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Flexcell tension system & H \» T $#55¢ 1 7 B M9 31 55 %
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e BRI 2 IR O LRI 2 5 2 & T
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1. MROEE

~ 7 AMEKHROHIER~ 7 0T 7 — T Tdh HRAW264.7
ML (RAWHHIHL : ATCC no. TIB-71™ ; Manassas, VA,
USA) %Ml onibRile & L CfHE L7z RAWH
JEIZRANKZ 5B L TB Y, M-CSFD il A < T b
RANKLOFIHIZ & ) il by 2 2 b asc s 20,
10 % IER M (Invitrogen, Carlsbad, CA, USA) &66.7
ug/mlitlE 71 5~ 1 2~ (Meiji Seika, Tokyo, Japan) % &
rDulbecco’s modified Eagle'ss# (D-MEM : Wako Pure
Chemical, Osaka, Japan) % H\TX# L 72 Mg %100
mmA¥ » % — K74 v a (BD Falcon, Franklin Lakes,
NJ, USA) LoEEiomhT, 37T, 5% CO,DFM FIZT
— e 3 L, 048 mM EDTA & 4 Dulbecco's phosphate-
buffered saline (Ca*, Mg”/Agr) THEiftk, Mk % MY
L7z, 1835 —4>a— h Ei/zBioFlex plate (Flexcell
International Corp, Burlington, NC, USA) 2L L 72RAW
HIBE % L-welld 72 D90 x 10MHOMBERE L 225 £ 9 12
WAL ma M e g 572012, MilgE10 %4
SRR, 2 mM L-7 9 = )V-L-Z )% 3~ (Wako Pure
Chemical), 284 uM L-7 A 2 )V ¥ » 2-1) % (Sigma-
Aldrich, St. Louis, MO, USA), 66.7 ug/mltlgs -~ 1 >
> $ X 150 ng/ml RANKL (Oriental Yeast Corp, Tokyo,
Japan) % & tro-minimum essential ¥4 (a-MEM ; Wako
Pure Chemical) % H\»T37 T, 5 % CO,D%AMTFIZTH
EL7Z 7U—MIRAWMBZEME L 202 #E 1 HH
&L, REARIIEAR 2 HIgIO e L7z,

2. Flexcell tension system® &

Flexcll tention system (& BioFlex plate (6-well, 9.6
em¥/well) EHREOEZEBIEICT A ETY Y o v Ea
Jig S Aok AR E 52 5.

AL, BioFlex plate L C37 C, 5% CO,OKATIZ
T 3 HIEE 262, FX-3000™ Flexcell Strain Unit (Flexcell
International Corp, Burlington, NC, USA) (K 1-A) #
HOWTUTOEMAIIB MM E 5272 (1)
RANKLAZRIL7-HAZR#RIHEB L L, BE4HE»S
24815, 10, 15 %, OfRFREFTHEIK S Y T V% it
FOL AR S 5 H BIZ10 %A v <) SIS CTREE L 7.
(2) " EEAHELS 2 HEICH72 D10 %OMERIZB

T1, 3, 6, 12 h/H¥FHMISEM MM Z 5 272 (K1-
B). BRI G- 2 & LTINnE TD30 cycle/55D
L9252 2 % I e MR s L, — R,
[ UJ3Cliliig % 52 % el ) % 53 % FRb ) 2 B i il g &
L, 4, Z OFFEN 2 AR A 7z,

A
B

Day 1 | Day 2 | Day 3 Day 4 Day 5 Day 6
1h > 1h P 1h
sh Culture [~ 3h [~ 8h .

Fix

6h —> 6h — 6h
12h 12h 12h

1 Flexcell tension system
A. £ V¥ 2_—=% —HDFlexcell tension system. BioFlex
plate DKL I I T =y a—bEh/izd) avEiZk >
TBY, KEIPSMHPNLF 22— T TAREKXEEIZTLHLIET
) avEE iR SE7z. B. Flexcell tension system% fiv»
THEEMIICEE R4 HE2S 2 HHICH7ZD]L, 3, 6, 12 h/
H TR % 5 2 72,

3. BOEBMMEEBEARIX T 72—+ (TRAP) BI4EHEREEL

DEHA

Mz S 5tbod LT L1214, 10 %PtERIV~1) v
WCCREEL, ZDfk, ZERKTHE L7z, Fast Red Violet
LB Salt (Sigma Aldrich) % & & TRAP#: i (pH 5.0)
ZHWTTRAPE:AL L 72, R L7oigiiiao o £, 22
5THOLDEZHEBTENENOM BB ZZH L
B ) OO S E S EE L CREHmeE % v
THE MO L7-.

4. NOREDAEH L UREE

NO# EE @ Ml 52 121X Griess{® & H vy, NO,/NO, Assay
Kit-CII (Colorimetric) ~ Griess Reagent Kit ~ (Dojindo
Laboratories, Kumamoto, Japan) % fif L7-. NO& KR
FIHEHK] & LT, N°“Monomethyl-L-arginine, monoacetate
salt (L-NMMA : EMD Millipore Corp, Billerica, MA,
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USA) %fEM L7-. BEOEL, S, Wam~ope
Db X RS NT025 uMEEHIRIE L L, BP0
RANKLIBEMER U Y 4 3 > 7R L7, E%10 %
T12h% 2 AMIC b7 ) Bl s 5 2 7.

5. WEERS Ereal-time PCR

¥:42 6 H BIZMIH A 5 Trizol (Invitrogen) % H T
RNA % [ J{ L 7z. Rever Tra Ace-a FSK-101 (Toyobo,
Osaka, Japan) |2 C#¥ifinE KIS %17V, 1.0 ug®RNA D
5cDNAZ A% L 72, real-time PCRIZABI7300% i v»7-.
7 5 4 < — (Applied Biosystems, Carlsbad, CA, USA)
EUTFTOL 0% AL NFATcl (Mm00479445 ml),
RANK (Mm00437135_m1), TRAP (Mm00475698_m1l),
DC-STAMP (Mm01168058_m1), OC-STAMP (Mm00512445_
ml), iNOS (Mm00440485_m1), nNOS (Mm00435175_m]1)
B L UGAPDH (Mm99999915_gl) THhb. #HH v 7w
OB T DOFEBEIZGAPDHD 5B & % F vy TREL#E(L L T
e cRtg L2 Y.

6. MMETEHIHN

FTRCOMRITFHMESD. TR LA 2HEICBIT %
FEATALE 21X, Student's t-testE 4T o 72, p<0.05D & &%
A EEE RO B LHIET L7

& S

RANKLTHLELL7-H&x 1 HH & L, #EfMizost -
A ORI 2 BIREDZLIZOWTEIZE L (1M2). 2
UL OIS BEZ SN L) bDIE4HATS
V, 4HHEZS 5 HBIZAT THrEMEBuIEmL 7.
72, 6HEHZY—27 &L, 208, BEMiaiiEEs L.

Flexcell tension system# I\, Bl B L2 i iy fill
%52 BB, AWK B X 2l o2 b x #l
WY 570, 4 HBE» SRR MR T 5 2 7. B
WORIB A G- 2 7B A FEBREE & L, MEERIC L ) e
5 %HE, 10 %, 15 %L L7z F/2, MR 5 2
ipo o BEE SHIREE L L7z, Flexcell tension system® 4
E L, IR ) MRS TR 2 52 5 2 LIETE
i, FEBREEE BT 5720, MEEEZ100 %
ELEEBRBFOREET o7 (M3). MHBEEE L5 %
B CIEM B HROA B2 EERO b o 7z MIRE
L HAR10 %S & U165 %S B0 & 2 A A
R Bz 10 %HEE L 15 %HE & O M HE Mo f &
LEIRRO LN 0oz,

Flexcell tension system# FV>, B8 I (2 BB G 3
52 BB, REMAKAER 2 B L e e o2 b x Bl
Bg 5729, AHHH S FHEM 2 M A 5 2 72 (K
4-A). WO E G- 2 o 7o BE R ot IR S L, B
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cont 5% 10% 15%

3 AR OB IO
B 4 0 H 2 SFlexcell tension systemZ VT, {HERS5,
10, 15 % T ) O v xR S ML E 5 2 7. K
6 HHEIZ10 %R~ ¥ CREE L. iFEL <2 E
OB FHAZIZ10 BHECTHEIZHA L, 10 BHE L 15 %lEE O
TREELREIRD D572,
mean = SD, n=3, p <001 (%),

BRI % 5- 2 7o e BRI L L7z, EERBEITMEEREZ10
%: L, 2HMICHZY, 1, 3, 6, 12 h/H CHEMM
%5.% (M1-B), #h2h#%]h#f, 3h#E, 6h#E, 12h
BEL L7-. RHEREBE L HSL hBE, 3 hEECIIB MO A
BWREERO LN o775 6 hif, 12 WBECIIAE R
WODED LN 2, CORKRE 2-THRB LS
Y E o aMiBoB B8 2R TRTE, 2-4
B & 5L OB B CEALICAHBI AR S L7z 720,
2-4ABBLUOSED Lo EMETHaE L7 (M4-B,
C). xFHEHEL S L OB EMEICE/LIZEED 5
N o 7275, XPHEE L X2 - 4 K oW E Mg 3R Y
% B BB EL DR AHIRRD H 7z,

WEOERLY, BE MO LFEERICNOATA E <
BELTVDL I EDHE ST, Flexcell tension
system & HI\ > 72 BB BB TS B TR E MBS -2 72
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A BEAHE»S 6 HEIZDHAZNL, 3, 6, 12h/HT,
HE# %10 % & LFlexcell tension system|Z & O Fhl i) i %
G272 RTEREE L S EE6 hitt & 12 hE THEID
L7, B. #BEAlomaMias C. BHEongMinz 2-
AR E SEELECTHE LS EOWE M. 2 - 4 5350
Ml E 5- 2 TV A O K & THa MR ikidmd 2 2o 72
L2L, 5#U OB -EMREITREHICL 2B 2RO %
no7e.
mean £ SD, n=3, p<005 ().

HNODEEIZOWTHE L /2. AIEEEE N0, B L U°

NO; I3 FE A EEREDOHINARRD bz (K5).
BRI & 2 B IR OB ANIINOD S 2 -2 T

W REDPHERT 5720, HEFEZ10 %L L, 2HMIZHZY

12 h/H THef e # 2 5- 2, RANKLAIn & 6 C %

6 *
[ 1
=
X 4
‘C’)
= |
+
iy 2 j
o
=
0

cont 12h
K5 HEifHhONO, £ NO; DR DHlE
B4 L RO FIETR L, FEETONO, & NO; D
J# (uM) #%NO,/NO, Assay Kit-CII (Colorimetric) ~ Griess
Reagent Kit/i\W Cilll%E L 7z, NO, @A IR SN o
72, NOy IR FRRE & JLRFERRTE Clafg =2 L 72,
mean = SD, n=23, p <005 ().

A 3 v 7 TNOARIEHHERTH 5 LNMMA % 331 L 72.
LNMMAZ 1L 7% 72 » 72801, oL kR 2-4 0
WL DG BB RD S N7z205, SR LTI
BREGRDONL o7 LNMMAZ RN L 72H T,
Xt HRTE & I 2 - A B oBE MBI AME A2 R A, A
BRETED N o7 F72, LIS E
OWEMBEOEE R 2=IBO SN h o7z (X6).
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K6 NOAREEHRHERFAAE NISBT 2 8EMiafoZz

BEADH2S 2HEICHAZ012 h/H, HEZELI0 % THM
Rl % 5.2 72, EBRECIINOG MEEZ HER (L NMMA)
ZEHML 72, LNMMARMBIC B W T 2-4 B o & iz
xR L B O FE R R RO R b o 7.
L-NMMAJERINEE CIE IR & b 2 -4 o wa i i
HEREZRO7Z. LNMMAGRINEEL L OIERMEEICB VT
S5EU EOR SRR EERRO R o7z
mean * SD, n=3, p <005 ().

Flexcell tension system!Z & 2 Bk agdi % 5-2 & 7z
LD EXFIIET, real-time PCRYZE T & i BY 2 & (1
Td %5, TRAP, RANKL, NFATcl, OC-STAMP, DC-
STAMP, iNOSE X U'nNOSOmMRNADFEH & % #l%E L 7-.
WE Mo AR T 0 12 Tdh HDC-STAMP XM A ]
BWIZEDAEBIZERL L. L L, 2o s T
THEZETRDOON o7 (K7).
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8,
oCont
u12h
6,
*
4,

Relative expression ratio

X7  BE M SR T OmRNASBLE O 2L
WA HAH»S 2HMICHA2012 h/H, HESRI0 % TH
A % 5 2 AL L mRNA O 38 Bl & % real-time-PCR#E 2T
WE L7z, EEmEEmricse e, sEililgoms R
FTd 5 DC-STAMP D Bk} HAHE & AR BIEAH EIZWMA L
72, ZOMOMRNAIGHIEHEE LREELETZ RO R D572,
mean * SD, n=3, p <005 ().

Z =

RANKL TR | 7-RAWHINE2 5 FE SN0 afiia L, %
WETRIBIC & ) BB ZT 5 2 LSS h w0 P,
2N F T, Flexcell tension system% Fv> CThEE HIAG I B
BRI & G- 2 72 3s I, IR 2 B (30 cycle/
) &5 272 EEBRANS O, I R R 5
ZITHRE I v, ARFERR TR B M~ Y 72 B f)
Wx 5 2 7256 OWE I OBIREIZ O W TBIZ L7

MBI 2 5 2 B WRETICB W T, 4
HE»SEZ8ESN )12, 6HEEZY—27 & LY
M OBEITRAD Lz, @FEoE» oY, S, B
FHIEOGIL - @G E TR M= AOBEY, 6 HHZ K
—Z LT RN =V ADPEMNI o T2/ THD. DT
OREFBRICBWTCIIRE6 HH % LIRS LERYIT- 72
(F2).

THS, T35 DFEETIIFlexcell tension system® &
HIHY 7 RS20 %ISR E S T REBRICH
W CREHRAT I Ze B AR O 2L & Big2 L 7255, 10 %L
- DFEH 7 BERE RS B O A R R B o
ARRD B, 10 %L L TIEBEE RO ZLILRD 5
otz (M3). ZOiEFR LY, Flexcell tension system
% 72 RAW264. 748 §3 o 85 Ml B 7316 75 35 R IS B Y
x5 2 256, 10 %ASEUTH D EHRBS NI
Flexcell tension systemDMHEZFEA10 % & L 72356 OFEH
IRAF I 2 BB A O 2 b 2 Bl 2 72012 2 HEC D
7291, 3, 6, 12 h/H DM 2 5 2 & 15 H o 6k
RN R A e U7z, s I 20 I R AR 1 2 A
&R L, xFHREE HA6hiE & 12 Wit CHEME oA
BRWLPERO SNz UEoEREL ), RAW264. 74
% 7B B O 53 LEFE R 12 Flexcell tension system

TN E 5 2 54, BB LR
N oW HRO bz (K4-A). B filgiEFlexcell
tension system!Z & U JEIHR 2 M AGH L % 20 B L W
MREASHA S 5 2 i s cwz " SEo%ER
TlZ, Flexcell tension system!Z & % 3555 19 7 B I 5 9L
12 & o THEE ML O LIEER T L Il 2 8 % 5-
2B EDTREENTZ. 2 - 4B TR R 2 Bl
N DA DTRD iz, 5L ETIIZELIZRED b
mirorz (M4-C). 2-4BOBEMAIZOMA (dFlexcell
tension system{Z £ A FfeAY 2 ARMAOHIELC X 0, B
N O ALHERIHIRIR 2B 2 220 F, SR LL R Cldss
2T R IR RIZ S e,

NODGFAEI L Y g0 A ICHEE2 52 52 L1k
i snTw2'Y NOWIHIARRETH ), HEAEKE
BLICEEE L KIS LERLY ©H HNO, B L UNO; ~ & Z1b
§ 5. FexIFlexcell tension systemlZ & 2 HM 4 %1 5 %
5.2 5 N7z R L AP & TNO, B L UNO; DR &
wiflsE L7z (M5). AMEHE L E_NO, B L UNO, A=
OFBEZEIMAPRD Sz, 72, LNMMA TRLHE L [H
BRICER R L7256, 2 - 4 OB Ml EUIL-NMMAFAE
NI IR & B B O R E RS b
%o 72h%, LNMMAIEFAAE T CIER IR & ~H
WADRO LN (M6). 72, real-time PCRIEIZL D
mRNA® % JlI5E L 72458, fEMitom & H1<cdb % DC-
STAMPIE S JiRE & HEE R WA DR bl £z,
RO LD g & 722 ZNFATCL CIIRTHREE & I
BREFRD SN o7z, BEMIEONOREA: 2 B3
%INOSHE £ UnNOSO FEH T3 FEHE & A B 2 2213780
bNZeproiz. LarL, NOmOBEINAREO b2 &n
5 BT BT B IR ONOIC & % ¥ 7 F VAR &
POHER G2 TnD I EHRES N ZH S IE
7 BEMUAIN S & ) NOSOFEBLAE T8 L, NOWEE AN
L, WS L2 & 2 L7z 4 1IENOS
OFBRNEEREDPIEL, NOBEIZHERENBD S
N7z 2L, ARG 7 BRI & RRERY 2 B ik
LWV HEOBENZLDTHEEATRIB S ND A, GH S5
HAREAPVELEEZOND. DEOKE LD, Flexcell
tension system < £ % FFf5EAY 7 AR A T B0 5 I o il
HEWHEC LB RNO—2THY, ZO—IIZNOARES-
LTWwa ZEARBENT

& ]

W MBS D 53 1L 5 % 12 B CFlexcell tension system
V2 & 2 FRE N 2 BRSSO B & & JIfl 5 2
AR S Tz,
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ORIGINAL

Continuous mechanical stress suppresses osteoclastogenesis
in RAW264.7 cells

Kotaro Uemura® ?, Yoshitaka Yoshimura?, Hajime Minamikawa®, Kuniaki Suzuki®
and Junichiro Tida"

ABSTRACT : Osteoclasts are bone-resorbing cells that play a pivotal role in bone remodeling. Our previous studies
have been among the few in which the direct effects of mechanical stress on osteoclastogenesis were assessed. Our
reports have shown inhibition of osteoclast fusion by cyclic mechanical stress. In this study, we examined the effect of
continuous mechanical stress on osteoclastogenesis. We cultured RAW264.7 cells stimulated with the receptor activator
of nuclear factor-«B ligand (RANKL) using a BioFlex plate. Osteoclasts were stimulated using a Flexcell tension system
at elongation rates of 5 %, 10 %, and 15 % for two days. (This was 4 days after the culture was initiated.) On the second
day a notable increase in the number of osteoclasts was found. The number of osteoclasts showed significant decreases
compared with control osteoclasts after stimulation at elongation rates of 10 % and 15 %. Osteoclasts were also stimulated
at an elongation rate of 10 % for 1, 3, 6, and 12 h each day for two days, and significant decreases in the numbers of
osteoclasts were found for osteoclasts that were stimulated for 6 h and 12 h. Continuous mechanical stress inhibited
osteoclastogenesis were found for cyclic mechanical stress. We counted the numbers of tartrate-resistant acid phosphatase
(TRAP)-positive osteoclasts that had 2-4 nuclei and 5 or more nuclei. We found that the number of osteoclasts with 2-4
nuclei was decreased by continuous mechanical stress. Measurement of the quantity of NO showed that the quantity
increased in stimulated osteoclasts compared to that in control osteoclasts. Since the results suggested that NO was
related to the decrease in the number of osteoclasts with 2-4 nuclei, we treated the cells with an NOS inhibitor (L-NMMA).
Treatment with L-NMMA suppressed the decrease in number of osteoclasts with 2-4 nuclei. Measurement of mRNA
expression by real-time PCR showed that the quantity of dendritic cell-specific transmembrane protein (DC-STAMP),
which is one of the fusion factors for osteoclasts, was significantly decreased in stimulated osteoclasts compared with that
in the control osteoclasts. However, there were no changes in inducible nitric oxide synthase (iINOS) and neuronal nitric
oxide synthase (nNOS). The results suggest that continuous mechanical stress is one of the factors that inhibit fusion of

osteoclasts and that NO is involved in the inhibition.
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