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Elucidation of the mechanism of the proliferation and condensation of osteoblast
progenitors at an early stage of osteoblast differentiation
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The transcription factors, Runx2 and Sp7, are essential for the
differentiation of mesenchymal stem cells into osteoblasts. The heterozygous mutations of Runx2 in
human and mice cause cleidocranial dysplasia, which is characterized by open fontanelle and
hypoplastic clavicles. Sp7 knockout mice lacked osteoblasts, but had a condensation of mesenchymal
cells in calvariae. Runx2 knockout mice lacked both osteoblasts and condensation of mesenchymal
cells in calvariae. The expression of the molecules in Wnt hedgehog Fgf and Pthlh signaling
pathways was reduced in Runx2 knockout calvariae compared with that in Sp7 knockout calvariae. The
expression of these molecules was also reduced in Runx2 heterozygous calvariae compared with that in
wild-type calvariae.

Runx2 Sp7



# X C—19, F—-19—-1, Z2—19, CK—19 (JtmH)

1. WFIEEHAR S W) DY 5

M3 R 2 & F ZEM IR~ D 2 biziE,
BB KT Runx2 & Sp7 OWEBMNHLATHY
Runx2 1% Sp7 & EiRIZALET 5, B  RUNX2
DA~T aZERL, EEOKIER. RO K,
HEIKEA, W, K REL EMET S
HEHERIPRIEZS EEZT, v T AD
TRAERTH, BREEITIR LNV, O
X RO KRB 2~ ~ 7 AFTEAMEA X
FRE 7o GRREE L B, Ak 6-7 HBALIZ,
MEE AL OBRE N X | HEEE L 7 a1 3#k
BRI~ b, SENERIC L > THICE
¥ixnsd, ZhcX - T, HIEEEAITIERIC
WMAT5, RIMASOMOKE T, #E
WEALZ I L7 a i = 53, MikEmic
ISR A L2V,

Cbfb 1% Runx2 &fEA L. Runx2 @ DNA &
PRHET D & L BT, Runx2 DX LR 7 45fiE
ZIE LLESE D, Cbfb ITIX2 2D 7T A
YV 7 #— A (Cbfbl, Cbfb2) 3BV . THFh
D777k (ko)< A TlE. Cbfbl ko =
7 Z TR A O Cbfb2 ko = U AT HHE
B A HE S TUvZ, Cbfb2 ko =7 & &
Runx2 ~7 o B~ 7 A0 TIL, EN
AL TR SN D F#IL Cbfb2 ko ¥ 7 AT

50 < P S AL, BEMEEE TR S o BRI,

Runx2 ~7mZER R~ 20538 HE SN
T 7=, Cbfb I%, Runx 7 7 2 U — (Runxl,
Runx2, Runx3) ®EIZMNIER7=0, HEWNE
{LEALCIE, Runxl & Runx3 7% Runx2 DIEHE

D—MEREL WL EELDLNT, LaL,

JEEME B AL AT Tl Runx2 O AELE DS HE ) T
AT RERTHRWERBNZHET S L5
b, T77bb, HEMEAOMASIZIL,
F53 72 Runx2 OB ERMTELEEZ LND,
%7 . Runx2 ko ¥ 7 A & Sp7 ko =7 &
DFRZE A H#E U T A7, SpT7 ko v 7 A T,
S 25 56 AR LB SE M IRIX T E LR WA R
W R DREEZ RO T, /2. VT
% A 2 RT-PCR T. Sp7 ko = 7 A ZEpAEM <
7 A & [FFREEIC Runx2 Z# R E L Tz, —J7.
Runx2 ko = 7 A T, FEZ a2 F 2 R A0
Jaix 7 < BRI 2RO RhoT-, TH
Bk ZBIERT 5 &, W& bICEHEMREE

BT, BLBERITEZ o TW o725,

Sp7 ko ¥ U A TIX F 5 MR A HEIC M HER
E DUREE Z F D 7~ DIk L. Runx2 ko <= 17
AT A > v JEBICIR R L CRIZER
M ERDZ, S5, MEDOEEE % i
T 5 & SVEIEGEEE T Sp7 ko v 7 A TILR
BE RN D ERE %788, Runx2 ko ~ 7 A Tl
O oT=, SpTko ~ 7 ZADEE L 7= B
FRARIRO—E X, g~ &b L,

IHHORETIT. Runx2 2 RE ML A
FIEMERII~EbFET D L&, T/
A OMEIE - BEEEFIXE T Z & &R
2L TWb,

2. MFEOBEK
Runx2 73R EHIIED & & SRR 5~

DT BN, FIZERAMMAL O HEAH - et
ERHIEEIT T A=A LERAT S, B
NS

(1) %48 <7 2 Cbfb2 ko = 7 R,
Runx2+/-~ 7 A CHiEEM G Kk NRIRHES O
PASH 2 MR = IS el 37 5

(2)Runx2 ko ¥ 7 & & SpT ko ¥~ ADIHEZE
D RNA ZFHWT~A 7 a7 LA TH#EE Sp7
ko~ A TRunx2 IZ X > CHE I 5 E T
s 2 BINT B,

(3)BIRINT-EBE A, Runx2 2L > THE
PR SN 0BT D,

3. WrEDTTIE
(1) ATSARE S FRIRRE S ORI RO BT

A% 7 H (PT). P10, P14, P28 OEFARI<
7 A . Cbfb2 ko ¥ 7 A, Runx2+/-~ 7 ADIH
EROFTEEKT OY) A& FWTC, H-E Yea, $ 7
F = 0 Yt Collal, Col2al, CollOal 7
o —~_Z /= in situ hybridization Z4T
ST, F7-. B Runx2 Hifl. HT Sox9 Hiik %
T SRR e 2 AT o 72,

(2)~=A4 78T LA X2 MERMKE
PAGE - EREEIC B B Runx2 FERIEE - DERR

D52k 18.5 H® Runx2 ko ¥ ™ A, Sp7 ko <
7 ZDEEZER LV RNA ZHiH L. Runx2 ko <
7 AL SpT7 ko v AT, v~ 727 LA
fif AT C Rl L 7=,

@Runx2 ko =7 A|ZL#E L Sp7 ko ¥ AT
2 fFUL BB IS, Ny 7T R
D 10 B LD T FIVRELZ R LT ELT
IR L7z, BIRENWEBFIE, VT ¥
4 A RT-PCR CRERZ. T/ 7 — 3 VIEH,
IRRAT = A fRITEEIZ LD 7 T R0 LTz, &
(2. HIREESE R L ORI 7+ — A L
7=,

(3)ChIP fi##HT

Bt Runx2 Hifk % V7= chromatin
immunoprecipitation (ChIP) fi#Z#ric & - T.
R TR L 72 S 1 O HR B ) 48 A8 388 1S
Runx2 35/ LTV B i~ 7z,

4. WFIERR
(1) ATSARE S FRIRRE S ORI AT

P7 TiE, AR~ U 2 ORIEAMEA CRIZER
M OEER DGR Gz, ZOMIIEIE 1 =
T—rl 11 BMag—7r B[ LT
MoT-, —J. Cbfb2 ko = 7 A, Runx2+/-
~ AT, BRI OEEITED b
Molz, P10 Tl, WA~ T AOFIEEES
T, 77 =2 0 Pt fhME O RE ML 2 H B,



LTWe, 2nsofMiaix, 118 aZ—47
HHNE X Bag—Frwz8E LT\,
Cbfb2 ko v A TlX, MEERHILOEEENGE
Do, BT T = 0BG, T a7 —F
OFRBENRO NN, X WaT—F o3
HITERD 2> » 72, Runx2+/-~ 7 A TCl¥, &
< MR OEEE TR D /o 7=, P14 T
1T, AR < T X ORIEAEAIT T TIZEell
WAL, I BaT—27 BikogiEm s g
WCEoThEB»BN TV, Cbfb2ko ¥ 7 AT
. EEV T I =0 0 YT, HeE e
T X Wag—F U BB L TWE, —J7,
Runx2+/-~ o A ClL, 4< MEERMIEOERE
I3 bl o 7=, P28 Tlk. Cbfb2 ko +
7 A TCTHEERIIESICmEE L., [ Moy —
FUBMEOBRFEMEEEICL o TED LR
TW7=, L2 L., Runx2+/-~ v AT, [HE
SIS OBEEITFR O ST, e e b HE
L2Rdyo Tz, ZHUX, P42, 15 HETH [FIEE
Th ol LT=M 5 T .Chfb2 ko ¥ 7 A Tl
BIEIT T 5 M, BEWE(LE I L5272l
SAMEA DA D X | Runx2+/-~ 7 A T,
MEERMEOBE LR X2V &5
2o~ T/ bb, Runx2 OIEF D455 LL
EROY VPAT/E - /AN E =3 D)% S P -3
THhDHZ LML,

AT < 0 XD FREA T P10 TIRIFHE
T 58, P28 THRESBITITWAE Led o7,
Cbfb2 ko = ™ A2 TIZ P10 TIZIFV L, P28 T
HERICITmA L > 72, Runx2+/-< 17 &
TIL, P28 T KRS DL FE LT,

PL Runx2 Hifk, Bt Sox9 k% H -
MR TIE, AR~ 7 X Runx2+/-~ v
A L BT, BIEANES OMEERMIZIZ Runx2 &
WM Sox9 ¥ o X7 EBxafH LT,

(2)~=A4 78T LA MR X2 MERMK
PASE - EREEIZ B B Runx2 FEIEG - DEERR

B4 18.5 H ™ Runx2 ko ¥ 7 A, Sp7 ko =77
ZDEZEFD RNA ZH W=~ A 7 a7 LA fE
BrofE s Wint, ~v VKRS Fef LT & —,
Pthlh ¥ 7"V 551 DFEBLN Runx2 ko = 7 A
DHEEFTIETFT LTV, 2 b6DIETIX.
U7 VA A L RT-PCR THEFR T/, #ERT
XTEELEFICEL T, AR T R L
Runx2+/-~ 7 ADRKE L )L &2 U T X A
A RT-PCR CTill7=m, Zhbn% ik, B
Rl 2 L g U Runx2+/-< 7 A TIKT
LCuW\W=,

(3)ChIP fi##HT

HLRunx2 PLik % VT . ChIP it 24T o 7=,
FE T Sp7 ko ¥ A% LT Runx2 ko = 7
ATRIET LW s+ O3 E
Wiz B W T, Runx?2 #EAELSIE2 & TeAL T
SA~—%H/E. VT NE A LPCR TEEM

WraiTolz, fMAaldNIERH D Z ENn£L<,

BERGEFT ST T A ~—ZRE, VT VI A L

PCR %4T»o7z, 1FEAEDHBERJLT LWV
WS T D4 ) 5 I Runx2 OFEA 2 MR TX
77

LW oT, Wnt, ~yRT, Fgf L&
Z—_ Pthlh ¥ 27 FA5FD. Runx2 I2X -
THRELHE S v, BEEITE O MHE R M E 5 -
BRI )b D EEZ BN,

5. TARFERMILSE
(WFFERFKE . W0 L M O IEE 12
=)

(MessRm ) GGE 0 )
(F2¥ER) GF 0 )
(¥EF) GF 0 )

(P 5 M P A )
Ok Gt 0 )

Py i
LR
MR
FHSH -
i
HFEFEH B -
E N DR

ORI G 0 )

LFE
LR
MR
TS -
i
BUS4EA B -
ESla PNV I

(Z Dfth)
==
http://www. de. nagasaki-u. ac. jp/dokuji/k
aibou—2/index. html

6. WFZTHHAR

() e

FA®E  HY (MATSUURA, Keiko)

R K - E SRR A ge R (H25%5%) -
KrRIoE B

etk s 20770423

() WF7Esr 3
L

(3) AT FEE
L



(4) W FE b 1)
L



