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1. #BEOEE

< AJEKEROHEIR~ 707 7 — Y Th HRAW264.7
i (RAWHIHE © ATCC no. TIB-71TM ; Manassas, VA)
R EAROREGHE L LA L7z, RAWAHITZIZRANK
ZHBLTBY, MCSFOREEAE < T HRANKLOHI#
12 &0 BRI 5 2 e T E Y. 10 BRI
% (Invitrogen, Carlsbad, CA) &66.7 ug/mlfilE 7 +
< 4 ¥~ (Meiji Seika, Tokyo, Japan) % & ¥»Dulbecco’s
modified Eagle’s 554 (D-MEM: Wako Pure Chemical, Osaka,
Japan) =MW CHiE L7z, ML %100 mmA ¥ ~ ¥ — F
74 v ¥ 2 (BD Falcon, Franklin Lakes, NJ) _E o3
DHFT, 37 T, 5 %CO,~95 %EA T I T—WRsaE L,
0.48 mM EDTA% A Dulbecco’s phosphate-buffered saline
(Ca™, Mg"ANgy) Tikiee, Mz L 72 #E12
mm® # /N — # 5 A (Fisher Microscope Cover Glass;
Fisher Scientific, Pittsburgh, PA) %#24X~)VF 7 =)V 7
L — » (BD Falcon, Franklin Lakes, NJ) O™ = )V |Zi&
&, RAWMIE 17 = dh7z010 x 10YME MR T

L7 g2 FEST 2700102, %10 %4k
Wi, 2mML-79 =)V -L-Z7 )% 3 (Wako Pure
Chemical), 284 pM L-7 22 )V ¥ U[E2—1) V ik (Sigma-

Aldrich, St. Louis, MO), 66.7 ug/mlitfe 7 +~1 3 > B

I

I ESR

X 150 ng/ml RANKL (Oriental Yeast Corp, Tokyo, Japan)
% & Tro-minimum essential 5 # (-MEM ; Wako Pure
Chemical) % FA\T37 T, 5 %CO,—95 %A T 12 TRz
L7z, 7V —MICRAWMIBZ 3 L2252 1 HH L
L7z, BRI EEA 2 HE S L7z,

2. A7 =T HFID%SMRE

KTEHEHENL CILBRIN TV ELEHNT, 2377
V¥ (Cellmatrix, Nitta Gelatin Inc., Osaka, Japan), 1
FEREO-MEM, FEBMEER (22 ¢ NaHCO; + 477 g
HEPES in 100 ml of 0.05 N NaOH) %8 :1: 10O%A& TR
AL, SHISHBICEREOR T EMESE 57201210
WEIRIMEE, 2mML-7 7 =)V -L-Z7 V% 3 >, 284 uM
L7 AaNVE Vi2-1) YERERARE L [ U T 72,
COREBMWERURTVT T 2V T L — kO£ 212500
g o8&, 37 TR 72COA ¥ F 2 X— & — A T30
SEE L7, D Eo#REsRETa T =7 v rVERER
L, 20, %7 =) 1250 ng/ml RANKLZINK; 2 %
1.0 miEin L7z,

3. EMRSIDMEIS & BER
F#3IAHTITHN—F I AL TRAWMB R L C
H, DTOXICLTERELL, AN—HATFAE L
THOEMPLORD24R~NVF T2V T L—MIHAELTE
Weag—=r U Vo bl CORETERELLD
D %X (control) #EE L7z, ZOLEICTHIN—=FF
AnERIMEL NS ETEMIEIMAT. ZOIRE
DFFTHEERLZ-bOEIEN (CF) BE Lz £/, 2
O AR 24 M) 2 N 2. 72, e &2 Brds L T8%
FL7Z. INEM (CF—off) BEE L7z (101).

Stress on

control

Stress off

CF
=1

CF->off

JEAE ) O RIG & # T
W#3H H £ CRAWHINE 2 777 AWM ETHEEL T, 77 A%

KL Tag—r v EZBW: CORETRELZLO
Zcontrolff & L7z, Wiz L7724 T AW BT E % N2 CHEME D
EMZT. ZORBETERLDOZCFREE L, 24FFHEMER,
MEERE L TEE LD DR CF—offfi L L7
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4. BEOEMEBMEERIT7 742 -+ (TRAP) Bl

DEHA

Miax & 5to b & T—E MR L%, 10 %P
RNV VIZTHEE L. 20k, #EKTHE L, Fast
Red Violet LB Salt (Sigma Aldrich) % & & TRAPH:{ i
(pH 50) %\ CTRAPHA L7z, et L 7-fli g ffu o
AL, 2056 TR OE/NEREME, S EObLD
FERBEMEE LT, SROSOHECFEMEZEMNL
TRHHNL 72

5. #EE RIS Erealtime-PCR

R 3 HHD 524, AWM A IZHIE A & Trizol (Invitrogen,
Carlsbad, CA) % FHI\WWCRNAZ XL 7z, Rever Tra Acew
FSK-101 (Toyobo, Osaka Japan) 2 CifdzEE G217V, 10
ugORNA 7D 5cDNA % &% L 72. Realtime-PCR (X ABI7300
%Mz, 794 ~<— (Applied Biosystems, Carlsbad, CA)
WEPLT O b O % i L7z, Nuclear factor of activated T cell
cl (NFATcl) (Mm00479445_m1), RANK (Mm00437135_
ml), TRAP (MmO00475698_m1), dendritic cell specific
trans membrane protein (DC-STAMP) (Mm01168058 m1),
osteoclast stimulatory trans membrane protein (OC-STAMP)
(Mm00512445 m1) 8 X U GAPDH (glyceraldehyde-3-
phosphate dehydrogenase) (Mm99999915 gl) T& %. %%
TN OB T OFEBEIIGAPDHO S8l & v Ol
L L T2 BRI TR L 72

6. METFHIDHN

FTRCOFER P SD.TRLE. 2HMIZBITS
FREHILEE 2 1%, Student's ttest.#4T-72. p<0.05MD & &k
RN HEEENH L L L7z

& ES

1. TRAPZ4IEE MBI DZEL

RAWHIIE A & 7538 S - B s o s+ i 5 72
DI, 6RINVF Y 2T L — b ETRAWHIFEZ RANKL
T TR L7z, B2 G L2 25 7 H
HZE T, 24K B & ICHEMI %210 %FMER LV~
YCEELT, B L OB Otz
FHI L7z, <V F V7L — MICRAWSHINE % 3R L 72
Ha®al HHE L7z 55582 HHICEBAEHRIEie &
Nholz, BEMiiail3 HEA2 S 6 HBIZH,T T8
BoOOLNZAS, 6 HE2S 7 HHOBICRAEN % 7R L7z
(M2A). F72, SHLLEOERBEMBIEHETELHH
56 HEIZ»T THIMAED 5 nzh, 6 HE»S7HH
OMIZFEAEEZ R L7 (M2B).

1000
800
=
B 600
£
gr 400
=
200
0
2 3 4 5 6 7
B#
300
250
” I m2#%
2 200 I i E3#
= 150 o 4%
50 O 6#%
m 7#%
0 m 8%~
2 3 4 5 6 7
H#k

M2 E:EHEmoOwE Mozl
A BUEMIEBII3HE,S 6 HH X TORIZHEML 7245,
Z LR A 2R L7z
B. 8EULEOEXRBEMIE4HBLBEMLZ2%, 6 HHE
75 7 HHOBIZEAET 2R L7z

mean £ SD, n=3.

600
& 400
ﬁ *
£ I
o I
£ 200 i
0
cont CF
600
& 400
=S — B2~7#%
g 200 o 8% ~
*
0 J_\
cont CF

3 W4 HHOWREIZBUT 200 a5tk g,
IR R R & OYE K& I U CF#E T & control
FEE I L CAEISEmL 72,

AL B

B. /RIS AR S & OSBRI A

mean = SD, n =4, p<0.05 ().
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2. 24, 48% L U728 2 /[ EMEH P EMERTI A& S
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JEAGE I DB O 3L - B AIZ 52 B RIS O W T
FL7z WEISHEHITHN—HF AL TGN % 5%
L 724, control, CF—off B X 'CF# %24, 48%B & V72K
MR 72, 2ok, BreMlafz st L 7.

H2 &0, wraiiidssEEe HEDEED T 5720, %
LU IR R 555528 H AR CILIE MR 236 &g o 45
b BEIZ5 2 5B e 20PRETHD LE R,
EfNEMAD 543 v 7% RN50kEY L) 1HE
DT, TabbLEEIHBICEMIEMZ T, 6 HHTHE
BT 35 L) IS EBRARETEL .

¥4 HHOEAIZB W T, controlfif & L L CCF
HEDT ) 25, AR Miais L CE RS
s EZ MLz (M3 A, B). 545 HHODE
FIZBWTIE, N5 IECF, CF—offff T, controlfif &

38H 48 H SHE

48 h f
Control X

— _
24 h
24 h — fix

EEES/E
3B H 4HH SHE 6HH
72 h .
24 h 48 h X
CE=>off ﬁ e Y
t f
> stress O .
CF s 72 h
stress on
1000
*%
' * %
800
ﬁ *
= 600
=
gr 400
=
200
0
cont CF->off CF
1000
800
E 600
= m2~7#%
L‘g 400 o8t~
200
0

cont CF->off CF
5 BEO6HHICTOREHREBIU6HHORNIIBITA
{0 % g ok N TR S g i O AN 3 4 R S S P O EN 13
BB E L CF—off, CF#: Tldcontrolff & bk L THEIZ
WA L7z

A.
B.

C

HE O,
gk
ANTURE AT A A s & O ELR R AT AL

CF->off =
—— stress off
fix
CF ———— 48 h
stress on
1000 "
r
800 —
E 600 |
1]
£
gr 400
=
200 —
0
cont CF->off CF
1000
800 %
r 1
ﬁ I
T 600
= m2~7#%
Hr 400 ~
& . o 8#%
|
200
0
cont CF->off CF

M4 ¥ESHHI CTOREEHEBLUS HHORTIZBIT A
{2 g O o O = o A N 2 1 i R S P N BN 73
A ELCF—off, CF#E Tldcontrolf# & Lk L THEIC

Al
B.
C.

B 7.
H AR
i g g ok

NI AR B X OV R MRS 5
mean = SD, n =4, p<0.05 ().

mean * SD,n =4, p<005 (%) ,p<0.0l (3 %).

B L THEICEM L. —J, CF, CF—offlEO 1%
HEEDRO N o7 (K4 A-C). ¥4 6 HHOR
BIZBWTIE, TR 5IECF, CF—offft Tld, controlff &
WL CHEISHA L. (K5 A-C). #EMiaioiEs
WZAEBT AL, BiE4AHE2S 5 HADOEIZBWTIX, W
FTNOHTH R, AR L OE R
FHEEAEM L 72, B2 5 HH 25 6 HHOMIZBWT
X, 25 icontrolBE T L 7245, Mo Tk
L7 (X6 A, B).

3. WEMREEEEETFORRE

W5 A B A T O mRNAZSE I § 2 4 T 0 528
RS L7202 T IVY £ LPCREAT - 72, BB MR
HHEZFOHTYH, NFATcl, RANK, TRAP, DC-STAMP
BLUPOCSTAMPIZDOWTHEXTo72. B#E3HE,
524 A D E 5512 B W TIE, controlfif & CFEEDOBIICH
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1000
800 P
o /)\\
= 600 i E -=cont
ﬁ -+CF->off
& 400 oCF
&
200
0
24h 48h 72h
1000
800
=cont(2-74%)
§§ 600 //////;\\\ <+cont(8#%-)
= = CF->0ff(2-74%)
Eg 400 /+/ <CF->off(8#%-)
= o CF(2-74%)

200 Ej;”::::::ﬁzz__: > CF(8%#%-)
0

24h 48h 72h
X6 ¥#EAHH2S6HHFE COMGMBEZOWER. 4HH
55 HHOM, WIhofEizBwThbignL7. 5HH
7256 HHODM, control# Tl L 7228, fLo#ETIX
WA L7z
A WEEARR R OHER.
B. /N E RS X OE RSB 0.

mean £ SD,n = 4.

EEIROLN Loz KA H H 2 S 48K M OB T
IZBWTIE, WIFNoBFMgEEERTICBWTHCE
T ldcontrol#f & JLEL L CHBEICHIMI s I (IX7).

Z =

AWFFE I, BRI ER ) 2 A 7o, B
BTLZLICMOTHRII L7, F M %I B
OB 2 X F X F R T O RS T A L
B DL - BEEZ IS 2 2 L S R o 7.

X 2 DR #EFED» HRANKLASHRI S L 72RAWHII (X
%3 HADOWEMIER ARGl 6 HEEClML
FNUREHAERER L. SNE TOMIETIZRAW
R S 8 S N B RSB 3 HHICEA, 6HE
ORI LR, 2RISR X )T B 2 s
wEsnTwz> 2 msik, 4HEAS5HED
RIS AR B MR DN 8 & OB M > A L s it b ot
TL72Z2 DS, ZoOMMAERD 2R 5 0|2 K 7 1
%T%%tttm.tﬁtaﬁ% mHW@amirmw
RN 7-0, RIS LA BT L, B
m%ﬁitﬁi%%@%ﬂ*T% LTHD, RMOFER
;n 6 H B LR BV CEER I ASBE B o 4 E - il

1252 2K B HET D 2 LM TH L EE 2

B AHEAE O -

RBlA & S 2 135
NFATc1
2 15
B
fo
9
¢ 1
S
B @ cont
<
= mCF
o
2 05
[
2
s
g 0
24h
RANK TRAP
o 15 15
s
g 1 *x 1
5 O cont
S
Z 05 0.5 mCF
2
i
=0 0
24h 48h
DC-STAMP OC-STAMP
o 15 15
s
g 1 — 1
% Ocont
g
Z 05 05 mCF
2
<
o0 0
24h 48h

7 wE R S OmRNAS B & 02, ¥ 3 H
H 72524, 48K 1% 2 control, CFEEORNA % BT L Tt
WL 7z, 24FFM B OB EIZBWTIE, controlf & CFHE®
FICHEEEDRO SN o7z, BEMBZEIZBWTIE, v
FTNOMEM(ETI2 BT HCFHE Tldcontrol#f & ik L
THEIBPA ZIHH S 7.

mean * SD, n =4, p<0.05 (%) , p<001 (% %),

7o F72, BEEMIRE 3 HH RSO - A R BT S
DT, 3 HHEMUETHIUTH MO S - BA TR
WHERRRODEEZ T Licho TEMHEMA T2t
E%% %%Lt%@ﬁ%ﬁﬁﬁ%%@@%w-ﬁﬁu%
BRI 2 7201013553 3 H HASEMI 2N 2 5
ﬁ%ﬁ@&%ﬁf%%kﬂ%bt
a5 —4 24 ) (Cellmatrix) (SHHIkE D 72O IZFEE &
NFLT, SESELMIBERET 270 ST
7 LRIOBIEL Y, 35527 VORBIRITHEIH
AL EIG S L7z & X OO & O 2 & Lk
m#éyk#b#otm.ﬁ7xﬁ%ﬁhtt& £ b
SRR O MESED 720, TF—7 2 P VIH
%(ﬁl@hﬁ SERIBEML. 2OX) B HETHEINSIEaT —
N R L ORI TR R N2 00K T 2
LT, KT, 35— SV
AR LT, REARIC & B MIEAE % B CHli & BRI
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ICHET B LR T X,

FAE A BEIZ, HN—=H T A L CHeg Ml % 552
L7z, 2L OMBIZT I AR T T AF v 7 DX G I
ETHIETHT 22D TE L. BRI D 2 SR
FHEELTBY, A 277 ) 2N LB ~OEEIZLD
BRIGEE 2R 7 BN AT RS & s R T
PHEIRE 2 MEFE L 2SR5 5 &, ArBRMNa I ek L 72
L g NN o | AT R A oY el = S B a7 A I o
P LTS T F AN RECTH S LS NTwED . 7
IN=HFGAZFEEL T T—47 7V EICHEZIRETY
WAL 7 N =7 T A FICEEE LI REE MR L <
1t - BB %72, BBEBEIIN—T I A2 TL — b
R L7228, HEMgiEfsns e EELTRBY
TRAPH:f L CHEBMNEE ZFHII L 72, TrizolZ i L
TRNAZIL720 352 T,

BB ESEFSERESOWE (3 -14KOHAN=TF
A) EZCHE MRS 2 5 8w A L2, 245
212 B\ TR UL 7 Boe 72 2k b HEhn L 72
ZEph, ShEEEEME LY. AT Ok
BAEABEIZLT, FRICAN—FI A% THERIZLO%
frE & UCfliH L7z

R 3 HH» H24RHIEME 2R 2 &, #d et
controlffE & D b FEICHWINL /2. TR L V24O
JEAR ISR O 5L - B E 2 RET 5 2 L AVRIE S L
7o, FISIE4 HEDS24RMBEMITHE I 2 MR 5 & s
PO - BEDIE L 72 & s L7, SHEOMET
&, B3 HHICEM D 2z TH 2 & MR G A2
BHENT. KAATFT L 108%5 HHOMAICBIT 58
BRI RUZCE, CF—offf Tl controll &l L CHZIC
WmL7:. —7, CF, CF=offff OMIZHEEEIIFED LN
ot HeRTLIICWTNOETHLA4HE2S 5
HH OB B EUX RIS L7z, 2o O EH»
5, 24 DL EIEAE 22 T H B E MR o 51t - mia
HEHE L e WATREMEDRIE S N7 5 AVRT X ) 128
#6 HHOMMICBI 20 Bt CF, CF—offff T
&, control# & Ik L CHEIZWA L. 7o, 6 7%
AT L)ICHES HE”S 6 HHOEIZB W TR E g
IEcontrol#E TIXHEI L 7245, Mo TIEHA L7 il
5134 HH2 O [FARIZ24RE M LA &2 N2 7214, W8 % bR
FL, W T AN PR X C2ARE R B L 2B, g
SHH25 6 HHOMIZBWT, JEMEE (KRERICBIT5
CF—offff 12 AHY) 128 2 8 Mg E o 38 hn A3t I &
g U TR BEIZEIH S 72 2 & 5 SIEHMT ORI SHE #l
FLOME - BA % WES L7 bl LY REBC bR
5HH25 6 HHOBIZBWCRBEOBEIAEED & 775,
CFHEIZ BT b controlf & ik L CTF = ICHE ML Ehs
WA L7z, ZOMRIIEMN 2T 5 2 Lo E o
oAb EEEIHEIT A L) XD, EM RIS L

I

I ES)

DEEFZIN BT A a0 5L - da (ZHHI I 2R
RHZTWDLEEZDLONVREUTHAS ) EEZOLND.
AFFETIE) 7V A APCREFTV, Bl Ml B
F-oHTd, NFATcl, TRAP, RANK, DC-STAMPE X O
OCSTAMPIZOWCHEHmOZE LA L2, Slls i
NFATCcIRIE~ 7 AH HES Mg % 87 Uik filg o551k
FuE AL A, NFATcl% /RIE L 72ES MKLIEBEE
MBI LT E o722 005, NFATCl 2l
SIS TH D LG LT F7-, BB ow
BRI L har A VAR ¥ — % ffif L CNFATcl % i
HIRYIZEBL S 5 E RANKL ORI 7 LI E 5 b as
FEENDEWELTVDY . 20720, NFATCLIRE
M b < A % —\IZT-CTHDH E VbR Twh. TRAP
BIURANKEHEMEO~ — % —MZTThY, =h
SIEBEHRE OB I B G- LT\ b S50 Bk El
foixmigiam Lo alc X YRS S, JUKRSIZDC-
STAMPRIR~ 7 A HIsk OB/l 2 il & 254 U<
W\ D kA 5 DC-STAMPIE BB HIIE O Bl & 12 L2 0 3t
ZTCThoseMELTW2Y, Z0f%, RANKLIZ X V5
M ENHO0CSTAMP S BB MIBORMAERTTHHZ LA
s h™ L5 IZDCSTAMPS X FOC-STAMPIE 1
JILCHEMEomMAE T IRETLZZEEHLNII%E > T
W2 ORI TIREEEAHBICBIT 2 IR OREM
o B E 5 OmRNA O FEH & % controlfif & CFHE T
L7225, HEEPTD LN o7z, 5 HEICEWTCE
HZcontrolE & I L C 2 S OB B IR E (5T 0
MRNADZEBAFZEIHH SN T w2, ZOZEhSE
MEITIERE AN B TR MR R EE R 1 O S8 3 & B
TAHIENIRIEESNT. FORE, M TINZ SN RE
ICBW TR EMaEL, AEEEHEEE L O E R E
JaEIEEZ S HHE2C 6 HHOMISHMA L7zt EZ 615,

&

AWFZE TS AR 2 IR 721k, RMImICRE 2
L7-%aoma Mg oBiEz i L7z, #R e LTEMD
IR ML DAL - G T RHET 278, BRI B VT
IR AR B AR T OB EZIH T 52 212X > To
1t - B A 2 IHEIS 2 2 LD S Ik o 72,

=
af

# &

AREMR DD, RIFEIERD, #H vz
& I L7 AbillE RS Btk A W 78R 1 AR AR 2 ol R
REILAHE 7 O DN DS RE e A 20 - S B B
HEBSMIE LR L BT £
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Compressive force suppresses osteoclast differentiation and fusion

in the late stage of osteoclastogenesis

Yuki Miyakami® ?, Yoshitaka Yoshimura?, Hajime Minamikawa®, Kuniaki Suzuki®
and Junichiro Tida"

ABSTRACT : Orthodontic force consists of tensile and compressive force. On the pressure side, osteoclasts are subjected
to compressive force. In contrast, on the tension side, osteoclasts are subjected to tensile force. Here we present our
reports about the direct effects of compressive force on osteoclast. We found no other reports that demonstrated the
change of the osteoclasts when they are cultured long term after compression. Therefore, we investigated the effects of
compressive force on osteoclastogenesis when we cultured osteoclasts long term after application of a compressive force
in this study. We cultured RAW264.7 (RAW) cells with a culture medium added receptor activator of nuclear factor-«B
ligand (RANKL) for 7 days and observed the change in the number of osteoclasts. Osteoclasts increased up to the 6th
day, but decreased after that. To investigate the effects of compressive force, we added weight to osteoclasts at day 3,
and cultured them for 24, 48 and 72 h. The control group was cultured without weight. The compressed off (CE— off)
group was cultured for 24 h with weight, and then cultured without it. The compressed (CF) group was cultured with
weight. The number of osteoclasts were counted and compared. The number of osteoclasts increased when we applied
compressive force for 24 h from the 3rd day. At day 5, CF— off group and CF group increased more than the control
group. No significant difference was recognized among the former two groups. This suggested the possibility that over
24 h compression did not promote osteoclast differentiation and fusion. On the 6th day, the control group increased more
than the other groups. In addition, the control group increased during the culture of the 5th day to the 6th day, but the
other groups decreased. These results suggested the possibility that the compressive force suppressed differentiation and
fusion of osteoclasts in late stages. Comparing the control group with the CF group about mRNA expression of osteoclast-
associated genes, including nuclear factor of activated T cells ¢l (NFATcl), TRAP, receptor activator of NF-«B (RANK),
dendritic cell specific trans membrane protein (DC-STAMP), and osteoclast stimulatory trans membrane protein (OC-
STAMP) on the 4th day, no significant differences were observed. But on the 5th day, the CF group was significantly
suppressed. This showed the compressive force suppressed expression of osteoclast-associated genes in the late stages.
These results suggested that compressive force suppressed osteoclast differentiation and fusion by suppressing expression

of osteoclast-associated genes in late stages of the experiment.
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