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AFRARS 7MY F8F B3 A AF2T
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A" AF2AE B 5A7]7] HsiM oheFst AN
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H e o] 88 A F =AW S (Guided Tissue
Regeneration, GTR), HE2e)|E83} A5
o8-8 X1 Hx|&Fol o §HIL o, A
T AAAA 8 (bone morphogenetic
protein, BMP), %712t (enamel matrix pro-
tein) 7 2-& Tl o] A Zo] ArE1 3iTh

HE7 A Fede duhA o2 o83 F e A
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27 25mm, A 1mne] Elolelyr T2 E A2}
At BleleiE i) 25, 50, 100, 200ug/ml ¥ 5=
o] H&71 25 A4 (Emdogain®, BIORA, Sweden)E
&3 AL AFFEMD25, 50, 100, 200)0.2 3+
o, FAAAZY FY AN A hBMP-2, R&D
System, USA)& 25, 50, 100, 200ng/ml¢] L& B}
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olflF HaI HES & FUZT(BMP2S,
50, 100, 2000 2.2 AH&-3tth & FX29 EMD9}
BMP &o| SRl MEB Y A6 well plate,
NUNC®, Denmark)e]] Elo|e}g TlA3E Wil 4T
oM 24A17F HLA17] 3 PBSE 33] A H3}e] glo]
e o) 2 E55x] g dil A g A AsIh
HlGol A A ERag Ajthsty] ste] 206 G
Wl 2(BSA, bovine serum albumin)ol] Bfo]ElE Tl A

2 23 S0k WVE & pBSE 4] B, TS
HEAAY. EloleiE tado] PBSTE HEA17 T
< FAUNETL LR 9Tk

2, M= Bl

ZE A E2] Saos- 24 F(ATCC HTB -85)& 100mm
3719 A EufdE HAld 10% fetal bovine
serum(FBS, Gibco/BRL, Grand Island, NY, U.S.A)#}
100U/ml €] penicillin, 100ug/ml 9} streptomycin®]
FE a-MEM §9& ¥ 37T, 100% |5, 5% CO2
71 EFuN F7T oA v FAT AT

3 MIZ S5 MIE ol 57

v okl A E 0,25% typsin$} 4mM EDTA £%
|NE P 37CoHA SEIF ljoFste] Fakg Al
g 23 3, @9AS7)E AXEFE Alo] well B
1x10709) AE7} E7tes HEAT. wg 1
2l 6o AJH-E Hank s balanced salt solution
(HBSS, Gibco, USA) 2.2 A 3te] HatE]z] gFe
HEZ A A TR, 0.25% trypsin, 4mM EDTA &
FEAg ¥ 37CoAlA SEIE wjokste] Fakd A

& Ao 27E €2]AZ] F tuyphan blueZ 9
AL A7 2 JUHA] g2 A2
Akt
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sAck Wk 19 2 6% F 0.25% uypsin?t 4mM
EDTA EF840 2 #ska 1200pmo) A SE7F
QUBUHY 22 ATE AL AN 2231
7)(Fisher, USA)E o]&38}ad 183 283} #2314
o} 0.1ml 9] XL N 0,1M glycin-NaOH buffer,
15mM p-nitrophenol phosphate(p-NPP}, 0,1%
Triton X-100 /saline, DDW-& #7}sted 37C oA wh
%A] 7)1, 3083 WAE 0.1N NaOHE 7}31] uhg-
FANZA, GEAARNE AL ) 3
5103 A€ p-nitrophenol(p-NP)& 405nmof 4
microplate reader2 8] & & 3}k

5. TN SElEAHIR(Reverse trans criptase
polymerase chain reaction, RT-PCR)

ol E UAAE 6 well plated]) B F vk
Saos- 2| EE well F 2x105782) 7} 1A HE &

3, 2A17E, 8AIZE %6l] 0,25% trypsin, 4mM EDTA &
FEA e Qo] elojeF YA HfEE FA

7)1 AR sld X E AT 9 AT
& PBSZ 33] #4138 ¥, High Pure RNA Isolation
kit(Roche, Germany) & total RNAS &34t}
25 RNAE 9AAE A, RNase inhibitor 50] ¥§
% First Strand ¢DNA Synthesis kit(Roche Germany)
& ]88t DNAE FAJ8Th =, RNA 1,007
oligo dTis primer 1.0ug& 3 F, 70°C heating
blocko|A] SE-7F ¥hSAI71AL VA, FU & blockof| 4]

420Co A 60%-7E RES-A) 7)o, SAAbg Ao) A
38 A3 94T oA SEIF RES AT oA e
A& cDNA 149} 20pmole2} primerE DNA SHE
A, dNTPs ¥ reaction buffer o] X ¢ &
AccuPower PCR PreMix(Bioneer, Korea)ol|
242 7t o 304 82 WE F, thermal
cycler(Eppendorf, Germany)& o}-8-3}] a4 A

41 5

Table 1. Nucleotide sequences of the primers used for RT-PCR.

Sequence Expected size of PCR product (bp)

Human (s) 5-TATGGCGGCCAGGGCTCCGACCCTG-3 325

COL1I (as) 9“CCAAGGGGGCCACATCGATGATGGG-3'

Human (s) S-ACGTGGCTAAGAATGTCATC-3 475

ALP (as) 5“CTGGTAGGCGATGTCCTTA-3'

Human (s) 5-CCAAGTAAGTCCAACGAAAG-3 347

OPN (as) S“GGTGATGTCCTCGTCTGTA-3'

Human (s) 5-TCAGCATTTTGGGAATGGCC-3' 615

BSP (as) 5-GAGGTTGTTGTCTTCGAGGT-3'

Human (s) 5-GAAACGCCTTAAGTCCAGCTGT-3'

BMP-2 (as) 5-CTAGCGACACCCACAACCCTC-3

Hurman (s) 5'-GCGAATTCCTGCCAGTAGCATATGCTTG-3' 126

18S rRNA (as) 5-GGAAGCTTAGAGGAGCGAGCGACCAAGG-3

* 5 sense, as | antisense
* COLI : Type I collagen, ALP : Alkaline phosphatase, OPN : Osteopontin, BSP : Bone sialoprotein,
Tabie 2, The PCR conditions used in this study
Temperature(*C ) Time(min)

Predenaturation A 5
Denaturation o4 1
Annealing * 2
Polymerization 72 1

* Annealingtemperature : Collagen type 1 (55T ), Alkaline phosphatase (44°C), BMP-2 (60C), Osteopontin (44'C), Bone sialoprotein (55T)
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ure-s At Bkg-ol] AR primere] G|
A3t 57) g yhg-o] 2SR Table 1, 29F Zth
PCR WA E-& 2% agarose gelollA] 7G5S Al
8350, 0.5ug/ml ethidium bromide® FA 3}
GelDoc 2000 Gel Documentation System(BIO-RAD,
U.S.A)2 2 Flsiich T E mRNAY & 54
317] 98te] semi -quantitative RT-PCR & ©|-&-3}
e} & Zzhe] PCR A ES A7]%E38 F band
9] intensity 2 GelDoc 2000 Gel Documentation
System® 2 Z43n, 23 E ZESHEES AR
9] band¥] intensity Z 18s rRNA2] band®] intensity =
LRro] At A9l mRNAY] HE S AT

6. MIZ-AIH EENIS FAITARADIEY 23

217 6mme] eolely HATrt E0i3le 2well
plated]] B Saos-2 X E 1 x 1097} HEE 2
7+ Az gch, ek 2AzE F Al AERAek
A8 ZALAAE Y A (SEM)S E3Fe] #&3FIT
wjoke AEAJH EFAE 2.5%2) glutaraldehyde
A ANA 2087 23 T, PBS 4L 2 23]
AR 1087 FA5FAT 1% 0s0s £ (Blectron
Microscopy Sciences, Fort Washington, PA)2.2 %
A3} A thA] PBS S0 2 23] ZA 4]
BFTh 70, 80, 90, 95, 100% ethanolg FM R &
F % Fog vhakAe] AlA FARRRER A (eol,

Japan) #2& HASHATH
7. 842

AEZ T A ase] 4%
SPSS 10,0(SPSS, Chicago, [L)& o]-&3le] EAE A
ANBIJTE, 2F F7Fe] HETF2)%F ¥l IE ANOVA
B4 o Tukeyd] AFF AR E o] &30, ¢
L] R A 4004 24 AZPER gz
T3 ThE 7#719) Bl alE Mann-Whitney HAHS
o]-§-3Fe] HZ3ATHP(0.05).
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EMD$} BMP7} 928 Blojg g T2 HEE
Saos-2M|E9] Z21=2 wljok 19 2 64 A5l
o}, vl 195 EMD Fol-oll A= EMD1009],
BMP FoTol 4= BMP200o|A 71 w2 AEF
258 YER QT Bl 68A19) 25 v A3
ol Al & EMD10023 BMP200T-o A 78 & ME
22%8 B4t EMD $9ToAE EMD30TS
A3 BE FETA, BMP FoFe] Aol
100ng/mio) o) FEToA iz vishd 9
Ade AEZ2AE JERIATHP(0.05). Z2vt A}

Table 3. Cell Proliferation test by hemocytometry (x 10* cell count)

1day 6 day

EMD200 5.111 + 1,900 10.833 =+ 1.602**
EMD100 6.667 £ 2,958 14,333 = 1.366*" 7
EMDS50 5.000 + 2,915 8.667 + 0.816*
EMD25 5,778 + 3,801 12,667 + 1,506 *
BMP200 5.333 + 4,359 12,500 + 1,0497
BMP100 5.000 £ 2,000 10,167 £ 0.9837
BMPS0 2,556 £ 2.351 4167 £ 1,722
BMP25 2,556 + 1,740 5.333 * 1.366
Control 3.556 = 1,590 6.667 = 1.211

* There were statistically significant differences compared with EMD100
t There were statistically significant differences compared with EMD50
* There were statistically significant differences compared with Control
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Figure 1, Cell proliferation test by hemocytometry( x 104 cell count)

£ ¥ EMD ¥EAbojdlE EMD1009) v i3t
EMD200, EMD50& o A3E 2ol & VERden
(p(0,05), EMDS50¢]] B)31:3}e] EMD100, EMD25%))4]
o) AE Aol & YEFHTHP(0.05) (Table 3,
Figure 1),

2, QARARINRS 20| WY HF

EMD$} BMP7} &8 ElojelF T2 HEd
Saos-2 ME] el gt Al BAEE vl
%1 26U FEsRHc) vl 194 EMD Fo
Z)AE EMD1000], BMP §-¢dFol| A= BMP2000]
AT} 7P A epd ot Z 7o) BAEH

9ol $-2)AL I2dTpy 0.05), ¥k 65 ol A,
EMD FoFoll 4 EMD1000], BMP S oA
BMP1000] BA=7} 7 A VERRT 149 )
F3H) EMD EojF o)Al EMD200, EMD1009],
BMP EoJFo] A BMP200, BMP1002] 64x¢] &
A7t FoAA0E 2o) & BQHp(0.05) (Table 4,
Figure 2),

3. TNl SRIELMIYEIRSE OIRT ZEME
B\ RTIAN Wyl

ZENES Hold FAAY] BEE BFI] A
A g4 FHALIEE ST =2

Table 4, ALPase activity(nM/.g/30Min)

ALP activity 1 day 6 day
EMD200 1,459 * 0,786 3.149 = 0,438*
EMD100 1.554 £ 0.012 6.043 * 0,961*
EMD50 1.405 £ 1,001 2,782 £ 1570
EMD25 1.176 £ 0,364 1.071 £ 0.252
BMP200 1,187 + 0.627 3.563 £ 1,284
BMP100 0,971 £ 0,513 6,945 * 1.486*
BMPS0O 0,892 + 0.385 1.800 % 0.428
BMP25 0.702 = 0.786 1,945 *+ 1.375
Control 0.778 £ 0,400 1.702 £ 1.025

* : Satistically significant as compared wiht 1 day (P (0,05)
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Figure 2, Alkaline phosphatase activity(nM/ ¢ /30Min)

o EMD EMD BMP BHP EMD EMD BMP BMP
100 200 100 200 0 100 200 100 200
2 hours 8 hours

Figure 3, Effect on the mRNA expression of Collagen type 1 at 2 hours and 8 hours culture,
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Figure 4_ Effect on the mRNA expression of alkaline phosphatase at 2 hours and 8 hours culture,
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Figure 5, Effect on the mRNA expression of BMP-2 at 2 hours and 8 hours culture,
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Figure 6. Effect on the mRNA expression of osteopontin at 2 hours and 8 hours culture,
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Figure 7. Effect on the mRNA expression of bone sialoprotein at 2 hours and 8 hours culture,

Figure 8, Control Titanium disk taken by Scanning
Electron Microscopy (x500)

HEe] o]8 FXA52] tlFA]] Type I collagen
o] mRNA S v] g 2413 Fo] FFAE
EMD200, BMP100* 2 BMP200 3 2)ell A W =]
Q3L BMP200Eol A Ahd o2 ofshA Bt
ok 8AIZHA) B A= EMDI00ES A)9J8 RE &
oA o] = AckFigure 3). YZE]PAHENA
29 mRNA H&L 2417F 8AIZ A BE Tol|A
W E| Q) chFigure 4), ZFA|E2) £32 214)7)

r — TWom 1

Figure 9. BMP(25ng/m! }-coated Titanium disk taken
by Scanning Electron Microscopy (x500)

= 83 43212 bone morphogenic protein-2
(BMP-2)¢] mRNA Z&d 2 v FF 247 A
EMD200 T, BMP100 &, BMP200 oA Ve
B, BMP200 | A o} FshAl = qict. 841k
Hj<F Fo] WL control T, EMD200 7, BMP100
oA FE e S BrKFigure 5). 2FA|E
o] #3ld A A v EY oAy 5
0]# f#HAQ] osteopontind B EF 24]7Ho]| A]



Figure 10, BMP(50ng/ni )-coated Titanium disk Figure 11, BMP(100ng/=! }-coated Titanium disk taken
taken by Scanning Electron Microscopy (x 500) by Scanning Electron Microscopy (x 500)

Figure 12, BMP(200ng/= )-coated Titanium disk Figure 13, EMD(25.u /m )-coated Titanium disk
taken by Scanning Electron Microscopy (x 500) taken by Scanning Electron Microscopy (x 500)

T TR 1

Figure 14, EMD(50./ni }-coated Titanium disk taken Figure 15, EMD(100us/nt )-coated Titanium disk taken
by Scanning Electron Microscopy (x 500) by Scanning Electron Microscopy (x 500)



TO0um
Figure 16, EMD(200.¢/ni )-coated Titanium disk taken by Scanning Electron Microscopy (x 500)

EMD100, EMD200 #2373 BMP100, BMP200 ] ]
oA e dEs o, 8AIFE REF A
3 5 A ek A A o 2 EMD100T ol 4] <F31A] 2
A AchFigure 6). 2 A E2] £3}¢] F7] @AY
EA A2 bone sialoprotein (BSP)-& v 35 247
A] EMD2003} BMP100 A glollA] f-AF8HA Vet
won 8A7F & BEL control &, EMD200,
BMP100<T-| 4] 23 | 21 tKFigure 7).

4. MIZ-AE 2B FATARHOES 2ta

BMP7} 9 &8 Fof] §-2H4 Sacs- 2 MEE oFFA
= A2 o2tz b3 me(ai)7t 2 2
2 SR Y 2 ME7L BN, o]
Sk iz o2 EMD AEZoX e 738 AE7t
TS WHsla TR ge] A 3 $=
W3t o2 FAAZY Fei7l T2t sl w
2t & 3 S B cKFigure 8-16).
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o] ZEF ML F2AT B L v X He
Helrk

T4 AEEste] gAEL 71 vl do) g
S B9lo] Buyo] ghrk Z2IA|E ] 2V|E3
oA Collagen type Io] 2 Y= 7|4 X<
WA A alkaline phosphataseZ} Zth® W3 €ch
0 Z7) B3 £ 7PEA] osteopontin, osteocal-
cin, bone sialo protein 5°¢] W& At} Bone sialo-
proteing 4Hgo] 1L, QIAFsHe Tehi o] w hydrox-
yapatiteA) 32 &ZFIA] 71T} Osteopontin®] mRNAT
biphasic pattern 0.2 @& €t} osteoponting 60 kd
2} o-phosphoserine & ¢--3F AH4 Fehiidol &
Z2o| M N2e71de] Fstep AlEe] Esld] F8
8l 9J3k-g = 2 719 calcium binding sitesE 714
Ao g FAHFTP Osteopontin, bone sialoprotein
2 wobd YA 2ZAE B3l F33)o) glo] &
83 75E FEETE AR TR
52 Aol 712 g DAl A= s E
akaline phosphatase2] mRNA W& -2 ujj & 2A) 71, 1)
of 8AITHA Tl A RE Fol|A] o] F7)31e]
}, o] Saos-2 A|E&] TSR B Al &
o] 32 AZQE BoFE), 272shdA ¢ ve}
L= Type [ collagen®] mRNA 22 vl e} 24|17 &
9] Fakeol| A= EMD200, BMP100 2 BMP200 *] &)
oA LH T BMP200T A At o &2 o5}
A Z e} wi e 8AIRH B M= EMD100TS
A Qg BE T4 wglo] =Tt 2001 Jiang &
210) Wty 2S5 2| += murine follicular SVF A|EE
7} F o} A&t 2E A2 F2) mRNA B8 E
Ao A9} 22 4HE HAth 232
H3lo] 57] w9l E2]&1¢] bone sialoprotein
] 5. 2A] 7kl 4 EMD2003} BMP100 A g]<-o]]
A AR vEbRgH, 8AI7F £ -2 control T,
EMD200, BMP100i-ol| 4] & = AT}, o] Miho &
e} F o] thEZ | Elolew YEFTEE v 3HH
A QN AR EAE AMEste 2aE BEAES
o) FA4F9] & AJo] wo| LERES. T bone sialopro-
tein®] F7H& Bolvhs Ade} & AHRE BT

x4
o7




200043 Tokiyasu 522 H %72 =4 & osteocal-
cin®] 8- &3k A8l osteoponting] H&-&
Z7 A WelelA| R oA F3E At B
e Wetol o] FFele] B A
T ZIZA T HA)AFEAY a3} F osteo-
pontin®] mRNA E&8-& 7514 L& sHc) Casai
202 719 st JEEE uj AT Q19)F e
2 9E §2Z dehiscence A&Rof] HEr|AS A
g U508 22 Z2AHeAN & Haste A}
| Fo e Aole AT 23R A&
Rl E2AG A8 ES HH7 1R EAE 54
off AREA] T30 Aol E BdhaL Ft} o] A
Yol A= FH71 AR A AT EZ 3
FEE viA St S AT 9] FEE Bzt & A
ojt},

E Ao A3 H7)1AREAV} &2 E el
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-Abstract-

Effects of enamel matrix derivative and titanium on the
proliferation and differentiation of osteoblasts

Sang-Hyun Park!, In-Kyeong Lee!, Seung-Min Yang?, Seung-Yun Shin!, Yong-Moo Lee!,
Young Ku!, In-Chul Rhyu!, Chong-Pyoung Chung!, Soo-Boo Han!, Sang-Mook Choi*

1 Department of Periodontology, College of Dentistry, Seoul National University
2Department of Dentistry, College of Medicine, Sung Kyun Kwan University

Among objectives of periodontal therapy, the principal one is the morphological and functional reconstruc-
tion of lost periodontal supporting tissues, This includes de novo formation of connective tissue attachment
and the regrowth of alveolar bone, The use of enamel matrix derivative(EMD) may be a suitable means of
regeneration new periodontal attachment in the infrabony defects, Implant used to replace lost tooth but,
implantitis occurred after installation, The purpose of this study was to investigate the effects of EMD on differ-
entiation and growth of osteoblast in titanium disc.

Twentyfive millimeter diameter and 1mm thick Ti disc which was coated 25, 50, 100, 200 sg/ml of
EMD(Emdogain®) used as experimental group, 25, 50, 100, 200ng/ml of thBMP-2 as positive control group,
and no coat as negative control group, A human osteosarcoma cell line Saos-2 was cultured in Ti disc and cell
proliferation and Alkaline phosphatase (ALP) activity were measured at 1 and 6 days, PCR was performed at 2
and 8 hours, Semi-quantitative RT-PCR for mRNA expressions of various osteoblastic differentiation markers -
type I collagen, ALP, osteopontin, and bone sialoprotein - were performed at appropriate concentrations based
upon the results of MTT and ALP assay. Cultured cell-disc complexes were prepared for scanning electron
microscopy (SEM) at 2 hour, Data were analyzed using Mann-Whitney and repeated- measures 1-way analysis
of variance(SPSS software version 10,SPSS, Chicago, IL),

After culture, there was more osteoblast in EMD100ug/m! than in EMD50, 200ug/ml on day 6. There was sig-
nificant difference in experimental and positive control group compared control group, as times go by(1 and 6
days). Alkaline phosphatase activity was different significantly in EMD100, 200ug/m and BMP100, 200ng/ml on
day 6. The results of reverse transcriptase-polymerase chain reaction (RT-PCR) showed that expression of
mRNA for ALPase, collagen type I, osteopontin, bone sialoprotein and BMP-2 was detected at 2 hour and 8
hour in EMD200ug/m! subgroup and BMP100ng/m! subgroup.

The results of this study suggest that application of enamel matrix derivative on osteoblast attached to titani-

um surface facilitate the expression of bone specific protein and the differentiation and growth of osteoblast,

Key words : ename] matrix derivative(EMD), osteoblast, titanium, RT-PCR
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