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BEY . HRUE IR CIE, AD=IVA L ARE#EIEDY, BEKE BRI
T YANEACT Do AWFETIL, MR ATERHIIEIC 6% & 18%DHER % 2 DOIERRIC
EDAT=TNA NV RAZARL, BEMROIIRIET AR LT,
J7HE . RAW264.7 #llid% Bioflex Culture Plate (ZFEREL, 10% 7 VARVEMIE L 50 ng/ml
RANKL f#7E FC 72 Wil %, HRE 6% E721E 18% T 6 /D EMIRIMEIC XS
AI=TIVA N A% 48 W], Aff L7=, RANK, lysophosphatidic acid receptor-1, NAFTcl,
DC-STAMP, OC-STAMP 3 J. U cathepsin K D& s 13884 real-time PCR T, cathepsin K ™
& 37 3881 % Westernblotting 15 TIil~<7z, #ifus TRAP Yefa L, 3 %L1 Eo TRAP Bk
MO % & s 2 7 L7,
#ER © RANK, lysophosphatidic acid receptor-1, NFTAcl, DC-STAMP, OC-STAMP 3 X!
cathepsin K DFEH, 702 5 TN TRAP BHEDZAZ O AREAIIAOR & £ omfals, (hE
6% L 18%D A T =LA F L ADARFTID LT,
fhEm . AW =J/N A FL AL, RANK & lysophosphatidic acid receptor-1 MDFEELAAR T S+
52 & T, WeE I LERER A7 b NTH B 2 ™7 SR OB L, g

HMRDIH L & BIIERE Z 45 Z L DR S iz,
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The effect of cyclic tension force on osteoclast-like cell differentiation in RAW264.7 cells

Abstract

Purpose: The balance of osteoblastic-bone formation and osteoclastic bone resorption in alveolar bone

is changed by mechanical stress during orthodontic treatment. In this study, osteoclast precursor cells

were stimulated with cyclic tension force and the effects of mechanical stress on osteoclastogenesis

and related factor expression were examined.

Methods: RAW264.7 cells on the Bioflex Culture Plate were cultured in the presence of RANKL and

fetal bovine serum and stimulated with mechanical stress derived from 6% or 18% cyclic elongation.

The expression of RANK, lysophosphatidic acid receptor-1, NFATc1, DC-STAMP, OC-STAMP and

cathepsin K was examined by real-time PCR or Western blotting. The formation of osteoclast-like

cells was examined TRAP staining.

Results: The expression of RANK, lysophosphatidic acid receptor-1, NFATc1, DC-STAMP, OC-

STAMP and cathepsin K was suppressed by mechanical stress derived from 6% or 18% cyclic

elongation. These magnitudes of mechanical stress also decreased the number and planar area of

TRAP-positive cells with three nuclei.

Conclusion: Cyclic tension force suppresses RANK and lysophosphatidic acid receptor-1 expression

and osteoclast differentiation factors and protease in the RAW264.7cells on Bioflex Culture Plate,

suggesting osteoclastic bone resorption was suppressed by mechanical stress.
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BRHEIETAIR ClE, FBIEIC LV ROBERCHE OIBEI LA B T 5 2 L AR FE
ET 5D, WITMDOABEINIA =TV A NV AL UTHRELZ S L TSI,
B K 2B TR & BB L D H RIS T o AT 5 2 & TROBEID
22, ZOANZNA SV AIERDE ) ET Y T BACD AT = AL E RS DT
WIZ, ZAVE TITER & 72 invitro WIFEMTIONTIE Y, AD=TNA N L ZADFREIZL T
B RS AT 5B 72 2 TREMED VRIZ STV D, BRI 8 ) 2 A L7
72CIE, 1 glem?® DI 771E bone morphogenetic protein (BMP) -2 D FEARSINZ I L Tl AE
% 237 T 2% bone sialoprotein <> osteopontin DFEILZFHE L CHIKILYTERRZ LT 5
— 5T, 3gem? DJEANII NG ZIHITHZ EE2WMEL WL Y, £z, U arTHE
R ENTEmZ RO T L— k&2 AWTHFE T, plate JER O REER)S 3~9%0 A A1 =71 )L
A N VA THIFANEO BMP-2 OFEHL & osteopontin DIEAGT-FHEELAHINML ©, (R 18%
D AT =)V A kL AT alkaline phosphatase J851 & IRV B2 Z L 3B 5
MIZSINTND ™Y, T BATIIED RN, AT =TV A RV RITIEE IR L S
B ZEET 2B RMENH VY, TNElR 5 L FBISREITR T 5 &2 b,

BRI 485 5 AR IO 43 I, receptor activator of nuclear factor-kappa B (RANK) ligand
(RANKL) & osteoprotegerin (2 & » CHHEI SNV TV 5, T 7805, HEEOME HIRLETERMIY
23895 RANK (2 RANKL 23 #E5 95 (RANK/RANKL fE6) &, B #iuaisimia
DOEEEIZB 54 % dendritic cell-specific transmembrane protein (DC-STAMP) & osteoclast

stimulatory transmembrane protein (OC-STAMP) OFEEINEEIN L, 28%% 43 2 iV & fiia
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LT D O, BREN U TR, cathepsin K (CTSK) ZiX Ush &5 & o3 45 fi
FROH & U CEEME & R E AT 2, BB MIa b & B IRE I BE
H9 BRI DFE B, nuclear factor of activated T-cells cytoplasmic 1 (NFATcl) ASEEPNIZEAT
THZ L THEIL 1%, —J5C, osteoprotegerin 75 RANK/RANKL #t 6  PHEE L Tl #ifa
Db EHIT 5 12, £z, AFNEMWE Ch 5 E RIS lysophosphatidic acid (LPA)
b E RO Z RS 5 Z LB BTN D B9,

AT =TI VA b VAP E IR AU ST TR B A T T At B 2R e~ T
2B OO, ZiETIZ, BioFlex Culture Plate (BioFlex plate) OOl E AR BRI /=
N0~ 15%D AT =TIV A L AGEART D &, BEHIRORE A S0 2 EAVRS
NTWDE D Ul, AB=hLA kL ADIREDEOIE IO /I KIE

IIRHTHD, £ 2T, ABFFETIE, BioFlexplate O EFIFLATENIILIC 6% & 18%DH
725 2 DOOMEFRIZEI DA =TIV A MU A &AM L, BEMESRIaORAR 7 & N

B EBER ORI 2 Mt LTz,



RS KOG E

1. MfROREE

ABFIETIE, BHAIEATERAL E LT~ v AKHESROHER/~ 7 17 77— RAW264.7
M (RAW AIIE 3 R AAEAEEE, KR) 2 M7z, RAW #ildz 6-well BioFlex Culture
Plate-Collagen Type I (BioFlex plate; Flexcell International, Burlington, NC, USA) (Z 9.0x10*
cells/well DFELETREREL, 10% 7 VRLMIE (FBS; =F LA /A AP A = X, HU), ~
=V VARV T =AY T AR T )V B &R 1%IEANRSH (Thermo Fisher
Scientific, Waltham, MA, USA) 5 22 TF 50 ng/ml RANKL (R&D Systems, Minneapolis, MN, USA)
% 1e a-minimal essential medium (a-MEM; & &7 ¢ /L AFYEHEEE, KBR) T, 37°C, 5%

CO, DRA TN THIZE LT, RERRIRITEER 2 BRI LT,

2. FEIRRES oA

RANKL f7#7E FC 72 WfflijE5#% L 7= BioFlex plate % Flexercell Strain Unit (Model FX3000;
Flexcell International, Burlington, NC, USA) (2 L, 37°C, 5% CO, D&AH NI T plate JEH %
WS, SR 6%FE 7L 18% T 6 B/ DEMIIIE )% 48 IERAMT Uiz, 7ok, (g
6% ETZIL 18%D AT =TIV A | L ADAR OFEIHNEOHMME ORI & R 21T, (f
) AT Rl — DRSS BioFlex plate & & L CHe Loz = br— b

L7

3. Real-time polymerase chain reaction (real-time PCR)
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NucleoSpin RNA (# 71 7 /34 4, ) % VT RAW #lifd)> 5 total RNA Z-fifiH L 7=,
Prime Script RT reagent kit (% 77 7 734 7)) Z MU T total RNA 75 ¢cDNA 5%, 2ul O
cDNA &%, 20 uM @ sense 33 S N anti-sense primer % & ¢» TB Green Premix Ex Taq Il (¥ 7
T34 ) IR 25 pl Z %% L, Smart Cycler I System (Cepheid, Sunnyvale, CA, USA) % fi
AL T real-time PCR AT o7z, i L7277 A ~— OS2 2 1 12779, PCR BUSIT
90°C, 5 Fb[#1> DNA ZHE, 60°C, 30 BEIDT =—U v 7 L hEE 1 A4 71 & LT, 40
A 7 AT T, FEROMENTIZIE Smart Cycler software (ver. 2.0) & F\V Nz, [USEM) OFEE
PEA R CHER L7252, &5 DO Lo &ML b & ITRIG FOHEiEREZ Ko,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) % PN ERFE#E (2 FH W CTHIE L 72 fE &

mRNA FEH&EE L,

4. EATRIRHIMEERMER R 7 7 #—¥ (TRAP) 3t

RAW #fifa % 10% M EREE ARV~ U RIS T 5 0 fEE L7-%%, TRAP Yta% » b (A
EAL A, HOR) BV CREEF RIS e A Yeta U, BISZERMEE (DIAPHOT, =
gy, B RO T VXV AT (DS-Fi2; =22 &RV CHlloYetg 215 L,
% 3 {HLL AT 5 TRAP IPEMIR 2 A EAila L L, s 7 hv =7 NIS-Elements

(=712 1T well R MIARAI OEL & Hfg 2 7 L7z,

5. Western blotting

RAW #lifi %, 0.05% Triton X-100, 10 mM B-mercaptoethanol, protease inhibitor (Sigma Aldrich,
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St. Louis, MO, USA) 31025 mM Tri-HCI (pH7.4) % &3 ol \ S U G IRWEE L 72
#%, 12,000 rpm, 4°C T 5 s3fifiz 0 U C EEZENY L7z, #MIfEN A 2327 20 pg % 10%7A U
77 UNT I RTVTERKIKE%, Trans-blot SD Semi-Dry Electrophoretic Transfer Cell (Bio-
Rad, Hercules, CA, USA) % FH\NTHILND Z 737 % polyvinylidene difluoride X (PVDF Jii;
Bio-Rad) (ZHR5 L7214, 0.5% Tween 20 4 Tris buffered saline (TBS-T) (Z 2% bovine serum
albumin Z¥fif L 7-IRiRIC PVDF IR i2is U CHRRRINRPIRROSE 7 1 v o 7 LT,

Western blotting VA1, —k$ifkE LT~ 2 5ufEhik I cathepsin K (CTSK) Hifk (sc-
48353; Santa Cruz Biotechnology, Dallas, TX, USA, #A7FR= 1:1,000; ~ 7 A CTSK & A2
EBLUNTHXREHE M GAPDH $tfk (EPR16891; Abcam, #ifR=E 1:10,000; ~ 7 A
GAPDH & AZ7E0%) %, 2 RPURIZIE, B4 F ARSIt~ v X 1gG Hiik
(ab6788; Abcam, AR 1:10,000) F 7= 13Y FAfEHL Y ¥ 1gG Uik (A27035; Thermo Fisher
Scientific, A7 1:10,000) %\ 7=, PVDF fE DX 237 & 2608k E s S H -
%, A F L —BEERA N LT R T BV LRI (LGC SERACARE, Milford, MA, USA)
ZAN %, Clarity Western ECL (Bio-Rad) T/t 73S 21TV CCD fiiZ24iE (ChemiDoc
XRS Plus; Bio-Rad) THgi L7-, 723, GAPDH D 3 RO, PVDF Ji% Western blot
stripping buffer (% 7 7 /34 2 (23298 L T _E DR % F#E, TBS-T TP L, CTSK Hifk

ZHNTY T e—7 %1757,

6. HrataLE

ETORRIT 3 [V L, MR FIE EARERZAE TR LS, Fatsiioiid IBM
7



SPSS Statistics 23.0 software (International Business Machines, Armonk, NY, USA) TIT72\Y, %
FER]OLb#IE, —IohLE 0 E T, Bonferroni (D ELEGR EIEE AW TRE LT, p

<005 *HEZD & LT,



S
1. RANK & LPAl OEEBTFREBUCKIET A=WV A b VRO
EE 0 (2 har—L), 6%ERBIV 18%D AT =H/LA KL A% 48 Kl Liz
RAW HIfEIZ331F 5 RANK & LPA &K 1 (LPA1) D& 3B 112789, RANK D
B THEIL, =2 b — /U LR 6% & 18% CHEICHA Lz, £72, LPAL O

B FEBIL, 2 ha—L SRR 6% i U CTHRER 18% CAREICHD Li-,

2. NFATcl, DC-STAMP 5 L (R OC-STAMP DB FRIUCKIET A I =H VA N L ARD
-7

ay ha—l, 6%EBLNI8%D AT =H/L A h R % 48 BfiAM L7- RAW HilalZ3
I7% NFATcl, DC-STAMP 5 £ ' OC-STAMP Difrn {58 % X 2 |Z7~x9°, NFATcl, DC-

STAMP B LT OC-STAMP O3 8%, = b — Uil LB 6% L 18% TH

B Uz, $£7-, NFATcl & OS-STAMP DI n-FELIE, R 6% LT 18%
THEIE T,

3. TEHSSROTERICRIET A I =V A L ADE S

ar hr—l, 6%BLN 18%D A =T/ A KL A% 48 HAH L7~ RAW Hifaod
TRAP Yetaf %X 3A 12, 3 82L& E> TRAP iAo & mfiE 4 F 2 3B &
3CIZ/RT, KA TRAP il L= o b o —/LC, /Mo TRAP Bl 2l ER 6%

£ 18% T, TNENSL BRI, 3 UL EEFFD TRAP BRIl & % O,
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v ha— W LR 6% & 18% CHEIZHVD L, (HER 6%t LT 18% TH

EIE) o T,

4. CTSK DEEFHIL Z R 7 BBIRIETAD=HINVA MLV ADEE

BioFlex plate F Ty hr—/l, 6% LN 18%D AN =N /VA kL A% 48 BFE AL L7z
RAW #iflo> CTSK OEnF3HZ X 4A 12, #2730 3 8% 4B |2R”T, CTSK DEx
THRBUL, 2> ha— U UHER 6% L 18% CARICD Lz, £z, 2> he—
ST HEHE UMEER 6% & R 18% T, CTSK D ¥ 732 3§84 7~¢ Western blotting D/

> ROWEIHFRD I,
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AHFFE T, BioFlex plate % FV T RANKL OFFEFE F T RAW fllluz 553 L, plate K
% 6% FETIE 18%HEEES Z & THllsiciEAZINZ, BEMIasEmiao bl &iEd
AH=TINVA NV RO LT, £9, RANKL OZZ{ETHSH RANK OFEH A
FARTAER, HEER 6% LW 18%DWT DA =TV A kL A% T T-fifld & FELOD
K TFRO BT, £72, RANK 78 RANKL (ZHE G L7243 B0 ME N4 5 NFATel, DC-
STAMP 5 £ UF OC-STAMP'* ™MD 7383, 72 L NI 2 9% TRAP [P/l oO%L

EZDHIES AN =TIVA NV ADARHNZ L > THEFID Lic, ZIHOREEND, i
JBER 6% L 18%D A 1 =7V A h L AL, RANK OFRBLZKTFEE5Z LT, EHasy
{EBBERF DRBLAALT S, EHROMEZEs 5 LB 1 b,

RAW HfE-CF Bl Sl % in vitro CHEEMIla~ & M EFHET HBRTIE, RANKL & &

~;

HIZ FBS IR 2B’ 85 Z L VA DAL TR Y 1929, AL CH TR CORE
IWFE T RANKL & FBS Z¥RIN L7-Rsi & FlV =, iy, ieEfiiao s bix, FBS 2xBIEE
SYEZERY BR< LA S, LPA OFRINTEIES 5 Z L3 HAL1 TS 2D, 2 5{Z, Hwang
52N, BifiH o RANKL OBIEZ T 5 & LPA A OC-STAMP FE8L 4758 L Cil
DR S D LS LTV D, AWFFETIE, RANK OFETUIMER 6% & 18%D
5 CHIH] S 7223, LPA OZFIRTH 5 LPA1 OFSELIIHNIHESR 18%DAIFED HiL
7o TIUDIATHFFED I A & AMFFERE R D, HER 18%D A =TIV A NV A %321T T2
HMIECIE, RANK 7213 T72 < LPAL OFEEMNAD T 5 72, J5#ih O LPA (2 X % OC-STAMP

DIEBGFHEHDOMRND TS T, EAIEA~D N S ST S5 WREMEDR B 2 b
11
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Shibata & 2%, AAFSE & [FEEIC BioFlex plate % IV T, RAW FIRIZ{HEZR 10%0D A 77
=HNVA N A% 30 [B)/43TC 48 REHARTT 5 &, RANK FELANEA L7-—7F T, NFATcl
DFELENNIEALDTRBD LIie oo To LA LT\ D, —F, ARETIE, ZhEToORE
LIS R EHII RIRR D L T A D = H L A b L A B AR LTS TRE " % 5812
R 6% L 18%D AT =T )V A F L A% 6[8/5312C 48 REfHJARNT LTz, AWFIETIE, 6%
& 18%D A H=F VA kL AAMIE RANK 721F T72 < NFATel OFELH 6] L, NFATcl
OFBHNHNL L VIRV A =TV A LA (HEHE 18%) THEThH-o7z, b 2 DD
WFZEIZ I T, NFATel OFBLTE- 2 % 528 TE S H VT2 BHIZIE,  BioFlex plate JEE[H
DIRERDO I ST A 7 /LOBEWHRER LTS EEZ B,

e ERRRAS FEA 9~ 2 B HE /5 ifl SR C & 5 CTSK 1%, RANKL 73 RANK IZ#E &%, NFATc]
PEWNITBATT 5 2 & RIS 5 2 L AH BTN HS2, ABFFETIE, CTSK D%
Bz hr— b G LT, ER 6%E 18%D A J1 =T /LA kL ZADAM THRBUK T
MFBDH BIL, AT=HNVA R L AZE T NFATel OFBAMHISNI-fEREFETDH D
DT oTz, LEDI T, FERNS, MBI D A=A/ A LRI, WE#

NADGHED I T0 BT HWINERE AKX T S5 Z LAVRIR ST,
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wE A
AT =TIV A N L ADFREEDIEODBME AR M RIS RG22 L 2 B
& LT, BioFlex plate £ RAW flliz = ha—ib, 6%E721L 18% DA H=J/LA L
A% AN AT L, s e s LRI 1 D38 EL & BB R & T, 2 OFER,

LUF Oifam 21572,

1. RANKL DOZZFA RANK OB, = b a—/ /U THEE 6% L 18%0D A 1=
JIVA RV ADOAR TR Lz, —JF, LPAl OFHIIa Ly b a—/L L HER 6%D A
H=HNA N L ADARIZEEASRTHER 18%D A I =/ /VA kL ADOA TR LT,

2. HfEmA 2T 5 NFTAcl, DC-STAMP 35 X UNOC-STAMP OFHUE, =2 ha—/L
[ZHARTHRER 6% & 18%D A 1 =H /LA N L ADOAE TR LT,

3. TRAP WO OMEMlatE a0 & 2 omfdlx, =2 e —/UI_TifER
6% & 18% D A T3 =H VA b L ADOAR TR LT,

4. FIERES CTSK OFBLE, =2 hr— U THESR 6% & 18%D A 1 =%

JLA N L ZADOETR TR LT,
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F3 RAWHIHLIZIT DA =LA b L RARDEERIBIERIC 5% 5 5
6% E 72 1X18%D A A =H /LA b L R & 48F B 1% OTRAPYL 2.8
(A), EEMILE(B) B X OEE ML (C) 77, (bar=100pum)
*p < 0.05, **p < 0.01
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RAWHIIRIZ BT D A B =J /v A kL A ARBCTSKOE{EF (A) B L UH
Y (B)RBLUZE X B5

HEREUNETITI8%D A H =H /LA kL A Z A A% DOEEFB LU
B R BRI, n=3, *p<0.05
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#1  real-time PCRIZH W=7 T 1 ~— D I 1]

F d Pri
Target S Genbank acc. no.
Reverse Primer

RANK S"TGCAGCTCAACAAGGATACG-3’ NM_009399.3
5“GAGCTGCAGACCACATCTGA-3’

LPA1" 5-AAAGGCAAAGTAATGTGAGCTTGTC-3" NM 010336.2
5’-CACTGAGGGTCTGGCACTGA-3

NFATcl 5“CCGTTGCTTCCAGAAAATAACA-3 NM _016791.4
S“TGTGGGATGTGAACTCGGAA-3’

DC-STAMP 5“CTAGCTGGCTGGACTTCATCC-3" NM _029422.4
S"TCATGCTGTCTAGGAGACCTC-3’

OC-STAMP 5-AGCTGTAGCCTGGGCTCAGAAG-3’ NM_029021.1
5-AGCCTGTGGTAGATGACAGTCGTG-3"

CTSK 5’-CAGCAGAACGGAGGCATTGA-3’ NM_007802.4
5’-CCTTTGCCGTGGCGTTATAC-3”

GAPDH S TGTGTCCGTCGTGGATCTGA-3" NM 001289726.1
S“TTGCTGTTGAAGTCGCAGGAG-3’

= LPASZ A& 1K1
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