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BEIEN—REAE Y T HUA ST TB, X AD R
AR BT AE A LA 2 1 22 A ) = Tk P T 9 4
MZ— o MRBIFERY, a3l DI s 3w
BER R GACAR Sl e, W smis B AR, el
ABFRER, MIMIEGE AD FIARIZNARE 0 i, A
SCERR T A Wi A D REREIG-7E AD & AR A SR v Y
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Y s AEK  , EL Sh ) TR G A R AR
(mammalian target of rapamycin, mTOR) ¥ il i
J& Al DA HE— 25 300 ULKL, iS5 A m & 4k
ULK1 #5121k B 41 il bk E195 2 (B-cell lymphoma 2,
BCL2) (AR EAEH1K Beclin I (BECN1), #Efii
A 36 B 1 43 1 34 (vacuolar protein sorting 34,
Vps34) PR WA 1 VPS34 02—l T 26
WERRMENLRE 3 il , X T A WRge i A e fdh L & ATG
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() A 5 4 5 2R AD /N R BRER: 277
112 ZRifk [ WA S ADIY & A K i
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XTAEFF AN AR S B AR, dHA bt S
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121 EREAE B2 5 ADRY R A K i
WHHAR S H 8 5 AD R A B YA G, B
TR, BT 5 A FIGENEHE R 5878 (1) 5XFAD /)N AR
I AB LU, SEACIZI BRI
OB R A & B & 1 1 (lysosomal associated
membrane protein 1, LAMP1) B Bk °"', 7 6
FEF110 A APP/PSTARU/INE, LK AD
IR R A B Lamp 1 35 AR IK 3 TR °0
WFFE R B0, AR R T 5 AD 56 K /N BUIN P4 #f 22
20 R N T 4 L v s AR B i, 3
FIREARHERR, Tork M e g e e, 3o
24505 Y, Kl I E A (trichostatin A, TSA)
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TFEB) W% 5000, Y§5R 1 [ Wi R i (A AH DG [
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ictZRES s
1.2.2  IFEHAREMEREIRS 5 ADI A A L R

TE AD W & SR B AR TG PE A s, 3300 5
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Tl A H %) i 2 I T, Tau FI AR 38 37 802
SN FEA P 2R R D R 1, d18UE A
it D 38 1 X AR, FIl AP, 4 22 55 [ it V81 1 7% il 1A 9
ABTKT-FT AR/ AR, L 1 B EBL, AHLLWT,
CatD 5 /> BRIt AR, F1 AP, 2301 38 fin 4 45 il
2515, B THRGRAMZ I . BR T E AD L
RN &I CatD 1 PERE I, AD fBF il h R
I CatD 17K AL
1.2.3 G ApH R A FADIY KA K e

VS AR I 7Y pH (B 52 0 4.5~5.0 B R PR PR 3R 05
DAL T R & T AR D RE . R VE IE B RO TA A
TR T — R R 5L, RIHAN T A
W R 5 | P AR R ) S i B T, AR R4 TT
Fads . Ik, WABER AY BRI IR 5 X A A B
IIREZR G I EEAR pH 7 23 T30 A R
TR B BG, o AB R Tau B E , i K M4 T
Pif o

VTR T (&M s FREZ R A4S A i siikiz
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JRE AW, V-ATP EEF H ATP /K fif (9 BE K HA
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PE O M VAATP 3R 8 /0, S EB0A T R g 5
W, ABAREBLANMIK i AR, YEmiS] & AD 47,
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PST J P o 5% /0N B 8 IS 5 0 i V-ATP il I i
V0al FikFEAELL K V-ATP i 528 S W0 s . 15
FALBEERRG , FEOATRIR (LD BERERS, X AR Y
THIRAE S ZA, BE N Z T AR FET
PH &S 1%% 32 75 11 ATP13A2 (PARK9) & — Fh % fiff
Wi ER, NTtHiE o MLy RS,
ATP13A2 eI T 8500 B R 16 PR R AR, P B
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2023; 50 (100

Bk, % 1EThiRE B A ERIE B8 2 & P /R K i BN AL

*2317-

FEARE AR Yo BERT Z AR M A B & 1 1 (transient
receptor potential mucolipin 1, TRPMLI1) &% A
JEE b ) — i I, B 0T 4RI A b i I pH(E AT
Ca™, Na', Fe*. Zn" 4 &1 IKF /. TRPMLI
T8 22 0 55 % Wi 0 1 R 01 3 RN ph 28 A8 4 %% U0 A
5 54 S TRPML A i 1 s A 5 i A il
I AD N BURY TN R BE B B BS RAR H175
(transmembrane protein 175, TMEM175) J&—Fpi%
Pl AR 1 ) K@ A 1, X TS EHA R H A7, pH
ot TR RN AR - A MR R G oG B
TMEMI175 ik = i R KmE R0, 2 A
Uifesz i, PIReE AD KM — s E 27, A
U, Y AR R A R 1 R A ik B g R A
i, ol EEEIARIERE, AR-SIERSZ
P, WEHAARE S ST REME e, il AW
BRI e, SEMSFHEEEARIE, 51k
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2 IBEFAEEEREERSEEAD

BT LIS B ANLRE, AERE NSRRI R
A, FRAGATIRE S N REAAES, A T IE S pl
ZIRAT TR HERR . ARy —FhEZ5 Y T IR T T
B, mah T LA FvE, BEORIERHATIRE, fedExS
AD B I REAR , DTG A D) RE R f:
iz gl WO e R IR E N B
(adenosine monophosphate-activated protein kinase,
AMPK) . BRI JJLEE 3 3 (phosphatidylinositol
3-kinase, PI3K) /ZE 1% [ B (protein kinase B,
PKB, X#Akt). TFEB S AH AR 538 ok 42 A
WEIABHARSE, M5 AD (K1),

21 EBEHHEEERE
2.1.1 izl L F RS R Eok R
FRTE BRBE I ATk A R D g

1z 8y ] LIRS 22 A M0 W . A OGRS
W], JCIBJE 90 min, A 5~17 m/min 5 18 Ff
AHlizgl, b H IR rFe s sh AR AE W& 5
GFP-LC3 % H K /N U A R, 30 A i
THEA CHAER] ™, PR R B, X5 JE I SD R
FRZEAT 36 8 30 min/d B BB HLIZ 3 T, 3% b
A TR BUR i b (4 0 R AE R TS L 1 Csilent
information regulator 1, Sirtl) /K, #5517 KR
EE L NS O SR v~y S S RS L A
DI 005, IR AL 8k, 2 ik RAE I

R 1610 NSE/hTau3 %3 K/ Ui 57 Beclin 1 A3
KREAR, AWEZ 8 S8 I, BERR 1L Tau & 1R
% FLRINIThAERERE, 12 J5 Y APz shis hn
T/ Beclin 1 B93R35, A SEOM T HKE, &K
R A VSR RIANHITIRE T ). APP/PS1 #%;
FEPR/IN B A s AR WT /MR, X AD /)
FEAT 12 J8 45 min/d B98P AL B T, HA
W VA AT P 2 T, AR BEH T BN, A
BpAAS SR ) TgCRNDS /N FLUE I S HY
R AR IEOKOE | INFNEREEFN A EAZ B, ABIERR
KRR, & s A0 AR T, TgCRNDS
ANEU B VST RERR AT B 2 f, AB TUfTFRAR, 5
JERIA N e A5 21 A je s . Ik, iz sh LA
TH A E W R S o R I BRBE T, IR
Pzot, s AL

2.1.2 B A WERGEADRE S HLH]

12 Sl P LA T 22 0 B R T 1 g T e
AD, {44 PI3K/Akt {5 5 il f% , AMPK 5 5 i
s

PI3K 2 — it P 5 i Tk UL Il , i 7 240
MIAN RS TN 5 51 SR Eh &, TG
AHEAI R A AR AR 7 DL H A g R AR
MRS, B e A R 2R (55 i 0 240
ML 1, Akt —Fh 22 /05 B PR A, &
FETE T FARAAS M EEA R, mAKE A
ST Akt E AP T ML LS RO BEIR AL AN S TG DL
AR E A e i T . PIBK/AKL (S %
W AEH XA 2 RGP R ABEAATG . A, Mk
Az AR TCIETE AN Ak LA B 5 ik BA v e T
YER, PI3K/AKt5 5l I S A R TR it S
LM AR 20, /N A sk, TR AN
1BITAD ', WFSE KRB, TEXT 3xTe-AD/NREAT9
J# 90 min/d B #AEH1A iz shal 9 J (W B ) 2 ez
B, AD /RO E R v i RS EAE A K
1 (insulin-like growth factor 1, IGF-1) ik %42
L WG T PBK/AKUE S5, B9 [ WEATRE
IR T AB ffer, Hgs (B S RO RE AT B
o el e 3] 12 JE 20 min/d B B AE LIS BT
T, 32 Sl 3 i NSE/hTau3 #4 5E R /N UK
i Kz )72 v PIBK/AKt B AL, FAAIR T 5 L
P 3B (glycogen synthase kinase-3B, GSK-3B) i
P, M mTOR 524, /b Tau A9 1ot B R 1k AR
£, PRESSAI2E ) R IIRE 2, R, X IE
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Jis VE S D-FZUBE A AL AR 1 AD BN FRGIEA T 8 J&]
15~45 min/d i FAP AL 2h 1 10 a] LA R0 PI3KY/
AKY/GSK-3B {5 5 i, /il B ph i, ek
3 AD/NR M 2= 8 C e i, R SR E
7 L, 18 3RS FE TS PI3K/Akt# [ 7 TH
JH4T AD [, B AT E, SR T AR A
WERR AL Tau W BEARFNERR, S AD A RERETS

B E T EEE PIBK/AKt {5 538 %4, ik a] LA
P4 AMPK {5 53 1 208 F . AMPK 2 — P 48
Ji fi s AR W ) R Y R, RS
AMPK 1] LS sm 240 i 1 e, FRAIC AR A= i Fn SR 4k
etz AD 7V ST R B, XF3 H ¥ APP/PS1 #5 I
/NEFEAT M 20 J5 60 min/d Y R E S0 T, AT
DLIE AD /NERVE B Py AMPK., 38 hn 2R 11 T 58
i, MNIMEE AD /) BRI 5 A i AMPK/mTOR 38
%, FEEmTOREHRYERILE, fEdk AD/NMAH
Wik, W EARE AD /NI T iECRE T
112 JH 45 min/d 1 820 LA 4Rz h T [R]AE AE
HET 12 JE % APP/PS1 /)N BUIN 4 il Fh AMPK (1) 3 35
MBI, W6 T AD /N AR ERR Z 14K 1
(adiponectin receptor 1, AdipoR1) /AMPK/TFEB
SO, BT T /N BRI 40 GV AR D BE IR AR
TRHE AWK, WERT ABULEL, HUZEM AD
NRAA I T RERSERG ™ MISEIFo 0, 8 R H4e
iz s 2T Wil AMPK 8 iR b KT, 1h e
5%, M MTE AMPK/SIRT I/TFEB i %, i if AD
AN WIS A KT, BESRIS BTN RE , B
A,
22 EEMRHBEKIGE
221 BT BHA D RE S ADAEIR

B A B TR BHA R ThRE, RIFHLE IR
WINAERER, AP ph&ot. iR e, &
WEVE R B AR, BRI 4E2E LA
R LARIAR A, iz sh A B sl D ae 2 v
bifk, s RPN, SR A
Diae ™o W R B, X/NRIET 8 MY a4t iE B
Wz )5, /NEUKNAY Lampl & HKESE A, %
K 30 B 5832 sh Nl Z5onT LA S080s R b [ -3
B fRIRAR, BESRIAEIADIRE R E KA ™ BRiM
iz ghhlh, HAFIA I 3T R R a] DL s i i
RIife, SCEIAFISRG . i, St s SRRk
mTOR &k, fEUEE AN A KA ™ 18

Wiz SR AT LAS RIS A E Y A, s m
I et A LA 3 B AR T e B A 747, S 10
J& 30 min/d [ B iUk I2 BhI0E T SD K R A il 4
eI REI B B R b A T B, s ARE N R
B, ISR R N B, (R R DA
ST DI RE IR 7S, RIIL, 32 sl T AR Y i
IRTIIRESE T A AD FEMR

222 BT BHA T REGE ADRIHLE]

iz 3] LU i 0% TFEB 1 A BRI RE, o
% AD 7', TFEB & A MR B A A= 1) A 1Y
FHEPRA AT Z—, TFEBMTZ5 AWk EY Ak
AL W AR A R R i ad AR ) 24
LD, DN AD BB 43 5 A AR A RO 24
H Y TFEB 78 3£ K 8 fIE H UK BB E T
P&, ] TFEB 228 1] RE /2 AD 9 %5 i (A T BE B
[ SCEER 2R ™, MCWFE 2B, 3% TFEB 1] L)
A 25 240 Jf RN Sl AR e i v AT AR A 1
PR3 AB. Tau %558 4 H MR ™0 SI0% AD
/NERK N 9 TFEB B, WS BIA AP & AR 1G58, ¥
AT B BB AR 2 2%, X APP/AP Y A SR 412
L PEERERES, SGE T AD/MNRIIEC T BT

1& 3] LUIAVE A 200 TFEB 30 #1175 5 [
MR KA, X AR E R F IS bR
BOR, MCEINATIEE ™, DR R, i 12
45 min/d BUP LA Sz il 20T LLZE i APP/PS1 /)
BN AR, X BN 518 g /N BR R i
AdipoR1 7K F i) 35 A7 3¢, AdipoR1 1] LL i F
TFEB#% %) i, ¥4h TFEB & A& &, FiHE w4
UIREM G AR s, BIRA WS H ™. 5
T, 8 JH B ML A B s I S 40 A S e Y
TFEB /K TR, 41 4% o (%) TFEB /KF- 42 5 4.4
%, X FWIESHEHE T TFEB WIS 00, V875 W
A A A DG BE DX ) e SioKF BT L - AR 3%
7, WOV REARTIRE . FEXT APP/PS1 HE L R /1N
SEAT 8 20 E Ry MU 4e TS, AD /MR TFEB
(R N B3N, HE TV AR A 9 e A A D3
4% 5%, 2 BRI Ref 2R, BRIRT
ABEEPE, B T AD BINHITIRE 2,

BRI, iz 3l nl DU S TFEB AL 1 W B
IREER FeaRok FIRAHDC E S, SEmiEeE B s
AT RE, $& SR TERREE ST, FEAIK AR UTRLUR
MroniT, BN AITRE
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Fig. 1 Exercise regulates autophagy—lysosomal pathway to improve Alzheimer’s disease
El EzhET BREEEEENEN/RRIGERR
B LA INIGE- 113535, TR PI3K/AKS 5@ i, FEAL N UEGSK-3BMYE I, MIHImTORM S 71k, AAIMHE S5 [ WK, kXt 55
AR AN A R AR 5 32 308 ] LA B8l 1 AdipoR 1IGH AMPK, — 7 T M mTOR Mg F ik i bl [ Wi, 55— 7 {2 #FTFEBK%
0L, Y E VBRI SCHEEN ak, B IIAREAKT 3 RAEABR . TauflI ZBERKLIRMFESAR, BEEADINHIDIBERRNG . IGF-1. B 2
ARNF1; PIBK: BESREENIEHAG; Akt: REHAEB; AMPK: BERRIRTTIS (L H#0E; AdipoR1: JRBECERZIKL; GSK-3B: HiEG
JRAFERRG3R; Sirtl: UUERMEBIHTINT1; mTOR: WFLEhY RN ZMEH; TFEB: 5N FEB.

3 BREERE

g AR, H WA TR R SR R R AB
A Tau JC I 45 A5 850 B AT 5350 AD i i) 2 22 A
%, 1z3hAl DL I0E PISK/Akt . AMPK %5 AH G
5 G TFEB 25 P45 DR 7R 1 1 e i it
e, $RE % AP, Tau 25551k 8 M5 A4 I i e
J1, BRIk, dEmde e ICRE ), o
AD. [HIt, WA T BE R R IA T AD X JE
SEH R (AN Z IR A A SRR 5 | & i iR A
PSRBT, 38 AT LAV AT 1 W5V T A
PATRB FIAELE AD SRR A 80T B

ADE Ry —F e A A e, MR RYR
I7 ORI R B ARG AL, % AD BT B AR Y7

PIERIE— T RPN TR, AR S B 2
FH T R B AR A 95 B FILAE 2 AD 3 72 9 259 T
B, sahir KM H:, ARMZER ST
AD BIBCEERSCRA AR, SR, A EA —Ff
BN RS A EGE AD Wiz s 2, I EARFAE
W PEB . sk AR B LA R RN Y
BHEPESITRE SR ARRRZESR, KTias)
T IR T RANR T Z A — 5T Brizzhz
Sb, BARNHINGR . PR, BRI AR AR
23967 T BE REAE AN [R] B J7 TS 2 s AL 7
ADBIFEI, 45a ANRIFP SR 1055 X AD #EAT
A T HLRA BRI 1. L, ak—
AIRFE SGYT T BB HEL B D7 52 LA Koz 5)
5 HAR AR5 T T B SR ROk,
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Abstract Alzheimer’s disease (AD) is a progressive neurodegenerative disorder. The pathological changes of
AD include synaptic dysfunction, neurotransmitter imbalance, neuroinflammation, deposition plaques with f3
Amyloid (AP) protein as the core in different regions of the brain, and abnormal accumulation of Tau proteins in
nerve cells which form neuronal fiber tangles. If AP, Tau, and damaged organelles in nerve cells can’t be
degraded and cleared in time, it will produce significant neurotoxicity and cause neuronal damage, leading to AD.
The degradation of AP proteins and damaged organelles depends on the autophagy-lysosome pathway. When the
degradation function of neuronal cells is abnormal, neurons are prone to accumulate abnormal proteins and
damaged organelles which lead to neuronal damages. Therefore, the decrease in autophagy lysosome function and
the impaired degradation of neurotoxic substances play an important role in the development of AD. Abnormal
autophagy function leads to the aggregation of AP and Tau in neurons, leading to strong neurotoxicity and the
occurrence of AD symptoms. Decrease in the number of lysosomes, abnormal lysosomal pH and decreased
activities of lysosomal enzymes will lead to damage of the autophagy-lysosomal system which leads to an
increase in abnormal protein aggregation and triggers AD. Exercise is the most effective non-pharmacological
intervention to slow down cognitive decline in dementia patients. Exercise can quickly and safely activate the
autophagy lysosomal system, improve the clearance efficiency of abnormal proteins in the central and peripheral
tissues, and thereby alleviate cognitive and memory impairment in AD patients. Firstly, exercises can activate the
Phosphatidylinositol 3-kinases/protein kinase B (PI3K/Akt) pathway, which will further decreased the activation
of glycogen synthase kinase-33(GSK-3f) and reverse the abnormal function of mammalian target of rapamycin
(mTOR). Through this pathway, exercises will improve autophagy activity, promote the degradation and clearance
of AP and hyperphosphorylated Tau, and alleviate AD cognitive dysfunction. In addition, exercise can also
regulate the Adenosine monophosphate-activated protein kinase (AMPK) signaling pathway through an
adiponectin receptor 1(AdipoR1) dependent or independent ways to enhance cell autophagy, increase the number
of autolysosomes in cells, enhance lysosomal function, and improve cognition. As an effective TFEB activator,
exercise can upregulate related signaling pathways by activating TFEB to promote the expression of autophagy
and lysosomal genes, improve clearance efficiency of toxic proteins and damaged organelles, and reduce AP
deposition and neuronal apoptosis to improve cognitive impairment in AD patients. Autophagy lysosomes may be
a new target for treating neurodegenerative diseases such as AD which is caused by the accumulation of abnormal
proteins and damaged organelles. Exercise can activate autophagy-lysosomes pathway to prevent and delay the
progression of AD. This article elaborated the role of autophagy lysosome dysfunction in the occurrence and
development of AD, laid out the underlying mechanism of exercise preventing Alzheimer’s disease by regulating

autophagy-lysosome pathway. This review aims to provide a new strategy for the prevention and treatment of AD.
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