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Advances in Effects of Mechanical Stress on Osteoclasts

Lei Le, Zhang Lingli, Zhao Yilong, Zou Jun*
(Shanghai University of Sport, Shanghai 200438, China)

Abstract  Osteoclast is a kind of bone tissue components. It is composed of multinuclear giant cells, which
function as decomposing and absorbing bone tissue in vivo. It corresponds to osteoblasts in function and plays an
important role in the dynamic balance of bone maintenance. Mechanical stress can promote the proliferation and
differentiation of osteoblasts, reduce osteocyte apoptosis and improve the viability of bone cells and so on. Studies
have shown that mechanical stress on osteoclasts can reduce osteoclast activity and inhibit bone resorption. The
ability of osteoclast precursor cells to immortalize osteoclasts with immature osteoclasts under mechanical stress
stimulation was different. The effects of mechanical stress on the viability of osteoclasts at different times and
intensities were different also. In this paper, the effects of microgravity, compressive stress, tension and fluid shear
stress on the differentiation of osteoclasts were reviewed.

Keywords osteoclasts; microgravity; mechanical stress; mechanical strain; fluid shear stress
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HARAE RS B AR R I, B IR 7 5T 4
J{(bone mesenchymal stem cells, BMSCs). % ‘& 4
JHO B 2 LR RE 2 P 0 5 4 BB S, ) T,
BMSCs|r il B 41 i 53 A0 0 B /38 58, 1B 40 i 3 5
GG RE I3 ik, AR A 40 RS 1 S R T R, T
IR VIR AN E el 2 i = e oo 11t = G

HAT, BN ARG T I 7345 T i 40 i i
W FE B T E RS g T B — 10 2R, B4R AL
Wl $% 3/ (mechanical vibration)®> ., i 44 55 £1) 77(fluid
shear stress, FSS)"). JE % /J(mechanical stress)®/fll %=
5K JJ(mechanical strain)®%%, T X A% B 40 i 77 2% T Tl
AR F0 0 e 2 o AR S 2 ) [ A AR SCHR, S AR
BB 73 %58 5 B 240 e P s 1) 347 o) 38 o

1 ME S35 E 4R RE Y 520

D15 R B () gt b B vk A B A
RN, T EE g % A R A 2 T B A BT B, AR I
W, B BT AT 2 T BUR FH VB BB AARE .
H O IEE TR 4 T REARO, B RIS RE ) 1 B
Sambandam %5 f 38 Z M7 fii K JR) (National
Aeronautics and Space Administration, NASA)J & ]
Ve B 41 B 15 77 2 Gt (rotary cell culture system, RCCS),
FEREAN T I 26 A R, N BB RE RS R R
B MG . SaxenafF! i I LU E 1 RS
(modeled microgravity, MMG)# 22 3|, f & /16
FEATS TR T 20 PR PSR v 4 M, R SR R
YHMIAR AT 5 707, (URSC A AR P ARk, 3 hnise &
BRI RE ST o PRI 52 55 B AL E A A
PUCE IR, R IR ) Re g B R F TR AT
A 240 1 5 T A, B R 4 PR R A S AL .
RIEZEH FURe S SR AL DI 8G, (H T A By
JFE 1 BRI 2 LA 8 WA B FH Tl R i T AL 2%
FEAGAY,  IOn OK BR R AT A A R R B R B
REME R, B REAEE B, RELRE
WY, KRBT AR A D Re i, FERUIEE &
TRy BT E B RRAREEN T A AR
b7 T, SRABSFER I, B 4 5 I SDIK BRUMLIE &
T 14 7 PR B (bone alkaline phosphatase, BALP) 5 i i
1R Eh PR P W BR i (tartrate-resistant acid phosphatase,
TRAP) 5 5%f B AH EL 354 T e 20 A JEL ER AT g 72,
SDA BRI R RS N B R T, B 1R
JIURES, B WRWCOR T &% K, A 27 5

PATIE T I, T 1 440 A B g A B AR R B K
TEVEIE R RCRE I 8. Tavella®5 MR I, 1E
T IR EE A, /N BRI B PR3 2 (osteoprotegerin,
OPG) & &b, B EE /1358 . RuccifF! W 7T 3£
W, ol E R % e T BRI AR R T« B
AR IR T BC A& (receptor activator of NF-kB ligand,
RANKL)FHOPGIH] $22 Il A B 40 B 1) 43 46 5 3% 1k
Chatani & — 25 K I, T E 90 55 A A 400 i )
MRS BB LA B = R, R
O A EWAR & B L W (SN A=A B R (eI R = et
MR, CE AR S . 2R BRSO A 4 A
) 5 R 1) R T R 3 T ISR PR R, ELR AR TR L

THREAR S5 o

2 ENOFRE RIS
JE N g4 Dy B R iR o vh B S R R R,
FE 5B R ) AR R AR A . B E
P A VR T3 1T 40 R, RAW264. 748 i /& A A1) —
Tl B 240 i T A 40 i, 3 iIF RANKL 15 :RAW264.7
1B AT LAER AT 1 A B B A0 M . A I e 2 A% Bl Y
WETHh, Bl 4 A BE 2 A RS Sh 22, % I TRAP
VB Dy o o BB A B ER AR B . FNET R SR DYE ALK
I, TE W ) 3k s PR R R A NS B 2 SR AR AR S TR A
SIS M, 3 =24 PR 1 7 g R 33 B 4 e ) e 1
e SanukiZEUWF T R B, £ R AL B S 1 R
21 J 2 FREE 1 4 B T 4 240 R TR APRH 14 48 it B o 1=
823 B 1 n T 48 o, s S R DA S 1 n 4
HE 75 JI P R 7 (macrophage-colony stimulating factor,
M-CSF) il i /7 41 it & E2(prostaglandin E2, PGE2)
E 15 H 40 L P > OPGR 5 3 B B Al i 7 A . 3
o S ORI /R T RAW264. 740 i IR, Bl 45
JE 87 SR ) ) 2 K, DNAXYE AL &5 1 12(DNAX-
activating protein 12, DAP12) 5 TRAP mRNA/KF-i&
W Tt v, 2 WY L) AT i iR AW 264. 741 L R
AR AL, B 5RO R B 5. K B AR
R, T 6E (2 FRANKLER 1A JF H #1#OPGH#E
i, fERANKL/OPGLE #1317 11, {2 #ERAW264.74H i3
TRAPHE G M, $-75 5 N 77 0 48 66 W € 32 B & 20 g
9704 Tchimiya®5 P22 oK BRI 5 15 Hh /0 IR 40 g
550N B B 200 B S [R) 355 57 i A 00 B R i, R
DU A T B 22, 3 W AE IR 40 T TR i v 3
RANKL fE 38 55 B0 40 MO T2 1, T 459 25 14 s 12 ) 7T
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SE SHLE AL . Hayakawa 52358 i BT 5% 5 45
JIXTRAW264. 74T F5 PR 520 5 30,224 Ttk e £ e
A5 10T, B AN B B . DL SRS UEE,
JE ) B RR I TR] 5 5 K /N X RAW264. 741 it B 24
SN B S ) e YA R, S S R BRI R
A1 33 B B 40 PR 0 A A . Suzuki SRR 5T R TR,
RANKLE; FERAW264. 741 i, AH bk A e in 1 2 77
VPR B 4 R, it e I 7 ) 4 P e D, A
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0.5 HzA 2 . 8 hit) KB J)F T, 7E3D7K #E i A Y
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7K I A R 01 o R Y P PR A e i A
2111 1) 5 B A M o AR R BB T 2K B A i oK B
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40 5 A0 R 715 S AR S, 0 AS [ 55 B2 A B /)
Jo B, RRCE A AR T AR K. BOH 3G 2, SR U B
775 DR 25 AT B4 5 B R 4 LK) A S . (IR
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Fr, R ER AR 5K I BER AW 264. 720 L 17 38 - 44
154 5 Rl 2, BLBE S 72 5K 70 1) 3G 5 TRAPRH ¥4 41
Mk B IS HUAETK 7 B4R I TR)0) i
4 43 A R A RE JT A R . Kameyama S8 P 5%
RI, WUbkAE 5K AT DLas sk 5 B4 ) 434 Rl A 5 A
R DR 40 ) B v 4 PR A, TR SRR R g T 3
T VR B 9% 4 R 5 1 2R 1 (dendiritic cell-specific
transmembrane protein, DC-STAMP)F1 H Ath Fili & AH ¢

PR s 2 R AL S R A . HUBRARTK U e
i SR B 2 S0 Ak, B F R LR LB A 5K T K4
N TN V4 o G S DN 6 &= e R G
3 AT S0 CR R R 240 R 2 7 B 24 A P
B AR H AR AN R AU 2 7K 0 9 5 R 7 A o
AL IR BE 1A T 22 5 o

4 ARSI xR E RS20

23 1) B A 7 3 2 S, PN R I A S Ak
E2L 2R G () 1) 6 P55 0 7 A B 40 M R T ) IS AR B )
1o B YA AR IPGE2 W] LA BB 41 i A AR 1 41
JRLKH A4 BY U1 04 R RO AR BS U0 AR T
RAW264. 740, Fe 5 R 7 4 B MR T TR BE AL
H B3 SRR IR B T M 3. BRI, i
BT U] F7 R85 10 Ca? JH 18 175 3 5 A% 41 R ) YA IR
Ji B3, 2 E A SRR AR BT Y R R AE
KALEFE, HA R HCa BiE N SO, HkEIY) 7
AE (2 1 B B 40 L 204k . BF 5T 3R B, RANKL-RANK
52 O A4 5 G Jo T SO R 4 R A 40 e R i i 4
A c-Fos 2 K FH B (1 R IA 19 n, w15 5 40 i kA=
B, 3 T g B A% N R R R A . Li
SECUIRTE SO 70 R IR, 23 1A BY 1) ) )
U A e-Fos BRI RIAH B %, Rk
Pl o it b 3 0A 4 1 R 40 R T RS 4y
o AR, JARBI Y] 1 SRANKLE S35 B 40 & A
FHRG H AR 3 A AL, T A g — ST TR 35 T il
A0, FAE RO S AR Y) ) 0 KNS S R
PIMH G OestZEP U H 2 L i A4 N 2 (multi-well fluid
loading, MFL) R4, i RAW264. 7411 AFE K1 h, 1 Hz
(R BN P R IR G AR B VI 7 J5 R, S A S
A BRSSP AR B, AR BRIR TR BT V) D Re s Rk
40 IR 1 . Zhang S5 G20 A4 BY V) ) 4 H 2
0. 15. 30. 45, 60 75. 90. 105. 120 minffil
YRR AR R IR, Bl 5 I [B) ZE K, A% Akl B 41
AL BRI B, s S R
KU R 55 AP IR, — 5 Y | IR AR BT U g T DL o
T F 4H M TRAPIE 14, ¢l 2 BY ¥ 7)1 416.08 dyne/cm?
B 240 B IR S B B8 ST AR . R L
HUh B, A — € 0l N A BT D) ) Re i s IR e
71, TERIE B 1) 77 2% 50 FE S5 I TRl /E F R B TR A A 28
ESLENTE
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T PR SO R T SO A AR B 1 SR R, R
BT FARE 50 A2 FH T B 200 PR S i A 7 5 | RS
WSRAT R, TEASIRI 0 ) 2 RBCR, A 4 i ) 43 4k
FCARE I BA BT AN [F] o G PR8I R 0% e g i
B I MOR E T R, B 5ERE WICRE 7, FT R 4 i S
T B A0 R () PR A, IE R D, BB i B
iy o ANIRI 9 E 5 B 0] R 4 55 A 5K 0050 B 24 i
PRSI AN R, L3828 LA A o o A R R
S 304 B, R A O B A R A . A EY
Y1186 75 S0 B A0 i 5 v Ak, (B7E H AT sE5e H,
X B B 4 B e R A B U7 73 (R RN R R — AN iE
(IEUE, B B 0 5 S AR TR AR R AR BT U] e gt
BB 2 PR AR 3 5 IR AT o N P 5 R SR R P E )
KET %), AL E N AMERTF D &Y
{10 73 2 35 Auf VBT T2 A, IR 7 T 5 B R
(PR 2, 7R b Rl 200 I 3 5 (1% [0 B S i v &4 e 1
AR TRANKL50PG. OPGAZRANKLA% S
PESZAR, RANKLAE S 51 H 40 i S Al B i 144 i
X FIRANKEE A M A2 35 B8 4 B 434k, st il 7
Tk B 240 PRLTE ATLAR R T ST Sk B8 0 3 s, (EALR
73 S ) ek FEE 5 i o) il B 440 e o e 0 (P s il
TR — AL .
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