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WE 4 A% (Parkinson’s disease, PD) S\ UK TPl /R Sl B 1 28 s iy WL A PR A TP, th B2 s R AnAE
ek, BHHET, PDMIAYT N EEA AWiRYT WA e 2 B AEEZGYEY T IR H1# (deep brain stimulation, DBS),
BB R IRYE, BRI SHBN RN, WAENEL B S5 9iE & DBS S BUWAEMESEL . IAHITIRE TR . AR
%o BIENZIYIARYY PD WA R B RIS, 1l S350 PDIZ s . ITASRIMATE KB, 12 3heli PD i shfR b 5
BERIEif 8 =) 7SR S IS vowr | PR R o [ EAAVE e B K1 el o8 R N 09 293 QA [ e B =) S v [ B/ 8 e E k= B S PR
(brain-derived neurotrophic factor, BDNF) . Ji& it 4l fg P 44 2278 3= [N T (glial cell line-derived neurotrophic factor, GDNF)
MEREEE AR WK o MR ARE | SMIERAE . R T AR AT S5 A2 0% PD 93z itk o
HLUVEMB (cathepsin B, CTSB) FIIERE 1 A (Fetuin-A) 2RI SN T, W2 PDAH A Wby, w5yl
I M R A AR T RE AR UE /NI B AN AT R PD AR R A . AR SCEZLLRR T 2Rz 3l R 7% PD iz g e ft i i3t

YERIEALE],  LUIRANRIZ 3% PD s sIAERAIBLE] . IR iz 80k PD AR BHK .

KEiIE BT, WERE, oG
fE 4SS R334, R741.05

P4 #59% (Parkinson’s disease, PD) J&—7#)
SRR B T, A ER O R AT
T, #2030 A 4 BRI B3 N 2] 2y
100075 o ARy BRI s 3R g% . A
R, MR BT G A 2 R R PR IS B
AR, W ATRIAINFI DI RE TR . MLSEaaR . AR
Al MEARFERSSEZFhAEZ Rk, Hh—sedkiz
gER T R R B 2. BRTRYTY PD IR
N EEA YR (A m) FEE2iYayy
(CURER R 43 (deep brain stimulation, DBS) ),
{AIAEAE S BRI HACIR A T 2 AN R sy, anZe
JiE 2 B B0 S s AE K DBS S EURRE M ES AL . A
HITIRE N R, ARSE 24,

iz AE N —Fh A3 R PD 259036 97 7Y 4 Bh 3R
W&, 7FPD MYIIG IR M A HZAME . Rk
W, 61 H A% iz g fE W & W% PD & Wiz ghik
. PRE . FETERREA S s B 6 JARYILRK
AAEE PTG PD AR E H O A TR 3 . s D Re
WEhae I FALATIRe . AEPAERE ) L, R
FE 7 i I Sk

(high-intensity balance training,
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bR Vo MAh, A4S ExE PD B A D RE AT
WHRAUGEEH . i8sh AR R PD B IR

IWHIZNEE, TR AT DI RE Lk HAT W] Ay 1 i

AERMAFSE KB, 12 3)ekE PD iz 3 iy
PL S s s KA O M B8l m 75 A
BEL. PRS2 B s SR R AR 1,
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AP RAEHIEM 2 R G . DIE RS, IR
GEAFRIIIRE 72 ARSI ELRIR s Bl K T
Pz BRG] RBLR], DUBTR AGRIZ
ek PD s S A IIHLE . I K TIHE)T PD Y
1B AT K

1 EHEBEHEFHRES S

iz B ] AR 28 R G A W R R 2
[X¥ (brain-derived neurotrophic factor, BDNF) il
J2 5 44 B v b 257 9= T (glial cell line-derived
neurotrophic factor, GDNF), ifnJ Jill#4ME R 4:an
BRI SER (irisin) %, 831K T BDNF,
GDNF., SRRMNKIIKFHBahKM | s, #F
LR SR UM (R 1),

1.1 EZAEBDNFRIRIES 53 i

BDNF J& T E IR 7, FEAEPRRE R
Geaal, TEMFS . AR, AR, R i, 8k
PR IR AISERE 44 BDNF %4 2. BDNF @it
HHAZ R FENIBR & A2 R 34 B % (tropomyosin
receptor kinase type B, TrkB) #%&#0G T iG55
g, R 22 2R TG L A (mitogen-
activated protein kinase, MAPK) . W8t ALEE 3 34
fiff (phosphatidylinositol 3 kinase, PI3K) . #& [
fif B (protein kinase B, Akt) FI % g i C-y
(phospholipase C-y, PLC-y) ", XLe{F 5 i nl
i HE— 23 cAMP W W TSRS G (cAMP-
responsive element binding protein, CREB) AYJ#iA
SRIGOR S fl Al SAVE | IR T N Zm A4
AR IR RA KT SE R, Ak it
2T AE RIS P

BDNF /K2 E8 shif K | 38 Bl B S 5%
Wi o iz S i BDNF 433 F1_L 3 1fl 7 BDNF
KA. PRI, 2tkEsh i iR
JFRBLAE N 2 R AR N P Y I BDNF K-, H
BDNF HJ7KF- 32 Fia S5 B B2, Fifiiz 3l HE /Y
KOG 2, R, AEfEE AR, KiHizgh
XTI BDNF B —2, w3, A ™
JH BDNF HJ7KF- 0 g scs & 8L, 6 12
A H A Sz 3l AT ARG IR B 224 il DX 0 i 4
MR U S SURR T BDNF (93835, Il Y
SRR I AT ez 2
1.2 iEFhiAEGDNFRIRIE S 57l

GDNF &8 b= KK -F B (transforming growth

factor-B, TGF-B) ZEERIALGL, FHAH £ 5T 4 i 43
W, BAMARP RS HAER, IRtz e
JEREM 2T HAT 5 BE AR S PR AU, WG 2 1
fERER LIt DIBE 7. GDNF il 5 32 /& GDNF
KK al (GDNF family receptor alpha-1, GFRal)
454, H4 GDNF-GFRal & A1k, 4 i {2 fil 45 i
Z AKWE G R 5 (receptor tyrosine kinase, RET)
iR AL 27 1A RET 55 ML I AS 5 208 B
WO MAPK . PI3K/Akt, Src %55 53l #, fEdEpf
ZEITHYAAIE FIHEAE 27

5 BDNF Xfiz s igma A [E], 2k iz sl A i
BB ININE GDNF B7KF-. filhn, 2dkizzhiy
T BRE BG4 A B IfL 3 GDNF 7K 2 KA iz
3 (46N ) WEIMERE4 . haE . BEN
IML7E GDNF /K- 220 ghy et 3, 2 ik
AL S YIZRIE A B LG B )L GDNF 335 2
8 J& = uk BE [A] 8K Yl Zk (high-intensity interval
training, HIIT) 3§ /i K B L B £ LU HE i L
GDNF (335, 1 8 JAlTi J3 Il k3 in ok BUHE Rz L
GDNF 235 2,

1.3 EHPEERRMNRIESHD

e SNl N AR EA B SR RIE A 1B T g
H 5 (fibronectin type III domain containing 5,
FNDCS) 1) %4f# /=¥, FNDCSZEHH#5ML. O
I . IS8 B bRk £ 0 FNDCS fy#%
A2 3 A AP A B O A2 A y AR T La
(peroxisome proliferator-activated receptor gamma
coactivator la, PGC-la) MJIEHE . 12 sh AR HIHZ
Er)=cy ) eUA U 0717 IR e [ N e e N T e B
% PGC-la, [A]4% -4 FNDCS [k, Mgl 3
RBRW Ao 2,

Atz s S R R A S A5
o, Atz IE, RN TE SRR K
SRR AR P SR, WAL, BIR
7333z s W I R AR R AE AR TS SRR
KA, HAEIZBh45H 24 h 5 & B KK F 2 3k i
1B . ANAlis s 28Kz g3t 5 3 i A4
WA= Fln, 18 JE WA iz s s 5 R
ZEKF B, i 8 J HIIT 340 i v 8% B8 k7 7
DL ESRSER, iz gl B Iz 3 2 AT s sl i i
REKTPHEE TIER, s EE/ M (AR
B, M SRR TR, iz s AR
(anJysizaglh), g SRREKF T,
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Table 1 Exercise regulates the expression and secretion of exerkines

F1 EzhiEEIEsEFRFRIES 5
WEFEF 3 B % ESE EE BTN
—RBMEEE) ERETSM E3)38. HIT StiEgE, MmiEBDNFAKFF &, Hi  [22]
AR K BIK, 17.5 min HERRKTFARELN
{235 s S E G oo s A b= n || S T pAB e BRI GR A2 s n g [23]
AN A B, 30 min BDNF/K -, PifPizsl 2 (a5 A % 5
fEHEEER N B85 M: MICT, 65% VO,max; VICT, 85% #UKHIT & ¥ ki % BDNF/KF, i [24]
VO, max; HIIT, 100% VO,max MICTRIVICTE A 350 . HIIT. MICT
BEEFI K. MICTAIVICT A30 min, HITH  MVICTiZ3) G, MiESRERMEE EH
18 min AL
R ESY: B g BRIMES)JE, IMiEBDNEMGDNFAKT  [28]
PR R, B3 I8 Tt
fRFREFEMT BHRA. JImIEE) R IS G N R R N IIE SRR [35]
R AR S AR R, B3hE )8 KF
Kiigzh  AEREFESME EaRA: HUTS G W& 4%, DA SHMHITE S Rl aERRsEAm - [38]
e BME. AR THL. BJEE . FE JEBDNFKT
CLEE) R il S 50 J S Bl 4
FREERSI]: 8
MBS K 1%/8, HOT (100% VO,max) ,
#2561 min, KB 1 min, HEHSS km. KE
10 minf5 #EAT 738 % Siiilgs, 34l
EFEHES N Bk FRigs) 3 A FIE X M BDNFAK A,  [39]
RELLIN ). 3, 5K SR EiE3) Fi % BDNF/KT
BRI 3K/, 30~60 min/IkX
fRREEEN  BHEA: SRR IS (HERRE R2E MR REsh NS4 FRmE [40]
(124, 5 R, HEahEaeig (W47 BDNFKY, s AAGEshHae 4 s
124 ®ilg M
FREEMSTR]: 12)8
AR 1/, 40 min/ik
RS EAT EERA. HRIEE) 6/~ H 5 %023 FifMiEBDNFMGDNF  [29]
FEN (etEss Frgifa: 64 H KF
%, BE224) SRR 4R, 2 Wik
fEFEE TN BERA: AT ST HEII 4 )8 (32 B 2R84 & 42 N 1ML GDNF /K 1 [30]
(Z1E194, B FREEmE: 4/
PEI3%) AR K 3%/A, 30 min/ik
BFEEFSM BHRA. SRS RIEE) S I8 ML, SAMAMEREKRTE  [36]
RRLLIE): 188 A, H=NANEREZFKT 2T R
ARZERIES e 47/, 40 min/IR
RS ER M E3)284: HIT SJHHIIT R il s &5 2 =K1 [37]
RELLI R 8
AR K 20k, 40 min/ik
RS B BUHIZ 12 BRI R0 0 L5 25 e 32K 7 [41]

FREETIE]: 124
PR 20/, 55 min/Ik

HIIT: =58 EEIZ: (high-intensity interval training) ; MICT: FP4E58 442114 (moderate-intensity continuous training) ; VICT: 5%

PEi%SEI1Z5 (vigorous-intensity continuous training) .
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2 BEHESEHERFTE. REPDIEF
(R

BRI PD ARG EZ —, DIAONREA
Th . GWENS, ZR T2kl Bk
PD iz 3l AR 5 H 55 K ik 432 BDNF #il GDNF 1
K. BDNF Hl GDNF X} F £ EL gt 2 oo A K AT
TERAEEAEM, BN R A B FisE PD
isgifEhT . REmRian, AREZERILE 3
A HIOT X5 A] LA F R PDAMAZCIRAA . B % i
T8 Y BDNF /KF-, Dl 2E 20k A 2 B e g #2800
A, T oaR%EN (a-synuclein, a-syn) 3F
ik, MM ek 3% PD 3 F1 PD sh W0 1) 12 5 e i
(%2, 3). mMH, SMMEZENMEL, FmREE

SIH % 94 PD £ 17 BDNF /K- 90, 4R, 4
Z U EREPh 2T BCR IR B e B, FE iz
Bl I N RENY RIS B A AR RO . BDNF K
P AR AR TS Y SR R, I (4
JE) R (10 J8) Y B RIS sl M U1 2k
I rI 340 PD /)N R S A SCIR R ) GDNF ik, 4k
B2 U MeREph2ounygiE, g PD/NVRIZ 3R 27
AT rekEds . PLAF SR EKE SIS PD
BERRIRA R EAA G, SREFEKEHL, PD
iz BB U A SR IRGE, KT A28
AT PD /ML FITPD R ) A I B R & K
e, PR SR SR SO T g PR PR AL (tyrosine
hydroxylase, TH) BHPERHZICHVECE, 2% PD A
K018 B

Table 2 Exercise induces the secretion of exerkines, and alleviates motor symptoms in PD animal models

R2 BEIHFSEIEFTE. BEPDIHYEIRIEIES

WX 5 PDI&E 7 30 BATE

g EEPE

T Wister K R, a-syn PFFs 1@z 8. Hi&a il

FRSE A 48
BRI SI/E
30 min/ik

HEMECSTBL/6/N R, MPTP B E I
LRIl 10
AR S,
40 min/ix

HEMECSTBLI6/INER, MPTP BHIRR. Hias)
FREERTIA]: 4
AREEFI s ST,
30 min/¥X

Ttk Swiss albino/]™ 6-OHDA  izz)2il: MG
FRSE H]: 48
BRI SI/E
30~45 min/IX

HEPECSTBL/6/N R, MPTP B HEIIZ
FESEmFIR]: 104
ARSIV,
60 min/¥X

4JH B &5 VI 25 EIHPD R B SUIRAABDNF K&, HngeiRiEm  [11]
PRPUTHFRPE R oo, R KRz shiB g, 10 KR P
i 5 D g

103 #0251 T B2 B SOk ABDNF HIGDNF R iE, Wik [44]

MPTPSFEU THFH MM JT i, I PD/N RIZ kG

AJHEFRIE N PD /) B B FiBDNF. GDNF# ik, #EPD  [49]
NRIS B MRS 5 IR 22

A A IS IMPD/N R SUIRAGDNFAITHR I8, Ba%/MR [45]
BB AN A e £ (R S I SR B

105 B &5 I ZRHEINPD /N BRI ANMLE SRR KT, WEHR [47]
FUMBUR AR P THRA A2 TR, IR PD/) RIS B[RS

MPTP: 1-FH-4-953-1,2,3,6- DU (AL ME  (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) ; 6-OHDA: 6-¥23£ £ M (6-hydroxydopamine) ;

a-syn PFFs: o2& filiZ & A B R4 (a-syn preformed fibril) .
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Table 3 Exercise induces the secretion of exerkines, and alleviates motor symptoms in PD patients

R3 EHFSEIRFTE. BEPDEENEHERS

WA Wt it BET R “h ZH IR
124 PDH# MHEHFIESE 28288 NW 6AINW X BDNF % A1 . & i, 120/  [6]
MEAER R MBS TNW, BE/5 1480 NWHE EJHBDNF/K
RIS N RN W 6 JA NW H120 il NW iz 2 3 jn PD & #
Lk 6-MWT U IE 25, 38 0 10-MW T Il &

6FINW: 3V (Fi2f), 20/ a4l

14JENW: 37K/
Ff4: 40~45 min

24 4 PD & & . KWMLK B3h8B. HFG Cdii4: & LA+ s il
. RN IR . 2R, S M

(HFG#1. LFGZ %

BE, WD TUGHI I 8], & B IRMDS-
UPDRSWI /A, 3% T PDE#H 183k
RREDES, $RmhaerEimshae

12 LFGH NI EBDNE/AKY, Mg [50]
a-syn/KF-, HFGIH

X E 41 % 8 %4 PD i DM A ; LFG (M4 S ULH I HFGHILFGH B PDEFHiZghiigg. F
D) W+ERIEshd. BRZEERIMLE5ERD i, 34 00 Sit-to-Stand W X 4> 18, W >

FREEW A 12)5

BiER: 20K/

BH&: 20 min
MICT#4l: 274 PD MICT: BfNLXS 12325 MICT; HUT
B (34%iEshT RS LRI ] 12/
Wiz, 1443 HIOT: 45 K. 30/0
Zi) EZatilhzan
HIIT4: 174PDH (waitlist control &), 24 min (J58J&)

ECE S aeri e [ design)

RE, 8AXHZIA

)

234 PDEF ABETEDE AL BaAL. KMk

FEAEF ] 124
Wi 20/
BH: 1h

TUG 8-foot Ml i I ] ;  LFG ik 3 Jin 6-
MWTRR BE 85, 1900 Tinetti T 4 & 2 W)

W E

12 JA HIIT & 2 3 N PD & # 7S BDNF/K - [51]
“Fo 012 MICT S BDNF /K ¥ % . %

Al

I 4: MICT, 45~60 min; HIIT, 16 min ({4

12 IZZ) A B INPDES S SR [48]
FAKT, WANBBSIAR /0, #EPDHE
Epnmlat

6-MWT: 658044755 (6-minute walk test) ; 10-MWT: 10KAFFMK (10-meter walk test) ; TUG: 1A -4 3EMHRX (timed up and
go test) ; MDS-UPDRS: [ Priz sl figei 2617 g — i 4 ARk i 2 B % (revised-movement disorder society-unified Parkinson’s disease
rating scale) ; Sit-to-Stand: A&-37 X ; TUG 8-foot: 85 NGRS THEMIA (8-foot up-and-go test) ; MICT: HaAFREEZELEUIZE (moder-
ate-intensity continuous training) ; HIIT: = 3% & A8 1% (high-intensity interval training) ; BBS: Berg f-ffj i 3% (Berg balance scale) ;
NW: JtRKCfEE (nordic walking) 5 HFG: & 4514 & LR JI1+ 7 Bt I 241 (high-frequency whole-body electromyostimulation strength
training group); LFG: {lJ5i4 G U HIE+A 228140 (low-frequency whole-body electromyostimulation aerobic training group) .

3 EHEFHUPDIEHNERHNLESEAR
P

18 SRR AG H 0 PD AR H R A I Ak 2
TIte, WIS s BERERT T4 A A T e
% Y, BDNF, GDNF, X 0] fEA
ML K 35 PD (3 SR i
3.1 BDNF
3.1.1 BDNFXIPDiz 3l ehs ek 35 1

1E PD i 2 1 - I B B # A5  21) BDNF/TrkB 41
SH{E S K241, BDNF. TrkB X FiHESH
T4 PI3K. PLC-y. CREB % (1) 15 1 F1 ¢ 35 F%
ik 2. PD £ 3% i A1 e #Y9 BDNF FEfIK, H

BDNF 17K -5 PD i35 iz 8 5 A DA i i 1) ™
AR YIA G 5 PD HRHF K45 R R,
HH R £ [ 4 o0 h CREB & A & B R b
CREB /i HER#AIK, 1] CREB DI g2 ) F: 30 £ [
REfp AR MERIET: 5,

BDNF 1] A %4 3% PD iz sh it . e {5 e
S, i I BDNF/TrkB {5 =3 i3 80 37 g A 20k 2
PD /N T I SOIRAA R TH AP 2o gc:, 1
INSCIRAR Z L & 3, BRARR T 129 1 22 2 Fe s
R A BT a-syn (p-a-syn-S129) AYEME, L2
TrkB {5 51 % F %X+ MAPK ., Akt, CREB /Y%
PRI, JEE PD /N YA shFef, SEKFE AR
BRI RN AR B0 17 TrkB A2 /R i ke = i &
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3 2 P RE P 28 TR AL A 5T TP a-syn A9 90 B
RE
3.1.2 BDNFM(#%PDis 55 A AR ML

BDNF il 12 8 fin SOIR AR 22 U e 14 &5 12 K
PD iz [ fig . SCIRIRZ U i 3 A Bl T4 58 35k
JRAN 2877 1Y) A3 P R () 22308 B 1P A, 2l PD
Bk, A, 30d 3 FiE%eis sl BN
HMZCRAR T BDNF K-, RS 5RS0IR 1A 2 T Y
B P . iz 3 AR fE 51 BDNF 6lR 1 2 &+
(BDNF"") /INEURSCIR A 22 T B B i, 457
BDNF J&iz a1 3 2 OV R B b 25514 700 i
2SS IOE S, # BDNF A2 1 TrkB i 2 4 in
SURtAZ ORI, #E—20CFF BDNF 52 [k
BE R R OC R B 4 J8 Y A 10 F Y LA 2k
AlSE Rk i PD KBRS BRECIR 4 FN B BT BDNF
Pk, FEMEG N SCR AN R BT TH BV h 2808
i, MEHFSUIRIR Z TR Bk, 30 BT p-a-syn
KV, B PD K. /NRIIE B

BDNF il i:d 344 5 € st o %8 4 > )i 4% PD i 5 it
3o BURARGE fole ] ¥8PE 1) AR S 38U PD iz sl iR
KA IR Z — . BDNF/TrkB {55 i #% 1Y
PTG RE 0 & 1 9 SUIRAR 2 I 48 53 i 2298 (spiny
projection neurons, SPNs) ¥4 ) #2358 (long-
term potentiation, LTP, Z&fil n] %YLy —FE) ,
TG PD B SRR Y, EeRiFss kB, 153l
% PD K Bz sl it iy L] 5 H IR S0k K BDNF
KOV MR G Ml T S A 56 Y BFSE N DL i )
R SR A 7 B oc-syn T R £F 4E (a-syn
preformed fibril, a-syn PFFs, 7] S NP a-syn
KA R AE) M PD KRB AL, B 5 X PD
BRI T I 4 A R B S IR T30 Y 25
7, 4G EE T PD K RECRK BDNF K
-, B K FREUIR K SPNs (9 LTP, 3 i1 SPNs (14
SRR, [FIE, Bl TR R o-syn BER
RFRE, HEIMSCIRR LR BT TH PHM: 2808,
I 5% PD K BRIz 2l 3R 22 A H 98 1 4 B Ao I A
TrkB 4170 i) 70 DU &l 3 080 55 13 2175 3 19 LTP 5% fih
IRl &
3.2 GDNF
3.2.1 GDNFXIPDiz shFeit iy s e i

PD {7 H PD A AZE R KR 5T GDNF 15
JBESZ 1A RET M HF A5 = A 1 B R AL A% M A 2
S6 (phosphor-ribosomal protein S6, p-rpS6) ik
B RRAR 0, At i DX 40 ¥ 54 W] W% 3] GDNF

FIkp >

GDNF nJ 4 %k 3% PD iz s ffit . KR ITR
1, 358 GDNF M AZ AR S (558 A B Tk
3 PD [z sh A . AN, i i T 20 i ke U5 ) v
2 6/ /0N B o 240 A T 1 2 DR AR 3 B R GDNF 3
K% #% 21 PD /IR 5808 2% PD /N BRIz i i
HEs AR IR 1245 7 1 ) e 7 4 o) ol o Al
W # K (ultrasound-targeted  microbubble
destruction, UTMD) Mk & #f 28 A -+ 5 5 1% 38 %
GDNF J K% 7% 5] PD /N Bl rh o 58 25 02 1 /N R
fRiz gEk
3.2.2  GDNFM3EPDIZ ST A ML

GDNF HA 1R 58 () 2 O30 A 28 EAEH
CIBGEUR St AN 1 i Ay e S N i = E2 € /N A )
WK, i3 PD iz gl ', ZIE LB EAR
[ CER , K GDNF 3% PD /N BUIK
AR RN PD/NRAR BT 2 MG RE M T Bk, I
BROURIAZ O ERE M 2T R A AR, 2% PD /MR
s s o BRI, A (4 8) R
(10 &) ' i iz sh ¥ PD/NRIiZ iR 4% | i
S SR, HALE] 523 1 PD /RS
ARAEFNR BT GDNF K-, SR SORR I BT
TH FHPERIZ T, D SOIRIRZ B D2 3214
Fik, WRE R BSCIRRE B D REA G .

GDNEF 3 i i i 28 98 R R e 35 PD i 3l i
R RiE, HIE®E A M LE, PDEE N Z AN
DX G PR 5 H DN S A4 Y R I T o A i S R
M. WA . Bl g R B K7 B 2% T
i MR SR e T GDNF 1 1A A 0 40 i
AT AT RCAM i B 3 PD /)N BR b 283R 4 7P 28 RNk &2
zghife, HXFTPD RN, HIRITRCRAEN]
Kk 14E o g RTEHAEILHI AL, GDNF
W03 PD /N Uiz 2 5 A5 14 I HE R 5t TH BH 4 22
JUREE, IR a-syn BUERAE, DA R
Jo T /0N S S5 A4 RN L TR I 5 400 L P R A G
BT SE R, 4 84 A0z 8 3 B PD /)RR
Jit GDNF 3&ik, I PD /N Bz 2h3R 22 A i o
fif sz 45 ', HALHI 5 GDNF 4] MPTP 75 5 1) 22
JO /I T 20 B B AT TS, el R B e AR R
f+%-1B (interleukin-1, IL-1p). JhEIRIEHA T a
(tumor necrosis factor-o,, TNF-a) ik, 4%
¥ «B 1 il £ A o (inhibitor of nuclear factor
kappa Ba, IkBa) Rk, ¥ mbr K K+ 1L-10 Al
TGF-B YRk, Il b B 5 s A/ 28 AT XY
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a-syn g &
33 BEXR
3.3.1 HREFEXIPDIE SRR

PD 35 I3 15 KT B 17 1 Je 140 i e
i, H.am 5 R KM PD 45 12 8h Bt Y 7™ 2
FRRE RGO, SRR Al A 80 PD iz Bl i
o BRI, #hAERE B EUE o-syniffP
(1) PD /N ERAH DGR BER B, IR R T BOIR AR 22 B
REFRZETT AR M, D R B p-a-syn-S129 FlI
o-synfIFHER, B8 PD/NRUSAIIEART ©°, 1-FHA-4- 4%
-1,2, 3, 6- 0 & ML BE  (1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine, MPTP) 7] 52 2 5 -8R K £
SLp 0 R R T 2 R RE MR 2 o0k, JEA H PD AR
AU E 258, 5 e 28 ATl s Sl e T A
(bone marrow stem cells, BMSCs) # A 32 it 1Y 2
FTRNSCRAR, B4 PD K B BT AN SR rh 22 1 i
Refi 2o, dEiMecE PD KUz ghietk . 28
R, FEFERIKITS R % 5% a-syn PFFs #4 4
(1 PD /N ERBCIRIAR A AE R 77K, B/ B 1L
7 A (1) 33 B RN/ /N BRICHT s ], 9852 /)N Rz 3l
[
332 SR RN EPDIs sh AT ML

B5 2 AT LG I 40 o e b A ) e R AR e 58
PD iz Sl AT . FNDCS it = 25 5 L bL IR & 5=+
W ORI R AL AR DUBRAE SR T R 3
(Sirtuin-3, SIRT3) FIAFEAL . RIEEHEER
AT PD /N Y Sl A, FLHLH] 508 i £k
PRI RERR IS A ¢ ), PD FEMAR R B AR S50 & PR,
AT EZE A I SIRT1/3, PGC-la, LA i
F A (mitochondrial transcription factor A,
TFAM) YRk, fEdFZniiAR Yk A figmz
Mt 2 Te BRI E R Y, AN R R ]
MPTP 33 LR TE S NN J) 2 75, BEImEm:
R4 12 (mitofusin 1/2, Mfn 1/2) . #AZ
Z4i % M 1 (optic atrophy protein 1, OPA1) AYJZR
KRR RHEA N ERMEERL
(dynamin-related protein 1, Drpl) & B iR 1k 7K
U geah, BRI FE K B A A bk e
2 (B-cell lymphoma 2, Bcl-2) #E H %k F1 Bel-
2/Bcl-2 #1 & X & 1 (Bcl-2-associated X protein,
Bax) [WMH, W/ RKAHF3 (caspase 3, Cas-3)
OB @RS (AN NN 1 1GF1 5 A N S ! B )
PR

WFFT &P, 38 3 Al i B i ENDCS [l 3 ik,

B PGC-10/FNDCS {5538 % e 3% 24F K Bz 3h o
e, PR almizalne )1 5 HAR SRR
K BOER KB, 10 JiA Hiz 8 e 3 FR
PD /R LT FI SR T S e 2 i KPR i
JiR 1% 1% Ak 25 1P (adenosine monophosphate-
activated protein kinase, AMPK) 7# 2 1k 11 SIRT1
Fik, PRI R BTRI SR A4 TH BH A #2850 10 5K
i, A% PD/NRIZ SR RT 7 13 ZhiR BRI PD /)
SUSR R Drpl . ZRiARZLA 11 (mitochondrial
fission protein 1, Fisl) ik, i Lbiiknt B4y
%, [FEF, Bl T 2 ORes g ocT (-
W Bel-2, T Bax fll Cas-3 i9R35) 7', N
H—EIE SRR EN, RS
B E A5 518 B Cyclo RGDyk, A& Bl H:IH B4
il Tz PD/NRARIE EE . p-AMPK Fll
SIRT1 1Tt , W3S 1T is 3% PD /LR 2
CL e P 22 TR T RN R A 1o B 43 24 il VR 7
P ESS R R, sl alis R S R R ik
YRR TI e RS 40 T, SE M PD /MR

i B A
4 HEFEPDRELAETNER

21 2R AR 22 e s Bl Rl - &
B, EIIEER AL E A B (cathepsin B,
CTSB) A FiGskEH A (Fetuin-A) . Iz it
% K% B, CTSB Al Fetuin-A 7] Jif # PD 5 B ol 7%
Wil a-syn FU 3R 4E, & PD R A WIbs &4 . PD
R AE 1 95 PR AL 2 S 80 PD & A2 &k A B A
£, Wi, @37 PDREMCE S, niEs
PD iz Bl i A AER
4.1 CTSBEEPDRIEX T

CTSB J&— B L TV B A (1) 21 b 22 1R 2 11 il
EA BB A, BA P IKEG RS IR B IS
ARSI R, CTSBHLSE—Fh 1 B8 WL W Y
B, CTSBZ SMaonstt, IFFEmaiR
TR AT PD . AD HENMZITALT A Uk 54
JHUY . CTSB %1k 5 PD Jig Bl & A= B W1 M ¢
Milanowski & 7 1% 3 PR 7 0F 98 H LR 31 PD A
e CTSB p.Gly284Val i p5 A8 R Th vy . s, WF
78 N 51 R F5 R BEMLAL 73 B >k #8 % CTSB 5 PD
ZIEAH SRR, K CTSBKF#iE, HPDHY
JAUBSERALG 74757

CTSB i 3 18 /D a-syn 58 4E K Ui 4% PD s B &
He o WFFE N BRI o-syn PFFs Ab# AR5 S 2 RE+
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g (induced pluripotent stem cell, iPSC) 141y
Z B RE A 2T AR 2 PD A OASERY ,  [R]AsR 1%
OSSR ) CTSB BE PR 5% 245 4y Ak 34 b 4 A5 280 LA 410
il CTSB %3k, 45L& B, PD 4% A7 F A 1
DIgesZz 1, WS EEARREAR R ) NI . 12 i U R
% % T 4 # W5 ik 1 BB B (glucocerebrosidase,
GCase) i T F# AL, [F] B} p-a-syn-S129 3% ik 44
Jn 7. 7 a-syn PFFs AbFE A JE 40 0 & b, i
CTSB H [H & 35 U138 5 240 0 ) W RIS B DD B, 9
DI o-syn PR 7 DL EBFSE4RIR, CTSB
A3 3 R A AR 1) T RR AR B0 T a-syn O BR
HETT R PD i 2 it . 1 CTSB 1 5 i B R T fig
M AE 5 2 2 AR 8 IR BT R B R (pro-
saposin) %4 fift Jy B JE 3% & H C (saposin C,
SapC) A X, SapC J& GCase 19 I 3 i 7 ,
GCase fAFEUS AT LRI R, GCase {32 451 7]
SEAIMISET, H A GCase 2 FEUBEBE NG HEAN
FIBHAT AVE &, 5T a-syn B4, 1M o-syn (YT 2
Sxpt— 0 E GCase 16 M ™,
4.2 Fetuin-AREPDIRIEH

Fetuin-A & —Fekii THFnyizshH 1, BAZ
D7 AR ELIRE, ARG s AR
B EfESMEE 7, Fetuin-A Wb S —Fh 22 20 v T A
¥, RIEWHL RS ZIRAF, RIAAPCR
PRRAVER . TENRE . B R S A 25 & AE
Fetuin-A RIFAERAVEM, 230 nl LU N I8 LK P
CEE PR 0 E R T i 2R 2R G i e I
PRI . MR ATHESSR T, Fetuin-A W R FEHT R
YEF 7, $7R Fetuin-A 76 X R 40 e 21 pf 2 {7
FAEM

Fetuin-A R 38 3 4 2 /)N Ve 5 35 20 B e A7 37 ok
5% PD W EE A o /NI B B Y E B T R
TEAERE SR B Pl S P b i 5 EEZAE R . PD Y
8 S RE R AN R R RS S B A 5 /N ik D) BE
BYIADC . T P AR /M B J2 e — %t
296, TEEh P REEEEM ™ R
il , /A 40 Fetuin-A J2 PD (87 D BE
PEAWrbREY), PD AR E I PD /N EUR /NG T B 41
Mg | TEARE, Bl B4 Fetuin-A
FIR W FEREAR S MM — L R, AR
Fetuin-A #I] TR # BFPA0MEAETS , B0 BP0
8 25 oA R BEAR . DL B S5 R R
Fetuin-A 98 /0 2> 20 5 BF A ML 45007, 4k mi sl
SU/NKRIIRE, SEPD Iz shAERAY &AL

5 EHEFHXEEH

BDNF . GDNF 7£ 24 3 PD iz 3l [ 5 v+ B A
VR, #4758 2 PI3K/Akt Fl MAPK %5 (553 %
PRI 2 M REAN 25T YA TG R 2% 22 B i RE A 2800
ARV, 4k niR s PD iz shifs . X 517 T BDNF
45 G TrkB AZ R B T (S 5@, 1 GDNF
W38 5 25 4 GFRal 32 & Fl RET Z AR 0E K UME 5
STl

BDNF #1852 5 Z [ £7 7F i & [ 1IE AR OC 20,
MH, BDNFS5EBREMEMEM. —hm, SEE
Al3E 1% BDNF AR5k A FER 2R E R ™,
W5 &3, 30 d YT )iz 3l nl 0 i & PGC-1a/
FNDCS5 {5553 %, {2 #E 5 Fnde5 SR Fi5, i
Fnde5 55 H FE B RN 2 o — 25175 F Bdnf 3L K 3
1K, TR SO O e 2 A B 22 on ] ¥
P, F—Jr T, BDNF 0] LRI FNDCS 535,
PLRFAE— R 251 FNDCS5/BDNF J 5 [ % 527

CTSB 5 BDNF H A% VJHK &, J& BDNF Y I
S A 1 S W o) M o L 3 g s L AN e R 78
WU CTSB /K-, 35 /N USRI S ph 4 &
FNCICTIRE, 1 CTSB rfBR/INRAz ol 5 & W21 5
phg & H/NR S A2 IhRE 24t ™, B,
CTSB A LAZE & M Filg 5 b5, 375 3 AT Vi 2 A 2 AH 4
i BDNF 35, IFAR f AR o ph 28 % A 1
DL L85 R, 128 nl it #0% CTSB/BDNF 55
T I I DI BE

£z I, BDNF Fl1 GDNF 1] 3 i 346 H s fs 5
7 (40 PI3K/Akt Fll MAPK) 3 [F]J8i4% PD iz & [
5. SEZEMCTSB5 BDNFAH HAE, J& BDNF
3, {H BDNF. GDNF # Fetuin-A [i]J& 75 H
AAHEAEAATERE

6 REERE

iz #1[H 7 BDNF, GDNF, R % Al Zf
HLD, dnpr 2 R E R L D B a-syn SR AEE |
BEGRIS AT EAME | PIIRR S RAE . R AR T
LRRTIBERERG, SRR PDE s (K1), L
(K ¥ CTSB FIF [H ¥ Fetuin-A 7] 43 5138 15 40 a-syn
AL /N H 5 40 L 174 4735 >R Uk % PD s 2R
B

H #1132 8 [ 71 PD iz gl At 25g 36 v (9 L
R/, I H PD iz B RS A B Tl fE S 2 Fhis 3
F1EREE R . Bk, B LA 3 i
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FEA A, TRAIR ST H 3% PD iz 8 e 1 A9 AH G AL
il MeAh, B &k BLAYZE B R F 40 CTSB., Fetuin-A
TEPD g B & v A ZAE M, {H CTSB.

Fetuin-A & 75 AE 2k 3% PD iz 50 B 5 A H AL A T
B, WL,

¢ — 5 0 — PGC-la. — FNDC5 — Irisin

v
® GDNF/GFRal/RET [ ] BDNF/TrkB ° e ® Irisin/AMPK/SIRT1
e @
s %e /
1 \ \ / \ ®e00 @ l \
- - ® * BCL-2 Drpl
. ITLNLBQ DRD2| | * o-syn | || LTP 2 T Y Fisll
. IxBa EN * Bax
N *TH 4| & * Cas3 l l l
o e |_V_|
.+ IL-10 o | v WHLE Lk
- TGF-p WL % Bl P sl MRAERE R
M ORI QR wr THE ESR
v I Do-synTE4E
I R
AN

B3 PD3E Hh 4/

Fig.1 Summary of the mechanisms by which exerkines alleviate motor symptoms of PD
Bl EEE T EPDIEEERSAIHE XA H

#h 27 BDNFAIGDNF il il i Yk &2 22 U RE M e on 4 . il a-syn PSR4 | DB B 28 S8 AN 5 28 fpl nT ¥R M Sk G5 PDa Bl i . LR T+
5 5 2% ] 1 a0 ) 40 0 T RNk AR I 4 S Ak 3 PDs B R A . BDNF: VR #1248 52T (brain derived neurotrophic factor)
TrkB: JEHLERE 2R EB (tropomyosin receptor kinase type); a-syn: aZ&fill%#E 1 (a-synuclein); GDNF: 540 IE 288 7= A
F (glial cell line-derived neurotrophic factor) ; GFRol: GDNFZJ%Z{Kal (GDNF family receptor alpha-1); RET: 5552 1A Ji% 2 1R 184 it
(rearranged during transfection) ; Irisin: B R % ; Drpl: s I HMEHE A1 (dynamin-related protein 1) ; Fisl: AR AT A1
(mitochondrial fission protein 1); Bcl-2: BANAEHkIEZP2 (B-cell lymphoma 2); Bax: Bel-2M156X#E [ (Bcl-2-associated X protein); IL-
1B: I/ Z-1p (interleukin-1B); Cas-3: Bt KA A3 (caspase 3); TH: MEEALF LA (tyrosine hydroxylase); LTP: {KHfF2H%55 (long-
term potentiation) ; TNF-a: MR ¥RFE R F-a (tumor necrosis factor-o) ; IkBa: 4% H F«xBll il # 1o (inhibitor of nuclear factor kappa Bo.) ;
TGF-B: HAbAKHFpB (transforming growth factor-B); DRD2: £ ED23Z1& (dopamine receptor D2); PGC-la: i S AP A I8 5E Pk
1% Z Ky 3L 305 I F 1o (peroxisome proliferator-activated receptor gamma coactivator 1-a) ; FNDCS: £ % E (IR 5 S E S
(fibronectin type 111 domain containing 5); AMPK: J#iFMzi% L2 (% (adenosine monophosphate-activated protein kinase); SIRT1: VL#K
{5 BIJAYHEF1 (Sirtuin 1), Z<&i# 3 BioRender.comfil{F .
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Abstract Parkinson’s disease (PD), the second most common neurodegenerative disease after Alzheimer’s
disease, manifests a variety of motor symptoms, such as bradykinesia, resting tremor, rigidity, postural balance
disorder, and also presents non-motor symptoms, including cognitive decline, depression, constipation, and sleep
disorders. Currently, treatment for PD primarily encompasses pharmacological interventions, with levodopa being
the first-line therapy, and non-pharmacological approaches such as deep brain stimulation (DBS). However, both
approaches exhibit therapeutic limitations, with potential adverse reactions emerging from long-term use.
Levodopa is associated with dyskinesia, while DBS may lead to mental confusion, cognitive decline, and

depression. Exercise, as an effective adjuvant strategy for drug treatment of PD, can significantly improve PD
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motor disorders. Recently, studies have found that the mechanisms of exercise improving PD motor symptoms are
associated with exerkines. Exerkine refers to signalling moieties secreted in response to acute and/or chronic
exercise. This review mainly summarizes the improvement of PD motor disorders by various exerkines and the
underlying mechanisms. Firstly, exercise can trigger the secretion of brain-derived neurotrophic factor (BDNF)
and glial cell line-derived neurotrophic factor (GDNF) in the substantia nigra (SN) and the striatum, potentially
improving PD. Recent evidence has suggested that both BDNF and GDNF could improve motor symptoms of PD
via restoring the number of dopaminergic neurons in the SN and striatum, increasing striatal dopamine contents,
and reducing a-synuclein (a-syn) accumulation in the SN. In addition, BDNF also alleviates motor symptoms of
PD by enhancing long-term potentiation and increasing the spine density of spiny projection neurons in the
striatum, while GDNF by inhibiting neuroinflammation in the SN via suppressing the activation of microglia,
reducing interleukin-1p (IL-1B) and tumor necrosis factor-o (TNF-a) expressions, reducing the phosphorylation of
inhibitor of nuclear factor kappa Ba (IkBa), and increasing the anti-inflammatory factors IL-10 and transforming
growth factor-p (TGF-f). Secondly, exercise, a main trigger for irisin secretion from skeletal muscle, can improve
PD motor symptoms by stimulating the irisin/adenosine monophosphate-activated protein kinase (AMPK)/Sirtuin-1
(SIRT1) pathway. Specifically, irisin alleviates motor symptoms in PD through multiple mechanisms, including
inhibiting excessive mitochondrial fission by reducing the expressions of dynamin-related protein 1 (Drpl) and
mitochondrial fission protein 1 (Fisl), alleviating the apoptosis of dopaminergic neurons by increasing B-cell
lymphoma 2 (Bcl-2) expression and reducing Bcl-2-associated X protein (Bax) and caspase 3 expressions, and
restoring the number of dopaminergic neurons. Thirdly, new biomarkers of PD (cathepsin B and Fetuin-A) also
play roles in PD development. Cathepsin B can promote the clearance of pathogenic a-syn in PD by enhancing the
function of lysosomes, including strengthening the lysosomal degradation capacity, elevating the transport rate,
and increasing the activity of lysosomal glucocerebrosidase (GCase). Fetuin-A has been demonstrated to improve
PD by restoring the number and the morphology of Purkinje cells, which are the only efferent neurons in the
cerebellar cortex and play an important role in maintaining motor coordination. This review aims to facilitate a
deep understanding of the mechanism by which exercise improves PD motor symptoms and provide a theoretical

basis for promotion of exercise in PD.
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