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Smadol| 2|3t alkaline phosphatase F&XAte| &l =&7|H

SHE* . 2SN - 27| - Lk

2 A9e 893 FREToR B9 el Ha e BMPY AlZY A5 dgxz2 <eizl Smad 13 Smad 57F &
FA|E 27] BalEA IRl ALP §AA ] W] nx= g 9@ 1 2A7|AS dolH uAl 9k BMP Az §lol=
Smadel| 913 ALP7} #& = =715 golir] $18] Smad 13 Smad 571 242} stably transfection® C2C12 AZE 3Lt
H] % histochemical assayE 3t%3L, Smad 12} Smad 52| expression vector®} ALP promoter vectorg transient
co-transfectiondt ¥+ ALP promoter activitys 543ttt Smadel ¢¢t BMPe] &35 dolir] 91814 100ng/mle]
BMP-2% 2|3t 73 A2|ekx] & Fo 72 Uo] AEE ulatd ALP §221e] W&-S northern blot analysisZ &
Ql aFth SmadZl ALP f3Ake] TdS - o s 2dsl=rte dothy] flair e vild AL cyclohex-
imideE A 2ldte] ALP f+34k9] &S northern blot analysisaF$it.
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Smad 13} Smad 57 SAE A4 BMP AT ALP W8 37Heo] dET Hek @48 % eht Smad7t
BMP &35 Z7Mx 71tk AL I49t)
- Smade A2 GuAe] A4S B8 ALP 84S T
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.M 2 271, 714 B&7), M3lste] 39 e AH =2 IS
th. Z3A4 <A 5 53] alkaline phosphatase(°]3l ALP)&
ZEA XS 3} 2710 Yehve EARIAEA 714 A 1°ﬂ

Nz dAS B3l dojun WA AE ALlstue Uehr] Al&tete] 714 <] St e HLﬁELL S
55 Yol 25E o|Fo o] IS FA G o] g} DAl FaTY . Z2Hd Ho] EAldtE ALPE
g I AL gkt A% X7t X3 JIAE tissue- nonspecific ALPZA phosphate esterS 7}=&al 5t
X ZZ& &, implant®] HEA, <37 A#AE 255 2 Al o olake] YAFE 243l a, phosphoryl metabolite®] %5
A, w93t A|ofo] Fa} 2 AFAQ THAAM B A Al 541 Al7]H, phosphoprotein phosphatase?] <&
T el Eof gkt F/MZE osteoprogenitor cell®] 54 = gt} o] 52 2433} HAol| 9loJA hydroxyapatites’d
7} v‘i"ﬁ‘r% FWrelet), 2ZA & pluripotent mesenchy- < Adlsh= 5% inorganic pyrophosphate(PPi)7F E4l
mal stem celllA] £3}= 1 o8 n]E3lE Axe 322 = Al pyrophosphatase?] 9&-& 85172 3l 212k plas-
< ‘éxo A5 A= Jef 2FAE, AFAE, ZHAES ma membrane transport® e L& extracellular calcium
o] EFAELRE E3lyo] 7 2z} Bolgl B3} HA|AAE binding protein® ¥&-& a3} osteoidE calcium
e B phosphate?] A2HS Eo}FM™ ZZA| Eo] A3]3}o] A3s}
ZZAE A Jehde Z2ZAE 234 AAES A o YEPHA extracellular matrix7t 213]8} & = Sle 245

o] F4 4 Fslo] Yxo wet g wdH, dugoez F vt Fdojaltin S A Ty,
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ZEA X0 F3lof] A 2HAA FAAE B =5
T%o de Aoz &4#F bone morphogenetic

protein(BMP) =" HZ7HA] &g 155F7H A=A
A olE F, BMP 2, 4, 7To] 3fFE%s 4atA Yetdtia B
1E 9t} 53] BMP-25 mouse premyoblastic cell lineQ!
C2C12 AlZd| 718hd Z/A TR B3l Y, 234
X2 Fshgo] BuHUTH”, o]y g BMPO Alxu Alsde
< BMP type I 849] serine/threonine kinase’} &-A|-
gte Agho)] o] A3 Ha, AERY] dA S QikEA|
AozN 21 ATE Az Y= Adsi e 235 7P d
2] &27 signaling molecule® Smade]tH®?,

Smad receptor regulated Smad$l Smad 1, 2, 3, 5, 8
7} common partner Smad?! Smad 4, inhibitory Smad<l
Smad 6, 72 EFIH?. Dwarfin-AZ WHEHI = &=
Smadl-& BMP 2/49] Alxul A5 AgAets Bt glosk
©°m, Smad 55 Smad 13} F+ZZFCE 95% FLAo] o
BMP signalell #AE Aold F5o] 9lojgtt. o]&l Smadl
¥} Smad5ell &3t Yamamoto(1997)¥%5-2 C2C12 Al &
Smad 1, 2, 4, 5% ¥¥ Al7]Y, Smad 1 %< Smad 5%
C2C12 Alxze] Zd A7) BMP-2 §lol®= 23429
2141 ALPE #8531 myogenin®] & 4| Hrha 3f
Atk v Q1skgle] = C-terminals A1 A% Smadld 55 3}
& Al7]W BMP signale]l AdE-& 98|WA Smad 13
Smad 57} BMP signalell &3ttt AL Busheith.

BMPel| 28] Smad 12} Smad 57} <14+8}=" Smad 42}
£ Co-Smad$t 2&sHA gozm = o] Easte] BMP 4l
3E AdsHAlEE oz deA oy, A AR o
%3 Smad 1, 57} 2ZA X 27|23l oj¥ 7] J&S FE
7hel tialA = & deEA UA] &tk old & AFolA= BMP
signalell #eidtia 818170 Smad 13 Smad 571 234 £
z7] B3}o) nx & 9 dux Smad 13 Smad 57F gt
dH C2C12412olA 9] ALPS B 3 2471 & #2
szt skt

3T
ar

=13=5!
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1. Alkaline phosphatase activity2| histochemical
analysis

Mouse muscle myoblast cell line$! C2C12 cell®} Lee &
o] ol o8] Smad 13} 57F 247} stably transfection®
cell line= fetal bovine serum(°]3} FBS, GibcoBRL,
U.S.A)3 @441 100U/ml penicillin G2+ 100xg/ml
streptomycine ¥3838l= Dulbecco modified Eagle medi-
um-high glucose(°]3} DMEM, GibcoBRL, U.S.A.) ujA]
37T, 5% CO, w710l mldsld Tt 2x10%ell/cm®e] E
T2 12 well platel seeding 3%, vl &5 ¥ 5% FBSE
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23t DMEMUIAI & w33la recombinant human
BMP-2(Genetic Institute, U.S.A.)E =2 (0, 5, 10, 50,
100, 300 ng/ml) = v =]l H7}gt 5 3L 3E vl Fstich.

HjgE M3xe] A& A A3t phosphate buffered
saline(°]3} PBS)Z 23] A2 F citrate-acetone-formalde-
hyde fixative solutiondl] 30Z%<t LHYAA FFF 45mlel
alkaline phosphatase staining kit(Sigma Diagnotics,
U.S.A)ell 3% sodium nitrate, FRV-Alkaline, naph-
thol AS-BI alkaline solutione 7+ 1ml¥ TAHE 3718k
welld F Iml A& A glstar Yol A=Al 1583 = /2o
A )8 PBSE A1 AR A BEE T

2. Transient transfection and luciferase assay

Transient transfection

Transfection 3FFA 6 well plateo] welld 1x10°cell S
seedingate] 50~80% confluent 312 w LipoFECTAMINE
PLUS reagent(Life technologies)< ©]&3}9] transfection
< A3t Welld plasmid DNA(ALP promoter-lu-
ciferase reporter vector %, Smad 1, 59 expression vector,
pcDNA3)= 0.5¢g, PLUS reagent 2¢g, LipoFECTAMINE
reagent 3¢g, serum®| X=A| 22 DMEM ¥i#] 100mlE
AFE3lY | 4 DNAS PLUS reagentZ serumeo] 3+ ¥4
&2 DMEMHIA| ¢} &35t 158 & ¥ LipoFECTAMINE
I DMEM HiA| & &3¢t &5 A7kt & oA] 15353 4
2o A8kt vl Fgold AEe] wiAE serum o] EFE
A & DMEM HiA|Z w33 transfection €2 (DNA-
LipoFECTAMINE)S 7+ wellell 200ml %7}k, transfec—
tion 3A17F2 A FEE serumS F7Iske] 48A17F vkt
S AEE I o] Ao A2 Smad expression vec-
tor plasmid= Miyazono B} (Cancer Institute of the
Japanese Foundation for Cancer Research, Tokyo,
Japan)® FE, ALP-luciferase reporter vector= Harada
YA (Sumimoto Parmaceuticals. Japan)® HE % AS
A st on | ZF plasmide] DNAE Qiagen Midi Kit2 ©]
g3t FEsHA T

3. Luciferase Assay

Alxe] v Z A AL luciferase assay system Kit
(Promega, WI, U.S.A.)9] reporter lysis bufferE welld
200mlE H7kete] A EQ] lysateE 42 th2, 183 =9 ¢
AEZE Al 4E9 100mlE luminometer® lu-
ciferase activityE 573t SigmaPlot program o2 T3}

st
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4. Northern blot analysis

1) Al

C2C12, Smad 13} Smad 57} 212t stably transfection®
cell& 100mm? plateol] 1.1x10%ell®] =2 seeding 3+ &
15% FBS7F 29te DMEM#iA| o wj Fet. sHF 5 2t cell
£& 5% FBSE E&3 x| BMP-28 100ng/ml ¥7}3et
T3 H7bekA] e o2 o] 32Uzt ujekgltt,

BMPe ALP &8 ZA7|AE dotir] 93 cyclohex—
imide A 2] 432 C2C12 celle L3 WHOZ seeding 3
T, 2w AT BT o 5 5% FBSE XEe wiA=
wEsl, Ad+S BMP-2 (100ng/ml) H7F 3084 cy-
cloheximide (104/ml)& A g]ste] 24417t vl FasiTh.

2) RNA = 3 A719%

RNAE Chomczynski®t Sacchi HHo 2 FZ3}1 spec-
trophotometer® 7 &at1aL, & &H RNACA 104g9] total
RNAZE #3l 50% formamide, 40mM MOPS(3-(morpholi-
no)propanesulfonic acid), 10mM sodium acetate, 1mM
EDTA, 0.1mg/ml ethidium bromideS 7}k, 65T A
1587 WA & IFoA WAstH L 1% agarose, 5.5%
formaldehyde?] gel’dellA A719E31dth ]S RNAS
Hybond-N-membrane(BIO RAD, U.S.A.) &2 transfer Al
Z13L, membrane< UV lighto] =% A]7] RNAZE cross-link
AT,

Probe® Megaprime DNA labelling system kit
(Amersham pharmacia biotech, U.S.A.)& o] &3] (e-
32P)dCTPE F25t ).

Membrane< ExpressHyb Hybridization Solution
(Clontech, CA, U.S.A.) 2.2 prehybridizatione 3A1ZF, 1%

10°%pm<] 32P-labeled ¢cDNA probeZ 16A]7FE<tE hy-
bridizatione AIZTH. Sol 1(0.1% SDS, 2XSSC), Sol 1
(0.5% SDS, 0.1% SSC)& washing?t & -70C A Kodak
X-ray filmell autoradiography= A7t}

I o7 &5

1. Smad7} nps =
ALP7} &S =t

C2C12MzollM= BMP Az2[glol=

BMPell 9laf &43}leE Smadell 23t 2FAE 23l &
Zsl7] 918 Smad 13 Smad 5% stably transfectiondt
C2C12 A El A ZEAE F3te] 7] FAUAR] ALPY| &
3% histochemical assay® &<l 313t} Smad 1, Smad 5
7} stably transfection® 4l £5-& histochemical assay 22}
BMPA 2] glol= ALP7} 2= Slom, Smad 1°] #EdH
el ALP %d %7t Smad 59l HIsiA @A 3] =9k
(Fig. 1).

C2C12 A Z] Smad 1, Smad 59 ALP promoter-lu-
ciferase vector & 2} co-transfection AlZ1% ALP pro-
moter activity® =43 A3 BMP A& $lo]= Smadl¥}
Smad 57} transfection® wollAE tiZT B} ALP pro-
moter activityZ} 2v13 = S71ske A2 Yehstitl(Fig. 2).

2. SmadZ} TS E C2C12M=20]| BMPE X2|5tH ALP
2ol S7tslot.
Smad 1, Smad 5% 27} stably transfectiongt A3l
BMPE F=# =2 # 2|3} histochemical assays g+ 2%} 5,
10ng BMP/mls =04 C2C12¢ Smad 57 & & A}

£R

BATE nayml)

C2C12

s 1020712

SmadSaC 2002

JH}

Fig. 1. Histochemical assay of ALP in overexpressed Smad 1, Smad 5 cells.

C2C12, Smad 1-C2C12 and Smad 5-C2C12 cells were plated in DMEM containing 15% FBS, media containing 5% FBS were
changed on day 1 and cells cultured for 3 days in the abscence or presence (5, 10, 50, 100, 300 ng/ml) of BMP-2.

Cells were stained with alkeline phosphatase staining kit (Sigma Diagnotics. U.S.A.). Smad 1-C2C12, Smad 5-C2C12: Cell lines
which were stably transfected with each Smad 1 and Smad 5 expression vectors, respectively.
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Fig. 2. Activation of ALP promoter activity in response to
Smad 1 or Samd 5.

C2C12 cells were plated 1x10° cells/ well at 6 well culture
plate in DMEM containing 15% FBS. Cells were transiently
co-transfected with each pcDNA3-ALP (control group),
Smad 1-ALP, Smad 5-ALP when the cells reached 50-
80% visual confluency. Transfected cells were cultured for
48 hours. Transient transfection and luciferase assay of
ALP were performed as described previously.
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Fig. 4. The effect of BMP-2 in overexpressed Smad 1,
Smad 5 cells.

C2C12(C), Smad 1-C2C12 (S-1), Smad 5-C2C12(S-5)
cells were plated in DMEM containing 156% FBS. Media
containing 5% FBS were changed on day 1 and cells were
cultured with or without BMP-2 for 3 days. Total RNA(10xg)
were analyzed by northern blot hybridization with cDNA for
ALP. The amount of rRNA in the same samples was visual-
ized ethidium bromide staining

ol & ALP ¥ w
A 50, 100ng BMP/ml®
=]

. 5
=

9
M AR
= txTY ALP Y

zpo7h frofebA] ¥%ker, Smad 1
= A
7 A vErsi e 300nge]
shollM = Al o BT Bl B dde JERSH
BMP 100ng/ml& Az]3+ C2C12 AlZe|A ALP
=3 A3} 2n) =9 ALP activity
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Fig. 3. Activation of ALP promoter activity in respose to
BMP-2.

C2C12 cells were plated 1x10° cells/ well at 6 well culture
plate in DMEM containing 15% FBS. Cells were transiently
co-transfected with each pcDNA3-ALP when the cells
reached 50-80% visual confluency.

After 24 hours, transfected cells were treated with or with-
out BMP-2 (100ng/ml) for 24 hours. Transient transfection
and luciferase assay of ALP were performed as described

previously.
CHY — o+ = +
BMP - - + +
ALP L]

Fig. 5. ALP expression by BMP-2 in C2C12 cells was
dependent on de novo protein synthesis.

C2C12 cells were cultured for 3 days, and treated for final
24 hours with or without BMP-2 (100ng/ml) alone or in
combination with 10¢g/ml cycloheximide(CHX) pre-treat-
ment. Total RNA(10#g) were analyzed by northern blot
hybridization with cDNA for ALP. The amount of rRNA in the
same samples was visualized ethidium bromide staining

=7 JeRlI o™ (Fig. 3), C2C12, Smad 1, Smad 57}
T/}ma% Al Zol| A 2] northern blot analysis® & 23} 4| &

5 BMP (100ng/ml) A2]$ ALPS] mRNA ©do] F7}s]
& &9 & 4 3192, 53] Smad 1% Smad 571 &
TollA ALP 23S7PF Tl frefsh AdE €<
F IR (Fig. 4).
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3. Smadoi| 2§t ALPFZIAtS| Eilols ME2

gtdol st

|:I_|-I:|HIIO|

BMP-2¢l| 23 ALP9] ¥ F717F Smad signalings %
gk A AR AdRAA], Smadell o3l AjZo] ¥ Ao
2% AR E Felsly] A&l C2C12 Alzel wud 34 o
AAIQL cycloheximide(10#g/ml) & 303 MAee &
BMP-2& A 2]g Al ALP mRNA @&

gl s A7)
ALP7} #& =2 &dth(Fig. 5). ] 4785 53l ALP #4
= A

A o] Smaddl| o3 AFACR ffEEE Zo] ofye,
o E4¢ iAo S B3l 2A o s fEdTe A
= ¢ F UAT
V. sz % 0
Bone morphogenetic protein(BMP) & ¢]4&& d49] ¢
o2 Urist'”(1965) 9lal A3 4= o] dA7A o=
15781 TGF-8 superfamily'®el| 43+ BMPE©] 2=
th o]5F BMP 2, 4, 72 3fress s vepde] A
20 =10

d o ZA e 2w g3lH
Ho] Flon 53] BMP-29] 4%+ in vitro’d premyoblas-
tic cell linegl C2C12 A ZE ZFAH LR WA= 5870
Aero] HeFo2H o] AP o] gste] BMP 9]¢t ©]
2E gAY 71Nt o el Al B3] tiek o
77t A8E = AA = AT

TGF-8 superfamily®] 41z A A4 83 A E=
= 13] #Fet 1 A2AZ serine/threonine kinase €
9& 7HT} 2179l TGF-F superfamily Atele] AR
FBEIAZ ol59 84 JA A2t fFAM S 7 9l
o9 F&AE type [ H type 19 FFHE EFSEL
3] type | &A= 145 F-917F o] 8417} lit=el
Aoz Ak A P 2lt=ef 84 Alele] A
A2 AA A ez oY Hed AAE TGR-B<
activine] # et A2 or WA 2gter} type | F84
o] Agtate] Qlitsls = WhHoly olu type | 8= type
I F&A9 vizigle]l jzt=e} AfetA] et Exe
2Iter) ZHzte] A9 Adts 7]e otu 1 AjE ol
FEA L FAl EAE 75 ofF
Wgoltt, o] 22 WY A BMP 4%
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BMPe| Alzdgd AAAA FEA+= type 12 type 17
o type [ F&AE type IAS} type IB FE77}F ot
BMPR Il ol BMP7} 2§tste] ¢=&A4-23t= 34 S d/d st
™ BMPR [ ¢ serine threonine kinase’} &4 3}= 1 A £
o] thild & it o 24 BMPE| 4158 AXd= 2
gt Se=d 2 7Y de] gefzl gldo] Smadelth.

242

SmadE C. eleganced|r] ZAE Smadgte Az}
drosophildll A A E Mad(Mother aganinst dpp)&te +3
A7) Lt fAtdo] HEzl & Smagt Made] /o123
HH Aolt} Smad 1, 2, 3, 5= TGF-8, BMPe} 22 g7t=
of Eolxo =2 ®g3tE receptor regulated Smad(R
Smad), Smad 4= R-Smad¢} 7 auhs 38k com-
mon partner Smad(Co Smad) 2 PHE™* Smad 6, 7=
type | #8A A&etAY R Smadet 2%st] R Smad7}
Co Smad$}t 23HE 34 £l o 24 TGF-P signalingS
AA e 2H-& YERA o] inhibitory smad(] Smad)Z &7
%E‘}_B(J‘Sl).

R Smad$ Co Smad® 7%+ linker region®.& 4%
T e 2 REE MH1 domain(N-termnal)@ MH2 do-
main(C-terminal)©] $2™, MH1 domain® MH2 domain
45 A F4S 3 JE 2 Al 2Ad EA43t R Smade]
C-terminal% MH2 domain®ll & BMPR 13} &3] <l4ats}
& SSXS motif7t 9L, Co SmadQ! Smad4st Agshs ¥
A7} 9lejAl, BMP signalell €@l SSXS motif7} Q14tsksH
MH1 domain®ll €13+ MH2 domain®] & A 2H-g-o] 2
A R Smad”’} Smad 49} hetero oligomerization< 3433}
of A2 o]F 7lssl B2 BMP signale] AIEZWZE A
g Aot #¥ | agja AR o] Fe Smad HFAE A
AtzARIAR AHESHAI AT, FAARIAZA S Smade] 2871
Aol #sto] Smad7t FAST-1, AP1, TEF3, CBP/300% tF
& AR 34 54 A BEd e At A7 5
Aoy HZolE Smad 3-Smad 4 H&A7E 14 Age ¢
9+ DNA specific sequence$! Smad binding
element(SBE)*7} #1614 A Smad’l SAHHC 2% S
AR HE-E 24 F dvhe 7heAol gEAAl AT o
g dA17-A BMP singnal®] A€A1 Smad 12 Smad 5
9] binding sitedl] e+ e gl A3 o)t}

BMP7} Z2ZA 29 £l nXe dFS AoEd
Katagiri 5(1994)'”¢] premyoblast cell line?! C2C12 Al ¥
o 300ng/mle] BMP-2& A 2late] wjeksi ZS5A 22 23}
al2] @3 A2 E3FEAIAR] ALP, osteocalcin, os-
teopontin F°] LAH = A& Bast¥ 3 Ryoo 5(1998)%

=
=

< preosteoblast?] MC3T3-E1 Al2& 300ng/ml1e] BMP-2
stol|A] B Feld A ER] E31E 15Y o] e &

= Yehe | MC3T3-E1AI£E 2047 v eksba A wiek 1
d FE 3974 BMP-2& A g 2ol 244 3o <
st EXs5E A7s #EsHA BMP-2& Z23A| 29 27]
3l 24 88 JTE ke AS BRusisit

BMP signal®l A=€#9l Smad 1, Smad 59 ZZA| £
&3lolol #AA | tstodA = Yamamoto &(1997)7"&
C2C12 M| Smad 1 &2 Smad 58 I'Zd A7 BMP-
2 glol= C2C12 AE7F ALP activityS WERH 2L myogenin
actitivitys A=, BMPR-IAS] QAkslE &= H-9 2 2| A A



Z1 C2C12 AlZd] Smad 12 Smad 55 & A7 ¢}
FYsHA ALP7} 285 11 myogenine A Hta &3t 1
2] C-terminal®] AtetEE F9E AAZ Smad 13
Smad 5% #'#& Al7]"H myogenin activity”} S7} sHHA]
BMP signale] atdhg S #shHA, C2C12 AlXEoA =
BMPR-IAE 7d{+3= thE0 A endogenous BMPF A
$1°] exogenous Smad 13} Smad 59 FFdAToZE ALP
7hddES Ragch

Smad7} Z&A|E 23] 27] FAQIARI ALP & 7
e GeE gotry] 98 2 A4, Smad 12 Smad 5
£ transient transfectiond+ Al3£el4 ALP promoter activi-
ty7} ozl vlal] 208 = =A YERd A3 histochemical
assay % Smad 1, Smad 57} stably transfection® A<
A BMP §lol= ALP7} 28 ¥ 212 %3] Smad 17 Smad 5
7b 3R E Al el A= BMP Aelglel= ALP7F 2 H S &
ol & 4 91T}, histochemical assay 23 Smad 57}
transfection® Al ZNA ] ALP 2d =7} Smad 19 A|E
of Hlall AAs] @A U=t o] A2 stably transfection]
7} Smad®] expression vector7} AlEe] GAA o] Soizt 9]
27 23 2 Aol weh Smade] HAH =7t DA
ehd 2¥eln AtgE

Smad 1, Smad 57} stably transfection® Ao BMP
£ Al ALP &d F7P7F izt vls] @A 3]
Ao 2 YehuA, Smade BMPY &3= Z7HA71t
& 4 k. 285y BMP7F 5, 10ng/ml 3 =2 o
X

=2

= T
ol A% 2 7}& 37} ALP stainingdoz &9ld
A YehA = @Sktt. o]/de] Azex] Euf
o] BMP signale] $oJoFtt stably transfection® Smad<]
o] S old o ALP ©do] AA T} HE Ao
2}a A7t

Y= o] 53 T Smad7t ALPEE WA= 218710
sl Feet A57) gle dolola & Ao du
Z o]&g Smad’t ALPE AFA oz 4 A7 A Lobi
7] 93l cycloheximide® A 2] g A2} cycloheximideid A
2] ol A& northern blot analysisAl ALP mRNAZ} 2& g
A F52 GRleHT. Smadel o8] ALP f327F 2544 o
2 frdohd g oAl cycloheximided #2) %
o= ALP 7] Al Gaks W] @olok kA, cyclo-
heximide A g]$ol] ALP 427} 257 22 22 Smad
of o3l M2 o] I o] T Ho] ALPY HALE
z274 df= o ® Al dn

ol’e] A¥olA Smad 1, Smad 5 =57} BMP2] 215A
o #AGT= A & UJAR F Smadite] 7154 A
ol gRl & = glojA] ofdf et A7 o Had Aol A
559, o}&¥ Smad’t ALPY th& X3A| X9 FAAAH
59| Idd Agate WS Wele ATk ASHos 713
wojof & Zlole}t AZtHT

12 orle e
o
N KT e ru

>

9% = o]
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Bone morphogenetic proteins(BMPs)< TGF-f super-
family®] 4FoZ G43t THETORE T o] Hof
gt} 3] BMP-2& A2 7] Eslzxdd ot}
T B3t glolgith BMP-2%& o]Fo| &S] BMP &4 <
Agreto] =89 A EHZ9 serine/threonine kinase&4
< AFeta ol Al AlEAd EA3= Smad 12 Smad
Z @A3}ste] o]E¢] Smad 49 2 F d&oA gl
zAgth 2y BMP 93] @435tE Smad 1, Smad
l &0 g o]Fdt Fo| 2871 H A X 27]%3]
A= GaFel thall A= obz 2 delxl vzt glot. oo & 4
TFolXE= Smad 12 Smad 57} ZSAH X 7] E3EAAA
Rl ALP #xiat 2o n|Xe 43 2 1 28711 Yol
a4} ekt

BMP A2] §lo]%= Smadel ©Ja} ALP7} T =7t Pot
B7] $18] Smad 12 Smad 57} 22t stably transfection®
C2C12 AEZ 3Y7F Ml%3E histochemical assayS 311,
Smad 13} Smad 59| expression vector?} ALP promoter
vectorE transient co-transfection@ ¥ ALP promoter ac-
tivitys 3783ttt Smadel ©g BMPS] &3E Polr7]
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Abstract

THE EFFECT OF BMP REGULATED SMAD PROTEIN
ON ALKALINE PHOSPHATASE GENE EXPRESSION*

Nan-Jin Kim, Hyun-Mo Ryoo*, Hyun-Jung Kim, Young-Jin Kim, Soon-Hyeun Nam

Department of Pediatric Dentistry and Qal Biochenmstry*
Col I ege of Dentistry, Kyungpook National University

Bone morphogenetic proteins(BMPs), members of the transforming growth factor # (TGF-8) superfamily were
first identified as the factors that induce ectopic bone formation in vivo, when implanted into muscular tissue.
Especially BMP-2 inhibits terminal differentiation of C2C12 myoblasts and converts them into osteoblast lineage
cells. In the molecular mechanism of the signal transduction of TGF-8 and related factors, intracellular signaling
proteins were identified as Smad. In previous study, it has been reported that Smad 1 and Smad 5, which be-
long to the R-Smad family mediate BMP signaling, were involved in the induction of osteoblast differentiation in
C2C12 cells.

To understnad the role of Smads involved in osteogenic transdifferentiation in C2C12 cell, in present study,
after we stably transfected C2C12 cells with each.

Smad(Smad 1,Smad 5) expression vector, cultured for 3 days and stained for alkaline phophatase activity.
ALP activity positive cells appeared in the Smad 1, Smad 5 stably transfected cell even in the abscence of BMP.

After transiently co-transfected C2C12 cells with each Smad expression vector and ALP promoter, it was ex-
amined that Smad 1 and Smad 5 expression vector had increased about 2 fold ALP promoter activity in the abs-
cence of BMP. These result suggested that both Smad 1 and Smad 5 were involved in the intracellular BMP sig-
nals which induce osteoblast differentiation in C2C12 cells.

The effect of BMP on C2C12 cells with Smad 1, Smad 5 transfected were studied by using northern blot
analysis. the treatment of BMP upregulated ALP mRNA level in three groups, especially upregulation of ALP
was larger in Smad 1, Smad 5 transfected cell than control group.

Pretreatment with cycloheximide(10#g/ml), a protein synthesis inhibitor resulted in blocking the ALP gene ex-
pression even in BMP(100ng/ml) treated cell. These results suggested that Smad increased the level of ALP
mRNA via the synthesis of a certain transcriptional regulatory protein.

Key words : BMP, TGF-8 superfamily, Osteoblast, Smad, Alkaline phosphatase, Signal transduction
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