliva, urine, and cerebrospinal fluid as potential
diagnostic biomarkers for neurodegenerative diseases. As natural drug-delivery systems, exo-
somes have the advantages of biocompatibility, ability to cross biological barriers, target
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specificity, stability, and containing natural therapeutic molecules, which can effectively im-

prove the precision and efficacy of drug delivery and reduce side effects, making them an ideal

carrier for delivering drugs to the central nervous system. Therefore, exosomes hold great po-

tential in the diagnosis and treatment of central nervous system diseases. This article systemati-

cally reviews the latest advances in exosome research directed toward specific neurodegenera-

tive diseases, focusing on their roles played in disease pathogenesis, progression, diagnosis,

and treatment, with the aim of providing theoretical support and a reference for the early diag-

nosis and treatment of these diseases.
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Fig. 1 Exosome production and their uptake by recipient cells
MHC- II ; major histocompatibility complex 1I.
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7 E NSF [ff % 5 H 52 {4 ( soluble NSF attachment
protein receptor, SNARE) & &¥)" " 15 H# 4k
P89 73 A RSF TR ARl v A 3 28 G 2 A
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family , pyrin domain containing 3 ,NLRP3) #3$E /)N
T RE % A2 32F Hh W6 1A 1Y B i, I 38 2ok TS TLR4/
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FEAE, miR-7 1 miR-153 (1452 53000 2 30 i
SNCA 3:[F mRNA 195 557 LUK a-syn ) 138 Hl
RAE R Z B RRE M 2o, iR LE E DI-1
FIID AN T a-syn B, 1020 AR HE A ) miR-
4639-5p ST DI-17% Jinn il 4k B R i 25 ST BE
T, AMIMAE 5% 2 IR 5 2 P 3L 4 (leucine-rich
repeat kinase 2, LRRK?2) 75 j& PD &bl H
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HD J2&— A Yo 0 4 0 1 18t 4% 5, HOs 2R 5L Al
7£7F Huntingtin £ H (HTT) 2£ [ F1#) CAG L7
GG Y RBGE T 36 RN, & S S H LR
B AW (poly Q) HY HTT & FE B A, #5135 4
TR 2270 FE T I 200 6 /0N 8 T &40 JE 4 P ) 45 ol
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&% RNA, Itk Zhang 24 (i Fi IR BG B 293T
£ AR kg S0 v A A AR 1 (A 20 B, & BRI A1
WA T E T poly Q Fil CAG EE RNA, B4
AT RE A (2 HD SRy AT 1, Wang 451+
X HD RN SCIRARFT HD S8 3 19 K ik 45
Wz T B R AZ AT 9T, e B 50% ~ 60% (1) 2% 5
3K miRNA fE7EFAMBMA T, nl fE7E HD 1) &AL
il R EEAEA
2.4 HMEENEBNREXENRZELERE

ALS F LGS 2R 8 0 SR I S R AR
WUIAR DG, L4 oo R FE AR L AR AR Ak P B Ak
fiff 1 ( superoxide dismutase 1, SOD 1) #il TAR
DNA 454 % 1 43 (TDP-43) ., Silverman 25! A
ALS /NRAGLH ST 4325 CNS fii A= i AN A | & 3
XUEHMIMA S A ALS BUR TR H IESE 7RIS
) SOD 1 & [ A L o &1 b (A A4 i 1Al ST ) 3 4%
FEANNEIE #5672, Nonaka %5 4 15 i % 1 TDP-
43 T RV R INBAR AL H 3 58 E # TP TDP-
43 FE P20, WS BIHERS 4 TDP-43 24 W b
FEREALHE 5S40 L N TDP-43 & [ 19 5 3 AU
HARS Tl o AP WA i 428 43 WA 9 TDP-43 2R 1,
2 HNIMA 43 W 1 TDP-43 35 A 5 &) 1% 40 3T 41 Jifd 5%
B, I e B SR P A M B

TEAL R 5 1, 249 4% ~ 5% ) K 1 PE ALS il
AR M ALS BB 2 i FUS 2 [ 28 48 T 3,
Kamelgarn % fyfiff 55 #8575 , FUS 2 1 BE %38 i3 41
WM AR B 43 Wb, X R SMA T RES 5 T 2848
FUS & [ 7 20 M (5] 09 4% 4, DI A2 2F 1 95 17 4 i
C9orf72 FEH N & T X SHEATIR (GGGGCC) HE H
BEPE DUBUR S 415 (> 30 1K) S22 411 ALS Bo
SR WA 2 AR, AT g ds S M - IKE R E A
( dipeptide repeat proteins, DPRs) , C901f72 3K
FHPER) ALS B35 1) CNS H45 DPR iR i, 7=
AT AT T fE . Westergard 45 & B
#4> DPRs AJ 3 o A0 i A i A J] Bl 48 L 5 3500 3
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i

ANUMAS: 5 B 2 20 i 1) i3 R, 7E PD 1Y kAR
MK R L EEGE, BT H A KIS 4
P, SR BENS 2F 335 I Hik BE B, 1 A S 2, A AE
JEL it A B AT ARAS AN AR A P 2R (R R B R
F1 miRNA ) 76 A [R5 B A BUIR S B RS 1, 78
PRBGS FE AN ) 22 5 3k A S AR B R P9 12
Wir e R Ao S RN PEAR ) BLAR T HL
3.1 SMMESR/RREEREATISHT

AD I A2 Bt B AT T R AR | i 280
PRI A 2 R AR AR JE A AR
Sehrife, RAETIEHEZE A BY T AD 207, HiR Atk
RS R B A, ML, I b H2
(SN A AT TE B | i R R R R S A
FFEFRIA ) AD FAE A E il w2 TR S0 A
AB42 T-tau Fil P-T181-tau /K F i & = T4 B A A
B ( MCT ) £B 5 it X R4, HL X SR R W 11 7K
S5 A PO L A 0 1 K T R AR G, R I
NS (L Y bR 35 P 7E AD A MCI /Y12 Wi
H LA 5 0 VRO 24 IS WU

BEA B W B 28R miR-328-3p 7K AT LA
X4+ AD H&gnt e, s W AB42  T-tau I
P-tau 7] TR A2 W7, LLX 4> AD #2545 R
HERER RN R R g r R A
PRI B 5 AD S 95 AR & B AR S 4, Al AR 1k ik
2 Z K JEY 1 ( phosphorylated insulin receptor
substrate 1, P-IRS1) . Bt X %& (1 E# D ( Cathepsin
D) F1% fih 2 11 ( Synapsin) , A7 22 ik AD 2 Wi 19 4
Yrbras i e FEER 22 00 5 A I 43 A B A A
M &M AD H O DL B il 4 A A kY &
P, #1258 2 H T ( BDNF \VEGF .\ TGF-B ) 7 i & 1
A& AD & T T, 500 ) B8RRI 4
TG R AT VAR 54 (GFAP \NfL) 75 5. & P AD
B BT, SR TR AR OGN AD 2
AN SRR T VR A O IR
3.2 HMMESIHERFEIISHE

AT, PD A2 87 32 SR T i 26 2 G iR A
TG AE AR (H 3% 28 5 P AR 1 R SR il L2 Wik
FRIE K WAER B BRI A 12 KRAH 12 > H W IER
ZHURE B FAEIR BE B A B2 W, R E K



- 492 - 1,

i F43 5

25 70% K Z EUERERI 2o L, BRI
W AR i 2 R W, R LA e R R A v AT e
HAEDPREY) B OCH

Rani %57 5% 5, PD HR 4 I Y0 40 i 21 %
PR a-syn ZERYIKT- I a-syn FER W)/ B a-syn
FU A 58 25 T, SR R e S PR ARG T M YRR
T, MR R AS B S AR B LR S T LTS By, AERE B
PD & B2 L PR MM IAA T a-syn & 25 T
EEHRE DY R HXE PD iz 3h 5k iz sh RSy X
SAME. O3 —TRRE 5T SR, 0T A 28 0 R A WA A
H) a-syn 5 REE AL G W U ANX 5> PD 5
JEBIIIA G FREEAAE

Jiang %% 3@ i JohRiC 2 B F R F T T
PD F83 1 e 6T L2 1 37 v 4 5 ) A WA, e IR
PD & ) 4 K I % A T ( pigment epithelium-
derived factor, PEDF) .#%Jis & 1 D ( apolipopro-
tein D, ApoD) % 7 #2133 KF W3 T =, mi &b
& Clq A BEEREE 11 IGLV1-33 5 E 1R BKFE T
Rk, 3ok 2 S 3R 3K 1Y) B 1 BT B UE S AT A PD A
WIS TE A Y REY . DI-1 AR R
&I PD AHSE, PD G I H 8 A 28 v 20 g
HMIMA DI-1 85 1 7K DL R 5 1 3% vl i 28 1
B DI-1 Y AR 35 1 25w T B Fe R R b
PD B FRIESM LA T LRRK2 & (11 Ser-1292
AR ALK S 2 1 I X R S AE 5 1 A A v
ook, HHAKCE 5k Y)ae s f2 B DL H %
A RE JT Y BRI TR B TF A 6PY . Hadisurya
S5OV P R A 0 A B 1A T L R R R IR
Y 2E 50 HT , B S e FE B T T R AR 1 TR TR
FREE U, i LA 2= 2 RS B0 BT, ST
T—" 1% 5 H PCSKIN . HNRNPA1 ,pPLA2G4A |
pLTB4R .pPRR15 %5 Z i AE W br 9 1912 Wi 1 A,
XA bR E YA B PD RS A T A
AN 1-F 428 01,2, 3, 6-PU AN IE ( 1-methyl-4-
phenyl-1,2 3, 6-tetrahydropyridine, MPTP) i 5 )
PD AR/ N BRI B ik 2H 2 A A i AR 15 490 43 Hr
s 155 A0 RS o R AH [ A A G i R AE 1 AR
., 7R HAE R e T A= b s g v 971

JIN IS T3 40 B A1 6 4 ) miR-92a-3p il miR-24-
3p K F7E PD 835 2 T, AT REAE S FA02 W
IYEAERR G . 5540, Manna %'l i TagMan
FeARMzE T XS R E PD B Mt P Lk
JBRJBL R A 1ML 7 miRNA 7K SF, & 31 miR-21-3p .

miR-22-3p Z& /M WA A miRNA W] 1 K X 43 PD 5 ik
IR PR A AR bR, @it alifk PD B
G TR HR /N G T 4 L/ 5 D £ R VR P NI, F 5
KB PD B BE B A ANAA o-syn B i i T
Bt RRZE ) 5 fd B BR AR L, PD AR A R
AN A AE 25 53 235 1) miRNA, miR-1 fl miR-
19b-3p W FRIRAKF- ik Z A, 177 miR-153 , miR-409-
3p.miR-10a-5p #l let-7g-3p 1 % ik /K F & & TF
BN T A RSN AR TE PD 2 HR G T A B
FHE.

ZE L RTR AN R v B 1 A bR W 4E PD
R ST T 0 v JE B ) R R, SR R AT T
TL I PRIFFE IS UE A2 Wi Ak J7, i PD ARG 1 B 2 4
ISRy
3.3 HhiMESZER AL R E L EE RIS BT

Reed %'V ¥ 7F HD B3 H e R AT, 7T DA
K0 2 h i A o miR-135b-3p . miR-140-5p 4% miR-
NA /K& T+, CAG #Z RNA Al polyQ & I
FBenT LAt AN | I HLAE 231k i S0R M 240 il 2
LS AYH CAG EE AU mRNA & A IEH CAG
HE A mRNA S5 ] T 898 AN, X — &
FHMBE T CAG FEE RNA il polyQ 17K F
A HEVE N HD 9 R Pin '

Xu %5 T HERFSE ALS H 3 I AN B A T & B
miR-27a-3p ik i E T, Won HAE A ALS 2Wits
BRI T, AT, Otake 45 i) v f 00 % 7
ARAHET ALS BB Mg e ARG A b i S i 1
mRNA, R 5| i 543 R B R EERER (W
CUEDC2) i Su 5L K 5 Ko 75 11 JoT o Ak 48040 1L 3 R
HRRIT RS ALS RO HEL AR ST R BT
Hr g Zh ik A mRNA 7] i ALS i 513092 4R At v 7
(W E bR, Rl S FRA% ALS A5 BSR4 T
B

25 b, Ol B b R b oA B T e 4R 4T
PEPIRIZ WA bR B 3R 1 iR (A
SRR T LY AT RV R ) AN )

4 MRS HEFRITHRBINGTT

R AN IBAAE g 25 W1 128 B8 A, AN (LB S B
IS HERRE )57, i REHR i JR vl B2 | i/
VR8I T2, SRS 25 th 8 07 XA L, A
WAREA B F AL (1) RRTAAE SN A
FI IR0 B 70, DR AR N 2 B R 4 A P A
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Table 1 Potential exosome biomarkers for the diagnosis of neurodegenerative diseases
Disease Body fluid Potential biomarkers Sensitivity Specificity AUC Ref.
AD blood AB42 - - 0.930 [47]
T-tau - - 0.890 [47]
P-T181-tau - - 0.890 [47]
P-IRS1, Caspase D, Syn - - - [50]
BDNF, VEGF, TGF-8, GFAP, NfL - - - [51]
CSF miR-328-3p - - 0.702 [48]
AB42, T-tau, P-tau - - - [49]
PD saliva a-syn oligomer - - - [53]
blood a-syn 0.67 0.71 0.675 [54]
a-syn interacts with aggregated proteins 0.94 0.96 0.980 [55]
PEDF, ApoD, Clq, IGLV1-33 - - - [56]
DJ-1 0.80 0.58 0.703 [57]
(S)-(-)-2-hydroxyisocaproic acid - - 1 [60]
miR-92a-3p, miR-24-3p - - - [61]
miR-21-3p, miR-199a-5p, miR-425-5p, miR-483-5p, 0.89 0.90 0.910 [62]
miR-22-3p, miR-29a-3p
CSF a-syn - - - [63]
miR-409-3p - - 0.970 [64]
miR-19b-3p - - 0.705 [64]
miR-10a-5p - - 0.900 [64]
urine Ser(P)-1292 LRRK2 0.60 0.90 0.788 [58]
PCSKIN, HNRNPAI, pPLA2G4A, pLTB4R, pPRRI15 1 0.69 0.943 [59]
HD CSF miR-135b-3p, miR-140-5p - - - [65]
CAG Repeat RNA, polyQ protein - - - [66]
ALS blood miR-27a-3p - - - [67]
CSF CUEDC?2 - - - [68]

AD: Alzheimer’ s disease; PD; Parkinson’s disease; HD; Huntington’s disease; ALS: amyotrophic lateral sclerosis; CSF': cerebro-
spinal fluid; P-IRS1: phosphorylated insulin receptor substrate 1; BDNF. brain-derived neurotrophic factor; VEGF': vascular endothe-
lial growth factor; TGF-B: transforming growth factor-g; GFAP. glial fibrillary acidic protein; NfL: neurofilament light chain; PEDF'.
pigment epithelium-derived factor; PCSKIN: proprotein convertase subtilisin/kexin type 1 inhibitor; HNRNPAI ; heterogeneous nucle-
ar ribonucleoprotein Al; pPLA2G4A . phosphorylated phospholipase A2 group IVA; pLTB4R . phosphorylated leukotriene B4 receptor;

pPRRI15. phosphorylated proline-rich receptor 15; AUC. area under the curve, refers to the area beneath the receiver operating char-

acteristic curve.

“ﬁ&ﬁﬁf Wk, A B MR ML B 5 (2) M

i AN Hh T I OK G R/INRE A T o I A e
He 38 B AT M IR S5 a6 2R A0, AT
RO AN DI RE A ; (3) #L 1 : SN AR SR 0T 1Y
R o1 AN BT R BORTBE 2. | REIR DR 45 5
E AL SZ 1A, S BUAS HEZ 25 , X AR L 2 A A
T (4) RS TE - SN AR B [BE S5 48 D FE N 3 731~ 42 it
’ﬂ%ﬂ%&%W%%ﬁ%%%ﬂﬁﬁ%ﬁﬁﬁﬁ
T ANBARAUAE S 2538 HAS B A 35 357 A
9re %Eﬂﬁﬁﬁmﬁﬁg$%w#%%%%%
PRI A miRNA FIEE A 2 AR 44 1L
ﬁﬁﬁ%kiﬁ&%&?ﬁﬁ%m?%ﬁ%%%o
4.1 SMEHARZHEAESRN

Ve —Fh BA IR 1 025418 04 A, b il
PR BEAS A o P USRS AR S MRS 80 o 7 1A S oy

2L 701 0% TpESE S RONEN K Tuk M= E 20 I B2 i IR v
e 3E A AR SR A B R R SRR S 25 ) ) T
2, MAMIRRE BRI J Xt ali Ak 5 (0 S0 I (A 25 47 4 B
o fb2= b BRUL SR 25 W ) e BB 3, R B vk L
L HAE B RS

AN R XUZ R4 ﬁf%ﬁ%%@% IR,

X AERHIR AV B St ATF A B, S BLAR,

SE MY ERE  38 G T AMIMARE B IR V25 W) A0 45
%E\:?[m \Jklﬁ 71] il:‘/ mE}:E" [72] Z*’ 73]%\‘
IKIEVEL Y T %mr | T8 HME LA R0 2 2

PIGK PR SMNBIRRR T o TR R K22
B RO RS TR T L AL A
ST IR RTINS N IS AR R P8 57 1, A 25 W) RE S 1 A
SN TR R PR BT IR I T AL 2
Py P ORI AR AR N R



- 494 - &)

i F43 5

SR 24 AR L, 2825 S0 A4 TR B S T A T
REOFEE 25 AR B, A5 45 TN A i) T A4k
FAMEM £ 45 5L K AR AN 4 Fn Al S o 8 1
A XUEAB ISR T A AR AR ) M A 2= DR
i R — RIS HE R 2538 35 AR
4.2 SMNBESRRRIEERRIETT

HAT, 173 L4 % AD (4254 3 B4 e iR
A AN A g A T T A TR A%, JC VR BH R B
iR, SR, SMILAR AT BB AE AD MRYT T &
FEPRRVE T, Wei 17 LB, 76 AD 41 i 4 v |
miR-223 &35 T I 15 40 L 08 T 1 i AE A 22 B
%, i 5 MSC-Exos 38537, 7T 2L 4 miR-223
Jfi it PTEN-PI3K/AKt & 72 98 /0 i 28 40 L 95 1,
UE4h, Ding %57 38 i 1 55 A ik ME K i (NEP) F1
Jik &% Z R f# 1 (IDE ) 75 1k 1Y) MSC-Exos, A %4 A%
T AD BRI ORI Y AR BEHUTAL, I T 4
JE IR IR & T IR /KO R T Rl 5
fiE, Chen 251 U BIF 57 175, B+ MSC-Exos # #i £
AD ZH A AR sh i A v Rl I 3 R AR AR Kk,
Bl AR BEHGURR, IF4 i AL IV e Jot 4t i v Ak, kA2
AD Y ol 28 S0 EAZ 5 ik T B8 AR DG 3 TR A
ik, Zavatti %78 & B, AR OK T4 A A fE
i 0> AR FI/INEE B 40 A 3[R T A pl 2800
PR DB/ IV ST 40 B 5 | P S RE SR A0 A AR AR R
BE AT, A, KB Q10 3 B i Ui
PET A AN R I VT 2 AD K ERBIRLR Y, BB
HE— Lt F AR Q10 MR YT RO, T e 35 AD A
PRSI E=R AT 453 A

TE AD FERI 28 5o PR T b B ph 28 T 4
SN LA BEE A BRI SR N I S AR W5 Tl 2 8
PEOT AN, M2 /I I 4 R VR A A I s R
PR AR BEHUE B 98> AR TE R AR IB IR
IO AT o e Rk 2 R e R A2 A
WA 5 1 B 25 0 R LU BB A% B A Ak 2 At i g B
] Tan B8 AR R Ak Ao 28 21 24k 4 235 i T B, U
I ICEET S, A R AD /N BB A 0 ) BE R
B A, — e R E miRNA Y SN AR L g
A AR BT B Tau 25 [ A4 W R 1k B #h 42
RIEKUE AD BH BN TIRE, an%5 %4 miR-124-
3p A/ INBE B AT i 40 A A L 4 I S RE A RO i 4
JCRYR AR AR
4.3 SMNMESIAERFRIETT

HAT PD 697 5 AD ML, 3222 DUXHIE 32 R

A Bk BH L 2 R R A T B, L 5 e PR
Wil TVFZIRIT IR . WF5E & IR, 3 i S A A 2K
it AL A HETE PD AR MR i) 4 28 504 30
WL, P asd SR Ak U o 7 2 1 R . Hall 2605
PIBRFFE 7, AN AR SE A 1 3 Sk Sl e A A3 AR
S )i DG RN EOREIY G Bz W O O o0 & A Wil 1135 1 2y
SR AP A TT 5 250808 PD K BRUBEAL Y il 28
PRAE PR 2845405 , 380 3 F 90 A R Tl PR 858 VS 52 bl 2
Wik Wi ks PD s BRARAE S

MSC-Exos T34 i AN i il 8 P 5z 40 B 4 il
B, s PD /N BB Y2 Bh D) RE , /D #f 4t
I, IFRRAR e I IR K™, AT S T 4l Ak
FEARZARAP RN AE A AT A B T 5, Qu 251
5T BRIV 4D I A B8 2 axk 1l ik e e, I aok
BREE 5 2 AR ] A AR DR 4T 1 2 e s A%
186 28 R, R v 2 CL A A B s i 15 f% . 78
PD /N A v | 5 A8 e 22 T sl 25 22 T YR 97 A
Rk EARNENPIRUAIN i SRR N shece = g do sk (L
HAFMGE Z B RE I 28T DI BE AT PD /N FRAT A AR
J5 T 8CR B

(A, £ 28022 B 2 I N 8 P BE T At i oA U
(95 MR RE AT A4 2 375 100 A 5 B, 38 o B2 i B e T
M BCL2 MR A K, FEAR 5 240 Mo 08 T3 P2 25 1)
HHIEH R BAX il Caspase 3 F355 , il £ K
REMZICI S 7> a-syn 3R 4E | T 3% PD
/NEUIZ SR RE F1 1™ . Ren %57 358 i 181 A
WA A LG A P 28 TR S A R e B R
(RVG) ik, i Ui ¥ DNA I& ik fL i E 400,
EW T W a-syn 5T 100 BEIRAE RN Al 2R 1
&K, WA DUl IS S RVG B SN A
o> 7 PD /N EBUIRIR N a-syn 119955 B 4R OF:
M T is sh AT, LAl ISR, TR AN M Y
miR-137 Refg o FIPTEIL A 1 (oxidation re-
sistance gene 1, OXRI) , A %04 PD T Y%L
WA, 7E PD /DR AL T miR-137 T H RN
JCATHF [ 4 et | 22 5 [ TP A 3 v L P8 oe i ) 31
5 R TR LR DS RN P KRG R A
Yy A K T

JUESNIMAZ 253877 PD RUBFSE BUS T — 5 1F
Ji& AR R ZATh 15 BB A S ) S5 5 B B i PR i T e 1%
ZPRER, sk = AR SRR AR AR =
TEAN R WA Ahae it — 09, B, et i PRIk
55 LAV FHAMIMAIGYY PD 2 A M 5% Y T A5 RN 5%



555 1)

MR 2 SN E A 22 IB AT MBI P A IS 2E - 495 -

B AT
4.4 HdiE5S HD ALS HIi8YT

SNMATEIG YT HD 1 ALS J5 1 J2 50 Ah 4 1
W, W RBIANIAR ATV 3 36 1R 97 P RNA FI
A R A ek il A ot B, S b 23R A T
PIRRIAIT IR T — 58k 18, Lee %™ AUHF 5
FU] miR-124 19 I 1T BB 5 B0 245 40 i Ty BE A A7
T HH KL 2694, miR- 124 AT DATE 53 A4 i 5% | 78
HD 7 i il 955 BEME 2L R REST #9335, {2 it
LU RIETE g it e . HD B3 HTT &
RS — Ao g Fad kB, AR miR-34b 7K i
FTHE, Wi miR-34b Al g/ HTT & (46 40
(oA R AR A P R SR R T 41 i 4
WA AN I R A% 38 3 G ok SR A A AR K8 5 )
Ay O P 1o 3 (PGC-1a) K dik /> HTT
FEAREYMRRDY X HD BRI 840 T
Jrid. Di-diot 254 5 /K P 48 Hi (19 7 T 3 RNA
Sk AN X B AN A RE S /N B e S5
P2 IoA SN, N SZBL T X HTT 2 H mRNA
FER PR AR PE TR

Lee %51V IR 5% & B, R A U5 4 i B i iy 41
IMARE IR /2 7E SOD 1 7E GO3A # £ o4 i i i
R4, 1 Bonafede 2% yE— A F 52 T A8 1 A U5 T
5 IS A AN IR RE R 37 N'SC-34 £ ifd £ 32 S8 Ak 161
BidtHE m an gy R IAYY ALS Wy, Bk
M5, ANMARTE 33 326 1A J7 P RNA 2R 5 A H A
YriE Sy T R TAR KGRI IE 1., SR, Ah
WMATE P AR AT PRSI0 TR 7 I PR I FH 1 T AT 1T e
FEARPE , A FE SN I = B SR L BT D
ERE R T

5 REFRE

TERPZIRAT MRS (1 WF T 0, 10 AR 473
HESE, ENEE#E 5 mRNA 5 miRNA
SERLY SO 2 R A R DR SR Ik AT S 3R B
HZ 55 PR R A A% 4 | 30 e 145 4 28 JAE A
JHBLER AU AR IR e 2 5PN I A AR MU RE I
A1 SR R B B R S BERS S R A i A R
I BLARZS , DR A B 8 ot 23R A7 P 4012
Wi 1 s I AT RO B AR AR . S — T T
HMNUAPAR PR REAR 2 4t i 5 e, XU R B T LA
TRAP N &Y T REAR , OF B A AR IR A SN AR 5
G A PEHE TR S, (5 B R R 28 R ST iR

J7 AR 25 K AR, SR, SIS PR TE I PR 1 H]
HA SR THT e 22 B B A, 4% ] i o 24 ) AR ) A
B et USNB AR BOSCR fZ Gk,
B RAE AR N SRS E P, LA, 1 75 2k — 2D R
A1 WA B 00 L ) P S AL ) HEE AR 3383 A )
B A 22 2R e ) B ARL R AR 45

T30 IR 73 B A S A AR o 28 R G0
TSR BB AR IR, H AT, SMNBR I 7 2l Al
VIR LN B BRI, Tl RAEA AR
N JROYE 2% AN BRI R R WO AR
SR T B XERE R, F R R 5 5 A4 225
VR TS G AT LR Al B AT R R
O VB A Bt — D A e 2l BT (BRI 8IS
DB AT U R 1 , PR g AL {EL R RS A B AT
1 5 DLIE IR ) 1 41 ExoQuick™ i 4 1 8 fi kb, {5
FREN SN ISR L 2 5 S 28 R 5 vl LASRAR
AERE B A SNIAAR (0 A, EARERS 2R HoA
FESEAC i B S NI 5 SR 47 B AR e A, 3 /N
EHAER A, RIS R, ol R —
AL S B RCR AL . Feng 557 i it
TERHPRET i 22 L VR B P 250K R 7 R 1 ( AD-
SP) SEBL T AMIBAA 1) B BB 3, S SIS AR A
o LSBT BT W IR TS DA A5 D T B R B
T EBCES .

H T HEHESNIL AT 2R AT IS IR T R I
FH ARARMIFFTE IR AR A [] S YA 1A A 64 2 BE Al
N ZE ST, QA S BRE )ik | LM IR i o]
SEMAIRTTRCR A IX BRI S0RE S & NI ) i PR 19
PR SRR AR Y, B SN ISR TE A 2B Ak
PGIRTT H IR, DT A B8 2 B 0 B 2R

YIE

S

[1] LiuJ, Jiang F, Jiang Y, et al. Int J Nanomedicine, 2020,
15. 10519

[2] Zhang H, Xing J, Dai Z, et al. Cell Commun Signal, 2022,
20(1):9

[3] Polymenidou M, Cleveland D W. Cell, 2011, 147(3) . 498

[4] FanY, Chen Z, Zhang M. J Transl Med, 2022, 20(1) : 291

[5] Ross C A, Poirier M A. Nat Med, 2004, 10(S7) : S10

[6] Araujo-Abad S, Saceda M, De Juan Romero C. Adv Drug
Deliv Rev, 2022, 182; 114117

[7] Zhang L, Yu D. Biochim Biophys Acta Rev Cancer, 2019,
1871(2) : 455

[8] XuB, Zhang Y, Du X-F, et al. Cell Res, 2017, 27(7) : 882

[9] Simeoli R, Montague K, Jones H R, et al. Nat Commun,



. 496 -

ek

NS

F43 5

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[20]

[21]

[39]

2017, 8(1): 1778

Van Spronsen M, Van Battum E Y, Kuijpers M, et al. PLoS
One, 2013, 8(10) . €74907

Ngolab J, Trinh I, Rockenstein E, et al. Acta Neuropathol
Commun, 2017, 5(1): 46

Lafourcade C, Sobo K, Kieffer-Jaquinod S, et al. PLoS
One, 2008, 3(7) . e2758

Henne W M, Buchkovich N J, Emr S D. Dev Cell, 2011, 21
(1):77

Villarroya-Beltri C, Baixauli F', Gutiérrez-Vazquez C, et al.
Semin Cancer Biol, 2014, 28. 3

Matsui T, Sakamaki Y, Nakashima S, et al. Cell Rep,
2022, 39(9) . 110875

Lanna A, Vaz B, D’Ambra C, et al. Nat Cell Biol, 2022, 24
(10) : 1461

Yu Z, Shi M, Stewart T, et al. Brain, 2020, 143(6) . 1780
Soria F N, Pampliega O, Bourdenx M, et al. Front Neuros-
ci, 2017, 11: 26

Li Z Q, Jiao J W. Chinese Journal of Pharmacology and
Toxicology, 2017, 31(11): 1050

2Rk, SR, hE B SRR A
1050

Liu X, Wu Q, Wu J, et al. Ecotoxicol Environ Saf, 2023,
263 115356

Han M, Cao Y, Xue H, et al. Drug Des Devel Ther, 2020,
14, 2865

Li S, Luo L, He Y, et al. Cell Prolif, 2021, 54(8) : 13093
Chen H-X, Liang F-C, Gu P, et al. Cell Death Dis, 2020,
11(4) . 288

LiY, Wang Y, Kou L, et al. CNS Neurosci Ther, 2024, 30
(5): el4738

Quek C, Hill A F. Biochem Biophys Res Commun, 2017,
483(4). 1178

Wu Q, Cortez L, Kamali-Jamil R, et al. Dis Model Mech,
2021, 14(10) ; dmm048929

Ge X, Guo M, Hu T, et al. Mol Ther, 2020, 28(2) : 503
Yang J, Malone F, Go M, et al. J Mol Neurosci, 2021, 71
(6): 1245

Ozgen S, Krigman J, Zhang R, et al. Neural Regen Res,
2022, 17(4) . 741

Qiu J, Chen Y, Zhuo J, et al. Neuropharmacology, 2022,
207 108963

Stuendl A, Kunadt M, Kruse N, et al. Brain, 2016, 139
(2). 481

Leggio L, Paterno G, Vivarelli S, et al. Aging Dis, 2021, 12
(6): 1494

Kanthasamy A G, Rangaraju S. Front Immunol, 2020, 11;
33

Alvarez-Erviti L, Seow Y, Schapira A H, et al. Neurobiol
Dis, 2011, 42(3) . 360

Pan T, Kondo S, Le W, et al. Brain, 2008, 131(8): 1969
Si X-L, Fang Y-J, Li L-F, et al. Exp Neurol, 2021, 336;
113525

Sang Q, Liu X, Wang L, et al. Aging, 2018, 10(6): 1281
Chen Y, Gao C, Sun Q, et al. Front Aging Neurosci, 2017,
9. 232

Fraser K B, Moehle M S, Alcalay R N, et al. Neurology,

2017, 31(11):

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

[58]

[59]

[60]

[61]

2016, 86(11) : 994

Chang C, Lang H, Geng N, et al. Neurosci Lett, 2013,
548, 190

Zhang X, Abels E R, Redzic J S, et al. Cell Mol Neurobiol,
2016, 36(3) . 459

Wang J K T, Langfelder P, Horvath S, et al. Front Neuros-
ci, 2017, 11 149

Silverman J M, Christy D, Shyu C C, et al. J Biol Chem,
2019, 294(10) . 3744

Nonaka T, Masuda-Suzukake M, Arai T, et al. Cell Rep,
2013, 4(1): 124

Kamelgarn M, Chen J, Kuang L, et al. Biochim Biophys
Acta Mol Basis Dis, 2016, 1862(10) : 2004

Westergard T, Jensen B K, Wen X, et al. Cell Rep, 2016,
17(3) . 645

Jia L, Qiu Q, Zhang H, et al. Alzheimers Dement, 2019, 15
(8): 1071

Tan Y J, Wong B Y X, Vaidyanathan R, et al. J Alzheimers
Dis Rep, 2021, 5(1): 805

Olsson B, Lautner R, Andreasson U, et al. Lancet Neurol,
2016, 15(7) . 673

Pulliam L, Sun B, Mustapic M, et al. J Neurovirol, 2019,
25(5): 702

Elahi F M, Casaletto K B, La Joie R, et al. Alzheimers De-
ment, 2020, 16(4) . 681

Choi W-S, Kim H-W, Tronche F, et al. Sci Rep, 2017, 7
(1): 44989

Rani K, Mukherjee R, Singh E, et al. Parkinsonism Relat
Disord, 2019, 67: 21

Si X, Tian J, Chen Y, et al. Neuroscience, 2019, 413 308
Jiang C, Hopfner F, Katsikoudi A, et al. J Neurol Neuro-
surg Psychiatry, 2020, 91(7) . 720

Jiang R, Rong C, Ke R, et al. Medicine, 2019, 98(41) .
el7478

Zhao Z-H, Chen Z-T, Zhou R-L, et al. Front Aging Neuros-
ci, 2019, 10. 438

Fraser K B, Rawlins A B, Clark R G, et al. Mov Disord,
2016, 31(10) : 1543

Hadisurya M, Li L, Kuwaranancharoen K, et al. Commun
Med, 2023, 3(1): 64

Sun T, Ding Z-X, Luo X, et al. Oxid Med Cell Longev,
2020, 2020. 3807476

Wu J, Shao W, Liu X, et al. Environ Pollut, 2024, 352.
124035

Manna I, Quattrone A, De Benedittis S, et al. Parkinson-
ism Relat Disord, 2021, 93. 77

Guo M, Wang J, Zhao Y, et al. Brain, 2020, 143(5) . 1476
Gui Y, Liu H, Zhang L, et al. Oncotarget, 2015, 6(35):
37043

Reed E R, Latourelle J C, Bockholt J H, et al. Neurology,
2018, 90(4) . e264

Benn C L, Gibson K R, Reynolds D S. J Huntingtons Dis,
2021, 10(1): 203

Xu Q, Zhao Y, Zhou X, et al. Intractable Rare Dis Res,
2018, 7(1) . 13

Otake K, Kamiguchi H, Hirozane Y. BMC Med Genomics,
2019, 12(1) .7



555 1)

MR 2 SN E A 22 IB AT MBI P A IS 2E

- 497 -

[69]

[70]

[71]

[72]

[75]

[76]

[77]

Lin HJ, Huang Y, Huang Z H, et al. Chinese Journal of
Tissue Engineering Research, 2025, 29(23): 5013
ME, B, BEE, & P EAL TR, 2025, 29
(23) . 5013

Tian T, Zhang H-X, He C-P, et al. Biomaterials, 2018, 150
(1). 137

Kim M S, Haney M J, Zhao Y, et al. Nanomedicine, 2016,
12(3): 655

Jung K O, Jo H, Yu J H, et al. Biomaterials, 2018, 177;
139

Gao J, Wang S, Wang Z. Biomaterials, 2017, 135. 62

Wei H, XuY, Chen Q, et al. Cell Death Dis, 2020, 11(4) :
290

Ding M, Shen Y, Wang P, et al. Neurochem Res, 2018, 43

(11): 2165

Chen Y-A, Lu C-H, Ke C-C, et al. Biomedicines, 2021, 9
(6): 5%

Zavatti M, Gatti M, Beretti F, et al. Int J Mol Sci, 2022, 23
(9) : 4967

Sheykhhasan M, Amini R, Soleimani Asl S, et al. Biomed
Pharmacother, 2022, 152 113224

Huber C C, Callegari E A, Paez M D, et al. Mol Neurobiol ,
2022, 59(12) . 7404

Li N, Shu J, Yang X, et al. Front Cell Neurosci, 2022, 16.
874102

Wang H, Sui H, Zheng Y, et al. Nanoscale, 2019, 11(15) .

[87]

[88]

[89]

[90]

[91]

7481

Hall J, Prabhakar S, Balaj L, et al. Cell Mol Neurobiol,
2016, 36(3) . 417

LiY, LiZ, GuJ, et al. Neurosci Lett, 2022, 771, 136414
Xue C, Li X, Ba L, et al. Aging Dis, 2021, 12(5) . 1211
Qu M, Lin Q, Huang L, et al. J Control Release, 2018,
287, 156

Mobahat M, Sadroddiny E, Nooshabadi V T, et al. Cell
Tissue Bank, 2023, 24(1): 75

Ren X, Zhao Y, Xue F, et al. Mol Ther Nucleic Acids,
2019, 17. 726

Jiang Y, Liu J, Chen L, et al. Brain Res, 2019, 1722;
146331

Lee S-T, Im W, Ban J-J, et al. J Mov Disord, 2017, 10
(1): 45

LiD,LYP, LiYX, et al. Chinese Medical Journal, 2018,
131(18) : 2216

Lee M, Ban J-J, Kim K Y, et al. Biochem Biophys Res
Commun, 2016, 479(3) . 434

Didiot M-C, Hall L M, Coles A H, et al. Mol Ther, 2016,
24(10) : 1836

Bonafede R, Scambi I, Peroni D, et al. Exp Cell Res,
2016, 340(1) . 150

Feng X, Shen A, Zhang W, et al. Nat Protoc, 2025, 20
(4). 1057



