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Role of Mechanical Stimulation in Osteoclast Differentiation
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( Shanghai Key Laboratory of Orthopedic Implants, Department of Orthopedic Surgery, Shanghai Ninth
People’ s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China)

Abstract; The main types of bone tissue cells include osteoblasts, osteoclasts, and osteocytes, which work
together with the extracellular matrix to maintain the structural integrity and functionality of the bone. Osteoclasts
are specifically responsible for bone resorption, degrading the bone matrix through the release of acidic
substances and proteolytic enzymes. Osteoclasts coordinate with osteoblasts to maintain bone homeostasis. An
increased number of osteoclasts leads to an increased bone resorption, which can cause osteoporosis and other
skeletal diseases; deficiency in osteoclast generation can lead to a weakened bone resorption and related
diseases, such as osteopetrosis. Therefore, a precise regulation of osteoclast function plays a crucial role in
maintaining the balance of bone homeostasis. Previous studies have mostly explained and elaborated on the
regulation of osteoclasts by various biological factors from a bio-chemical perspective. However, more and more
studies have confirmed that mechanical stimulation plays an important role in the differentiation process of
osteoclasts. This review focuses on the impact of mechanical stimulation on osteoclast differentiation, discusses
the possible roles it may play, and explores the new discoveries and future development in this field.
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Fig.1 Diagram of integrin-associated mechanotransduction

2.2 EEEH

S0 i 375 e A O — b A ) £ B Sl A
A0 T 40 ML A 48 41 A 5% 5 1 A1 PR B 1 AH LI 5E &
FEA Wy % % R, E OC R DL B E P43
(connexind3, Cx43) /i HFE ., WA Cx43
AT OC b 78 v 248 i 1 A9 1R, 5 B2 SR A% 40
M2 0C 34k 1 il & 3 B b & # SCHEVE
Cx43 YAmihilia , OC MTEPERFAR, 765 fE A5
H, Cx43 BR BE A% R IR/ BRAK N Y OC #ie, R W
Cxd43 B AT ARl OC I 1 DA i 30 4 B i i),
SR Cx43 XFF OC WY 52 AN AF 72 — 52 4 i,
Buo ZEMVRIFSY RN, AE Cx43 FE K s/ B, e
B R R OC B 39 173 3 1%, S 80Uk i
B PR ORI, Cx43 A fole 2 1 15 400 it B i
PEmE B A B Y 40 M T, JF HLBE %l 1 Cx43/
miR21/HMGB1/RANKL fhiE# 0C B> . 4k,
OC 1 o5 & 2 1Y Bk 25 BB 18 FHL A% HL AR ) 75 = 1Y
Cx43 38 B TP, S50 PGE2 477 A FURE ik, 12 3F
OC I TEAE" . PIFPSTF Cx43 T OC 80 1A
(RO A T BB R T 0B 5 B 4 M T OC 1) £
PEVE 3, 1 4 M 5 B 4B X OC Y 85 [F] A



EREMAE $£39% F4H 2024458 A
778 Journal of Medical Biomechanics, Vol. 39 No. 4, Aug. 2024

AT Cx43 BIFEH, X ATREXT OC Ky AL AL A2 7=
R

T M 37 (connexin37, Cx37) L EHEEAR
I 55—~ ) By, Pacheco-Costa %6 #F 5T A A,
Cx37 /& OC S AL IRl & B @i /9, OC H Cx37 Yk
Ko T OC U A 3w, O HAK Y Cx43
FEARREAME X — R ], IZP IR S SRR | i R
KGR L7 AT GETE OC 2k AE AN TR, R
] 14 B2 2R A ZE W RUAE OC Y HARAE A 7k —
I
2.3 HTEE

HET A 1 2 1l 38 11 57 %32 S B
2P, BE BT A2 /K B A7 (transient receptor potential
ion channel family , TRP) Z % i 52 J& OC ) —> %2
) Ca®™ W AHIA . TRP M JL-F-78 T A 0 A
Fik IR R RE LA GERF 4 it . RANKL 7]
PO Ik I 52 1A 0 B Ol OE VO 2K R K B 2
(transient receptor potential cation channel subfamily
V member 2, TRPV2) B A2 {4 HL {37 25 3838 V I
FGE 4 (transient receptor potential cation channel
subfamily V member 4, TRPV4 ) Fl i} 52 {4 B 37 25
WIiE VO ZK K 5L 5 (transient receptor potential
cation channel subfamily V member 5, TRPVS) , )\ Tfij
fEVEANIIAN Ca® A OC, fEIX 4Ll iH 1, TRPV2
1E OC 7L A 4545 20835 4E 1T, RANKL #E
i 2% i OC ARl TRPV2 193RIK, FF AR
Ca® 4135 FHIGERS P 1] BH 25 FL U, B JS V0T NFATel
P oC 4, TRPV4 1£ OC k5 W4 5
Ca™ T A, EEAE OC Zr AL W 3 & 45 1 E R . 78
TR U1 RECE, OC B W TRPVA4 5 EUi
Ca™ JR3% Ik /> IESE TRPV4 A OC 1k 01 Y 11
AR T R R ca I AE T,
TRPVS EEITT OC Mk dife, )48 TRPVS Hik
S oCc HmZ 0 oC WU IhREE S, A A
TRPV5 S Ca™ MAS 5 T HEBEMHIHY 0C 4
JERN B WA AR 0 SRR R B Ca™ X OC
A AT AR T TRP a4
WAL Ca™ FHFR IR OC 1970 AL 72, Uit 1A 5T 1) 1375
FHYEAZAMIAT OC 1Y ) 1L % 52 B A5 (5 5 18 B i)
PP BT Ca’ 00 BT KX T o &
W T RE AR W B, AR, AR T e

Anoctamin 1 5 RANK #HEH /EH R FE R 3 RANKL
VS0 U S I, 2 E OC A, X SE R
P W], AR B 3l JU R Ca™ il iE, X T oC
(953 A U B RS A i 22 7 T R AR 2 O Y
EH,

Piezo VER J1 24 A5 IR DT EAZ 2 21 i o
TR AL A S 5 B S A 2 (5 5 25 R
ML N TS S 2L, Piezol W EFEMEHIIL T
Na* K* Ca® Fll Mg™ %5 BH & F, (HJE X} Ca™ HA M
SRR E, AR, Piezo2 ELAT AR EBMEHE T4
SRR . BT, Piezol 76 OC TR KA W)
AR k2 E RS 7E OC " RBR Piezol 5, IF
ANBERZ W OC MY L fig, 5% B4 /N BRAH L, OC
Piezol it = 1) /IN Bl 14 1 W e B £ R A I A 7%
AR [FlFE , Pizeo2 7£ OC " EYVER M AN EHHR, H
HTFEEINN , Piezo Xof B WAL A4 52 01 3 258 5 1 240 i
RUSE AL OC ] s RAEFE T

3 NEHEBM OC UM NS ESHS
E

J15 RS REAS 5|5 240 e XoT ] BBl R 358 450 S s vz
TG S 440 3 107 R 5 A Ak, 3l 3 ) 2 A 5 e e AR
fERI A e TR R ARG, B
LN A M A R A, R ILT A RS
T BE AR AT AR 7 2 OO s ] (EE R
NS il BT A M N AR T O
EM,

3.1 HEEEME

20 O SR 9 00 PR A B 4 o R 4 4
RS HE AT ECM JE R 0 21 2 0 28 | #6117 JEAS 1) 40
MOEZS I 1 #5515 2 rE 1E 7630 40
o 2 SR R 3 S 2RSS A A A, AL dE
T LB 22 b [a) 22, it 7 20 B i) g 2 3]
PSS TE LN B 22 R R S5 R I RUBE L5 | e 45 Fh
JRFRA AR AL, A AR A i hr R g X s T2 A
R AT LA 22 5 L3 A 456 B AR EAE T,
WA NI 15, B, M 28 202 12405
FIESFMEEE A, OC MtE TH R T —F
MR K AACRIBE ST, TE R 43RS " R RRIR S5 4, ]
T8 & 2R WLl A Y P DXl X b 52 2
FIPIRE A& P IX 2 OC & 4% W Ui 2 RE 1Y B 22 4%



E E% WERBERBHERSMLRNER

WANG Han, et al. Role of Mechanical Stimulation in Osteoclast Differentiation 779

BT F-actin Ab, X ELER A S vineulin
talin Fl o-actinin 552 [, BT 25 5T 15 200 D 1 4R K
FiR, XEEHE RN, 1A R BETE OC 711k
MU A RE R R Y B EAE

T2z 2 LB B R 4, B3N 2 1 2R
BETE AR T AR 2540, 2 At M1 R ) B B, 5
SEA R DL BBk AR (1 = L W) A B A A 2R )
PR G, AP AN T WUERE F ] 5
SLEh A 22 0 2H 2 A5 MR A0 BRI 2 7 5 e T
G R AR e NCIR ST I 2 0 | R R e S
2R AR YR A, LAY T PN 45 0 B ) 2 U DL
TE TR AP 3 27 ) PR3 200 i 8 1 200 B 45 44 114
FaGE . WIS B, TE— € BN 1 5510, 4 B i |
Wit Z AW A H S il iE C EREMR R 6
(transient receptor potential cation channel subfamily
C member 6, TRPC6) i 1< 1 5 ifd P9 AL 3 85 FH & 248,
AR T OC FUHRE S KL SRS RE Ty, T BUH: OC
5 A i /0 AR 2 T B 45 8 2 (low molecular
weight form caldesmon, 1-CaD ) BE#Z € #E OC L3 &
FIIRES R B, RO 1 200 0 % 0 40 L 5 T RS B
() 1 REE  NTTAE 53 OC AR il b il 5 B 22 4% 4 A
) 3 A2l R ) B BE (atomic force
microscope , AFM ) & Bt , BLA% 240 L 7E 1) 5 W3 248 i 16
LR A AR FRURD 3 TR RIS I, 43 A IS Y 40
0 S B A B D B A R AT, 325 7E OC
srfeE g R s E B A 2R AT RE B TR A
PEREAE, [FIF, ECM I EE T [ b B2 18 o ) LU
B OC LS & I8 AL, B OC 94346, 3
SEESER BT, LB & AR OC WK Ty e ik
SETIRE , IFRH > At B8 7 A A m st i) 3 1 A
F . 8 R R O B 1 DA SRR 8 X 4200 1
ek th LR G510, 2 5 A1 B ZE Al i, 7R
OC 1 M FES5 T 0C Wt & bl ki
Feiz MR OC Bh f2 /N AT 38 PR DX 1 W T 45 449
MR LM, HAEMEENR 1 %5 3 (microtubule-
associated protein light chain 3, LC3) i i< F# I 41 Jig
Ay LR 2R 1 42 (cell division cycle 42, CDC42) )
il LB B A, (R i 42 KR
OC B Ji5 1y B W e Be 10, AR % MR 8 1 X
(myosin X, Myol0) BEWZ i i 25 & 5 42 1t £ 2 /)
NS AT X L 1, AR 3 OC ML, PR AR IR ST 1Y

RPE T B LRSI 1 c-Cbl Al Chl-b H il
g3 R AR e OB L HE OC TE Ul 244, IF HAE #E OC
FE0E SRR S RSO B X BEIE R TR S
X5 T OC W REAS ] sl il , SR 1T X L8k 40 7Y B 2
B3 (A RS 4 I 5 BIL AT A B
3.2 YAP/TAZ ZSi&E#%

Hippo 10 4% Hh 22 2 R - 3 2 T TR T % 2 ,
BRI I IG5 Yes AHEHR I ( Yes] associated
transcriptional regulator, YAP) 1 475 PDZ 4545 3E )7
2 s34 3 K F- (transcriptional coactivator with a
PDZ-binding domain, TAZ) , X — I F2 ¥ & Ras XK
BEd % 7% W Bt 2 ( Ras association domain family
member 2, RASSF2) Moesin-Ezrin-Radixin £ i J8 fij
il 1~ ( Moesin-Ezrin-Radixin like tumor suppressor,
NF2) TR STE20 FEFE 1 ik i 1/2 ( mammalian
STE20-like protein kinases 1/2, MST1/2) | S
FIEE WW I 25 4 1 (Salvador family WW domain
containing protein 1, SAV1) | K & 1 il L B 1/2
(large tumor suppressor kinase 1/2, LATS1/2)  MOB
ARG R 1(Mps one binder kinase activator-like 1,
MOB1) . YAP Fl TAZ S5 AR £ KHHE ST, 4
Hippo {5 % JF 4 I}, MST1-MST2-SAV1 & & W #i 2
ft LATS1-LATS2-MOB1A-MOB1B £, J5 & b5
WML YAP/TAZ JFEEILICTG . YAP/TAZ B2
0I5, BATTE 23 B E 7 T 40 B BT b Bl R A, 24
Hippo {5 3 U5 B, RBERR ALY YAP/TAZ B4 e 40
A% TR AR Bk DNA 45 G 5% R 7 2 S 3 i G
IR 45 #4380, (transcriptional enhanced associate domain,
TEAD) 7 S MR PR A s

WFFEIESE , YAPL 75 OC 734k id 7 b A al
5= YAPL FHAS T 24 OC B MY ge, 3 H
FEREAR OC ML 3R1K . YAPL/TEADs AEfSH
i 5 AP-1 AHEARA 3T AP-1 Hesgihitk, fie ik oC
AHSRFEF B F3K, Mst2 7€ Hippo i % H il 5 4% 0
YERT, Mst2 BB /N R I B FA 2 2, OC K 4
Jn,0C MI5EFE N Nfatel \TRAP F A3 (LK 2) .
HETAH, S5 RE98 /15 YAP/TAZ £ 20 ffl A%
PR E 7, TR 5 BE R 3K 52 OC Az, gk
BUBNE 3 2545, BEEAFE 200 40 L T R T 1 200 i
HFHCAAE 3 ( chemotactic cytokine ligand 3, CCL3) i
i1 Hippo {5538 B4R SE IS OC 40465 8T,



EREYNE $£39% F4H 2024588
780 Journal of Medical Biomechanics, Vol.39 No.4, Aug. 2024

WABTTHE R & P, BF58 N 6L A 7K 8 i
R0 A B B IR B i B, 35 oA 3 444 Jon 5 241
A FE B3 A F ) RhoA-ROCK2-YAP #H 561y 12
S ek OC AR, 378 YAP 36 1k 5 388 Jin AS )
T OC 4L X T e T 1 F B AN W]
., HIL, YAP 75 OC A 1E F o] REAROR ) 24 3R 5%
AR, H S oC b Z [ Bk R AR A frift— 2

E2 YAPESEHRTEE
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