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ABSTRACT

Immobilization of bone morphogenetic protein-2
mimetic peptide on polycaprolactone scaffolds with
modified plasma polymerization

Jin-Pyo Jeon, D.D.S, M.S.D

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

Graduate School of Chosun University

In this study, we have acrylic aicd plasma-polymerized on the
three-dimensional polycaprolactone (30 PCL) scaffolds surface and then
immobilized the bone morphogenic protein-2 (BMP-2) mimetic peptide on
30 PCL surface to improve the preosteoblast cell differentiation. The
30 PCL scaffolds were fabricated by bio-extruder equipment. Acrylic
acid plasma polymerization (PPAAc) was carried out at a discharge
powers of 60W, 40 mTorr for 3 min. The BMP-2 peptide was immobilized
in EDC/NHS and BMP-2 peptide solution via amide covalent bonding. The
chemical composition and morphology of PPAAc 3D PCL scaffolds surfaces
were characterized by water contact angles, scanning electron
microscopy, and Fourier Transfer Infrared. The proliferation and
differentiation of MC3T3-E1 preosteoblast cell cultured on the control
and experimental groups were evaluated by MTT assay and alkaline
phosphatase activity, respectively. To observe the cell morphology,
f luorescence microscope was used.

The current findings, the following results were drawn.

1) The PPAAc technique was provided poly acrylic acid thin films

containing the carboxy!| groups on 3D PCL scaffolds surface.

_iv_



2) The PPAAc 3D PCL scaffolds surface showed the hydrophilic surface
property.

3) The immobilization of BMP-2 peptide on PPAAc 3D PCL scaffolds
surface was identified as amide bonding peaks via FTIR spectra.

4) The in vitro cell test showed that BMP-2 peptide immobilized 3D PCL
scaffolds had a beneficial effect on MC3T3-E1 cell proliferation

and differentiation.

From this point of view, the BMP-2 mimetic peptide immobilized 3D PCL
scaffolds are expected to be useful for scaffolds in bone tissue

engineering application.
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Fig. 1. 3D Bio—-extruder equipment.



Fig. 2. The structure of 3D PCL scaffold sample.



Fig. 3. The photograph of 3D PCL scaffold sample.



ZctX0F erSEXIC PHTE=E Fig. 400 LIEIURACEH. Zt=0t
He= Ot &4 (Acrylic acid; 99.5%, Sigma-Aldrich, USA)E AtS
A}, ZctX0t S0 RF(radio frequency) 13.56 MHz2l =& Z&d =
X 0F(Capacitively Coupled Plasma; CCP)Et2l ZH|(PLASMART Inc. Korea)
E AMSOIUCH. 325 mm HZ D 175 mm =012 &3 M= ZEtel BEZ=z F
t 1x107° Torr A2EZ QAL AZBUHE A2 MIO2LH 30 mn &

& 0l fIXlettt. Sct20t 28IIE SgEse 202 S)120 34
g

WS erSe=ES 40 mforr2 RA& =, 60 W 2 38 St =&otRUCH. Xl
= PCL 22 E= 3K SF

=
=2 HUS MH&otL, dB220AM 60 CTE 24
=
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Fig. 4. Schematic diagram for plasma device.



H 3 & BWw-2 2% EEOIE NES

BWP-2 2gt HIEIOIE= 20 Ot0lk EIIMES JHEI(P-4; 73-92 peptide;
KIPKA - SSVPT - ELSAI - STLYL, Peptron, Daejeon, Korea)2 ArZ5HRUCH
(Saito &S, 2003; 2004). iAol 22U U= 1.0 mg2l BUP-2 28 EHEL
OIEE PCL AHEE = 5t HEOIES xBE=sEZ= 10

100 ng/m2 =L SRIELZE NESieiyel B 1 ol
ide

e
2
kJ
0
fon
ol
S

1-ethy|-3-dimethylaminopropy! carbodiim OC) / N-hydroxysuccinimide

(NHS)E PH 6.0, 50 mM MES bufferOll 4/12] =& HIE=2 M8 XU PCL

AINZEEE 3 A2 S0t BHSAIZCH. BEEAIZ2I PCL AHSEE HUAM 3Xt

12 well platelil PCL AIHSEE

2 me A FHIHRACH. O Chs PCL

ANEEEE 24 Al2E SO A20M WBSHACH. wE = PCL AMZEEE A
3

A EF+=2 NMAESE & = AXGHACH Fig. b= BWP-2 BIEIOI= 1FE



COOH Plasma treated

000 (OO €0 000 (00 COO 00 (OO

3D PCL scaffold

24 h at room temperature

EDC/NHS
MES buffer

plbbllelala’

N, NH,* NH;~ NH, " NHs* NH,* NH,~
COO" COO- COO COO" COO COO COO COd

3D PCL scaffold

Fig. 5. The procedure of experimental process.
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3XR PCL AHEZE & OLZE A SctXR0F HEHIHE XN
>

£ 22 ZHIotH Ol Al 24A12 AXEH & =22 SEoIJU. 2 AlE
o =2 BsIE 2Fo6H)| ot SF+ & 5 wE AMEU BOHEE =,
=2t =8J| (GSA, Surfacetech, Korea)Z 5% &0 &=s242 S&oIUCH
=AM XS0 Z (SEM:  scanning electron microscopy, SNE-3200M, SEC,
Korea)2 OIE5t Ot2&&H(Acrylic acid: AA) Zct=0r EHIHE & PCL
AMZER Ot A HHOHE Hel = BWP-2 EEHIEE 1ESHS PCL A
=L ZHgas 2FEGIRULCH

Ot At HEHINE Ml € Elets E02 25402 BWP-2 BIEHO| =2
OtRIDtS] OI0IE Z&t2 =0Iot)| ISt MBHAL F2lol g Held 2& 0|

—h

(Attenuated Total Reflection Fourier-Transform Infrared spectroscopy,
ATR-FTIR spectrum Nicolet 380 / 6700, Thermo scientific, USA)ES O|=Z0ol
QL
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H 5 & X=2AE i

= 480 AMEE NE=s dF SHZS0AM =gt Z=2AHE MC3T3-E1S
ATCCOl —+&Iot0 AtE0HRA L,
S|

medium with ribonucleo

_I_

HIZUZES a-MEM (alpha minimum essential
ides, 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 (FBS, PAA Laboratoris, Inc. A15-751)1t &KL 100
units/ml penicillin, 100 #g/ml streptomycinOl S&& MIEHHLHES =&
ot 5% CO.Jt S2&= 37C, 100% 5%It /A&l= C0, incubator Ol A HHE
OofCH. el 3 OFCH 80% confluence & [H HICH BHEF SFCH A0 AL

FACE.

ol
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H6&E T=22MHE S4
ZE2ME SA2 MT assayE 0100 FIGIRU O, G 22 Y
O HoIALCH. HHLE MC3T3-E1 AMIEZ= ao-MEM BHXIE 25 HHSH =
PBS (Phosphate buffered saline, Sigma, USA)E OI23dt0 MU0
trypsin/EDTAE A& EHIIGIH BILTAZRE ZelAUCH. ZelE Mo
BIXIE &OIoto BrS2 dXAIZI & J|AAZ2IIIE 01E56tH
OISt CHAl 25 Al2l = EHIE M2
10° cells/wel IS WHESIACH. 1, 3,
, Sigma-aldrich
A = AS
35535-0350)

MIZH HiXIE
2 X
blue tetrazolium bromide
HAMO Z2HO| MAHG

FBSOF L& &
NZE =& otAULC.
O #It=l 12-well platelll 282+ 1
620 ™ MTT (thiazolyl
M2128)AlZS 2t well & 100 #£ EHILotOd
StOIGIACE. 4 Al2t = DMSO (dimethyl sulfoxide, Junsei,
1,000 #/well2 €2 = A20M 30 22t BHLSHACE
SZ2TE SEO| SIoH BHSHS 96-well plateOl 212 200 wes Z =5t
= ELISA reader (Thermal Fisher SCIENTIFIC)E OI=23dt0d 540 Ol S& &%
£ =HGtULC
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H 7282 X=BAE 23

MC3T3-E1 MIZE HHZ 24A12t = =23HHXZ WHGtD 28 OO 23X E
o

WHoHACH, L= = well plateOll cell mediaE Mot PBSZ 23| Al
Het = MIE lysis bufferE wellE 150 /A SOHM 202 2 wise mixE
Ol=2otd whtotACt, ATHHE O0IESHH wel LU EMSt= MEE F=
Ot microtubeOfl &2 = 4T, 2500 rpmOlM 1082 =S¢t |A=Z2IotD &
HE MZ2 microtubelll SHFLD HSE2 otALH. 302 =0 37COHAM &
SHUOl G2 microtubeE HH = 1.2N NaOH 60044 ZHItStO 405 nmOf| A
EZ5E =HGIH 2 23 EXIXQ alkaline phosphatase (ALP) activity
E HIAGIACEH. HHME H2E2 1mg/mé bovine serum albumin (BSA)S ALt
o HEEHS NXe = =ZotLA ot HHES SFR+2 3 A&GHH 20
w2 MZESHH 522t i = 592 milA EZ2EE =Fot, HEIE3M
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H 8 &2 X=RAE 2

1. =AMEXE0IE0 st 2ES RIS MHE MK

Zct X012 BMP-2 BIEHOIE D& St Xelst MZ01 EHK 12 well platedl
BHFE MC3T3-E1 MIEZS 2x 10° cells/mLe =52 IHEOHRUCH. 12l 48
A2H0l XILtH 2.5 %2 Paraformaldehyde(Electron Microscopy Sciences
15714) 2k Glutaraldehyde(SIGMA ALDRICH G5882)2 E& &Mooz 2A12F & 1)
d=2 o=/ 108 =2 PBSES 0IEctH ANEGIH = = Osmium
tetroxide(SIGMA ALDRICH 201030)E 0I5t 302 S¢t &

Ct. 70%, 90%, 95%, 100% ZL2=2 =HIGHH HZAIHA =ALD HWDS(Fluka
52619)E 0I=2dl0 MZE <0 Z0I/A= LSS HMISHRULC.

u

FAOFSH BMP-2 EIEIOIE DA3H Melst ME0] E€HE 12 well plateOl
MC3T3-E1 MIZEE 1x 10° cells/mL,e =&2Z TIEGIACEH. 48A12H0]
4% Paraformaldehyde(EIectron Microscopy Sciences 15714) NS
O MIZE DEGSIH & = 52 =02 PBSE 0120t MESHALCH. 0.1%
Triton X-100(T1020, BIOI2 AI&H) 1k 1% BSA(SIGMA A9647) EXHES 0IE5HH
52 S &t HMeldsttd =D Rhodamine-Phalloidin(Life technologies,
R415) AlLES 152 St MelotK MIZE ZMSIRUCH 3o 2™ 242 52
S0 PBSZ AMEGIH & = AME s FMZS 28 Fluorescence mounting
media(VECTOR H-1200) 2t &M 33Xt PCL ANEZEEE ME 20 2o &
2E01E2Z 2HEGHI| N 4CTHAN S26HACEH

bH

02
[l

o ™
0P
o

o]l
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(a) N-H C-H C=N C=0
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Fig. 7. ATR-FTIR spectra of (a) PCL, (b) 60 W acrylic acid plasma

treated PCL scaffold, (c) BMP-2 peptide 10 ng/ml immobilized PCL
scaffold, and (d) BMP-2 peptide 100 ng/ml immobilized PCL scaffold.
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Fig. 8. SEM micrographs of the MC3T3-E1 cell seeded on (a-c) PCL,
(d-f) 60 W acrylic acid plasma treated PCL scaffold, (g-i) BMP-2
peptide 10ng/ml immobilized PCL scaffold, and (j-1) BMP-2 peptide
100ng/m! immobilized PCL scaffold for 2 days.

_22_



ﬁ? -
»/////////////////////////////////ﬁ

ﬂﬁ i
s R

g £ & %?\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\&
A NN

mmmmmmummo

11111

(%) Ajiqeia Jo Juaoiad

3
Time (Days)

1

cell seeded on pristine PCL

Fig. 9. The proliferations of MC3T3-E1
scaffold and surface modified scaffolds for

3, and 6 days (*P<0.05,

1,

1).

**P<0.0

_23_



y

-~

DO\

I

(uwjoud B7/ui/d N-d ajour?)
Aingoe asedy

Time (Days)

cell seeded on pristine PCL

modified scaffolds for 7 and 1

P activity of the MC3T3-E1

L

0. A
scaffold and surface

1

Fig.

4 days.

_24_
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Fig. 11. Fluorescence images of the MC3T3-E1 cell seeded on (a-c) PCL,
(d=f) 60 W acrylic acid plasma treated PCL scaffold, (g-i) BMP-2
peptide 10ng/ml immobilized PCL scaffold, and (j-1) BMP-2 peptide
100ng/m! immobilized PCL scaffold for 2 days.
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