Reviews and Monographs ERud=gars

0) )L S i R
Progress in Biochemistry and Biophysics
' '12024,51(7) :1589~1603

www.pibb.ac.cn

ZEETE T E B EREN R B RERARER
1ER A rTgEAL &I

RIFY F &Y H AV REFY HET
(V YRR T F bz sh R BE, TEFH 1101155 2 WA E Fhiiz shlgsbe,
D B E s s ST oL, YRFH 110115)

S S ])EE

=T
YEBH 1101155

E AN (autophagy) JE—FNARGRFEMEIE, WY ZMEMIE (RFREMIE. BMEMuesai) mga. s
AT O, WESSEERER. TR, AW TG AE SO ACROR R o BT R 44 i A ok sz 2 E A
CBOMZ ST . BESCAMTTORIN, =8, AN MEEER B Z RO R BRI T S R 2 S A s sl 52
W, R R, BB TG . 2 NBNGE REAAME R AT B, FTER R E Y A ERE L R L, AR
FIBIRTFEN Tisgl B AW B AL Z A R AN, 2 sl i B [ iAot & BUst AAE n] RE I —Fug i) 701
PP . BT, ASCERR TaashBiin & BOsANE o fe i A e A etk DUBE 7R B W2 Sl B AT i

VEFIRATRESN TR, I WA BE R SR 1 BB RAME BRI PR T T Bede 2%

K

FESES R681, Q4

‘B B AAGE (osteoporosis, OP) J&—Ff L&
HIUT . BHSURGHSUR, SECEMEEm, 5
KAFIONEERN 2 S EE . ME RN E
AR, OP B2, BRmna I
BEBRAM, BWRIKTEIER, B 4 iR
Z, BigEmEER, ME 202045, A H
OP i AN Z)M 9 000 77 1, i R AN P& 3T
BN A B E BRI RN 2 —, I,
OP M7 I4 R Feff ke . AW (autophagy) A Bh T
R R A2 ol 2 A e 2, DAAERR A i A
AR R EMW, B WS D E R W ACE A
(osteoblast, OB) . ‘& 4Hffl (osteocyte, OST) il
WM (osteoclast, OC) MITLEEANTEME, LI
A AR B 3SR 4 M [ R S8 e e R
MMERIETE S0k, PSSR, R E TS
M, Z, FWEAH RN 3Rk 2= AL 2 58 OC 1
OB UJREREN:, HZFERAMH., EE2EFHOP
RIRREE W N ZR Z —, 1 WA OCHER 3R TE
RN IR deAh, AN . MEK
Fk = FOBE R BB R 5 R S BA WRIG B

HIREME, AL, 2, WIASYHNERNEN, PRI E A

DOI: 10.16476/j.pibb.2023.0419

WA A 7 DL BN SRR, A RRAE
OP Iy K tE ALK S il B AR . 1 Bz B 2 i
OP AR F-Be, mldcs s U, Rm ey -
PERE . BINE R Y, AE S Il [ R A
AR — BT 7R AT ALE L C OP BB A
PeplsLat . SR, HATHSCHI B, HiE
A BIWTFEAE e 7z Sl [ R AR e OP B H
BRI WS ABIRA . i, ASSCRUBEI A 2012 2
Biji OP s A b i A F e, UG 7R A /e
18 ZHEE OP VR I BT BERY 20 T-HILTH, Dok
KB iR A BB AT T 5 1 AL S R
R

1 BREHRERXBEINEEERS

1.1 BHAMF B
H e — PR AR R A, FEEINRE N Rk

« [B1 R A ORBHFIE 4 (12072202) FIL T4 H T2023F 3L A R
WiH (JYTMS20231332) %l

s W THIE R

Tel: 024-86930551, E-mail: 45208373@qq.com

Wk B 1. 2023-11-01, $Z HH: 2024-01-02




<1590~ EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (D)

AN EER AR E A B E SR, BRI
J22 0 R A4 L PR DA T A W Y R R
JaBh. A% . RIS B WK LA K B -
KRR A . A WELR T A WA 1 2 G 4K Une-51 28
W BTG B 1 (Unc-51-like kinase 1, ULK1) (¥
TR, WIS Y ULK L 3558 — O E R R E &
Yy Beclin-1, JEAFRERMIIRE R Be, FfJE H WEAHDC
R 45 % H (autophagy-related proteins, ATGs)
PARITE , S 5EWIKRNY R, ATG &M
REITFE R E N E G0, REFREMECER
1A/1B-# 5% 3 (microtubule-associated-protein light-
chain-3, LC31) 5 #JI§ Bt £ B i (phosphatidyl
ethanolamine, PE) #5&JE i LC3II, @l A #r {4
g, LC3II. ATGH HE & Az K ibdh & HEH
SQSTM1 (sequestosome 1, p62) FHEAEMH, H:[H
Pk A WEARRY IR P & B e, AR SHE
FERRLETE B W A, K 4 B PN R e Ay
SR . BRZS . AL R RN RE LS R ICHL A M PR
FH, TR, s 274y SORT 44 67 S iV FH BB
W L h %) B A X FE AR 1 (mammalian target of
rapamycin, mTOR) Z&%/1 (mTORC1), MIMZE
W2k F W, TR E RN R E W
7 CE

TEIEHAEFRIEOLS , A P e Bk
R E W, A BT R R R A2 4 Bl S 1 41
ar, AERRAIMRIRRAS . R BRI . YR
EAFTEEIREBRE . AL T 15
HWETE SR, PRS2 dn sy, Aham s bl
WA (E1).

(EE AR S RO A= S A [ W
AN RS S AL AR . OB, OC MIOST, ‘B4
A e fa] A 2L R P B 2O TR 5 A A A
SRR Y W B A L R R R AT A T
iy 42 B E 2N OB, OST F1 OC ) BE RV
PE o Zahm & 0 B R ARAE T ONFICER 9 40 i AR
N AT AW, JFH A WS PESZ R R T,
Hrp b . sesa ., YUk, BERRL, HEieE
JIPREE AT LLBOE A WO 140 1, mTOR
R B R BRI TS fb & 1 I B§ (adenosine
monophosphate-activated protein kinase, AMPK)
S A W 1) R SRR — o TEEFR AN
ST, mTORCI Al i W2 1k ULK1/2 F ATG13
T 0 4% ULKL, #ddl Amg; YL AT,
mTORC1 K7, FEULKI1 Gk, ATG13 FIFIP200

BER AL, BF AR BRI
(adenosine monophosphate, AMP) 7] 2% & ¥ 1%
AMPK "V, S5 HBERRAL TSCL2 AW, (R4
MTORC1. 74h, AMPK#ERRIL)S , W% ULKI,
MG AW, BF5ERM], A WES S OST iy
gk YT A RZ AR R

H %5 OB WL FNa 4k 2 UIAH G . 78 H W
Hrh, PR EE TR A AR, X —
FIAE B 88 Th RARAEAE R ) o, i) B et BH
Wi T OB NI Py sk ' 0 F WA G HE ]
B OB MAEY#Tife, Flin. 7ERSMREE
FC SR A OWEAH OC & (Beclin-1, ATG7. ATGS.
Fip200) B FEULFT AL, MElEER, &
I AR S A A T R AOAEOC, BT
KI, PP H] mTOR ® R 1k AT $2 55 OB 19 F M
(I RTINS 7 R = = R C VR G B
mTOR EA2HNH OB #Y A WK 2, RN A AL
it Wb, SAEAREE S N, S A BT
I S {5 4 F GRP78 B 85 I R R P Jo
ARG TE OB AWEAZBH, TN =, M RS
P A SRR OB Sz 1, XA ORI E I AT g
5 HAM ) 15 P4 (reactive oxygen species, ROS)
P Rata RNy A & 1 U N T S R N e 1 2. N
A5 1A B Uk L 41 9 2 LA (B-cell lymphoma-2,
Bel-2) MYFRIEA K, Hor2 i 4 M SME 5 00y
i (extracellular signal-regulated kinase, ERK) /
mTORFZHSL I . HOCHEAERKHAFEIEES K
=% (bone morphogenetic proteins, BMPs) ., X
L SERLR (Forkhead box O, FoxO) . S R
KA ¥ (insulin-like growth factors, IFG) %5
AJ g A O AMPK G % e [ W AR OC 2 e T
H g 22

A, B WE IR S OC BY-E WA (e A
Mo BRI, BRI ATGS, ATG7. ATG4B
FILC3 i 5| F I BHA S R S TR L, S 51
RN ZS Y1 4R Ah 23 AR AR 73 8, X OC 74 482
FITE R . OC 11 43-Wh ) RE FI-E W WA D e & 4% FE 2L AR
o FEMRSME Rz i & (glucocorticoids, GCs) 175
SR AN RS, ArEE i, LA di i
J1, AR OC A BURIAFS , T A W di il 5]
(g ) mrmGIARSN OC B9 Az B 55 A k. A
WA 5 OC HH LA LM EAH EAE ], e
Mo OC 3G FE . s AL R . TEBE S T ISR
H 15 'S KT la (hypoxia inducible factor-1la, HIF-1a)/
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Fig.1 Molecular mechanisms of autophagy
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HEOC Y A mE 27 [t ] i RAE R AR OC
Kb 5Ih6E, REIRIER F o (tumor necrosis
factor-a, TNF-o) 7% 4% K T «B (nuclear factor

kB, NF-kB) 155, 121k OC Hy4 mAE Wk, X
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Fig.2 Autophagy in bone tissue cells
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1.2.1 WSS B A 53 AR S B BB
OB R IFE Tl 7Tl T4 il s Az 4, %))
RS I Ane fea BE T, ke B S it
— A B AN, B AR A S, R R
JHL O %, X R R R T AE . Liu & BV OHI
Nollet % ' JERH, [ WitfE OB 43 AL Al bt 7 4
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(SR ERaR A i0b: N O = WA AITR €} NP e = B DR UN
H OB BH 32 P R DGR R IR N 2R o FE Aok 1
T, AHBIERER, A0 PN Y P AL R A
A, OB ESE AR [ Bz BHL, B 3
ZEE] B, BUE R s, fEfE T OP A
A B Arg7 RS —FPEL2REE, S 5WANZER
REASB R, 7 HERIY G R h R R AE
F. Onal %5 8 A58 M, 76 6 /N, FibR
Arg7 SEFAME AmE , /N OB £, Ak
WOKFTHeE, RIS 8 A REEAR N B ACE
TR, SHAEMMTF SR LI, OBFRF I
K Atg5 T2 OB 7 S AR E G, HARAI T2
AEVEIRE I, H A PR I OB A Ak N UK 71
NFKB1 5% A& 83 %] (TNFSF11/RANKL) /3 3
/[P | 0 S P N7 i S VA S 2 G (RS G R E|
W ] I8 OB WY ST 403 LA 2 | i by ), 4k
N AR T OB H BEDIREAZ 10 7] BE 2 FBUF IR A ¢
(R E SRR Y E 2

BEAh, 428 5 Hh AR R AR I Lo R PN S 2 KT
TR, PrE e g, RAERNIEHE, HH#%
P9 ROS 2 B AR B I K S i PR -8 3k, D 41 i
OB 4 FH . AL FIE B 1k, B E kA,
SECE BRI, IR RGN, BN P,
KEONETIBRG, JEH i OB S OST H W7k -3
g, PrEAEYREY (T-AOC. SOD
FICAT %) Fik FFe. TangZ5 7 & B, DRiLL)
BRI K ARG 6 B OB [ MER N, i 45T —
BT R B A WK PR, B 15 DL 2%
fifto L3R, DPELVIRR IS — B o] pa iy A Mo
AT BB B IR SR TR 2O RAE AN R R AL
il o PR, T DA I R R A R A
WOK TR 2 28 I 5 R A Bk, AIAERIAL
Hild T i — PR

GCs M H REAAE (GIO) /2 GCsifryra
B UL I R I & RE . GCs R LU 3 [ Wk iR 40 0 1
OB H1OST WP 5, fa 1A (HWF5E
KB, AR S B A REER T, GCsifs T
OB H W HA BMAER , =75 i GCs W 23 fin
OB MR T, i Bl ' ik, GIO %
TR A BORSXT OB A fa )58 & — M FTE LY ]
M, FEAZ AWES T 2 A L GCs I
PSR ZE R

OB H ‘#1551 T4 iz (bone mesenchymal
stem cells, BMSCs) 4rfkifii>k, BMSCs 1) %5 = i

AR BIER N TR, JERIUH BT T HERE, EHEL
B RE IR . iR RE I 3G . SETERE T F%
ik, WF9ER B /N BMSCs 1Y H Wil v I i
T /N 2, B BRI HLR 3-MA - (I 2B R
ok LI 3 3 B (phosphoinositide 3-kinase, PI3K)
I AR T 4h4E /N B BMSCs 14 i 431k Fig
SHAET), RPN A BUSAL 5 AMPK i@ i L4
M mTOR FIHE IS Akt/mTOR {5 538 i e P il
A BMSCs ) BB 43 46, i & h s R
(rapamycin, Rap) JGY7 AJ 3 9 & 4F [A] 78 ot -+ 40 it
(mesenchymal stem cell, MSCs) B 4>k &g

femFEE. BN R, AR R
BMSCs %32 A AL HAR 17 4, U] A g2 15 4

BMSCs 1434 5l K ey 73 AL B e I 0l 40 i 1 7
i3 1A 1Y BMSCs B F WK F- 0] BE A 6 57 5 B
OP [#E A5 .
1.2.2 WS- F0CE AT B T AAAE

OC Sz ME— T2 1 R A 5T B A% - L WA % R
R E AN, BWES 5875 OC 7 U 45
BB, Al fEdt OC MRS FH L FE R IO fE, JFm
il HR T

WHFE R, HWRAHCE S5 OC /LTl
fig el IR «B Z IR R (Receptor
activator of nuclear factor kB ligand, RANKL) i
I N A G H R 6 3B (MAPILC3B,
LC3B) 1 p62 & P H 350 76 8 B I w20 i
MOCIE it # rh ik hn, I H iy OC 7E14
PRI A RS 7, X KW RANKL I 7E OC 43
et B s AW . S A PR R, 5 OCHIRER
JCI1 Rab7 25 FA7E OC 45 4 P I A AE 2 I I8 1
ATGS5 /3. fERANKLAE T, Beclin-1 1] B $%
Wz R AL TF MR IR SE I T 2 KA C I T 6
(receptor associated factor 6, TRAF6) ik LLif%s S
FIWE, [R]IE7 AE — 2 A9 % 480 A e X — i
TS A RIS, OC A RLSZ I, X 3
BLZ T M R SE IR T 2 AR A E -3 (tumor
necrosis factor receptorassociated factor 3, TRAF3)
(R A /0 S 85, TRAF3 3l 1o 490 1 s 750 7 A gty A5
() NF-«B 15 5 1% 5 fH 1E OC 43 1k **' . Deselm
S el L, AR A R G = [ WEAR OG- (n
ATGS5. ATG7. ATG4B. LC3) W LT3 OCJifig
BT, EWICRE IR, A, TOBRIE i 2 A A4
T Arg7 BRI 2 OC ARG IR ik . GCs =15
FOCTHEMET &, MdlEIER, Lindg ' &L, R
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SEPERRR /N Arg7 FeH S, AWERTE, OC 4k
BeID, BUSORES, A RE T GCs FBEEL IR
RiFEFH OP, X4k IR T SCRIAR M —2, Ui
R Y GCs M BB F H TG MR 7, LTk
R BRI E SR . Rap nf L i #l OoC 4kt
11 mTORC1 Hl AMPK {5 538 [ £ 11 1 2R 18 SR 3 i
AW Y, eAk, Rapidadisi/b OCHE:, #i% OST
FWE, DR T A T A R R A O
g B AP RV, —H XUAREE S AMPK Jf:
S AW, OB H kL . FHLIFASN OCHY
34k, FEAK OB H RANKL 30l B 30 R 35,
I OP H45% % (ovariectomized, OVX) K EUAE Al
P IR . A g5 SRR, AWEAE OC /e fil
WD RER AR R A AR, HEiirs
B, A REA DGR AR K OC Y 4 i Fad AR
HE, HMES Y5 T OC % g & M 25 91 it 4k 2
W, Wi OC HiffA [ OC iy 24k B, BERH A
Wi FE OP 451 FH B h & FE G HAE FH o
1.2.3  FRES B A0 M A S BB A AR

OST /& OB AR MEARAS, IR AR 1B 2
i, OSTWH A KAAWIG, AR EN, 5K
SR B4 iR TH A OB AH L, LC37F OST i3k
W, A, RSMFRERM, SRS 1) OST
HA W R H W o H W nT DR A e
2 GCs Z5 4 T X OST 2 4%, Ml OST (1)
F AT s S BUE R AL, AR08 Bl i) &
Ao fHARFI R GCs 7T S A g, K& OST Iy
fig 2, ChenF ' BRI, BEAFMAIMEG, Mt
S OST HLC3I1, LC31I/I, Beclin-1 F1 Ulk-1 ) 2
SKIEAR, T SQSTM1/p62 F4H ML 8 T34 hmn, 3% 3%
B, OST FAMEDIREREAE IS I K iRk, R 1
Dife ) wiR v fe 2 P ECE AR M EZ RN Z —.
W R B = 22/ OST A M, i I MEB R B0 2y
YT HUG e E T F 9 OST A MK, JEmH 40
MO, OSTiEM:REm o, {2k 7 a8y s
FLRMIE R, MEE R, AR R, A
fife B BTN AR . BRAESRIETR, AR D SR
OST &A= A Mg 7, 38 2k s o 32 460 0 240 Jf 25 2 1
BT, 4EFrAiNERAs, e OSTIGPE, LA/ 41
M, XSS RN, A MELE OST b H AT Bk
YER, J24E+F OST i M M B ZLAR P HLA], @i
T OST H Wede = OST {1, 415 i ¥ ] Ge &R

JT OP HIAT BRI
2 IEFEIEME BEINEERNIA B RE A E

75 20 T 20 80 AR = K B ke iz 3 T U5 1Y
L7/ iRl = ue I S VIE 2 NE NV Ree(uNi U V6~ NN
K B2 RN T shid R A A T AR, T
SEAERBHAE BFTE AR A, A2 AR Bz 5)
VY A W A a5 b . KRR, 1
NG ZEZ LA . HEIE . O AR
WidE a2, iz ghox gl B WS 0, anHT e
i, OPAA R IES HWRINAEAHDC, B35 H s
PERTBEJE OP WS TEB VA AN . iz gl vl Bl st A AU
ZAL, RIS AN E AT, IR A B S
Ve 12 U e, I n] BRIE e AILAHUN ) SRR
OST MR il i . PR FWASAALIHAF S,
MR B A B Jf ek OP, SR, X MERAT R i
—PIRAIE
2.1 EBEEiFREBERN S FREVLE

BRI G EIUANEALI . RER A, HE
[ A S A B B e A, ETIEOE AW, AR
BN, AN ERIZ 325305 ROS. PI3K, AMP
SEEE . XEEEUR I T IRGORGE S, HEmESA
Wi LI IZAR N S 235V . FEB sl fidh, AMP,
PI3K FIROS 7 £k B HG AN 73 510 AT S R0
#%, AMPK, HH B (protein kinase B, Akt)
H1p38 22 54 G 25 U (p38 mitogen-activated
protein kinase, p38SMAPK), X531 Jz ik T2
T WA AR I ONE . AMPK 1 TR 23
mTOR G, FFM ULK1 FEA [ 9457 85 - w1k
P HWER A . AMPK Flp38 bt E bWy i i4s
BH W) 300G 2 Ky Bl Bl 300 ) 1o (peroxisome
proliferator-activated receptor y coactivator 1-alpha,
PGC-la) HYTEE, OIS 40 A% N B 5% s R, il
SRRl R NS N | e s 1 B
FoxOs ", FoxOs [ s 1 P45 i 45 645 3 Wi AE
WAt /7, TR T A OGS 1, TRl
FoxOs & [ 7E OST M #f 4 &3k . iz 3l ik Al 3 i
PI3K/Akt {5 53 #8455 mTORC1, FoxOl, PGC-1
Ik, HZAE OST By /AL g FE R vh A4 E I
VS AN, BMPs {5 5 B A1 A AR i 65
RNA 781z gl il 5T Xk OST (34 58 41k Je A i it
ek iE—EEH (1K4),
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Fig.4 Exercise—-mediated bone—associated autophagic signalling pathways

B4 BN SHNEERIEXESERE

22 EHNENEEREXESER
22.1 AMPK. AMPK/mTOR/E 53 %

AMPK 15 538 [/ [ W 1 2 M f Sm g Y
A Ry 4 B P9 e RS B OCBAR B RS, X TR A
Wi . AERFR N RERERRAS L DAL A R
SCo GEEAEPREOT, 40N I AMPK &b F JEE
PEIRZS, Bshd T, AMP/ATP WAETFE, B4
AMPK {5 5 i@ %, AMPK # i # 2 1k TSC2 1
Thr1227 {37 #5855 Ser1345 3 55, & TSC2 My 7E 4,
M mTORC1 G ULKL J5 3 1 e ), i k2R
KR ATP &, A, AMPK ] B #8521k mTOR
() Thr2246 i i, RIGHTTERNESY), Bk Akt

431 mTOR Thr2246 i S #ERR L, FEEA R
N Gl |

LRI AW B AR, ZobiiAR D) ReREfs
SEN R, 12 3l nT AR A AR R R AR
BRI N N B, B B PINK ] (PTEN
induced putative kinase 1) Fl/E3 {Z % i 4% [iff Parkin
JEIE AT A WA SORLR ) THEAR, a5
KT HBHA R G0 F- e o R 1 A PR PR
B M ZRAR A WRAT . Yis Sh 45 IR S
AMPK J&, 154K AMPK A] DL R 1k 2 A 2l s
K, fil R ZbifR A, IS ARk s, {4
P UIAY IR IIRE . 1F Zeng 55 S OB, X%
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AERLP I R BREAT 12 JRIA 4802 sh At LIS 3
T, ZREN, B T KRS L AMPK
G5 WM, EUEPINKI E AR, bk T4
KAk A WA SELRA R A B, PINK1/Parkin 7] 38
TS LR AT 2253 244E 15 MSCs I B 7
k7, L E W AT LASE S R A OB A B B 32 4
(2R kT AR BRI ROS (7=, I & ¥ AE
7 4872 Bl nT i ad 1 5 AMPK A5 () 2k 14
By kiR Avg, g a s = a
T SEIA o PR PR B BB A K BT R 8 FA A
Aiz gl fase T HIAN AMPK & 7, H
51 AMPK REG% 38 £ 7 mTOR KA #F MSCs 1Y
BCE AL Y BRI, EhEa A iR
XHE TR A A SRR T s SR, s farid
K 4338 37 AMPK/TSC2/mTOR 18 B4 il mTOR '™,
PR e E RANKL, i3 OC iy A= p%, & s R AR
WEHLAE O . BERZ AN (NPs) HKE 40
YL VB, 11 200 0 VR 5 T A P s e R A o 2
B, HE ik MSCs #HChREY, BAT sl sl
B R . BRI T = Rk EE T, Zhou
S TR R L, XS R R ARG 12 F K R T
4 FR UK IR, NP 4 % LC3TT Rk 35,
AMPK/mTOR {55 538 B 9005 . 2 f 1 4 1
TR, AR THIER. &L, REMNiZD)
Y 2538 1o 15 1k 1) AMPK /i 5 2 F i mTOR F1/5§
ULK 1 ffaft, DA i &5 120 OST A WK
IR, A B B s 2 iE ik AMPK G F$A [
T EIER, ik, AHEEshA BT m -
I8 AMPK 45 SCHERE It T 0o F R R aE, DA 44
OST Wy 411k, Bjif OP. FHCHWFSE K I, AMPK/
PGC-laif2 FZ Hif J1iz sh A7 &, Akt/mTOR i&
REESEsNA L, JImEAm I siHas &
W, iR (AMPK. mTOR) #n] # i
67 AHRZHE T s Xt 2SRl 4 | g iE
PR AR T s sh %, XN JEeered
LU W AR S SR e S5
2.2.2 PIBBK/mTOR. PI3K/Akt/mTOR{E 53 %
PI3K/Akt/mTOR & 5 #1 [ Wit {5 5 3 % 2 —
ARET . RS E . eI FE ARSI T IS ik
PI3K, #EMETE mTORCT, %553 ik vl 1 [
Wi, fEiF OB RYA AL, i H Wl 2355 5 A T
SEAMBIFGE T, AR B, 2 AU R
(T2DM) AR A WEACERER, B8 S8 Es
1L B G ™, Chen%E ™ W55 &8, 8JEMIM

5% (8] 8K 32 s (HUT) Ji5 T2DM K BB &
LC3II. Beclin-1, Runx2 [ 33k i Z 425, PI3K,
Akt., mTOR Fl p62 FikFEAR, T Mz 357K
SRUBE A B2 IS 5, AR NI, Ul
A e i 2 (R s AT B B Y B e — S R ol
PI3K/Akt/mTOR {55 73 [, W0O0E B F W, 2k
RAEEWREE S, dEEEE, 2ESEsT (i
$Hlizgh, bibizsh. HAEAUNPES) . H E5
) JERERIERPUHZ 3, 38 T AkmTOR Al
Akt/FoxO3a {5 5, i Beclin-1 F1LC3 %5 F I
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Abstract Osteoporosis leads to an imbalance in bone remodelling, where bone resorption is greater than bone
formation and osteoclast degradation increases, resulting in severe bone loss. Autophagy is a lysosomal
degradation pathway that regulates the proliferation, differentiation, and apoptosis of various bone cells (including

osteoblasts, osteoclasts, and osteoclasts), and is deeply involved in the bone remodelling process. In recent years,
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the role of autophagy in the progression of osteoporosis and related bone metabolic diseases has received more
and more attention, and it has become a research hotspot in this field. Summarising the existing studies, it is found
that senile osteoporosis is the result of a combination of factors. On the one hand, it is the imbalance of bone
remodelling and the increase of bone resorption/bone formation ratio with ageing, which causes progressive bone
loss. On the other hand, aging leads to a general decrease in the level of autophagy, a decrease in the activity of
osteoblasts and osteoclasts, and an inhibition of osteogenic differentiation. The lack of oestrogen leads to the
immune system being in a low activation state, and the antioxidant capacity is weakened and inflammatory
response is increased, inducing autophagy-related proteins to participate in the transmission of inflammatory
signals, excessive accumulation of reactive oxygen species (ROS) in the skeleton, and negatively regulating bone
formation. In addition, with aging and the occurrence of related diseases, glucocorticoid treatments also mediate
autophagy in bone tissue cells, contributing to the decline in bone strength. Exercise, as an effective means of
combating osteoporosis, improves bone biomechanical properties and increases bone density. It has been found
that exercise induces oxidative stress, energy imbalance, protein defolding and increased intracellular calcium
ions in the organism, which in turn activates autophagy. In bone, exercise of different intensities activates
messengers such as ROS, PI3K, and AMP. These messengers signal downstream cascades, which in turn induce
autophagy to restore dynamic homeostasis in vivo. During exercise, increased production of AMP, PI3K, and ROS
activate their downstream effectors, AMPK, Akt, and p38MAPK, respectively, and these molecules in turn lead to
activation of the autophagy pathway. Activation of AMPK inhibits mTOR activity and phosphorylates ULK1 at
different sites, inducing autophagy. AMPK and p38 up-regulate per-PGC-1a activity and activate transcription
factors in the nucleus, resulting in increased autophagy and lysosomal genes. Together, they activate FoxOs,
whose transcriptional activity controls cellular processes including autophagy and can act on autophagy key
proteins, while FoxOs proteins are expressed in osteoblasts. Exercise also regulates the expression of mTORCI,
FoxO1, and PGC-1 through the PI3K/Akt signalling pathway, which ultimately plays a role in the differentiation
and proliferation of osteoblasts and regulates bone metabolism. In addition, BMPs signaling pathway and long
chain non-coding RNAs also play a role in the proliferation and differentiation of osteoblasts and autophagy
process under exercise stimulation. Therefore, exercise may become a new molecular regulatory mechanism to
improve osteoporosis through the bone autophagy pathway, but the specific mechanism needs to be further
investigated. How exercise affects bone autophagy and thus prevents and treats bone-related diseases will become
a future research hotspot in the fields of biology, sports medicine and sports science, and it is believed that future

studies will further reveal its mechanism and provide new theoretical basis and ideas.
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