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HrE HM] BTV o T ERAEMICE T 5 E5REET, Bmo sy
TH MR E EE 2 L, KHANZ B W CHUE AR 2 INd 5 Z 12k » T
O SEON, EDOFELWA D= ANIARHTH S, HERMFRICHWC LN T & 72iFLE
O ERRIL, BHETH DD NEE L <, ‘BET U > 7 ORISR 72k 0E O fET
DIDITIT XY TN RPN E ST E T,

— 5T, WEAETHI A DXEREOENT-ETNVENTH D, A X I IIEN
BERATHY, NFo AV =T (Tg) A 2ZHWAZETHET Y V7DD
MR OENREZ In vivo ICBWTHIERT 52 T 5,

A KT OWE ML, s & XD, B 2 32 2 B /fkicEd L CREdT
D EBHLMNTI S TWD, ITFOMIE CIHEEM I ZAEEZE L CTEIEDS Z &N
AR SIS, BAUTHE S TH R E OHWEN ED L S ITE Z 2 DNITHOnTidbh
S TWeho e, AR TITE IS, U TARBEDOEEFICB W TEET
VoI MEZDZ LR L, FRIDOVAT LAEZANTEET U > 7B 553
fie & i A E O A ALV 2 g L 7=,

[k ERER] A &0 OUHSANE (I8 2 H & MHER N D> Bk 2 Bl & . AR IHSH B
ERFOMRMEBFIEL TV, ENENDRAERT — T /< 58T 512 DIZKEY)
REER LT & 2 A B OIRRED & B IR O DIEAER T — V2 EEi 3
BT oI E N TE (WA AT —T -1 . BREVE I, AT — V0N EA
726 DIF L anterior HNZHELE S LTV,

B EEMREIC L o THETORMEBE L, BE. WEE X IS0
posterior | CHEAK S 41, anterior I T S TW e, BDAEZX LDV L e HE D
Rt & OBMRZ MU I L > THER L= & 2 A, W I\ Tl /2 i 28I S
HZLETHEHNLZ 2RV L, TEREICB W CEHB O W OE F It e E RNk S
DI ETHRAm~ERE LT\, 72, FHEEIIAT—Y 105 I £ THaxs
72 fiiE E B L S TICRET 2 2 E3bootz,

B H OGN E I S ERIEN ED X HICEE L TWA DGR E 72012,
TRAP-GFP/osterixDsRed ¥ 7 /v Tg 7 A > & AW THIENT 21T o 72, TDORER. B
IEH BN O TR IR L CRE L. SEME M E I RET D & v
I, BETV T L RO E TR T I E RN o T, ETBEMIICER TS L
BBERIND AT — T X0 ENTIIHBE T, g O 27— U0t Z & I




U HOMENE Z 5 27—V I TIEZ L OZEMEMIANGRO D Z L,
WO & E IO, EEIEN R L TV D ATREMERRIE ST,

AL DI DN TR D 72D, Flaaisiild~— 1 —TCTH D cfins-a
FuE—%—DO TR TGFP #%8+% Tg 514 v #/E# L, TRAPDsRed & D& 7
IV Tg 74 Z/ERL LT, FHREAENT ORGSR, Ba MARRTRAIIE A T — 1 b e
IZRTELTRY ., DA T — I PHELRRANRZ 70 D &M b3 5 2 &3
72, cfms-a-GFPlosterixDsRed DX 7V Tg T A > ZAERLU | FlE #0 K B SK A0
CEHFEMIROREZRRZE A, AT =V ITIZBWT, BT OEEE CF e
& E R R BTSSR A 23 Bk L T DR 3 ERR S T,

FloFEME EEMROEET Y BT DEREERNDEDICENEINLD
HIROKEED /) v 7 X0V EBREIT-T-, £T. cfms-a Bis % KB LT-ERIKE
ERLU 72, FER. BRI O CTHE AL LTz, & IS 2 1k L
TWDHHEEORNEEML T\, UL, B0 VB EREEIC K X 21T
ot

F72 ColX*NTR-GFP Tg A ¥ 71 ZAFR L EIHFHIRD 2 7 ¢ 2 a F /7o BRrEEER
EAToTl, A MR =Y —VABIZ L » TEHFMBEOREZRA AT & 2 A, FHFH
DT R b= A E MBS BRI 325 Z LB, DT A T A A=V T K
DA OH B HEIZEIT 5 TRAP L VLMo Tz, EMEOMBEIET R b
— VAL Ko TEZ 2T,

[BgliEmm] hem v o v PN efEEIc BV TR M B IR, fEE
FliX BRI EIZ oM L CRFEL TRV AR THEFET VU 72 REZ T2 60
BH 5272572, cfims-a BEERAKDNT B EET U o T3 E IR OB WU A3 2
AT, TOMREITEFMIIZL > TS ZZ T T0nH VS ZEBHL NIRRT,

EFeEET VU7 E2T Ol e E CEWINAEIT ) ZENEETH D, HE
AERTBEIL T D cfms-a BtE/ TRAP FEMEHaIIl O b IO AT —TTh b
AT —=UAMLWIRIZRTE L TV e, 2 O% bR 3 5 s TR ZHERE S 41,
AT = T CTEIBRT OF M & H2fit LT e, ZDEE DS TRAP B O E il
FaSHEBLT 2 2 LD b BB AR RTEEAIAR I = o/ F ZERIAE 2> & b ORI 2 52 1) C
WHEZEZOLND, O b, W ORAEND Ok E O FTERHIRL AN FAE L.
ZAVSHE D RERARFR I L - TR Z S 1T 0 b LT 2 & T, IRpZE RIS B0 72 i 2
HOWINNEZ DD EWND Z ENRBRINTZ, £, BHFEMEOBREIZ LY iE i
FART R =3 A& L2 Z &b B2 MR o xh U CAELER 7 2 PEAE
L. TOAEGFERHET 22 L CTERINGEDORE 217> T\ D Z AR I N,
PLbEDZ LB RBICEBW T, B E R0 b K OVER 2R 5 2 &
TEHEET VU7 EHIET S Z LR ST,
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Bone modeling is the process that shapes skeletal elements for appropriate bone morphology
and mass, and it is coordinated by osteoblasts and osteoclasts. However, the interaction
between osteoblasts and osteoclasts in mammalian bone modeling is yet to be defined,
because it is difficult to estimate the behavior of these cells in vivo. Here, we showed the
important role of osteoblasts for controlling osteoclasts in bone modeling during tooth
replacement in medaka pharyngeal teeth, coupled with an TRAP-GFP/osterix-DsRed
transgenic line to visualize osteoblasts and osteoclasts. In the turnover of the row of
attachment bones which support pharyngeal teeth, these bones were resorbed at the posterior
side where most developed functional teeth were located, and generated at the anterior side
where teeth were newly erupted, which caused continuous tooth replacement. In the cellular
analysis, osteoclasts and osteoblasts were located at attachment bones separately, since
mature osteoclasts were localized at the resorbing side and osteoblasts gathered at the
generating side. These properties in turnover of attachment bones correspond to bone
modeling. To demonstrate the role of osteoclasts in tooth replacement, we established medaka
made deficient in c-fms-a by TALEN. c-fms-a deficient medaka showed hyperplasia of
attachment bones along with reduced bone resorption accompanied by a low number of
TRAP-positive osteoclasts, indicating an important role of osteoclasts in bone modeling of
attachment bones. Furthermore, nitroreductase-mediated osteoblast-specific ablation induced
apoptosis of osteoclasts, indicating that osteoblasts were essential for survival of osteoclasts
for the proper turnover. Taken together, our results suggested that the medaka attachment
bone provides the model to understand the cellular mechanism for bone modeling, and that
osteoblasts act in the coordination of bone morphology by supporting osteoclasts.
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