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Effect of daidzein on osteoblasts after orthodontic treatment to reduce relapse.
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Abstract

Objectives: In orthodontic practice, removable retentive appliances are used after dynamic
treatment, but tooth relapse occurs in a few of patients. Daidzein (DZ) has a similar molecular structure
to estrogen and is already in clinical use as a preventive agent for osteoporosis. It has been reported
that DZ promotes osteogenesis by stimulating proliferation and differentiation of osteoblasts and
reduces bone resorption by suppressing differentiation of osteoclasts. In this study, we hypothesized
that DZ might suppress bone resorption and promote bone formation by acting on osteoblasts
subjected to orthodontic forces, thereby reducing relapse.

Materials and Methods: Cells were preosteoblast cell line MC3T3-E1 cells derived from mouse
cranial crown. Osteoblasts were subjected to compression and traction forces as a model for dynamic
orthodontic treatment, and DZ was added after the loading was removed. In the pressure side model,
the expression levels of genes and proteins of receptor activator of nuclear factor-kappa B ligand
(RANKL), Osteoprotegerin (OPG) , macrophage-colony stimulating factor (M-CSF), which are
factors related to bone resorption, and Tartrate-Resistant Acid Phosphatase (TRAP) activity were used
to examine the inhibitory effect of DZ on osteoclast differentiation. In the tension side model, the
expression levels of bone morphogenetic protein (BMP)-2, Alkaline phosphatase (ALP), Osterix
(OSX), and Osteocalcin (OC) genes and proteins were also examined. The control and experimental
groups were classified into the following three groups. In the pressure side model, the groups were
classified into (1) no treatment group; ( control : CTL ) group, (2) compression force group;
Compression force (CF) group, and (3) DZ addition group; (CF+DZ) . The tension side model was
classified into (1) no treatment group; (control: CTL) group, (2) tension force (TF) group, and (3)
TF+DZ group.

Results: Gene expression and protein production of RANKL and M-CSF decreased in a time-

dependent manner in the CF+DZ group compared with the CF group in the pressure side model. Also,



gene expression of OPG increased in the CF+DZ group compared with the CF group. TRAP staining
showed that the number of TRAP-positive multinucleated cells was significantly increased in the CF
group compared with the CTL group and decreased in the CF+DZ group compared with the CF group.
On the other hand, gene expression and protein production in the tension side model, the expression
levels of BMP-2, ALP, OSX, and OC tended to increase in the TF group compared to the CTL group.
Furthermore, the expression of BMP-2, ALP, OSX, and OC tended to increase in the TF + DZ group

compared to the TF group.

Conclusion: The results suggest that DZ on osteoblasts subjected to orthodontic force may inhibit
osteoclast differentiation and reduce bone resorption by suppressing the expression of RANKL and
M-CSF and increasing the expression of OPG in the compression side, and promote bone formation
by increasing the expression of BMP-2, ALP, OSX and OC in the tension side. These results suggest
that DZ after orthodontic treatment may reduce bone resorption, promote bone formation, stabilize

alveolar bone remodeling at an early stage, and inhibit relapse.
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%o PRI D Z M3 2 FHIZ O TOWRITN L D0 TON TV AR, ENbERKRISHE T
\ZFE > T2V, Daidzein (DZ) X A b a7 v Lo FHEENELL L, BHRIED PRI &
LT TIEARISHIN TR Y, BIFMaIck U Il e oMb 2 (e LR iR a2{ed—
T5C, Mgl UCid 2 o bz UERINZ BT 5 2 L AmE ST\ d, 4
JEOREEF & D 1%, T v N OFEBREYE OBENEORELS M T DZ 245 L, EiaflomER
JESHIAE C osteoprotegerin (OPG ) & caspase 3 DI L& BN S, fVE Al Z2 7 4R h—
ZNTFHFE L, BRI AIEIT 2 2 E 2 LT Lz, S HIC Sakurai & 9 1%,  #ARIEARADIC
E| &AM L72%IC DZ ZIRINT 5 2 & C, #RIEHIAL TP bone morphogenetic protein
(BMP) 2 5L Runx2 %8s 73 E L ~UL T EH &, MZERHMIEE X OVE I/
ML, EilEORMREIRET D Z L2 R Lz, Lo LS b F I EHIE E ) 2 A
L7z, DZ ZAFEH S E D058 3 T i Tunany,
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HHIET, BED ZMHIT 2 LG AN T, BIRE EREHGRET L & L CEaflz
BT 5 72O\ FFMIMEIC I 7] (compression force : CF) Z Afif L7-#I2 DZ 2L, &
W BN 1T & % receptor activator of nuclear factor-kappa B ligand (RANKL ), OPG,
macrophage-colony stimulating factor ( M-CSF ) O {sF-FEL I V¥ o /37 fEA fr b Tartrate-
Resistant Acid Phosphatase (TPAP) &1 % I\ C DZ OfE #IE O /53 b3 5 K OViE WU
FIZNRIZOWTIRET LTz, £72, EBHMIAZ HELT 572 0B HFMAIAIZZES]J) (tension force :
TF) ZHff L7212 DZ Z IR L, ‘BERIK f-Cd %5 BMP-2, Alkaline phosphatase (ALP) ,
Osterix (OSX) , Osteocalcin (OC) DBRFFHE KL OF /37 FEA BRI THEEIFIZ OV
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I HifsE®
AIRR X ~ ¥ R 5H 25 Ok O FiE 2R fa k. MC3T3-E1 il (American Type Culture
Collection, Manassas, VA, USA) % HW 7z, xtREESS K OVGEBRBEIS, JE8 0 & FE 51 <
FxLNTD 3BT LT,
A, JEEfET Y
- Control (CTL) ## ; MEALEHE
- CFRE ; 8 & At LTRE

« CF+DZ & ; JEIA &2 A L2122 DZ n%E 5 2 7= 7F

B. E5|flleT v
XTHERERS L OVEBRERIL, LN 3BT LT,
- CTL R ; HEALERE

- TF B ; iR J) & At L7

- TF+DZ #f ; E 1% A L2tk (2 DZIRN%E 5 2 7-7¢

I-A. [EB A OAR KO DZ E
B OEE IE R FHERIF O L8 M 2 BB 572, 10% ¥ “ifiiE (FCS), fiEAl (=
VoA MVT h~A vy, TAHRT Y B(Gibeo., NY, USA)) % & ¢r o-MEN 55

(Gibco., NY, USA) /1 C 37°CIZ TH;#E L7= MC3T3-El filigd % 10cm? 7 4 v ¥ =228 LZ



7.0x10f cells/10ml {272 % X 5 IZHIfE A FEFE L, near confluent (272 > 75 C 1 %FCS & F
o-MEM 51112 T, Yamaguchi & 9 & O IFIEIZHEVEL: 80mm O cover glass & & (E /) &
L CHOME (1.0g/cm?) ZAM L7z (Figl) , SOICERGIEALEKR THEZHET S
72 Sakurai & 4 O FFIEIZHE 12 T EZ AWM LT D, ffEZFRE L 50 ug/ml D DZ
(Bt 74V AFEHEE | Tokyo, Japan) ZHANL,0, 6, 12, 24 R[5 2E L7=, DZ ZI&fiE9 5
B#1Z Dimethyl Sulfoxide (DMSO) (&t 7 A /L A FE#EE, Tokyo, Japan) % U 7-7%, CTL
BE L CFREICYH CF+DZ B & RARIZ DMSO 28l L7z, DZ 2 & B DV CIE Wang

50 OFEIINESTITo T,

1I-B. {81 &) DAFT KO DZ EAN

BRI RHAIRIE O ZE S 1 2 LT 5720, 10% 7V fiE (FCS), HidkAl (= U
ANV T h~A v, TAET Y B(Gibeo., NY, USA)) % &te o-MEN 55 (Gibceo.,
NY, USA) H T 37°CIZTH:# L7z MC3T3-El fifd % 10 cm? @ STREX-chamber (STREX
Co.) IZ#EME L, F v > 73—N7 near confluent (272 5 F THEE 21T\, Sakurai B 90D A
itV near confluent (272 5 72§ T 1%FCS &4 o-MEM FiHiIZ T 12 Bl MIEIC @ AE E
T TH D 10%DMES 2 Afm Lz (Fig2), TO%, BREELEK THZ BB 5720
i F 2 B2 L, MC3T3-E1 @I 50 ug/ml O DZ 51,0, 6, 12, 24, 48, 72 WifiIH 3% L
72o DZJREE L RFRIC DWW TIIEB & FIERIZ Wang & O O HIEIZHES TITV, DZ OFSif

I DMSO % f\>, CTL Bf, TF BEIC & [FEELIZ DMSO ORMA 4T - 7=,

III. Real-time reverse transcription-polymerase chain reaction ( Real-time PCR)
RNeasy®Mini-kit ( Qiagen Co, Maryland, Japan ) % i /] L total RNA Prime Script™ RT
reagent Kit ( TAKARA Co, Siga, Japan ) % I\ T2 b 22— LIZHEV cDNA ZERL L 7=,

Real-time PCR 1% SYBR Green1 Z# fAW/=A ¥ —Hh L —X —ETFf7r>7-, Real-time PCR



LY —~ /144 27 7 — (TP-800 Thermal Cycler Dice, Takara Co, Japan ) |Z T4TV>, PCR it
I3 DNA Z 1% 95°CT 5B, 7 =—1U v 7 R UM % 60°C T 30 FO[#1 & L 40 1 7 AT
V» RANKL, OPG, M-CSF, BMP-2, ALP, OSX, OC {5 - FH DM F 41T 572, PCR 77 A
~—1% Takara fE2>HHEA L, 220D cDNA ElA 2 S L CiEF L7z ( TAKARA Co,

Siga, Japan ), 77 A ~—HESI%, Kao?, Fan® 5 I\ZHE - CTa&kit L7z (Table1,2) .

IV. Enzyme-linked immunosorbent assay ( ELISA )
RANKL, OPG, M-CSF, BMP-2, ALP, OSX, OC 0 % > /% pé k44 F ELISA Kit ( assay
designs Stressgen, MI, USA ) # JHWTiTo72, WOLEIT~A 707 L— Y —Z—% T

¥ K 450nm CH|E L7 ( Tecan Japan Co., Ltd, Kanagawa, Japan ) .

V. TRAP %2

Kikuta © 9 OFEIHE, ~ T ZE AT (RAW 264.7, Macrophage, Mouse,
American Type Culture Collection, US) % 1.0x10%cells/100ul C 16well [ZHEFE L, BB HRIZ&
HEOMHEERE 24 B % O MC3T3-E1 Ml OR5 3R Ly 2[RRI < ,37°CT 5 HFE 7 HH T
R EITo1z, E70, Bi® BT O DZ OB Z R4 572 DZ £ DMSO Z MC3T3-El
MBI L7284 DZREE L, 20 EEEZ W CRERICEEE 21T o 72, B8 L=,
TRAP %% » | (Hokudo Co., Hokkaido, Japan ) % T 7' f 2 — /L ZHEVV G L T2,
KBV H & BRI Kikuta © 9 OIEICHEY, RANKL, OPG, M-CSF O % /87 A
BOZACIRRE Do T EERER 24 BiR O 13§ 2 7z, TRAP BPEMIIROHIEIZ S\ T

IZ Kikuta 5 9 & O HEICHE, 3EELLEO LM 2 G /Mie & HE L,



VL. #EEHENT

EIROFED HHEIZ Kruskal Wallis f#7E % VT, Bonferroni | CT#fIE L Mann Whitney U
MBI CTEREM OB F 21T o 72, AEKUEX CTLEE & CFHE, CF+DZ #d L <X
TF &, TF+DZ £ O i3 tp <0.05, /p <0.01 & L CF & CF+DZ, $ L X TF & TF+DZ

DHHE Tl *p <0.05 , **p <0.01 & L7,

S
1. EBADEFE, DZ H RANKL, OPG, M-CSF D BEFREARIFTHE
RANKL O #5738 BL T CTL #F & bl L C CF B CRERMEAFAIIZHIN L, CF Bf & Lk
# L C CF+DZ B CIIRF MK ERYICHD LT (Fig3A) . OPG DiEfnF38H &% CTL #
L Lb#EE L C CFRETII L, CF BE L hife LC CF+DZ BEIXHIN L 7= (Fig3B) ., M-CSF
DEARFHBLEIT CTL & bl L C CF BECHAN L, CF #f & tef L C CF+ DZ BEI3EA

L72 (Fig3C),

I. EHDEFHE, DZ H BMP-2, ALP, OSX, OC DEGEFREARIFZIHE

CTL Bf & ki L C TF B & O TF+ DZ # C BMP-2, ALP, OSX, OC O35 - F B & (T HF
AR EISHI N L7 (Fig4A-D), TF B & tbfii L C TF+DZ #£ Tld BMP-2, ALP D iH
BFRBLEIT DZ 2L TH 6 24 RERILAEA BT L7z (Fig4A,B) . TFREE iz L
C TF+DZ#£D OSX OBAZ T RBLEIL DZ Z WML TH 5 48 35 L OV 72 KEE] CH EIZHM
L7- (Fig4C) . TFREE e L C TF+DZ #£D OC OB T BLEIL DZ ZIRIML T b

24 BL O 4R IR CHEIZHEIM L7 (FigdD)



. EBHDDEHE, DZ H RANKL, OPG, M-CSF DAV /IRIELBICRIZTHE
RANKL O % > /327 FEAE Rl CTL i & Ebfie L C CF B CREEMKERYICHEI L, CF B &t
#: L C CF+DZFETIIEA Lz (Fig5A) o OPG DX /37 pEA BT CTL BE & i L C
CF+DZ Bf CHRIMEA AR A BN L, CFEE & ik LC CF+DZ BRTHIN L 7=
(Fig.5B), M-CSF O % > /37 BEAZ 81X CTL #f & ket L C CF#E T L, CF BE & bl L

T CF+DZ #fiZREA Lz (Fig5C),

V. B HDEF#, DZ A BMP-2, ALP, OSX, 0C DAV RIELBICRIFTRE

CTL B & i L C TF B O TF+DZ £ C BMP-2, ALP, OSX, OC D % /X7 38 Bl B | T i
FHEAFHIZ IS L7z (Fig.6A-D) ., TF#EL ik L C BMP-2 X TF+DZ#ED ¥ L /37 e/ &
X DZ ZWINL T 5 48 IR5fH], 72 RFE CHEIZH M L7 (Fig.6A) . TF & i L C TF
+DZBETIX ALP O % /X7 3 BLE T DZ Z U L TH 5 24 RER LA B L7
(Fig.6B) , TEREE TF+DZ BT OSX DX v R FEAEBICH B 21T 7= (Fig6C) .
TF #E & [l L C TF+DZ BED OC D& /X7 FEARIT DZ Z WAL TH 5 24 FEfH, 48 K¢t

THEICHM LT (Fig.6D) .

V.TRAP &£

TRAP BitEZ O3 5, 7 A BICBWT CTLRE L i LT, CF BECTHEICHIMN
L,CFREL i U CF+DZ FETIE, TRAP LM OB Lz, £7- DZREED 5,
7 HE & HIZ TRAP BYES AR OBIE CTL B & ik LA B AR Do -

(Fig.7A, B),
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WS E N5 &, BEUAITIZ = 7 — 5 U HE DRSS & OWMA £ T, Fil
IR O EE & EHE ORISR Z 5 2 EBH LA TWS, BIEREAHARICE O TH
DB T EB R T ORI & G TOFERIZED, BOVET Y IR EL D,
ZOWEBEOYET U T ORBIIBRREY OJRRNO—2>THEHEEZLNTND D 3T
., FEIERAHER I W CHRAZ RFTH, 2HMICEET 5 2 L2 XV BRRORE L &
WX DI ATV, B D Z2Bh1ET 5 L OWRED I TN D 1061112 3 BEFE A~ DR EECH
TERD 2 IR & 5 72, RERICHEIEWRHERR TS T2 £ TITIEE > TRV ON
BURTH D,

I TCHRAITIRENORAEINT-RERN A Y T TR O—FET, FHERIED THHK L
LT CIERISH SN TEY, Zatbm< 2 OMEMZHE T E T RIS /ThE7s
WETHDH DZICHEH Uiz, DZITE MR\ THIMC /ML 2 e+ 25 —J7, gy
WX LTI b2l L, BRI AR S5 2 EBPLMNTR>TND B, S HITEM
RIEZR EORBTDZAEBIRT 22 L TENLLOANL YT MDA, B OIEE
CHBEOMMAERIIER b D EWESNLTND D,

MEEEIZBWTHEE 5 3 X, 7 v FOFEBRIOBENIR OLRE IR I DZ & IEEN
5L, DZNEEMTIX OPG & caspase 3 DIEHL 2 BN S, M Mmook %2 FLE L
BRI Z4MEIT 5 2 &, 51 CIE RO ME 2Rt L, B AR LB R Y 24
THZLEH BN LT, £72 Sakurai © DT in vitro [ZIBWNT, R L7z ARG (C
DZ %ML, BMP-2 35 X O Runx2 OFEBAEM L, HIFEREHIL R L OVE M EA
L, EHEORRERET D2 2 RH L, BMP2 IZEHMBOZARICEML,
Smads signal % " L C Runx2 ORHZHlH#E 5 = & T, FEEREM L5 HMiaic b s
¥, BERARET L2 ERREINTNDE 19, LLEDOZ ENLARIFETIE, BIENEZA

i L7235 DZ 2 E &85 2 & THREMIZB W TR E I Z 8 L, 251N
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WTIEBREREST S 2 L THRIED 2 HHIT& 5 LIRGIAZSL Tz, % 2 CEIRARIER
FHAEREOERAE T L TIEE RIS #E K+ T 5 RANKL, OPG, M-CSF D381 & &~ TPAP
1512 FN T DZ OE MO 3 LEIEHER W TRRET L7z, S MIE 7 VTl B AR
- CT& % BMP-2, ALP, OSX, OC D ¥Hi &% T DZ O F AR ENE ISV T L
7o
BT, ROk L BREEZFHEH TR TH L LToRE L L, BEMiko
SIS ZE72 A 1A > RANKL & M-CSF #3845, HER -~/ 077 — VRO

B A ETERAI X RANKL O35k RANK & M-CSF O FK Fms 3B LTHBY,

SIS

RANKL & M-CSF 7z @ik L TR E M2 o0k d™ 2, 2RI RANKL O 7 2 A 245K
TdHDH OPG H43d 5, OPG 1L RANKL-RANK AHAVERAZME L, BRI E Al
%, Sakurai & 9 [T OAMHITE FHILIZIS T M-CSF PEA 2 HiIN &, OPG PEA
L SED L THEMIRSEEFET 2 2 LAaWE L T D, RO R TH AR
(2, AN B A L7 2 & TR ZRRE L72#% S RANKL & M-CSF 230 L,
WE MO bMEtE Sz, —J7, BB BRERIC DZ 2N % & RANKL & M-CSF
D3, OPG 238N U, i M o3 LA INHl S 7 (Fig3,5) o ZAUEI DZ ORIz LY
RANKL, M-CSF O FEH 0] S OPG DFEIAHIMN LI Z LIC KR LEZZ DN D,
F7- Tkeda © 10 (X, JEBE N ERE LT Z & L0 EMARO 2L & TERAINH S e & s
LTW5, L L7Zed BANIZER R CIEEIBR N ZBRE Uik T b E Mg o (b s e
STz, ZAUTFEEREHEREZ IS bR E I TER S VS ORI AET S Z & T,
BRODEE D ZLEZEBMNTORRE 20T,

FTARMFTRIZI T, TRAP Y b 217 o 7oA, CTL Bf & Hefig LT CF # T TRAP BitEZ
KA O NG EICHEIN L, CF BE & b L C CF+DZ BT, i L7z (Fig7 A,B) ,
RANKL |3 A #fR O /LB EK - TH V , OPG 1T RANK & #i4 L, RANKLIZHEART D

Z L TR MIIER A TRET S 19, Wz IZ RANKL 2803 2 & BWRINAMERLIZ 72 D73,

11



xHRAIIZ OPG 23T 2 LI S D 2 LIS X0 FRMENL & 725, Han 5 2
ITHEEMIOIE 5 23 RANKL O FEBLENZ <, BTG IEREHAME O% R 0 138 WU ML
BN CTWDRHZETL D2 D THDH E L, RANKL 2§45 Z L2k - T, Bk EHIIL
L2 DR E M OB RIUEE 2 LET 5 2 & THREY M+ 5 EWEL WD, &5
(2, Rassi © 19 DZ SHCEMROFELIHI L, BRNEZEFSELLHRELTVD, K
FFERE RV TH DZ ORI & Y RANKL 2384, OPG 238l L 7= CF+ DZ # ChtE
MR E DA 72080 D3R B, DZ AT & 0 BRI O S (b3 Bl S vE UL Ol A3 4 ©
T2 WVWR D, EGMET KT 58I FHRBIER LU /37 FEAR T, TF B3 CTL
FE & iz LT BMP-2, ALP, OSX, OC O HBLEN LN ENIEINT 2 H[[ICH -7, S HIT
TF+DZ B TIZ, TF B & HLf U C 24 BfH] LARE T BMP-2, ALP, OSX, OC D FHL &N 5
A A b7z (Figd,6) o WARBIZRRREAMND S & BMPIZ &> T Runx2 B LW
OSX MFEBLL, BRI O BRI OB M b FE SN D, £2, DZIVE
M D BMP2 OHNAZSI & L, BFMagmbicig®s 52 g 17 2
ERRE STV D, EBRIC Sakurai © 1% DZ 23S FEERIVH O @ 1 SEARBSHIIN T BMP-
2 BEORunx2 OB FFRE L~V AN S, HEERESMEOF ML~k & 53
M LA A RET D L WE L TWD 9, AWFZERERICIWT S, TF BEE i LT
TF+DZ #£C BMP-2 DEINMNFED L2 Z Enh, BFEMa~D DZ ORI L v, B3F
D bRt K OHEIKIEORERE Z »TWb B X bND, 2L b, E5 NI
WTTIRBARIE 1 05 S IC DZ 22 5 LB FHfaiZ 31T 5 BMP-2, ALP, OSX, OC D%
BIAMRRIE S vE Sl O b, AL TTE S D 2 & THMEE S 4L 5 rTRENED
R E T,
LLEDZ Lnd, BiRRE EHRAHARE O DZ ORING X 0 H8 18 0 2EHIA CIXm g #

B~ LA & AU HE S BRI S &2 Z L Al CIT B RE L, a0 ) £7 Y

> 7% BHNCLZE SRR 2 i3 2 WREMEA VR S iz, £To. ABIEDORIRN S
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DZ %7 U A2 h7p EOFETEIRIEHRE TR G BE IS E L Z & T, RESM z

MLIZ B OIRMN DO TIT W EE XD,

A
WEIET) & Af LT B 25MIC DZ 2 EH S 2 2 & THBEMICIS W T BRI E # L,

ZHMNICRB O TITETER Z et 5 2 & TRIRY 28 T&E 20 2RELicels, Lo

1. JEBMIET VTl DZ OB £ Y RANKL, M-CSF O3 BLE 23] X 41 OPG O Bl &
PEBIRTFBLOZ T EL L THINLZ,

2. FEBIME TV TIE DZ OBSHNT X Y BMP-2, ALP, OSX, OC O R HENEn B IO
PRI AVTHINLT,

3. TRAP Yo% {To =558, CTL B & il LC, CF BET TRAP IR0 N A E
(ZHINL, CFREL Helt U C CF+DZ BETIEBA L7z, DZRED 5,7 HH & &2 TRAP 5
PEZ RN OBUE CTL BE L i LA EAEITRRO b o Tz,

U boz &ne, SiEEwREAR%E O DZ ORI L0 EEfloF 2EHild T RANKL,
M-CSF OFELA A L OPG DOFEEEEIMNS 2 Z L1 & 0 rE- il ~o kil & £ i
£ BRI 25 2 0, S AN BT E 3R THE L BMP-2, ALP, OSX, OC D%
Blans, B osbis L0 RIS ET L, BRERMEEST 5 2 & ClillEE o

VET V7 RFRRICET 5 Z L THREY 289 2 a[REMES R S vz,
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Name

Primer sequences

Forward: 5' - GGTCGGGCAATTCTGAATT-3'

RANKL
Reverse: 5' - GGGGAATTACAAAGTGCACCAGA-3'
o Forward: 5' - AACCCCAGAGCGAAACAC-3'
Reverse: 5' - AAGAAGGCCTCTTCACAC-3'
_— Forward: 5' - GAACAGCCTGTCCCATCCATC-3'
o Reverse: 5' - TGAGGCCAGCTCAGTGCAA-3’
Forward: 5' - AAATGGTGAAGGTCGGTGTG-3'
GAPDH

Reverse: 5' - TGAAGGGGTCGTTGATGG-3'

Tablel. Real-timePCR (Z W= FWINESEHR+D T T A < —

Name Primer sequences
BMP_2 Forward: 5' - CCAAGAGACATGTGAGGATT-3'
Reverse: 5' - TTAGTGGAGTTCAGGTGGTC-3'
T Forward: 5' - CTCGTTGACACCTGGAAGAGCTTCAAACCG-3’
Reverse: 5" - GGTCCGTCACGTTGTTCCTGTTCAGC-3’
_— Forward: 5' - GGTAGGCGTCCCCCATGGTTT-3'
Reverse: 5' - AGACGGGACAGCCAACCCTAG-3'
Forward: 5' - CGGTCATTCCGGATTACATGAG-3'
0¢ Reverse: 5' - TCACTGGTCCCTGGGATGTCC-3’
— Forward: 5" - AAATGGTGAAGGTCGGTGTG-3'

Reverse: 5’ - TGAAGGGGTCGTTGATGG-3'

Table2. Real-timePCR (& W72 B A BAEEX 70D 7' T A ~—
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Figure 3 A-C. [T /)& &fif L7=/BZFEHIIZIZ 1 5 DZ W & % RANKL, OPG, M-CSF @
BAR TR BB ORI Z b

CTL #f & L# L C CF BT RANKL, M-CSF D@ fn BB & FM L7~ (A, C), CTLHE
& Lb#E L C CF+DZ £ T OPG DO s 3B EI IR EURAFICHE M L 7= (B) ., CF+DZ Bf
@ RANKL, M-CSF Oi#{n1-F Bl &%, CF Bf & g LT L7=(A, C), CF+DZ & D OPG
DB TF B EIL, CF B & g LT L7 (B),
CTL: MEALERE, CF : JEiE /)& A L7=RE, CF+DZ : 81 & A L7212\ DZ iz 5
Z TR,
(A) 1p<0.05,7p<0.01, CTL vs CF ; *p<0.05, ** p<0.01, CF vs CF+ DZ; Mann-Whitney U #i&
(B) Tp<0.05, 1p<0.01 , CTL vs CF +DZ ; ¥p<0.05, ** p<0.01, CF vs CF+ DZ; Mann-Whitney U

WeE

(C) 1p<0.05, p<0.01, CTL vs CF ; *p<0.05, ** p<0.01, CF vs CF+ DZ; Mann-Whitney U & i&
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Fig.4 A-D. {HJ& /)% AW L7 B 2EMRIZ31F 5 DZ @ BMP-2, ALP, OSX, OC ~ D51
BRI 2 IRF IR
CTL #f & [b# L C TF #£ K% O TF+ DZ # ¢ BMP-2, ALP, OSX, OC O & fn 158 51 Bl LR
RIFHICH BN L7 (A-D) ., TFBEL bl L C TF+ DZ B Cld BMP-2, ALP O35 1
FHBLEIL DZ AR L T b 24 KRILIEA ZICHM L7 (A,B), TF#EE Hig L C TF+
DZ BED OSX OB FHBLEIT DZ ZRIM L TH 5 48 B L OV 72 Bl CHEICHIIN L 7=,
TF #f & it L C TF+DZ #ED OC OB BLE T DZ 2RI L T 5 24 36 K 1N 48 FRffH
THEICHEMLUZ (D), (CTL: MALERE, TF: {(HEHZ AR L2, TF+DZ: RS
AN LTI DZRINE 5 2 -8,
(A) 1p<0.05, f1p<0.01 , CTL vs TF, TF +DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-
Whitney U &
(B) p<0.05,p<0.01 , CTL vs TF, TF + DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-
Whitney U &
(C) 1p<0.05, 1p<0.01, CTL vs TF, TF +DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-
Whitney U f& &
(D) 1p<0.05, f1p<0.01, CTL vs TF, TF+DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-

Whitney U fi &
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Figure 5 A-C. 13871 &2 A L7 B IFMlRIZ 3 5 DZ IRINNC & 5 RANKL, OPG, M-CSF @
B R B PEE B DORIGZL

CTL % & iz L C CF # T RANKL, M-CSF D % /3 7 B EA BTN L7 (A, C), CTL
BEL I L C CF+DZ BT OPG O X L /37 EREAERITHEM L7 (B), CF+DZEED
RANKL, M-CSF O % > /X7 B pEA &%, CF Bf & g LT L72(A,C), CF+DZ #D
OPG DX > /37 G FEA Bl L, CF BE L bl L TN L 7= (B)
CTL : MELLERE, CF : B 1z Al L7-fE, CF+DZ : [EiA &AM L7722 DZiRn%E 5
ZT-#E,
(A) 1p<0.05, 1/p<0.01 , CTL vs CF ; *p<0.05, ** p<0.01, CF vs CF+ DZ; Mann-Whitney U &
(B) 7p<0.05, 1p<0.01 , CTL vs CF + DZ ; Mann-Whitney U &
p<0.05, "p<0.01, CTLvsCF KT} CF+DZ ;*p<0.05, ** p<0.01, CF vs CF+ DZ; Mann-
Whitney U &
(C) 1p<0.05, 1p<0.01, CTLvsCF KX CF+DZ ;*p<0.05, ** p<0.01, CF vs CF+DZ;

Mann-Whitney U 12 &
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Figure 6A-D. {7 % A L= B HMIIRIZI 1T 5 DZ & BMP-2, ALP, 0SX, OC D % /37
PEAE BT R 2 IREfRTRR I
CTL #f & [bi# L C TF #£ K% O TF+ DZ # ¢ BMP-2, ALP, OSX, OC O % /37 F Bl B T
BTN L 7= (A-D), TF#E & bl LC BMP-2 13 TE+DZ D & > /37 pEA BT DZ
EWMUTH D 48 IFfH], 72 I CHEIZEM L7 (A) . TF#EE iR L C TF+DZ BT
X ALP O X 237 FEBLEIX DZ WML T D 24 Bl LA Z IS L 72 (B), TFEEE
TF+DZ#M T OSX D& /37 FEEABRICA R ZIT 0 >7- (C) , TF# L L T TF+
DZ #ED OC D Z /37 PEAE BT DZ Z AN L Ton 6 24 IFfH], 48 R[] CHEIZHIN L 7=
(D).
(A) 1p<0.05, 11p<0.01 , CTL vs TF, TF +DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-Whitney
U BE
(B) 1p<0.05, Tp<0.01 , CTL vs TF, TF +DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-Whitney
Ui E
(C) 1p<0.05, T1p<0.01 , CTL vs TF, TF +DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-Whitney
U i iE
(D) 1p<0.05, Tp<0.01 , CTL vs TF, TF +DZ ; *p<0.05, ** p<0.01, TF vs TF+ DZ; Mann-Whitney

UTE
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Figure 7A, B. JEBIZI(T 5 TRAP Pt D%

TRAP BBEZEHIMROEIL S5, 7 HBIZHB W T CTLRES Helk LC, CF BECAEISHM
L,CFREL I L T CF+DZ BETIZRA Lz, 72 DZEED 5,7 HH & H1T TRAP F5tE%
A OBIE CTL R & L LA EEITREO bhehro7- (A B)

CTL : MEALERE, DZ: DZ # W L7-8E, CF @ [Ed ) & Aqff L7, CF+DZ : JEi8 ) &= Afkf
L7212 DZ i L 7= 8%,

(A, B) 1p<0.05, T'p<0.01 , CTL vs CF; Mann-Whitney U & &
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