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MR A SRR L, BeE MR o2 iz oW Tl L7:.
ZORER, BRI O 52X, BEMEoREE
HEICHH SN L% LT b, Kameyama 57 13,
RAW264.7 #ifinx 3 HE¥s3E L, Flexcell tension system
2, 30 cycle/sr, 10 %OMIRERTE, 12, 4B I12H
720 BRI R G 2, SRR VR S22 Ok
FHEOZZOWTBIR L., WIhoLEHFIzBnwTd
G A B O BHI AR D S A, HRIZ24MEBEH &9 725
GBI SN b MG L. 20k, B g,
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RAW2647 flfa% 3 AL, 20, 5 10, 15 %0
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1. #BEOEE

W M OB & U< o~ ABKE RO E IRk~
077 —YThb RAW2647 #ifie (RAW #ifg : ATCC
no, TIB-71TM ; Manassas, VA, USA) #ffifi L7-. RAW
Mfgix RANK 253l T, M-CSF 12 & %A
< &b RANKL ORIBIC L ) #EMRIcsbd s 2 &
WU FETH 5. 10 % B MG (Invitrogen, Carlsbad,
CA, USA) &£66.7 ug/mlil# s >+~ 1 >~ (Meiji Seika,
Tokyo, Japan) % % t» Dulbecco’s modified Eagle’s %5 b
(D-MEM : Wako Pure Chemical, Osaka, Japan) % >
B/ #2100 mm A% % —F74 v 22 (BD
Falcon, Franklin Lakes, NJ, USA) Fo¥i#iodc, 37 C,
5% CO, DFMTIZT—WpRE# L, 048 mM EDTA &4
Dulbecco’s phosphate-buffered saline (Ca*, Mg”" &)
TR, MR E R L 72 welllKEAY Y ) 0 — VT
A, iz I# TS —7 23— EN7-BioFlex plate
(Flexcell International Corp, Burlington, NC, USA) (Z[f]
UL 72 RAW Hifi % #3858 L 72, MR, 1well &7
D90 x 10" & 742 &)L BiEiinzfEs
B2, ME10 %FREMmE, 2 mM L-7 7 =)L —
L-Z V% 3> (Wako Pure Chemical), 284 uM L-7 A 2
V¥ UEE2-1) VB (Sigma-Aldrich, St. Louis, MO, USA),
66.7 ug/ml WEEH >~ A ¥~ B X 50 ng/ml RANKL
(Oriental Yeast Corp, Tokyo, Japan) % & o-minimum
essential 55 i (o-MEM ; Wako Pure Chemical) % H\»
T37 C, 5% CO, OFKMTIZTHRELZ., TL— P
RAW Az L7z H 2838 1 HH & L, Biadiiasag
2 Higlosci L7z,

2. Flexcell tension system®:#EH

Flexcell tention system | BioFlex plate (6-well, 9.6 cnf
/well) EBEOMEREICL, MEFEREsNY) o
VIR MRS S 2 & TS LRSI R 52 5

ARFERIE, Bio Flex plate ET 37 T, 5% CO, OX
T IZC 3 HIER 2%, FX-3000™ Flexcell Strain Unit
(Flexcell International Corp, Burlington, NC, USA) % H\»
TRD G TR IR 2 5 2 72. RAW #ila # RANKL
TR L CHEMEE AR L/ -0  1HE L LEE#4H
AH6 2 HE, MEEI0 %T, &Il 4 2450 &
L, 1 2 3 4, 6 12648 C I ILRrGE A B 3
W M & 2R R L, BRAY 2 R AR R I % 5
72 (1), %8, WMo ETEE ChET
D30 cycle/53 D £ 9 W25z 2 J5 3 % EI G 72 B0 1 i
L, GRlo L) —ERM, FUTHMES 2 56T
% J5id A R e BRI & L7z,
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(Total stimulated time is 24 h)

1 B A O 5 B A2
RAW #iffa% RANKL CTULHE L CHEEMIBZ3#E L -H%Z 1 H
H& L, #5424 HHE25 Flexcell tension system % AW, fi#l
JBA10 % T ) I — YA R S SR A 52 72, At
T BB 2405 & L, #1212 h, 6h, 4h, 3h 2h 1
hFRBE ARG T & SEF % 28 HAC AR ) R L 72,

3. EOEMEBMEERIT7 742 -+ (TRAP) Bl

DEHA

MR % &5 F TR 2R, 10 %R v~ 12T
L7z, ZOtk, ZEFKTEE L, Fast Red Violet LB
Salt (Sigma Aldrich) # &% TRAP 4t (pH 50) %=
VT TRAP #efa L7z, el Hv, 2556 7
DZENENOMIBE, B LU OLEOW M 8 #
Pl LTtz sl L7z

4. HEERIS & real-time PCR

¥ AHHBO LN HOFGEARE (125 X071k
M) BZith, 155714, 30571212 Trizol (Invitrogen) % Hi
WCHIREA S RNA # B L 7-. Rever Tra Ace-a FSK-
101 (Toyobo, Osak, Japan) |2 C#i#E5 st % 17wy, 1.0
ug @ RNA 7°5 ¢cDNA % &% L 72, real-time PCR &
ABI7300 = w72, 75 4 <~ — (Applied Biosystems,
Carlsbad, CA, USA) XU T 0% MM L7, NFATcl
(Mm00479445_m1), RANK (Mm00437135_m1), TRAP
(Mm00475698_m1), DC-STAMP (Mm01168058_m1),
OC-STAMP (Mm00512445_m1), CD47 (Mm00495011_
ml), syncytinlA (Mm02744887_s1) ¥ & Y GAPDH
(Mm99999915_gl) THh 4. &YV TNVOBETOHEM =
¥ GAPDH D%$8iHE % v TREL#E(L L T2-AACt 12 CTRF
Al )

5. HEFHAMH

FARTOMBILTIME = FiEFE (SD) TRL, 2
HEMC B BAERTLEE 2L, Student's t-test % 1T - 72,
p<005 D& ZIHRIICHESEZ B L L LT

& S

1. TRAP B34Sz OREFZEL

RAW #ifa% RANKL CTHLEL L CHUE MM 2 78 L 72
Hx1HHBEL, BEmEosl - gia o 224t
DWTHEIZE L7z, 5538 2 H BICIZBEEMBIE R0 &k )
57275, 3HHEPS 6 HHIZ2 CHlfadsimL 7. 6
HHxY—27& L, BEMiafuzEd L7 (M2). Mk
M5, DBEOFEBRIZOWTIE, HMmlligi4 HHE~5H
BS54 as2 L e L, DREOFEBEHEIZI6HEZ LIRS
L7,

1000 -
800 - -+
600 - 1
400 -
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No. of osteoclasts

5 6 7
Days in culture (day)
2 BRAEH B o8 E Mg
RAW #ifax RANKL CTHRLELL CTHUEMfa =8 LAH% 1 H
H&L, 2~7HHIZI0 %HEHRV~Y) JIZCTHEZELE. 2
BULOWEMBIE3HE THESINL L) IZRY, 6HHE
Y= 2127 HRIZAF T L7z, mean = SD, n = 4.

2. MM AEMAREY EERRICEZ 2 HE

Flexcell tension system % HI\>, B MR L2 B A o ik
52 BB AR 24 & 2 B X912, 4HH
A D MR R BRI 2 5 2 7o RERIZ10 % T, B
WA G- 2 e o ToBE AR REE L L, xtTREE DM
%100 % & L CHEBRBEOMBE L WKL 72, ZO#ER,
XPHEREICR L, & C oI CRia MU A I8 =
N7z, R 1 ORI S (LRI CRiE M
B R E SIS, 120 B o R AT 5.8 (12 f#)
BT A L, 1B BV CRB B o B NI A
mICEHl s e (M3-A). B2, 2, 3, A oE Mk
BoFZICHE S Cwi (M3-B). 5,6, TEB LD
SHLL Lo EMlaHUE 1 eI & 12Re I REDO M CTHE %
EIRRO LN o T,

3. EEMREREE T ORR
WAL DI =TS S A7z 1 KRB & 120 #E %
W3 %728 mRNA ZE3lE % realtime PCR % M\,
B 2 121550 2, 30 R IClE L7z, Z o F, DC-
STAMP B XU OC-STAMP, CD47 @%E#lmid 1 FEfifE
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2B W THBEICHIH S nzhs, filsbs % %155 %, 305
BOWVTIIZBWTH TRAP, RANK, NAFTcl L
syncytin-A @ mRNA FEHEICBWCIIEE L ELT RO %
o7z (KM4-A, B, C, D).

A 120 - : * |
100 -
%) H *x * % * % * % * % * %
80
©
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3
+ 40
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o
w 20
o
= 0 ‘
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B ** |
* Il
O2nuclei
m3nuclei
w
+— ®4nuclei
w
© .
— zbnuclei
&)
o )
[} @6nuclei
+
» )
o @7nuclei
q5 B8nuclei~
==

12h 6h 4h 3h 2h 1h

B3 e A O B M o B 2R

B34 HH2 S Flexcell tension system % VT, HEZ10 %

TV a— UfEE MR SSRGS E S 2, %6 HHIZ10

%RV~ ) ¥ THIER, TRAP Jef %1t 72, xfHEEEZ100

% LA EBRBEOMBEZ kL 72

AL xPREEEIC B L, FEEREECIIBE MR A E ISR S h
7o F7-, 12BEHIEE (12 h) & LERRMIEE (1h) THET &1
h CH I % 7R 7.

B. BHEIOBEMBLE I IR L & TOFEBRICH
W2, 3, A OBE NI A B H s S e B
2BACBWTHIfI SNz, 12h &1 h THREET S E, 2,3, 4
WOV EROBAEMNLIZ] h THEIZZOHINAHIH S hr.

mean + SD, n=4, p<001 (*), p<005 (*).
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E

SRIOFEERIZ BT, FAHSIERE =R 4 A B2 5
5L, 6 HZ FBRELTITo72. 2, g TOMf
FEIZ BT, RAW M 5358 S 7o g a1 3552 3
HHICHILL, 206 HH TNk, it
LB EPWESNTELLDTH Y, SO
(K2) »5 b &7z, Shibata &, Kameyama 5 ®
FEETIE, B34 HH2 5 Flexcell tension system O JE
I e Bl 2 5.2 TR D, ZOMEFRIZI0 %Ik
EENTHRS Y RN S 0ERN S, RAW il

i

& 1in

[112 h M
Winhus

TRAP RANK

>

Z0.5

relative mRNA expression ratio
relative mRNA expression ratio

15 min 30 min 15 min 30 min

NFATc1

o)

1.5 4

relative mRNA expression ratio

15 min 30 min

DC-STAMP 0C-STAMP

o

3]
L

3]
L

0.5 1

I
o

relative mRNA expression ratio
relative mRNA expression ratio

15 min 30 min 15 min 30 min

CD47

O

syncytin-A

Z0.5
0.5 A

relative mRNA expression ratio
relative mRNA expression ratio
o

0 -

15 min 30 min 15 min 30 min

R4 fE RS s o= 0%k

B2 4 0B HMEEI0 % T, #1eNn12h (12hMS:[)), 1h
(1 hMS: ) FEWMARE ARG L, k21551, 30522 ml
IXL 72 mRNA OF§H{# %, realtime PCR (S THIE L 72 (MS
Mechanical Stress). #EMlgOEEEFCTdh % DCSTAMP, OC-
STAMP, CD47 I2BWTC, FHEHEE R m G = I L7z
(C, D). TRAP, RANK, NAFTcl, syncytin-A TldxfEH#E 2 I
NER L EERD R Pro72 (A, B, D).

mean = SD, n=4, p<005 (*).
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W 72 S I 0 4315 R 12 Flexcell tension system %
I THEBEI RS 2 5- 2 2 & 12 BT 10 %D
MRESHEUTH DI EARINAEZ EpbY K
BOWTHFABOFEMEZRE L2 E/2, RIFE TR
LRI TRR OB BIZ T 5720, 2 HIE ORI 5 F
Mz AFIC24RFM & L, & ICims 5272, 2k, &
5 O RS R FRREI T LRI 1285 BHE L2 B8\ TRl
footEnaim s, 72 BRICBWTHHEBEOMH
BRI — HIC12F M REEZ H L L T 5 2 D% 02D T
H5. SROEFIZB T, BRI XY,
2, 3, AOBEMBORMINSA B ICHE Sz, 5
6, TEBLU KL Lo EMEEIIEE 22RO L
Nhh o7z, $£- 7T, Flexcell tension system (2 & 5 &k
I 2 B L, 2 ~ 4 B DR OB o =
WL, AeEMEEom i SR TERE 2o T
5 LIRS LTz, AEMITIG & RO OB B e 0
SVTHELTVWEOR IR S0HTH DY, LEH O
FHEO S - BAEOIFNIHEMIBOEA T S NO =
MG LTWa LS L7225, fIEAHOEETHS.
ARWFZEIZ BT, 128 AR, 1 REHBE OB OB &
MR e d 5 &, 1REREEC 2 ~ 4 B ofa e i
FEINHIH] S 7z Z o MEREY 2 BRI RS & B DB
DB ML O B I3 o JE K K1 % B8 % 720 12 Bk E il
O~ —5 —iltfETCTh s TRAP, RANK 7 R ¥ —iltfz
T EbNDH NAFTcl 12z, BiaMiughs cBEd
% iltfz ¥ & 5DCSTAMP, OC-STAMP, CDA73 & Of
syncytin-A 12V EH L7z, HFWINAFI &SR T2012, %
B OBAIZVEOBRETH Y, MEBmEIZB W TR
b 2% T 1 DCSTAMP T# 4. DC-STAMP %
MG ORONEE S TB V| Bk, <2
077 —YBIOBENMICHEREL, Bt Ll
CREARTRE SATw2Y . S5z, Mladéad DC
STAMP 7213 T 7% &, CDAT", syneytin1® 3 3
O syneytinA® %9 OCSTAMPY ® % & o # ¥ o ¥z
BRFICIDVFAH EN T LI EPHL N E > TE T,
syneytin-l 13 & b, syncytincA (I~ AR TH D,
FUBEELTWA. 4247 7A2L0BEHLORE
EVTUS A LTS LAWEY 10k 28, CDAT 1
Bonmi gL, BXUEBEOmEMls 2 ~5#%
DOV HR OB EME L oA IS L, PRISUEROAINIC
0 AEE OB ML OIS IHl S e L ST
W5, —J5T syncitin-l B & O syncytin-A (25 B OB
BRI FE oA ICES L TBY, 2o Minigo
BB X OCHEBoORRE Mg E L oA OIS L
Twa ks sns® g7 ocsTAMPY ¥ s
WTH 3EUEOBEMILOBAE DG HE S Twv
L. SEORERIZB T, 12 R R, LR R ) R 2:
%O % T 2 £, TRAP, RANK, NAFTcl 3 X

OF syncytincA TR EEIZ BV TOEITRD 51T, DC-
STAMP, OCSTAMP X UF CD47 128\, 1 HeEE
T mRNA OFEBUIABEICIHI S ZoZirs, H
BRI 2 R TI0L, BAE ORI MR LB £ O HE O
FI AL & 2 ~ 5RO DB OB & DA IS
LTw2 CD47 OFBIHFN LY, 2 ~44%, F22#
OB A WA 722 EpRBE Nz, —F, 0C-
STAMP OFEHULEIH] S 72D DD, syncytin-A DIEH
B SN Tn e wizo, SEBEOSEMILREEORA X
P ENTEB 5, SHLL OB A &% B
2RO LN EAVRE S N7z, BEHRORE Tk
ZNZNO BRI I 2 B AENE S
575, MHOIZHZRLOREG D U 2 B oBE s
AU B 728, CDAT OFBUMHNEHL B Ml o Bl
RELCHEG LTV ZEDRIEE NI,

Dbk, MBIy, CDAT O FSHHHIC
Nz <, OCSTAMP, DC-STAMP D %5 &2 L
WA O B0 2 3] L 72 2 & AURIE S 7z,

& ]

g IO LS R IZ B W T Flexcell tension system
\Z & % BB 2 AR o 1a1 538 & OSSR 255l o
AL - BB G 2 AT R ENT DX, B
TS A=AV ML ARREATL, B 2 Bt
WOFGIZE WL DY 7S IREIEALDE L, B
FaD53L - BE OMFIATHE Z 5 2 L AURE S 7z,

e 2

ARREHRRBIZHIY, AIFRIERED, #iHve2
& & L 7cdbimE R R Bk S e e L R RS o U i B
REIEFHE S S N LW e - T 38 B E 0
HEBSMIE LR L BT 5

z £ X #
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Stress in RAW264.7 Cells
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ABSTRACT :

Mechanical stress plays an important role in the remodeling of bone. In previous reports by this research team,
we showed the suppression of osteoclast fusion by cyclic mechanical stress. In this study, we examined the effects
of intermittent continuous mechanical stress on osteoclastogenesis. We cultured RAW264.7 cells stimulated with the
receptor activator of nuclear factor-xB ligand (RANKL) using a BioFlex plate. Osteoclasts were stimulated using a
Flexcell tension system at elongation rates of 10 % for 2 days from the fourth day of culture. In different treatments,
mechanical stress was applied for 24 h, followed by bouts of continuous mechanical stress and no stress alternating at 1, 2,
3, 4, 6, or 12 h. In addition, we assayed osteoclast-related genetic mRNA expression using the real-time PCR method. We
counted the number of tartrate-resistant acid phosphatase (TRAP)-positive osteoclasts with 2, 3, 4, 5, 6, or 7 nuclei, and
those with more nuclei. The number of osteoclasts was lower after mechanical stress when compared with no mechanical
stress. The number of total osteoclasts was significantly suppressed in the group stimulated every hour (1-h group)
when compared with the group that was stimulated every 12 h (12-h group). Furthermore, we found that the number of
osteoclasts with 2-4 nuclei was significantly reduced by intermittent continuous mechanical stress. The measurement of
mRNA expression using real-time PCR showed the suppression of DC-STAMP, OC-STAMP, and CD47, which are fusion
factors for osteoclasts. These significantly decreased in the 1-h group compared with that in 12-h group. CD47 participates
in cell fusion with the mononuclear preosteoclasts among each other, and among the mononuclear preosteoclasts and
those with 2-5 nuclei. Thus, the suppression of CD47 expression could reduce the number of osteoclasts with 2-4
nucleil. Furthermore, the total number of osteoclasts was reduced by the suppression of DC-STAMP and OC-STAMP
expression. These results suggest that intermittent continuous mechanical stress is one factor that suppresses the fusion
of osteoclasts, and that the cell fusion factor is controlled by the duration and frequency of intermittent stimulation by

sustained extension.
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