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8% R, SRR IR RIS A A=A VA ML AL LTI RV S5 LR S LA R
FAEINT % &L Ot 3D 2, HrE S L ERICEIIEA ) A EH S T RZE N Tw v, 46,
WM ALF R IIEM ) 2 EH &8, OB 2R L7z, RANKLIFINE 2 2 H\ TRAW264. 7l % 6
RIL—MITHEL, FHhe LTHBEBLICY ) 2 BoME 2. EXORHIZAGHNICAT Y L AR
F—vE AN, EMIIZ05 10g/cm? TEMERTIZ0, 15, 30, 60, 90%& L7-. —EMiiIkE#%, HEMmhz e
s, EAMEERERA 7 75 —Eii L, srafiiais L O E XMt (8400 &g Lz, JEH
DNEAEM S E7-0%CPEE, (E SR AWEEZ BT L L7z, K83 0 HICHEM 2 S804, B LCE
HEORIRB MBI E B R EZ RO Lo 72, 55385 H HoM6, CRRECIIpE My Az s L.
RANKLIEFIMORAWHINZ LA 2 EH S8, EEMBANATPEIC L ) Az llE Lz 25, kfihE
LCFHEOMICA R Z RO R o722 800, RAWHIRBIIEAMGNIC L 2822 2w EAVREEE L7z,
ARSI 5 R IRIIMIESEIS £ 5 b D2 % 44T L7z, real time PCREETT R b — ¥ AR KA T O FEHUIR
MAME LR, caspase 3B L U8 IIAELAEYRDT, F/LDHEZHAIEL/2L 25, KL CFEOMIC

FELERO R o7

VDB XY, RANKLIFREMORAWHIE H s & OB o naMIld BUdERDIZ X 5

BT SN Lo 727y, BERN OB EMIBEDS X CERIGEMIBEILRAD S5 2 EAVRS 7z BT &
O BCEMIEBDYRA T B EME, 7A=Y AR AT 0= AN & BHMIEIE T W R ARIE S 7z,

X—"T— K EME, BEEME, A=AV A ML A

&

BRHBIE IR O B 19138k & B 8) LERIC & o TRl 2K
BERMLTHILETHD. EHAHEIEEHRICBVTHEORE)
RIS, BIENBAIZANVAPLAE LT, Bk
B L T BEMiie, B, AE s X O HRIRE
His% (PDL) #faz & oMaEIZERT 2. Zhso
MIFABEAS X 1 = AV A b L AR & LY, EERRUGAE L
ToRER, HEEMICIEmh s a7 7 — VR TH B HEE
Fa o B X0 FWINAS, 225 [l TIER LR S 2 5
AL L 72 B30 AL £ D B EingsA: UClh e g)
T5, FBENEWVI AT ZINVANLADEDY EFTY)
FEEWHLL THABIIT A2 00, S E TEHEM
fu, PDLAAZ, BEMAgIcHd2 A=A VAL ADE
BIZOWTHEA BRIFIEN ENTE/Z, AHZH VAL R
RUEH S8 LT, fsilt®, moh?, #k
O35 X O3RN 7 B4 RS D B

(]

MRS E A=A VAL AE L THFMEE
MC3T3-ELILIC PRI S 27256, i 50 138 i % 3
i3 5 HNF D& D TdH Sreceptor activator of nuclear
factor xB ligand (RANKL) mRNADZEH A Mins&2 7
UR% 75 2YVE, (PGEy) &AL, &5IZRANKL
MRNADFEHPWEIM L 722 &6, AB=HNVAFL R
FEET) v EREE LS L HEL TV A A
54 1 IPDLAING % & 35 A L TR AR 5 &,
BRI XY, EEMBAOSERESI NS Z & 2 W
LTwa. Suzukin® Iz k2 &, (il % ol e 1o 1k
AEe2 L, gEiilaostrim s, oBERT 2
EHE RTINS A 2 E AL NI ENT VD,

AR, AV ADFEMNOEENES T, EHEANEA~TEG
TEAFH S Z TR Ehs, TIAHDYY)
=T — M EERERTE LTV BRI a4 b
Tw5. Zhang'?, Koyama'®, Sanukil® &2k 2z &, &
IEMPCE TR ) 2 e S 7284 TH, PGEm DS L

T060-8586 At FLIETHTILIXAL135:78 7 T H

Vet K R Be s = 7eRE IR A2 s RHG IE e (AT« SREE— R #04%)

DR I TR (AT SR F R)
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AL, RIEBETA NI A Y OEADINL, RANKL,
macrophage-colony stimulating factor (M-CSF) 7 & ®
BeE Mt x84 2 RHF258IN L <, Beadiassbss
FEAMES L LAMELT0L. —F, &Y,
Kanzakl16> Yamaguch117> HliZkbE, PDL*{"HWj [EECIES
MR S840, PDLMIIIGITARIIIZ LD &
sut ¥y —¥-2 (COX*Z) DFEHHHEML, PGE,
DFEEIZHE - T, RANKL mRNADFEIHITE NS 5 25,
osteoprotegerin (OPG) mRNADZHUIZALE4, Bl
FE A SN2 2 & 2 #iE L T2, % 7-Ichimiya®
5%, Ty MEBEMILIZ A S = AVA ML E LTEMD

EH & 7286, RANKL mRNADZEBAHM L 7223
OPG mRNADFEBUIIZALIZHD SN o7z L it L
TWwh, S50, AN & Eailie 2 a2 L 7ok,

JERERIS A M A 5 &, AR EERERA 7 75—

(TRAP) Bpthmli B Ml INT 5 2 & 2 B 5 2012
W5,

LA L, IHE CHrgMICEREEM ) 2 1EH S ¢ 728k
X v, F TR TR, RANKL%Z V78 B il
SHALEEER A W C, B E I BRI A (EH & T,
EDX D BN LA ERE LT

MK e A E

1. MilgoR:a

YU AN 07 7= VREEMBEEEMRE TS S
RAW264.7#ls (RAWHIE : ATCC, VA, USA) %, 10%
ks 18 1ft i (HyClone Laboratories, UT, USA), & f
Dulbecco's Modified Eagle's¥s #1 (D-MEM : Wako pure
chemical industries, Osaka) % JI\»C, 100mmA % > ¥ —
K51 v a2 (FALCON™ Becton Dickinson Labware,
NJ, USA) T, 37C, 5% COy-95% 5HH T IZ THEFE L 7-.
Z @O 1%, 048mM EDTA% #Dulbecco’s phosphate-
buffered saline (Ca®", Mg? ™ A" &) T¥ei##s, % MR
L, 10%4IE8IME, 284 uM L-7 ATV ¥ v #E2-Y) B
(Sigma-Aldrich, MO, USA), B XU2mM L-7 7 =
-L-7' V% 3 >~ (Sigma-Aldrich) & a-minimum essential
W (a-MEM : Wako pure chemical industries) % FH\»
T, 6Wlw—7»%7lw7b~b’lﬁ%tblx
10ME ORI E FECHRAE L 72, BB MIie~ o /M LFFE I
50 ng/ml RANKL (Oriental Yeast Corp, Tokyo) %?ﬁfﬁbﬂ
7o, BRidsEaE 2 Himlosgih L 72,

2. AN=ZHIVANLADOETRT

AHZANVA NV ARE LTIEM &Rz BRI
o rEoMEEER L, —EREEEE LR Lico

52 TR &7, BEXOREIIMEMNIZAT Y L X
AF— VB ANTIT- 72, JEMENIZ058 5\ 1310 g/cm?,
VERIERIIE 0, 15, 30, 6043 L 00045 & L, gl /EH

2 3

KRz v VIR ORI A FE O mE O A1
0% TH-o7z (M), EMIEIEHSE7-HE2CFREE L
7-. CFREGAMIEM A4 3, 4, SHHIZZZN
ERSEZ0®%BEELE. B, 6 Vo b—< )V F 7o)l
7L — MIRAWHIE AR L /- H AR 1 HHE & L7

[ 1
JEAMFN R S5 672 )v—< )V F 7))V 7L — b
CE LM E Bl vy a v oM E s fed b 2 & CHAET
FEM A7z, MENICHELZAT Y L AAF—VOED) %
ANCHEAG ) % e L7z

3. HAEEERYE A A7 7 % —¥ (TRAP) BHihiling:

DFEHH

XFHRAEZ & NCCFHE 2 — 2 M B 2%, 10% kAR v
) WIS TREE L, RS N E R Blg T A7
® |Zfast red vioret LB salt (Sigma-Aldrich) % F T
TRAPHets 217 - 7218 S BRMEE I B e (28
b)) BIUERBEEMEE (8FLL) 2L Hl
EMLIE 67 2 V—= ) F 7 )V T L — s DFRREDEHES
RasHil T & 2 & 9 ISR L e LiTo 72 BRIl L 7214
103-09 cm’® ) b @ﬂz@%ﬁlﬁlw kL7

4. MIFEHNATPEOHE

HM e i 2 % SRR % 7212, Via Light Plus Kit (Lonza,
ME, USA) % fWwCHIlBNATP= % ll%E L7-. W5t
ORI 1L, Wallac 1420 ARVOsx (Perkin Elmer, MA,
USA) iR L7

5. realtime-PCR

RNAHH121%, Trizol (Invitrogen, MD, USA) % v
7z. & 5 IZReverTra Ace reverse transcriptase (Toyobo,
Osaka) & Oligo d(T)primer % FH\ T, W5 SUE & 470,
cDNA% & W L 72. realtime-PCRIZABI 7300 (Applied
Biosystems) % W CHIREY % E= L 72. mRNA®
% 3l & &, Glyceraldehyde 3-phosohate dehydrogenase

(GAPDH) mRNADF B & & v CTiE#fL L7z, 75
4 < —1ZLLF ®Tag-man®gene expression assay (ABI)
=R L7, §%4 b5, FAS (Mm00433237_ml), BAX



(Mm00432050_m1), Caspase 3 (Mm01195085_m1),
Caspase 8 (Mm00802247_m1), Bel-2 (MmO00477631_
ml), Bel-xL (MmO00437783_m1) ¥ & U glyceraldehyde
3-phosphate dehydrogenase (GAPDH) (Mm99999915_
gl) TH5b.

6. FLERMKFEEEF (lactate dehydrogenase : LDH)
DE
CytoTox-ONE™ Homogeneous Membrane Integrity
Assay (Promega, WI, USA) #H\WT X =7 —DERT
% )7 HEVy, LDH= 2 #ll%E L 72

7. AT

XPHEHE & CFHE @ 2 TEMIZ BT A HEFHALEELIC 13Student’
s—t testZ IV, AEAKHEZP<005E LAz, F/z, 3HEM
Db, —IcRESEGITIC & ) BRI 21T 5 72
. Dunnetiz % W CE E LK 21TV, FREKE %L
p<005& L7-. 79 71%, FHE=SD. TRL7.

| 0.5g/cm?
B 10g/cm?

2)
w

=

500 [ I

C 1500

No. of osteoclasts (nuclei

0 15 30 60 90

(ANEET Y7 96
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1. TRAPKVERE MR DAL

BAEHME 3 HEHIEMD 2 EH S E726, MEEEE
BLCFHETIE, WINOEMNIB X OEMREIZ B W T
DA AR R ET RO o7 (IKM2-A). K
FHRAE 4 HEHICEM 2 ER S 72846, IR & i L
CFEETIX, 10 g/ecm?D FHi /1 2300 ML EVER & 2 5
L, BB L (M2-B). —7, 05g/cm?

DIEHES ZVEH ¢ 7-CFRETITHIREE L i L, wih
DOEMERFIICBW T EELREGRO N o7z (M2

-B). 5 HHICEM D 2 EH &4 721%, CFEETIL,
1.0 g/cm®O FEfia 11 & VF 1 & /728012 BV TR i £
WEEBICHA L, BRI 205 EER S8 IcBwTiE
xR & R L TRI60% 12 L7z (K2-C). S 512,
05 g/cm*DIEMEH # FH S 72BICBWTh, 5HHEIC
VM &7 854, AMIREE L Ik LCFRECTRIT0% 12
WA L7z (K2-0).

30 60 90

0 15
*
1000 ;—‘T
500 +
0
5

0 1 30 60 90

Time of CF (min)

X2

FA AN D055 5\ L0 g/cm?DEE % 0, 15, 30, 603 X UF904 fIVEH & /72 OCFRE S X ORI
WZBU HFE SN0 S oZ. 00%IREEE Lz, ML B LAELREEZO 6Nk 7.

mean=SD, n=4, p<005(*) (#)

A, BiaE 3 HHIZEAMT) & EH.
B, B384 HHIZEMT 2 1EH.
C., ¥:#5 HHIZEH = EH.



97 wmos A Ee
Wiz, ERB S E e L7, B3 HHICE L, ATPEICEAEZE%2ORPro7: (KM5).
M A VEH SR 7256, S S N E Ml ki D 7 v as,
RHBAEE & LB LCFHETIX, WINOEMET B L O iy 3. M X B TRAPR AR B M s D JE K 122w
MIZBWTHERBEEMERIIAEELEZEZRO Lo 7 THET — realtime-PCR$B & ' LDH=E DMl E
(F—=2 K. FHEAE4AHHIERD 05650 ¥#5HHICL0 g/cm®DFEHME I 2 & ¢ 7:CFiEB X
10g/cm?) ZVEH &304, oHEE L il LCFRETI, Uxf B Dreal time PCRIEEZ T o 7245, 7HEF—3 A
BB EMESE =M Lz (K3-A). F72, K FHER A CdH HFastE305 W UL LD EHE T #VEH & 8728
5 HHIZF#E1 (058 5\ 1%1.0 g/cm?) ZEH &€ 72354, &, mRNAOZHPEEFIC LA L, F/2BaxilB T,
EREEMEESEEIZRD L, 905 MIEH S 728 T 15 M EOEM I 2 EH 27254, mRNAD RN
&, oFEREEE el LRI50% F TR L7 (X 3-B). HELEALZ (®6). LarL, TRM=V AFENT
F/o, B3 HBICEM 2 EH &S0, 48K % Td ACaspase 3B L U8 DIEHIE, MM ELCFHL DM
TEET R 2HE, FEINEIEMRZICIE, CF WCEBLRERZBD o7z (KM6). 512, TRMN=
HEEXTBEEORICHEEREEZRD o7 (X4). AHIHIAF T HBcl-20 3B b3 B & g L AR 4 2=
BROLE 72D, [FAERIZT R b= AMHIAFTH 5
2. MR OWNE Bel-xLOMRNADFEHIICFHETHEZIC LA L7 (K6).
WM AT BRI T A~ 7 1 7 7 — VBRAWHINGLZ, F7:, 5 OHIZEMIIZEH S ¥ 7-CF# 1B\ LDHE
WRSHHBICEMIZER 56, WINOEMED DEALIZ O W THE R 1To 728 2%, CFREE MBI O
(05& 5\ iZ10g/cm?) 1I2BWThH, KHEBEELCFELIL MICLDHE O A EHEZHO SN ah o7z (M7).
A B
| 0.5g/cm?
B o g/cm?
50 50
=
N
T
[8)
=
£
| * *
1 .
Fi HH s
2
o . #
kS
o
2
* *
ﬁ *
0 0
0 15 30 60 90 0 15 30 60 90

Time of CF (min)

X3

BRARND05H 5110 g/cm’OEHTI % 0, 15, 30, 603 £ U905 MEH &8 7-CFEEB X O%HREEIC B

J % 8B UL EOERIE M. 00z iiEs L.

(##)
A, B4 HBECEM 2 ER.
B, 385 H HIZEHET %76,

mean+SD, n=4, p<005(*)(#), p<0.01(**)
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| 0.5g/cm? | 0.5g/cm?
2 M 10g/cm?
M 10g/cm 150
Al —
: 3 I
5 = 100
c (%]
e 3 |
2 3
8 ~
[%]
JE 500 +— E
- B 50 1
o o
S g
2
0 0
0 15 30 60 90 0 15 30 60 90
Time of CF (min) Time of CF (min)
4 5
¥48 3 HHIZ05H 5\ 1310 g/cm*DEAi 1% 0, 15, 30, K242 3 H HIZ, RANKLIERINORAWHINZIZ058 5\ 1X10g/

6045 X UR90%5 I 1E F & A 7o R ARIRF ] 35 42 % #t | 7235 &5 DCF I
B LUORIHIZ BT 2 EE BB OZIL. 02k HiEe L

mean*SD, n=4

7z,

L7

e DIEAEN A 0, 15, 30, 6038 & U905 IH1EH & & 7-CFREB
LUK IREE O MR NATP R OHIER R, 045 % IR #E &
o HABE & CFRE & DRI

EREIRO LN ol

2 2 2
Fas * Bax Caspase 3
*
1.5 .5 L * 15
* * * "
1 - 1 4 1 - !
c
o
2 0.5 - 5 - 5 -
o
3
2 0- 0 - 0 -
nZ: 0 15 30 60 90 0 15 30 60 90 0 15 30 60 90
2 2 *
§ Caspase 8 Bcl-2 Bcl-xL = 1
ElS 1.5 1.5 *
-1, o =I. E3 . —
2 il
1 - 1 1% — 1 — — —H
0.5 5 S5H I H 1 F
0 - 0 0
0 15 30 60 90 0 15 30 60 90 0O 15 30 60 90

Time of CF (min)

X6

B35 HHO, BEMNEIC, 10g/cm*OEM# % 0, 15, 30, 604 X UN04 BIEH & & 7-CFRES L U Ha T
DT FE b= ABHEBEEF OSBRI, mean+SD, n=3, p<005(*)
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.| 0.5g/cm?
l W 10g/cm?
100 J T

g

T

o

= 50 1

0

0 15 30 60 90

Time of CF (min)

7
5 HB®, WEIIZ05H 5\ id1.0 g/cm?D i %
0, 15, 30, 608 X U904 HI1E M & 7-CF# 2 3B 1) 5 LDHi%
PEOMIERER. 0 LxfiBiEL L7, CFEE L MR L ORI,
BERERZROLR)I -7, mean+SD, n=4

Z =

1. EMES ot

H 3L 722 & ONCPDLAAL 2 FEAF ) 2 VEH & & 5 F26R
ELT, 2NETLOS0 g/em® D TR ST
W72 16 2 = T P fSEERE LT, 13 L1210, 20
BLU40g/ecm’ D& EM T % 0, 15, 30, 6035 & U904
HFHRRICVEH 8, gl eitil L7z 205 5%
V40 g/emPDE S B, 155 TR S 284, Wi
T & i L CF#E CII MR B 20254920 9% 12 i A L 7.
Tbb, BHEMIEDS X OPDLANIZEM I & 0 B
Ja LR R 2S5 L, LRI RE S NS 25, B
HMNIZEAEIIC X 0 2 OEDNEA L, S LFEIE M s
B EARBENTZ. 20 g/cm?l B O FEAE TR
DEENIEFEICKEZ N L5, RAWHMILE X O 8
FA I B SR 058 & 13058 % V310 g/cm?Z v %
DHBENTH D LEZ, KR TIEIINS DL T
HRAWHINL S L OB SO BUG % BlE2 L7z

2. FEMHDRAWHIIE S & OB BRI R 33 58
LA, ¥ 3 HBICHER D 2R S 27254, HFEsh
PR BB 7 B o 7278, R HRTE & o LCFRETIR,
05d 51310 g/cm’DEMHIIZB VT, WO HER
T b MBI A L w2 LR E N (M2
-A). Suzukib® B X UKE 51913, #5383 H HIZRAW
a2 SHAFHIE~OSL - BEOMPERTH Y, FHiE
ENDLWEMBEI LN EEHIELTnA.

—7, A - BENPHEA R4 HHIZ10 g/em®DFE
M ERVEH S 7256, BaMEEssmA L, & 6128

Iz

Iz
#E5HHTIEWTFROERS (055 51310 g/cm?)

2 3

BWTh, @ Miakossmd L (K2-B, C). Dk
DRERD S, WIS L - BE ORI BB CILEMTIIC
LM OEEII LR L, LYot - Ea L S &
T, TOEBEEZITDH I EARBENTZ. ORI EMKE
ST 2 EE, MREGICE 25000, HH»
BRI BAEANEA L 72D TH S ICT 5720
MEVNZ =g ilik el A YA

WHERADEHBIUOSHEHOWT B W T A BE & I
L, CFEECZOHPAEIZHA Lz (KM3-A, B). L
FoZ s, EMIICED, BEMEsEET A ET
IR L Ch B D TR W EAVREN T,
¥/, BESHBET, 05g/cm’®EHN %9055 MIEH &
BB A R I AT L 2 SISk LT, KRk
FHINEEUZ6055 B L 0 HMIEH S 7256 TH, AR
WA T 52 edvmasniz (M3-B). Zollhrn, B
KB HIRENE, ML 2 ELZZTRT VI EAVUR
®E N,

B3 ABICEMD R S TL, FESNB0E
MBI B W LR EN (R2-A) 2% KIZ,
ZTOREEL TG AES . FE SN D B0E
BT VDA DWW TGS L 72, Shibata & (37 #hk gl
&L Ol e FHvC, 5538 3 H HIIC48RE S & 5- 2
7 AT AT B 78, RIBUR RS A & B
Faosrt, BLEAMEHE S, ASHRRIARITIE, % FRHEE & ik
L KB CIE TRAPH BB Ml B AN 5 % & a5 L <
W5 RSB WTCHR S HHICEM 2Bl s, %
DHASKE M B3 % fe VT 723 &, *HIREE L, CF#EClRng
BHIBBICHE R Z RO -7 (K4). 202 &b,
BN, DR S8, ZO%4SM B 28 % Hilr
TH, FHEINIWEMIBEANDEENL LN LD S 20
2ol DLaZEZAEbES L, [H UL TS -
Th, WMATID O OfFIE AT - 72856, il e £
My & T OB R D) BRI AT O FEEEIC
Lo TSR 7% 5 2 QRIS 7.

WA, BE AT B © & 2 RAWSIHEASE i) 12 &
LB E T DONPRE T S 729, RANKLIEH IO
RAWHINZIZH:28 3 H BIZJEM ) 2B S, MIFEAATP
HEME L. ZOFE, WTROEMT (05gH 50k
10g/cm?) 12BWTh, xHHE#ECFEE ORIZiX, ATP
BICAEREZFEOON D o72(M5). 2O Ehb,
AR &Y, AR B & ORI i A i
L 7%, JEMEIIE, RANKLIERINORAWHIFEE I 1352
BN EATRIBENT,

3. TRAPHMEm: B MIBEANERA T 5 FH 12D CTRg

B2 5 HHI210 g/em?D i1 % /e & € 72CFIE 2 B
WTERBEEMIBEDL B L TnzZ e h s, BilEim
BB B A LRI DS, MIIELC & 0 Bohssd L7z &



JEAE ) A0k Ml

LN/, COWRIC L AL 2 b 00E %
L7 SIS A S TR b=V A, h 0 —
SAHEENDEDY TR M-I RICIFMBAO I b
YR TEENE LA N ARK EFash EOT AL
Ty =77 I —RKEEICKHERTWBEY A b LR
BlZBWT, TRN—=V AV T FAPHBEANOI ha v F
VT ERET S, BLEEEATTEL, SRS NEO B O
AR=ZAME Y N7 A hchEDT R M= ARHER T
RHEL, ¥ M7 9 AclZATPHFE FCApaf-1& K6 L, 7
AT MY — A EWFENDBEEETER L T ¥ 237 Bk
3% CTd A Caspasex [HMEAL T 5. HMHAL L 72Caspase”’
YR ERYMT A LI TEN = ANED
%% —7, BaxIIMIFLE R ICHEL, MIOFHFEI B
WC, I FIYRYTIEBHLTT R b= A2 T
%. BaxiZBH (Bcl-2 homology) K A {4 ~ #¥#2Bcl-27 7
3 —B\ETOI LDV EDT, HAIHE ST’ L
DIHEILER, 7R =V RARFEST LI EDRENTY
2% KW TIE, CFBEICBITS, 78— ARE
£ T % %Caspase 3, 8, Bax, Fas, Bcl-23 & U'Bel-xLo
mMRNAD A FEN L7 2 A, TRN— AFHERK T
T HFasi3307 Ll Eo I THEIC EA L, Baxd
CFHIZBWTAHEICLA L. L2L, Z2OTiRICH D
Caspase 33 L U'Caspase 813 LA RO BN Do
72 (M6). %7/, 7HRM— ZHHKETTH 5Bcl-2b,
JEAEIC L W HERELEBO o7 LaL, [k
7 HE b= ZWHEIHETF TH ABl-xLIFEMNIIC L Y A E
ZEH L7 (1K6).

JEME 2B &85 &, Fas®BaxlZ EH L724%, HF
IS HEAHE T 2V S5 72T, R E I mA
LTHEYH, mRNA»S ¥ V87 BIZEIFR S A BRI Y 7
TRND, ZORMEMREOBIET RN =Y RAI12L5
SDTIE RV EHELEEL 72

F72, WEEEHRBOBLR A 70— 228D b 00
*EET 5720, LDHEOWE 17> 72, Ml
ALEERNTERAN A b L A E NG, A7 a— Y ADUE
L2200 fifa AR BRI 2 0 5 MIFSEICE 5 L LDHA®
PSR L, 70— 22BWT, Myt
LZLDHENEL b L wbitTwbhS, CFEE & xtiEE%
W L72EZ %, LDHEICHEEZZITRO N Lo

(K7). ZoZens, ¥E5HBICEMRDEEN S
W, AR R L72AY, SoBKIE A 7 a—
DAL BHIEIETH AR EF 2 S5z TR
M= R, F2d 70— 2SN OMIEEIZIE, A= T 7
V— (HE) 2Hb. 2L, TEN—VADEL RV
BILELDEVWDNRTBY, Atgde &y 237 EH3H
HLTwaiwbhTtwad? Zot—+77Y—%>
SN, BEMEOBRIZIEYS L Tw b L oELrH
PP, ZOEICH LT, SRR REPLETH D,

(ANEET Y7 100

i ]

RAWHINE 7 & NICHEMBIc A=A VAP LA E L
THEMNI AR SE7256, LTOZ EHO N E o7z,
1. RAWHMIRaE B L OB 220 oo fl i B 25 2 A6 0

R ZITITN,

2. ERBHMONEMRIIEHEDOEEICL Y, 2o
WAT 5. FEIZ, BEREEMBILER ) OB 20T
g

3. BB oM E Ml X OB R M AT A
LD @EALLZEREE, TRV AR 70— R
12 & B HSEASE K ClE 2 W Il B A

i %

RIREAER BI\ZdHI2Y), AW E A OB, #1570
W72 & L7 dbiE R AR A B S T R R R
JEBRAHE IR0 2 & DN LR RE S AT g 5 T8 o
BEOHEBAMVAE CHEFLH L LT E .

z £ X &
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The effect of compressive force on osteoclastogenesis

Kumu Fukushima® ?, Yoshitaka Yoshimura?,
Y oshiaki DeyamaZ), Kuniaki Suzuki? and Junichiro Tida"

ABSTRACT : Mechanical stress is known to be an important factor in the regulation of bone remodeling. Compressive
force up-regulates receptor activator of nuclear factor «B ligand (RANKL) expression in osteoblasts and periodontal
ligament (PDL) cells. However, it is still unclear whether compressive force regulates osteoclastogenesis. Therefore, in
this study, we investigated the effect of compressive force on osteoclastogenesis derived from RAW264.7 (RAW) cells,
which have the capacity to differentiate into osteoclasts with RANKL. Compressive force was applied to RAW cells with
silicon cylinder adjusted by using lead granules (0.5 or 1.0 g/cm? for 0 (control), 15, 30, 60 or 90 minutes, respectively.
The number of tartrate-resistant acid phosphatase (TRAP) —positive multinucleated (2 nuclei or more) osteoclasts and
large (8 nuclei or more) osteoclasts were measured. There was no significant difference in the number of osteoclasts
under compressive force (0.5 or 1.0 g/cm?) on the 3rd day (the early stage of osteoclastogenesis). However, the number
of osteoclasts under compressive force (1.0 g/cm?) on the 4th and the 5th day (the late stage of osteoclastogenesis)
showed significant decrease. It showed that the number of large osteoclasts was also significantly decreased in both
groups (0.5 or 1.0 g/cm? on the 4th day and the 5th day. However, the number of osteoclasts on 5th day when
compressive force had been applied on the 3rd day had no significant difference compared with control. The number of
living RAW cells without RANKL was measured under compressive force on the 3rd day. These results were not
significant difference from control, suggesting that compressive force induced cell death in the late stage of osteoclasts
and no effect of RAW cells and the early stage of osteoclasts. To assess whether the number of large osteoclasts
decreased by cell death, we investigated quantitative PCR and lactate dehydrogenase (LDH) assay. The mRNA
expression of apoptosis was not related with compressive force and LDH was no significant differences on the 5day, while
the number of osteoclasts was decreased. These results suggested that the number of RAW cells and osteoclasts in the
early stage of culture had no effect of compressive force, but the number of osteoclasts in the late stage decreased under

compressive force. We concluded that the decrease of osteoclasts may be neither apoptosis nor necrosis.

Key Words : compressive force, osteoclasts, mechanical stress
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