(Biological Response of MG-63 Osteoblast on
Nanostructured Surface of Titanium for Dental

Implant)
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Fig.
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Fig.
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Fig.

Fig
Fig
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1. Scanning electron microscopy images of (a) polished surface

(X5,000), (b) micro roughness surface (X5,000), (c) nanotube surface

(X5,000), and (d) nanotube surface (X50,000)
2. Scanning electron microscopy images on polished surface(a,d),

micro roughness surface(b,e), nanotube surface(c,d) after 1 h(a, b, c;

X 200, d, e and f; X 2,000)
. 3. SEM images MG-63 osteoblasts on polished surface(a,d,g), micro

roughness surface(b,e,h), nanotube surface(c,f,i) after 3 hrs (a, b and

c; X 200, d, e and f; X 1,000, g, h, and i; X 2,000)

. 4. SEM images showing filopodia and lamellipodia of osteoblast

on nanotube surface after 1 h
5. RT-PCR analysis of the bone associated genes expressed

by MG-63 osteoblasts on polished, micro roughness surface and

nanotube surface after cultured for 1 day
6. RT-PCR analysis of the bone associated genes expressed by

MG-63 osteoblasts on polished surface, micro roughness surface

and nanotube surface after cultured for 9 days
7. RT-PCR analysis of the bone associated genes expressed by

MG-63 osteoblasts on polished surface, micro roughness surface and

nanotube surface after cultured for 11 days

. 8. EDS spectra of nanotube surface before cell culture

. 9. EDS spectra of nanotube surface after cell culture

. 10. Schematic representaion of protein—-mediated cell adhesion on

biomaterial(Anselme, 2000; Huinan, 2006)
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Fig. 11. SEM images of the attachment process of osteoblast on titanium

surface
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Table 1. Experimental groups according to surface treatment

Table 2. Oligonucleotide primers for PCR amplification =~ =
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Ag B3P D Gong 5(2001)2 05 HE+ 15% HFE 73l ool A
10-40 V. A% &toll A self-ordered nano-tube’} A HE stk Choi 5
(2004)% ethanolic HF A&l Aol A 10 VatelAd W4 500 me v 72 J4 S
B389 Y. Schmuki(2005)+= HF/H.SO.E Aoz AEsto]  AF35 A,
Grimes 1520052 44 mm #Zol9 Yw FHEHHIAHS Rt NaF T+
KF(pH 4514 23 mm FAE F45+= whdo] Schmuki 158 T4 428
A 25 m FAR FAEES BusA. 4 5200602 1 M HsPOs9 1.5 wt% HF
Aajoel A 20 V AAGoz Ao 2A3F FFAakst HEste] 7]Far] < 100
nm, 77 300 ¢ 43I S FA vk Harsk it
=RBe AAY FAE stz g8 AHsEA =4 stssy uA
A7l Aol o8 F4 demEolA 100 m7hA FAAZL 5 Aok FAE pH,
Adeffed o] F7ok ol o +9 molAM F m7tA =4 Zbesi dwbqow
g A Z oA YreFH FFo AHAAL dU3tH(Yao 9 Webster, 2006).
ojglg Y=g FWE Ze Hews AA el H&s] fste] 2AE
E ol &g AFEo] daodAa k. B (20060 °F 100 mo =g

= EXF HegdA 2SAHx 243 F40] dA8 FteRa wgx]d

N

=

|

Y

TAER  E3E  yelE A ®9 alkaline phosphatase, osteopontin,
osteocalcin mRNAZ & o] AA 3] F7tstAvkal Hastgivk. Webster 5 (2007)2
10 V, 05% HFolA 20% $=AtstAzl yw da gWolAy z=aAx7F 7H8 2
FAS AL EAE g ZAEFRedE YxRHE EHR0 V 05 % HF 20
el Al 7 = dvkar Boarskgloh

aeu @AA wolam G AHVE zZe ZW ATl vlE] YA
2 FAE Ao g AEH A= g vn g AEfolth webA &2
AToM= He g ZHAS S7HA7IL =



A8 =94 EHEE(ASTM F67, gradelll) & 1=+ ¢] DynametAt 258 T35

o AAE 10x10x1 A7) 2 dakske] Al 2Hsk 9

MG-63 ZZ M E(KCLB No.21427)& St Al F28o A G ste] a3t
o}, 10% fetal bovine serum(FBS, Gibco, USA), 1% penicillin-streptomycin®]
A7}l Dulbeco Eagle’s minimum essential medium(DMEM, Gibco, USA)< )
A& AFgsto] 37T, 5% CO2 100% FE2E A= COx 8] %71 (VS-9180MS,
Vision Scientific Co., Korea) Well Al w]Fstth, 39nbct Al wjA 2 3ks}w A
A7 Sojad Aldn F2 AAse] 2-9Ad o] AEZE AHEEF AT

2. 29y

7F. A1 A =

Al

=)
Mo

odwl  3E 9 (Polished surface, P), micro arc oxidation X4
(Micro-roughness, MAO) 2 A<} =43 3% ¥ (Nano-roughness, Nano) & 3

o w2 FH At (Table 1).

(1) 47 &4

)

HEelbw AlAe #d3d Ws A7 98k polisher(ECOMET I GRINDER,



BUEHLER, Illinois, USA)E co]&3to] Antstdtt. A 7hutol= Anpx](SiC
paper)Z FxFA o2 #12007A] Ankst Atk Ankdk AlH o] HHLE ofAE, o

%, gy FHSd 44 108 A AR 259 AHE Y3 air-spray
(DR-88, T 5He, AL F4)8 ol§3te] nHe E7]E AAT F 50C A%

A7) A 244 7F A Z A A T}
(2) micro arc oxidation
vfola 2 9o AHVE ZE TWHE AHS 004 MY Beta-glycerol

goto] A2olA 250 Vo A
£l

By AN ddsa &

phosphate®} 0.4 M9 calcium acetateZ | &z A}
of st Al 3 kst AP E s SFadd e
ol = W (pt) We AAsF o, Wty S o] &5l HalFA FANE o] Foh

P43 A o F FREE AART F Az7lel wwsart.
(3) ARG FFA3

U @99 ARAVE ZeE ZHeS AESE AFdY FH 3 A (Genesys
600-2.6, Densi-Lambda, Japan)® 05 wt% %
oF=aks Aels A dgstdnk Adel AgE Al B4 FEFE 9] ¢
s Bl ZE(teflon)= ol &ttt F=ee Hetg A& ol &sto] AdAS dA4dstn
ol &= WM Euk(20 x 20 x 0.3 mi)E F@sta # e EZw)

;’5‘_
oA Ads 20 m2 IASA FATE F AFsd e

o

¥

stirrerg o] &3t A NS AL wukst gl
Faakst AE = FRFA AAH A air-sprayg o]l g3kl W FES A

Ad B 350ColA 3 A7 4Ae s



Table 1. Experimental groups according to surface treatment

Type Methods code
Polished surface Procedure (1) P

Micro-roughness Procedure (1) + (2) MAO
Nano-roughness Procedure (1) + (3) Nano

b. MG-63 A X9 ¥ & 3#F

MG-63 =AM xS 27| F
N2 d Aen MER MG-63 2FAEE AW 1 x 100 AY EFan
37C, 5% CO2 vl 7ol A 1A13F, 3A1ZF v &fst itk PBS®E »| 32 A& A7 s
1l Karnovsky LA °M(2% Glutaraldehyde, 2% paraformaldehyde, 0.5% CaCly) 2
2 uATd F i 14 nAFAS 01 M PBSE 3024 23 FAsAT. AH 9
Aees B3 FUA ARS HAFAEIHAII7T Hste]l 1% OsOs(osmium
tetroxide) = 1A1ZF &<t AL O0sO49 dI&o] A4 vhud Als o A

< @Al ety A WA st A 0.0M PBSE vAl 1023 ¢

l

—1>~
5
&

AR T AEE BEA] Adke] A ¥ dnPE TEEaLtd @53

>
o
B
2
)
BN
it
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CPD(Criticalpointdryer, HCP-2Hitachi, Japan)ell

e wold 2 AAE Wol B4 ¥ & =D &7 SdA
9

o
o
)

iy

U
Lo
=Y
H

= ]
Ion Coater(EikoIB-3, Japan)E o]&3dto] 300 A T4 =2 =
WAl g5+ FAAAE 0] A (FE-SEM, S-800, Hitachi, Japan)
=3

dlo
i

o
°

gotel a9

t}. Gene expression by reverse transcriptase-polymerase chain

reaction(RT-PCR)

MG-63 2ZAES] 54 dude B@S #AR/] Aste] RE AAL 1Y

Z7) A7) 2 9 AYsaL MG63 ZZAZTE AH & 1 x10° ) A BF =



37C, 5% COz v F71ol A 19, 99, 119 F9F nj sl o).
z}7k o] wjoko]l FuE Al H o] ALP, osteocalcin, Type I collagen, GAPDH 2]
wd ARE eyl Hete] dAA-TREA Ad HE(RT-PCR)S Al st

=
Trizol(Invitrogen TM, Carlsbad, CA)2 A}-&3}o] RNAZS F=3% k. RNAS
TalE A Fe AHE FE5T FE24R Aol A ribonuclease(RNase)o] &

gst7] fs Edd 7lE AREE . &3 RNAS A9 371UV
spectrophotometer; Eppendorf, Hamburg, Germany)E ©°]&3dlo] 25 HAFe 1
AEFetAnt. JHA FFEL AHNES Maxime RT-PCR Premix Kit(iNtRon
BIOTECHNOLOGY)E AF&3lo] 45Tl A 304 3t reverse transcription %W-8-&
714 RNAZFH cDNAE @Asta dolof TFELNSE s E30A A3
SFA T 94TC ol A 53& 13 A8 & 94°C 30%, 55ColA 1, 72CoA 1S 32
3 A 72CoA 58 FF vbg AEL AAS AT, PCR primeri= Homo
sapiens mRNA gene sequences(Pubmed)E 71 %= 3o A9 Y (Table 2).
ZTZ 25 S ethibrium bromide® 943k 1.5% agarose gelol 93kl 100 V

o4 30 &3t A9

rot

% Biorad Chemi-Doc(Biorad; Bio-Rad Laboratories,
o2

Hercules, CA)ol A UV A 23} 31T}

OH

% Emw By
e 7 g F AERE o@ da L A FHo| o|ToHEAT }

k71 flste]l AEZ lysisstal EW-S Energy Dispersive Spectroscopy(EDS;

Inca, Oxford, UK)Z FW ZAE EXS A8 r).



Table 2. Oligonucleotide primers for PCR amplification

Genes Primer sequence bp
Alkaline 5-ATCGCCTACCAGCTCATG-3 (sense) 991
phosphatase 5- GTTCAGCTCGTACTGCATGTC-3 (antisense)
) 5-CTCACACTCCTCGCCCTATT-3 (sense)

Osteocalcin . 247
5-GGTCAGCCAACTCGTCCAG-3 (antisense)
5-ATGTCTAGGGTCTAGACATGTTCA-3 (sense)

Type 1 Collagen, . 219
5-CCTTGCCGTTGTCGCAGACG-3 (antisense)
5-TGACATCAAGAAGGTGGTGA-3 (sense)

GAPDH 210

5-TCCACCACCCTGTTGCTGTA-3 (antisense)




1. A9 39 #&

ol

i oh(Fig. 1). A& 74u}
o]= o u} A (SIiC paper)® x4 02 #12007F4 dAwpdk W& 50008 ol A H &
3 WS BYtH(Fig. l.a). 004 M9 Beta-glycerol phosphate®} 0.4 M2

calcium acetates 3| E = Ab&sto] A2ZolA 250 Vo A shollA 327 F=

Al Az gUHAHE FAAE s B
=2

Ak AR E @ Ao mcls vhelAaR whele] AAYIE FAHNEE Fle
(Fig. 1b). 0.5 wt% &4k F&elA 20 V stell A 60 3+ F=4ts Aels
Alggt & A Ade] WA= 100 nm ols AP E e dmRurh 7Y

A 2 g dEE BE e A (Fig. e, d).

FEl 2 FZFo] o] FoA A ehgka wiola® ©ele] AHTVE e WA= F
w2 o2 A (filopodia) ¥ ¥F ¥ (lamellipodia)o] 2re-ek Al E o] Fatg g7}
AR A B Y FE2E e ZWolE A diEE AEyt mHe]
Zeo] AMGSI dhFo] wad JduHE #REAY. £F vlojar AATS %
HowRT gx=gx g9 A Bug o Azl 2zt aA 4% @ AS 8F
st tH(Fig. 2). Wk 32 & vk 9 el A= AE FFo] d&s] o] FolA
rpelAR AR W L frAbstdth ey dinite] A27h obz el g o
ez wve WAHAE $%n vz 29 Axwd 277t & koh(Fig.
3). U= 72 WA E Ax7E Ade #uS weh g3 2xE FAS Bl

e e 7 TRy Sk 3t (Fig. 4).
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(a) (b)

P,

ol S 5.0k X5,00C am WD 6.0mm . " — .
NCIRE SEL__ SOKV 5000 1um WD 60mm SEl 50KV X50,000 100nm WD 6.0mm

(© ()

Fig. 1. Scanning electron microscopy images of (a) polished surface (X 5,000),
(b) micro roughness surface (X 5,000), (¢) nanotube surface (X 5,000), and (d)
nanotube surface (X 50,000).
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(a)

Fig. 2. Scanning electron microscopy images on polished surface(a, d), micro

roughness surface(b, e), and nanotube surface(c, d) after 1 h(a, b and c; X

200, d, e and f; X 2,000).



() (h) )

Fig. 3. SEM images MG-63 osteoblasts on polished surface(a, d, g), micro
roughness surface(b, e, h), and nanotube surface(c ,f, i) after 3 hrs(a, b and c;

X 200, d, e and f; X 1,000, g, h, and i; X 2,000).
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(c) (d)
Fig. 4. SEM images showing filopodia and lamellipodia of osteoblast on
nanotube surface after 1 h (a; X 200, b; X 5,000, c; X 10,000, d; X
20,000).
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Type 1
Collagen

GAPDH

P MAO Nano

Fig. 5. RT-PCR analysis of the bone associated genes expressed
by MG-63 osteoblasts on polished surface, micro roughness

surface and nanotube surface after cultured for 1 day.
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QOsteocalcin

Type 1
Collagen

GAPDH

P MAO Nano

Fig. 6. RT-PCR analysis of the bone associated genes expressed
by MG-63 osteoblasts on polished surface, micro roughness

surface and nanotube surface after cultured for 9 days.

_16_



Osteocalcin

Type 1
Collagen

GAPDH

P MAQO Nano

Fig. 7. RT-PCR analysis of the bone associated genes expressed
by MG-63 osteoblasts on polished surface, micro roughness

surface and nanotube surface after cultured for 11 days.
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4. ZEAEX E F9 gHESY

wWeoF 119 & MG-63 ZZAHEE lysis A7 F9o ¥HS Energy Dispersive
Spectroscopy(EDS; Inca, Oxford, UK)E #4138 A3y YeBHBxZ2 z2te= 39
of ol Ank A v g Za o HAE B,

Full Scale 150 ¢tz Curgor: 0,000 ket ket

Fig. 8 EDS spectra of nanotube surface before cell culture.

Full Scale 171 ctz Curzor: 0,000 ke ke

Fig. 9. EDS spectra of nanotube surface after cell lysis.
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Fig. 10. Schema representaion of protein-mediated cell adhesion on
biomaterial(Anselme, 2000; Huinan, 2006).
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Fig. 11. SEM images of the attachment process of osteoblast on titanium

surface.
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Abstract

Biological response of MG-63 Osteoblast on

Nanostructured Surface of Titanium for Dental implant

Seo-Young Lee

Department of Dentistry
The Graduate School, Yonser University

(Directed by Professor Kyoung-Nam Kim, D.D.S., Ph.D.)

Titanium based implants have a long and successful history of application
since the fist clinical application in 1969. However the titanium is not bioactive
enough to form a fast and direct bond with bone, which may translate into a
lack of osseointegration in poor quality bone.

To improve osseointegration into bone, various surface treatments such as
mechanical methods(e.g. sandblasting), chemical methods(e.g. acid etching) and
coatings with biomaterial have been utilized to improve the bioactivity of
implant surface and enhance osseointegration. One of recent approach to attain
faster and better osseointegration is to create unique nanometer topography by
anodization.

The aim of this study was to investigate the influence of nanotubular
surface on the behavior of MG-63 osteoblasts through determination of cell
attachment, gene expression and calcium deposition. In this study titanium
oxide nanotubes were prepared by anodization in 0.5 wt % hydrofluoric acid

solution for 60 min at 20 V.
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1. Osteoblast attachment was enhanced on anodized nanotubular surface

compared to polished surface and micro-roughness surface.

2. The expression level of bone associated genes(alkalinephosphatase, type I
collagen) detected by reverse transecriptase polymerase chain reaction
(RT-PCR) was highest on the nanotubular surface after 1 day of incubation.

After 9 days of culture, the expression of osteocalcin was highest on the
nanotubular surface and not appeared on the polished surface. The expression
of type I collagen was highest on the nanotubular surface.

After 11 days of culture, the expression of osteocalcin was appeared only
on the nanotubular surface and the expression of ALP was highest on the

nanotubular surfacel.

3. The result of this study showed the deposition of calcium and phosphate
by osteoblasts cultured on anodized titanium with nanotubular surface after 11

days.

In conclusion osteoblast attachment and differentiation were promoted by
unique nanotubular surface features. And osteoblasts deposited calcium onto
anodized nanotubular surface. For these reasons this study suggests that faster
and better osseointegration might be attained on the anodized nanotubular

surface.

key words: dental implant, nanotubular surfacee, anodization, MG-63

osteoblast
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