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WE AN (Parkinson’ s disease, PD) JEALUCT B /R IEBRG ) UM ZERATIELON , W Bz S R AR 12 SliE
Ko BIERLPIRYT PD HARCH BRI, 75 UGE PDIZ SRt . ITAER MBI R, 12 3heE PD iz ShREht AL 5
BERTE b IS o £ SR e S B e (s EA AV B P R 5T oS8 B N 017 0 0 9N (i s R 2 R R BB O L (28 U T

il o S MAZ B SREE | G IE | IR LR R D BRI AR AR BGE PD iz SR . A SCEZERIR T 2z )1
X PD Iz SRS SR RS, DR AABUZ St PDIZ SR RIBLET . TR0 52 shify T PD 42 (K0

KEiIE EHNT, WERE, EshEig
FESHES R334, R741.05

A4 #%% (Parkinson’ s disease, PD) J&—Ff
AR AR R 2R T M, R R A
T, FEEE 2030 4 4 EK B AR IR 29 1
000 77 "o IZRRY ML I OAE SR 2% | i EPERR
Wi, AL RIAOTE RS A 2 AR M SR
WAl RN RE TR Mgl . AR, fH
B, RENREERG S Z ARz she iRk, Hop—tdkizg)
SR AT Rz g ek 3 . HETAYTT PD AT
KFEA AT (WA ZE) FEHE5Y697
CIPRER IR 13 (deep brain stimulation, DBS) ),
{AXAEAE S BRI HAC I T 2 AN R RO, an/e
i 2 B S 201 5 B E & DBS S 2000k ph AR EL . A
HITNRE TR IARSE B

iz BhAE b — B A 8 PD 259 3R 97 10 5 Bh ok
W&, 7 PD WY R #h A HZME . R
W1, 61 A %1z shAE W& % PD B4 iz 3R
2%, SREL, FRIEMORE A E s B, 6 JRRYdLRK
A AgOE T PD S H W A TR G ) . $em DhhedE
TG BhRE I FIDAT O RE . FESFARE ST T T, o
B SF i Il Zk (high-intensity balance training,
HiBalance) EN—HURIFINZS S | PR
FF AN SR =0, SRS ] A T PD R E Y
P RE AL A ® 7, — T Meta AT R, K
WY ZR0] 235 0035 PD SRS iz shDhRe . Vs aE
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J1 . DIREVE AT RE ) B 2P AU S 2 AR b
Ak, A%z 3R PD A ) RE R At A el

FAEM Y aa s AU i PD R YA R )
A, 7EINATAY AT DO g b ik BoA W I i 1 i

PR 1%

AR LI, 18 3035 PD 12 3 A Y
IR IRSREN T ket [iS I o S SR =e T 725 3 TN
L. RS B s SR P A A -,
MR T R T T X s 3
Wb hiashiN T, HMEARAZHME, i
®.EAR IR A YL IER Y il
(G2 7/ B ) [ES ] BB U o N R T
AMBRIRAR R M2 R ST . DM RS RIER
GLAFRYINRE . ASCEBLER L Mz F) K TR
JB% PD s S FEAT VR BALA],  PUBTERAAR
iz 3k % PD iz s R R ALE] . JF R I3 HES PD
1z ity R AR
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[A-¥ (brain-derived neurotrophic factor, BDNF) #
Ji& Jo A4t B s v i 225 52 Rl (glial cell line-derived
neurotrophic factor, GDNF), ifnJ Hill#5ME 248
HHIWTREE (irisin) %, i23)[HF BDNF,
GDNF., SERMRIKFHizshBm | s,
LRI A SR YA G (R 1)
1.1 E3hiAEBDNFHIRIL S 53 il

BDNF J& TH&EFRE T, FEAAEPIRMER
BAR, RS BT, i, R . 8ok
PR, IRiBF AN4ERE 144 BDNF £k ', BDNF @it
5 HAZ R 5 UK R 32 /K 3 B &Y (tropomyosin
receptor kinase type B, TrkB) 454G G F i 5
O, AL 22 BRSO (mitogen-
activated protein kinase, MAPK) . W8 EEHLEE 3 3
fiff (phosphatidylinositol 3 kinase, PI3K) . % 14
fif B (protein kinase B, Akt) FI i 5 i C -y
(phospholipase C-y, PLC-y) 2", XLefF5 il ]
3 3 HE— 253G I cAMP IRV T F45 G 8 (cAMP-
responsive element binding protein, CREB) #J# ik
SRIGTR I Ml rT BAVE . I AR T HE 02 A 4R
BAG . (R RAR G SOERL, kit
ZITHY AR FIAEIE P

BDNF (/K PZEB a2 S5k B S 5%
Wi Vs 3l 2RI BDNF 4304 F0 L i Il BDNF
KA TR A, Sz b iE g
BN 22 FZEAE N 2 9L BDNF K. H
BDNF H7KF-32 25z 25 FE R 520, Fifiz 3058 B2 )
SRS Y, SR, FEfERARE, Kiizg)h
XTI BDNF A A3, A, Ak A8al -
JH BDNF HJ7K-F- 0 0 g se g & 8L, 6 S H Al 12
A A A2 2 AT DA IR B il 221 i X A4
MR RS S BUIRAR T BDNF (95835, IR %
SRR I AT ez AR 2
1.2 iEEhiAEGDNFRIRIE S 57

GDNF J& Ak A= K -7 B (transforming growth
factor-B, TGF-B) ZEIEMIRLGL, FHAF LN 240 i oy
W, BAMELAP R BAER, IRz e
MR 280 HA o B R e AU, TR 2 10

g

fi
JcREMN ZE o0 PIRE 7. GDNF i i 5 H A2 14 GDNF

KIisz K al (GDNF family receptor alpha-1, GFRa
1) %54, H8 GDNF-GFRal E &1, ke
[ AZ AR 1% 2 PR i (rearranged during transfection,
RET) ®faft *"'. &40 RET 75 S0 N 15 5 ik
J )%, 7% MAPK ., PI3K/Akt, Src % {55 il
PR 2 TT R A FIFRAE 27

5 BDNF Xz s iR AR, ks sh Ak
1B G MR GDNF 7K. flan, Sokiz sy
a5 RAFE Y LT GDNF 7K 2 KA iz
3 (46 MNH) HMEREAE . e ZBEAN
175 GDNF /K- 220 shscai 2 o, 2 ik
S YRR B L H fLH GDNF 3R Y
8 JA & 5 BF 8] 8K Il %k (high-intensity interval
training, HIIT) 3 j0 K B L6 B LR HE 7 AL b
GDNF fy5R3A, i 8 Jaii J1 I 2538 K SR AL b
GDNF [k P,
1.3 EHEREEZRNFRIES S

B R 2R AN AR 1 £F % 2R ) L R 2 A s
15 (fibronectin type III domain containing 5,
FNDCS5) ) %4f# " ¥, FNDCS 7E-H#5ML. (OE
JENE . WS 28 B rh &I F & . FNDCS
S AZ 1 A YDA IG S WS 2 AR y LRSI F 1a
(Peroxisome  proliferator-activated receptor gamma
coactivator la, PGC-la) HJIHTE, iz ZhFA HITEE
SREMWNEZIER, 2 shiE gL eE T
i PGC-1a, [A]4% -4 FNDCS [k, Mgl 5
R B

At SR EACERIEEA B AR
BRI Ak, ERAAE NS SRR AT
BA W ARE 2 SR, AR, BRI
iz 2y W Jb B A B T AR RN AR NI 5 R R K
o, HAEZ 45 24 h )5 SR E AT RA0EE
ARz sh 200K I E 2 5 R R R E WA —
o B, 18 JA A Az s s e R K
e, 8 JE HUT #4352 K7 7 Dl b
SRR, BERE MBI SRR
KV 2 TAER, sdnR R/ (g iz
), MW SREREAE TR, s s Kt
(nJyvizsh), IMESRERKEFE.
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Table 1 Exercise regulates the expression and secretion of exerkines

W 5 BESZIPIE S

4 S

BEhZEA: HIT
A B, 17.5 min
BENRA: RN T 585

—IRENEIEE) RS

RIEEIY smic. %%, 30 min
B3R MICT, 65% VO,max: VICT, 85%
VO, max; HIIT, 100% VO,max
Bk %ﬁﬁézéfruuﬂ‘t@ MICT%DVICTZ?%O min, HIITHNIS
min
BENFA: JIEIED)
RAHEDE e, wu, e
fRRFHFEM EERA. J5iss)
O SRR K, B3)E )
B HITH S RIS, Jslga 8
B, OEME. R, BhL B, e S
%) B i S R I B 1
Kiigsh  @REFESME R, 8
MEAEAC: 1R/, HIIT (100% VO,max), i
£1 min, fRE1min, HZEH5E5 km. KE10 min
SR R, e, H3E
B HRE
e E B R 3, 5
BRI 33K/, 30~60 min/ik
B RN, i Eaillg Gk Bk
e E N =B, BAREERRNZ N 2R )il
(124, %5 20
TE124)  RREERTT): 12)8
AERANA: 1R, 40 min/ik
fRFREFEMT BRI
N (etEss Fegifa: 64 H
4, BH228) SERMEK: 4%/E, 2 Wik
fEFEEFEN B AT S FHIIS
(ZME1947, 55 FRERmbfa): 4)4
134D MR 3/, 30 min/ik
B =R EEEIE)
TRRTTE T M FRgins(a]: 18)H
BN 470, 40 min/ik
ZBFFA: HIT
fREEEERM Rrgfn. 8B
AR K 20/, 40 min/ik
BENHEA: PR
fRRLFE T FREimfa): 128

PRI 20K/, 55 min/Ik

ZPEIZEHNE, MEBDNFAKSET &, (HiisE SRR [22]
KA A

BAYR 7 ® N GRS 7712 Bl ¥ 38 1 7% BDNE K-, (23]
WAz (8% A 25

FUYRHIT & # E 3 1M 7% BDNF /K F, i MICT Al
VICTH# A 52500 . HIT. MICTHMVICTIEZ) G, [24]
MiES R RMEE &N

MR EIEE G, IS BDNFMIGDNEKEF s [28]

LRV Oab ot eribpi 9 RN R v Sl [35]

8 JE [ HIIT 45 & /7 58 Il 25 A1 38 B 4F A Il 3% [38]
BDNF/KF

3JEA A2 B LA BDNE/K AT f 0, SFE A 4

1830 L MEBDNE/KF [39]
128 1 i 202 sh 37 B8 VI 25 - 18 1fLiE BDNF /K,

F BB RE IR IE B [40]
64 A 145 18 30 L i 17 BDNF AIGDNE /K P [29]
A 12 B I ZR38 N2 4E A\ s GDNF/K P [30]
23 IS ISR, =AM R FR AT ARk, 361
HERNAMSRERKTIE FF
SJEHIIT % F I S & 2 /KT [37]
123 BB N Rt in 137 5 2 R KF [41]

HIIT: =58 EEIZ: (high-intensity interval training) ; MICT: 4558 444214 (moderate-intensity continuous training) ; VICT: &5%

JEESEYI2% (vigorous-intensity continuous training) .
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2 BEEiFERIEHEFZE. BEPDIEG
[E65

B8l E UG PD WA SR —, DIRUMREA
L GURENE, ZEI T ZRIAN . B
PD iz gl IR 5 Hi5 5 K ik 43 BDNF Fl GDNF A
K. BDNF Hl GDNF X} F £ Bt 2o A K AT
R EHEEMER, Bin—#NFREA BT PD
EFERG 2 KREAFR BR, RIRIZEA R E s an
A B HIIT ¥ 0] L EJE PDAMALZOIRGAR . B, I
T8 Y BDNF /KF-, Dl Ba i 2Ok A4 2 B e g #2870
A, TR E A (a-synuclein, a-syn) #
ik, M PD H 3 F1 PD sh ¥R R 148 5 s 5
(£2.,3). MH, S/N@EzEhHL, Kz

S 1 PD & 17 BDNF K ), SRiM, 4
Z W RERE M 2T B R B S AR, P s
S5 I A RENE SR S P2 PR, BDNF /K
A SRS TS L S kB, i (4
JE) SRR (10 J8) R EE RS s R A )1 2k
Bynr e fin PD /)N BB RSO R ) GDNF 63k, K
B2 U ReRe M 2T, 2 PD/NRIZ 3R 2%
MR TR RS . WL 75 B R /K P& LS PD
B e EREA G, SREZEKEEL, PD
iz SR T Y A SR IRGE . KA HiE o
AT PD /NEL 7 AT PD R ) LT & R K
e, WRE BRI SCRAR S R AR AL (tyrosine
hydroxylase, TH) BHPEFHEICHVECE, W% PD A
Rz Bl R

R2 EBEIHFESEIEFELE. BEPDIHYEIRIEFES

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

Mg O s =
* Sk
ek A%
HEPEWister CURNTT 4 4B V1% EUIPD RS ABDNEZ A, O A S TH I P 2 e B R
A P it sy, kBRI 5 AT b

30 min/iX
BR)KE: HE IR

HEMEC57BL/6 FReEmt ) 10w

10/ 88 & VI 2548 hn 2 57 A1 SCIRAABDNEMIGDNEZ %, i #MPTP- S 50 THRH 1 fih2 c

MPTP B o 44]
N, AR SUURE, JCIIRA, IREEPD/IN BUZ B R
40 min/X
IE) KA. HEIEE)
HEPECSTBLIG MPTP FreembiE. 4f  4AEEIE S INPD /N B BDNF. GDNFERIL, 3% PD/N I 3) i A1i2 508 (497
/N PR S, 2.
30 min/¥k
2 EI%
TNk Swiss al- 6.OHDA SRAERTIRL: 4/ 4R G IR IIPD /N R SUIRAGDNF M THR %, B038 /0 RIS B A2 i 2 B (45
bino/JM it PRI ST, SIS SE
30~45 min/{X
B A%
HEPECS7BL/6 MPTP FREEWTE): 10/8 108 ¥ & I 2538 NPD/Is B 2 I A i 25 R 3 /K1, 152 24 AN R A4 e THRH 4 (477
NER, RN SUWE, ZouhseE, WHEPD/NRIZ3)ES

60 min/IX

MPTP : 1-HIE-4-2E%-1, 2, 3, 6-PUSEMNE (1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine); 6-OHDA: 6-}23E£ [ (6-hydroxydo-
pamine); o-syn PFFs: oZ&flii%E A Wikl R4 4E (o-syn preformed fibril) .
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Table 3 Exercise induces the secretion of exerkines, and alleviates motor symptoms in PD patients

TN % W Fe it B3 % S 72%
ik
B, JERGUEE (NWD 6JFINWXIBDNF# A &3 70, 120 FINWH 2
Frekmtia): 6 5T TNW, BEJE14/E10:E  LIMBDNFAKF
. TR T HAINW 6ANWHI20 A NWIZ B3 InPD 4 6-MW Tt
#PDL#H PHERER g B, BIOMWTREIE, RATUGHI (6]
MR Ganw: 300 G, 2008 (54> T, KEEAEMDS-UPDRSIIRA A, % T
14FENW: 3704 PDEFIEFEG AL E, RmdLohaetkinshhe
W 40~45 min 7
SEHAE: HEG (Re SMRRBAEN (o) e 1 56 BDONFKE, T syn
Jpa—— Ho SR H RN SRR, B B ok PHEGII S
LA LFG (K454 S LA )+ ) RN L
(HFG#4. LFGH X SEML I A GEENL. G 2 I L 22 HFGHILFGHISGEPD B FIE B g%, T, 1
IR -84 PD & JnSit-to-Stand X 78, JETUG 8-foot Pzl

FEEEW A 12)5
PR 200 A
Ff4: 20 min

&)

MICT#: 274PD

B (3KZEZFHTFT MICT: WL _

Tk, 1425 R iZEHFEA: MICT; 1T
e AR gt 1278
20

HIT: Z:4551
HIIT#4H: 174PDi  Fishlwit

[i]; LEGIEIEIN6-MW Tl IE B, % i Tinetti
R RN

12 HIT &3 3 inPD &S i BDNF/KF- . 1 [51]
12 FMICTXI BDNF/K -5 45 & 2 54

Af: MICT, 45~60 min; HIIT, 16 min (§f4

PR 3
# (9OKIE3T T (waitlist control
- J&), 24 min (J58JE)D

g, 8NN design)
#)
BRI K
PN [A] ]
34PDIEH i o Al 125

S 2%/
Ff¥: 1h

12 J8 76 4035 3 B 2 1% N PD &8 35 1M 3% 5 )2 3K (48]
S, S INBBSINAE, HGEPDE BB

6-MWT: 6747755 (6-minute walk test) ; 10-MWT: 10KA47MR (10-meter walk test) ; TUG: A2 -F73EMRX (timed up and
go test) ; MDS-UPDRS: [HP7iz g f g2 25 1T RSt — A4 AR 18 5% (revised-movement disorder society-unified Parkinson’ s disease
rating scale); Sit-to-Stand: AR-SZIIKFEF ; TUG 8-foot: 8T RELSTATEMIR (8-foot up-and-go test); MICT: "4k A% (moder-
ate-intensity continuous training) ; HIIT: 5% & [E#KYIIZ: (high-intensity interval training) ; BBS: Berg V-ffiif 3% (Berg balance scale)

3 EEEFXNPDIENERSNEEERAR
HLl

18 BB ASE 0 PD AR A H R AT Ak
TIRg, WIS sh B T4 e R 0 A T e 2
% X, BDNF, GDNF, SRR @i EEN
[ KL R 3 PD (191 B AS
3.1 BDNF
3.1.1 BDNFXIPDiz sfififit (4 el 4 H

1 PD i F2 0 109 B B K 21 BDNF/TrkB £
SHIfE S ZH, BDNF, TrkB K F (s = A
F 141 PI3K. PLC-y. CREB % (115 1 F1 3¢ 35 B¢
ik 52, PD & % I A 7 b 59 BDNF BRI, H.
BDNF 97K V-5 PD & iz Bl B g A 0 B as: i 7™
TR YA G 2% PD HBH 1 R 45 5 R L

M L T e 40 b CREB & 4 2wk i2fk, CREB
IEMEREAR, 17 CREB DIRESZ i S 802 Lk Reph 22
JUPERIBETS

BDNF A] A % 3% PD iz 2l it . il 9k
52, {ii F BDNF/TrkB {555 38 i 3% sl 7 R A a0k &=
PD /IR R SCIRAR T TH AP 2T i B, 4
INBCRAZ EL Y e, BRI 129 3 22 2 W
TR a-syn (p-o-syn-S129) FIWETE, [ BB 5
TrkB 15 538 [ T i [ F MAPK . Akt, CREB {7
PERIZFIR, Wl PD /N EUIE S BEAT , ZE AL AR
TR [ A I B K 50, T Trk B 22 (AR e = ) 5
B2 1 i RE P 28 ot AR AL R PR BT o-syn A9 s PR
RE
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3.1.2 BDNFM(#%PDis 5l FETAYAH ICHLH]

BDNF i izt 3§ in 0RAR 22 B e 19 25 8 ok el
PD iz liEfT . SO Z R g A B Tk 52
JUR A 2271 1) L T Jf AN B 0 fef 1) P-4, k% PD
e, BRI, 30 d B EBEeiE s LR/
FMSCIRAR A BDNF K-, FF34 iR SURIRZ 1Y
el Hiz 3 K BE 51 BDNF 8K 1 28 & 1
(BDNF"") /INEUSCRAR 2 i BRI N, 4R
BDNF &1z 30175 5 22 U R 0 BE 6 F 270 T
2P S IONE S, T BDNF A2 14 TrkB 2 2 3 i
SURIR Z R REL, E—2 3+ BDNF 5 2 B
BRI OCR 57 48 Y A0 J Y B I
Al 19 PD K BRI/ BRECIR AR FL BT H BDNF
ik, e AN SORAR AR BT TH BH PR 28 0 5L
i, fEHESUIRIR 2 B R R, B R p-a-syn
K-, U PD K /N IB SRR

BDNF i 1 1 5 5 fs 7] 48 M > 99 4% PD 32 2y e
5o BORIRGE ful m] 90 1) kA2 I 5 B PD iz sl e R
KB FRAL A Z — ', BDNF/TrkB 5 5 3 4 11
VRO B W B R ORI 2 Il B A 2898 (spiny
projection neurons, SPNs) ¥4 i #2358 (long-
term potentiation, LTP, Z&fin] ¥PERg—FIE=L),
HEIM M PD iz gt B ot ss KB, 128hi
% PD K Bz s i3 i Ll 5 H E R S0IR1K BDNF
IRV IR IE G fu T EB VA OC Y AR N D 1k [n]
R ERSUM SR AR 5T o 5 fi A% 25 1 FL I i 47 4 (a
-syn preformed fibril, a-syn PFFs, W[5 NN o
-syn & A EVE SRR ) A PD R RUBEAY , Bl Xof
PD A5 SR AT R 34 o i 5 I 25 0 L SR
B, 4G Es B T PD KB EUIR{K BDNF
K-, SRR SCIRIR SPNs 1 LTP, 34111 SPNs 1)
R . IR, izl TR R BT a-syn W
MR A geik, S MSCRAR AR TH BHPER 2T 5k
i, JEE2 PD KRRz 813 98 AP RS A A . i
A TrkB ] 500 U] & 25980 55 1 3z 80175 5 1Y LTP A5
i T A R
3.2 GDNF
3.2.1 GDNFXJPDiz sl fis 19 sV

PD i F FIPD AE AL R KA 5T GDNF B
JRSZ A RET S T A5 5 DY T B R AL OB AR 2 1
S6 (phosphor-ribosomal protein S6, p-rpS6) % ik
2R B, A DX 7 1 T W% 5] GDNF
FERW

GDNF FJ 5 %03 PD iz sl i . Kt iFoedie

iH, 3438 GDNF L HAZ (A S5 518 A B T2k
35 PD [z shFEAS . AN, i i T 20 ok U5 ) g
A R/ IN 2 5t 200 LAY S 1 DR A% 33 B R GDINF 5&
K 75 21 PD /N ERUG BB A% 2035 PD /N Rz B g
Hekss e IR 12 1 ) 7 4 1) o
W ¥ KR (ultrasound-targeted  microbubble
destruction, UTMD) 3k & #f 28 A+ 5 [N A% 34 1%
GDNF R 75 31 PD /)N BUIN -t g 208082 17/ ER
iz BER
3.2.2  GDNF# 36 PDiz 3 f YA AL I

GDNF EA7 1R 58 i o 28 R4 R 2 S AE
GBI RO (85 S AN (e U2y W e R 1 1A € AN = A )
WK, B35 PD iz slifiifis ' ZWSER LA
FO T ELIE W], ¥ GDNF 3 % PD /N Bk
LA RO PD /N RR BT 2 BB M T B R, T
BOUIRAR Z B REBE R 2T AR A AR M, 238 PD /R
wEpEhT e 2 B R, B (4E) R
W1 (10 J&) " A s s B PD /NS 3R 2%
iE B R i g s, AL 5230 [E PD /MR
SUIRPR AR P GDNF KF, S Mk &= SCR AR
J5T TH BHPE s 22 o0 i B0, /b 8UIRIA 2 EL R D2
ZARFRIE, PR L 2 2A T SO A [ ) fig
EES S

GDNEF 3 i 410 ) o1 28 R R 2435 PD Iz B i
R RIE, HIE® AR LE, PDEENZ AN
DX 00T S ST P ) G o 200 L R T e T A4 L S R
(1T N € N A A S e P R e S T A
fr o TR S Y T GDNF ) A AR 4
ATATRCA I R 3 PD /)N BRph 2838 4 7P 28 RN &2 L
isEhYife, HXFTPD RN, HAf P ROl
Kk VAR ) S — DI HAE ML, &30 GDNF
e PD /) Eiz 2 5 A5 14 i H 8 5T TH BH 4+ 22
JUREE, IR a-syn BUERAE, DL R
Jo T /0N S S5 A4 R L R I T 00 L P R A G
BT KB, 4 JHA iz 3 B 3% 1 PD /N RUR
Jft GDNF ik, Ik PD /N Rz 23R 22 A b i - F
iz 45 ', HALH 5 GDNF # i MPTP i ) 2
JoT /NS JB 4 B4 AR, ek R P R P 1
4 &-1p (interleukin-1p, IL-1B) . HRIIRIEH F o
(tumor necrosis factor-o, TNF-a) ik, il
T «B ] 25 4 o (inhibitor of nuclear factor
kappa Ba, IxBa) ®Efgfk, ¥4t s¢ K+ 1L-10 Fl
TGF-B [WF%35, Fumb B i s RS2 R AAIE U o
-syn ik
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33 BEX
3.3.1 SR EXIPDIEsh AT A g T

PD 35 I3 P 15 R KT B 17 e 14 i e
ik, H3 5 R R KF-F1 PD (R 4 ia gl e fis 1) 7™ 5
FREE S ARG 4, B R R AT A 0 PD iz gl i
fit, WFFRARBL, #ATRERT B EUE a-syniff T
() PD /N A G B R B, IR PR T sOCIR AR 2 L g
RERR 2T, Il SR T BRAE p-a-syn-S129 FI
a-syn IR, 2% PD /N Rz Bl ks s o, 1-H 3
4-ZEHE-1, 2, 3, 6-DUANMENE (1-methyl-4-phenyl-
1, 2, 3, 6-tetrahydropyridine, MPTP) 1] S22
- BURAR 2R Ge i 0 RN R T 22 T R RE A 2206 122K
SEME PD AR E 25, SRR ELSS
HHET M (bone marrow stem cells, BMSCs) #f
A R BTASCIRR, 3850 PD oK BB BT A SCIR
fhrh Z MR RE M Lo cR, TG PD K Rz 5))
FEAR T U, R ER K R R B E UG o
-syn PFFs 4 £ (1) PD /N SUIR 1A AR R 17K, 4
/I BRI 2o P A 178 TR RN D N BRUTCATF R ], ok
BNz R
332 R ENEPDIs BRI AT X HL

5 2 2% AT LAGE Sk 00 ) SR A ) Rl B Ao el
PD iz 3l % . FNDCS it = & 3 B bR IEE F
W GORAR R AR UUERAE B 3
(Sirtuin-3, SIRT3) FKIKFEAL " MR SRR
AT 2l PD /N BRI Sl as, LA i 2k
PRI R AT O Y PD YRR A B AR S0 K B
ISR A | JH SIRT1/3. PGC-la, LA
F A (mitochondrial transcription factor A,
TFAM) 3Rk, fRiFZebi iR 9k A msg mz
Jet 2 e BB R Y, AN RS R R I ]
MPTP LRI SN E) )5 7%, BEImEh:
REAE A 1/2 (mitofusinl, Mfnl) . P2 2545
1 (optic atrophy protein 1, OPA1) F{ ik M
LR E A S EAMKEHEN 1 (dynamin-
related protein 1, Drpl) IBERRILAKE 5 LA,
BRI A P B A0 K 2 (B-cell
lymphoma 2, Bcl-2) #& [ ikl Bel-2/Bel-2 #H ¢
X #5 1 (Bcl-2-associated X protein, Bax) [t1{H,
V2 B R AT 3 (caspase 3, Cas-3) FRBNG A2
fife, MR SRR N SR A T

WF5E kB, 188l d 1 Jin FNDCS (3535,
% PGC-10/FNDCS5 {55 538 B k5 24 K iz s )
e, fnzalimizaine )1 5 AR SRR

HR, BOER K, 10 JiA Hiz 3 e 3 LR
PD /BRI AR BT b S R R A KF, IR R R
JiR 1R 1% Ak 25 1 3 (adenosine monophosphate-
activated protein kinase, AMPK) # 2 1k 11 SIRT1
Tk, WA B FUMSCIRR T TH FHE 250 10 4k
i, A% PD/NRIZ S RERT 7 1B Bk BRI PD /)
FUZE J Drpl ., ZR A A ZEAE & H 1 (mitochondrial
fission protein 1, Fisl) Feik, il £pifAid B
%, [FEF, st T 2O Rz (-
WIEFTH Bel-2. T I8 Bax fl Cas-3 U 3i5) “7. R
Rt SRR PN, R RS
B ZEE 5 mEMHI7 Cyclo RGDyk, A& Bl H:IH B4
il Tz ik PD /NSRBI R . p-AMPK A
SIRT1 fYTH, W 1 iz sl PD /D U L%
L P 22 TR T RN AT B 43 24 E L 7
P ESSRER, sl s 2 S R R A kK
YRR TR A 240 M8 T, I PD /N R

iz B i
4 HMEFEPDRELAETNER

21 2R AR F 22t s Bl Rl - &
W, AFENIEERE FHLE M B (cathepsin B,
CTSB) AJHHFIEEKE M A (Fetuin-A) . i,
W% & B CTSB #1 Fetuin-A ] Jik 5% PD Jp5 3 ik 7%
W a-syn AU 4E, JEPD AHH A Wibr iy . %
T PD WY RFAE PR B b B PD & AR SR 1
BRE, HiL, SR PDRENA S, Al
%% PD Jz g R iTAER
4.1 CTSBEEPDRIEX T

CTSB J&— Bz TV WA 1) 24 Ik 22 R 2 11 il
E4 BB, BA P IKRE RN IR B IS P 7
VLA, F5% & B CTSB o 2 —Fl i i3 B L2 WL 1)
BEIAF 7, CTSBZSMAITENE, IFEMER
TTEBIR AN PD . AD HE NS ITAET A B R FEAE
FH M, CTSB 5% 35 55 PD ik B & A 8 1 AH ¢ .
Milanowski 5§ ™' A4 JE R 5 i 75 TP 45 21 PD A
HEh CTSB p.Gly284Val i 15 A8 TV . feilr, WF
5% N BRI o FE R B ALK 23 BT R 8 &R CTSB 5 PD
ZHEHE R, K CTSB /K Vi, HPDY
JAUBSE RAIG 77

CTSB i i 8 /b a-syn B8 4E 3 Ui 4% PD i B &
e BTN SAFIFH a-syn PFFs 2B J5 5 S £ fiE
g} (induced pluripotent stem cell, iPSC) {14 fY
Z 1 B RE A 22 JC LIA 2 PD A0 AR, [ R 1%
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Y ISR 1 CTSB HE PR 5% 245 4y Ak 341 b 4 S 40 A A0
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AEAZH, WA B URRERERE T TR . s S BRI
VAR B H IS (glucocerebrosidase, GCase)
G PEREAR, TR B) p-a-syn-S129 Ik 7, ¥E a
-syn PFFs A0 B NIRANMI 2P, i CTSB BN 335
DU R4S 20 A 1) W S AR DD BE 9D BRE a-syn
FIRAE 7, DU PSR R, CTSB AT 3 i 35 15 i
IRB T REAE BEBORTE a-syn AU, BEIMTEEGZ PD iz
AT 11 CTSB HY 5 i BHA DI RE i 7 -5 L2 it
RS IR S B2 1 5L (pro-saposin) 241 ki IR 1K
% 5 1 C (saposin C, SapC) A %", SapC J&
GCase I35 7E 7], GCase 17 75 5 B R 14 i 1A
H1, GCase IGiPEZ 4 ] F B4 IsE T, HRZM
GCase 2 FEUMBEIRHERURIFHIG AR &L, 5 Fa
-syn B 1M a-syn B9 B S iF— 2 11 GCase
W
4.2 Fetuin—-ABiEPDIRIEH T

Fetuin-A & —FokiIE Tz siH+, A%
D7 T A BRI AR, A AR s A
BEGSHEEE ", Fetuin-A B2 —Fh Z 20 RF A
¥, RIEWHL RS AZ IR AF, RIAHPRM
PERAEF . TENEJHE o B8 e S AR 25 B ik
Fetuin-A ZFFAERAEH, 1230 mT Lhl i R H K
CSEAE PR 0 R T R 2R R G A R I
e . MBAT RS, Fetuin-A W & $E4T R
FER 7™, 3275 Fetuin-A 76 H1AX 28 40 Hp ke 31 0 28 17
FHEH

Fetuin-A A 38 LA 2F /N 37 20 i A7 15 ok
I PD R LR A o /NI R 12 Bl i BRSO
TELERE B 0 - 5 Pl Hh i 25 B . PD 1Y
1z SR AN LT K8 A1z 2h G g A Sk 5 /N ik D) e
WUIAAOC . TS P20 MR /)M 2 J22 e — A %t
Zt, fEsshhEhRE ETER Y. B
Heal, /NI 5 B 40 i P Fetuin-A 42 PD 58T D g
HAYIbREY), PD B FI PD /R A/ MG & B4
Mg . AR, HlE B4 Fetuin-A
FIR W EREAR S MM — L R, AR
Fetuin-A #] TR BFA0AETS . S BO0H 2P 40
O N e =i (A D Sl o £ K T
Fetuin-A AY98/0 2 2 EOHH BT AR A 07, AR
/N EIRE, FEPDIESERI A E .
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BDNF. GDNF 7£ 84 3% PD iz 3l [ i v+ B A B
/R, $47 58 2 PI3K/Akt Fl MAPK %5 (5 5-3 %
PRI 2 M REAN 25T A AT RN 2% £ B I RE A 2800
FYAEME, 4k EE PD 32 shBaft. X 3 #E T BDNF
45 G TrkB AZ R B (S 5@ %, i GDNF
38 1 454 GFRal 52 /4 F RET 32 A B0 B M5 5
i

BDNF Hl5 2 K 2 [H] A7 7E b 2 (9 1E AR OC 20,
ME, BODNESSREREMEEHN. —hm, SER
nlE % BDNF (9 3R5 % R FEM & R
WFFE &I, 30 d (YT iz 3 m] 0 i & PGC-1a/
FNDCS {553 i, ME2E 5 FndeS FEH 3k, i
Fnde5 3 PR 3235 15 W) 25 i — 25955 5 Bdnf 3L [ 3%
SN 2 St B IR 2y e e L ¥ 2l |
PR 5—J7 1, BDNF A AFEAR FNDCS Ay ik,
PLRFTE— a5 1) FNDCS5/BDNF J 5t [ % 527

CTSB 5 BDNF H A% JIHE &, /£ BDNFAY I
TR F ™, MR R, i sl bR R A BN RS
WURNIL I CTSB /K-, 345 /N RS AR Ty b 42 %
HMEAZIRE, 1 CTSB BRI s 3h )5 o W30
w2k HoNREs [aCAZ h g2t ™, mEAE,
CTSB A LAZE I ML Hil 5f B, 375 A 1 T A 2 AH 4
Jfi Y BDNF 2635, JFAR iF AR o ph 8 % A 1
DI 2R, iz s vl % CTSB/BDNF {5 %
W PR DB

Zi I, BDNF 1 GDNF ] i 306 H N s 5
B (4 PI3K/Akt F1MAPK) P [RIW%% PD iz 3l
5., HEEMCTSB 5 BDNFAHHEAEH, 2 BDNF
¥, {HBDNF., GDNF Hl Fetuin-A [H] 45 2 75
BAMHEAERAGRE

6 SEERE

iz 17 BDNF, GDNF, R % Al Zf
PLH, dnpi R E R L sl B a-syn R AE
BRI A T YRR | MR AT . IR A T A
AR RERERT, kol PD iz sk (1), L
K7 CTSB FIHT A T Fetuin-A 7] 435138 1 #] a-syn
SR AV /N B 40 L 194 A3 SR ek % PD o B
Y e

H #1132 8 A T 1 PD iz gl it 25035 Hh (4 B
/0, T H PD 8 sh A A R ] e S 2 Fhis ol
WP EHZER . Bk, @2z s H it
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Fig.1 Summary of the mechanisms by which exerkines alleviate motor symptoms of PD
Bl EEFHEPDIEFERRIEENH

#1224 BDNFHIGDNF ] il i R 2 £ EUR e o 2 oe e . il o-synAOSRAE | WA JERE FIBE SR 28 il v] BA MR CEPDz st . LA ¥
5 2 2 T S A A0 ) 40 T AR (A i B 4y 4 Ak B0 PDAZ B RS . BDNF: 4 i 228 32 [ F (brain derived neurotrophic factor) ;
TrkB: JRUERTE 37 R3AEFB (tropomyosin receptor kinase type); a-syn: oZ&fiii% &1 (a-synuclein); GDNF: B0 Ml 288 37 K
F (glial cell line-derived neurotrophic factor) ; GFRul: GDNEZ %% 1Kal (GDNF family receptor alpha-1); RET: 5 I 52 1A it & iR 54 il
(rearranged during transfection) ; Irisin: HFE % ; Drpl: sh I EH M EE 11 (dynamin-related protein 1) ; Fisl: Zkkifk 2445 & Fl 1
(mitochondrial fission protein 1); Bcl-2: BZNMHREEIEE2 (B-cell lymphoma 2); Bax: Bel-24HXE [ (Bcl-2-associated X protein) ;
1B: FISrZ-1B (interleukin-1B); Cas-3: R RACHE3 (caspase 3); TH: BEERFZILEF (tyrosine hydroxylase); LTP: K HfFEHE5H (long—
term potentiation) ; TNF-o: R ¥RFEINFa (tumor necrosis factor-o) ; IxBo: #% K FxBHlllil & o (inhibitor of nuclear factor kappa Ba) ;
TGF-B: #AbERKIHFB (transforming growth factor-B); DRD2: ZMED25Z4A& (dopamine receptor D2); PGC-la: it fLHHHAIE 541
16 52 Ry L3076 B 7 1o (peroxisome proliferator-activated receptor gamma coactivator 1-0) 5 FNDCS: £] % 8 (4 T AY 45 A 3 & 25 14 S
(fibronectin type III domain containing 5); AMPK: J#H R TG L (i (adenosine monophosphate-activated protein kinase) ; SIRT1: JLZk
G R AT (Sirtuin 1), A& g BioRender.comfil 7 .
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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
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
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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-1P) 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), and 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.

Key words exerkine, Parkinson's disease, motor symptoms
DOI: 10.16476/j.pibb.2025.0111 CSTR: 32369.14.pibb.20250111

+ This work was supported by a grant from The National Natural Science Foundation of China (11932013).
## Corresponding author.

Tel: 86-21-65507509, E-mail: wangpan96@]126.com

Received: March 15, 2025 Accepted: June 18, 2025





