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Wnt7a inhibits through suppression of apoptosis in cementoblasts root resorption.
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Abstract

The goal of orthodontic treatment is to achieve aesthetic dentition and functional occlusion,
and orthodontic root resorption (ORR) is one of the most common contingencies.
Although multiple factors are thought to be involved in the occurrence of ORR, its cause has
not yet been clearly elucidated. Recently, it has been reported that jiggling is one of the causes
of ORR. In this study, the author focuses on cementoblasts and ORR, and examine changes in
apoptosis in cementoblasts and the expression of Wnt7a and ORR when the tooth movement
style is changed. In addition, the author examines the expression of Dickkopfl ~ (Dkk1) ,
which as a repressor of Wnt signaling, because Wnt7a may be repressed during heavy force
and jiggling.

In vivo, 6-week-old male Wistar rats are used to examine the expression of Wnt7a,
Caspase-3, and Dkk1 proteins in the ORR area of maxillary right first molars orthodontic
forces of 10 g and 50 g are applied to the teeth for 7 days in study 1. In study 2, the same rats
as in study 1 are used in the Jiggling (JF) group, in which maxillary first molars are
moved with an optimal orthodontic force, in the Optimal force (OF) group, in which the
teeth are moved only lingually, and in the Heavy force (HF) group, in which the teeth are
moved lingually with HF. In vitro, the author focused on the compression side to examine the
relationship with ORR, and applied 1.0 g/cm? group and 4.0 g/cm? group, while the non-
applied group served as the control group. In order to observe the inhibitory effect of Wnt7a
on ORR, the author added 2 groups, 1.0 g/cm? + Dkk1 group and 4.0 g/cm? + Dkk1 group, in
which the inhibitor Dkk1 was added to the medium, and compared mRNA expression levels
of Wnt7a, Caspase-3, and receptor activator of nuclear factor-kappa B ligand (RANKL) , a
bone resorption factor. In study 1 Wnt7a-positive cells are increased in the 10 g group and
the 50 g group, and Caspase-3 and Dkk1-positive cells are increased in the 50 g group. In
study 2, Caspase-3 and Dkk1-positive cells are increased in the JF group compared to the HF

group, and Wnt7a-positive cells are increased in the OF group compares to the HF and JF
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groups. In vitro, gene expression of Wnt7a is increased in the 1.0 g/cm? group, and gene
expression of Caspase-3 and RANKL is increased in the 4.0 g/cm? group. The gene
expression levels of Wnt7a in the 1.0 g/cm? + Dkk1 group and the 4.0 g/cm? + Dkk1 group
with inhibitors are decreased. Gene expression levels of Caspase-3 and RANKL are increased
in the 1.0 g/cm? + Dkk1 group and 4.0 g/cm? + Dkk1 group with the inhibitor.

Therefore, the expression of Wnt7a in the cementum decreases and that of Caspase-3 and Dkk1
increases when HF or JF is applied, which causes ORR. In addition, the expression of Caspase-
3 and Dkk1 is further increased in the JF group than in the unidirectional HF group, despite the
OF. Furthermore, the expression of Caspase-3 and RANKL increases when Wnt7a inhibitor is
added, suggesting that Wnt7a suppressed the expression of these proteins.

In conclusion, Wnt7a increases during optimal force, Caspase-3 and Dkk1 are suppressed,
and apoptosis of cementoblasts is also suppressed, thus ORR does not occur. However, the
increase of Dkk1 in Jiggling and heavy force may suppress the resorptive system and promote

apoptosis of cementoblasts, resulting in ORR.
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FEIEREHARIZ, FEWEY] BN E LG 2 L2 BN E T 528, MIE L L THEK
WNAD D, HERREEDH D5 ANDIEE A EITHROF/IMEDRTRD B RO 1/4 282 5 HEE
ORIBRIE EFEHR IR CTRIED 3 %ZBDHND PV, ZOREEZHRTBELG L TEBY 2,
ZOHERELTT LAF—EMEMMEREDEENRHHZ LY, HROFBERRESE A NED
S Y IR ORI | jiggling®” BT b D, BIEFHROBENL, #ElEICRs O TE
BREFEZGHNCRB T OREPNEETH L LEZXDLNTIY, RIS OME BTEHIIL, & 2T
BISAE AR O Bl K O L7 3G b S ZHTH 5 89 Hikida B 7 13 jiggling I3 F M E /)T
JEEH & SN AN DD T2, —HRIOFRWEEIE ) & i U, iR A S 2 Ll
L7z, FTIAGRHETIE, Wnt &7 )L & AR O BIENEIZAE B L, WntSa 25 RN A9 2

ZEERMLE Y, Takagi H 'V X, BIEHREHAE T O jiggling 7174 WntSa OIEMEAIZ L 0 Al gk 4l
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faD53Ab - @G Z et U, SR ORBUZES L T\ D algetE 2w Lo, Wnt & 27 F L3 JE
KRR OTEH AR I B W CEECTH 5 & RIRFICHRERINA FO—2E B2 b T 5 219 | Wnt

YA R ETHY, 19FEHD U H 2 KE L, LRPS/6 A, Ror HAIKD R D >0
BEEGERBRES LTS W, ZhOZERE Wit ¥ 237 BOFEEIL, B-catenin (K 1F1E
canonical #%# (T BLAYREER) & B-catenin FEKAFVE canonical #2138 (GFE & HLAYRREE) @ 2 FRIH DR
TR ATEMEAL 92 1Y, IR T Wnt3a £ 7213 Wnt7a & LRP5/6 OFEAIC L 0 B OEMEAL
ZATV, FEA R Tl WntSa & Ror2 OFEE I L 0 i E RiBKHIAL O Receptor activator for nuclear
factor-kappaB (RANK) TR DIEHEMNKL Z 572 &, B O v 7 F I REOEE > T 10

Wnt7a 1%, fILAETTY 7TV Z2IEMEET 2 2 L2 X D apoptosis Z 4| L, i B IZBWTE
FERRIR - & U CRMERIZERI D & B I~ D bIC B W TEEAEE A R L TWDH L EbD
NTn5 117 F 7 Wnt7a % 5 72 Wnt OFLER 1 CTd 5 Dickkopfl (Dkk1) (3 Hifa-<oH 2
MR & EAE S Fu, B MO I L0 B 2 E T2 L vwbiv Tk Y, Dkkl OFEHL
D> L WntTa OFEBINEEINT 5 &5 &SNS 5 2 LGS Tnad ¥ ) Minato 5 2 13
FRVVEEIE )& A v M EFRIRIC AR 5 2 £ 12XV apoptosis BAEIAFAME N L, HEARIKIN A2 FE L
SHLHZEERELTWD, EF, MO apoptosis [T HHIFUZ K Z RS 2 Z & AEE S
TR 2, Ay NE BRI CEEL LA RS A2 G T2 2 L 0nh, B A2 MEM
Jiel @ apoptosis A3 g W JE Rl 2 AR HE 3~ 5 RIREMED Y B D

INHDOZ E XY, Wnt7a lZ LY BEEES) T CTILERBWRINOREELINZ D Z EAHRD N,
TRV 20 jiggling DA 13 Wnt7a 2301 S 41 apoptosis 234 U, RIS FEAT 5 & ARELA
T, £ T TAMIETITE A & FEFIE & ARV FE /2 25 T, in vivo ([ZB W T 2 D 7
v N O FBEIET VA O THROBERA AL 2 CBREORR D IE 2 Am LTIZBRo+E A v |k
HEIIC 1T 5 apoptosis FEELD LAY & HARNLIL DRI SV THREFT % 72 WntTa, Caspase-3,
Dkk1 D% 737 FEBUZ SOV THREEHAMALFHNRTT 21T > 7o, & 512 Wnt7a & RN & DR
HEIZOWTIRETT 2720, invitro IR W CIEREE L M A > M EEMESIE  (human

cementoblast-like cells, HCEM) % f\>C Wnt 3 7 /L1t L Tl < Dickkopfl (Dkk1)



ZRIN L, Wnt7a & FEBUK T IRFD apoptosis (ZB1H# 32 Caspase-3 35 JL Ol HiAE D 23 L AE K] -+

@ receptor activator of nuclear factor-kappa B ligand (RANKL) DiE{nFFEUZ DUV THET L 7=,

MR X OHE

1. In vivo study
1) ERBWB I UEERME

FED: 72 BAD 6 M lis > Wistar REEMET ~ b, HFFEQD:50 B 6 # i > Wistar REEMET » b 2
W, FFREO@ & b I HAK AR T o B EBR G P B SR8 (RO « A&RE 5
AP20MASO14 5, #f7E@ : AGRE 55 API3MDO003 =) (W FEBRETT- 72, MEHHITEAK
PRI EREYE 4 —D SPF 7 U — T v 7 NTITV, BERREL Bkl fokhbkzs
5

T =V X TIE L2 b Oz L7,

2) WFBHETN

5@ 7 v M3 FREAGREPEE (AT NIV y, IXY T A BABT MV T 7 ) —
V) EFEPENTES L7z, Asano B 2V OFIEIZHEVY, RERREE IS C EBAME —FHEIc=y 7
NWNTFH L af VAT Y o F (KRE:0.005inch, [EFE 1/12 inch, accurate, Inc., Tokyo, Japan) %
stainless steel (SS) fE%k#R (KX 0.008 inch, Tomy International. Inc. Tokyo, Japan) THEOY, BRI
ZHTH &R A TYHZAR O OBE 21772 (K1) . BIEHZAR LW REE, BEEED
(10g) B, EITRNEEIES) (50g) BEZAM L7 3BECHBEL, dOBEIZ 1,3,5,7 HE T-
Too T2BHDONERIE, 1,3,5,7 HEEIZ 6 BAXFBRAE 3 HE L LTz,

8@: T v M3 FEIRA M2 BN S LT, Hikida B 7 OJFEICHE,  EBEMm I

FIl OB 21T 9 72912, WMABEIEEE (H£:0.018 inch, SS #%, Tomy International Inc. Tokyo, Japan)
ZUERLL, ESAMAISE —F# & SS #E%k#R (K &:0.008 inch, Tomy International Inc. Tokyo, Japan) C
FEEk, ERAMIEIIZ A — 78— > R® (Sun Medical Co, Shiga, JAPAN) % HWEE L7z (X2),
SPHERE, EEMEIES (10g ) (Optimal force : OF) #f, 58MEIES) (50g ) (Heavy force : HF) H,

BiEES (10 g ) T EFHMEIZE — A 2 85I B ICHEE T 2 jigeling (jiggling force @ JF) Ff
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DEF 4 B3, 1o J5a1E, OF 38 X OVHF BECILERl (DZFA1) Jm~, JF BECIE &M, SFfa &
7 BRI H MR EZIT > 72 (X 3), RTFRBEIEEIEE OAIT -7, 50 BHOWNERIE, *HREE S 54,

SEBRE 4550 (7, 14,21 HARIZ SEAXFERREE 3 /F) & L7z,

3) EAER

WROIT A BE 1,3,5,7 B, FEQITE TBE 7, 14,21 BRICENZENT v & 3FES
RIS CURIBRER L, EFREIEK & 10 % MEEE AL~ U o CHEREE L7z, E3EEOAHAH L,
10 % HPEREE AL~ U T 4 °CT 24 BeHRTEE E#, #8410 % EDTA IR THEIE T 1
A BRI 24T o 7=, BLIKTR, BIEICIE-TNT 7 o iy a v 7 Z2ERL U7z, MEAEHE 2R
Iz 587> 5 300 um OFGFH TREMTH THICIE S 4 pm CElfinIc ) L, Sz 1T-72,

F7ED: BEEALIL Kikuta & 22 OFEESBIC L, ESEANE —EHE O 1/4 O JEER T,
POERO L (M) L3E BRI O (DB) %558 & Z AU TR 208 TR S A 5 el
& LT, JESEEMEE T 200 FIc TR L (K1),

WF7E@: BIEERALIL Hikida” 6O F kA2 2B L, ARSIl omEO D ER A2 8122, NE
I EEARETE 2> 5 300 pm AR I E T2 TA fElg) , AR T REEAETEORIA 150 pm 725 300 pm AR R
flE <% BEML) & L7 (K4), ZHuk, OF B LU HF BEICIRWT TA BEI (3l 72 %
—J7, [B#ElR) 1XFEF M & 7205, JFRHCRBWC 7 HBIXOF BELABETH D2, 14 HERB LU 21

HBRIZBWTIEAN & 2= R 5,

4) M LFRaR X ORERERIL SR e

MEODL biz~~ h¥v Vv - oAV ERG (HERG) X, REOBT7 7 0 1%, #@
BT THT o 7o, SIS L9 IE, EBIOM T 7 ¢ 1%, FOIR13 0.5 % b KSR A &
J = VEIRIZEIR T 30 RS S8, NRES LA v X —BRIGDOREETT> T2, SO,
tris-buffered saline (TBS) TUE L, —RPUIKAZ =R T | FFREIRUL S 72, —RBUKITIZ,
polyclonal 7% % Wnt7a HFi{& (Abcam £, USA: 7B 1: 100) , polyclonal 7 FH

Caspase-3 $iif& (Cell Signaling Technology, Inc, USA: A BRf53 1:400) , polyclonal 7 # X #$1 Dkkl
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PUi& (R&D Systems £, USA: AR5 1:100) & A 7z, KIZ, ~IRPUAKIZIT Histofine Simple
Stain MAX-Po (multi) kit (Nichirei, Co, Tokyo, Japan) ZfEf L, 7' v k23— /LW G LTz,
K-Y) 7 13 tris-buffered saline (TBS) “TPEf L, 3, 3’-diaminobenzidine tetrahydrochloride (DAB:
Merck Kagan, Darmstadt, Germany) (ZCHEE, ~A v—DO~~ h¥ T U Uiz O TRt %
1TV, Toba—b « F3 LU RAVNTTHAB XOEMEITY, ~U =W TR A%ZTTo 72, %
7o, Btk br— & LT, Bz BEMias Lic, B bre—r e LT—REUAD

RV IZ TBS Z V-, BB I Y ST 2 B & L7,

5) Wnt7a, Caspase-3 72 & NZ Dkk1 DMKl

7ED, @& ISR O el Image] (U.S. National Institutes of Health, Bethesda,
Maryland, USA) % W CTIT o7, BRIEDNE 420 um , HARBEO fifE 60337 um? LA L % B O pE R
&L, BSR4 A v N EE T OB IER A R & Lis, SREOEHE AR L,

el ke L7,

2. In vitro study
1) HCEM O#fifiasss
HCEM XY B0 H SR (LB KRF) »DEZ S, HCEM OR#EE, Kitagawa H 2 D J5
EIZHEVY, a-MEM (Wako, Osaka, Japan) (Z 100 pg/ml ~<=3/VU -G (Sigma Chemical Co, MO, USA) ,
0.3 pg/ml 7 737 U 2> B (Flow Laboratories, McLean, VA, USA) , 10 %7 A& R 1M  (FCS)
(Cell Culture Laboratories, OH, USA) 35 & O 50 ug/ mL DFfifig 7 > % ~ A > (Sigma Chemical Co,

MO, USA) ZiRA L7z Hv 37°CTHE LT,

2) EBEDDOEA
HCEM (% 10cm dish 12838 X & 7.0 X100 cells/well 725 X 9 IZ#EFE L, near confluent (273 - 72 I 55
T1%FCS &4 o MEM 5 H#IICZE 5 L7=, Yamaguchi & 2 O JF¥EICHEVY, 80 mm DB /X—H T A,

S HIZFED B E Tt 5 2 & THIBZIZ A D5 138 7] compressive force (CF)  ZFIL L7, &
8



1B J1% B L7eW (control) B, /T /) (1.0 g/em?) B, 5EWEIET] (4.0g/cm?) #EE L7z (X

5 .

3) Wnat7a fEEZE (Dkk1) DN

Wnt7a PHEFERIL, CF AT HHIZ, Wnt OIF L7 % —LRP5/6 DU R THD 150
ng/ml @ Dkkl (R&D Systems ft, USA) ZIEHUZHFINT 5 Z & Tiro72 2,
SIEINC K DEIBT)E T T b O % control B, 1.0 g/em? BEIZHIN L 72 H D % 1.0 g/em? +Dkk1

B, 4.0 g/em? BEICIRIM L7 b O % 4.0 g/em? +Dkk1 BEERE LT (K5)

4)  Real-time polymerase chain reaction (Real-time PCR)
RNeasy Mini kit (Qiagen Co., Tokyo, Japan) % {#1 /] L total RNA Prime Script™ RT Reagent Kit (Takara
Co., Shiga, Japan) ZH\\ T 1 k =2 —/LIZHE > T cDNA Z/E#L L 7=, Real-time PCR X SYBR Green
[ ZHWeA o b— & —{EIZTTIT 572, Real-time PCR |X Thermal Cycler (TP-800 Thermal Cycler
Dice; Takara) {ZCT1T\, PCR K% DNA 2% 95°C T 5 B, 7 =—V > 7B L UMhE% 60C
T30 #of A& 40 A 7 VATV, Wnt7a, Caspase-3, RANKL OB TR EDOMRF 2{T-7-, AL
72 PCR 7'7 A < —I3 DNA Fi%l Z %5t L7 b D % Takara tE0> bZFEGRHL LTz, £ EHLD cDNA

Bl AL TRt LT, 77 A ~—BAIEER 1 ITRT,

3. BrEHaLE
4 FEM O 72O gl Kruskal-Wallis 2 E TITVY, 2 BEM O FL#Z X Mann-Whitney U M2 E %17 > 72,
EKUENT 3 BERITIX f: p <0.05 BELWY +4: p <0.01 & L, 2 BER Tld*p <0.05 K U**p <0.01 & L

7o WEHIHTIZIZ SPSS (SPSS version 28.0%, IBM Japan Inc., Tokyo, Japan) % Fu 7z,

R
in vivo B9

1. OBENZ I 2 AR E L OME R L (HE®)
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72@ : WOBE) 1,3,5,7 HEZ OB T, SHIREEO# AR, iy 226 A ks
FORMESE IR 2 iR Btz (X 6a-d) . 10g BED 1,3,5, 7 HAB LW, 50g #Ed 1,3,5 HHIC
BWTHRERICEL I 2o (X 6e-k) . 50g BETIX, 7 H BIZBWCHEREmIZ IR
WL L, WIERIZ A DOMIB TR B, WRBINEITE A MNEAORFEE ThATWiz (K
6l) .

WHEQ : XHIREED 7, 14,21 HE TA, BEEI (CBWT, WIRKRHE DO A > MED G EREEIZ
3o THAREITTANS AT 2 MAEVERS B f ik & SrMESF I 2N 80 BTz, HREFmO® A~ MEI
W 22 2 B L Cnis (1K 7a-)

OF #£ 7, 14,21 A A TA, B 8 (T3 TRAEMERS S FLAR & BUHE I O E1TIZABAITH
ST, WIRFHEO® A > MEICEEME () Mz STERRIEIRmo biknok (K
7g-1) .

HF Bt 7 B H TA 8 128\ T, HIRFEICEEME (H) M, EREIEN RO o (X
Tm) 14 B H CIEBRRRIE R 2 M (K 7n) ,21 B H CIXS IS E (F) Mz s
TR FE E CET L ERRIEN ZHRD iz (K 70), BREK B\ T 14850021 HHA

IRRHENE R O kB & BRAESE I O TR LT () 7p, 1),

JERED 7 HE TA, Bl (23T, OF BE & [FARICHUHEMERS G ik ds K ORI O &1 T
IARHAITH o720, WIREmE DO A > NMEICEEBE (1) Ml Zz & TR IE 13580 B i7ei»
o7 (K 7s,v), 14 BB TA,BEK ([CBWTIESEME (F) Miaz 5 liRRINE» RO 5

v (X7, w) 21 HE TA B IZBWTEEREO b (K 7u,x),

2. Wnt7a, Caspase-3 72 I ONZ Dkk1 O 50 (AR L2 e 4

FgE@: XFRREED 1,3,5,7 H HIZEW T, Wnt7a 3 L O Caspase-3 BEERIARIZIZ & A CRRD B
2otz (M8,9a-d) . 10 g FECEWT, 3 H H2 BLARIFIIIC WntT7a B IAOF L% < 788
53, Caspase-3 [HIEAIIEIXIZ & A ERD BN -7 (X8,9-h) ., — 5 50g #ET,3 HAIKIE
Wnt7a BEPERIRR 2GR 8 HAVTZ 23, 7 B BICIERRIRIGHALICIXIZ L A LB b e h o7 (X

8i-1) , F£7-,50 g BEICISVNT Caspase-3 BrtEilifians 3,5 H HIZHBLL, 7 H BIZIXEARWIGRALIZ
10



bt b (X 9i-1) , Dkkl OGMEMALIE, *HFREE 10 g B, 50¢ #£0 1,3,5,7 HHZ@L T
BEINEN,3HATIHI0g HBIO50g FECTEZL<RBOBN, S, 7HBIZBWTIXS50g BT
IHICZL@BEOH L (K 10a]) .

FIE@ : Wnt7a BEPEMARIE, XFRRRED 7, 14,21 HE TA, BfElk) ,HF B 7,14,21 HE TAH
) JFRED 14,21 HE TAfEE] 3L V21 HE BfEE) IZBWTIZEAERD NN T

(X 11a-f,m-o,t,u,x), OF #EIZH WV TIX7,14,21 HHZ@EL CROON,7 HED [A B (1
TEL@BO LN (K 11g1), HF #0 7,14, 21 HH [BfEE) 2B W TSR (K 1pr) |,
FEIZBWTIX, 7HHEO TAfEE B3X0V7, 14 HEHO BEE] ICBWTBIESN, 7TREOD TA,
B fEl] I TEL@BO L (K 11s, v, w),

Caspase-3 PP EMIARIL, XTHEEED 7, 14,21 HE TA, BfEIK) ,OF D 7,14 HE TAfEIK] BX
U'7,14,21 HE [BfE) ,HF #0014 HH Bk ,JF#D 7 HE TA B 2B\ TiZe
AMERD BN hoT= (K 12a-], p, s, v), OF BEICBWCIE 21 BHE TA fEik) RO 57 (1K
12i), HF 0 7,14,21 A H TAGEI) 35X 014,21 BA® BAEM] THROHSHN,21 HED TA
) 2 TEL@EO LN (K 12m-o0, q, 1) ,JFHIZEBWTIE, 14 HHO TA, BfEK] T b,
21 HE® TA, Bk 12 TEL<RBOLNT (K12t u, w, %),

Dkk1 F5PEMAE L, *TRERED 7, 14,21 HH TA, BfElk) ,OF #E» 7, 14 HE TA fHlk) B L OV7,
14,21 HH BHEMG , HF #£0 14 HH B#EMY ,JFHEO 7 HE TA, B (W TIZE AL
Lol (K 13a-l, p, s, v).

OF BEICBWTIX 21 HE TAfE) ([Z@RD b (¥ 13-), HF#ED 7, 14,21 HE TA Ik
BELOU14,21 HEO Bk IZBWTRD B, 21 HEO TAHEE <@l (M
13m-o0,q,1r) ,JFEHCEBWTIL, 14 HED TA,BEIK] IZBW RO LI, 21 HEO TA, B f#lk)

ICTEL<BE D LN (K 13t,u, w, X) o

3. Wnt7a, Caspase-3 72 5 (NZ Dkk1 BEHEHI SR o & BRI

11



WFFE@ : Wnt7a OFSEMEMRIL, 5,7 HED 10g FERZBW TR IR L ON50g BEE i LT
BEICHIN U, Caspase-3 DFEMEAIINERI, 50 g BB W THBIFB I N 10g BB LTH
BICH L7z (X 14a,b)

Dkk1 OFVEMIAESRIT, 3 H H CxIMBREE LI L 10g BL OS50 g REICCHEICHML,5,7HAE
WZBW TR XN 10 g BEE LB LT 50 g REAFERICHEM L7z (X 14c) .

7@ : Wnt7a OFERIRLSEIT, OF B [A, B fEI) , HF #F [A, B #HI , JF B B fHik) 108
WNTC, RTBEE & il LA BN 280, S HICHF B TA, Bl (T8 W T IFRE TA, B il
LHE L, AEARBINNED Sz (K 15a), Caspase-3 OB PEAMI=EE, OF B TA $8l%] , HF
B TA, B fEM) L JFBE TA B i) (TBWT, SRR S WL LA BRI AR, S HITIFHE TA,
B fHI (2R T HF B TA, Bl &L, AEREnailo sl (X 15b), Dkkl OB
AEREERIE, OF #¥ TA fEl) ,HF Bf [A,B fHlk) ,JF#E TA, B 8l (2T, MR i LA E
IRHEINAE R, S BICIFRE TA, BAEE (CB\WC HF B [A, BHEIR) &L, AR

oz (K 15¢),

in vitro B3t
1) HCEM T® Wnt7a, Caspase-3 72 & TN RANKL OELEFRIITKT 5 CF D

Wnt7a OBIRTHBLE, 1.0 g/em? BEIZI5U T control A & bhils LU, 3 FEf#0 HAREICHINL, 6 FF
MBI E—7 2R L2y, 9 RE S AR L=, —J7, Wnt7a O s+ 581, 4.0 glem® BEIC R
VT control BE & i L, 3 B2 HAEICHA L7z (X 16a) . Caspase-3 OESFHRELUL, 1.0
g/em? FEIZFUNC control E & LL#EZ LEEAN L 7=, 4.0 g/lem? BEIZISVN T control Af & il L, 3, 6, 9 HFH]
BRICHBEIHEML, =23 6 K% Th o7z (X 16b) . FE72, RANKL OBIEFHBLE FERIC
1.0 g/em? HEIZ IV T control #f & bblg LIGIN L7, 4.0 g/em® #EIZI51 T control #E & LL#Z L, 3,6, 9,
12 BERRZICHI L, 12 Bifd%ice—2 2R Lz (K 16c) . —77, control BETIE Wnt7a 8L

Caspase-3, RANK @ mRNA FHLUZ KR & 22 0ITRD btz o7 (K 16a-c)

2) Wnt7a fHZEH| (Dkk1) 7% Wnt7a, Caspase-3 72 & T8 RANKL &&FDRBRICKITTHE
12



Wnt7a OIEfR -5 BT control B & Fifz L, 1.0 g/em?® + Dkk1 Ff35 X OV 4.0 g/em? +Dkk1 B Tl
iz r L7z (X 16a) . Caspase-3 OEfs R ELL, 1.0 g/lem? +Dkk1 #f (235 T control £ &
i L CHIN L, 6, 9 FEM#ICA BN L7, 4.0 g/lem? +Dkk1 EEIZH5U T control £E & LLER L, 3, 6,
9 R ICAEIZHI L7 (K 16b) . RANKL O 7B 1.0 g/lem® + Dkk1 £ 1235V T control
FEL bR LN L, 9, 12 BERICH BEICEEM L 7=, 4.0 g/em?+ Dkk1 FE(Z330 T control £ & bhif

LCTHIML,3,6,9, 12 FEfEIZICAEICHEMM L7 (X 16¢) .

=z £

ARFFEDFERD B in vivo HFFEOTIE, 50 g BETITRIHEEEL 10 g B & i L TE < DEE O
5 () MROREBZ2ROT-, £z, M@0 HE Y28 Tl Hikida 5 7 & [FIRRIC, IF BER
FOHF BED TA G T21 B BIZT TERKEOSEME () Mg & RN OB
MO BT, TAUTIRVWEIE NI X0 MBS 2 20 () Milasst A MEZRINT 2 2
AT X DRI T B &\ ) A 20 AT DR TH o7z, Bross H 27 [ 3EHIMCTE
MG IE S 23 BT S 4L 5 jiggling JNICIRBW TR ET) Th > Th HERRLIN Z 4K 2 &3,
HLTEY, AT HIAEERIC HF 3L 0 JF BECHBRIN OB BEE S,

FEOTIE, BIENZAMLIZT v hOoE A NETIH10g B0 3,5,7 HE T Wnt7a [
PERIRAN 2 <GB8 BT DIZX LHBIIEITIZ L A CFE O BT, 50 g BRIV TIE Wnt7a B
P2 2345 H 4 Cld LRI S 2 < Blgg sz, S BITHFZE@ Tk 21 A H o OF #if

(A« BfiElk] (23T Wnt7a Bl o £ 3o B & buise LA TEISHIN L7273, HF B, JF B OJIA
2 LTz, invitro IZ8)N T, Wnt7a DIE{SFFEBLE 1T control B & FLEE L, 1.0 g/em® #E T 3 Iy
%A REICHEINL, 4.0 g/lem® BETIE 3 RFHIBLBEN S LTz, ZNHDZ L BEEILE
)% B LT T Wnt7a 288000 U AR N 230 S 40 % 125k L, 5ROEEIE )P jiggling /)%
A L72BETIE Wnt7a 2300 USRS 3BT 5 &\ 2 5, Hwang 5 17 1%, Wnt7a [ZBIHi#EK
BHII D apoptosis ZFLETH Z L AR LTWD, F72, Wnt ¥ 7 F LT HLE N O B-catenin D Z
PNIBEREFET D LICRVBETFRERAAHIETL 2L MbNTEY, ThaRESE

~ 7 A DO HHRE TlE, RANKL / osteoprotegerin FLEE D TTHEIC L 0 M E ML OTEMEN EF L, R0
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BRI MBI S5 EWIE STV D 19, 21 WntTa S EEFEE /) & AT LI2BRIZIEE 2
> NE D apoptosis & FLE L, SEHRWLIN A FLE L7223, jiggling 71 % Afr L72BRIC 1T Wnat7a 23 )il &
N5 Z & CHEMIRATEYL ST IR RH Lz L b s, T4, 6 - JEYE - B R
PEIR7R & OPIET Wnt7a OAER - Th 5 Dkkl FHELOHMMNHE SN TER Y, Z ORI OHN
TRBEIR AR EEEL TS EEZ LN TS 2 | KiFFEOTO Dkk1 BtEfleiE, 5,7 H H
BOWTHRWEIEAFICEWTHBISHEM L., £72, MH7EQ@I2k1T % Dkl BIEMIEE, 21 H
HIZ3UN T, OF Bf & Ll L HF B LUV IF BRI W TH E RN Z 780, BRI 5 b 2 <
HONTIF BV TR O ZBO LN, HIZEO, @DOREFRIZ LY, DRk B d 58 B3
RGO HEL L B LT\ D &2 b, £72, Dkkl & Wnt7a O BRI O R BT % 5 HER %
L, BRUWEBIE /X0 jiggling /1% Aff L72BRIZ Dkl 28 Wnt7a 2 fHE L T\ 5 &2 b b,
BRIZ in vitro 1245V T DKkl Z @900 L 72 RE Tid Wnt7a 2380 S 7z,

F 72 Wnt7a & apoptosis & il Ml TE M & o B2 DU T Caspase-3, RANKL #BL 2 et L 72
FER, FEOICBNT, SRR XN 10g BEE LEEIL, 50 ¢ B 3 H B T Caspase-3 FEAHE A
FELL, RIS T H B T RBO b, IFEQO R EER LU OF ff & it L HF #%, JF
B 7 H H TS HELL 21 H B TGO b, Invitro Tl, Caspase-3, RANKL i
{5 FEB1T, control FE & HLil L, 4.0 g/em?, 1.0 g/em? + Dkk1 #f, 4.0 g/em?® + Dkk1 BRI W THIMN L,
RANKL DOEARFFEBUZTI W T HEM L7,

PLEX Y, i IES) %22 7B Wat7a OFSBLAME I L, Dkkl OFBLIHINHI <41, & 2 >

2D Caspase-3 A 4T L7z apoptosis 23| S, & A NEDOMEIERAMEES D Z LT

AR DR AE 2 M T2 Z EREZ DD, L L b, jiggling 7100\ VG 1E ) 2 A L 72
BXI21% Dkkl ORBEHNNT 5 Z L2 XY Wnat7a DOFEFAINH] S 4, Caspase-3 %1 L 7= apoptosis
DOFEHFEIN U725 R, RANKL 238800 L, IRWINA L S FEE LT L WD ATREMEDN H D, Fio
DA NEEETO WntTa OREBLOMEN I A2 AUZ AR LU OFAE AN S 2 ATREM: )3
b%, THIZXVBIESNOAMEC Wit7a 2RI S5 2 & TERWILZ D S5 aTREME S

Ab%,
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L2, Lan & 2 %, Wnt7a OIBFEIZEHLIT apoptosis Z 425 Z L2 L 0 IEH AR 2/ L
TP R D AR L IR APRET 2 L EL T D, DI &b, WntTa DFREBAE L <
N4 % & apoptosis ZHNMSED E WO WD E 2+ 20 RelE b H D72, 4% S bR HMFTD
KR H D, £, Li 630 1%, v v AEIFEMRAMIE RS £ OWIREEZE S ML C TNF-a LB X
D ,Dkkl DX 2 X7 E L~V REICHIR S D 2 & 2 502 L, BMP2 #FE M E Ai SRR AL 23
DKkl (Z &2 Wnt 7 F /L DBEEMN, RANKL 24T L72ieE g 2R+ 25 2 & b ST
W5 3V, F7-,Dkkl 24 L7 apoptosis I% Caspase-3/7 /7 L CT/EAT 2 LS ClY 32,
Caspase PHLEA| O FHIZ & Y, Dkkl %41 L7z apoptosis Z A C& 5 Z L 2R LT 5,

INbDZ LY, BEBENZAMNLZEIZIEEA FETO Wnt7a OFEILEINL
Caspase-3 DFEHNAD Lt A > IO apoptosis 2SN S AVERWLIIEIEE LW, JRVE
1EJ1 % A L72BRIZIE Wnt7a O FBLA% Dkk1 OFBLC L 0 fLE 4k 2 > R M0 Caspase-3 &
4t L7z apoptosis 2MEME L, RANKL OFBLAEINT 2 Z & TR AR ENEL L, sARVIN 235642
T2 EBZZOND, £z, Tiggling JJ1E,JAHIPH R RAE 4 5] #2372 Dkk1 OF BN L, Wnt7a
DFBPIRIMF SAD Z IR RN A S HIZRBLLIZZ E&E 2 6D, 72 WntTa (T
apoptosis FEHBLNHI 72T T < ZERI MR OE A NEFRKOIREER A2 H 35 Z L RHE I
TS B Z L, SH%EERICIO TS THARBIZE S L Wnt7a ORBABIICT D Z &1

£ 0 AR DFE A AT 5720 T, I L7 IR DEE S TE 2 aREENE 2 b D,

AIFFEDOFER NG, BB IENZBWTIE Wnt7a OFBUZ L VA NERBPEN & 720,
Caspase-3, Dkkl1 2l &5 2 & TE AV FEFMROT A b — 2 B S 4, BRRIIIT A
L7gmoiz, —77, Jiggling P88\ VEE IE /11280 Tk Dkk1 238800 L, Wnt7a 23401 S vt A > 3
ML COT AR b —V APMEE S LD 2 & THEARBINAFEA T D ATEEMEN R ST,
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BESENOS

Fw:5 - GCACCGTCAAGGCTGAGAAC- 3~
GAPDH

Rv:5 ~TGGTGAAGACGCCAGTGGA- 3

Fw:5 -TGCATGAGTGAAAGCCTACG- 3~
‘Wnt7a

Rv:5 -TGATGAAGAGCCTTGTIGIGC- 3 ~

Fw:5 ~AAGGCAGAGCCATGGACCA- 3

Caspase- 3

Rv:5 - CTGGCAGCATCATCATCCACACATAC- 3~

Fw:5 - TGGATGCCTTGAATAATAAGCAGGA- 3~
RANKL

Rv:5  -AATTTGCGGCACTTGTGGAA- 3~

# 1 real-timePCR CHEH L7727 T A ~—
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Bar; 50 4 m
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M) L@ EMEROF.L (DB) &M S ZAUCERERR TR S D8 E Lz, K&
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R & ER%E
RA—R—R F® T CHEERE

0.018 inch Stenless steel

FEBRRRICT
FB—HE L EREER

7THIC—EDRIET
EH (S>) &Em (mp)
REWCEEN®E X5,

X ORWEBIENEE, EBEB/EHRET
EREFEMOALBEN RS 2T,

X 2 WF7E@ Jiggling €7 /W2 X 5t A )

WFFe@o W FBENY, 7 U K~V o7 ZARERE (EA 0.018inch, A7 L AfT (¥ —) %
FAWT, 2L RS —F M E A 0.008 inch D AT > L ABGESIR CHRERL U tE B8 L7-, %

—H#Z 10g E£721350g ONTEM (AFM) E2ITHEMICBE S 7.

H

21



N EL G| o EVIEE, G R

Tl

Control #f —
Optimal Force(OF) #f |nummeeeeememmmm 1 = {12 E —

:10g
Heavy Force(HF) ff |nupmu s (1 464 )9
:50g

Tiggling (TF) M [ s o TN ate— 0 LS5 m—)
:10g

0 7 14 21 (days)

3 QDA YV 2 —)b

XPRRRE, FEEIES (10g ) (Optimal force; OF) #f, 7RWEEIES) (50g ) (Heavy force; HF)
R, EWEIES (10g ) O Jiggling (Jiggling force; JF) BED 4 BEICHME LT, DD IFHICHONT
I%, OF 38 KL OVHF BECTIEEM (D2 JHFm~ JF BECIEEMN (DZ=0) , s e 7 AMEICH

ML 21T o> 72,
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Mesial palatal root

(MP),

Distal palatal root

® W

Mesial root @
o) / C
Mesial buccal root
(MB)

Distal buccal root

(DB)

i
=

Height X Width
=400 um X300 um

(mE 3]

— Bar =50 pm

Bar; S00pm

4 WIE@OBIEIAL & 3 RN

BILEEBALIL Hikida DO FEESEICL, EFEEME o0 0 ERABIEL, 12T
225 300 pm AR E TZ TA fEiEk) , R RREETE ORI 150 pm 2> 5 300 pm HRIHIE T
 [BRE) & L7z, ZhUE, OF BX O HF BEICHWTC TA 8l 1M 725—J5, [BHHE
B TG E 2D, TFRECB W T T HRIZOF LA THL, 14 HEB L2 HAICE

WA & SRR 5,

DP: 0 2R, DB: /O I4R, PDL: #ARMK, bar: 500 pm
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Compression force:
1.0 g/cn? or 4.0 g/cm?

| Inhibitor: Dkk1

(Wnt inhibitor)

HCEM cells

X 5

5 Invitro TOJEBEMET L

HCEM % near confluent (2725 F CTHiB L7k, W A=A 7 2% RIZiEE, BitE)) (1.0g/
em?) FIFTTRWERT 4.0g/ecm?) B D XD a#E W CTAR Lz, EBDCkd 2
Wnt7a, Caspase-3, RANKL DB{EF B EDOE(LAE T T,

%72, Wnt7a BHEHFITH 5 Dkkl Z# WML, JEB Ik B REEAZ I L7285 O WntTa,

Caspase-3, RANKL D& (s 3B EDO L2~z
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Results (H.E.)

D: Dentin,
C: Cements,
P: Periodontal kgament,
Bar: 50 ym
Control £
10 g #%
50 g #F

B 6 HFFEOICI T HPERMR A (H. E.44(1x200)

bar=>50 pm, P: $ERME, C: & A > NE, D: GHE

SHEBEIO 7 HBIZIE, #EEREICZEONERAZ2RINEIBIE S, B L O
MRaBIEZR STz, 50g BETIE, 7 B ISR EASE I B, WIS ) BlEE

iz, BRI IZE A v NE ERFEIZE TRATUVE,
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Tdays 14days 21days Tdays 14days 21days
(=]

Results (H.E.)

D: Dentin,
C: Cements, s
P: Periodontal ligament, Aarea’.
Bar: 50 pm

El:l:m:dimcﬁm

Control#f

Barea

A area

B area

7 WFE@IZEIT DB AR RO (HLE. 42 £ X 200)

OF B£D 7, 14,21 HH TA, B HI] 123\ THRGHEMERS SRk & SHEF IR O EITIIRRAITH
ST, WIRKHE O ® A > MEICEEME () M S Ll iRRIGE TR bhies o7z,

HF #6,JF BED 7 HH TA fEEL (T3, EARKEIC S () Mllia & f R, S 1
PRARDRIL A 033850 B, 14 B H CIIBRRILILER A3k 2 (28900, 21 B B CIEE HIC SR ()
% G LR FE E CTET 2 WRBINE NS HER O bivl, JF #TIE, 1B ik @ 21 HHIZBW
TH AR ER 2B B LTz,

bar=50 um , P: SARMEE, C: & A v NE,D: SHE,
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Wnt7a

1 day
D: Dentin y : ()
C: Cements, SRR S
P: Periodontal ligament,
Arrow head: Wnt7a positive cell,
Bar: 50 ym &
Control ##
Zpiic D
(e)
10 g #%
PC D
()
50 g #F -
PG D —

X 8 WFFEOIZEIT D WntTa OFRiEiiikib 7 (x200)

SRRETTIE 1,3,5,7 H BICIE Wnt7a BBPERIAIZIE & A CBIE SN0, 10g BETIE 3 HE

HRRRFIIIZZ < @ wntTa BRI BIEZ S VD, —7,50 g BETIE 3 H HIZ Wnt7a BHEf A 23 81

BINDHM,7 HEOWERWIGTIZIXIE E A EBEI N2,

Arrow head : Wnt7a FEPEAAE, bar=50 pm , P: HARIE, C: B A NE. D: 2FE
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Caspase-3

1 day 3 days
D: Dentin, . B : -
C: Cements, @ vaus! * Rb).l“ e
P: Periodontal ligament,
Arrow head: Caspase3 positive cell,
Bar: 50 ym
Control ##
. C D p C D
skt (5. 2 ®
10 g #¥
P96 D S e
B o RE WIFET
. . T : R
; -
> > o
CD_ PCD_ ..‘FCD_ P €D —

9  WFEOIZHIT % Caspase-3 DFERRR LT Yt (x200)

KTFRRETIX 1,3, 5,7 H BHIZ Caspase-3 Bt EMIRITIE & A EBIER SN2V, 50g BECIZ 3,5 HA

\Z Caspase-3 FEPEAIAE 2SN HHEL L, 7 H BACIZE RN GEIIC HEIZ S D,

Arrow head ; Caspase-3 B ERE, bar=50 um , P: #RMEE, C: & A > NE, D: RAFH
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Dkk1

D Dentin_

C: Cements,

P: Periodontal ligament,

Arrow head: Dkk1 positive cell,
Bar: 50 ym

Control #f

2110 BF2EDIZ 31T 5 Dkkl Ok 7Yt (x200)

Dkk1 BPEMIEIX, 1,3,5,7 B BICKHREE, 10 g B, 50 g BECEBIZSN D2, 3 HEIZIX 10g BEE

50g BEC,5S HAL 7HHAICIZS0g HETL WL BESINS,

Arrow head: Dkk1 F5ERAAE, bar=50 pm, P: $HARE, C: & A > NE, D: &
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Tdays 14days 21days
Wnt7a (=] [=] [=]
BLGD G ) PCD
D: Dentin, :
C: Cements,_ ¢ i .m.,‘:‘\
P: Periodontal ligament. A area g q Aarea |
Arrow head: Wnt7a positive cell S 5
Bar: 50 ym e P — = Y
[¢=3]: Force diection e D TR o e (()Fa*)
y y : ROt 10g
Control &
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JEEE D
(50¢) it — Gl — (10g)
D C Pifn D CIE e D CE-
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o o : <
- |y
Lol — _— _—

11 WFE@ICEIT 5 WntTa DRI R (x200)

Wnt7a BEEfRIE 7,14,21 A H OF BERB L OV7 BB JFBED TA, Bk 1< BlE2En b,

Arrow head: Wnt7a [GEMIRE, bar=50 um, P: AR, C: & A > NE, D: 94
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B.CD  [iE®C D aziBED seic b LR ¢D
D: Dentin, ‘ s e
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P: Periodontal lLigament, ey o 3y
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 Force dir : AT — Chglis — | % —
[E]: Focee dction OF # e )
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- : B N3 . »
HF & > s i g JF#
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: B area :
B area R N

12 WFE@ITH T % Caspase-3 DR L F Y2 (x200)
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Arrow head: Caspase-3 BEPEMINE, bar=50 um , P: MR, C: & A > NE, D: HH
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[e=] _[e=] [&=] [([&=]
ESSEERTe D Widpe D % T
\PoC Doiiessde p s
D: Dentin, e el
C: Cements, \ ; :
P: Periodontal ligament, T e
Accow head: Didcl posiive cel, £2@I83 1 Aarea <
Bar: 50 um ; z
) Foce diection Ml T L OF # e
. 28 T (0g) ;
Control # AT
B area W B area Baseia
[&=] [&=] [ =] [&=]
TC D P.C D Side p FC D
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: B area G
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13 WFE@ICE1T 5 Dkl O AR LAY (x200)

WFZE@IZ IV T, Caspase-3 BtEflED 14,21 H H HF #£3B L OVIF #£0 TA f55k) (20T

MABFRDH BN D,

Arrow head: Dkk1 FMERENE, bar=50 pm

P AR, C: B A v NE,D: BHE
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Results (cell count)
ﬁ
30 ! i

s
_ b _
E ‘_‘ £ Bt !
o T ~
*g 0 :*"‘,; o
.._'; 15 = ‘_‘; 15+ ® hd =2
v 1 o U
= =
E=I R=E
IR Iu | B " RN | I
g, N [ | | [ | & .l M |

1 3 3 7 days 1 3 5 7 o
.

45 - it
T,
g *r [ Control [10g B 50¢g
T 0|
o 15
=
=10
| I I 0

Jmll AEN NEN AR m

14 BFEQIZH1F 5 WntTa, Caspase-3, Dkk1 P EMIFER > 3 FER bk

Wnt7a ORGEMIEENE, 5,7 HE D 10 g BEICB W TXHBEEB L ON50 g BEE ik L CTHREICH
N7, Caspase-3 DA, 50 g FEICB W CHRIRREIS KOV 10 g BE & bl U CHE IS
L7-, Dkkl OFGMEMIEEIE, 3 HEH CRHMBEEE Il L 10g BERB L ON50 g BEICTHEISHIML, 5,

7 HBIZEBW IR L WN10g BEE B L TS50 g BEAAEICHEINL,

*: P<0.05 and, **: P<0.01, Significant difference when compared with the control group.

T: P<0.05 and, 1: P<0.01, Significant difference when compared with the 50 g group.
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15 WFZE@I2H1F 5 21 H B D Wnt7a, Caspase-3, Dkk1 BPERINR D 3 FER ik

Wnt7a OPERITEEUL, OF # [A, B 81k , HF #f [A, B gk , JF & [BHEK) ICBWTHE
PREEINZFRD BT, Caspase-3 DFGVEFMMANSIT, OF #f A fEi%) , HF &% [A,BfElk) ,JF #f (A,
B fHI ICBWTHERMINZRD, S HIZIF R TA, B (C8WCHF B TA, B fEl) L
WL, AEREMATRD b7z, Dkl OBPERREIE, OF BE TA f6lk) , HF B TA, B fHll) |, JF
B TA, B fEI ISRV CAHBRARBIMAREYD, S OICIFRE TA,B 8k (28 C HF B [A, B fElk

LR L, AEREINAFED b,

*: P <0.05, **: P<0.01, Significant difference when compared with the control (A) .

F: P<0.05, +1: P <0.01, Significant difference when compared with the HF group.
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Results (PCR)

Relative Quantitiy Wnt7a/GAPDH

Control = 1.0g/cm? = 4.0g/cm?
=== 1.0g/cm?*+Dkkl === 4.0g/cm*+Dkkl

Relative Quantitiy RANKL/IGAPDH

0 1 3 6 9 12 24 EH16

16 HCEM |ZJEif /)% AT L 72 B2 Wnt7a, Caspase-3, RANKL i fn 138 Bl & L

Wnt7a DEARFFBLEIT, 1.0 gem? BB W THEIZHM L, 4.0 g/em? #EIZIB W THEIZED L
72, Caspase-3 DB TFHILEIT, 4.0 g/em? FEIZIBT 3,6,9 BREEZRICAEIZEM L 7=, RANKL @
AR I BLEIT 4.0 g/em? BEIZRB W CTHREISHIIN L=, Wnt7a REAI O T Tld, Caspase-3 D
I BRI, 1.0 g/lem? +Dkk1 EEICIWT 6, 9 IR ICAHEICHIN L, 4.0 g/em? +Dkk1 BEIZI U
T 3,6,9 RFFIZICA RIS L=, RANKL OE{RF5BLE T 4.0 g/em? + Dkk1 #2341 T 3,6, 9,
12 B ICAEISH L7,

*P<0.05 and, **P<0.01, Significant difference when compared with control group
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