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g7} olom P uag A 7 A¥A
ZY4E FUFEEA dAAEE FiveE &
$2e BEHon opgalivkn Buslh
A A2-PG,9F BMP-2= 25 Hulile] o]
3he A2, BMP-27F Z22A 0] Zhg
3h= A%PGR9) 7159 o) 3% mE 4 e
S o3 4 qlrk. webA] o] AqellE A-PC;
of ot ML) S 9 EslERlos Mgt
o= ol rthBMP-25 7Fsho 24 1o
A G35 golruz} gt

re e

I ganE A Y™
1 NE3NE 5

A7F FEFTAETR Saos2 cell(ATCC.HTB
85, American Type culture collection)& 5%
95%, &% 37C, 5% COE EFsE 37|Z7100A
10% fetal bovine serum(FBS; Gibco, NY)}
HUAH 100units/ml H AEHERR)AL 100ug/
ml(Gibco,NY)©] 33 20mle] minimum es-
sential medium(a-MEM; Gibco, NY)ollA] uljoF
algich MEZAE S4E s widka AEE
96-well multiplatesl] 5x10" cells/wello] =|%=5
JES 5 SuiRTelle duhelRah, i
o duhfxjol 100ng/mls%=2 rhBMP-2(R&
D Systems, USA)E, Agvolle AZRAFAHuA|
o 7}z 10" M2 A-PGJ, (Cayman Chemi-
cals, Ann Arber, M2 @502 W7} 10°M
Fo) A¥-PGJ¢ 100ng/ml rhBMP-2 324
A7kl wiek 1. 2. 494 2mg/mle] MTT-
(Sigma, USA)E il 4ARF S0l MTT &84S #|
7% 3 DMSOE %718k} formazones =91 &
microplate reader® 540nmnelX]  OD(Optical

Density) = =451

2. YUY QPN (Alkaline phospha—
tase) ¥y &3

alelE Saos—2 cellS 12-well plateol] 1x10°
cell/welle] H%E% HFe & SAudxstde o
WAk el duhiAlel] 100ng/mlE
9] thBMP-2(R&D Systems, USA)S, A3
ol Azl 22t 10 M Ee] AP-PGJ;
(Cayman Chemicals, Ann Arber, MDE &%
o WAY, 10" M=o A*-PGJ:9 100ng/ml
rhBMP-2E3HE-8  #7keisict. wiek 398zt
wellZ258 wixlE AAskL, 0.25% trypsin-
EDTA &40z 557t A2lsio Ax2g g=rzl

F, A% gude duedsdd. Ped s

& o} 0.5mle] SFE 718 | 181 L5910l
A ZFIHEAsk 0.1ml ] AEEANS 0.1ml9)

0.IM glycin-NaOH buffer, 0.1ml®] 15mM
para—nitrophenol phosphate(PNPP), Azl
eof) 8818k 0.1% Triton X-100 2 0.1ml¢) 557
Fro} Egksla 3087t 37CHNA wHSAIZLE whg
2ol 2.5ml¢] 0.1N NaOHE #71eha gl
Fo} WkE-S- FX|AF]L microplate reader®
405nmellA] F3wE SR o E & o
A2k para-nitrophenol(PNP)E A 3519]
Alkaline phosphatase(ALPase) @4xo] Tl
il ks 7o E ST

3. Moy B FYs5 HY

FHe ZFAETR] MC3T3-E1  cell(Rinken
cell bank, Japan)< 6 well plateo] A& &
SAWETNE 10% fetal bovine serum(FBS:
Gibco, NY)# #ly4® 100units/ml 9 AEJE
o] Al 100ug/ml(Gibeo, NY)©] #38H minimum
essential medium(a-MEM; Gibco, NY)20mi<]
A2 PAupATr W, iRl 43 o
“daiAlel] 100ng/ml F%9] rhBMP-25, Adroll
= 7zA il 22 10 M 5o A%-PGJ,
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¢

= = 100ng/ml 552 rhBMP-2¢F 10°M
w0 APPCLEFES Wi 5% CO; wj%7el
A kst il 2194 95% AR A
3. Alizarin red solution®2 |Msle] 33t &
m7sloll A A12)8 Axe) PR E gy v
s BT,

—_

4, ZENZE 22| BNNSO| Cfer
Ol3FY ATNRL-FYI AN
S(RT—PCR)

-

100mm Alrajdgalel] wieke Saos-2 cells
B A7 19, 7R TER Azjale] cell & 2
2 % total RNA extraction kit(Roche, Ger-
many)S AHESl] RNAE sl Wk =3t
RNA 1pgs Reverse Transcriptase, RNase in-
hibitor, 10X reaction buffer. dNTP &3} &3t
3lo] 25°CollA 108, 45°CollA 60%, 4THA] b
B WRAIA cDNAE dsisirt. o)A |

cDNA 211+ 20pmole®] primerE DNA poly-

Table 1. Primer SN 37

merase, dNTPs 2 reaction buffer 5°| 33
AccuPower® PCR PreMix(Bioneer, Korea)oll
YUy 2842 ¢ 50ulE 9HEe] thermal cy-
cler{eppendorf, Germany)® polymerase cha-
in reaction(PCR)& Al&lalaitt. A9 primer
o] rMEst =7]), PCREUL ¥ 13
PCR AAE-2 2% agarose gel’Jollx] A719%EE
Alg¥3kaL 0.50g/ml ethidium bromide= 44a}
o] GelDoc 2000 Gel Documentation System
(BIO-RAD, USA)°o= #i=9] intensitys &
3159t} 18s rRNAY] intensityoll gt 7k os-
teoblast marker®] intensity®l BIE T
mrRNAS] AR TEge AR

5 Wy 24

AESAE 2 ALPase BAHE S one-
way ANOVAS} A7l Duncan WHS A9
315

Sequence Expected size of PCR product (bp)

Human COL 1

(s) 5-TATGGCGGCCAGGGCTCCGACCCTG-3

(as) 5-CCAAGGGGGCCACATCGATGATGGG-3

Human ALP

(s) 5-ACGTGGCTAAGAATGTCATC-3

(as) 5-CTGGTAGGCGATGTCCTTA-3

Human BMP-2

(s) 5-GAAACGCCTTAAGTCCAGCTGT-3

(as) 5'-CTAGCGACACCCACAACCCTC-3
cbfal (s) CCCCACGACAACCGCACCAT-3’
(as) TGATTAAAAGGACTTGGTG-3'

18s ribosomal RNA

(s) 5'-GCGAATTCCTGCCAGTAGCATATGCTTG-3

(as) 5-GGAAGCTTAGAGGAGCGAGCGACCAAGG-3'

* 5 ! sense, as @ antisense

*COL T : type I collagen, ALP : alkaline phosphatase, BMP-2 : bone morphogenetic protein-2
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Table 2. Cell proliferation by MTT assay in Saos—2 cells treated with 2'>-PGJ. and rthBMP-2. rhBMP
-2;100ng/ml, 4% PGJ2:107M, 4'*-PGJo(10°M) + rhBMP-2(100ng/ml)

Control rhBMP-2 A2-PGJ, A”-PGJ;+rhBMP-2
1 day 0.334+0.02 0.23420.02 * 0.253+0.05 * 0.296+0.02
2 day 0.343+0.03 0.340+0.03 0.418+0.03 * 0.3140.02
4 day 0.413+0.02 0.374+0.02 * 0.442+0,02 0.363+0.03 *

* © indicates significant difference compared to the control(p<0.001)

Table 3. Alkaline phosphatase activity of Saos—2 cells treated with 4'°-PGJ, and rhBMP-2.(nmol-
PNP/30min/e g prot), thBMP-2 ; 100ng/ml, 4'*°PGJ; 1 107M, 4'*-PGJ>(10°M) + rhBMP-2(100ng/ml)

Control rhBMP-2 A%-PGI2 A"”-PGJ2+rhBMP-2
0.183+0.01 0.469+0.02 * 0.233+0.02 0.326+0.03 *

* ' indicates significant difference compared to the control(p<0.001)

n. S Eq 2. YUY MR LNMALPase)BYE B

1 NEZAE 57 AlPase®] 8A%E &4 Ay ¥ 33 2o &
Aulztol vjsl] Addlzaty Ade BFoA =

AFEFAE 2447 3 29 P} Q7kEsE 2 GHEE Hlow IR A)E YR

AZE(SAOS-2 cel)FE= 195 rhBMP-2 wHe rh BMP-2/A"-PGJ, &dkt, A-PGJuHET &
B A-PGJ, TEaRA &4tz fo)st AURT o2 B4 YelitHTable 3).
o7 K}

29 Alell = AP, Gl ThE T & 3. Mol I FYs Y
o8l MESF7E wkon, 4Umol= rthBMP-2
GEF thBMP-2 /A%-PGyEdktollA] v & M3lsl A4 P a7 13 2o} g 7o H)

ur} fefst s5mo R gt Mol Az

E*ﬂ TSRS wlaeld 7 R 19, 29, ,

ARYel AabEaE a7} Srkehs FEE som Mg s A-PGl,dEwE T} rh-

92 (Table 2). BMP-2/A"*-PGJr&drollx] Alslsl Ade] 1 &
o] A% Ao WAEAHFigure 1).

ut sl Sl A3jst Aol 7k A s
4

:u:a
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Figure 2. Effect of 4'>-PGlJ» on

4. AHNRL-FARLANEIS(RT-PCR)

TRAE F3} FAAR] Alkaline phospha-
tase(ALPase), Bone morphogenetic protein-2
(BMP-2), cbfa 1. type I Collagen®] RNA &
&S 8AIRE, 1Y, 7Y Bl e Aike 19 2 -
59F #tt.

ALPase®] 790l 19714 2E vl wd
ol T7ITE TR Al HEE Bt 1
A SAduizeatel] HiE] gt gl o
o] FArHFigure 2).

T 1l o

7d

mRNA expression of AlLPase

BMP-2¢] Z9ollx= A7 SAdthztol vls)
PR AFgtolA o] Eglon] E3)
rhBMP-29} AP-PGJyE8Roll A A e 4]t
VERITE 1UAolli= B wollA] 8AIZER L S}

Hiem 7 7

3},‘? ﬁb— S ] alzﬁh H]/\——]oi
ot T e SAHETT AP-PGI STl
o whEn) o = B Figure 3).
cbfalollx= 81\]7 194 B oA fAlek
o] WlEks Blom, TUR BE oA ke
gho] okt 57}5"0111 7h bl 27k glgiet

(Figure 4).
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Typel Collagen®] 7d-¢<llv S/dtzr-& A2
3 U] oAl 8AITHA fARgE o] RO
197 BE Folla @z ort AP-PGI eSSl A
g2 Furl ok 2ok TR BE el ]
Arfo]l wlel] WS Holx| gokow 7} w7lel| 2}
o7} K Figure 5).

v. 88 { 1N

® 7= yhBMP-2¢F  A*-PGJt 224 )
S Slsl) Al AR 5 UeAE Wkske
HES v *e?fti*i ?J{P 2 &% Aol M
L © avel Msglg
4 g4 g9E Jéﬂobﬁ, rhBMP-27} A¥E5
| R ZalE Yoluis olde] AFEolA
*“iElE ANES Wasided 0w
rhBMP-2 ©% 5oli® rhBMP-2/A
12—PGJ2 &3 RodollM dizr AS-PG B
T} A¥gv) A%lem o] AAE Erw
rhBMP-27} ZEEA|29] 2218 oAk T}
98-S F4s B S gt v, AY-PQ, B £
ofoll Mz 2UA MESF7F tizwel vls| #-o%
o woron 4dsfol thE Al 2o HIsiA
AEZF7F BN izatvbie SAEHo R fe
Els 7‘401% At o] A= 2 THe] Alxet 2
& oA Alagk 8 50e) Oﬂ?— 7%%9% o
16:}@. rhBMP-2¢ JojA AEF4 =
At} v AdE Kol ﬁ—% AEEFH

Tt

o} wigkzglo] Zhzh vher] wieel e S
AlPaset Z7] FAIE E3fdrelA] Eds=

chlA R o] gho] L £IA|Re] H3) Aw

£ vEE e AMEEl] gk IR I

AHZ
ZTHEE olgs 2 AgeA rhBMP-29 A
PGy 742 ALPase®] BAEE Z7HZLH,
o] A oo <dFEe Aot d
o} 0B HRVP-2 T Folilld BT
7} AL Fom A%PGI, wE Folrnrt
rhBMP- 2/A"-PGJ, &8 Foliolls Siert &

Ao xol rhBMP-2¢ o8t 84% Z7F &7t
A%PGIgel oJaliM 7 AL e &
v} thBMP-29} A¥-PGJy AEzte] 2H3-S 7138
7] 98] gog B Atge] Basle} AlnEh
HEst g4 ARE Frkele AddME rh-
BMP-2 2 A%-PGJ, 5 ZEAEe] M5ss =
ANFTE v Al thMP—27} A
o] M3lals S8k 3t o] Hexl vt
B2 AP-PGRe] Al =B 3‘”. o 2
)22 o]83 KoshiharaS™e] A7} 7 =
22 olggt & 9] AFeM A-PGJe FE
7F 107 - 10° B m% Aglsle Exlehs Gt
arhy Byskied), 10552 AP-PGJE AR
o 2 AT ﬂﬂ:@} g3 St rh-
BMP-2¢} A*-PGJp9] 413]3} 21 gaE H|us)
HA rhBMP-27} A% PGJo R} A3]81e £74]7]
= @i 34 Jepgeh &8 rhBMP-2/A%-
PGJs £¢ 3 749 rhBMP-2 @5 Folr it
A58 R g} ashe A4S HYCEA rh-
BMP-20] 2l8k 284 &7t A%-PGIoll o3l o
AE)E= Ao Hol o= AlPase A% A
Aol FARE Fds HAUTh
FAAEL] FalAlelA] Z7)d thildo] Wy
o] ¥wo] g} 38.39) =7 AvhlAe dEA Al-
Pase, Typel collagen, BMP-2 % cbfl¢] m-
RNA Hququ:E )\L,qa i o:]:rloﬂ/q —T’—/Hx-]]io
Z7] B3Rl gy deir AlPases)
Type I collagen®” & 195 RE oA waglo
o, TUR| Edwo] st 1978 AR A
w2 et thBMP-29F AP-PCJ,E @5 =
T 2§ Folgh ollA gzl vis] 194
AlPase®] mRNAZ&E o] B9kor Type I col-
lagen®] mRNAS %7] 8A|7 rhBMP-2¢9 A
PG, T = 8 Boldt Pella oA 243t
Zl) g wo] =ik BMP-29] mRNAL
ol LHEYEH, 271 8ATHlE 24
)zl HEl rhBMP-29} A%-PGJrE O e
&3} Folgh oA o] wWelth Ul &

>
NH

DT:
L
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Atz AP-PGJ, ©HE Folito|A] tl2 ur)
dalgfo] gkt olgl AyE Hol= 7S rh-
BMP-22 Eoi3l o4 27)0] AAE= BMP-2
sl o)Ze] 517} SeolAA) Hw BMP-29] @H
& 0312 ollehs whgo] Yolup] Rl A

5 4 olont olzg el i oshlr}
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w2 Ao ARES T & 9l rhe
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DT, rthBMP-28 A“PGJ9F S ) A
PPGLEEC R AMRHS wHch ZEAS ZA
7P ZAE e B 5 oy A-PGI9t
rhBMP-27F2] Aazkg-g ] Ssir
W Ayt dastele) Alasch

oko =

V. dE

A“-PGIoo) 28t Z2AERe] BEl 24 2 A
§1§]_ jr,].ﬂoﬂ/ﬁ rhBMP-2& 7(—17}.6}0 F'M] O%o]x]__
BIE ol ua) QI FEFHES o] 83 HE

TAE 54, ALPase@Xe S43 234 E 53}

o]

[

FARAFEA digk RT-PCR % 7 2ZA3E2] 41335}
A G BES Ase] theal 2o Aue
g}

1. thBMP-2 &% T thBMP-2/A-PGJ,
A= Frt 9l

2. ALPase @4 ¥ A3js} A4 A gah=
rthBMP-2  ©&ola] Ald &=gkon
rhBMP-2/A-PGJ, &3, A%-PGJ, w5
o R LpERE

3. rhBMP-2, Alz PGJs %EL% rhBMP-2/A
PG, EdrolA ek
W DS %Eo} ek

olde] Auz B uw A®-PGJ.9t rthBMP-2<
Eggto s A-PGLYECR AL wrrh ¥
G4 ade 7B rhBMP-2 w5l 23k 23
) Eharks e R0E ol olEtie] A5
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Abstract-

The effect of rhBMP—2 on 4—PGJ,
induced osteoblastic differentiation and mineralization

Won-Kyung Kim' - Kyoung-Hwa Kim® - Jong—Jin Kim' - Young-Kyu Lee' - Young Ku”

1Department of Dentistry, Asan Medical Center, Seoul, Korea
ZDepartment of Periodontology, Seoul National University, Seoul, Korea

Prostaglandin plays a significant role in the local control of bone metabolism associated
with periodontal disease. A-PGJ. is a natural PGDy metabolite that is formed in vivo in the
presence of plasma. It is known for AlePGJz to stimulate calcification in osteoblastic cells.
Bone morphogenetic protein(BMP) stimulated osteoblastic differentiation in various types of
cells and greatly enhanced healing of bony defects.

The purpose of this study was to evaluate the effect of rhBMP-2 on AIZ—PGJZ induced
osteoblastic differentiation and mineralization in vitro. A human osteosarcoma cells line Saos-2
were cultured. In the test groups, 10-7M of A%-PGJ, or mixture of 10-8M of A*-PGJ. and
100ng/ml of thBMP-2 or 100ng/ml of rhBMP-2 were added to culture media. After 1 day, 2
days and 4 days of culture period, the cell number was measured. Alkaline phosphatase
activity was measure at 3 days. Reverse transcription polymerase chain reaction(RT-PCR)
was performed to determine the expression of mRNA of bone matrix protein at 8 hours, I
day and 7 days. The ability to produce mineralized nodules in rat osteoblasts(MC3T3-E1) was
evaluated at 21 days.

The results were as follows :

I. thBMP-2 or mixture of rhBMP-2 and A™-PGJ, inhibited cell proliferation of human

osteosarcoma cells.

rhBMP-2 or mixture of rhBMP-2 and AIZ*PGJQ stimulated alkaline phosphatase activity

significantly higher than A™-PGJ2 alone.

3. thBMP-2 or mixture of rhBMP-2 and AlngGJz stimulated mineralization compared to A
-PGJ2 alone.

4., mRNA of alkaline phosphatase, BMP-2, chfa 1, Type I collagen were detected in the
group treated with A”-PGJo/thBMP-2, thBMP-2 alone, A”~PGJ. alone.
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These results show that mixture of AIZ—PGL and thBMP-2 causes more bone formation than
A‘QfPsz alone while the bone formation effects of mixture of AIZfPGJz and rhBMP-2 are less
than those of rhBMP-2 alone.

Further researches would be necessary to clarify the interactions of these agents.

Key words : BMP-2, AIZ_PGJQ, Saos-2 cell, MC3T3-E1 cell, Alkaline phosphatase activity, RT-PCR
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