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Changes in Sclerostin Production by Rat Alveolar Bone Osteocytes,
Caused by Mechanical Stress from Orthodontic Force

FujtwarA ATsusar’, Aokl Kerra”, WATANABE RyuuTa?, SATO KAZUHIKO?,
YANO WATARU?, EJIRT SADAKAZU”, KITAT NORIYUKI”
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uCT HEEIZ T L7z, BIKST 7 4 YO 2B L TRAP 4¢tt, SOSTmRNA in situ Hybridization 3
& O sclerostin S gt 47> 72, LS —HBLOHER (MP) Lm.0HEWR (DP) [ oA M i e s
T AT LER, PO, wOED, NS, DRI TS L. TASRAL, 1 0 CORE AR &
DP BB T L7z, 3 H BICHRE A EE-Om I TRAP B E M5 L, 5 H B DARRICARR i
& DP IS OHBRASTERL S 7z, T 72, 3R AR 6 Wefb TR il b guil & s O o izl B %
SOSTmRNA FEHASHE I L7225, Pt sclerostin JUikB E IS ILF2O & 17z | AL O PR RIS ANHE 2 L
7 DIL120 5 T o 72, MR FREEMIES & DA o &M Tl 128 7% C SOSTmRNA F8H 25 & L,
U SO X 18RI 2 12 22 L 72 . 5 H BT PuAR 1t SUS 2SI 3R TR O30 H 7z,

L7z205->C, BIEDDMb S &, EHIIEAS 6 Kl 2> 5 1285 ] C sclerostin FEAE A IR L, 20 6 BEIfA12
sclerostin 2VEF B SW LT 5 2 EAVRENT. T2, DPIC X o THEBEE M S A AR P pE ol -
DRI IEN, U CTIRBIEIIZE B AH ANV A DL AHTGL % HATREEDE 2 S, B #lFLAT sclerostin
AR EL - TFRET 5 TORMA, AHZHINVA ML ADIRE|Z R R ST B W REME S RIE S e,

F—7—F SOSTmRNA, XA =#IVAMLA, Fifild, A7VaxFr, Jv Mg, %ED

This study clarified the mechanism involved in alveolar bone osteocyte response to mechanical stress.
We applied orthodontic force to rat molars and investigated the bone remodeling induced in response to
the resulting stress, particularly with respect to changes over time in the rats alveolar osteocytes’ sclerostin
production. Orthodontic elastics were inserted between the first and second molars of the rat maxillae, with
the rats then sacrificed and their maxillae excised either immediately afterwards; at 3h, 6h, 12h, 18h, and
24h afterwards; or at 3, 5 or 7 days afterwards. After fixation, the maxillae were scanned with microCT,
decalcified paraffin sections were made from them; and TRAP staining, SOSTmRNA in situ Hybridization,
and sclerostin immunostaining performed. The alveolar bone interradicular septum (IRS), between the
first-molar medial palatal root (MP) and distal palatal root (DP), was separated into medial, central, distal,
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buccal and palatal regions for analysis.

Results showed that 24 hours after insertion of the elastics, the previously-existing gap between the IRS
distal surface and the DP had disappeared. At 3 days, TRAP revealed osteoclast expression on the IRS
distal surface, and at 5 days and thereafter, a gap once again began to form between the IRS distal surface
and the DP. Furthermore, only 6 hours after elastic insertion, in the central and distal regions, osteocyte
SOSTmRNA expression had disappeared; conversely, these regions showed positive for anti-sclerostin anti-
bodies, with these positive results having disappeared at 12 hours. In the buccal and palatal regions, on the
other hand, it took 12 hours for the osteocyte SOSTmRNA expression to disappear, and positive results for
anti-sclerostin antibodies had disappeared only after 18 hours. Finally, after 5 days, positive reactions for
anti-sclerostin antibodies were again seen in the buccal region. In light of the above findings, it would seem
that when orthodontic force is applied, directly-stressed osteocytes stop producing sclerostin from 6 hours to
12 hours. After cession of sclerostin production by osteocytes,it takes 6 hours to disappear whole sclerostin
in the bone.Also, compared with the central and distal regions of the IRS (regions which received direct
pressure from the DP), the buccal region received less mechanical stress from the orthodontic force, and dif-
ferences in sclerostin production between them seemed to indicate that the arresting of sclevostin production,
as well as the delay required before it starts to be produced again, are both directly related to the strength of

the mechanical stress the osteocyles receive.

Key words: SOSTmRNA, mechanical stress, osteocyte, sclerostin, rat alveoli, orthodontic force
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IR IAE R EE T L 2 LS TN S,

sclerostin &, BHEE 2 LWL G{LE2EL 5
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YU ADOREBIZEWMAED AN =S IVA ML A%
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sclerostin FEAERED AL & FEFRERYICIRE L 72,

MRS H

1 FEEREWY

FEERIZ13 4 8 O ik D Wistar/ST < v F50PL (A
R, ER) & 8 B0 M Wistar 7 v 170
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L7z Zv MIEEER (F) 8 VEERETEE,
MF, #50) LoK#ERZ BEIZEITE 2R8I L 7.
B, FEBRIPH RS E A B ERmERE X OK
B UREFHT 1 11-027) =H/{TiTo 72

2 FEBRRITRE L

7w FOJEPENIZARY PNV E S — )b (VL) Ry
FOUE e SRR AR, ) 400mg/kg & %5
L7ctk, LBEAMIGE—E, 5 ICEIEH
FATA w7 (RA=Iv 75 X574 v 7, Ormco
Corporation, California, USA) Z3FA L, %—Fk
DN BB EIT- 727, WiER, T v MIFEEEE L
JKIEK % HHNCHEEUT & B IREEIC L7z,

3 FEERAR

(A) 7 H M FELR

4 JE G O MY Wistar/ST 7 v b % 4 #1003 D (2
ST AFy 7iEAKRLIH, 3H, SHBXUTH
HIZ, RUMNLVEY = (V4 RyFIVE a7
AR S, B/ 400mg/kg & BEIENA~FES- L,
Lol & 1) 37C DEF ALK E50ml, VT4 TD 4%
INTHRNV AT T FREER & B LEE L7z, 2B,
IIAFy 7 ZFHFAL TORWEII0IE 2 R la#E & L
&5 L7z,

(B) 245 [ F2B5 %

8 G O MEME Wistar 7 v b % 6 FE10PL 9 D124
LT AT A v ZHiAER, WA 3KH, HA%RK6 K
M, JEATRI2E, 5 ARISEER, B X O Af224K
TR FNALVEY =) (V4 RyFVE Sy il
RS, ) 400mg/kg #EEHES-L, 4To
4 %37 RNV AT IT e FEERICCTEREZEZIT-
72. TOEBRTEH, TIAF v 7 EHAL TV RN
100 2 BT & L RE L 72,

MEHR LS, EmEERIC LEG 2R L, 248
M4 %8 RNVAT VTR (4C) ICTRELE,
0.IM PBS HCHE L7z, R\ Cibkl % uCT i (2
KAAF Y Ty RS, ) IS TRoe L7, 2B,
W M IEREEZIKY, EEMEIuA, 53213
Reb L7z, 20tk EDTA b L IEE— ZDBIKIH
EHWTHIKEIT 572, BKBZORE 287 71 &
BMLUEXIZ7a =24 (U FF F—24% REM-700,
KADERE TS, BE) 2T, BRAeTFHE
AT KW CIE X 6 um OB 2 5L 7.

7 H M 9285 % Tld, Hematoxylin Eosin 4t (HE
Yettn) | WA ERICHUERR 7 + A 7 7 ¥ —E gt (TRAP
Pett), B X O sclerositin 1259 % SRl L - ge e
L7z
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FUVLUICEBRINT T4 v AT, Y —
VRFNSTARFIL , iitAKBEE L7z, Z0#%, TRACP
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WHHBEER A7 74—+ (TRAP) #t %17 -
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(2) in situ Hybridization

fBA165H D F v b2 B3I L 72 total RNA X D)
WHR G2 T cDNA % #C, N % # %2 antisense
RNA % 1E # L 7z (rat SOST accession Number :
NM_030584.1 Sequense Position:9-405). D%, ¥
I¥ = (DIG) ##k#% DIG 7Y ¥ 7% v b
(Roche, Mannheim, Germany) (2 Tfr->7:2b D%
RNA 7u—7¢ LCflifiLA: (P2 A%y 7, B
). in situ Hybridization (ISH) (% Wilkinson and
Nieto D/ EY (2 THF o7z F72, AHT47av b
O—)VZidy A7 0= 7%z 72D A L7,
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T & (AF1589, R&D System, Minneapolis, USA)
4 CT—ISSE7. ZD%, biotin kLY F
1gG Hifk (cell & tissue stainning kit, R&D System,
Minneapolis, USA) 12304 & & & L, diamino
benzidine staining kit (cell & tissue staining kit,
R&D System, Minneapolis, USA) 12X V) 3fm %175
72 X gef 12 1d Mayer @ Hematoxylin % J 72,
AHT 473y ba— ) VIZIRIEEY ¥ 1gC T 7213,
PBS IZC—kPUE I 21T 72 b D% L 72,
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MP i & DP KHZHE T 5 2 M & L2123
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EF L7z MRIGIDEABEE (BX51, OLYMPAS,
B ZHOWTEZE L, uCTBIZ=RICIAEREEE Y
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2. TRAP 4eta (%

FERRECIE, ARE PRI GIIC TRAP B RS & 4l
fanzZo 57 (X3a2).

AL HE T, AR S FAR AR AP O
IZD & TRAP FptEsiE M2 s (KM3b2).
HAE 3 H B TEARE A RRE 0T & w0 T8 O il |2
TRAP S -SMEARD S (K3c2). T
HRAE TP B0 LA L2 3R & 72 BB I I DP & sk
WL TV LIRSS, ZOMHE ) 5
AL TE DM TRAP Rl A I L T
W7z (K3c2). HEAHKS HHETIE, AR PR CH
IZDO & TRAP Fptisi Mg 2720 itz (3d2).
DP & BiAli i 238 L C o % SHISIC 1 d TRAP B Pk
fa@H o, ETHEFRINOE L TV LEEET
TRAP B a ffassio sz (M3d2). F28k7
H B T3 i B@aE O 12 O & TRAP Btk o i i
RO B, BREREDSTER S Tz (M3e2).
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3. RHEEED SOSTmRNA OFEHL54i & T sclerostin
gt iR

XHHREED SOSTmRNA O%EHLL, Bifgg il &
LR, AR KO FEAR OB CRRO bz —
77, SOSTmRNA O3B, J.UEROE M & 3 OERD
BRI S —EOGHIIZIZEED Sk h o7z (M4a)

¥ 72, # sclerostin FLA4 B P4 SOt 1E, SOSTmRNA
DFEBUERAT &[RRI B Al g rp e, 503, JEMAE S
O OFEMEB OB X OB M E B Tl S 7z,
— 75, PUARB DO S LER OB ML &m0 F 22
MH 5 —BOEHILIIZFRD SN h o7 (H4b).

4. FEBEED SOSTmRNA DI 5576 & PU sclerostin
G 1R

TI ATy 7 NER, AR 3RO SOSTmRNA
DOFEBUL, ePHEEEE [ U il g oulf, s OEs, A
B L OB CTRRO S, I LE O &I

e | I o
(a) & sclerostin #iEgtn % (b)
a . SOSTmRNA ZH % 300 5 Bl HFEBICEEB L TwA. b RIEBOH sclerostin PUKBETERISAS, Bl L O
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5 24 9EER R D SOSTMRNA @ ISH 14 & sclerostin 5634 Fett (4
a: LI AF v 7 AEHEO SOSTmRNA @ ISH 1%, SOSTmRNA #ZH L TV A MBI FEEICHEELTWA. b 3
2 0 SOSTMRNA @ ISH 1%, ¢ @ 6 BRI # SOSTmRNA @ ISH 1%, d : #ifi A % O sclerostin S geta g, RA

DI sclerostin FLABHTE UG A RO BN D, e 3EEM D sclerostin FIEGLR. {1 6 B O sclerostin B g%,
(bar=100um)
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6 24FFH 9RO SOSTmRNA @ ISH 14 & sclerostin feEge (%

a 1285 [ #% © SOSTmRNA @ ISH f&. SOSTmRNA Z BT 20 5 L7 . b @ 18 [ £ © SOSTmRNA @ ISH 4.
SOSTmRNA ZHHIIFEO S\, ¢ @ 24K/ %% SOSTmRNA @ ISH 1%. SOSTmRNA ZHHIZFEO Sz, d - 1265 H
D sclerostin fiE G fg. RGO sclerostin FUERFIE SIS FRO 5D, e @ 184D sclerostin fIEGL R, T
R VE USRS Hit7e v, f 1 4B £ O sclerostin o dett(%. HUAG IS IZEED Stz vy, (bar=100um)
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L RO B KI5 —BOFHIIIIEFRD Sk o
72 (M5a, b). TFAFv 7 A 1AL 3 EH
D sclerostin PLARRG 1 UG FARLZ,  ShiAE G b e
LD, B L O OEME OB L OVE i E
FCROLNTz. —JF, IOERO B L m O oEE
H2H—EOEMIBICIEEEO SN o72 (X5d, e).
A #2 6 BER 0 SOSTmRNA O F8BLIE, B -
HIEMER DG MBLIZIZFED & zhs, W OEh -
o mALEO M TR b ko7 (K5e).
Pt sclerostin FUERGPESUGIE, 5 AF v 7 1 AERE,
A 3R & [RARIS, BRAEA P OuEr, EOER, R
B LUOOEMTEOEMEE L O TRO 5
Nz, —7, FLEOEMIE L w®OBOERE» S —
JBDE ML IZBD SN a o7z (M51).

A F£1285 8 © SOSTmRNA O 83 B S AL O
EHOEMBTHEO LN o7 (KM6a). — T,

7 7 HEEBRD sclerostin Sz get (%

KEIETINR S 2 s M o sclerostin FEAEREDZEAL

PU sclerostin HFLARE M SIS ZIEBIFET - D585 o &
fadk & OB BB IR SAL72AS, dEOFR - Hoe
BB - w O ER O I TIEHT sclerostin LR TE DAY
RN hotz (K6d).

I AR ISIE[] & 9 A 122415 [ © SOSTmRNA D%
HiE, BIgESasosiecRoonhrol (X
6b, c). HATLIBKERM & i A %24 O sclerostin
PURBS I BUS I BREIA D &3 TRl S N e o 72,
(M6e, 6.

A3 HHETI, SISO 4 TH sclerostin
PRGOS S380 SN h o7z (M T7a). HAHKS
HH&IFAZT HETIX, B sclerostin Fufk 4 UG
ASEEME O ML B X OVE TR BRI X520 &7
A5, HEMES - J0E - s - meE oS Mg T
13t sclerostin HUiERz I SIS 255280 5Nz 0o 72 (X
7b, ¢).

a: 3 O sclerostin g%, PU sclerostin PUR LG IZFED H L%\ b 5 H O sclerostin G EE. 7
RO DOPURBG UG 2SR TR TSRO 5D, ¢ 7 HiEOD sclerostin SBIEGM %, R OPURG S AT IF)

TR EAANED S5,
BRAE, MR OIKRE (bar=100um)



RIFFETIEA I =HIVA I L AR 5 EMBOIG
EHEEEZHO2ICT A0, Ty MEAKRICBIED%
MZ A=A VAL AD K% Kz S, Fizios
U HEBHRIZB T 5 5MIZO sclerostin #AHED
A% REREAY IS HRTR L7z,

Fv MO EFEHARIIKRENICE DA A=AV A D
VARZITTBY, ERICELEEETH D HEM AP
B S Ca T U WA AE U, SRR IEARME D ZES [ ) 28
AU AR P R O E TR E LT, Sy b
A O wAR G A BRI DSBS b &
ZH5NTW2S", Kif7ET bt O uCT AT A5,
MP ASHE ] P B s O T V2 S L, AR b B o O T LS
TRAP BV MBSO 6 NA T &6, MP®
FFEENIC X B F W AR B R LTS AR U T
AHZEDIRENSZ. MP QA LB L > THE
8 S 2 AR R T O SR A B T UL SOSTmRNA @
FEHLD sclerostin DHRIEFUS b 78O H Nk Do 7z
WIERROEBIZ L B A7 =V A ML ADSE
@ sclerostin FEAE 2 HIHI L TW AW REMEZ RIEZ L T
L. R REEE QAR A B A g, EL LR, B &
CHOF MO F gL SOSTmMRNA 2 5L THBY
sclerostin DRIEIS D HETH L Z L2 b, Thb
DAL DAL sclerostin & FEA L TV 5 Z & 2%
Lk lrol UL, WMEAHREOR.GRT,S =
D5 ML Tld SOSTMRNA D FH b sclerostin @ 7,
ERSD DN G o7 THICELTE, BT
PRsE LAY, BRAROE BB > T v — ¥ g —
HMEWZ X 2D &2 HER R BEIA L HHATH
LDT, FRINZEB AN ZHIVA N L ADKREBOE
MR D sclerostin A REZ HIHI L TV AW REME L, i
ST L > THIEEIED AT N/EH D DY)
5975 Ml Tl sclerostin EEAREZ FH T 5 F THb
PHEA TV WP WREEDSE 2 b s,

SOSTmRNA @ 583l & sclerostin 734 & 58 5 11
TV 7R AR A e - m O ERIC BV TR I &
BANZANAPLADBMZ SN &, 6FEHZIC
SOSTmRNA OFEEDFRO ENH L otz Lo
T, BHIBIEZAS ZHVA N L AP 5 & 6 KL
MIZ sclerostin EEAE T 5 Z LAVRENTZ. &5
12, 12 IR 045 - W @ sclerostin 7346 4%
WRLz Thbb, AAD=ZHNVAMLAFRML
B ML A sclerostin FEAS & 157 1R 2> & 6 FEfHI #2122 D FHE
1D sclerostin 25T 5 Z EHSE N E 2o 72,
UL B MAEAY sclerostin A ZEIE LTS, ZOEMH
D F I 1L sclerostin 2SFEAF L CTB Y, 6B »
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o THIE 25 sclerostin 25HE T 5 2 & 2R L
TW5, FIEIZFA L T sclerostin 7% 6 K T
HET LA D= XN LT, B/MEREHME R
= AL A MR X o T sclerostin 2% R~ & i 1E
NDHEEZBN, 7 ) B HEE CEHMIE A 5 8
FKH OB MG E sclerostin 25EIZ LTV 5 0] Gg
WRENTZ. L L7%H5, sclerostin O 55355
BRIZLIDODOTHL L) WREDTETE H2VD
T, sclerostin ®{HRHLIZE L TS HE OB 238
HrEbLNS.

—75, MREFRFREAES - OBMECIX, BEIICE
BANZAINVAFLADBMZ bND L, 12K %12
SOSTmRNA OSFEWAEDENL L HY, S 51218
B 721213 sclerostin ASHE L7z, L722%>C, 1R
BRSNS - IR - M T b AR R B v e -
s & RIS, B HIIEIC X % sclerostin @A 23 HH]
ENBE, FO 6T sclerostin D43 A ST 24
HZENHSE o7z, L LGS, FIEJIH50
Z 5N TH S SOSTmRNA DFEH - sclerostin 573745 A%
HET 2 £ TORFMIAR R AR A el - O30 &
- BB CENH A 2 EBHE IR o7z, I
IZ2oWnWTix, HAZIBBOuCTHIRTREN T
HEHNZ, TTAT 4 v 7 EFEAT SHE DP IR
B Lo T 2 BRI 9 5 45, AR PRI s - )
HICIEDP T EFHEE L T dr o/, SO END,
W PREE O TIBENIC LTz bz A h =
FNVA S L AR, ARE ARSI - DR
AHZA VAN L ADHELIIEGH - 72 W REMEAE 2 6
NG, LEZHFo>TADZHIVANLADERL D> T
W BB T, A SN A S ZH VA b L ADSFHN
BB FL#R L CHEIREIE C sclerostin ASH 29 5 1T REA:
PR S L7z,

FEIETNC X > THARIZIND A A=A VAL AD
HmaZfbses e 1 HE2S 3 HH F CHREWREE
LN DP 2S#Efil L, AR AR RO & MP o B 1
Finsgld b7z, L7zn23>C, 1HEA2AS3HHET
W DPIZE A AT =)V A N L AHHR R g O I 2
MmboTwiztZzons. 5 HHETHRERREE L
i& DP EFEfAL L T 7228, T HERINO4 L Tw
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