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1) Aol =

B o o] A = 3H4] RGD 2 E}o] & (Peptron Inc., Dagjon, Korea)
S AF8-EkiTh #Elo]| &= N-CAAALLLKERGDSK-C #j<g 2
RGD 7]¥+e] 14711 9] M & & ¥ o] gl om, Bha Uitef| SlElo] =
o] 38 o F- gl-& 913l @33 A AFZA] fluorescenceisothiocy-
nate (FITC)E A2 31 th. 343 ¥ RGD HEle] == 11/ 5 A A
A2utE T I HPLCO)E B2l 86%S] == 7= glon,
T A% ¥ do] AdE B R 20T BaE S A
S35t B 291 RGD el = AE A 7T 2
HZ & of| o 13] g st AL-&-aH3A T

2) A Az % Helol = =5

(DAl Az

FF4kst A5 Al ek 474 120 mm, F74] 30mm =71 E
Eg g A3 5 Al H o7 AF2-3}9 THO.1 M HaSOs, 0.1 M HzPO:,
3 A, 180 volt : Cowellmedi Co., Pusan, Korea).

FH S A G2 FFE Hebe U A3 8 2T o g AL
&otien, fete| =8 518t4 1%, B4 FA o R
Y8 ARE AP ToR At

Q) eel =2 84 04

A 8- UV/O cleaner (Jelight Co. Inc., Irvine, CA, USA)E £
WS 2 8kA7] 7, 4 ehe] =91 915] aminopropylriethorysiane
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Fig. 1. Schematic diagram of the chemical fixation.
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(APTES)S 2.5% (VW5 =& o ek & 3|48k g-ollo]] 90%-7t
A AT o] & Al HAHS o2 AH T Arz 7
Z£3kaL, 110c e L2 A X7 et A 2A 2

Hefo] =oke] AA S 913 A4 AN (linker) =55 2131A] suc-
cinimidyl-4-[N-maleimidomethyl]cyclo hexane-1-carboxylate (SMCC)
€ 0.1 mg/ml =2 34171 pHT749] Q14 945 G- ol 1 4] 3H
et 9 34 WEAIZTE Hhgo] kR E AJE S QA
4F & B SHRTFEAH F AT A28

Feto] =9 17 Sh(fixation) HH-g-& 915) HEfe]=E 0.2
mg/mle] 5= & pH 6.62] 4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid (HEPES) 25891 of] 10 mM<2] tris(2-carboxyethyl) phosphine
(TCEP)-&-4 2 7kl A AL-&-st it Al 2€ fefo] = &
maleimide”] 7} T4 A1 & 1241 7F 53F - ol A WA Z T
(Fig. 1). ¥+-g-0] 5% A& HEPES ¢35 € U SR/RG2 A
A T ALE Az

N

) Hetol =] B84 &2

AALAL22 A2 Z 02mgmle] 52 HEjo| = 25
ol =1 Yol 12413 F<F A 23 0 = HIbFo] FAA
ZAtk. 3y eto] =7} F-2e A3 2 wrinkle-free paper (Kim' s wiper,
Kimberly, Lodi, CA, USA)Z | Folgl = vhg- &2 A A
T, AAE B Az
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1) Wefel= Y] w2
soba 149 2214 4L 5

/KC-)]\
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9 4

eto

=g Y% A9
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o) w7l 722 H7)al] Adtel WA WEY AR
(FE-SEM,; Stereoscan 440, Leica Cambridge, England)S- ©]-&-3}o 50,000
vl &= #sich

& 3361 1] 7 (Nikon instruments inc., Melville, NY, USA) ©. = o] 1]
12 2skol 93 8 W12 A Nshn wee #UHE 9
1315tk ol 974 2] 71 8- & FY(cuvette)ol 22 F-
-337] (fluorescence spectroscopy; FP-6500, JASCO, Tokyo, Japan) =
|85t o1 7] 9172 495 nm, '3 9472 516 nm X271 0 2 3
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Aol - FEZ - Y- FAHE - SFE - 2o/

Y4t ElEks EH ME CH2 RGD HEfo|= 28 o]

re

HIAET M 8ol ojx|= e

& 2490 FEo 34 B BE 2NS AAelo] A

a0 mhe ARe] EH 94 W8S Bk Fai XA

FA A2 IH (XPS; X-ray photonic spectrometry, ESCA, Sigma
Probe, ThermoVG, West Sus-sex, UK)Z- o] &3} 1412 A 3 &}
At

2) M Hlj e
A 7] A| 43 73l 2] (Lonza, Walkersville, MD, USA) S Al-&
ato] 37°CellA 5% COAl 3 vl 7] ol ¥ o I =714 3
(Lonza, Walkersville, MD, USA)ZS- vl 9F5} 53 T} A . Z2] o] 80% 4
B o] =251 025% trypsin} 0.1% glucose S 1 mMe] EDTA-saline
of] 23| A] 7] trypsin-EDTA -& <! (Invitrogen Co. Carlsbad, CA, USA)
° 2 A Azt YA Felet $ A vk kAT v v =
2-3ol ghHA wA|el FAT T3S HEslr] s, Al
£ wj et £ 2443t FH o] & 2 134 28] A] (Lonza,
Walkersville, MD, USA)E oA 314, =21 Zok okl
o}, A R ol A3k A 3= passage 691 A 874A] ©] M| L5 AFE-S
Aok

3) AEe] 33 54 %7}

(1) &2 o)A &w]73 2 AKConfocal laser scanning microscopy)
Aae] e S AEsl] fsiA 32 dlolA AnAE L
BRSGATE AEE S 20113 21413 5ol AL
Ahebe-g-dl o B A Hsto] w2 2 Al Akt pH 7.49] 4%
pa:afonnaldehyde Q1 Ak 2h3=-8-0ll(Sigma, Castle Hill, Australia) ©_ = 10
1A 2o gt 4,0.1 M glycine Q14Hgh5-8-9 © 2 5%-3F
33] Al 2 3135 o 0.1% TritonX-100 Q1 Akgh3=g-of © 72 2871 T3}
& A, QAkE89 0 7 33] Al H sk A2 E <
2heh-8-of 0. 2 54 31 50 g/l -5 == 2] ¢ g phalloidin -2} -8-<}
(Sigma, Castle Hill, Australia) ©. 2 actin filamentZ- th 4} . 2 94 =
Aol A AAAZ T o 2 QikebE A & Al X st 17 &
ol (Dako North America Inc., Carpinteria, CA, USA) ©. & 118 3+ %,
Z27 go] A & n]73(LSM 700, Carl-Zeiss, Oberkochen, Germany)

= o]-&-ato] A X mFs wESI T

(2) Crystal violet assay
AT 2ol i3 3 54 S
assayZ A A1) 2 7e] Aol 5
10%welle] Al 25 9453 - ufj Fat

7}817] 913} arystal violet
=0 Q) & 24-well plateo]] 4 X
AT 3A17E H ol -2 uiA]

Table 1. RT-PCR primer sequence of bone forming related gene

EHE A A A LZQ“"" O 2 FAHA B AEXEA
AR T2 A ZE 10% ol gh&ol 314 A171 0.2% crystal
violet &3 A i (Georglachem, Tokyo, Japan) ©_ & 3 A1 8} 31 5E-7F 2 &
o FAh &2 A A F2 A A 5k 24-well plate& Al 7
2 o H A AT A M EE 95% o e 2 A2l A]
222 15831 831 A1 7 96-well plateol] H 4Tt &2 hH o 52
73 AHELISA,; Spectra MAX 250s Molecular Devices Co., Sunnyvale, CA,
USA)Z o]-&-8fed 590 nmef| A F3 =5 S8 515 Th

4) A 24 54 97}

24-well plateo]] 23+ (1 x 10%well)e] A X2 9}E3}aL. 3
2,79 F | oF o 349 H =8 2T XTT assay kit
(Cell Proliferation Kit IT, Roche Applied Science, Mannheim, Germany)
S ARSI TE XTT F A A] 2K(sodium3’ -[1-[(phenylamino)-car-
bonyl]-3,4-tetrazolium]-bis(4-methoxy-6nitro)benzenesulfonicacidhy-
drate) ©}electron coupling reagent (N-methyl dibenzopyrazine methyl suk-
fae) S 1| 2] o] 412 3, well B 2504500 4 ‘5 =7} | EE T
ok Al 25 37°C, 5% CO: A 3 ¥l 7] ol A 224131 F<} vl st

At} BE welle] formazan A 2He2 F5-3] £-3 A1 7] tFs, 96-
well platee]] 2 31, A2 3HA 9 F 2P AFE 0] 83l 450 nmel| A
TS S8tk

5) Al 3t 54 H7}
(1) A F=3k g A ) ¥H-2(Real time polymerase chain reaction;
RT-PCR)

w3tol| #ofshs of 2] Fd ko] mRNAS W A =& o}
57] 9)8) REPCRS A) ) 31 T} 24-well platec]] 0.5 X 10%well<]
A ZE 7Y Fobu) &gt T mRNAZ 353151 th A A RNAE
RNeasymini kit (Qiagen Inc,, Valencia, CA, USA)Z A} 83 #] ZA}<]
A A &2 2] 3k . =2 F RNA + one step SYBR primescript
RT-PCR kit (Takara Bio Inc., Shiga, Japan)-2- A}-8-5}o] Al Z2AF2] ]
AJt) 2 RE-PCR mixture2 28] 31T} 9)9] 714 0.2 st gl
RT-PCR mixture]] Th2- Z712] 20 pmole?] primerS- 2 1 THTable 1).

Real-Time PCR Systen 7300 (Applied Biosystem, Foster city, CA, USA)
£ 0] 8§35} RIPCRE- A A3 1, delta-delta Ctmethod 2. 2 3} =
a9,

(2) Alkaline phosphatase (ALP) activity assay
Alkaline phosphatase assay kit (Biovision Research, Mountain View,
CA, USA)S 2123} T} 24-well plateo] 0.5 x 10%welle] A Z & 5}

Primer (forward) 5 —3' Primer (reverse)
GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC
Osteopontin CCCTGGCTGCGCTCTGT GCGCCGGAGTCTGTTCAC
Collagen type I AAGATGTGCCACTCTGACTG ATAGGTGATGTTCTGGGAGG
Osteocalcin CATGAGAGCCCTCACACTCC CTAGACCGGGCCCTAGAAGCG
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=42} E|EHs EHol| M2 CI2 RGD HEfo|= 2T Wio| AZIGE7|HE ut3of olxl= ¥

Fto] 79, £ 14 F PG A EE Q49
O A3, ALP activity assay ¢35 8- © 2 A E—% §1 s
% 2939 22 o] A TS SR IR B
13000 pmo. 2 YAl Felste] Al S At Bradfordassayklt
(Bio-Rad Laboratories, CA, USA)S- o] -8-5}o] thill 2l o] oF-8- =7
3laL, T ko] WA 80 4 96-well platec]] ¥ & 350 442] 5mM
p-nitrophenylphosphate £ 7} wellof] g o] F=Q1t}. Bl & 2}ehgh 2
2 1A 7 Eo 4 2of ¥FS-A] A A] p-nitrophenylphosphate 7} 7}
Ha)=]o] A E pnitrophenolZ FAATHY Z2AAALES o]
3 405 el FHEE 2435

6) Azl B3k 54 %t
2342 o AT A28 2o F& 2H a0 99
alizarin red S stain J < ©]-8-3}31 t}. 24-well plateo] 0.5 X 10*/well 2]
AES sheh,21 AR A EE ks gl
© 2 23] AL 70% o g2 2 20 C ol A 1A 7 Bt 3 &t
T 73] SRTE TSI A 2ol A 15E3E 40 mM alizarin
red S (Sigma, Castle Hill, Australia) = & 4 &, 13- &-o S 7 7| 3}
5 o ¥ SRTE FASIIH RS 10% cetylpyridinium
chloride (Sigma, Castle Hill, Australia)ol] A 1A] 7+ 5-9F o il T},
ELAYAAFALAE o B S0 el FHES 27

Bl

7) BAEA
B JqLo] EA|A] 2] = SPSS (Ver.17.0, SPSS, USA) = Al-&-5}o]

— 200.“"1

F7 121 813 ok Kruskal- Wallis test=. 12143 & 71 5319 3, AFF-
717 -2 Bonferroni testZ A] 8} 5131 THP<.05).

Z}
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EH

Al W T A WEY FARAA-ANA 5
3] Fig. 29} 20| 14—5}14-1‘4- 0.7-12m A A2 tbzA 27}
HEEAoH, feto] =] 1 Fo = o|n|A] o] Aol
VbR ghghet.

Fadn Ao golg Al 7H 29 o] n|A| g e} wHg
7he] £2 34S Fig 3, 40 LFERASIh th 7ol X = P o]
UEhA] exskon, lgte| =71 IR E AE T B Ee
B3 Jehideh B4 §3 AP PolNE 2L
U717 dehgon, 45 A Jeo] £ o 54
svr_]-il—g giq. 2] x]]xq o] AHA]-ET;]. ] o] ]—‘é—oﬂ H]
% 270 vebdeh shekd ny daee &
ol vl ate] B 8] & e ik

XABAAEREE Fato] 7 A0S A FFu) g
Al o, o] 5 Wiite] greko 2 A 2f ekl thTable 2). A
et Rout Meld o 7 2715t Si 947} APTES A2 =
& A7 stehA 1% Aol AR YT i efe] =9
o] We Ee]A E& A e CYNe S/t E 4
ol Blato] A VEbTh
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rulo
)
|
2 iz o

0

2 1

Al

o 9

O

].

2

11]0lr

FUZ 1= H\I Oﬂ
o

ok

mlo

I‘S.‘i 8

— 200'“”1

Fig. 3. Fluorescent microscope images after peptide coating. A: Control, B: Chemical fixation, C: Physical adhesion.
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Y={8t ElEks EHol MZ Ch2 RGD HEt0|= 3 WHo| el iIGE7|HIZ gh3o] ojls S

600 Y = 1.089X + 3.022
500 |
400 L

300

Intensity

200 |

100 -

O 1 1 I 1 1
100 200 300 400 500
Concentration (nM)

Fig. 4. Concentration curve by fluorescent spectroscopy.

Table 2. The percentage of element content (%)

Element Control ~ APTES  Chemical fixation  Physical adhesion
N 29 4.1 4.6 179
Si 0.0 59 3.0 0.0
C 46.6 40.0 554 92.0
S 3.8 34 2.6 2.7

ATPES: aminopropyltriethoxysilane

2. M= 75

()32 oA @vl7
AE W 200300 24013 323 2ol A gl
gel AE P BIRA 3

R84

<
%
g
o
fetl

ot
=

A 0227} 7t AR 7o) AE7L B2} e 4

2 70] 2 LA SSHTHP>05)

(2) Crystal violet assay

7} Al 0| A 3A1ZE F 9 A 32wl F 2 crystal violet assay € ©] -§-
3 27| A E 2 S = 45}@4(}“@ 6) gz 2t Ad T
Atolol] BAIH 0.2 2] 8k 2}o] & Ho|z] eITHP>.05).

3. M= Z4

2} Aol 4 323} 790 S5k A 4] % - XTT assay 2 ©] £-31
AEZH AE2 S43 AHFig 7), W F 3L o7 2%
gz, 74 AP Aole] AEZA FEob Fo @ Aol
2 1 o]z ZHTHP>05).

Control

Chemical fixation Physical adhesion

Fig. 5. Confocal laser scanning microscopy images of cells grown on the surface
of titanium specimen after incubation of 2 hours and 24 hours (X 400 maghnification).
actin staining.

2 hours

24 hours

0.350 1
€ ]
< 0.300
o
2 ]
o 0.250
Qo
s 4
> 0200
£ |
c
3 0150 |
©
]
s 0.050 |
(@)
0.000 T ;
Control Chemical Physical
fixation adhesion

Fig. 6. Crystal violet assay of human mesenchymal stem cells grown on the
surface of titanium specimen after incubation of 3 hours.

2.500 -

2.000 1

1.500 1

1,000 0 3 days
' B 7 days

0.500 1

0.000

Control Chemical Physical
fixation adhesion

Optical density (Abs 450 nm)

Fig. 7. Cell proliferation of human mesenchymal stem cells grown on the surface
of titanium specimen after incubation of 3 days and 7 days.
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FHE - 5152 - 20/

Y=48t ElEks EHol MZ Ch2 RGD HEt0|= 3 WHo| elZIGET|MIZ gh30 ojls S

mRNA & 3 5 G ELAA WG EYRTPCR)S 59 27
SFATE Zh2ke] T A of] o gk mRNA 9] el 4F-2- Figs. 8 - 109]]
UERIon], Al 71X el msoA Beld 14 4Y T
o] 97} ol 22 et 14 AP 2R felelA 71
ATHP<.05).

2) Alkaline phosphatase activity assay

ZF Al el A 74 2} 149 F<7t A 3E i oF - ALP activity S 57
331 2342 Fig 116] VERRITE o) 2 14205, Be) 2 522
oA w2 318t 17 AP ET 71248 A ALP
activity7} 20171 212 8 & 5= IATHP<05),

4. M= &5t
el ok U wAQ), B AR S ohir] 95 4 A

Hol| A 21 F<F vl &Fgh T alizarin red assay S 2] 3§ 5} TH(Fig.
12). 284 &2 A oA gz 3184 14 AT

Relative expression of mMRNA OP

Control Chemical
fixation adhesion

Physical

Fig. 8. Real time-PCR analysis for mRNA of osteopontin grown on the surface of
titanium specimen after incubation of 7 days (3 :P<.05, Bonferroni test).

_ *
8 16
< 14
AP
T 2
ks 1
S
= 0.8 -
3
s 06
3
o 04
=
© 02 |
[
o« 0
Control Chemical Physical
fixation adhesion

Fig. 9. Real time-PCR analysis for mRNA of collagen type I grown on the surface
of titanium specimen after incubation of 7 days (3 :P<.05, Bonferroni test).
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A BT} A Aero] fo) 8 AR R 271 THP<05). 3
42 34 dg el dapan o g 25 AAge

B o}, fo] @ntgt xfo] & Ho|A| = ZatithP>.05).
*
8 18 r
<z( 16
o 14 -
S
5 12 -
5§ 17
]
8 08 F
< 06 f
[}
2 0.4 |
I 02 ¢
T 0
Control Chemical Physical
fixation adhesion

Fig. 10. Real time-PCR analysis for mRNA of osteocalcin grown on the surface
of titanium specimen after incubation of 7 days (3 :P<.05, Bonferroni test).

+

[
5 30.00
<
S 2500
S
£ 20.00 + o Control
1S
= Chemical
E 15.00 | I ° fixation
S a Physical
2 10.00 adhesion
=
8 500
o
E:I 0.00

' 7 days 14 days

Fig. 11. ALP activity of humen mesenchymal stem cells grown on the surface of
titanium specimen after incubation of 7 days and 14 days (3 :P<.05, Bonferroni test).

*
0.350 %
T ‘
< 0.300
o
b ]
o 0.250
o)
s 4
> 0200
£ |
S
5 0150
= ]
QO
5 0050 |
@)
0.000 r : )
Control Chemical Physical
fixation adhesion

Fig. 12. Alizarin red assay of humen mesenchymal cells grown on the surface of
titanium specimen after incubation of 21 days (% : P<.05, Bonferroni test).
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ORIGINAL ARTICLE

Effect of RGD peptide coating of implant titanium surface

on human mesenchymal stem cell response

Min-Su Kim', DDS, MSD, Chang-Mo Jeong', DDS, MSD, PhD, Young-Chan Jeon', DDS, MSD, PhD, Jae-Jun Ryu?, DDS, MSD, PhD,
Jung-Bo Huh', DDS, MSD, Mi-Jung Yun'*, DDS, MSD
'Department of Prosthodontics, School of Dentistry, Pusan National University, Yangsan,

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

Purpose: The aim of this in vitro study was to estimate surface characteristic after peptide coating and investigate biological response of human mesenchymal stem cell to anodized
titanium discs coated with RGD peptide by physical adhesion and chemical fixation. Materials and methods: Fluorescence isothiocyanate (FITC) modified RGD-peptide was
coated on the anodized titanium discs (diameter 12 mm, height 3 mm) using two methods. One was physical adhesion method and the other was chemical fixation method. Physical
adhesion was performed by dip and dry procedure, chemical fixation was performed by covalent bond via silanization. In this study, human mesenchymal stem cell was used
for experiments. The experiments consisted of surface characteristic evaluation after peptide coating, analysis about cell adhesion, proliferation, differentiation, and mineral -
ization. Obtained data are statistically treated using Kruskal-Wallis test and Bonferroni test was performed as post hoc test (P=.05). Results: The evaluation of FE-SEM images
revealed no diffenrence at micro-surfaces between each groups. Total coating dose was higher at physical adhesion experimental group than at chemical fixation experimental
group. In cell adhesion and proliferation, RGD peptide coating did not show a statistical significance compared with control group (P>.05). In cell differentiation and mineralization,
physical adhesion method displayed significantly increased levels compared with control group and chemical fixation method (P<.05). Conclusion: RGD peptide coating seems
to enhance osseointegration by effects on the response of human mesenchymal stem cell. Especially physical adhesion method showed more effective than chemical fixation
method on response of human mesenchymal stem cell. (/ Korean Acad Prosthodont 2011;49:245-53)
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