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W Aoz 427l SLA A RBM ¥ 18] a1 oF=F4k) 3
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UERR A Bl £ e

7 1 mm, 2173 10 mm&] 53 20 &4 B El(grade 2,
Newjapan iron manufacture Co, Japan)t] 2= =0f] 242} A 2] & &
2] 3t 872 ElEly U 223E FH] 5} tH(Table 1).

thBMP-257 8] 71 ©] 4/ A]3-2 SEM (Hitachi S-4700, Japan)
O 2 5008 &, 20008 & 2 FESFA T T AlH ] AT
(Roughness, Ra value)= Surftest SV-3000 (Mitutoyo Co, Japan) .= =
g3t

Table 1. 4 different surfaces and hBMP-2 treated surfaces

Surface thBMP-2 (600ng)

. Coated

Machined surface (control) Uncoated
. Coated

Anodized surface Uncoated
Coated

RBM surface Uncoated
Coated

SLA surface Uncoated
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#QF=2+al T (Cowellmedi Co, Korea): 7] Al A AF H EHATE]
O] AT 02M EHE- N 2 02M Q14 8- 2 A3 A Ul o) +5
oA AlAE A2t S WgaE 2% $ 175 1S
AN AT 4kl 22l AlE & A RS o 7
TH(Greenpia)dto] B3} T}

*RBM (Osstem Co, Korea): 7] A] 4 A} € Bl g Wl 2| 222
st bR AE R YA RS o] ¢t oF A o]
< 1 ¥l HA(Hydroxyapatite)-"2-2- 6 - 6.3 atm ©. 2 102 F<F A}
A1Z1 $ 30% nitric acid = 7+e] HA ZHALE A Ast] A7 & &
k=g

*SLA (Osstem Co, Korea): 7] A4 A} € E]elw 3ol 45V &
19to 2 BAAA Ra25-30um™H 9] THAAY|E
TAAZ $ A2 & B8l Td e n|A ARTE B

#rhBMP-2 5 &) (Cowellmedi Co, Korea): Z+2}2] A3 o] &1 ™
ol ¥ 600 ng®] thBMP-2-g- 51 &) &} THTable 1). A 4] BB} A1
= 24well platect] 7} well & A|H-& R & Hol 9|2 9 A Fo
Zrul DAl AT ZAobd o © Ao 3 Wl Ht
thBMP-2 Thall 2 8.9 (75 pg/ml pH5, MES buffer) 8 A4S of 2] H-5-
o vpro] AAste] 21T HAA| kAt o] B S &
=AU ] A-AMA] S| A A= Tk 40T A 3AIZE T
o] YEAIZl T ANt 25 WA A 07 o] A sl A
Z3 o 25 9 fA A 7 T2t 2o] 3T 20 14]
71, -10c 9l 1717 0ol 1A17H 109l 1A 7H 20°C of| 4] 20A4) 7F
S A Z2AIZA T 2 Al 600 ng®] thBMP-2+= B 2] 1 mlef]
710 5= 600 ngml7} =] Al 513tk hBMP-29] -5 &=+= Choi 5]
=il AR

Hupolo
RLERE= =1

3. M= BH2¥(Cell culture)
Q17+ 7+ 2714 E(PT2501, Lonza Co, USAYZ 10ml4 v] 2] T
75 A 3l kol 3253 COx A EH) 7| S| A (37T, 5% CO,
90% 4 5) 1A 7F 3 = CO% 7} £ 22 wr20] 2 & 3 of] 3hH
A w2 2 w3 52 ol Fl 2} v Hsubeulure)el A
t}. 2} 1 9 A ol] &= PBS (phosphate buffer serum) ©_ 2 23] o] 4]
4 %025% trypsin EDTA (Invitrogen Co, USA) 2 ml- 0] -} A
T2 oWl T 10% FBS (fetal bovine serum) Bl 2] Z trypsing- <] 4]
A1Z] 21000 RPMoj| A] 557k 9141 5e] & 4 2.9 ujokato =
7 A AT e <F 500072 7 AJH 9o B m B
T A E7HE7) AR A e BahlA 2 mstelgc Bat
uj| 2] (PT:3002, Lonza Co, USA)Z A}-8-519) 11 ¥-3}1] 2] = 3 w}ch
8+519] ©.7) ALP/MTT/RT-PCR 4] Al o] = PBSE =87
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4. SEM (Scanning electron microscopy)

SEM< vl b ol A Ml 2 5-2he] gejets] E4d& A s}

7] 9f &l AH-&-stA T

M E BEF 19241 7H5e) 2 272 =25 0.1 M phosphate
buffer 1 mlE 554 23] Al 2 5} 31 2.5% glutaldehyde 1.5 ml= 12} 31
k3 THA] A2 B osmium tetraoxide 2 23} 1142 5191 T 12

3160 - 100% o) g+ = T 2} 0 2 er<~(dehydration)s} 1 t-butyl

alcohol 2 tBAY}Y & WE7x T o] I8 T SEM (S4700,
Hitachi Co, Japan)2- ©]-8-5}<] 508}, 5008 = 25131 o}

5. MTT (3-(4,5-dimethylthiazol-2-y)-2,5 diphenyl
tetrazolium bromide) &4
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A o] F-28k A i 2] (proliferation)©] ¥ 7+ 2 MTT £4
183t
=5 53,7, 140l 2t A1 B S E S Aok o] 24
o grs B 228 o5

zolium & 2.2} & 83 H] 484 o] MTT formazan © 2 41 A]
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71 Aolgle AW o] v EFEe]oke] 58& o] & AL
ol ek AolglE A E7F @S5 o] formazan®] A = ok
ABR o] WS o] &3] XS] F4& FHT 5 vk v F

&9 Bebd formazan A EO] SH TN FHEE &
Aokl ol UEh = Ao FREE 40nme] FFE T4
712 54
CCKS (Dojindo Co, Japan) 2 A}-8-810] A L] Z2 RS HZ
T} A E ek of] CCK8 8912 50 ul Y& 337, 5% CO,
90% <o) A 3A]7F ZoF keS8 X|7] 2 ELISA 7|72 OD
440914 27 3k

6. ALP (Alkaline phosphatase) AT ZA}

A 2] B3l2 24317 Y18l ALP @A = AL Al gt

ALP (Alkaline phosphatase) = Type I collagen®} 17| 222 A 2]
27) 2315 Y F 3} A Fo|th ALPE 23 A 2] npg ggj
of] ol ¥ 31HA| A 3] S}calcification)o]] ZHo] 8} L2 ALP &
Ao 23 AE Bals Frlste 71 tiEA el Wiy o]dr
M E 3} G 7be Z2EA 2 A YEeh= 541 ALPS] &
<& B4 8ke] dojx]=d| ALP+= p-Nitrophenyl phosphate (p-
NPP)E—.—Ei pNitrophenol (p-NP)S- 58] &} =1 2+-2-3hc}, whek =
ZA o] oy} AaEA] ko pNPE A 314 Ealuz
AELRE E3l A9H pNPEFE S 3te] AT ReH =
E3971d 53

MEEBEF 337, 140101] 2S5 MES ZSH AT AIPEA
+ alkaline phosphatase 124 -] (Biovision, Mountain Co, USA)E- ©]

g-5to] 2481tk 2 A o] Bo] 9l A E=PBS £ 103] A
2 3 ALP -4 9459 80 ul2 *50] 1] 31 14,000 RPMo| A 34

46

7+ QA g T A= 8- 96 well 2 %71 T 50ul pNPP A] ko 2
1A]7F S5k 420 A HL%MZM 1§ stop dyddor 20ul & 5
HOZ AP Y =& S48t ALP &
e A (standard curve) - 7] WO 2 pNPU-S- $H2H3E
vl 7ol 1Jrfl W o= AT ALP 24 & = pNP ﬁ‘r”
ZHnmol) / M Z2] 9Hml)/ ¥F-8-A] 7Hmin) ©. & JERHI 313

A, 14 22 A BE A TREZNZ GHEE 2F o}M
t}. Ztzte] A Eof] o gt ALP £/ =& 1-WAY ANOVA (tukey) =
A A2 skich

o
N
rlo
=3
MN
JH

7. RT-PCR (Reverse Transcriptase Polymerase
Chain Reaction-G&™AL 24 SefEA AMHES)

RT-PCR=E ZA}8t -7 &= Type I collagen, osteopontin, osteocalcin
71 2Fo] o} RT-PCR primeri= NCBI -7 A} 238 7} primer plus 3 32

27912 o] g3} T119] e} Primerk= Do 34 ©12]}
o} F 23,

AE 25 5796 A8 TReRH AXES 4144
RNeasy Plus Mini Kit (Qiagen Co, USA)E- ©]-8-5} Type I collagen,
osteopontin, osteocaicin®] AJAJol] FH &= mRNAS FE3515

FZ%¥ mRNAE nano-drop & ©|-&-3lo] % 23191 o1, 10
ng/M - 80 ng/pd2] total RNA 7} 5=2 %] 1t} RNA 100 ng-S- one step
RT-PCR kit (Dakara Co, Japan) S o] -8-5}o] ZZ3}91 T} PCR 73
= DAKARA thermoscycler 2 ©] -3} 1 1% agarose gelol] 4] 7]
J %3+ & vl = v 9K(band intensity)-S- image J 1.36 (NIH Co, USA)
=2a9g ol ool A FES ZH AN

8. SAl=4

ZhHlol8 = 2t v o 2 HE it + 9] EF 2 AK(stan-
dard deviation) = L}E}H T} One way ANOVA R A A F-J Al & &
A & Aol gt o) AFe flal Tukey?] tha-i4] -2 Al

&gt} SPSS7} FAIEA & Yl AMER AL 5%S] oo R
APk T4 3A, 2 TS thBMP-2E IR SA] 22
7174]75%5}&”40 fxzwo 2 A EAP =4, 7F FH

A] thBMP-2 F B &+ T 3} 8514 ko FHa}o] o] & &
A3 AlA, th 2T W ol 9] ztele] oS &
819
21}

= SLA(°] 3} S2ka ¥7]),RBM (¢] 3} R
FEAksE (o8t Agta £71)E 3 71 A
k(o] 3} Mo] Ebl 7)) A ET =2 RavalueE Hof AR
& e THTable 2).
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Table 2. Surface roughness (Ra) of each surface treated titanium discs SHA| 713 A Hlo] X 11 £ AB THA TRk W 7]
Surace Rovetiess (Ve = D) B 23} 4 ) ol process 7} el 41 5] )
Machined (control) 0.153 £ 0.039 pm I}, 7+ T o)A hBMP-231E) Fo] ZEe}x] ere Tl
Anodized 0.186 + 0.095 pm H 9 . ° A
RBM 1.508 + 0.071 m H&l] Al F-2ho] W A X E7|7FH 21 Bo] A 9l
SLA 2.742 £ 0.155 pm I tHFig. 1).
3. M= Z4] 7HMTT assay)
2. A H 2 MZ S 2E(SEM) 39, 799| A thBMP-2 Z 8 7} T &}4] & HH7e] 2
2ol = QYA 7 142 A hBMP2 T E] T So] A =24 o] 7+

A E 52t e 7t Elol| wheh 9eh A, Anodized hBMP- 4517 YERSTHFig. 2).
ABe} 7)) EH o] A X F-2o] Wi 3 71

Fig. 1. SEM of treated surfaces after 24 hours culture.

M: machined surface ( X 50), M-1: ( X 500), MB: machined thBMP-2 coated surface ( X 50), MB-1: (X 500), A: anodized surface ( X 50), A-1: (X 500), AB: anodized
rthBMP-2 coated surface (X 50), AB-1: (X 500) R: RBM surface (X 50), R-1: (< 500), RB: RBM thBMP-2 coated surface ( X 50), RB-1: (X 500), S: SLA surface ( X
50), S-1: (X 500), SB: SLA thBMP-2 coated surface ( X 50), SB-1: (X 500).
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2 4 : v
=
g |
T 15 v £ 3 I v
. . & = .
g . Q 25 v
3 € 2
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g 05 b - 4 T W 7day ‘*% 1':’ T I . ; i i m 7 day
' & I : W’ 14 day a . 14 day
101 e FR N i y
0 0
M A R S MB AB RB SB Non M A R S MB AB RB SB Non
Surface Surface

Fig. 2. MTT assay measured as cell proliferation..

* significant differences (P<.05) compared with control group, v significant differences
(P<.05) compared with no BMP-2 coating group. Non: culture plastic. Error bars
represent the standard errors of each group.

Gene \ surface

Type 1 collagen

Osteocalcin

Osteopontin

Fig. 3. ALP activity in the cells attached to each type of titanium surfaces indicates
osteoblast differentiation.

* significant differences (P<.05) compared with control group, ¥ significant differences
(P<.05) compared with no BMP-2 coating group. Non: culture plastic.

Fig. 4. RT-PCR of Type I collagen, osteocalcin, and osteopontin of eight surface treated samples.

4. M=Z 235t HI7HALP activity assay)

thBMP-2 Z B} +5-9] H]wol| A SLA thBMP-2 ZEJ(°] 3} SB
3#71) o] 74 ol 71 A1 AF thBMP-251 8 (©] 5} MBE} 1£.71)
EHof v]&l, 14 of] RBM thBMP-2 Z EJ(¢]3} RB2} 7)) 9

o gl FAH o2 FosHA| =3k 14U el AB £ °| RB &
ol vlel -2l kA = ATHFig. 3).

Q17 7+ &71 Al 3 (Human mesenchymal stem celly= = 2 A 2}
2 53 Byl 293 9IS Gt hBMPY

53] z71 27& oﬂ =9 24 (Type IV)Oﬂ A <
el ?rJJE} dgs 0= aﬂ*(}%"/}-

BMP3= TGF-8 (transfoming growth factor ) A} ZHsuperfamily)2] 3¢
THEA, 19659 Urist 7} Wl M o] 25 Y & frieol o gk = 9
/\é L E3) 2-& kA sl 1988 Wozney & so]l Hgor F2Y
(cloning)el] A3 F-3FH A thBMPol| T 3F -2 A7} o] Fo K T}
hBMP= 7| A 25 &4 A2 A AN EZ E3AATE &
3} @ Ax(differentiate factors) 2 thBMP7} 0] 2] H & Z7] Al £+ A
= M X5 A3 A3 =3Hendochondral ossification) ¥ =
234 Q1 2h)] & 3H(intramembranous bone formation)E- =3l 1

A <:Z(woven bone) S P45t A F38hE Bl S ZS
/33t 1 9] o2 o 8] Aol A thBMP7| & 43 217 ol A]
‘4‘3}‘/}5 Za A Zo 3] A9 aﬂ@lﬂlephosp}nte’ collagen %
A3, osteocalcin} osteopontin®] P4 5= =7 gt i
thMPL So whe} §hg-9] o] Ao & FEe

[e2

oBL'_
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thBMPE T A #]| 4 9] (substantial) = & A 2} 7]
@ sk

QETE] MBMPE 2 §37] ol AA G A A 2w
(carrier)e] & 2 3}t}. thBMP2] /‘g%fi} 2 w717 (biological half-
time)= Z7] wzol] o] A o] EIE AL F Ue HAE A~
Eﬂo] g9 o}\:} A A /\Eﬂ_,] JozAog:e Agxﬂzlg]./ﬁ rjr
B4 T2, AL 7P 123497 A growth o]
T A S vl kR e Aotk

2 5<k thBMP| & o 4] wff ARE-E 7)2]]<l collagen,”
HA® 5.0 2 0 A2 ¥ E¥ 910 hBVMPE =53] AH4-3t 4
G50l AYRAT AW TW AL E A felT

WSS BGH FUEE YAVt A TR Sb5
d ol ASHAL AZ o] 2™ E hBMPE A 8t=
HBMP=IE) 10 2A F14S 2 5 S Aolet 2tet
Oﬂi} a8 B4 o2 Wgd o] thBMPL] SA| 214
S WA oW 45884 T Arht 1 H3E e
9 % 9187 A E 4P S B Fskadt A8

£ 2o hBMP2E 7+ ol Z 8§ uj] @] o
ARl B A2AA AHEHAAT T3P LE EHl
X thBMP-2 8 5}17] &-& EH o 1)) 244

i
oflt

gk

tlo

e}
T=

m%

N

b 3] Al Z -2}
Fgol Yo Hlx =B 7H -2 ALP FAHEE o] -3 A
FEso] Fo4S Uepln T2 SHERE F2317] &t
& A5 Usith ALP(AHmhnephOSPhatase)~ Type I collagen
I3 & A X 27] 2315 tE ke A Fol

2] =Fol|A] thBMP-23E1-2 FH 47| &5 T H]
Z71A 2] B2 Bole SUAAZ A E S2] =5 —%

2] etk apleh 58] A 57k Al E A Al
o] 7t vt 1 o] f- 24 Lim52 #3150l Al E=
S o] ZAaEAY AR o] Al 2F7] (el cyce)E Hloi 7] w &

o] g}aL 3}% a1 Shi 57 hBMP2 3 H -2 Z7] 4| 3 52 9] 7ha
o} A £33t A E Bl = A e TNV Wil
2}a1 513l

= A gl M = hBMP-2 S8 o] FEEkA] ¢b2 FH |
vl 3 Al 2 2ol A S7HE ol A] AR FEisHA| A
X 723 ALPE HAFGE 33y el 35 UEhith
1494 ALP A 3 £-8}7} tho] Ve thBMP-2 3 8 32 & 2o
2 0 7 A EF4] o] ZHAE A VERiTH

thBMP-2 I Hwuloll A A E §-2h2} #3}e] fro] gt 2to] 7}
UHEF T thBMP-2 528w of 4] SB 3 0] 7 of] MB o]

H]3], 149 o] RB 1 ol| H] 3| A4 0. & 2] g ALPEHd ;29|
S7Fe B3l 14 o] AB 3£ 0] RB 1 of] H] &) -] g Z7}
£ Xt} thBMP-2 SLAXH S T2 A2 A= o] EH 0|
thBMP-2 7] 7] 24t FH H T =2 ALP 3k et of

. I thBMP2 RBM3E 1 9] T} A §]20)| A 2| 2=RBM % H

o’ thBMP-2 E3}7} 71 A] 44T W B} wn] sk Yepyith
13k

AB -2 th2 thBMP-2 8] BT A E K2 H A oL}

=

—
{

A

A

J* N 2

=

CHEHR| 2 Mets|R| 20124 503 12

AL, AE E7] G A E T XL%““: ] v} ol
REPCR -4 o] 4| &= hBMP2 78] %9 7+e] xpo] 7k Uyt
Type I collagen 2 A £ 2] 7\71 -“&_—zﬂr# osteocalcin} osteopontin
&2 AL EE A5 SAFT7DE Y= A el £
@: doﬂfﬂ RT-PCR=Z "ﬂﬂTypeIco]]agen-rr?HZ}.J xRt =]
ERAA DA 02 e BARE HGAD 2 ERA
‘ﬂ?ﬂ Lo zpo] & A 4= 1At} SEA| 7 osteocalcin}
osteopontin®] -7 z}¢] ¥ -2 thBMP-2 78] 3EH - AB3EH ]l

A 58 B} BRRS,

of 2] Aol M(in vitro) X1 A 717} S7VE 75 A E 52,
A2 AT ALP £ 8h= 57 vl stk s vt
FU SIS UG AR MRS fui o 7
Hol SEH, REHZIe] SEM, MTT, ALPZLS] Fo)A &
b:]' ! oﬂ/ﬂ thBMP-25 8] WO i
AA7)9= 2 BAglol YEbT Al
e HA 2 747%]7] o} 7

& EUR R Aol BRHA FFE ]

j&
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W
ot
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N, e 1o,
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B oy A_
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PN' rf' rQ o,

o 4 2
Oé

_>L

E

71-<4 M3 52} 5g) H&%oﬂ 2 9n
74, 149 Zo| Mok t 2ol H] &l Al E F3lol] F94 S
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ORIGINAL ARTICLE

Analysis of attachment, proliferation and differentiation response of

human mesenchymal stem cell to various implant surfaces coated with rhBMP-2

In-Ku Lee', DDS, MSD, PhD, In-Ho Han’, PhD, Sun-Wook Hwang®, PhD, Jae-Jun Ryu**, DDS, MSD, PhD
'Department of Medical Science, Major in Dentistry, Korea University, Seoul,
’Department of Chemical and Biomolecular Engineering, Patent and Tradement office, Daejeon,
‘Department of Neuroscience, Medical research institute, Ansan Hospital, Korea University, Ansan,

‘Department of Prosthodontics, Ansan Hospital, Korea University, Seoul, Ansan, Korea

Purpose: In this paper we tried to evaluate the most appropriate surface for thBMP-2 coating among 4 rough titanium surfaces. Materials and methods: We used
machined surface as a control group and anodized, RBM and SLA surfaces as test groups. We coated thBMP-2 on the 4 surfaces and with uncoated surfaces for each case, we
cultured human mesenchymal stem cells on all 8 surfaces. 24 hours after we measured the stem cell attachment with SEM, and on 3rd, 7th, and 14th days, we checked the cell
proliferation and differentiation by using MTT and ALP activity assay. And on the 7th day after the culture, we performed RT-PCR assay to determine whether the expression
levels of Type I collagen, osteocalcin, osteopontin were changed. Results: We observed with SEM that 4 thBMP-2 coated surfaces exhibited wider and tighter cell attachment
and more cell process spreading than uncoated surfaces. The anodized thBMP-2 surface caused robustest effects. In MTT assay we could not find any meaningful difference.
In ALP assay there was a significant increase (P<.05) in the ALP activity of anodized thBMP-2 coated surface compared with that of the control (3rd and 14th days) and with
that of the RBM thBMP-2 coated surface (14th day). In RT-PCR assay there was increased expressions in the anodized thBMP-2 coated surface for osteocalcin, and osteo-
pontin. Conclusion: We found that the anodized thBMP-2 coated surface were most prominent stem cell attachment and differentiation in compared to control and
Machined thBMP-2 coated, RBM thBMP-2 coated surface. (/ Korean Acad Prosthodont 2012;50:44-52)
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