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Autophagy . the critical mechanism of exercise in improving
neurodegenerative diseases
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[ Abstract ] Autophagy regulation of neurological diseases is the focus of current research in the field of
neuroscience. Autophagy disorder leads to expression, deposition, and dysfunction of proteins such as AB, Tau, a-syn,
and causes neurodegenerative diseases such as Alzheimer’ s disease, Parkinson’ s disease and Huntington’ s disease.
Exercise is important to improve neurodegenerative diseases, which is closely related to upregulated expression of LC3,
Beclin-1, Lampl and other autophagic factors after activation of AdipoR1/AMPK/TFEB, AMPK/mTOR, and other
pathways. A high autophagy level removes deposition of AB, Tau, a-syn and other proteins in the brain and improves
neurodegeneration and synaptic structure and function disorder caused by neurodegenerative diseases. This article reviewed
and analyzed the mechanism of autophagy in the improvement of neurodegenerative diseases by exercise, which provides a
solid theoretical basis and new research ideas to improve neurodegenerative diseases by exercise.
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( calcium release-activated calcium modulator 1,
Orail ) | Wt I5F 52 44 g 457 38 8 ( canonical transient
receptor potential channels, TRPC ) %53 i 5 W5 8 #5
AD b 23R AT MR & AR T W DG
p62 1 TR 2 FE GG Kelch Ff ECH A1 EE M 1
(Kelch-like ECH-associated protein-1, Keapl) 5% Xl
F E2 1 & A F 2-ETGE ( nuclear factor E2-related
factor 2-ETGE , Nif2-ETGE ) 4¥ & R 5% FL 19 351 1 %4
FRGRHE(S351) 455 W bR v Eh 45 I X T AR Y AB
oa-syn I Tau & I BRI, M TTTELE AD  PD
SEMZERATIEBORY . BT, A O 2R AT M
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W A VAT ARIE VET RIS APP/PST XU
FEPAD A5 Y /)N BRI B 156 22 3Z 4K 1 (adiponectin
receptor 1, AdipoR1) /[ 1 & 1% 16 & H B ( AMP-
activiated protein kinase, AMPK )/~ i P4 &% 5 K +
EB ( transcription factor EB, TFEB) 15 53 %, ¥ 55 %%
TR | 23 fife B RE O U0 S 1 1A Wk, DT D 20 T
AN IX A AR DURRHE Mk AD FESEH, A K
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kinase 11, STKII)/H?‘Z)’%{% B1(liver kinase B1,
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5, X 0] i E AR S X P AR R B
58 &3, AMPK mRNA 335 b R AN 25 38 3 344 5 4
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( phosphatase and tensin homolog induced kinase 1,
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KB APP/PST /N EIARIBRRE ™ . S350, AD fit
PZTTH FK506 456 8 1 ( FK506-binding proteins,
FKBPs ) & ik & W M & #F R Mo W
( dorsalrootganglion, DRG) f & TS MG H 1
B 3 ( microtubule-associated protein 1 light chain 3,
MAP1LC3) 3%k, FEAG A WE MR R A Ui RE, 3
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BG4y F R AR A 5 9 A 1 ( chaperone-mediated
autophagy , CMA ) 42 5 AR EE 11 A W~V i 14 RH 5C
Y 2A RIPEEE 32 4K (lysosomal associated membrane
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A1, a-syn ZEAEF A30P FI AS3T HE 5615 11 W6 il
FAOG 2A AR (320K S5 5, BELIBT 1 v/ MATE i
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RARPRZASERI T miR-214-3p AT $E [a) £ 1]
T Atgl2 19 37 JERHIZEXOR T Atgl2 Kk, AP
il A WK IE084% PD i B Ao T, iX 5 miR-
214-3p F LU H I B (cathepsin B, CTSB) £ H
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15 F o ( peroxisome proliferator activated receptor
gamma coactivator-o, PGC-1a) 253K $% PD |
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Parkin 5 RBR %! E3 {2 38 8 FH 2 M HE 1 4 A2 3 H
2 A DL 52 5T SO R 2 A 0 9 IR 20 45 44 | 2
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Z 5| G g oust Tk 5 & PDM
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HD SEAR ; 53 41, 301 SCIR R mTOR ik, {ff Jid i
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activating kinase 1, ULK1)  ULK2 i1k} Hifr S/
ATG13,200 kDa 9 %< % A B 4/E I & [ ( family
interacting protein of 200 kDa, FIP200) Il ULK1 #/iz
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AU OB gE RS2, TRV R 45 A R M 3
(homeodomain interacting protein kinase 3, HIPK3) #/l
MAPK11 YEA mHTT BHAE Y B, 65 H mBr vl i
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SRR RIITRE 1 AL A A S T I | AL
FORESZAR, AR A WK P-4 15 2 B 5 T PR TR
mHTT JE M 2% HD i 40 i ki iR D g™ . ULK1
1T 754 1% A 56 UL B 3B 34 (vacuolar protein sorting
34, Vps34) V5 R et F W N 1, o fig & A T
mTOR K467 e 22 2R 29 Wik ATG i@ it
3 TFEB 234 K #47% LAMP-2A [ LC3-11 | Beclin-1
SEFRIR /> mHTT JUBURMGE HDY | HAl, b
PaFE ALS A MS BYBFE AP ALS fliz oo LC3- 11
IR AL mTOR Fric Y BH M8 3l b 4 oo K i 3%
Y/ T AR I B P RGN -3 ALS M2 o0t
7=, JF H, ALS 1 #8 A 1k ¥ 5 AL [ 1 ( superoxide
dismutase 1,S0D1) 5748 5| i 242 5 52 il
R A A A WETE BRI RE AL
2670 AWEAKT- T S ECE R R DI RE RIS 5 | & MS,
WIFETIE S Mo B A Ay 2 AT 6 A T 28 R AR ) R | 285
FOTE 5552451, 3% 5 Na-K-ATP Jif Bk = a2 i b 5% b
2853 80 Na® S U 0 1 0 2 BE H A 3K AL % U
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BT EGE AD BE B AD SR
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FIERIZ 2 T TR 0, & 30 5 42 3l nT 8 3 BT
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R ZE 2 19 AT 17 97 5 s 4 A v AR Y AR %5
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LC3- 1 Tt p62 A5 LC3 1R T B 1k N
H S LR, i2 3 T #ilJS FUNDCL &3k _FiE 1 [H
If, 2ok B bR S 1 LC3- 1 /LC3- 1 L e
SN p62 FEik IR [ WEATE BT S AD
PIRAE, HWERIG A Fis sh s AD, iR 5 IREC
(adiponectin, APN) 234 5, APP/PS1 /Nl ( AD
ANEL) T T 2 ST b AdipoR1 45 & M T B
AMPK/TFEB #R #2448 5 [ WEE i > AR IR %
IARSE ) Z5 32 )y m] 3 1 ST A 2 200 1 I
T [ AR B, A2 1 4 28 A0 1 R T BR DT AR Y
AB #ETITEE AD,

Tau & H i BEBERRILIE B NFT 51 % AD K
)32 Bl 0E Tau 8 101 808, 70961 AD /I B
FRAE Tau FEAEL® , IFH, 5 AR —FE, Tau A
BRIk IN 232 2h T3 AD fOfE RIS S i3k S A
WK P T AR iE Tau 25 1S5 SRR AR T R AEMOE
A, A A KO B R I H, Tau A
JERERR AL IR 25 A WD RE AL, I A WE A T 10
AD #ZICH Tau 2K 75 BR % mTOR #8351
iz 3 0 PI3K S 7= AR Y B R UL EE 45 A A
( phosphoinositide-binding protein 3,PIP3) 54 PH
G54 M AKT R B R L BE K 8 PE R 1
( phosphoinositide dependent kinase-1, PDK1 ) 45 4,
475 PDK1 7£ Akt () Serd73 37 i, FoWs Himli e Ak , ik
AN mTOR BEER AL M M /b Tau & FAULEL 7
VLA, PI3K/AKT 3424 mTOR 3§36 212 8 el 3%
AD B33 T-HLH . 3 H , mTOR 232 3 18 i 40 o (4 nk
I /D Tau 25 ik BE W R AL R B2 R IR B B iR AD
(B 7, MR HIEE ghXt AD /NG T T B
AN B R B AT S E0E AD, X5 AMPK/
PINK1/Parkin i858 9% 32 20 3808 DT L 9 A 542 f
% H K ¥ ( brain-derived neurotrophic factor,
BDNF) >k ¥ 1f 4% b 4k | Wi DL J 303 AdipoR1/
AMPK/TFEB 345 34 34 5 V75 1l 1A - 3 1K 558 T s 1
H K S I8/ Tau 25 FTURRSIAEE 9 DL E
9T F B 32 st [ T B 358 PR UL Tau R
H,#Em s AD,

2.2 EhiE BRI E PD W/ERYLE
PD i a-syn S H HERL, I a-syn AT 4592 R AL

BB R G T 09 1 WV B R sl 2ok iR 1) et ids
el izl R e A WOk E PD, it
YT UG PD /INELSR BT #2824 i [ g AK P S 3 T
_l%;#ﬂ, iz 7R A i R E B T (Beclin-1
ATG12 ATG5 1.C3 %) Fikksk PDY, PINK1/
Parkin AR H% PD 2R B WE 1) L3 AT | p-
PINK1 {ifi Parkin 9 Ubl 55 RING1 1 YY1 Z54 & A
(ring finger protein 1, RING1) & 4= ff# &5 3 7€ Ubl i
MR EBERRAAE M 5 A, 2T 1 E p62 | LC3 R
ik, AR Z LR R Bl AR SRR OF
H ,PINK1 /EH Ty 2 ORI+ 6 JA [ F: Huftiz
ghia PD /N Db Parkin S HRE 45 ) Beclin-1 |
ATGS 47 FI WP 7 2K 00, Wl D OB cesyn ™1
—F3E v4-2R 3 -1,2,3, 6 PUS ML IE ( 1-methyl-4-
phenyl-1,2 3, 6-tetrahydropyridine , MPTP ) 15 5 ] PD
/NEUIB R PINKT il Parkin 263K FFE, 17 8 JA #1459
R B PD /D B S b PINK1/Parkin 3842 7]
B3 B p62 LC3 3k, /Ui OL-synm] e
4h,6 JE B &2 shias PD /R i B KR
LR N BESZ 30 0 25 4 B fig f AT, Xt MPTP 119
WA AN, A A X G2 B PD A
HIG (Y612 305 15 MPTP 5 45 A5G 1 5iF MPTP 1%
B5 #7128 3l 1 X LU WE 5 ) 19 el 4 T A X T
RILMPTP #2835 ME 5 S W IR ZRi AR 1 0 1T 15 A5
JEiEh ] B3 I PINK1 263k, k% MPTP 1 i1
LRRIA [ WA R R L], & Bz s
Thr222 {3 55 ¥ PD il 7 AMPK 8% 2 1k, 1M p-
AMPK I i TFEB ik J5 ¥ T% A W& 12 ATGl/
ULK1,k 3 PD i S onas e | g 5iag) 1
7 mTOR | TFEB &5 JC 8l N F k% UIA ¢, DL L[
T-0] WS PD G [ R AR SR IO a-syn 1H
BRS DL LRI R, A8 SIS PINKIL/ Parkin i
)5 AWK 42 = i PD, A2 BR T Y A A 58 38
b AR FBLE M RERE s

3 MNESRE

ABFSE AL, A Wg A 2B AT R s
3 Al @ 3d % 3  AdipoR1/AMPK/TFEB, AMPK/
PINK1/Parkin 535 48 A 32 51 [ W K- 2E 177 3 B DL
FLAB Tau fEH A a-syn %5, 2% AD PD #4508
TR SZ B P2 o0 filh S5H T RE(ULIE 1) .
H A — S [n) A I ST 48, AR .

(1) Jmas 17 g o4 b 28R 17 M 8995 B 4 R AL
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Figure 1 Possible mechanism of autophagy-mediated exercise in improving neurodegenerative diseases
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