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Differentiation and function of osteoblast
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Abstract

Elucidation of molecular mechanisms controlling differentiation and function of
osteoblasts is one of the major subjects in bone biology. Differentiation of cells is con-
trolled at the level of transcription by various classes of transcription factors that have
been identified through biochemical and genetic means. I showed an expression of rat
osteocalcin gene in osteoblasts was mediated by basic helix-loop-helix (bHLH) type of
transcription factors. Our study presented evidence that the E-box sequence, OCE], and
transcription factors interacting with this motif, are involved in osteoblast-specific
osteocalcin gene transcription. Furthermore, I performed degenerate PCR cloning in
order to identify cDNA clones encoding bHLH proteins expressed in osteoblasts. We got
clones which sequences in the amplified region were homologous to the mouse twist-
related HLH protein, Dermo-1. Dermo-1 mRNA was expressed in osteoblast-like cell lines,
and could be involved in the osteoblastic differentiation in a negative manner.

Current many studies using gene deficient mice revealed how osteoblast differentia-
tion and bone remodeling are controlled through many other type of transcription fac-
tors, Cbfal and homeobox protein family. Karsenty et al. showed that Cbfal is necessary
for differentiation of mesenchymal progenitor cells to osteoblasts, and Cbfal controls
bone formation by differentiated osteoblasts. Extracellular signals including hormones,
growth factors, or cytokines as well as their intracellular mediators regulate osteoblast
function. In this paper, I reviewed new understandings of the molecular control of
osteoblast differentiation and function.
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LZRBERO—DODIEITH B, BOMALIL, BEHE
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—2TH5 Cbfal IEFMBETRHRENZERLZL T
W5,

FATFTAANT I, FOExEREOY—H—
ELTOMAEENBE Y N2 EThHDHB, ¥¥3I VK
REZEY THERINPHF I NEZ LA XTFH N
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B2 %E 2 HET L 72, MyoD % HLH B HE T4,
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Dermo-1D% =7y Ve A BBRFIEITLEAB IR
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HEAZZ21H BiZ RNA 2 #H L, Dermo-1
mRNA OEB% /) —F 70y Miko>TH
<7z (L—=>1, 2), 500ng/ml @ rhBMP TT72
BEFILEE L 7- C3HIOT1/2 M8 & v, R
RNA ##it L, Dermo-1 mRNA D3H %
J=¥r7ay MZXo TR (L-38, 4),
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DFEEIIEGTH5LRTTH S, Cbfal iE, F4k
BRECIIBFMBOSMUIZ - T, REFHM L
5 NMCECE R IC LT 2 s BRI I RBAE T D,
FlEFNTRBIIEFMBICEENE 259, Bk
FHIE TIZFIV L XIVOREER SN, RFFMALIC
BOUTHREHLTWBEY, T/, MM 5 3
Bz Cbfal # KRS 2 &, BEFMBICERRY
BRBIZFRENSFEINSL Z EPHEENLY,
Cbfald /v 277 b= R, HAEEBERICET
Th5, 2Oy A, THilER EDOEMBRDOERE T
BIN7z2s, MR - E - AR MERORF TR {,
KEMEEBFRICEIRELEBEIRONT, BHRROE
EREZIFZEFEDTIALEFNIZTERELRVD, X
MICELBIEPOLRAIKILL 2BV EL, BFEM
JOSDELR T S WEY  in situ NA T ¥
A¥—-2aryTid, Bmi A AT+ A7 F 0%
MGP mRNA IZIEE L ELL TR L CWizas, +
AT FRyF 2 mRNA OFEBIFIEFICEL, T AT
T/ mRNA OFEBRT L EFMEIEED LT
Wiy, DLEA S, Cbhfal i38kEHEILICBVTE
FHA LI EE 2L R TESHHERTTH Y,
BHFMRTICORDFEN Y- — L STV,
BEFTOLIAERBICEST2LEZLNTVS
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BMP, TGF-BREFNOLDZEAEOREREZD< 7 A
THELZLZA, EREEDOHDLDBDIIROP -7
EWVIAREIE RV, 77, Toy AL, BEMERY
RWTBY, BWERBEOGL - BBIZIZEFMEL L
HTHbHE) T ERFEHLA, Chfal Bz F e
FUTLPE VT Y AL, BEHSRBEIC X > TE
BN Ced EFHENALER T ATIX, $HELH
FORERE VI ERS KL, ROEEOLVER
HEBTHLHBTHEELEE (CCD) DIERE —
HLTWA", Ced DEEIL Cbfal BZTFOERT
HHZENbHY, CCD EEIL Cbfal B TDONT
OREREFELTVRDEY,

LLads, BT5L9120WL20D /v o7
7 b AZBWT, Cbfal OFEBIILDOEKE FH
HFILoTHREBENTEY, Cbfal DEFHBHKZ
FEHT 5 SO MOBRERHEFOFES;IEE SN
Lo o, IURIIBWT Chfal DFEHFSR LN S
DIEEL0SHTH 2705, BAOICEFMBIEHHLNS
DFFNEIY 4HHETHH, Chfal PHIHL T 5B
THROEERGHTHOFAEDHEEINS,
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T ADFEERRE TIEW{ D20 ? Hox BIZFH D
BEHMR LI Do TV A, Hox BIZFHIZH A
IRy 7 AL W) gL b OBERHREFET, B4
B CHEHRBENIIIG - 72 MR R R TERE R % e L
Twhb, Hox BIZFEED /v 779 M Tk, Aug
TIEFEOT AT, L )HEBAOEXRIAB»H b
NBEEV)ERATT 4 v 7 RBROEERPEL TN,
121X, Hoxb-4 D/ v 777 N TIIEFEMENE —
BEHELLIBREENPRONDL®, F7/2, Hoxa-1,
Hoxa-3 b Wwoz X DEEED ) v 7277 P TldE X
74 v 2 ERRIEST, BEHROF - REDOEK
WEEMNPRSN, Hox9 X hEH? Hox EfzFD
Jw Ty RNTIR, KETHLUBEOBIZEEZEL
Twb, Hox BfEFO—2TH b ayyaryNnNt
@ distress (DIl) BEFOT I ARED Y TH 5B Dix
5, D1x 6 I B BILOBEDEM THEHRL T,
Dix5 &mF%2 /v 277 NTALEHEDRERESR
EEEEDBESORBARE 2527, ZDVT R,
Cbfal OFEBIZHEN W L5 5 DIx5 &R T,
BIEMBSILIZ BT Chfal BIEZFOTMD L&

»  [ERsHERR

Basic HLH transcription factor
Myo-D, myogenin, Myf-5, MRF-4
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Msx-27 \ )

DIX5 Hoxa-2

> FHEFHRR

HKEHRE — KR

#HE 3 HRa
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osteoblastT .I.

Cbfat Leptin
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Sl HEO T WEREEZ SN S, Dlxb & DIx6 &
FEICRBEL WS E0D, DIx6D/ v 72T 7 b
TEBRROEENZELL 20O, BULEERZS
CIZKREED 7 V75 BB B &, bhil&R
ForierHzE L TLF ) bW redundancy &
Wo 2HBIZLBZ0NE Lk, fith, YavPa
INTORE O Hox EzT Msh O 7 ADFED
7 CHDH Msx-2D/ v 277 NTik, BILOEEE
BEORBL LV, BERRICLDKRELGEENELS,
CDIIATIX, Cbfal R A XA 74 AN ViEIE
FORBOBLPALNDL Z L6, Msx-2id
Cbfal O L THRELTWA LD EEZLNEY, [
B2, YawYayNTd Hox BIaFHOVELEDT
# % bagpipe DT ADKEL S TH5 Bapxl D/ v
7% TG, Cbfal BEFORBEOBAL 25| &
4 &H, 5, Bapxl i Cbfal ® LI TEIVTWS
bOEEZLNLY, B2, Hoxa-2®D ./ v 7Tk
TIZE B |2B W T Chfal DEFIEOHEIR ML
BBV R 6N, Hoxa-2 138 S ICB W TR
|2 Cbfal OFIBE 2 L FRE L #H L Tnb I &
ARBENL, LEOHMRARZRBIZE LD,

VI. BIFMiaat & MraiEEEF

ZEMOBER L, X F T RMEEERF»E
FHMEOSTICEE L TWE I EREZ SNE, &
B % - EEBTiX, BMP X Cbfal oFH %
FHES 22 LR TGF-B X Cbfal DEBH =KL & &
LI EPHEENTWDEY, ZOERIIHENTSH )
ZORAER R ERICOWT, FMIZAHTH S,
BMP i¥, d &b L EFMEOBEFEHREL» L BMNITH
N5, OLICE—DGFTTldR L DEFFT 7
IY—%%HLTW5S, BMP i3 BLUSO MR TH FH
LTBY, BETIEL FOBRFEBRL OBESL Y
ADBHEE BT HHEREEONELS, FAEE
TE T SO A DML EOERBIZES L
TWAI EFHLENTHwE®, FlziX, BMP-2 725
WICBMPA®D 7 v 77w b~ 2%, BELICET
LEFIATI R\, BMP4 3 L<IEBMP-2,4 1
RIZ7546TH 5 BMPR-IA (ALK3) ®/ v 777 b
TRTPEEFEIR SV, F/BMPTD/ v 7
T N TIRBEIEE - EOBE LR EOBREFEDOIL
59, B% b WCICEAREOREIHRE SN TV 5,
L2L, INSOBECOWTITE LN TIE R,
PTHrP (parathyroid hormone related peptide)
i, DEDLELEBEICI A\ NVY Y AMEDREYE

CLTRIZFEN, PTH B E LM S L 2 &
POEFOEPFIToNT T 2 ETHAH, BT
PTHrP mRNA i3##ik - AR EMBICER L T
%, PTHrP /v 2 7% b7 ATIEHAERT CIZE
T3 555, FRAE18H I3 B a0 L v igd ds
Ron, #EEKSHE»SERKEKEME~DT O
HIZX o TRPDBIIRETVL I L bR o7,
—7%, Ihh (indian hedgehog) XM K T D
—DOTHh Y, WHEEKEHEDSEXKEHBE~DORTT
EBIZHB L T 5, hedgehog # ¥ /37 B O T it &1
F L &N 5 Patched % gli DFEFIL, HBEBEICEE
HoNb, PTHrP @53 Thh #FHH L T 44l
& BB N DR 7 & AV ERE SR IS FE IR AR
o, T M)OEFIIBWTIL O YA LA
C Ihh Z BRI S8 5 & PTHrP OB
T2, &5\ in vitro DEEEFR T, PTHrP R&HK
(PTHrPR) /v 2 7™ b= ADEAE16.5H D#KE
MR, EE~y A0MisL W BRBRIETAZ L,
E®<w AO8%E Mg X PTHrP % Shh (sonic
hedgehog) DIRINMZ L D AL HF &b DT,
PTHrPR / v 2 77 b~ 7 ADOEKEMKE Tt
PTHrP % Shh 2 L 2™, KL EA 5, Thh i,
PTHrP D53 % 18 L TEEMRO5L, BRItz
HFEIT 2 LI EEIEZ SN TS, Thh BIZTFD
Ty M ATIE, BFEMIESIC b ZESR
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