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BRWKI ., —F @, %L OCFTHSAHRETHFFLE, B AL A BT kB 2R FLE F Btk (receptor
activator of nuclear factor—kB ligand ,RANKL) . X & B &  EH B MK EAFRBEEF, AR FFH £ 4 RANKL, X 2 B
FABERBEZATHLIRR, ERAEERN; S —F @, 0F 50 a%A5RT OC 2R G EAHE, A% TR
#OC Wy zataph A . Rt OC o fb, EBMARKIE., s FMELEES L4 | (mammalian
target of rapamycin complex 1,mTORC1) /5642 d g w42 58 %2 B W AF 20 609 38 &, L B35 5T 4 55 Bg BEWUBT 3 3 5%
(phosphatidylinositol 3 kinase ,PI-3K)/% & # % B (protein kinase B,PKB) , i 3 & & 1t & & # B (AMP-activated protein
kinase, AMPK) 4% % # & & 4z, & , #F 2 &A% mTORCI 4~ 6§ & =& 7T 4k xF OC 9 5 1L Fo 2 4 K 42 X sy B 4240, 3
NS A Fik—F R, b% avp3 / Rab Z O R %S AR A EE OC EBF B BRI P L EERNG TR e
EETOCEEMHBARLETHTEER, MW A% OCoIERN A LIS TEFFFRBGETEAETEE L,
B iR 42 AR A — AP H 98 T e R R T R R R e B R BRANE 69 98 T .
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Regulatory function and mechanism of autophagy on osteoclast

MIAO Jian-sen ,WANG Xiang-yang, JIN Hai-ming (Department of Spinal Surgery ,the Second Affiliated Hospital of Wenzhou
Medical University , Wenzhou 325000, Zhejiang, China)

ABSTRACT Osteoclast (OC) is multinucleated, bone-resorbing cells originated from monocyte/macrophage lineage of
cells, excessive production and abnormal activation of which could lead to many bone metabolic diseases, such as osteoporosis,
osteoarthritis, etc. Autophagy,as a highly conserved catabolic process in eukaryotic cells,which plays an important role in
maintaining cell homeostasis, stress damage repair, proliferation and differentiation. Recent studies have found that autophagy
was also involved in the regulation of osteoclast generation and bone resorption. On the one hand , autophagy could be induced
and activated by various factors in osteocalsts,such as nutrient deficiency , hypoxia,receptor activator of nuclear factor (NF)—
kB ligand (RANKL),inflammatory factors,wear particles, microgravity environment,etc,different inducible factors,such as
RANKL, inflammatory factors,wear particles,could interact with each other and work together. On the other hand,activated
autophagy is involved in regulating various stages of osteoclast differentiation and maturation ,autophagy could promote prolif-
eration of osteoclasts, inhibiting apoptosis,and promoting differentiation , migration and bone resorption of osteoclast. The clas-
sical autophagy signaling pathway mediated by mammalian target of rapamycin complex 1 (mTORC1 ) is currently a focus of re-
search,and it could be regulated by upstream signalings such as phosphatidylinositol 3 kinase (PI-3K)/protein kinase B
(PKB),AMP-activated protein kinase (AMPK). However,the paper found that mMTORC1 -mediated autophagy may play a
bidirectional role in regulating differentiation and function of osteoclasts , and its underlying mechanism needs to be further cia-
rified. Integrin av3 and Rab protein families are important targets for autophagy to play a role in osteoclast migration and bone
resorption , respectively. In view of important role of osteoclast in the occurrence of various bone diseases, it is of great signifi-
cance to elucidate the role of autophagy on osteoclast and its mechanism for the treatment of various bone diseases. The au-
tophagy pathway could be used as a new therapeutic target for the treatment of clinical bone diseases such as osteoporosis.
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JiE 1) B S RO 40 S (osteoclasts, OC) Y B I Wi ik
B P45 T 4R 4 OE B G5, T R FERLCE R
AR PR A SEVE . IR RN, 0C By A ik
Z R i AL S R O, 5 R 2 AR R
i, W R AARE B RE A BT RN R R A
Horp DL B A AE e W o B WEAE S 4 i ) B 3
PRAPHL 7 2 15 40 MRS 2 a3 18 52 DA B3
A R LR AR Bk B AR R
By | AR OC JE LA B W W fig v e #4536 E1 22 1 1A
FEVE o ST I, A G B ETE OC v & #8219 4E
S AL AT R 24504
1 #5&HRaEid

OC J2 Hy PR A% B 40 A 1 58 2 Ak i ok i — 28 AL
BRI T RE W Z 41, 0C M8 B B st 15 1k
TR ANHLAR I 2 ] i 2 B Bl FE . FEX SR
H B kB 32 ARG A B BLAK (receptor activator
of nuclear factor—kB ligand , RANKL) F11 5 W 21 g 42 7%
B A F  (macrophage colony stimulation factor, M-
CSF) J& OC 33 1434k 9 5 B 1 40 M X, — 3% ik
— AT M-CSF X 85 B 20 i A7 142 240 il (osteoclast
precursors, OCPs) ) A= 17 F1 18 4 2 06 75 1) ,RANKL
W2 i OC /4016 5 si#h . RANKL 38 o 5 H 3z ik
RANK 254, 0GB (5 5l ok 4 5 OCPs 4346 2K
B OC, Forb, I SR AE IR F 32 (A DG R 7 -6
(TNF receptor—associated factor, TRAF-6)1f &y RAN-
KL {5 5 38 #% 0 75 19 bR 0 #% , 76 RANKL-
RANK {55 &b 5 e bl 5 B VE ™. TRAF-6
G4 5 AT R A% S - —xB - (nuclear factor—
kB, NF-«kB) it 73 3¢ J5L 3% 1k 25 F B (mitogen acti-
vated protein kinases, MAPKs) . 45 5 T 415 5 I,
Frat— R 3G T A% N 1 1 (nuclear factor of
activated T cells 1,NFATcl) . $Til 43 B2 Bk P 5 T2 il
(tartrate resistant acid phosphatase, TRAcP) 4§ OC 43
BB B Kk, & S8 OC Bk i, 78
OC 13tk it B i, 0C ¥ s R A i B B & T
BT > R A 2 B R 1) %% AT X B, i OC
P B WAL T A A B 2R, B L3 iR B B
ZER . a5 A F F 42 [ Vacuolar H (+)-ATPases, V-
ATPases | & —Fl 5t 42, i T OC MR8 b, 0T
AeFrg RMRACHE . FEHRMEAREE S TSk OC
T3 43 s 22 T AR 1 G i R R O e
2 BIER#ER

T Wt 2 LA 20 i e vy B DR ST 1 0 A AR AR
20 P DS R 2 458 1% A R # 5 T R 1 I A A
B I 5 v Tl A Rl T R T A T 5 A e, B A

=P RAE R A A, DR T A A S A A A0 g
PYEERT Y A W AL B E 2 S A AR A O
T A A A A AR OK PR B W BT DL A2
B R 1 A0 A5 T B SR R ZE R A MU AR S T Y
LA TEFRY AL, G JRGLB0E DO
N AN SRR TR ey i e Uil b G A K A ]
)20 L 25 K 2 R A L 7 AR S R R R T R S5 R
T, 20 T 4R 40 A ) F H AR ) RE FUB R AR
W R AT Y 1 RT  O T
PUAZERE B FRARS M —Fh o7 o AR5 A IS 4 ML
JoT A B AR AN IR, AW A] 43 B A b /N E
WE I AR SR AW, Hob B A L g
B E W H TS R R R SO R
SRSk g SRSl

WA 1 240 L N 2 T 6 L R R B — b 3
st #e, 280 H WA ¢ 5L (autophagy—related gene,
ATG) Je Ho g iy 25 U 7E A Wil B2 ol B mEAEH . B
R o = AN A U N e IS S
5ABrBe, A B 2 B B WA SCHE H %
o BB IEE A REFMT  MFLsh P iEm
EEXMPEALEASY 1 (mammalian target of tapamycin
complex 1,mTORC1) Z# R fk , 5 1 UNC-51 #£ i
B 1 (UNC-51-like kinase, ULK1) ,ATG13 ,ATG101
RS A T 35t 8 15 AH LA 2 1 (focal adhesion ki-
nase family interacting protein, FIP)200 & i i) ULK1
RN NN =EINE N SUR S e ¥ R N
S AR W 4y 1% 2R 11 34 (vacuolar protein sorting 34,
VPS 34) 58 G R LE A% AL R A2 IF 16 4k, J5 & i VPS
34,Beclin—1,VPS15 1 ATG14 24 1% , AT F 3—-#§ iR
ENREEHLEE  (phosphatidylinositol 3—phosphate , PI3P)
A M. PP GG S ELZMENR, I WD A
W R MUEEAH 5. 4% 25 B (WD-repeat protein interact-
ing with phosphoinositides , WIPIs ) DL #f 5 4% LA K JiF
B XUZ BEZEA I T i . BFFE B, Beclin—1 J& [
WA B B G E A, EIERUE D B MR FR
Pz —o MR B, 7E ATGT Fl ATG10 3%
R T ,ATG12 Fl ATGS ¥ I 5 ATGI6L J&
BURRE A A, (R E W5 5 0 AT 0 i 5 A G
BHKEHRHE- 1 (microtubule—associated protein
I light chain 3,LC3- [ )#:745 gk LC3- 11, 5%
LA TE B AR |, ATG12-ATG5-ATG16L & & 1K
A LC3— 11 3 [ fi 2 15 Wk o X002 S 45 g AN B 4 i, I
BTN A T B BRI IR T B B A Bl S A
WE ik S ARG, NEEERIRY R 205
B H TRV B 0 IR M 2R 555 LA K oy i B i AE R
B AN T 3% A , A6 i 7 0 AN A R L A R R 5 ] R LA
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PEIFI R 3 88 77 ) AT e 45 40 5 i A 38T
s mTORCT, M 2% 7 28 1k 1 Wi A bk 00 7 8 5%
AN B W RS o BRAE A MERA K R — P
VM R AR RIS R, — SE FR U P62 48
J& BRCA1 £ K 5 H 1 (neighbor of BRCA1 gene 1
protein , NBR1), HWEEAM K FYVE ZE 1 (autophagy-
linked FYVE protein, ALFY ) 48 0] 52 v T 1 WK 2 i
Ji Bl v BE AR S R A PR B W R . P62 R, R
Sequestosome—1 8 [, — ¥4 & 15 Bl 1912 K46
F, o5 — i ok 5 8 Wk 2 0m i LC3- 1045 & mi ik 17
VEEEE A WS, ZRMEAL N P62 HEH—FiFAH
M A4S P 17T B e i (LT 1) o E T, P62 25 T BNy
AW R — MR AR, a2 nr
S B [ W T T i s 5
3 BRRE%
3.1 HEFRAR

TEEFRARSZMT, ZF 40N B g g2
Jnag, IR AR WAl AE OC 20 Ak i g B v i A
Wi . ZHAO 55 il = 2 5L TR 11 s 75 SER R 77 50
B R OC, & OC w LC3- N1 (g ik B4 i, # iR 1L
i) mTOR #1 ULK1 & &A%, JFFEH Beclin
5515 7 22 R AN A 119 47 J5 2 IR W B R AL 38 I o i
12 16 1k 25 1 3 i (AMP —activated protein kinase,
AMPK) 1 Sy 41 i N i 2t R A 1 OC A% J8kalie | X T4k
Rl S A L, PR R, Y
2 B R B R A5 E SR Y A R I, AMPK AT B
T, IF i B R b mTOR $E 1 s 2h A W, B g i 4 7=
AT R A R 55 ) o LA R R R, DA /R b
BN IR P A A SR R A 2 T 4 F

BHRTE

ULK1E &K VSP34E5 &1k

\\< /\’ AR

|
EB-EBB-C €

AEI RS, Horh, SRR A S 5 B AN M A 1 Jo ) i
JERE, #  Z 2eX A P A W S ek BT
3.2 K&

OC. 43 i 7615 % 10 22 187 R P93, L) B 3 5 v 4
RS A R OC I A AEFI A0 AL BA™ . ZHAO
SR MAEAR A ST AR5 5 I F—La (hypoxi-
a—inducible factor 1-o, HIF-1at) &I FiEfE5 401
Bk EL 40 i 2/ 1 5 E1B 19kDa A BAE I HE1H 3
(Bel-2/adenovirus E1B 19kDa—interacting protein 3,
BNIP3) (1) 2 35 55 i, 55 )tk 6] i, B W A OC 28 13
ATGS F1 ATG12 LA F Beclin—1 f 3k Fi# ., {#i
HIF-To #0361 50/ IS, B W & OC 1 53 A6 i 32 3|
], R TEARSA AR T, HIF-1-BNIP3 {55 i % 2
5 0C AWz A G4k, AN ENL G A 6 S
BNIP3 fE g —Fpfie 9 7= 4K B, Hoad B2 3 3k ml 4 ik
Beclin/Bel-2 & & Wy i ff B9, NS A WA C . 78
BRAAZRATTT, BR TSGR A mR Y E R E S e
w2 SN HIF-1a 38 7] 4 5 5 miRNA A 561 OC H
Wit 1) I8 4 o SUN S5 PR BAEAR SR R, 3Rk BRI
HIF-la S 2 40 ) T miRNA-20a f 5% 5% K -, 1
miRNA-20a i i 45 & ATG16L1 %% 5% X 1 (1 3°- 9k
BEAL M4 ATGI6L1 B S ¥Ry k1K, ATG16L1
MG WAE A WEAR P Bl FE S LC3 B TR fRAH OC , 5%
K ATGI6L1 K [ Wi AH 5 & 1 LC3 \ATGS 13
RGNS WA R — 2, RN ] HIF-1-
miRNA-20a—-ATG16L1 JE57 flig s B .

DL E AR R WG A AT A 5 HIF -1 i o {2 i 1
TAHSCE 1 0 BNIP3 (193235, dhififie ok Beclin/Bel-2
A YR, TGS A W [, miRNA E 2y —

@ ZENEA
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Fig.1 Autophagy signaling pathway




360 - 5 2023 4 4 A5 36 455 4] China J Orthop Traumatol, Apr.2023, Vol.36, No.4

FlE 4 B RNA , AT 7E 5% 55 5 B Bois 425 18 Wi Al 5 A
(235, X 1 IR A n] Ji ik 22 AR L ) R AR BT B
TS OC A3 ez . oAb, W58 2 B, AR i 41K
AR BE SRR S [A] B AN (], A4 AT A [R] 1)
LIS B0, 0S5 1 B AT % 304 240 i AR
KEE R NPE S R, RmAE OC iy
P E AN 58 38, 5 B i — 20 i ]
3.3 RANKL

RANKL 1E28 OC Zp 4k iy 58 J5 sl A il il 5
HAZ & RANK 2563006 N il — RIE 50T &
FHEOC WA, CA K5 EY , RANKL 7£ {2
#E OC 3 AL i [ B, o T 375 3 18 WG A2 I TS
ZHANG Z:™7% 3 RANKL |-3% OCPs #* Beclin—1 (1
F ik ,LC3- NI /LC3 - T [ &84 hn, (HX) ATGS Fi
ATGT7 BIFR IR A% . ARAIL 2219 % 3 7 RANKL
%S OC byt #2rp ,LC3- 11 ,P62,Beclin—-1 L) &
A WEAH G H ATGs B3k B BN, i B2 3K Be-
clin—-1 B B2 3t OC 234k, [FIB} Beclin—1 & Kl &
/N BRI B BB R R B I 21 9 (bone marrow —derived
macrophages, BMMs) 7£ RANKL fE T H Wi AH ¢ Kt
R ZRIR B R, OC 434k 32 B i . #2878 RANKL
Al k75 A Rk OC #9204k, Hrp Beclin-1 7
RANKL J8 %5 F Wit ) 1 7 vh % 45 % H 2 AF T, MAPK
I NF-kB £ RANKL F il 19 8 25 5l i, 8
WESE S 5 4 RANKL X H WA aE " B,
RANKL Al 7E 4 #t OC 7 AL 19 5 72 i 12 MAPK Al
NF-«kB 5515 5 F5 175 5 3 06 09 B0 , (B0t 28 5 g
FHOGHE I ATGS Fi1 ATGT 45 m] = 31 A E H,
X AT A5 RANKL ¥ B 5l 1 5 i o] S5 R 2 G .
3.4 RIEHR

WF5EF W, Mg 2R FE [ T —o (tumor necrosis fac-
tor, TNF—a) . [ 40 i1 4 2 (interleukin, IL—1) 2§ 56 4
HRAEHF AT AR OC i AL B, AR50 &
B E R R EEEEM ., LIU 5"k BAE 8
WA TNF—o A — B OB RAE K, AT 4
#E ATG7 F1 Beclin—1 % [ Wit A 3¢ 25 1 1Y 23k DA I
LC3- I 1) LC3- 11 %Al , I o — A5 400 ol 240 il vy 94
T, &5 T OC 7 e e sbh  IL-17 15 —Fh
i S8 R, T3 5 A 0F TNF—o0 A1 IL-1B 25 48 i [H
TFRE R &ES OC A . KE SR BT
JER TL-17 mlfie i OCPs 4 [ W /K~F-F1 OC /9 4= B,
1T 7o W BE 1) TL=17 DUk 4 ey B W, X 1 ] 98
AT LAE S OC N B WA, (H 29k BE 3 B
Al A, R TR VE . Ak, SE R T
4 TL—-17 nf 38 2 75 5 40 il ) RANKL {5 538 2 1 3%
T 20, AT HE— 25 S0E B W, DGR B WER AR 215 5

BT RESE A B R R, T A ST 1) AR o
3.5 BHUBUR

N6 B 3 AR v = A i B 45 S0k T 75 5 OC
WAL B, I 7= A — RIIAR G I & iE . SU 2§ 2V
FHEKURL S 5 OC AE 1, 45 R A AR 02~1.2 pm
il 1.2~10 pm AR BURE 3R T 400 7 Beclin—1 198
5 2 1k KO, Bk B0RE B 42> 10 wm B U]t H G 8 2%
SEUR TS ERI G B WS A, 4 i RANKL 1
F kKT, WANG %5 21 fg ] 4k W0k 4F FH T
RAW264.7 41, & 8 OC A i34 £, L4 ATGS,
ATG7,ATG12,Beclin—1 P F LC3- I 33k /K - 1) &
FEE, O R PR ORI o S s S -1
(netrin—1) F1 MAPK {55538 #% M 1 5 5 B v, fiffHH
3—H AR NS (3—methyladenine,3-MA) 1] B W
J& ,OC oAbl A v i) B {5 5 43 F TRACP 1y 336
T DA EARFEERWT, — s KN oA A B 0 kL ]
PLBTE A W IR E UE OC iy 43 A i, H a7 HIL ] mT
A5 B HUURLAE g — Fh SR P 0, A6 1R P A7 AE B AT
75 5 JR S B 9 E S, TG MAPK 255 538 %, AT
B2 080G A WA G, XY S i AURL I R, O &) B A
R, AN TG ol 28 B O v B AR A R
3.6 fHESIAEE

AW FR P FAL A AEPAT R A CATHT &
A7 H R B R, L R RT RE SR A O A i
R AL E T OC 14 4 b B2 B H i i 0 3
fig, P B0E T A R B P XU 48 i . SAMBAN-
DAM 4§ 3 1 52 40 24 7 ) 34 55 46 A /) Bl BMMs
J& % B ,ATG5 .LC3 fil ATG16L [y mRNA 3 ik 7k
R, B VAR R RS, A B ) 3-MA
J& . EWEARSEIE R IR TN, OC 1431k s 2 sz 4
il , PR SR AE o OC srfhad #E b 18 B
W s S R R 22—, (H B AT i S H B 7E OC
T AWE B IE A SE 3%, BARPLEIA it —2
WFE, ZE& N AT A8 5 60 J) 3458 T OC Fr k2 1
BILAR 070 ey A A O, 4 T 75 3 L PR 4ok 1A T
5 A (14 7 385 S I, RS F PR OC B ARk >
4 BEXHEHEE S LI E
4.1 [ WX OCPs M54 8 T 1 5

OC 1A= B ] 43 Ay 4 5 A 434k 2 A B B, Hopi 4
Y M 1 1R G BT AT A, AR
HWFE K B A W AE OCPs 1Y 384 58 By BE A 4% 25 1 B4
. CHENG %515 % 3 17— M — vl B 823006 [
e PR HE OC B3 5, [A] i SO AT 4 il RANKL {5538
X W () 2 A A AR L 7E OCPs 1) 3 5 i B
173 — %5 [ Wi 1) B B2 300 K F i i RANKL
5 38 % 1 ] 2 B 4 B, DA A2 1E OCPs 11 34 5
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JT A2 30 1072 mmol/L ¥R BE Y 1,25- — Fp 3L 4k
Z D3 0] DL E G OCPs (193841 , 33 & 32 35 Beclin
J& ,107~107" mmol/L - 2H 40 i 1% 35 5 ¥ & 35 35
T3 B 23k ATGS Hl ATG7 J5 , 4% 107 mmol/L 4 4
J 38 S RGN, X BERAETE A W AT A2 E OCPs 1)
s HAE 1,25- "R BEgEAR DI T, AFA
Wik A DG 2 1 % AR 40 e 4 A 1 R S AR ], 2R
i H T AR E OCPs 3 5 (4 HL 6] 1 A BA f
A — 2 o5E

20 A Tt A A A AR A ) — b E AL
Bel-2 #11 Bel-2 #3619 X 25 11 (Bel-2-associated X,
Bax) J& 7 [a] — i - 6 85 1 e, Hoh Bel-2/Bax (1)
Fl 56 2 2R 20 M T A DG B I 3R o Bel -2 B T AR Y
T B A, bl S Beclin=1 254 DT 400 41
5 A AR o A AR TR DG AR AN e R 2 B
fii—3 (Caspase=3) W H A MR EAM I - L 2 2
KE BRI DI A, LIU 2618k BU7E TNF-o
AR, S5 AT H R YL OC N B W /KSE FE, Hioid o
H A Bel-2 LRI, [A 2 54 18 1 Caspase-3
H1 Bax (35T K, 0 3-MA il g w5, Bk A
M I T B 1 2 3R I 0 A o K S5 e A B ek
EREME 3 OCPs J§ &, 40 Py 24 i 70
Caspase—3 [ 335 K1 10 3 B, £ 705 48 Jf 04 T 9
A AR FH B w4 i 7] e nes 4 P s 48 L 0 T o
DL b AF 58 3 B W AT 38 A 90 T A B O T OE ) i 4R
OCPs 53 b 8, IEXF M A — & iR PE R,
Beclin—-1/Bel-2 & &Yl REN % A W 5 08 T 1Y &
SRR L, B BEBOE IS AT BB fk Beclin-1 11y
Fik 198, Bel-2 M Beclin—1/Bel-2 & 44 7 25 1
Sk, R & FEBCE T 4E R T A A AR AR
4.2 [ WEXTE A A S AR R Y

OC By 73 Ak e — 1> 32 Z B 5 5 38 P& R 45 1Y
ek, W RANKL-RANK {54558 % 55 4% . I
& ,mTORCI 4 3 1) B Wi S HAE OC s34k b iy 7
B2 5T . mTORCI 78 H b H i 5 5 2 19 8 15 1
ML TEERFEMFAMT ,mTORCL 5 ULK1 & 44K
AHEAE A W] B W P TS IR A RN, &)
B Ja , ULK] & &R LWl A i is 34, i g 3l
FI W5 5 W B% 1 it Ah , mTOR {5 538 i nl 4 2 Fh 1
W A5 5 2 1 B8 5, 40 AMPK i 2%, 5 5 Bt UL
3—# i (phosphatidylinositol 3-kinase , PI3K) /25 H #4
Jiff B (protein kinase B,PKB) i % 45 &5 , H fij 0 57 %
BB mTORCL A 5 19 H W5 5 38 B X OC W] BEfF
FERL ] A

AMPK 2 4 15 41 i 2 285 1 — B 5 A8 8%, 24
A i 9 fE i R AR BT AMPK A 9 306 . CAT 58 2%

RAW264.7 4 Jifl 53 7 B T 55 v B R v B2 174 5 26 4
WP R SR a5 R B, A L TR B AL e vk BE
R 1L ) AMPK #il ULK1 2635 T I, BEm ALy
mTOR iR, [Fmf A wpric & E LC3- 11l Be-
clin i &% & T B, P62 iy 3Rik LM, JFfEA OC A AL
FE R Be N B, TN RS 4 B
Wi A48 = JF AR OC BB £ . X 3] mTORCI
AT B WS FTAE#E OC 1A 1

SR, A WEFE R A W O B 2 ] OC
A S o B -3 & (osteoprotegerin, OPG) & H1 it B 40
JH 53 W B 8 PR IR T R, AT 5 RANKL 55 4 1 1
454 RANK &4k, i #il il OC 9434k, TONG %5
W58 % B OPG Fifl T AMPK Jz H: F i TSC2 % H
MR35, e iF TSC1/TSC2 & AR HTE i, I — 25
W T Ras & F1 06 20 2L [/ 95 25 09 (Ras homolog
enriched in brain, Rheb ) 1% 7% - F )5, T IiF mTOR #
2 AU /0 JF [R] 4238 7 85 R 1k p70 A% BE IR S6
P (p—p70S6K) 1y 23k , #E T 75 5 H Wi 300G , 41 4l
OC £ . MA S EIAEmALZMER T ,0C 19504k
Je B e sh g, [ ik LC3— 11 A Beclin—1 %5
W bm i 1k A DA B W A AR il S AR, i — 2D F
FERI, b EE L EE PI3K/PKB/mTOR {5538
P A wE bR AR B LC3- 11 Ml Beclin-1 3k,
IFuk D> OC T, AR 3E OC Al AT MNEER
AEFRJE AN B R R A mEACE R HE T OC AR .
X pE— L8R T mTORC1 45 /4 F %58 B 75 OC 43
A i A ik 7 v i &2 2= AF AT, mTORC1 1E 4 3 75 OC
A BB XL IT 81, BT BE AR TR YT B AR DA 114 E B A
4.3 [ WO R AN I RS Y 9 Y

OC TE 43 b et #e b 23 K A i B8 T I T
AR, — 2 AR R RE . OC iE A% iy RE 1 L
PeF B AT PR 25 DA R ZINVAAS W7 i 1
fit . GAO %3 3 7E RANKL #5519 OC AR i, 2
St Kz TR T HE AR 1 (disruptor of telomeric silencing 1-
like ,DOTIL) () #3548 . s /] DOTLL it 504 ]
OCPs 40 h J& , 40 il N 5 312 4% A B AR OC 1Y 2 Fh 2 1
PR MG, [A) 40 A N B WS PR O, RN
SQSTM1 Fl ATG3 45 Z il B WA DG 8 35 B #fE
D41 DOTIL v Gl ik 3 W& 2 4 0C 1 iL %
56 . ZHANG 257 & B8 FH Lys05 [ 1 1 4] 741
Ja,0C EAAREI A LB riE g5 4e s . Alsh 8 A
IREE R0 A3 T T I B L 2 B 4544, i ] LC3B siRNA
P B WS , & B kindlin3 (—7Fp 5 2R AT H2 8 ) 7E
OC KEMEBIHFEA LR avp3 MG 1L, L/MER
1) 8 R JRE B 1 hn OB S R i LB B A A, S
H OC W% A MR D RE 2 00 o 33X U W [ Wi AH 56
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FHH LC3 B v 3@ i3 877 kindlin3 1% & & avB3 1E
JE/MEREfEFN OC MiE B b B EEAEH ., UL L
SEULH] B WAl EBE OC iR, A & avB3 A HETE
Hrp i w2 E . B8R avB3 Bk oM 7e 2
IR P SV RSN P B 9 DA SR8 Ak A AL, — T
1 AT EE A1 A 2R, N OC #fk , B8 5 F & E
TR, (Al E AT O 5 2 A A R BT AN B A B S 0
B LR OC AWER S Ht, A5 %E avB3 KHT
i 4G & DE I (focal adhesion kinase, FAK) \Src % £
Fhgon 2 F el RE A A WEFE OC i B b A HEER W &
BN SR, H WA SIS AR avB3 I NTEL
il B A A B, A — 2P
4.4 X 20 T O T R A

OC A] [t & T8 3R 10 B B R 46 2% 01 4 WA TR N 2
PR H AR, R4 R AR (matrix metallo-
proteinase , MMP) F1 41 21 7 [ [iff K (cathepsin K,CT-
SK) &, itk — 25 & #E B WK M) ik . DESELM 4§57
K ATGS5 ATG7 . ATG4B #1 LC3 £ 4 75 OC #H 4%
G WA B W R 5 EEAE M . B ATGS,
ATGT JEH R G , OC 4R8P A5, - WSO P
W, T OC bR IR R Z B3 m . LEE %%
BAE RANKL 75519 OC A= i, S BRI 1
ATG4B ATG5 Fil CTSK () ik L J LC3- 1 [ LC3-
I 24, ik — 20 BiF 5 3% B0 201 P T T i 3 ool 1A
5 ATGS-LC3 fly 41 il v (4% 3 o 0 2 11 40 el (A
CTSK)Ry235, N1 OC A& WU Zhfig. V-AT-
Pases J& —F (L TV B 14 LA &% OC #4498 & rf, T4k
R RT3, Ha& 205, o
a3 WIESESE  H AT A WX OC H V-ATPases [ /E
mMASIHEG, A IR V-ATPases X} H W 152
mi, OCHOTNY & ™5 i #y73t— > V—ATPases a3 .
FERAZ Y R740S /MR R, KB R740S/R740S 1y
OC WA Al , Bl = /8 96 2%, H 6 & B 0 | WA, BF
G W] V-ATPases /-3 1) 41 fd SR A X 52300 1
1 & A JOC (a3 AE e . AR Ak DL R S B 2 11 7K i il
Bt F B EAE A . LA BRI 3B A Wi ] i 1
RS A ST B LA B A 1 38 A, 1
T OC HyE I tiRE, [FE; V-ATPases 45 1% 41 iy
ShER AL RS2 g AKCE, X Ui OC A g g Al
WS T g S AH BRI 1Y, VS A S 3 R AEAE
Ay L[R2 Y T REAE i i AR

R A 2% 1) T LA T DR S v TS R T Y 1 M
RIS, TR A 32 iy LA S HE rp R R 4 fi i
(4 53 D TR) A 9 B R i 5 36 1 il 5 R 43 89, Rab X
A, ER—FNG T ST =8 R K % B (GTPas-
es) JEREYiE M ELPHEE  EAES OC 5 I

IRE b ¥R 1536 H 2 . DF5ER ], Rab7 XF T OC

4R A8 2% T IR Tl AR 23 I S e AN R DR, O HL

Rab7 7ER8 8 G b i) 5E fi 52 ATGS RSP, 7E ATGS

B2k 9 OC Hi  Rab7 i1 LC3 ik 4, HAILUER

I K 500 8 80, ks, ATG7 #1 ATG4B/LC3

AT B T4 55 Rab7 & L T4R8 2R Ak, Tt — 28 %

FER I AE™ . % T Rab 8 [ 40 76 98 3038 i A

VBRI P A B ER AR, B VO A

P OC B RE s e vh i — D Z Ay, HAL

il "I A5 LC3 ATGT 45 A Witk 2 I % Rab 81

GEIRAERE B G MR WA b 9 A 5K

5 ZiEERE

A ETE OC FRBIBIESE M AN 5835, 2P A I

& =38 % f0 PI3K/PKB/mTOR ,AMPK/mTOR % (%

I % AE OC A HTIEAE ) 2 058 . HATE &

W1l A Al w2 M R 5 S0, JFAE OC 2346

B W RE A 25 A PR R R A AR . H AT

FERW, Al LIt OC 57016 Al a i e 2 fig L H

WA 5T R B A W OC 73 Ak 7P 42 4 1, Ul

Bl A WX OC i — MR, &2 iE—

BIIRARTE . 5T OC 1EVF 2 B 50 W1H T B A%

SEYP RO EZAE N, B T H TG R BT B

14 25 1 P A7 AE A TR R JEE R A, DRI X o i

KR AL EAT WE 5 T HRAR DL G ST SR, 2 2 Al

DY B AR R A AL, BB B X OC B4 T b

PLHA B TR R HLA S Ve 2 R T A, B R4

YA DAy — T 36 7 S L PR L B o
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