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¥ o8 IE, FBHEECTHLIATFOREIPS, RUA NSV TIIR )AL RO—DTHILAYFTF V%R
SNz, 2 LT, TRE TSR LIRILIER 2060, 4 BTGRP S 5 2 E3@E SN T 5. KIFFETIE,
AGFF B HMIBOGLFERO EOBIAEH L T2 22 a5 72012, AYFF GBS
Fase MEGNCIE L, BEMEOSMEBLRICIBIT LAY FF > OEELKEN L7z, TRAPEMIZT, BHE
Mg (2BPR) %, BENO/NIREME (2-78%) BB I CEREEME (SELUE) BEllELz A
FFTFr DOREEEZ75uM & L, MUFEREICTAYFF o281 HE, 3HBEDICHKES LA, 2
T T EEELIHBHBOMPEG LB, A¥FF a3 HAORS LCHERYFF a2 d
LHBICEAS T 2T, 5 HE, FRICHEMREZHE L2 B, CHELKL, ABOLPHEMO
SALFEA I L 72, BEEE CHEZ WK 2 &, CHEO B2 8 LL L oo BAHE & Ml o b #5382 i L 72, kIS,
AYFF 851, 3, 6, 12, 24, 96K ZOBEMIEEER (LT O FE Bl % Real-time-PCRE T L 72,
ZOfEF, NFATc-1, RANK, CD47, TRAP, and OC-STAMP 2B W CIIA FEIZHEBBE OR300 Sz,
P E OSSR ST MO SMMEFER B W T A S FF &, Lis S B 20 TIFIRIZEH L Tw b

ZEDIRE S T

F—T— R BEME, RV AR TIRIAN, RFFFY

&

HERH BT, AEEER T 5 BRI S § R
e Vo ERBOBERIBINLTBY, BIICL2HE
T2E D) RWOTELI L B EAERES & 2w o 72 Quality of
life (QOL) DIETFAFEE 2o T2 V. B id i i
WX DB S MR X 2B AR, BOF
W, (VEF) ¥ 7)) hREG I EICL ) BEERHAE & M
LTW5h., L2L, BOUET) v 7DINTG » ADKIVE
URRIEFEYE 7 E Ok A T EETHND Z LI
L0, BRI X B EIRINVE A & BB E
Y, RS EEIR & Vo BB T B A
ShNBTY Z0lw, WEMBITERBEOHRICBIT S
BRI L L CEH SITB Y, RS A B3 5 Ak
AHT A RO RIEEOBRESHREI TN,

W AN I S RN > & 4L L 72k - <207 7 —
JROBOWIGE L HOSHEMIE TS Y, B OBEM

i

MR AR oA LY BR s Y gEm
A7 BX f B9 13 macrophage colony-stimulating factor (M-
CSF) O FEKkTH 5 c-Fms B & Ureceptor activator of
nuclear factor x« B ligand (RANKL) O % &K TH 5
receptor activator of nuclear factor « B (RANK) % 78 3
L, BFMIER &0 0filiz 0, B iticsiy
%~ A Y —HLE [N CTH % nuclear factor of activated T
cells-cytoplasmic 1 (NFATc-1) @G L7 & % 3 U,
B ORI E Mg~ 53 5. 26102, mimaix
dendritic cell-specific transmembrane protein (DC-
STAMP) =% osteoclast stimulatory transmembrane
protein (OC-STAMP) Z ol &H -2 3H L, 1
5% L CHi MR R L2 E LIS L L 72245 o st
BB~ B L, BEIIL T Y ok
T, N-7THF LY 274 %7555 20T %
EOPRALY B 25 B A & il % 2 & A &
UL NS & BB IR~ ORI EH ST w5,

Y F060-8586 ALIRHALXAL13476 7 T H

JLHEE R RF BER A IERE IR ER R il o

2 F060-8586 ALIETALIXIL134PE 7 T H
e KR B ok I 52 Bt
9 T060-8586 ALIETHALIXIL134PE 7 T H

B | TS TE N oy N S R e e R W3 9y SRt

FIRERRESA T SRR (A - U

Frepgs (B il % 250%)
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AGFF 2 AR O L 2 S % %

T OKKERILEW TH D 7T K7 A4 NIzt o%E,
%ML LA TN, WRILERICIA, JALER Y,
AR IR SRR, 2 YA RS D
ZEWEESN, ZORTL 758 4 FORBLIES S
MBI B R BB 2 I RIT T HBIC OV T b4
nEER SN TEL T

ZLTC, i, FHAMEHTH LAY TFORENS, R
JANFYTIRIA FO—DTHDILAYFF RS
N7z AFFF I NE T SHmALER® om
2T, BB 2 RHEE X OTRE RS AR E S D
PER®Y %2 BALB/c~ ™7 A 12 3\ THUBE R 7 fia b 35
X O S sk R S 2 VR, o R
2 B 1T % matrix metalloproteinase-1 (MMP-1) & &
U"MMP-3 Dt % T 272, £ 51213 RAW246.7
MBI B % 1) RS HEF 5V S RS % 93 2 12
T EHEE SN Lo L, BB M0 MR I BT
W MIaOBIRE 2 TR L 7o 13 e v, RRFETIR, A4
FF G HOBE MBI HET 22 LT, R
§FF 2 DO UF RIS 2 5 B AR T 2
ZEHHRE L7 72, Real-time-PCR % H T & il
MR EF DI T B AYTFF > OB EME L7z,

ME e B E

1. MREDEE

BALB/c~ 7 A KK OHIR~ 7 07 7 — D#iflatk T
» HRAW246.7#1le (RAW 2 © ATCC no. TIB-71TM;
Manassas, VA, USA) Z#aiigonriiiie s U<
L7z, RAWHBBIZRANK #ZEH L TEB Y, M-CSF Ok
%30T 7% < T RANKL ORI O A TR E #2305
BB 2% 10% 4 5 W 1 7% (Hyclone Laboratories,
UT, USA) & 66.7ug/mlfiglE /7 >~ 4 ¥~ (Meiji Seika,
Tokyo, Japan) % % ¥ Dulbecco's modified Eagle's 17 b
(D-MEM : Wako Pure Chemical, Osaka, Japan) % H \»
THAEL A 100mm A% ¥ — K74 v 2 (BD
Falcon, Franklin Lakes, NJ, USA) Lo¥#hod¢, 37C,
5%CO,-95% %A T 12T 1 HE5# L, 048 mM EDTA &4
Dulbecco’ s phosphate-buffered saline (Ca*, Mg* A" &)
TG, TN—A 7 L—r3—% FHCHllig 2 B L 7.
247 2 )Vv-<)VF 7 )7L — b (BD Falcon, Franklin
Lakes, NJ, USA) ®9 56, 47z Vi1 zivdi:
b1mqw@@ﬁWme%ﬁLt.wgﬂ@%ﬁéﬁé
7212, Mg % 10% 4B RiNE, 2mM L-7 9 =)v-L-7
V% X v (Wako Pure Chemical), 284 M L-7 A2 ) &
YWk 2-1 vk (Sigma-Aldrich, St. Louis, MO, USA)
% & ¥ a -minimum essential ¥ #1 (o -MEM ; Wako
Pure Chemical) % HWT37C, 5 %C0,-95%5AH T 12T
L7z, weE oL EICiE, 50 ng/ml RANKL

(Oriental Yeast Corp, Tokyo, Japan) # ¥ L 7.
TL—MIRAWMBEZHEE L 2H2RE1IHEHEL, 7
HHE CHEZIT o728, 10% P PER IV~ VB C b
EL7z T, BEEIIEEE 2 QI L7

2. REFF DR

A& FF O (Wako Pure Chemical) & L4 / —
VCTHEBLT2mMEL, ThEA My ZERE LT
AT FF v ORAIEEHN25, 5, 75, 10uM & 725 L9 12
BAICEmL 7z, £/, AYFF U EBRNTTS =
ZURIIL 724 @ % Control #E & L7-.

3. EFHRHBOAE

RAW HMIE I B1F 5 RANKL M40 C 0 2 fEA i 5 % 3R
N5 72012, RAWHIEIZ Z 5 FF » # ¥ 5-#%, Via Light
Plus Kit (LONZA, ME, USA) % MW CHIfBNATP (7
T Ty =) V) oA E I L. EWELoB
H 12 1% Wallac 1420 ARVOsx (Perkin Elmer, MA, USA)
AL

4. WEMREHOEE

RAW I A & 358 S MBI 0B E 2 <2 720
12, 24w 2.~V F vz VS L — N ETRAWHI
% RANKL iS22 2 Fl Ol L7z, o bafassi s
THELRGE L2257 HHE TOR, 24K5H B S I128
BN % 10% PRV~ ) o TREE L7, BeE e % mige
9 5% 7212 fast red violet (Sigma-Aldrich) % W Cilif
RIKPUEREE R A 7 7 # —4 (TRAP) $tanfto7z. b
SRR T, RBEME (2800 B BB
o (2-7#) #BLOCERBEME (8L ) ¥zl
ELZ RICAYTFFVIEEZT75uMIZEE L, RANKL
WIS He G- L7e, LR TR Y 77 » 2 5%
#1HH, SHHEDIZHEGLAZARE (S + +), 2%
FFrEEEIHHBOMPES L2BE (S, + -), A
FI5F v EERIHEORMIG LZCH S, - +) &
AYFF a2 ¥h T 5 HBIZHES T 21T (1), H
BRI R M S & e L7z

5. Real-time-PCR
ﬁﬁ%%ﬁﬁ’ﬂﬁéi@%ﬁ%@%&ﬁb:ﬁ?% AEFF 2 DG
AT 572012 Real-time-PCRIEZ AT 72, AFFF Vi
E%muM:&%LIMMQﬁWP%@ K5 LThs
1, 3, 6,12, 24B:[t4, B L 96EEMZICRNAZ [T L,
Controlfif & 2 ¥ FF » % ¥ 5 L 7-#E O W5 #l i B 2 Az
T OB EZILEL /2. RNAJHEIZIE, Trizol (Invitrogen,
MD, USA) ZHw7z. ##EE UG IZ1E ReverTra Ace
reverse trancecriptace (Toyobo, Osaka, Japan) &
Oligod (T) primer % H\v», ¢cDNA % &k L 7-. Real-time



97 £l
18 B |RANKLIZ 5 A B C
AB S+ H)[6 + )6 —+)
REFF S
18B |+ + -
3HE |Medium i
RANKL1 5 sEE| + - +
AC
2g5Fops  |& F )
: S REFFY
SHE |Fix : Plate ABC| 4 . x4 FFviz58Y
— AEFFUREEL
1 HEEAR

¥#R1HH, SHHE LIS LZAR (S, + +), AFF
FrEREFEIHBORMIES LAEBE (S, + -), A¥FF v
FREIHHOMMIKG LZCH (S, - +) EAFFF 52k
535 HEICE AT 1To 7.

‘ * 3k
10000 - +
n
g 8000 - + +
g 6000 -
% 4000 -
#2000 -

0 ‘ : : :
Control  2.5uM  5uM  7.5uM  10uM
AEFFURE
K1 AR OB

AT FF U OEER25 5, 75 10uMIZi%% L, Via Light
Plus Kit & W CHIBR ATP OS2 Bt Lz, EmEE
ORI 1E Wallac 1420 ARVOsx 2 L 72, A FFF Vg
P10 uM PL L8 E, FEICEFMIEEIET L2720, A5
FF Y OWEEX 75 uMIZRE L 72,
mean = SD, n=4, p<001()

-PCR X ABI7300 (Applied Biosystems, Carlsbad, CA,

USA) % FvCHIME R & 52 L7z, s Mifa B it (a1
D 5EB =1L, Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) mRNA D5Bl&E % v gL L7 791~
— 13 LLF @ Tag-man® gene expression assay (Applied
Biosystems) % i L7z. NFATc1 (Mm01265944_m1l),

RANK (MmO00437132_m1), TRAP (Mm00475698_m1),

CD47 (Mm00495011_m1), DC-STAMP (Mm04209236_
ml), OC-STAMP (MmO00512445_m1), B X
glyceraldehyde 3-phosohate dehydrogenase (GAPDH)
(Mm99999915_gl) TH 4. KH v 7 VO #EET OB =
1Z GAPDH @ 3¢ 8 & % H v CRE#EAL L C 27220 2 CR
BL7.

6. IRETEHINAR

Controlf & A& FF > a5 L7280 2 HEMIC BT 5
FHEFHLPE L2 12 Student s-t test & JH vy, A EKHE%E p<0.05
L L7 F72, 3#M L1 Bonferroni % 5 WEME 12
LWL EILB AT, FEKEZP005L L. 797
13 TIME + FREE(RZE (SD.) TR L7,

Ak

3

i

&

1. EEMREOEE

AT FF L OWEER 25, 5, 75 10uMIZi&%E L, Via
Light Plus Kit % FJ\v» T RAW M O MZ N ATP O E W) 5
Jer Mt L7z, AWE oM ILIZ1E Wallac 1420 ARVOsx
B L7z, ASFFVRENI0 ML EOYE, B
AT L2720, AFFF > OEEX 75 uM I
EL (K1).

ES

2. HEMRHBDOEL

RAW g2 & 7538 S - Bl OB % <5 720
2, 24wz )-x )V F 7z V7L — M ETRAWHA
% RANKL IR 21 2 W Co b s o7z, e

A

Control

Control

REFFL
7.5 uM

2 RYFF UEIMEOBE ML TRAP Jeth g

A, A¥FF % 1HH, SHEHEBIHSG LAABE S + +)
Tl&, Controlft& bl L, A¥FF v 25 L7200
FHfIEA 7 Bl s

B. A% FF % 1 HHOARIZHS L2BE (S, + —) T,
Control # & IL#E L, OB EMAzIZ 7% LR,

C. A¥FF % 3HHOAIZEG L72CH (S, - +) TiZ,
Control # & Lz L, B#E & FAICEHE OB E M7 <
zsn.

HESEN
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A ‘ . ok
25000 - T )
» )
+3 20000 - L
<
°
S 15000 -
3
(7]
o
10000
o«
o
S 5000 -
0 :
A, + +) B(S, + -) ces, - +)
mControl OXAEFF> 7.5uM
C
£ 2500 -
= 2000
o
3
£ 1500
w0
© 1000
S 500 m Iﬂ ' EE S
s [ mm
=2 ; : : :
ISy N % A N \'D:S/
cg@{lr
mControl OXREFF> 1.5uM
E * sk
8000 Er—
57000 -
w
= 6000 - ‘ * % ‘
[&]
S 5000 -
2 4000 -
3000 -
o«
© 2000 -
S 1000 -
0 - : — . : ,
Control A(S, + +) B(S, + -) CES, -+

Fr o CH:E 7T HH E ToW, 24FEf B X 1285 Mz %
10% HEARIV~ ) v CREE LT, BEMaids L OB
SO EMBEEZFTM L2 247 V-2 )VF Tz VT
L— MIRAWHIEZ L /-H AR IHB L L7z

A FF VR INTRANKL % 40 L 72 5L i i %
HWTHER LM, 2, SHErS BREESR
X912k, SHHIZIRETOBKIZBWTRAKERD
6, 7THHOMIZEAE AR L7z, 20720, REFSR
WBWTIREESHE® ERE LERZIT- 72 T2,
Hel, 2HHZMUM, 3, 4HHZHMLPH, 5H
Han bz L7z

W2, AFFF ViEEx 75 uMIZ#%E L, RANKL AN
B 5%, RAW MU OB M~ 0 5L E i
PEEL, pMEFEEMICTAYFF U REEIPH, 3
HEEQICHG L-AR (S, + +) ([M2A), A¥FF
VEREEIHHOAES LABE S, + —) (K2B),
AFFF o aREIHEDORIIKG LZCES, - +) (¥
2C), LAYFFUERMT B BEISGES TRV, &
it (23 A) B & OB OB (K3 B-D)

B
]
@ 2500 s
‘g 2000
(<5
*g' 1500 | s
. 1000 A
° 500 Rk
- e T
2 ﬁW‘I&w‘lﬁw,l+,
a3 N E
<
mControl OXAEFFL 7.5uM <
D
w
+2 2500 v
@ ‘
< 2000
]
S 1500
(72}
© 1000
S 500 H
s o0 I 1 .
R N N4 x.\_ly*s/
x

mControl OXRAFF> 7.5uM

M3 AT F viRINtEORHE MBS X OB o8 Lk

A FEESHHOBBEMEETIE, A B, CHEOVWTR
b Control B & [L# L, #E ML O 5 1LF55E 2 A 2123
L7z, £7-AIE, B CEEELEL, EMBEOSILHE
EAEE IR L 7.

B. A% FF>% 1HH, 3HH&EBIZHRG LA (S + +)
2B T BRI HEEMIEETIE, Control#E & Hik L, ¥
NTOFIZ BT O /LR % A = 8 L 7

C. A¥FF %2 1HHORZHKS L2BE S, + —) 28
AR M TIE, ControlBE & e L, 8#%LL
O DR ML LS & A IR L 7.

D. A FF & 3HEDOAKRIZES L-CH (S, — +) 128lF
DR EBI SR TIE, ControlBE & iz L, 84U E
D E O R EHNLO 5 S % A I L 7.

E. A, B, CHO¥#5HH® 3L Lo aMinici,
Control B & iz 4% &, BHEEL ) & CHEOITHEZIZHIH]
L7-.

mean * SD, n=4, p<0.01(**), p<0.05(*)

REHIL 720 BB E ML TIE, A B, CHOWTIY
Control # & Fik L, 8B IO LEEE % A 213l L
7o, F72, ABEIE B, CRELHERL, ML s LifE %
FHEHNR L 7. BRI o EMilakTid, A Control
BB L, $XCOBIIBV BSOS Es A
BIZHHI L7z, F7-, B, CHETlE Control#if & LT 2 &
KU ETIZE S S BB LR A A ZIHH L
7o, 8512, SHULETIEIBEEILELCHEOFDAEREIC
L7z (M3 E).

3. WEMREEERTORER
MR S R T O RBUIK T2 A5 FF v o %



e ik =R 9k
99 E OB s owm @
A B (&
) o 2
s NFATc1 = RANK s TRAP
S 12 S 3 = 25
5 c % S *%
o B S ° 1
- 10 225 @ 20
@ - * %3
S g ‘ ) . ™ bl
g g T g®
5 () T
< 6 1.5 -
= % =
] e z % g0
E 4 1 E 1 . E
2 * % g g 5
Z 9 7 -2 0.5 +
E v ﬂ E 5
© 0 .| > 0 : : o 04
1h 3h 6h 12h 24h = 1h 3h 6h 12h 24h 1h 3h 6h 12h 24h
mControl ORAFFL 1.5uM wControl OXAFF 7.5uM mControl ORHFF T.5uM
D
° . E - F
s Cb47 o = DC—STAMP g, 0C—STAMP
S i S o3 c ] A4
s 5 25 S T
- % T . %]
15 A 2 810
5 2 s
s 1 i 8 1.5 8¢
= [ s = =
o = o
5 = «\» E 4 3
205 g, 2, 'Hr
: : 1
s 5
T 0 % ® 0 JF‘T
Th 3h 6h 12h 24h = 12h 12h 24h
mControl OREFFL 1.5uM lControI uxsr‘%%/ 7.5uM lControI DZ’;!%?J 7.5uM
G H I
o o o
5 NFATc1 = RANK b TRAP
© «© ©
<15 S5 S5
5 5 5 * K
S S S —
173 (73 o«
1723 %] g -
o1 S : o1
[=3 Q %
3 3 3
<< << <Z(
Z 05 Z 05 Z 05
E = E
2 s 2
5 o4 5 o4 &5 o :
° Control ZAFFY 1.5uM ° Control AEFFY 1.5uM o Control ZEFFY 1.5ul
96h 96h 96h 96h 96h 96h
J K L
o o
5 cD47 = DC-STAMP 2 0C-STAMP
© © © .
S 1.5, = 1.5 T 12, K%
c - c
2 —— ° 21
3 2 | 2
o ° 1 2 0.8
3 3 3 0.6
=< = =
Z 05 Z 05 Z 0.4
E E E
2 2 202
s 0 ; & o 5 o ‘
o Control AEFF 1.5uM ° Control REFF 1.5uM o Control AEFF 1.5uM
96h 96h 96h 96h 96h 96h

X4 e S E T O MmOl
A Y FF % RANKLIEINEE 2 IcHxS LTab 1, 3, 6, 12, 240 (1, 3, 6, 12, 24h) %, 5 X M6 (96h) 412
RNA Z[ALL CH#E L7z, 1-24h D54, DC-STAMP (E) DAt OB MR #EETF (A-D, F) 3V or:i THRBE O
VRO 96hOBE, TRAP(I) $ X 0TOC-STAMP (L) O AFEEOHA &7
SD, n=4, p<001(*), p<0.05(*)
SD, n=3, p<001(*)

A-F :mean

+

G-L :mean

&3 % 72012 Real-time-PCRIEZ T o /2. AF T F Vi Bl L, 275 &5 1Rk, 3RMR%, 6k

% 75 uMi :;&%L RANKL I 20U G- LT 5 th, ARMBOYE, ARICEHEOR 2RO (W
1, 3, 6,12, 24E: 2, N UNO6HE:M 2 IZRNA Z [|L L, 4B, H). TRAPIZ, Controlf& b, A¥FF ¥
Control# & A ¥ FF » % ¥ 5 L 72 BEO B & flIa B (% L24 Wt 96HEI R OY G, AEICEBEBORD E R
FosHEL B L. el Egnroh Ty, 72 (M4 C, I). CD47% Control B & I L, A & FF
NFATc-1, RANK, TRAP, CD47, DC-STAMP, OC- UG 12 R, 24RO E, BB EOWD
STAMP IZ DWW THE) L 72. NFATc-112 Control# & [t ZE7: (M4 D, J). DC-STAMPIZ, Controlf & b L,

L, RAYFFrpmitl ke, SHMZEO%RE, AR WENOKMTHOHEEZZRO Lo/ (M4 E, K). OC-
WZEBREOR RO (K4 A, G). RANKIE Control STAMP %, Control# & [LE L, A & FF » #2524 K[ 1%,



A YT T AIHE ML D LB & SIS 2 100

W IERMEDOY G, ARIIEBEOR 2RO (M4F, L).

Z =

KEFFECTIL, A 5T F ¥ EINEOBE Ml % BRI
WET LI EICE DB EMROBEICOWTBIE L. F
7o, WeE M EEA T OB 5 A YT F DR
et L7z,

9, AT F VERINTRAWMIL % RANKL 4N
FREHCCMEFE S, BEinE 2, 3SHE2S
DEBEINDL L)%Y, S HEKIZETOBMIIBY
TIeKRERY 6, 7HHOMIZHAEmZR L7, B
NSRS - B EDE T T AL ZDHBIITR =V AL
Wit 2 eplEshcna®® 5%y 6, 7THH
OBENEAEm Z R L7722 &, BasiiisosMt - glég e
TRN=VALOHEBRAESHAZE =2 E LT RF—V A
WHEEII e o722 ERBENT. ZD720, KERRT
II5HHZ ERRE L7,

Wi, AT FF IO RAW ML o E M 5% R
N7z REBARICBOWTAY T F VREN 10 M D4,
Control #f & LB L CAFMBEITA BT L2720,
AFFF U OEEZETSUMICHELE (M1). AFFF
DG OEEER TS UM & LA, AT F U hRE
DOALFED & ORI TR 2 2 B 3 2 72012,
ACEHERIC CAYFF o e 1 HE, 3SHEEDIZ
BHLEAB S + +), AFTFFUaEBE1IHHOAI
B5LB#E S, + —), AFFFUraREEZEIHEHOARIC
W5 L2CHE S — +) x5 FFra2H53 50U
WA R AT, BRI A W E L 7. R e g (11
3 A) Tix, A B, CHEHEOWTND Control & iz, Bk
HHIOMEFE Y AEICHHR L. 742, ABIEB, C
BB L, ML LFBE 2 A ICHH L 22 B
O EFIEE (K 3B-D) T, A X Controlf & Il L,
TRTCOBKIIB W THE MO ALEEE % A H IS L
72, 512, A, B, CHiZControl# & b, 8B L
T THEMIEO S LEEE % I L7225, BREEL
R LCHONPAERIHH L (M3E). 2o &rb,
ALY FF I MO LT E AR I\ TR 481
M (3HHE) UBEICERLTWA Z LR SN, F7-,
BB ET 5 & S UL EOUE M AT 12 BIH & h
TV Z &b AT F 2 IIWEHIO LA % £ 123
LTWa ZEATRmEES .

2T, WA BRI S T O BB A A F T
DB RG5O E BB S B R TF O & %
Real-time-PCREEICTER L 72, BiE Mg EE =T O
T3, NFATc-1, RANK, TRAP, CD47, DC-STAMP
OC-STAMP IZ2oWTHGT L7z (IK4). #rigfiieosa{to
i), YAY—#/ETFEVDRTYSNFATe-12

& Control B & LB L, A& FF Uit 1 B, 3
MEOYE, HEICEHEORY 207205, T
BAICEBEERITO LN o7 (M4 A, G). Th
1$ NFATc-1 A% & M (b 9 112 RANK & 27 F )12 &
STERBL ANV EFT L7720 L RIBENT. BE LT
BRA G 2338 B9 A RANK & Control # & kg L, 2 ¥ F
F P51 Rl TR, 3 WEMIfR, 6 WEMfR, 24WEM# & 4
LMMIcERICEHABZOWM P 2RO (4B, H).
RANKL 7S RANK IZ#5 4 $ % £ RANK/RANKL ® ¥ 7
FOUDSHHRE Az S, B IR~ DL )shh { FFE &
N5 BB RTERALE S 3 7 <, M
IZRANK (20 LI IC BB mE N L W2 L AURIE SN D,
X 5> CRANKDEBENHAD L2 81E, AFFF
WEMEO SN /ERH L TWwab 2 LR,
TRAPZ, Control#E& Lk L, A ¥ FF %5 24 W [H £,
96 ¢ [ 2 & 3 ALRIIA 20 & B2 20 1T TR B FEBLE DI
Va7 (M4C, I). TRAPIHEMA O~ — 71—
ZFThY, BEMlaoBEIZES L Twa, CDATIX
Control Bt & Wit L, A ¥ FF %5 128, 24 B2
L Lo S, FREICEHEOWAD ZiEH7- (X4 D,
J). Lundberg 5 1&CD4A7 RIE~ 7 A1 B W TRBE S
MRBIX AR L2 Eh s, CDAT I E s o4&
KBS LTwa e MELTw2Y, F7: CDATIEHKED
R B % & T Mgl & 2 e 5 2 L ST b 72
0 SO BT MU BBE R L
T2 RME S NS, PUERAEYE 12 ROS @ A4 B & B4
a T A 2 LG SNTBY, PEREWEIC X 50
BHIAOREIER SNTWD. BEHMIEO TR EE
WZIZROSHAT K TH Y, RANKLANELLZ & U 65 #0 i
BRHN N ROS L 12 L5 L, ROS I8 & Ml 55 1b % il
THEHESR T 2P cpz brs b IEtnY
ThbHAYFTF VIIROSIEE 2 KT & T Mgt
MIIZDMEH L TWAZ ENEZLND.

MRLRLA 2B S L Cw 2 DC-STAMPY 12 B T,
Control#E L B L, WINORMTLASHIIAEELR
Omolz (M4 E, K). #iZOC-STAMPZ, Control #
LI L, A7 FF oG 24 KRR B, 96 BRI £ & A b Ani
PHHRINIT THARICEIEORD 2RO (M4 F,
L). OC-STAMP (8 H MM DL HAOFA IS L Tw
LIEHEINTET® zorn, 2AyFF R
RS IS B A AL L ARICHIHI L T b Z LAt
W & 7. DCSTAMP$ X 1FOC-STAMP I3 RANKL
FIBIC & > THE SN, NFATCLIZ L > THIIE N TE Y,
Wa MO & b A RAE L Tnwd, S5 50 7RhIEE
WIS 87 TH DR EIEFICCW D I & ARG &
NTws. L2 L, DCSTAMP (2 OC-STAMP X 8 H. 4%
WML THREH L, #120CSTAMP I DC-STAMP X
P M T L @EEHT 5. 2% ) DC-STAMP &



101 E W

L U'OC-STAMP EH\OFBL % T L 20 v 2 L2 &
NTwa Y S 25 FF R O LT
HAIZB W TDCSTAMPIZ B4, OC-STAMP @ &
IR L2 ERIBE NG DS, TOWFIZBWTIESHRO
FHRETH 5 .

VLB EAE T BT S A ¥ FF 2 Eig o 51t
FHEA O S BN TUER S 245, BE Ml 45
EOFGEREN SRR N (3 HHBELKE) 226 %MchirCs
U L OB RBEMIRO ML - B2 IE L Cngd 2 s
RIS 7z,

=h
[0=] aa

WSO SALFE R BNTAYFF 1, 5L
BRI 2 TEIRIA ISR S 5 28, BRI IA o
W22 T 8L o E KB MR & i S 472

E 2

KiRe A HIZHI2Y), RBFZEIZERD), I ve72
& I L7 AbiaE RS R e ok 2 T B e fRE R 2200 B 55
B R 7 b NS DR RE R B S B DB
HARIZE L L BT E .

z £ X &

1) SR, AOEmEYE, SRl 1l RE IEEER,
10 miE BT 2 E AR B IREEN DR
e A2 52 25 #EZE Journal of Dental Health 42 : 2
-6, 1992.

2) Kameyama, Y : Histopathologic and autoradiographic
studies of the changes in the rat periodontium in
experimental traumatic occlusion. Bull Tokyo Med
Dent Univ 15 : 339-357, 1968.

3) AR ' REMESVE DS S5 E T ORI
FHYE O ARAL RIS — BRI BT 5 LFERY
A OENZDOWT -, JuEi4EE 39 : 131-150,
1985.

4) B B EREONA T AN AL —FOE-.
INA K AT = X LEAREE 27 1 15-17, 2003

5) Kurihara N, Suda T, Miura Y, Nakauchi H, Kodama
H, Hiura K, Hakeda Y, Kumegawa M : Generation of
osteoclasts from isolated hematopoietic progenitor
cells. Blood 74 : 1295-1302, 1989.

6) Boyel W], Simonet WS, Lacey DL : Osteoclast
differentiation and activation. Nature 423 : 337-342,
2003.

7) Teitelbaum SL, Ross FP : Genetic regulation of

i

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

[EAR

osteoclast development and function. Nat Rev Genet
41 638-649, 2003.

Vaananen HK, Latitala-Leinonen T : Osteoclast
lineage and function. Arch Biophys 473 : 132-138,
2008.

Yagi M, Miyamoto T, Sawatani Y, Iwamoto K,
Hosogane N, Fujita N, Morita K, Ninomiya K, Suzuki
T, Miyamoto K, Oike Y, Takeya M, Toyama Y, Suda
T : DC-STAMP is essential for cell-cell fusion in
osteoclasts and foreign body giant cells. ] Exp Med
202 : 345-351, 2005.

Yang M, Birnbaum M], Mackay CA, Mason-Savas A,
Thompson B, Odgren PR : Osteoclast stimulatory
transmembrane protein (OC-STAMP), a novel
protein induced by RANKL that promotes osteoclast
di erentiation. J Cell Physiol 215 : 497-505, 2008.
Kukita T, Wada N, Kukita A, Kakimoto T, Sandra F,
Toh K, Nagata K, Iijima T, Horiuchi M, Matsusaki H,
Hieshima K, Yoshie O, Nomiyama H : RANKL-induced
DC-STAMP is essential for osteoclastogenesis. ] Exp
Med 200 : 941-946, 2004.

Lee NK, Choi YG, Baik JY, Han SY, Jeong DW, Bae
YS : A crucial role for reactive oxygen species in
RANKL-induced osteoclast differentiation. Blood 106
: 852-859, 2005.

Nomura M, Yoshimura Y, Kikuiri T, Hasegawa T,
Taniguchi Y, Deyama Y, Koshuri K, Sano H, Suzuki
K, Inoue N : Platinum Nanoparticles Suppress
Osteoclastogenesis Through Scavenging of Reactive
Oxygen Nanoparticles Suppress RAW264.7 Cells. ]
Pharmacol Sci 117 : 243-252, 2011.

Beltz LA, Bayer DK, Moss AL, Simet IM : Mechanisms
of cancer prevention by green and black tea polyphenols.
Anticancer Agents Med Chem 6 : 389-406, 2006.
Akaishi T, Morimoto T, Shibao M, Watanabe S, Sakai-
kato K, Utsunomiya-Tate N, Abe K : Structural
requirements for the flavonoid fisetin in inhibiting
fibril formation of amyloid beta protein. Neurosci
Lett 444 : 280-285, 2008.

Andres-Lacueva C, Shukitt-Hale B, Galli RL, Jauregui
O, Lamuela-Raventos RM, Joseph JA : Anthocyanins
in aged blueberry-fed rats are found centrally and
may enhance memory. Nutr Neurosci 8 : 111-120, 2005.
Yang EJ, Lee ], Lee SY, Kim EK, Moon YM, Jung
YO : EGCG attenuates autoimmune arthritis by
inhibition of STAT3 and HIF-1a with Thl7/Treg
control. PLoS One 9 : e86062, 2014.

Lee JH, Jin H, Shim HE, Kim HN, Ha H, Lee ZH :



19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

A Y FF 2S5

Epigallocatechin-3-gallate inhibits osteoclastogenesis
by down-regulating c-Fos expression and suppressing
the nuclear factor-kappaB signal. Mol Pharmacol 77 :
17-25, 2010.

Lee JH, Kim HN, Yang D, Jung K, Kim HH : Trolox
prevents osteoclastogenesis by suppressing RANKL
expression and signaling. J Biol Chem 284 : 13725-
13734, 2009.

Tadaishi M, Nishide Y, Tousen Y, Marlena C. K,
Ishimi Y : Cooperative effects of soy isoflavones and
carotenoids on osteoclast formation. J Clin Nutr 54 :
109-115, 2014

Ito S, Ohmi A, Sakamiya A, Yano T, Okamura K,
Nishimura N, Kagotani K : Ginger hexane extract
suppresses RANKL-induced osteoclast differentiation.
Biosci Biotecnol Biochem 80 : 779-785, 2016.
Tominari T, Hirata M, Masumoto C, Inada M,
Miyaura C : Polymethoxy flavonoids, nobiletin and
tangeretin, prevent lipopolysaccharide-induced
inflammatory bone loss in an experimental model for
periodontitis. ] Pharmacol Sci 119 : 390-394, 2012

e EF MA BC mH O ORE =% sEA
W . A F RGN O Y FF & LR

AL, SRS L3RG & > & —Wf7e#dy 23 1 15-
19, 2014

Tsutsumi R, Yoshida T, Nii Y, Okahisa N, Iwata S,
Tsukayama M, Hashimoto R, Taniguchi Y, Sakaue
H, Hosaka T, Shuto E, Sakai T : Sudachitin, a
polymethoxylated flavone, improves glucose and lipid
metabolism by increasing mitochondrial biogenesis
in skeletal muscle. Nutr metab : 32, 2014.

Mitani M, Minatogawa Y, Nakamoto A, Nakamoto A,
Shuto E, Nii Y, Sakai T :Sudachitin, polymethoxyflavone
from Citrus sudachi, enhances antigen-specific
cellular and humoral immune responses in BALB/c
mice. J Clin Biochem Nutr 64 : 158-163, 2018.
Hosokawa Y, Hosokawa I, Ozaki K, Matsuo T :
Sudachitin Inhibits Matrix Metalloproteinase-1 and -3
Production in Tumor Necrosis Factor- a -Stimulated
Human Periodontal Ligament Cells. Inflammation 42
. 1456-1462, 2019.

Yuasa K, Tada K, Harita G, Fujimoto T, Tsukayama
M, Tsuji A : Sudachitin, a polymethoxyflavone from
Citrus sudachi, suppresses lipopolysaccharide-
induced inflammatory responses in mouse
macrophage-like RAW264 cells. Biosci Biotecnol
Biochem 76 : 598-600, 2012.

Suzuki N, Yoshimura Y, Deyama Y, Suzuki K,

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

FEZ IS 5 102

Kitagawa Y : Mechanical stress directly suppresses
osteoclast differentiation in RAW?264.7 cells. Int J
Mol Med 21 : 291-296, 2008.

Wu X, McKenna MA, Feng X, Nagy TR, McDonald
JM : Osteoclast Apoptosis: The Role of Fas in Vivo
and in Vitro. Endocrinology 144 : 5545-5555, 2003.
Wang L, Lis S, Zhao Y, Liu D, Liu Y, Chen C, Karray
S, Shi S, Jin Y : Osteoblast-induced osteoclast
apoptosis by fas ligand/FAS pathway is required for
maintenance of bone mass. Cell Death Differentiation
22 :1654-1664, 2015.

Takayanagi, H, Kim S, Koga T, Nishina H, Isshiki M,
Yoshida H, Saiura A, Isobe M, Yokochi T, Inoue J,
Wagner, EF, Mak TW, Kodama T, Taniguchi :
Induction and activation of the transcription factor
NFATcl (NFATZ2) integrate RANKL signaling in
terminal differentiation of osteoclasts. Dev Cell 3 :
889-901, 2002.

Martin TJ, Sims NA : Osteoclast-derived activity in
the coupling of bone formation to resorption. Trends
in Mol Med 11 : 76-81, 2005.

Lundberg P, Koskinen C, Baldock PA, Lothgren H,
Stenberg A, Lerner UH, Oldenborg PA : Osteoclast
formation is strongly reduced both in vivo and in
vitro in the absence of CD47/SIRP a -interaction.
Biochem Biophys Res Commun 352 : 444-448, 2007.
Anais M, Julie M, Jean MD, Kent S : Osteoclast
Fusion: Time-Lapse Reveals Involvement of CD47
and Syncytin-1 at Different Stages of Nuclearity. J
cell Physiol 232 : 1396-1403, 2017.

Ha H, Kwak HB, Lee SW, Jin HM, Kim HM, Kim HH
: Reactive oxygen species mediate RANK signaling
in osteoclasts. Exp Cell Res 301 : 119-127, 2004.

Yagi M, Miyamoto T, Sawatani Y, Iwamoto K,
Hosogane N, Fujita N, Morita K, Ninomiya K, Suzuki
T, Miyamoto K, Oike Y, Takeya M, Toyama Y, Suda
T : DC-STAMP is essential for cell-cell fusion in
osteoclasts and foreign body giant cells. ] Exp Med
202 : 345-351, 2005.

Yang M, Birnbaum M]J, MacKay CA, Mason-Savas
A, Thompson B, Odgren PR : Osteoclast stimulatory
transmembrane protein (OC-STAMP),
protein induced by RANKL that promotes osteoclast
dierentiation. J Cell Physiol 215 : 497-505, 2008.
Miyamoto M, Suzuki T, Miyauchi Y, Iwasaki R,
Kobayashi T, Sato Y, Miyamoto K, Hoshi H,
Hashimoto K, Yoshida S, Hao W, Mori T, Kanagawa
H, Katsuyama E, Fujie A, Morioka H, Matsumoto M,

a novel



103

39)

40)

=

Chiba K, Takeya M, Toyama Y, Miyamoto T :
OC-STAMP and DC-STAMP cooperatively modulate
cell-cell fusion to form osteoclasts and foreign body
giant cells. ] Bone Miner Res 27 : 1289-1297, 2012.
Yang M, Birnbaum M]J, MacKay CA, Mason-Savas
A, Thompson B, Odgren PR : Osteoclast stimulatory
trans-membrane protein (OC-STAMP), a novel
protein induced by RANKL that promotes osteoclast
differentiation. J Cell Physiol 215 : 497-505, 2008.
Miyamoto H, Suzuki T, Miyauchi Y, Iwasaki R,
Kobayashi T, Sato Y, Miyamoto K, Hoshi H,
Hashimoto K, Yoshida S, Hao W, Mori T, Kanagawa
H, Katsuyama E, Fujie A, Morioka H, Matsumoto M,

ik

i

41)

42)

3

Chiba K, Takeya M, Toyama Y, Miyamoto T :
OC-STAMP and DC-STAMP cooperatively modulate
cell-cell fusion to form osteoclasts and foreign body
giant cells. ] Bone Miner Res 27 : 1289-1297, 2012.
Witwicka H, Hwang SY, Reyes-Gutierrez P, Jia H,
Odgren PE, Donahue LR, Birnbaum M]J, Odgren PR :
Studies of OC-STAMP in Osteoclast Fusion: A New
Knockout Mouse Model, Rescue of Cell Fusion, and
Transmembrane Topology. PLoS One 10: e0128275,
2015.

Chiu YH, Ritchlin CT : DC-STAMP: A Key Regulator
in Osteoclast Differentiation. J Cell Physiol 231 : 2402-
2407, 2016.



Hokkaido J. Dent. Sci., 40 : 95—-104, 2020. 104

ORIGINAL

Sudachitin suppresses osteoclastogenesis

Seiji Hegozakin, Yoshitaka YosimuraZ), Tadahiro Timura® and Yutaka Yamazaki®

ABSTRACT : Sudachitin is a recently discovered polymethoxyflavonoid in the peel of the citrus fruit, sudachi. It is
reported to exhibit various physiological characteristics, including strong antioxidant activity. We counted the number of
osteoclasts after the administration of sudachitin related to the number of nuclei to investigate the mechanism of
sudachitin in the osteoclast-differentiation induction system. Osteoclasts were stained with tartrate-resistant acid
phosphatase (TRAP), and the total number of osteoclasts (>2 nuclei), small osteoclasts (2-7 nuclei), and giant osteoclasts
(>8) were measured. We set the final concentration of sudachitin to 7.5 u M. In Group A, B and C, we added sudachitin
on the first and third days, only on the first day, and only on the third day of the culture, respectively. On the fifth day of
the culture, the number of osteoclasts were counted. As opposed to group B and group C, group A showed a suppressed
induction of osteoclast differentiation. In the case of =8 nuclei, group C showed a suppressed giant-osteoclast-
differentiation induction which was more prevalent than group B. Next, osteoclast-related gene mRNA expression levels
at 1, 3, 6, 12, 24, and 96 h after addition of sudachitin were quantified by a real-time polymerase chain reaction analysis.
The results showed significantly decreased expression levels in NFATc-1, RANK, CD47, TRAP, and OC-STAMP. These
results suggest that sudachitin acts in an osteoclast-differentiation induction system from early to late stages of
differentiation.

Key Words : osteoclast, polymethoxyflavonoid, sudachitin

U Department of Gerodontology, Division of Oral Health Science, Graduate School of Dental Medicine, Hokkaido University
(Chief : Prof. Yutaka Yamazaki), Kita 13, Nishi 7, Kita-ku, Sapporo, 060-8586, Japan.

2 Department of Pharmacology, Faculty of Dental Medicine and Graduate School of Dental Medicine, Hokkaido University
(Chief : Prof. Tadahiro Iimura), Kita 13, Nishi 7, Kita-ku, Sapporo, 060-8586, Japan.

% Department of Gerodontology, Faculty of Dental Medicine and Graduate School of Dental Medicine, Hokkaido University
(Chief : Prof. Yutaka Yamazaki), Kita 13, Nishi 7, Kita-ku, Sapporo, 060-8586, Japan.



	原著その3_萇崎誠治
	原著その3_萇崎誠治_英語

