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AFHde vt w3t oY, T T oA
Aol efslo] A|xzo] sl SR AxEEs
AAsE7] Sl Apkers BISSE ofg] $Fe] o)
o] ARg A IS o] 83 ZRATEAE Tl
AREE AL glom Tk dAqtAiEe] KW gl
o ol T g E2A AEIE Hohdtt
I Rl kel A, APl A Sl
= F7hR et Zash, ?7101]*1 AN
= Yol 73] AHAelehs ©ale] Stk wF=
oA AptEe] WAls weke 4= ANt l‘ﬂx}i
HE Zdo] 7dd TheAe ¢s] WA =
QoY weld 7189 F olAAE tAlsY =
olAAle] EAENE v S T e 22
2ol diall Balo] moaL glom 59 shirt =
A (BMP) oth. BMPE transforming
growth factor(TGF-) super familyell &3h=
w2 A Uristoll 2J8l Ao ol FgAds
2o 7y 9= Aoz ALY In vitro AEe]

O

_ig r1

)

-

A HeFeE AlEEe] AR SRS {529
= aap) wEiRa, Y ole) $EA%S B A
Z;qll 13) 5 J+ —‘—ZXLJ XH/@O 01:01_4 }_51_47]_ o]o
H, ARE 22 A fAkIthaL BaEd
ok BMP % 53] rhBMP-2% o83 B2
AN x4 AP} o, HZols A
oM JeH oz ARggo] By uf ey 202
Prostaglandine Ao 288 {lE o]
EHrke] ik RA SRkl Hofsks Fa%h
UH7H°]X}E dejx glom ? 5Pl dofihi=
o= Fofels Aom deA kPP 2E
T5 Xk &l ofsf ofe] w=itelx] Barw s
= v 2% zmAz e Bajsh PEL
A ZE gtk Nk Ads BaEa Q)
oh2 AP-PGts ZREE fEAe] st
¢l PGDy o= ] 8ol doll] g=rihe-S 74 o
ARe AFE2A] Fukushima 52 &9, dnjoly]
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= 2t 9gom P dag AAS F Al
E FEAE ey dAadER fiEE =
T35S yEdon osigiva RaE iy
weby AZ-PGJy¢F BMP-2% RS EtiAle] ¥
She Az EMA, BMP-27F 23 ¥ 2H4-
R AP-PGJp2] 750l ofH 93-S v 4= S
S opde = Qlrkh wEhA o] Al AP-PG,
o oJgk ZzAEe] T2 9 sl s Als|sht
Adojuh= 3ol rhBMP-25 718k as o]
A= Gk dolraz) st

rl

I d74s 2 9H
L AESHE 53

A FSHSHETR] Saos—2 cell(ATCC.HTB
85, American Type culture collection)E HF%
95%, 2% 37C, 5% COE XEFet 37]FelA
10% fetal bovine serum(FBS; Gibco, NY)z}
YA 100units/ml 2 ~EEnlolxl 100ug/
ml(Gibco,NY)©] ¥ 20ml2] minimum es-
sential medium(a-MEM: Gibco, NY)ollA] i
stk AEFAE S8S fAsiA wids AlEE
96-well multiplateol] 5x10? cells/welle] HEZ
FET 5, Aol Ay, it
o= duhfA]e] 100ng/mlEs=2e] rhBMP-2(R&
D Systems, USA)E, A= 743=23/du)A|
o Zt2F 10" Ms=2] A”-PGJ, (Cayman Chemi-
cals, Ann Arber, M) @522 WAL, 10°M
FE2] A”-PGJ,9} 100ng/ml thBMP-2 &3-S
71Kt wiF 1, 2, 494 2mg/mle] MTT-
(Sigma, USA)E YL 4A3F Sl MTT 84S A
g & DMSOE #7kete] formazones %<1 +
microplate reader® 540nmnollA]  OD(Optical

Density) & =751t}

2, &aA QAka A (Alkaline phospha—
tase) YL =4

wjoke Saos—2 cellS 12-well plateol] 1x10°
cell/wello] =% HEe & SAdzvlle o
HHA]EE - edoizertol = dRhlAlell 100ng/mls
%o] thBMP-2(R&D Systems, USA)E, Ag
o= AzxA @ guiAel 27F 10 Ms=e] A-PGJ,
(Cayman Chemicals, Ann Arber, M)E %=
oF YAY, 10°MEES] A-PGJ,9k 100ng/ml
rhBMP-2&stes A7kekict. wiek 34 7
wellZ2HE WIXE AASIL, 0.25% trypsin-
EDTA §elo= 523 Agjsio] AlZE g2l
T AE dels ARt #eE AEE
& Xol 0.5mle] SHFTE 71 5 137 I35
A ZHIRisiekal 0.1mle] A4S 0.1ml
0.1M glycin-NaOH buffer, 0.1ml¢] 15mM
para-nitrophenol phosphate(PNPP), A2]2]%
ol 83813 0.1% Triton X-100 2 0.1mle] S5+
g} E3tslar 3081t 37ColA WESAIZLE WS-
S 2.5ml¢] 0.IN NaOHE Z7skar da-$lel
ol W8-S FAAZ|AL microplate reader®
405nmell] FEEE SHshs WHoRE & Yl
APk para-nitrophenol (PNP)E  A@aic)
Alkaline phosphatase(ALPase)Z4%=2] ©9fi=
ThiE oS 7o R Bl

3. 433 24 I4s aF

Hel AT MC3T3-E1  cell(Rinken
cell bank, Japan)< 6 well plateo] HZE3+ &
Sddlztelli= 10% fetal bovine serum(FBS:
Gibco, NY)3 #lU4= 100units/ml 2 ~EHE
vlo] Al 100ug/ml(Gibeo, NY) o] ¥3Fe minimum
essential medium(a-MEM: Gibco, NY)20ml<]
7z FAduiA ek Yo, izl Hx2A] o
duiR]el]l 100ng/ml 5%=2] rhBMP-2=, A3tol
= Az A 22F 10'M =] AP-PGJ;
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G5 Fe 100ng/ml F%=) rhBMP-2¢F 10°M
TR AP-PGLERES Wil 5% CO, wid7]el
;\1 Hj % 0}9&1;]_ ok 2147 95% O]]EPQE Ak
. Alizarin red solution®= Jsle] 33} &
Ul%B‘MW AM2lst Ado] AotE et H]

L) S P ]

T
= =~

4, ZIAE E3lo] FAAEZ 3t 3t
o|AHY JAXNEALA-FTFFEAAH
£ (RT-PCR)

100mm A migel Saos-2 cell=
HiSE 8AIRE, 1Y, 794 TEZ Agslo] cellS &
2 % total RNA extraction kit(Roche, Ger-
many) S AHESlo] RNAS Eaja] Wit} 53
RNA 1ugs Reverse Transcriptase, RNase in-
hibitor, 10X reaction buffer, dNTP 53} &%
3l 25O 104, 45ColA 60%, 4TolA 5
&S WRAIA cDNAE . OlFA 42
cDNA 2ul¢} 20pmole®] primerE DNA poly-

319

7L A7

Table 1. Primer

merase, dNTPs % reaction buffer 5©] g
AccuPower® PCR PreMix(Bioneer, Korea)ell
Yy SH5E Hdll 50ul® vHEY] thermal cy-
cler (eppendorf, Germany)® polymerase cha-
in reaction(PCR)S A8t A8 primer
o] AyNAs =v]. PCRZAS ® 13 2t
PCR AAELS 2% agarose geldollA] #719%S
A&kl 0.5ug/ml ethidium bromide® 25}
o] GelDoc 2000 Gel Documentation System
(BIO-RAD, USA)°= HI=9] intensitys ¥
319tk 18s rRNAY] intensityoll theF 2F2+e] os-
teoblast marker?] intensity? #HIE T3]
m-RNA®] JtA9] BAgS dEAs)3inh

AN 24

AEFAE 2 AlPase BAHE A7 one-

I srcac s
way ANOVAS} A}$-7379l] Duncan WS Alsd
ATt

Sequence Expected size of PCR product (bp)

Human COL I

(8) 5'-TATGGCGGCCAGGGCTCCGACCCTG-3

as) 5~CCAAGGGGGCCACATCGATGATGGG-3

Human ALP

s) 5'~ACGTGGCTAAGAATGTCATC-3

as) 5'-CTGGTAGGCGATGTCCTTA-3’

Human BMP-2

cbfal

s) 5'-GAAACGCCTTAAGTCCAGCTGT-3

s) CCCCACGACAACCGCACCAT-3’

as) TGATTAAAAGGACTTGGTG-3

18s ribosomal RNA

(

(

(

(

(as) 5'-CTAGCGACACCCACAACCCTC-3

(

(

(s) 5'-GCGAATTCCTGCCAGTAGCATATGCTTG-3'
(

as) 5-GGAAGCTTAGAGGAGCGAGCGACCAAGG-3

*s ! sense, as @ antisense

* COL I : 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 A'>-PGJ, and rhBMP-2. rhBMP
-2;100ng/ml, A'2°PGJ:107M, A?>-PGJo(1078M) + rhBMP-2(100ng/ml)

Control rhBMP-2 AP-PGQJ, A?-PGJy+rhBMP-2
1 day 0.334+0.02 0.234+0.02 * 0.253+0.05 * 0.296+0.02
2 day 0.343+0.03 0.340+0.03 0.418+0.03 * 0.314+0.02
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 A'>-PGJ, and rhBMP-2.(nmol-
PNP/30min/ug prot), rhBMP-2 ; 100ng/ml, A'’>PGJ; = 1077M, A'®-PGJo(1073M) + rhBMP-2(100ng/ml)

Control rhBMP-2 AP-PGJ2 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)

III. 9434 2. ¢ At ai(ALPase) B E 54

1. AXSAE 54 AlPase?] 84T =4 Avl= ¥ 33} 2} <&
Atizrtol] vlsl ATy} e EFolA =

AEZFAE 449 = 7 29 2} Qs S S woon ST | AT
AFE(SAOS-2 cel)FE= 194 rhBMP-2 e+ rh BMP-2/A%-PGJ, &3t A-PGJ e, &

3} AP-PGJ, BRI £ thETHCh ROl £ AJUET ©0% 0 vebdeHTable 3).
Fow gk

_1

297jell = A%-PGJ, Tl TR R 3. A3t 24 P45 42
OlatAl AlET7F Bkow, 4dAjoll= rhBMP-2
PHEtw} thBMP-2 /A2-PGLEdI T 7 Xslgt A4 P4e I 19} gk ok ol W)
HOF froleh o= A7 A0k ARkl m & ATl A3)st Ade] 71 AA A
& AIESAEE vlaehd 7F o B 1Y, 24, 4 Aok A oizrelA] A3lst Aol 71 wol 3
U Algto] AHETE X7 S7RNE FEE AEQon Aslitlis A-PGS,RERT the
XK Table 2). BMP-2/A"%-PGJy&gholr 433t Ado] o &

o] PAH ZloZ AAHNHFigure 1).
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Control PGJZ 10-T™™

Figure 1.
MC3T3-Elcells.

1.2

PGJZ 10-8M+BMP-2
100ng/ml

BMP-2 100ng/ml

Representive in vitro mineralization data obtained from 21-day cultures of

& Cont
m PGJ,
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Figure 2. Effect of A'2-PGJ> on mRNA expression of ALPase

4, PN EA-FTIEEAI -G (RT-PCR)

IEAE H3} EXAR] Alkaline phospha-
tase(ALPase), Bone morphogenetic protein-2
(BMP-2), cbfa 1, type I Collagen®] RNA 23]
S 8AIRE 1Y, 7Y st #ESE Ayl a9 2 -
5%} At}

ALPase?] 7-¢oll= 19714
o] T7RICIF T4R] 1Ash=
A Srdezrel] vls) iz
Azko] wktHFigure 2).

RE oA ke
R,

1S
T %%EOHH

BMP-29] 7Z-9olli= 8AIREA S/ ezl Hla]
FddlEaty} Adtellx] o] woron 53
rhBMP-28} AP-PGJy&ghrol ] AlY =& 5315
Uehith 1980l 2 oA 8AIRRTE 7}
he Ak Belom Zh whel] ke vlssaisl
Tl = AT A-PG ol
T2 EC} o7 = B E K Figure 3).

cbfalolldi= 8AIZEE 194 BB FollA] fARE
Ao Wiyeks Hojow 7UR HE oA wE
Fol Rt F7Hle 7kl Zfol7h Stk
(Figure 4).

o

7}
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Figure 3. Effect of A'>-PGJ» and rhBMP-2/A'?>~ PGJ, on the mRNA
expression of BMP

1.6

14

1.2
1

0.8

0.6
0.4

0.2

AN .
0 8hr 1d 7d

Figure 4. Effect of A'®-PGJ, on the mRNA expression of cbfal
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Figure 5. Effect of A'>-PGJ, on the mRNA expression of Collagen type 1
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Typel Collagen?] 750l SANZTS A9
Sk L] tellA] SAIREA AlRE B ilgon,
194 B2 oA gl o) AP-PG w5l
T2 THh o 3kt TRl BE oA 1
Aol vjal Wsls HolA| Fgkom 7t 7lof| A}
o7} K Figure 5).

Iv. 2 ¢ 1%
2 A= thBMP-29F  A%-PGJy7) #3224 A

s S AgsAl MR eAE EkRkE
71xEAle] Aoz QI7F FEF AlEelA MR
T2 Y AR o) WXz aje} Al3]s)
A4 g4 29% Frlsiodtt. rhBMP-27F Al
Aol A= G3HE dolri= ofde] AqhEel|A
= s A9Es Basigleg e w2
o= rhBMP-2 o5 Fou's} rhBMP-2/A
2-pGJ, &8t FolutollA vzt AP-PGJ, THE
ot HTE AlEG7E Alon o] AnE EdiE
rhBMP-27} Z8FA120] S41& AAlsh= 37t
V2 A B S ok vk, AY-PG), W R
ool ME 29 MESTE iz HlE) frelE
TR wekon, 4= v A el HIEA]
AEG7E BT, gizaals BAEA R {9
& zlol= gigit). o] Arl= e FRHe] Mot 2

~

Aghe}, rhBMP-2¢1 QloA] AlEg2lkol| wix|=
g3} A o2 Aals Hole o
of mijekzzdo] 242t 2] w5
ALPasetx= %7] ZAE EsleAolA ey
o= o] gho] ST Z2IAEY
= U= AEE de] AHEE o] st} ozt
o83t E  oAFla] rhBMP-29
ST E 57]_}\]%1\ OU%’
e}

o

> do Hrr s

TAEE
2_pQJy= Z82F Al Pase®] SAEE Z

Ak oldel  dAtEel  Axje}
o 0HALBID  hBMP-2 s ool A ShdE
7} AY o, A%-PGJ, wE Folitmth
rhBMP- 2/A%-PGJ, &3 Fofol ] gAwrt &

o]
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20 = Ho} thBMP-2¢] J3t g%
A-PGJyell 2l 22 AE
U rhBMP-29} A”-PGJ, 37k 265
7] flal o W dAqtge] dasket AkRE)

435t A Wkehs AfelM= rh-
BMP-2 2 AP-PGQJ, BF 3|20 M35 =
TAZAE. vl dlA] rhBMP-27F 234113
o] M3lgks Fxleks &t Qo] el wb
15721)’ AIZ—PGJQQ] 75)_?_01]1:_ E%T;}%’%). ?_]Z_}
= 0] 83+ KoshiharaS™ o] d7e} 7 %=
o]t 3] BP9 AlA] A%-PGJ,9
7F 107 - 10° B4 o Mglsls 38k gt
Acta HasldiEd], 10755 A%-PGlE A
g B AgelMe A3jst a9t ik rh-
BMP-29} A”-PGJ,9] 4183} Fxgus 6w
B thBMP-27} A*-PGJ, R0} A3]81E Z3)7)
= &b 3A vERdTh E=3 rhBMP-2/A%-
PGJ, &5 & 799l thBMP-2 @5 Foiitrct
A3)sl FX1 g} Al Heke HeowM rh-
BMP-29] ojgt 284 ot AP-PGJyell olsl] o
A= Aoz HolH, o= ALPase X% 23
Aot FARE P EAeh

A EspAell A =714 o] way
o] Baglo] g} B ZrjAckid el Al-
Pase, Typel collagen, BMP-2 cbf19] m-
RNA =S Ao 2 Aqklla SAA1E
Z27] EshdAlelA] daEta ¢4l ALPase®t
Type T collagen®& 197 BE Fhoj|A] wrag)o
), 79 o] HaetAY 19AeE FARE A
S HEEr) rthBMP-29F AP-PGJ,E THs &
© ¥ Folgh welld izl His| 197
ALPase] mRNA#& o] @elom Type I col-
lagen®] mRNA> %7] 8AIRM rhBMP-29} A
PG, B Hi= EF FoIgh wollM A 5]
Zrol] Hsl Bo] A=A BMP-29] mRNA®
B ol ddEdEd, 27 sAHelE 4
thzoll Blgl rthBMP-29F A-PGJyS o &=

S fFolgh oA awto] Wkt TdAel=

=
g

HorE

pZa

Oz

il

X
)

==t

O 1

=1
=

O:

do [
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Azt A%-PG, WS Folitoll ] TR Rt
o] Wkt o) A¥E Hol= 21 rho
BMP-25 Foigt oA 27]d A== BMP-2
o] FEr} oAl HH BMP-29] A4
2] oAk Rhgo] dolup] whiedd Zlow
S s SIsk Ak

oz sk} Bt #4717 dhaze] WS
SAgo N AR Fepl| vXE giE
o} TECA BMP-29F AP-PGJy7}
o EEAlERe] akE HFE
] ]4“%]\":‘ %]10,35.40) A=k o:]?—oﬂ}ﬂ_,_

o] A4zt WA}U o—% w&% :@m Piiu}.

w}aw oA AREs T B ou rhe
BMP-2¢] = J4& S3lehs a8 Akl
A3, thBMP-2Z2 A*-PGJy¢t &3S o
PpGJys o AMES wn F34s £
e qavEs Vg B 4 gl AP
rhBMP-271e] 5285 &7] Seixle o=
B A7t Hasteet Al

V. 48

AP-PGJy0ll O3k ZaAEee] Bal 27 9 A
3]s} FAelA] thl\/[P 22 Arlslozm o=
_8_“,},_‘ olo}.glxl_ —7021—%2 O]%-'&*ﬂ‘

A% 54, ALPaseS% 43} =

il

Bl

1

NH

A 78

FAAEC] gk RT-PCR 9 #] Z2Aa20] A13]st
24 s BRSPSl et e AnE
A,

1. thBMP-2 ©% = rhBMP-2/A-PGJ,
oM AEFAS Alsks g9t 9l
Art.

2. AlLPase 4= % X33} A4 X g3h=
rhBMP-2  ©roll Ald =9kom,
rhBMP-2/AP-PGJ, &3, A-PGJ, &
o2 e

E
x
3

452 W] Slel Qo we A7k waw

3. thBMP-2, A"-PGJ, %JE% rhBMP-2/A

P-PGJ, M EEdui Relserd

ool AFE & o A’-PGJ,9 rhBMP-2<&
Sreko g A-PQJtHEo R ARRE wiE =

_"

o]

g9h= 7Y rthBMP-2 @Hsol 93t =3
EIRTE e Ao Holn, o]E7ke] Ak

Pk

o7 AlmEh
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—Abstract—

The effect of rhBMP—2 on AY2-PGJ,
induced osteoblastic differentiation and mineralization

Won-Kyung Kim! - Kyoung-Hwa Kim® - Jong-Jin Kim'! + Young-Kyu Lee! + Young Ku®

Department of Dentistry, Asan Medical Center, Seoul, Korea!
Department 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 PGD. metabolite that is formed in vivo in the
presence of plasma. It is known for AY“-PGJ, 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 thBMP-2 on A%-PGJ2 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, 1
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 :

1. thBMP-2 or mixture of rhBMP-2 and A -PGJ, inhibited cell proliferation of human
osteosarcoma cells.

2. thBMP-2 or mixture of thBMP-2 and AY%-PGJ, stimulated alkaline phosphatase activity
significantly higher than A“-PGJ2 alone.

3. thBMP-2 or mixture of thBMP-2 and A™-PGJ, stimulated mineralization compared to A
>-PGJ2 alone.

4. mRNA of alkaline phosphatase, BMP-2, cbfa 1, Type I collagen were detected in the
group treated with A”>-PGJy/rhBMP-2, thBMP-2 alone, A”-PGJ, alone.
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These results show that mixture of A”-PGJ, and rhBMP-2 causes more bone formation than
A”-PGJ, alone while the bone formation effects of mixture of A”-PGJ, and thBMP-2 are less
than those of thBMP-2 alone.

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

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