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Abstract

Objective: To investigate effects of different frequency of vibration strain on the expression of osteoclast-specif-
ic genes and osteoprotegerin(OPG)/receptor of activator for nuclear factor-xB ligand(RANKL) in RAW264.7
cells in vitro induced differentiation process.

Method: RAW264.7 cells were subjected to vibration strain with different frequency [3—10Hz (B-goup),
15-35Hz(C-group), 35—45Hz(D-group), 50—70Hz(E-group),70—90Hz(F-group)] and similar induced fluid.
A-group cells were not subjected to vibration strain.The expressions of osteoclast-specific genes(TRAP, MMP-9
and CATK) and OPG/RANKL in osteoclasts were analyzed by semi-quantative RT-PCR.

Result: In different frequency vibration groups, the expression levels of osteoclast-specific genes reduced gradu-
ally, at the same time in B.C.D group vibration strain promote the expression of OPG mRNA and inhibit the
expression of RANKL mRNA gradually.

Conclusion: Different frequency of vibration strain can inhibit proliferation and differentiation of RAW264.7
cells into osteoclasts.
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DMEM $5 77 FE AR 2F M3 (W4 B Gibeo A H] ) ,
/NELRANKL (J) [ Peprotech 23 1] ) ,RAW264.7 Zfiiifd
¥k (ATCC, Manassas, USA) , M-MLV [ ¥% 51850 &
(Invitrogen 23 /), 2 [F ) , TrizolRAN $2BUR 7| & . JC
RNA fiti7/K .SYBR Premix EX TaqTM i# £ ( Taka-
ra/Adl, " E) , $it/h B GAPDH # {& (KangChen
Bio-tech 23w , H[H ) , CO, 41 i 15 7248 Nu3500E (.
HA]), YG-875B i TAE G (RN Fiess) ), 4
Jif 155 350 FH AR (25 [ Corning A 7)) , EP 4% N4 |
sk (JERNATRE) (Axygen A ], ) 3 & AH 22 B
84% ( H 7% Canon 23 F] ) , ABI7500PCR 4 ##4 {Y (ABI
AEINESIESDIN
1.2 hik
1.2.1 RAW264.7 41 it 35 57 - A B 3 A
RAW264.7 4}l (¥4 VRS, DRI 37°CoK i HL B i
J& B0 T B SR R, B ORI, A 2
J& . FH 0.25%Ji+0.02%EDTA ¥ RAW264.7 21 i 114
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bR AL AR % BOR S R AP R 2 AR K 5 6 1R
OC, ¥l A.B.C.D.E.FH . HBHMAGH
RANKL [#) DMEM 7 5 1% 72 3% | 370% RANKL 145
IR JE S 50ng/ml, & B, I PR 4F RANKL ¢
WeE A s A2 AR 4, B .C.D . E.F41 N J;
20,43 Bt (3—10Hz) . (15—35Hz) . (35—45Hz)
(50—70Hz) % (70—90Hz) # Bt ¥ VS, 4511 F1 40 3L
iR sh S5 — S (HRSh5R E - 0.3, PR BT A] : BRI AR
3 15min, & HYR8121K) .
1.2.2 A A AE [F & RNA 2 BT RT-PCR: % [
TrizolRAN H& I £ 156 B 2 T4 JifL B RNA, 4351
TEARFIERIR S AL B 3d Fl 6d I , 322 55 3R MM A 5
FREE I PBS IR VE 2 K o # Iml Trizol 37 il
ABEFRARI, I R A8 S S AT 240 B LA 2 248 e
Zf# % A 1.5ml EP &, vK E## B Smin, ITA
0.2ml S 475 , #4748 55, TR ZUHR 5s, oK - # &
Smin, WAEA S 2 o FEASTE TV 1 i 30 HL 1
40°C, 12000g, &5 .0> 15min, 5258 1 U FEAS , /N0
W b2 TCA W, 5 AT 1.5ml EP 48, i A
SRR S TR A, ADLIE RNA . & 10min.
FEATE 4°C, 12000g, 5 0> 10min, FF % F#, A
Iml 75% B, JRAIFEAS, 4°C, 00 Smin, /N0
B, WA ETE, fE S N T 5—10min, ff
RNA JTHE T4 , A TJC RNA K 20, il 15 RNA 17
o BUEAR RNAFES, Ll R AT A 5 i
A260/280 | iy FL 2 B T vie B, AR 4k I 245 SR G
RNA i 7K & 2HAE G RNA W B 18— 3, #e Bt
16 B 4545 AR — 5% cDNA, 15 DL 45— %% cDNA
B A #E 17 RT-PCR J2 1j il] #& TRAP. MMP-9,
CATK FlOPG/RANK mRNA Fik, %0 19244
Stage 1: FiUAE 1 95°C, 30s, 1 i34 ; Stage 2: PCR JZ Jif
95°C, 55;60%C, 34s, 40 I35 ; Stage 3:1R K 95°C, 15s;
60°C, 60s;95°C, 15s, 1 fE¥F . FISYBR Green Mater
M 328 7700 4557 0 5 LR ) mRINA ZKSF, 3o 42 460
3, mRNA /K F-FH GAPDHAE N 2, B 2635
A ACHEER ST, FTAEITH W3 1.
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*&1 PCR3|#1F%

EICESS HUEST!
MMP-9 5'-GCCCTGGAACTCACACGACA-3'
5-TTGGAAACTCACACGCCAGAAG-3'
CATK 5'-CAGCAGAACGGAGGCATTGA-3'
5'-CCTTTGCCGTGGCGTTATAC-3'
TRAP 5'-CTACCTGTGTGGACATGACCA-3'
5'-GCACATAGCCCACACCGTTC-3'
OPG 5'-CACAGTGAGGAGGAAGACATT-3'
5'-GAGAAGAACCCATCTGGACAT-3'
RANKL 5'-ATCAGAAGACAGCACTCACT-3'
5'-ATCTAGGACATCCATGCTAATGTTC-3'
GAPDH 5'-AAATGGTGAAGGTCGGTGTG-3'
5'-TGAAGGGGTCGTTGATGG-3'
2 #R

2.1 XA A B S R DR TR 5
PSRBT 341, RAW264.7 41 i 75 55 3% 3d
1 6d J5 4T SZRF RT-PCR KT , 43 B A 41 B 4 S+
PERER - 20 2026 11 -K (cathepsin K, CATK) , & )i
4 )& 85 F -9 (matrix metalloproteinase-9, MMP-9)
PTG A BR IR 1k W5 B2 B (tartrate resistant acid
phosphatase, TRAP)}FRik, R AR E G
I BT B A0 AR A AL B RE i . S R B, SR

HE4] A4IAH L, B.C D .E .F4USBL & SR sh4fE
i RANKL {1 #F % 15 40 B 4% 5 1k %5 [ CATK,
MMP-9 il TRAP ik, Ho22 5 HAT B R (P <
0.01). WK 1—3,%2,
2.2 %I OPG/RANKL KL ik 15200
PRSI , RAW264. 7 A s S B 95 3 K
Ji #4752 B RT-PCR &9, 43 #7 OPG .RANKL & [
FFih. L LY A4, B.C.D .E.F4 OPG
FER FII RANKL [ 3R 87K 25 S 35945 2 1 X
(P<0.01), KA IRZNITZAIE I, HATH RANKL
S Sk M . (BT OPG 3R KA T, B.C.
D 4 LA i ELF 4% %0 T I8 OPG L A 1 4%
ko W4, 33,

3 itig
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B AL N T 9 3E N R A R
W BRI AR T A TN 9 e R
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2. A-

= 1.5 &3 A-group 0 ez _group
e B g =3 B-group
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K2 AERE VS B4 CATK,MMP-9,TRAP

BEERIEHZNE (n=4x+s)
ZH 5 S 3d S5 6d
CATK EFE %X
Al 10 1£0
B4 0.6829+0.0061 0.5335+0.0025
c4 0.4143+0.0013 0.3232+0.0023
E 0.3655+0.0745 0.2612+0.0041
E4 0.2158+0.0059 0.1255+0.0038
F#4 0.1167+0.0056 0.0919+.0.0051
G4l 0.0465+0.0078 0.0455+0.0075
P 0.000 0.000
MMP-9 £ F
A 140 1+0
B4H 0.7845+0.0332 0.5675+0.0115
c4l 0.5443+0.0416 0.3675+0.0113
D4 0.4653+0.0875 0.2813+0.0151
EH 0.3183+0.0149 0.1125+0.0178
F4 0.2177+0.0236 0.1009+.0.0581
G4l 0.0046+0.0018 0.0045+0.0015
p 0.000 0.000
TRAPEH
A 140 140
B4 0.7981+0.0462 0.5863+0.0317
c4 0.6521+0.0531 0.4134+0.0298
D4 0.5653+0.0875 0.3193+0.0154
E4 0.3143+0.0489 0.2865+0.0287
F4 0.2387+0.0341 0.1521+.0.0343
G4l 0.0216+0.0015 0.0125+0.0017
P 0.000 0.000

R3 AESREVS 3d /5% OPG/RANKL

ERFRIEH T (n=4,x5)

215 OPG RANKL

A 1£0 120

B4 0.2356+0.0162 0.8643+0.0876
CZ 0.3121+0.0132 0.7668+0.0618
D4 0.4623+0.0175 0.5367+0.0344
E4l 0.5123+0.0263 0.3895+0.0267
F4 0.5765+0.0256 0.2376+.0.0344

P 0.000 0.000

W A RSN B AR TE BB AR RN B4 )2 R A AR
U B B RO, B R V) A4 545 S 08 v AN T
FECT, HEIOC T AR 4 52 5 PR 3 0 i v 240
T PESZ A 18 A DLARE , DR I AR S 35 4L AN (] 43 2
(4 52 R sl B A T B A I T A RAW264.7 4
I, WL AR 2l ) T B 2 M A S P R R R 3k 2 OPGY
RANKL mRAN EIkH520 , I AR B 6 OP #L
Tl PR gt — 20 ) e BE Al

% IH kB SZ AR Ak K F-BC & (activator of nu-
clear factor-Kappa B ligand, RANKL ) f&— i1 J&i
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AR T (tumor necrosis factor, TNF) % (1 — A4
PSR ", A2 RANKL K:[H F 5836 T 588
B R, RANK 7E 41 P Sl = PN 7E BTG
SR IE Ao g SR AE R - 32 AR AH C R 7 (TNF - recep-
tor associated factor, TRAF)4145 , H tp TRAF6 &
RANK-RANKL 75 505 15 41 it 40 i o1 2 () 1 2
Mo AZERANK 4ifish i) 8 AR A PR, 55 —F
FR A AT RANK, AEZEPR R i v, L AR AR

RANKL Z56  (HASBEA S0 1 4t AL Al 28y, J2
T AR A0 1 200 ) A T RS AE FO . 38 R AR
MBS IER [, 35 T B A AR A i A S 1,
RANKL £545 J5 REBS ¢ HE - 40 fb A i, Ax
JItJE 51, OPG Hl RANK REW% AH 1 3% 4 55 RANKL 2%
4, # RANK 5 RANKL Z545 , #8075 RANK 1553 1%
M A T B A A Ak K R B s 47 OPG 5
RANKL 45 45 JUJ 41 o] 4t B 240 e oAb Fn R 28 o PR ikt
RANK/RANKL/OPG 35 7 5 40 A o3 fk S B
AR R EE SR . ASLEe T, B.C. DA
B E AR ZH 8 OPG mRNA 335, H
) RANKL mRNA % ik % ¥ ji /b | iX 5 2 OPG/
RANKL {9 HCAELIE T 5 7% 5256 38 B 52 5 PR sl AR 7
/NTF 45HZ B, Bifi 45 B 4 %645 i, % OPG/RANKL
OB 2R T 18 K, 1 B2 00 B 1 & 4R sl e 41 il i
B 4 A8 AL RN TR B RE AR Al U g o 5
G BU J7 n) kJ , T4 o R S,
BTSN AT LK BN B7I6 OP., Bifi 5 I s 4%
AN, AR ST 2E K T S0HZ I (EFF4) ,
T % OPG I RANKL %E[H (1) 33k , 156 B 2 5 (1) &2 45
PRBIGIR , AT A 15 200 B 4 43 Ak R R, tha il
H A ETE O 0 R R X SR FARARL, 25
R 5 4 PR 5143 i RANK/RANKL/OPG 3 15 4l 2%
L, AT 5 T AL .

TRAP, MMP-9 il CATK 1 A i 20 B 241 g 114
PSR FE R, TRAP 78 #1542 41 i PN A
SN B AL PN R, A A TR AR A L Y A 3RS
H R TIEE /NN ; TRAP & —Fh & 44 = &
PRSF) S bR 1, AR IR & —HERAR, nT L
KA A TCA U R A S RN B IR it it , L = A e
FF A O P A i ) 6 IR A ) . MIMIP-9 1T L o it 4
i A7 5 ot 22 i B 11 B4, A R AT R e it R fie v
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AT AR O A T A0 1 R A )
WOk FE TR . AT MMP-9 Btk | 2 B Sk B 41
I 1 B 2R T AR, (4 2R A AR 2 T R
B B A DA R A ) R E . TRAP
T CATK TR 200 B 43 006 1 R o /K e i, 35 R A
il A X O PR A R, I R R A E A
))& CATK . CATK J& F ¥ B A T 240 R 28 11 il v
1) 25 A VAR, 11 Tl 68 2 1A 5, ‘el B 00 i v 58
SRR A TR R 1) — R H R U,
W AT A P Y — A SRR . AR SZTG & IR IR AR A
B S B B B 2 AR v B ) CATK . MMIP-9
FITRAP 3635 , B PR s AT 0 8, HA 1 g
H5E . IIFIT FE R K I AR s mT LA
105 20 B %) o A A S, 0 T 200 e W A E
S22 AR T VRO R K S T 48 3 S (] A5
B A AR S0 % B A0 R S e 3R PR e R 1 5
S TRl H 2 4 52 45 9% 5 %F RANKL/RANK/OPG 1t
RS R . ASBFSE SR, AN RS 5 AR
S 0B 240 B 19 A R RS, 30 1 0 )
W Ty fi L I A i sl 0 5 1 14, L o B ) 1
58 /NTF 45Hz (AR T LA ik B 40 B i 43
PEAE AL S 2 2 ) B TR R 1) & e, (RT3
(2 A PRSI, AN A 240 M %) 43 Ak R B
WA B 2 B R BT 1) & J , X 5 R _EAH,
1f SR AT Z 1 K 5 PR 3l 23 fff RANK/RANKL/OPG
TRNEEEL, IS A BIBLIA , A ST G P 25 55 4%
58 B IRSIBR OP YIS ALl .

S22 Lk

[1] Chang WH, Chen LT, Sun JS, et al. Effect of pulse-burst
electromagnetic field stimulation on osteoblast cell activities
[J]. Bioelectromagnetics, 2004, 25(6):457—465.

[2] Diniz P, Shomura K, Soejima K, et al. Effects of pulsed
electromagnetic field (PEMF) stimulation on bone tissue
like formation are dependent on the maturation stages of
the osteoblasts[J]. Bioelectromagnetics, 2002, 23(5):398—405.

[3] Flieger J, Karachalios T, Khaldi L, et al. Mechanical stimu-
lation in the form of vibration prevents postmenopausal

bone loss in ovariectomized rats[J]. Calcif Tissue Int, 1998,

(4]

(3]

(6]

(7]

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

63(6):510—514.

Rubin C, Turner AS, Bain S, et al. Anabolism. Low me-
chanical signals strengthen long bones[J]. Nature, 2001, 412
(6847):603—604.

Robling AG, Hinant FM, Burr DB, et al. Shorter, more fre-
quent mechanical loading sessions enhance bone mass[J].
Med Sci Sports Exerc, 2002, 34(2):196—202.

Simmons CA, Matlis S, Thornton AJ, et al. Cyclic strain en-
hances matrix mineralization by adult human mesenchymal
stem cells via the extracellular signal-regulated kinase (ERK
1/2) signaling pathway[J]. J Biomech, 2003, 36(8):1087—
1096.

Rubin CT, Sommerfeldt DW, Judex S, et al. Inhibition of
osteopenia by low magnitude,
stimuli[J]. Drug Discovery Today, 2001, 6(16):848—858.
Judex S, Boyd S, Qin YX, et al. Adaptations of trabecular

high-frequency mechanical

bone to low magnitude vibrations result in more uniform
stress and strain under load[J]. Annals of Biomedical Engi-
neering, 2003, 31(1):12—20.

Torstveit MK. Bone adaptation to mechanical loading[J].
Tidsskr Nor Laegeforen, 2002, 122(21):2109—2111.

Burger EH, Klein-Nulen J. Responses of bone cells to bio-
mechanical forces in vitro[J]. Adv Dent Res, 1999, (13):
93—98.

IR 20 S 0 2 AT B PP R A [0 P AR B R 2
RS 220 5,2005,(12):765—767.

Lacey DL, Timms E, Tan HL, et al. Osteoprotegerin li-
gand is a cytokine that regulates osteoclast differentiation
and activation[J]. Cell, 1998, 93(2):165—176.

Leibbrandt A, Penninger JM. RANKL/RANK as key fac-
tors for osteoclast development and bone loss in arthropa-
thies[J]. Ady Exp Med Biol, 2009, (649):100—113.

Hsu H, Lacey DL, Dunstan CR, et al. Tumor necrosis fac-
tor receptor family member RANK mediates osteoclast dif-
ferentiation and activation induced by osteoprotegerin ligand
[J]. Proc Natl Acad Sci USA, 1999, 96(7):3540—3545.
Ishibashi O, Niwa S, Kadoyama K, et al. MMP-9 anti-
sense oligodeoxynucleotide exerts an inhibitory effect on os-
teoclastic bone resorption by suppressing cell migration[J].
Life Sci, 2006, 79(17):1657—1660.

Suzuki N, Yoshimura Y, Deyama Y, et al. Mechanical
stress directly suppresses osteoclast differentiation in RAW
264.7 cells[J]. Int T Mol Med, 2008, 21(3):291—296.

www.rehabi.com.cn 103



