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Abstract

Orthodontic root resorption (ORR) is one of the serious adverse events related to

orthodontic treatment. Caspases are important effector molecules for apoptosis. In

present, little is known about the mechanisms of ORR and apoptosis in the cementum.

In vivo, we used male Wistar rats to investigated expression of tartrate-resistant acid

phosphatase (TRAP), caspase 3, 8 and receptor activator of NF-kB ligand (RANKL)

induced by heavy or optimum forces in the cementum. In vitro, we cultured human

cementoblast-like cells (HCEM) and the pressure conditions were reproduced during

orthodontic tooth movement. We examined the effect of compressive force on caspase 3,

8, RANKL and osteoprotegerin (OPG) release. Furthermore, the association between

root resorption and caspase was examined using Z-ValAla-DL Asp-fluromethylketone

(z-VAD-fmk) which is a caspase inhibitor.

Studies, on day 7, hematoxylin and eosin staining revealed that an orthodontic force

of 50 g induced numerous root resorption lacunae with odontoclasts on the root.

Immunohistochemistry, they were increased TRAP-positive cells and RANKL-positive

cells in the 50 g group on day 7. Caspase 3 and 8-positive cells were increased on the

cementum surface in the 50 g group on days 3 and 5. Furthermore, it was significantly

increased caspase-3 and 8-positive cells and RANKL-positive cells in 50 g group



compared with that of 10 g group. Studies, the application of heavy force (HF) induced

higher levels of caspase 3 and 8 than optimum force (OF). The expression of RANKL in

cementoblasts was observed after the release of caspase 3 and 8 in the HF group. In the

HI group administered z-VAD-fmk, the expression of RANKL was significantly

decreased, and the production was suppressed compared with the HF group. The

difference in the RANKL/OPG protein ratio was significantly decreased to about 57%

at 9 h and 40% at 12 h in the HI group compared to the HF group.

These findings suggested that cementblasts produced caspases 3 and 8 in heavy

forces to activate the apoptotic pathway and then induce osteoclasts via RANKL, as part

of cause ORR.
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WX o Tl ZS I EEZ T ZEDBRBINATND (7)., £7o, TH F—T AT
BIENOMA 3 BE CTE—JIZ#ET D2 ERHE S (8), 512, DNAHEEL
TORRECHIRE NG T 2 &, 7R b= AEEDRF R IND 9), I A/R—
BIET A b=V R LA MIEEOBBROREER L LT, £ L TRIEZD b
DOEREL LT, BIZ& LD Y 7 T /URERKICB W CEHEER &S 2 R,
T, DAN—VBIET ANT X UBEIKEOZ R EEYW T 5 AT A4

Tur 7 — 77 I —ll@gtH, WA= 2, 8,9 BLN10 1XBALEH A/ —

PLLT, WA= 6 BIORTIXFEITHANR—FBL L THEINTBY, +
S OIEMEARIE, FIROINE, 7 v~ F L EefE, DNA OWr ks K OSHa i@

DRI E, TR b= AL DM T 2 R 2 e 2 b % & 7
57,

WEIRRmAE S A NEIX, A MFIC K-> CTEA SN D IEE R A
JRACAARER 2N D 72 5, UT4E in vitro \IZB\WTC, B MMt A > MEERIBEAAES T C
TR =V AZR T EBREINTZ (10), LOL2RN S, HRHEEIGHE O
HEARIZIN & A > REFEHIRO T R F—2 2 L OBMRICOVWTIRIF E A S D
TR,

Y TIXLART, SBWVEESI2030 005 &, R WINZR I 36 I OVHR AR MR 2R

fid (PDL) 235\ T receptor activator of NF-kB ligand (LA, RANKL) 23R S 41



HZERBRELE (1), MMZ T Hatai & (12) 1%, B BEIFFICEAMO PDL
TT RPNV APRRERTHZLERBLTND, ZTLDO®REND, 7R h—
AF LY RANKL OFBUL, #RHE EIEHH O s R DI AEITERLS 5T 5
ZEMEZBND,

ABFFER, BIED OB RS T AR b — 22 X D MIESEIZ I 1T 2 SRR

-

(R Z H Tl invivo R E LTT » b ESAME —HIW OB EBE 206 L,
in vitro FEERE L THE L M A P MR (human cementoblast-like cell
lines, LA HCEM) Z MW THEBRZIT72 o 7, MMM HBLIL tartrate-resistant
acid phosphatase (UL T, TRAP) JEMET, 7R b —3 RITD72 8 DAMNAMEREE O1F
HARIERRIK L A/X—EF 3, 8 DB FBLORZ /N7 EIHBLT, F 7/

Do EAEHER T+ RANKL O%8L &, RANK-RANKL 27 LMD &3 5 A4 A

TATaT vl (LT, OPG) FEAEIZHOWT, R7pDEIES) TOREIZ OV

TR LT,

MEbS K OVHE
1. invivo WF%%
1) FEErEN I KOs OB 5k

AREWY) SRR A AR LI P 2R B 2B B IS B9 D fadt OKGE



AP15MDO006 ) (ZHEU TiT o 72, EBRIZI 6 #linD Wistar RN ~ b (140 +
9.5 g) ZAF60 BAWV, fHEE A B AR P M EZREY o % —I2T
SPF 27 U —>F v 7 NTITW, EIREEL, BOBbK, KBS L0V — I3 TR
L7cbDEEHA L7z, 2 TOITRITAFEE/AKTHR (1.8625 mgkg) L7z 3 fE
IRA ISR AT NIV 0.15mgkg, 2 %Y 7 A 2mgkg, EABET X 7 =
UV 2.5mg/kg) TREFENTEST 20 U, 28 hEE T T3 L7,

EBEARE R OBEIZIT O 729012, Asano b (13) O FIEIZHES TITW,
IANATY 7 (KE: 0.005 inch, EfE: 1/12 inch, Accurate, Inc., Tokyo, Japan)
FEHEARME A A2 AT L ARF— L OFEEERE (KE: 0.008 inch, Tomy
International Inc. Tokyo, Japan) THEY, ANV AT U > 7 O )5 Z Rl & fs AT
(Fig. 1), %t (LLF, control) #f, B IES) (LAT, 10 g) &, WEIES (LT,
50 g) BEDFF 3BT T, FERBEO T v MaE, ERHEAME -H#ICERLTN
10 g £721% 50 g DB ESNTRESINTZAANAT Y 72X 0, dwiFmic

1,35 BX W7 HElOFES| 217 ->7- (Fig. 1),

2) BEAMERS X OB
UM R L7 v M, 3 IR ORI CIRIRRR L7, AEFREHk &

10 % FPEREE RV~ U > CHEREE Lz, SO EFAEZHIH LT, 10% HiE



FEE AL~ U 2T 4CT 24 BFHIRIEE ER, B2 10 % EDTA %% (pH 7.4)
(ZC 4 BRI 24T o 72, BUK U7-3kHE, WiKBES L, @iEIchE- TXF
74 ral T ey 7 2 ER%, AKERIZES 4 pm CHEfEAICHEEI L, ARG

LA AT LT,

3) JWEAHAR YL A TS L OV Rk L P Y T

~v hFx U v A VU B E (LU, HE B M) 1L, REIOB T 7 ¢ 14,
WIEIZIE LT L7z,

SRR L P X, SBON AT 7 o 1R, BIEICIEWIETT L7z, —IRPUE
121X, polyclonal ¥ ¥ T tartrate-resistant acid phosphatase (TRAP) #{& (Santa
Cruz Biotechnology, Inc., CA, USA; AR 1:100), polyclonal 75t caspase
3 (Cell Signaling Technology, Inc., MA, USA ; #fRf%3R 1:300), polyclonal ™7 ¥ #$i
caspase 8 (Novus Biologicals, Inc., CO, USA ; AR 1:1000), polyclonal ¥ ¥ #$1
receptor activator of NF-kB ligand (RANKL) #i{& (Santa Cruz Biotechnology, iR
53R 1:100) 2 Wiz, BUIE, BT 7 0 1% 05 % @iR{bkEA X /) —L
FSIRIC 2RI T 30 0 AUS S8, WIRMEAS LA F o ¥ —B RIS DREZIT T2,
KT, Y72 10mM b U A EDTA BRI DA > 72 & — I —IZAd, 500W O

B L UEAWT 5 2INE Uik LTz, tris-bufferd saline (TBS) T¥Ei L,



AR DO —WHAR A =HIR T 1 RIS Sz, —RPURISTR, — Rk E LT
caspase 3 B L O 8 %, Histofine Simple Stain MAX-Po (multi) kit (Nichirei, Co.,
Tokyo, Japan) Zf#iff] L, TRAP 35 X T RANKL %, Histofine Simple Stain MAX-Po
(G) kit (Nichirei, Co., Tokyo, Japan) ZfEif L 7' 1 b 23— L ZHtn et L7z, &4)
JiEX TBS THEH L, 3,3° -diaminobenzidine tetrahydrochloride (DAB) (Merck KGaA,
Darmstadt, Germany) |2 CHatk, ~A v —~~ bF¥ U k2 AW Txb kb
2TV, Tha—b - F UL RSN THRKRE LOEHZT, U /=2 T
T AZ1T 72, £ 72 negative control & LT, —RIURDI VT TBS & H 7z,

BIEIALIT Kikuta B (14) O FEEZBZIZ L, ESEAE—Hth O OIERAR O

JEBR O AR L I BEE D& A v b I &2 LR BRI EE T 200 512 TIEE D 4
A E2EE L, Aealca s zMidz bt s Lz, TRAP 3 X OV RANKL /X
PEIR N ORGP B D K- HEEYE 2 B L, Caspase3 35 O 8 [ bl AR 3 i | & bz

T oM Z A ML & LGSR Z I L7, (Fig. 2),

2. invitro WL
b b AL MMM, HCEM 13EHEHR (RKERFERFER NHE

= L CIEV /=, HCEM D% 13, Kitagawa o (15) DSLARNCHEN. LT FiEE 5%



\IZ L, a-MEM (Wako, Osaka, Japan) {Z 100 u g/ml ~~=3V /-G (Sigma Chemical
Co., MO, USA), 0.3 u g/ml 7 757 VU 2 B (Flow Laboratories, McLean, VA, USA),
10% v B2 MiE (FCS) (Cell Culture Laboratories, OH, USA) 35 X OV 50 1 g/mL
DR 7 > %~ A > (Sigma) Zi{RA LT-EZ2MH L=, KX 95%, CO, 5%
DIFE T, g &7z COy A > F 2X—% — (Forma CO, incubator MIP-3326;

Sanyo Electric Medical System Co., Tokyo, Japan) (ZC 37°C TH:# 2 fiti L 7=,

J38 7) i

FBIEZ X 2 WA BEEEOE IS 2T 572912, Yamaguchi & (16) ®
T TG A die ) C 08 L7z, HCEM & 100mm e 55 7% LIS F T L,
—Wp COy £ FaX—F—NTRER, MRMIIEa 7Ly MIELZZ
& AR, A 10%00 5 1%FCS (T2 LTe, Btz S e iz ~N—7
TAEOE, IHICEOREICHMEREDLZ L TR DIEE T
(compressive force: CF) % Fi%& UKi#& 2 ke L 7=, 72 £ 77 1.0 g/em® Z il L
7-#t% OF (optimal force) Af, MFE7/e/Fi7) 4.0 g/em® %fi L7-#E% HF (heavy
force) #EL L7z, £72, CF ZAMET, B3—HF A (0.032 g/em®) O FHfit7=

borkar ho—ufEL Lz (Fig. 3),
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T3 A =B RREHI DU

73 A—E 3B L8 OFREFIFBRIL, CF Z a3 RilZ, JRKANT Mz s b,
MR M T P 2R B EEM 2 A4 % 50 u M zVAD-fimk 7 A3 —BPHE
F 2 BN 2 Z L TITo 72 (17), A#E K2 FEBE %2 0T T =
Y e — AR L7286 D% CI (control + inhibitor) #f, HF BEICHINIL7Z %

? % HI (heavy force + inhibitor) #f & 5% E L7,

Real-time polymerase chain reaction (Real-time PCR)

RNeasy Mini kit (Qiagen Co., Tokyo, Japan) % F\ T4 RNA % HCEM 7> & i
L, REFRER, WiRERS% D cDNA % real-time PCR 22T 7=, BARMIZIX
Prime Script RT Reagent Kit (Takara Co., Shiga, Japan) % T h 22—/ L|ZHE
T mRNA % cDNA |25 L, Y—~< /%A 7 Z— (TP-800 Thermal Cycler
Dice; Takara) PN C SYBR Premix Ex Taq (Takara Co.) % F\ T real-time PCR %17

>7-, L7 PCR 7'Z A ~—% Table 1 |Z/~R7,

Enzyme-linked immunosorbent assay (ELISA)
e BiE TP &7z Al iAYE RANKL (sRANKL), 7 A X—E 3B 8 D

FBiX, B b sRANKL ELISA kit (BIOMEDICA Co., Wien, Austria), & k7% A/3—

11



¥ 3 ELISA kit (R&D Systems Co. USA) 3 LUt kH 23—+ 8 ELISA kit

(Abcam Co., CB, UK) #ZNEIHEH LT, 71 b a—/UIit> THITE1T-> 7=,

BRI T D AR o0 7 O F 8 13, Kruscal Wallis test % F VM7=,

in vivo %%
1 EERR AT R (HE.Ju )

Control £, 1,3,5 B L7 H B TIE, #iRELmE D& A > MEITHAYFE T
&> 7= (Figs. 4a-d),

10 g BECIX, BBIE/O®MA% 3 B B2v5 5 H BHIZB W THRAMEMERS ARk & B
FHIROETIIAHAITH Y, 7 HBIIIWRERDOE A v NEORENEIER S
7z (Fig. 4h),

50 g BECIE, 1 H B D S RRHEMERS &k & R HESRIIR O E1TIIAHAITH Y

(Fig. 41), 7 H B Tl3ak s Mifa 2 S e R E & TS 2 25O iR ILE 2588 5

L7z (Fig. 41),

12



2. SRR AT A

1) TRAP OIEHLFT A

control #35 L Y 10g #£TiX, TRAP FtEmkmefifaix 1 HE/H 7 HEAZ@EL
THRZFLME IZHR EFRD Hv7e - 7= (Figs. Sa-d),

TRAP [5G %0E 10 g, 50 g #4LiC 1 BE2S 7 HEHOWT L H control £
CHE L CEETH -T2, R 50 g #ED 7 H H i control #EF LN 10 g BEE L

L CAHEICEMETH -7 (Fig. 6),

2) B AR—F 3,85 L RANKL ORI R

Control FEIZFIUWNT, B A 3—E 3, 8 33 LU RANKL BEMEAIIE, 1 HED 7
HHZ® L CHEBRFZmMIZIZETRD b2~ 7= (Figs. 7,9, 12 a-d),

10g BEIZB W T, IRFE R O D A N—F 3 [GEMdiZ 3 HEND 7 BHBIZOT
TR D SN (Fig. 8), B AN—F 8 OFMMIIIE, 5 HHICH L BRI
7z (Fig.10), RANKL FGMEMARIE 7 H B O WARR I ICHUL S 47z (Fig.11e-h),
50g HETTIE, I A/X—F 8 BRI 1 H HIZHW T PDL NICHBLL -
(Fig.9i), 71 A/ X—¥ 3, 8 DWI N 3,5 HH TEERDLN, 7 HEBIZIZED
L7z, BtEflasRE, 7 A X—¥ 3,825 HERREIET, WInd 50g #f

1% 10 g #, control £ &t LA EICEMEZ R L, 7 B BIZIXED L7 (Fig. 8, 10),

13



—7J7, RANKL O[5 in%ix 10 g #F, 50 g BE3L2 7 H BN @ EC, 5,7 HA D
50 g 1% 10 g BE, control #f & i L THEIZEETH > 72 (Fig. 12),

in vitro W9t

1. Bi# A v b IFMaARMIIG T O REE S T OFRBLUIKIT 5 CF O

HF BECTO B ZA3—E8 3 8 L8 DB FHBLIE, OF FEds K U control #f & HLi
LFICEETHR Lz, £/, ZNOORJBIIENANSE 6 BT —2 %
R~ L7, (Fig.13A, B).

RANKL DR 758 & [FERIZ, HF # TI% OF #X° control #£ X 0 & # 2 & T
HBL, TORIAOY—7 13 12l TH -7 (Fig.13C),

—JC, HF #£TO OPG &I FDFHELIE, OF B control #£ X ¥ & IIKfE T
HB L, 9 BHZICR IR R2MEMEZR LIRS, AEETIRO O oT
(Fig.13D), RANKL/OPG [tid, HE #I2HUNT 6,9, 12 38 L U8 24 B[ T OF #£ &
DA ERBEMMAERD Hiviz (Fig.13E), —J, control B CTlI A A 3—E 3, 8 B &

Y RANKL @ mRNA FEHUZ K & R2{RITFE 0 bz > 7= (Fig.13A-C),

2. B AN—TILERINEEES ORI T T2
PHEEERICBWC, HIBED H A8—F 3 B8 LT 8 @ mRNA ZHiIX, IZIF Control

BEL R UfEE CICF L7z (Fig.14A, B), RANKL @ HI #£1Z2351) %5 mRNA #81%

14



6 I LA#% 12 Control #E & e U CHIIMEANIZ & - 7273, HF BEE BT 5 & 6
IRFfI 20 & 24 FERNC 2T CREE 2R BME A 2378 8 H 7z (Fig.14C), — 5 C, OPG
B TR B OB ML, HF #3 KO HI BEHZ B W TRIZFERTH Y, control FE & L
1 AR 277 L TV D DA B ZITRD v - 7= (Fig.14D), RANKL / OPG ft
I3, HI #£ Tl control #f & Fui LEENMEMIZSH 5 & DD, HF B & DL T 9 iy
[ L OV 12 FEfE CA B R B 23380 iy, HLERIE, HF BE L D b 9 IRfE TR 57%,

12 ¥ TR 40% DA E 7228 T & - 72 (Fig. 14E),

i

mr«

B

3. HAR—E 3,8 BLOSRANKL O ¥ > /37 ERIBUZKITT CF D4

OF #£3 L O HF #EIZH1 5 HCEM Hi2RD 7 A23—F 3, 8 35 LUV sSRANKL D
2 NI B pEAE % ELISA Z# W TCHIE L7  HF BRIZ BT 5 1 A —E 3 B LW
8 DX Ny EREAITTEENARSE 12 R ECHiNL, Zo®kED Lk
(Fig.15A, B), HF #:® RANKL O % > /37 EFEA X, OF #EL 0 b EEREIME 48
2@ U CRECHBE T L L bic, 24 BRI E—27 BB obhik
(Fig.15C), ZAUZxf LT, HI BETIZOT NI EAMEM AR L7228, 9~24 K
IZBW T HF B L i LA BRI DO b, TAR—EIBLIV8DHX
NI EREA S [AIRRIZ, HF £ Tl OF #£36 X OF control # & bhilg U, A FFIZIUWNT

BRI bz (Fig.15A-C),

15



% %

ARFEIX, ' A > I 25V IESIC LD, TR b — 3 ABEK 1
ThHHAN—E 3, 8NFHEIND & & BT, RANKL 240 L7k i~ 4y
a2 LIk, ERIIXOEEIZE 3 2 B0 ERit L,

TR b= AL, SMAEREE 2 IINRAERBEO WA LT
Do A= 8IX, ARMERIKIZES- L, Fas-Fas U > Rl E D 7 AR
Ik o TIEMEL SN D, —T7, B AS—F 9 [INEMERIKICE S L, Z iU
HEEZ N LAY ) AMEER EICL D D AR EIHEILEE S (18), AHF
T, 7 v MBI 2 ERWE I BBIR O REMREFRAICBE N T, &
A2 R X D A AR OEE T« 4 VN7 ERBUCB W T, B
A=Y 3, 8 IIEWHEBIE 1B LW control & ELEE L, FRVWVEIEJIZRB W TIREOD
BEMARDO SN TEY, SEERKETOT R b= AOFEN L 5722 &R
e S5,

Mabuchi & (19) B X OV Hatai & (12) 1%, 7 v b OHEFBENR OB
TT7REP—=VAPRFEINDZLERE L TWD, AR TILE HIZ, fREE
DAL FEFMRICBWTEEBEESN XD WG ENIZTT R F— X[+
MEE RS D Z & & FEFE LT, Diercke 5 (10) 1%, &2 > FEEMIEO EARFIZ A A

=P DORRBEEZEINSHE, A2 FEFEMRIZB T 57 A b—3 A E B s 1

16



HIT A =V ABLETBLOPLT AR b — R@E 1) OB, BIEIRERRC
B 2WTBERFICE A FFMEOMEEEICST 27 R b= 20 5%
R L7-, ZOFRSRIE, AFRICBIT DM AR KR LTWD

RANKL IZ, #F (%) MlaOpEAZFHET HKFTh D, £72, OPG 1T RANK
Wit L, RANKL ICHET 2 2 & CHlE () MlEREZHET S (20), Lo
"> T, RANKL / OPG I HEWIRDFERE L L TA< A SN TV %, RANKL
DI 2 & BWRIAE Z 5723, XHRIZ OPG 2MEINT 2 & BN Z 5,
MR DOBIFETIX, PDL IZHRWEBIES 2T 2 2 & Tl 2 2 AR WAL
RANKL ZEELNEINT 5 Z L RHESNTWD (11), AMFZETIE, 7> FOFER
P FBENC BT, & A v NETO RANKL BHUZ b 8% Y Tz, T ORER,
50 g BEDO MR F 1 O RANKL OFGIEMAEEIE 10 g#E L 0 b ARICHEML-, &
72, RANKL BIn{IR I OF 7 EREIBIT, MOWEIE 2 INZ 72 THEID
BB bz, —J57 T, OPG BInT-JEBLI, control FF & b L TR 7338
B, BRVEIE ) & 1 2 72 BT RANKL / OPG Fr I35 72 56 15 ) 2 I 2 78 &
DHABICHEIN U, 2O BIEDHIERE RN, VG IES) Z i L 72 Tl
IS FE S, WRENAEML WD EEBEXbND, £2, ZOHA
IZRANKL/OPG ¥ 27 AAPDL 21T T7Ze <, B A FEFMEIZIB W T HIRBRIZ
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BAR T B L~V EB L OF X7 EIRBL L~V TRFIICHIE L7 2 L IT &
D, B A/N—E L RANKL ORBEE — 7 ICERERH L, ZOERNPLEA S

N EFAIRIE, FRWEEIEORMN 2 BERPE L, DAN—E8 B L3N
B L7-DOBHIC RANKL A S £ 5 2 LB S iz,

TahANR—Y 3 ) v T b~ AT, WEHIEGHINO RANKL %473
HAHEAMERER T, T ORSRFE S A E MRS T 5, S HI, AR
YU AL RBEFEULEY Y ZAOMIEN SO L~ 7 a7y — Uk
RAW264.7 & TRAP Z 5B, I A/3—F 3 HEAIOLBERIZZZILRD S
72T &0 h, RANKL OFFET L0 () Miaosskicix, 7 A3—E8 3
EEPVETH L Z ERHESINTND (21),

B ZAN—PLEFA] zVAD-fink 1%, &b HEIHEN SN 5 MIdE@ErE D A/ —
PIHEFITHY, 1IZFEAEOHIRICEWTT R M= A& ET L2 ETHDL
TV D, ARWFFETIL zVAD-fmk iIRINC KV, 5RWEIB ) T CTHEBLT L0 23—
¥ 3 BELU 8 BLUV RANKL DEIsF72 5N F /X7 E I B2 A IS L
Too ZOREFRIZ, 7 AR—EZ I L7z RANKL OFEEL) zVAD-fmk (2 L > TR
L7l ThdeELZOND, LML, I ANX—FBHEANZL Y I A —EEI=
FHBUL, FERRCHMAONTWVDHICHEDP ST, RANKL B FFBLO

FNIARFES TH o7z, ZNHDOHAIL, B AR—=F &4 720y RANKL OB

18



ERFET D2 2R LTV EHEHISND, £z, ZHb DM E LT TNF-
a B LW Notch & 7 F VD572 ENFL OMFE THE STV 5 (14, 22),
AL NEE, WREHEZE O KA TH D, Mk &5 F 22 S
Jat A NE EMak D E B AMEE XA > NEIZEIND, B A NEEH
fald Ay MEICHEL, MEERIIZAROMIEELZ 235, 26 O
X, NEER LT A Ml L OVEMIE & ZZB LTS (23,24), &
HIZEA S MEFEMX, 1 a7 —F 0, FATERCTFUoBIXOET AT AL
DL D I N v I AE R ENEMEOR S 8T T % (25), Hamaya
5 (7) 1%, PDL \ZHE#ET 2 BMIRO T R b — 3 ZAWVE RN & B3 2 Al HetE s
b LaWELTND, B A NE S BEOEDFHRLMEEZBET 5 L, [k
ORENEAMOE A > FEFEMBICEWTHLRIVELIZENEZLNS,
Matsuzawa & (26) 1%, BEMEIEIGEIZB N TE A Y FEFEMEO TR F— AN
ARMIIZ B 59 2 ATREMEN D D Z L A WE L TRY, KFEROT R F— R
& BRI & ORISR A IR STRFL TV

A R MR EIRRINOBEEICEET S ZERmbEN TN D, BEAL B
FHALOMAIIEIZ LV, ARMBEEN TERL 2D 2 & CHlRBINSEEST S 2
EMNEZ BHvh, Diercke B (11) 1X, B A2 FEHFEMROEBEIZ LD B AR—B 3

Bamnsgs s, 27 R b—y AEEBELEFORBRAZBINIE5
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ZEMBIBHEERRICEWNT, A MEHIRICZE T2 T A = A0 5
AL TS, AT, ERHEIEISHRIC X D BRI OBREIC X
STHERZ IS LG 27) SNTEY, 7y NOWFBE T R
EOFREIZIT D TRAP e () MILORE G2 58 L T\ %, A0FSE
2BV T, TRAP B AR X8R\ EES IE ) CHEZRBMDEE® Hivlz, LA
oz b2 A Y FIFHRICEBIT A7 AR = A0, wRWIRAEBELSED

FATREME DS AR FEDRERIZ LV IRR ST,

i F

AWFZETITE AV FFMIRICEBIT 57 A b= AR WA IETRRICE T H1E
R OF AN GT 5 Z LRSS, & A FEFMARIE, SRWEIEIZTh
A= 3 BIO 8 OFEAFHKL, TR N ARKEZIEHELSE, ZD%
RANKL ODOFEHLA NG 5 Z & TEE O oML & 75 S AR RN 2 185 &

RSN VIN Y SV W el
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Orthodontic
force

10g or S0g

Fig 1.

In vivo \Z3F % ta A B Eh A

EBARE —HR OBE 21T 5 72012, WP ERE (KS: 0.005 inch, EAE
1/12 inch, Accurate, Inc., Tokyo, Japan) % AT > L A AF— )L DOFEELHR KX
0.008 inch, Tomy International Inc. Tokyo, Japan) Ti&%k L, ESEMAIGIHIZ A —/%
—7R > R® (Sun Medical Co, Shiga, JAPAN) % I\ \EE L A BB A FHL L7,

%I (LR, control) ¥, EMEIES (LAF, 10 g) B, BWEELE S (LLF, 50 g) #E
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Upper first molar
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500 pm root (MP) root (DP)
Distal buceal i
root (DB)

Mesial root Distal buccal D

(VD) root (MB)

—

Orthodontic force

Orthodontic
force

Fig 2.

Invivo \ZB\T D BIEERNL

BRI — FHE O L (Mesial; M) RO HL &35 O3] (Distal buccal; DB)
ROFLNE ZAEATRREBEATT D& TRIFEIROUTLE 4 43D 1 O ERRE
B UTo, RENID OT7 Mz =4, S UE OBt K OMARMIIE, Zrisk
25 300 w m ARG 7 MNTALE L 72 fEi CHEE I T & 2 DB AR O L I THRET
L7, 7288, S B IERRR o RIE X EBRMMIC B 1 2 S oMk o514 % 5Hi
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L7,

Compression force :
(1.0 g/cm?* or 4.0 g/cm?)

Inhibitor : zVAD-fmk
(Caspase inhibiter :50 M)

HCEM cells

Fig 3.

In vitro \Z8F A EB|lE T v

B L7—e M A2 P IEMIIRASHIIE (HCEM) 73 near confluent (ZEEL7=& 2 A
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control FEDMIE CF Z AR, H/X—HTF A (0.032 glem®) OL#ET-, &
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mRNA FELZ %9 % Z-ValAla-DL Asp-fluromethylketone (UL T, zZVAD-fimk) D#2%E

B LT

H.E.

Control

10¢g

S0g

— root resorption

Fig 4.

Jrs PRAH AR AU YL kG SR (HLE. Y, X 200)

3 BED EBEAMIGE — F s OBAR (JEB M) oRBERRE 2 ~3, 50g #Eo&
A v NMEFREOBEMEOREL, S HEB L7 HBIZT 10g 3 X W control #
X 0N %E§F 7=, PDL; periodontal ligament, C; cementum, D; dentin, —; root

resorption, Scale bar =50 u m.
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X X —
= Y s P R S g
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Fig 5.
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Fig 6.

TRAP [5GV ERE i f AR SR D 3 BELL#L

50 g BEIZES 1T D TRAP IGHEM s MRS 7 HBIC T 10 g fE L LB LA BEICEE
ToHoT,
*P <0.01, significant difference when compared with the control group

TP <0.01, significant difference when compared with the 10 g group
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Caspase 3 B3R D 3 HEHL#EL

3HEMNS 7 HE® control £ & iz L 10g #£3 L OV 50g BEICBW THE R BN
DRO LT, S BT, BAN—E 3 OEMHEMEEIT, 3 FEBLXTCSHHD 10g
REL HHE L 50g BEICB W TAHBEENRD bz,
*P < 0.01, significant difference when compared with the control group

TP < 0.01, significant difference when compared with the 10 g group
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Fig 10.
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*P < 0.01, significant difference when compared with the control group

TP <0.01, significant difference when compared with the 10 g group
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*P <0.05, **P <0.01, significant difference when compared with the control group

TP <0.01, significant difference when compared with the 10 g group
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7 Z3—F 3,8, RANKL 35 £ T8 OPG ® mRNA HELZ %5 CF D g5

B A= 3 B I8 D mRNA FHZ, HF #EIZF VT OF #£35 L O control #F &
Ehig USEIN 3388 BTz HF BEICEB 1T 5 1 ZA3—E 3 B L8 @ mRNA FEHiL T
6 FERIZ 20T THIMAFE ® 5472, RANKL ¢ mRNA 78X, HF #£ Tl OF #tk
J ¥ control £ & bt LA B R BEINDER® 54317, RANKL / OPG thiX, HF #Elc kB
WT 6,9, 12 B L TN 24 IFfH T OF BEL W AR ZRBEIMNMBERD bz,

*: P<0.05, **: P<0.01, significantly different from the corresponding OF group.
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Fig 14.

FHEEBRICRIT D I 23— 3,8, RANKL & L T OPG @ mRNA F&H,

J AR—E 3 B L8 O mRNA HHLE, FEBHM 48 L C HI #EI23 T HF B
&L LA R 23R B ALz HI BEIZ 380 TiE, RANKL O mRNA 884
Nz 7R L7228, 6 Wi 70 & 24 BRI\ Cid HF B & Hl LA E 2D 235380 &
7=, RANKL/OPG Ltid, HI BECIX HF BE & i L C O BB L OV 12 Bl ©°F
BRI Hivlz, HIFETIE, HF B & Ebf L C 9 FF#TTRI 57%, 12 IFfH T
# 40% DA Z /2D D FRD BT,

*: P <0.05, **: P<0.01, significantly different from the corresponding HF group.
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ELISA HEIZEBIT 5 1 A/3—F 3,8, RANKL B L TNOPG D% > X7 B3 H

HAN—=F 3EBIONS DX X7 EFEAL, HF BTl OF #£35 X O control £ &
b U, FEZREMAFED b7z, RANKL O % /X7 B pEAIY, HF # Tl OF
BEL B LT 24 RIS W THBICHINDR RO Hil, B —2ZIZFELER, £0
"R 2D DFRD b Tz, FTo, HIEETIE 9~24 IefiICF W T HF BE & b L
AEZRBDO DR b,

(A-C) *: P <0.05, ** : P <0.01; significantly different from the corresponding OF
group.

(D) *:P<0.05, ** : P<0.01; significantly different from the corresponding HF group.
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1. TABLE LEGEND

Caspase 3 Fw: 5’-AAGGCAGAGCCATGGACCAC -3’

Rv: 5’-CTGGCAGCATCATCATCCACACATAC -3’

Caspase 8 Fw: 5’-ATGAGCTGGGCTGAAGCAAAC -3’

Rv: 5’-AAGACCTCAATTCTGATCTGCTCAC -3’

RANKL Fw: 5’-TGGATGCCTTGAATAATAAGCAGGA -3’

Rv: 5’-AATTTGCGGCACTTGTGGAA -3’

OPG Fw: 5’-AGCTGCAGTACGTCAAGCAGGA -3’

Rv: 5>-TTTGCAAACTGATTTCGCTCTGG -3’

Table 1.

real-time PCR @ cDNA ElFIGRE

1 A3—F 3, 8, RANKL, OPG 3 X O GAPDH ® PCR 77 A ~—% ZNZ1LD

cDNA B2l 22 L Caket L7,

42




