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ABSTRACT

Study on immobilization of bone morphogenic protein—2
on the titanium surface

Jong-Hwan Park, D.D.S, M.S.D

Director : Prof. Yeong-Mu Ko, D.D.S.,Ph.D.
Depar tment of Dental Science

Graduate School of Chosun University

In this study, immobilization of bone morphogenic protein-2 (BMP-2)
on titanium (Ti) surface using a plasma surface modification was
investigated. To introduce proper functional groups on the Ti surface,
Ti surface was treated under different plasma discharge powers via
acrylic acid plasma polymerization, and then incubated in BMP-2
solution of de-ionized water. Plasma polymerization was carried out at
a discharge powers of 40, 60, 80, and 100 W, 60 mTorr for 3 min. The
chemical composition and morphology of acrylic acid plasma polymerized
(PPAAc) Ti surfaces were characterized by water contact angles,
scanning electron microscopy, Fourier Transfer Infrared, and X-ray
photoelectron spectroscopy (XPS). The proliferation and differentiation
of MC3T3-E1 preosteoblast cell cultured on the BMP-2 immobilized PPAAc
Ti surface in vitro were evaluated by fluorescene microscope and
alkaline phosphatase activity, respectively.

The current findings, the following results were drawn.

1) The acrylic acid thin film deposited under the discharge powers of

60 W showed the well polymerized polymeric thin film.

2) The PPAAc Ti surfaces showed the hydrophilic surface property.

3) The immobilization of BMP-2 on PPAAc Ti surface was identified as

_iv_



nitrogen element (N1s) in BMP-2 molecular structure via XPS
analysis.

4) The in vitro cell test showed that BMP-2 immobilized Ti surfaces had

a beneficial effect on MC3T3-E1 cell proliferation and

differentiation .

From this point of view, the BMP-2 immobilized Ti surfaces are
expected to be useful for the fabrication of titanium-based implants

for enhanced hard tissue integration.
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H 2 2 Sct20r 28K

Z2tX0t SEES Al 2L0i= of3aEA (Acrylic acid: 99.5%,
Sigma-Aldrich, USA)E At&ot¥ ], EctE0t BSEXQ *4E&= Fig. 10
LIEFLHRACH. Zect=0t S&0l RF(radio frequency) 13.56 MHz2l =& Z&HE
ZctX0t(Capacitively Coupled Plasma; CCP)Er2l ZEHI(PLASMART Inc.

o

Korea)& AFZ2oIECH. 325 mm 23 175 mm =0/|9 A2 HH= ZElel T
o2 0 10° Torr M2EZ2 SK6IYULH A2Us AR M2022FH 30
mE8H& R0l fIXI&C.

SctX0F HEHIHE Hel &, EletsEHS KRIISHAY} HHO 2H3E
S0t ot HXMelE AAGHSECH. EHZ BEES AA0)IAZE 20
scem RO Z FH WO BtEg 24HEZ2 100 mTorr2 KAt =, S2t=01 &

HAIDJIE 200 W2 12 S =oAL,

OIAM =gerEe 2He I/ 3 WS IS SES 60 mlorr &
sAlet =, 40, 60, 80 1dcl1) 100 W= 32 s¢F BISAIZL. XMele 832
X EF-2 HES MEGtLD, dB2L20M 60CE 24 Al S HXE
& Aot T
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Fig. 1. Schematic diagram for plasma device.



H 3 &2 BWP-2 &3

BWP-2 (CowelImadi, product No. B2025, Korea)E AIZGIRAUCH. MO 2
22 T0U= 0.25 mgel BUP-20 ZSF=+E 0.16 ™ FHIIoH 2x s&E
1.5 mg/me2 QLEAUCH. ElEts EHU DESS BWP-22 =EE=sS= 500 ng/
me, 100 ng/mE SEEJACH, MEZHI= (a) Ti, (b) COOH(6OW)/Ti
BMP-2/COOH(60W) /TiZ2 otCE. 12 well platell ElEtEs AlEHES 42 &
ng/mé, 100 ng/mﬂol BWP-25 22t 3 m¢ & FHIIGHACH. 1 ChS ElEts
A2t SOt AR0A wBHGHALCH. WEt £ ElEts MBS HUM S22 Al
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4 2 HNEUH

2 A8 MEE ME= 4F FHS0UM Scist Z22AHE MCIT-E1S
ATCCOl RSt AtSotA LD, MEHHZES o-MEM (alpha minimum essential
medium with ribonucleosides, deoxyribonucleosides, 2mM L-glutamine and
ImM sodium pyruvate, but without ascorbic acid/GIBCO, Custom Product,
Catalog NO. A1049001)BHXION growth factorE MSdt= 10% (w/v) fetal
bovine sereum (PAA Laboratoris, Inc. A15-751)3t &M XKl 100 units/ml
penicillin, 100 #g/ml streptomycinOl S&& HNIZHILNHS =8otH 5%
COIt 83&l= 37C, 100% &It |RX&= €0, incubator Ol Al BH2FSHACE.
2l 32 OFCEH 80% confluence & M HICH BHEF ot A& 0 AISSIACEH.



H 5 & H=2=3 Et

MC3T3-E1 MIE HHSF 24AI12t = ZStBHXIZ wAot 2 OtCt S3HHKIE
U[CH, L= = well plateOll cell mediag HMHotd PBSZ 23| Al
MIZE lysis bufferE wellE 150 WA SOHAMH 202 2 wise mixE
WEIGIACH. ATHHE OIS0 wel ILH0I EMots AIXE
microtubeOl &2 = 4T, 2500 rpmOIA 102 =S¢t &
MZ& microtubelil BHF1] WSE2 GHULCH. 302 S 7CUHA &
Ol &2l microtubeE HHF = 1.2N NaOH 6004% ZHItSt0d 405 nmOf| A
Aot0 ALP (alkaline phosphatase) activityE H&HSHRIC.

2t2 1mg/mé bovine serum albumin(BSA)S At
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Me6ZE MZssd 2F
1. FAEXS0IZ0 et 2EE AT ME HHe

SctXA0t2E BWP-2 &3 Xelst =01 E§HE 12 well plateOl =
MC3T3-E1 MIZE 2x 10° cells/mLe s&= MEGHYUCH. 2l 3AI2H0I X
Lt 2.5%2 Paraformaldehyde(Electron Microscopy Sciences 15714)%t
Glutaraldehyde(SIGMA ALDRICH G5882)2 E&&Ho =2 2AI2t M DEE G0
F=ALD 102 S PBSES 0I=23t0H MG & = Osmium tetroxide(SIGMA
ALDRICH 201030)E O0I&5t0 302 St & NHS XHGHACE. 70%, 90%,
95%, 100% L2 FHIStH AXZAIA =UL HUDS(Fluka 52619)E Ol E5HH

ZctX0t2t BWP-2 A3 XMelst EZ0l EHE 12 well platedil BHE
MC3T3-E1 MIEZE 1x 10° cells/mLe =2 IHEGIJACH. 24A1201 XILEH
4% Paraformaldehyde(EIectron Microscopy Sciences 15714) &% Z 0/235t¢
NZE DEGIH & = 58 =2 PBSE 0|0t MIEGHHCH. 0.1% Triton
X=100(BI0I2 A&t T1020) 0t 1% BSA(SIGMA A9647) EHE 0l &0dtH 58 SOt
S Meldsttd =/A1D Rhodamine-phal loidin(Life technologies, R415) Al
£ 152 S Mot MIZE SIMEHRACEH. 380 Z2H 22 582 SO MH
ot & &= MIIEZ s HMZz (8 Fluorescence mounting media(VECTOR
H-1200) 2t & cover glassE M= <0l SHoIH S&Z0IB2E 2F6H)|

DA 4TINS E20HRALCE.



H7&E HHUHEA

MAHetE=s FAIMXES0|Z(FE-SEM: field emission scanning electron
microscopy, S-4800, Hitachi, Japan)S OI=20ct0{ OI=2&AH Acrylic acid:
AA) EctXE0F EHIWZE & EIEIsAEHD Ol A ZHIWE MHel & BWP-28

Etes 29 AlES DX 2o St EIEtsAIES EHEY
Ct

Ot0lE Zgs= &olotdl st MBHAF Felol et Held 22|
(Attenuated Total Reflection Fourier-Transform Infrared spectroscopy,
ATR-FTIR spectrum-400, PerkinElmer, England)E Ol =&3dt&ALCt.
ElEtsAlE HBH0 =Motes FAs2 ststd B 2XE 246t <ot
O 2™ 228 (X-ray photoelectron spectroscopy; XPS)2 Ol E5tALt.
PHel Elets AIEH 2 Ot3g4a Z2tX20F ZHIHE X2l & Eles EH

I OF A=A HEOINE M2l & BWP-2 DESE ElEs AIES 22 F=HI6H
B0COUIA 24A12t AXEt & HFE2S SHOIALH. 2 AlHS HE2F HeE
ZEGH)| ot SF & 5 wUE ANEN EBHEd =, 52 53D
(GSA, Surfacetech, Korea)2 5% 20| ¥@=2S =HoIUCH

Ot at0l DEE EIEtsEHS Jtes4AD|9 HEFEA2 Toluidine Blue
0 (TBO) HHE=S 0|26t CH. 0.5 MM =52 TBO S AIEE & XI6H0
30TCOHIAl BAIZE S0 TBO S22 ItIEsAI|IE BtSAIRL.

Sodium hydroxide 22 (PH 9)0IlA 30x2t 50 rpm 22 AHI=ES & =
Acetic acid 50% == HOIAM 12A12F =02 1000 rpme &2 TBOE &= Al2! T
S 0|£=2HE 620 me| EZTZE2H JIZ2EAIE HBOIUCH. 0 & 52

st

T2 =40t Rloll BtSHS 96-well platedl 2f2r 200 ws =

ELISA reader(Thermal Fisher SCIENTIFIC)E OlZdl0d 540 nmOlA EZ2 %

44
- o
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Fig. 2. Density of carboxyl group of plasma polymerized acrylic acid
thin films with respect to input power.
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Fig. 3. SEM micrographs of cross section of plasma thin film deposited
on silicon wafer at (a) 40 W, (b) 60 W, (c) 80 W, (d) 100 W.

_14_



t

S5 KO0l WO R I W = +| +|
S I [ S TR wa mw W m__p__ R & M3 = A
. a0 = =m0 - W 5 K2 O
3 1 _H_“_ %) . KU 8] O
ax_omMgrwmmal_4W am_m-ﬁn_.ﬁ@
=S Iy ! 4_.lﬂ_ = . = 0 = o o I =
A W sl oF . 53 <+ © S m o K i ol
gy F WD BE or 4RI e L T v < -
B wo W o =5 & <+ 50 su o 5T W 4 Ol
L YT agdyT @@%EB&E%
__MO TS mn S 5. A0 _ A <0 0 =z ol § W m__Mo
r o~ X0 '° 33 O M o) X0 M._ ol 80 ) A Kf ©°
S ogor &S g i W g O W 0~ =
f L - I B =R
Rl 3 w2 W R - 0 wl S K
0 ow W = & o L I -
— — i J # 0 uoKr = & A
o ny WO D o 0w o) O RO =
or o= N W om < = ._mi ) @ o - 8 ™ =
oo ° S S} rd = <0 Cow n o I
G SR > ] oS o D& g P - o M
8 g = W 53 o ) e .5 as
o WX B gw " S S g T
dygd g HAE+ T 2w~ 0 -7
o__urn_I_HmDmmoo+£ o g BT S w0
B W s = © -~ = ol Kq @ Klo E &l g w _.__Q 0
) _Jﬁ < Kl os W 5 a3 A s U HY g K0
_Q@maaAng%%?a O_E%%aﬂﬂﬂm
o s W e U RS S ™ g MO0 H
ol o ROM) = 0 S ¥ ® N W o
=] wm ol s 3 ™ - W o o o
Jo = = T 0 gy <+ = B < o I - ol
KI5 W o IF 2 = 2 o o X = W o ol of Al o
Aog o~ Y W 8 N R . 2 Mmoo R o o < °
H S p W R Y3 Rz 5 = o
— Kl % 20 & R = = < S = 3 Y < ©or
___aa_uAfraxﬂ_I_x KF L o T
= O Hiu ﬁm ®lor 2 = .U_ S — % - 9 oF 33 T
=2 o ) 0 — = =
S A P e SsnaEmD o
BRI KO HU X T Lokl & mow Ko 3 =

_15_



80
70
60
50

40

30
20
10 i
0
40 60 80

Power (W)

Contactangle (degree)

100

Fig. 4. Water contact angles of Ti and COOH/Ti substrates produced at
different input powers.
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Fig. 5. FE-SEM micrographs of different Ti substrate deposited plasma
polymerized acrylic acid thin film at (a) Ti (b) 40 W, (c) 60 W, (d) 80
W, (e) 100 W.

Fig. 6. FE-SEM micrographs of COOH (60W)/Ti substrate after BMP-2
immobilization.
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Fig. 7. ATR-FTIR spectra of (a) glass,

(b)

PPAAc deposited on glass

at 60 W, and (c) BMP-2 immobilized glass substrate.
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Fig. 8. XPS survey scan of (a) Ti, (b) COOH(B0W)/Ti, and (c)
BMP-2/COOH(60W)/Ti substrate.
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Fig. 9. SEM images of the MC3T3-E1 cell seeded on (a) titanium, (b)
COOH(B60W)/Ti, and (c—e) BMP-2 immobilized surface for 3 hours.
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o
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Fig. 10. Fluorescence images of the MC3T3-E1 cell seeded on (a)
titanium, (b) COOH(BOW)/Ti, (c) and (d) BMP-2 immobilized surface for
24 hours.
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Fig. 11. ALP activity of the MC3T3-E1 cell seeded different PCL surface for
4 and 7 days. *p <0.05; significant against the differentiation of MC3T3-E1
cells on pristine Ti, COOH/Ti and BMP-2/COOH/Ti at corresponding days.
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