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Ty =R RALT & LAt Re L &
‘A EE R B R R BN 2 R 39

W W FE

W BTy T T P ERNTRELE S BT 5720101, £yt A YT LY 3 Y OBAUET
HA. KEBHIZRIT BRI EE L 5.2 2EELEKEFETH Y, —i%1YiZrough surfaceld, smooth surface &
B LCRINCF S v A4 v 75 2 MREICEZHERT 2 L OBENEL L, KL ERLTWD, F72, 46 (UV)
SIS L Y, 78 OB MREEs L OEHEMENM LT 2 2 LAHESNTEY, 2ok 2 Eo—KE
LT, WA EZ S5NTWE. Z2T, 77 —EBRIBbF & V% &t L 0 biisr: % mo
ToRHTF CREAER L, ZORAEES X O IR 3 5 2% g7

SimBHET & > (Pol), BRMLELF % > (AE) BX AR T F 4 —BWEE ML L72F % >~ (An) ZAERL
ZEII L CHEFT R E I & 308 U 725Uk & il L, RIS O MNT &GRS 2 5 L 7. F 72, 2
SEAIIE % T, WIS 2 5l 5 & & b 12, U TV A APCREC CHITR B4 il (mT- 03B % B

L7z,
AnlZFEMERE R 2 S 4 BERBREAEZ R L7
FHUDREFNT DT EEREEEL 72,
I, EVOBMEEEES S Ak B ERE L 7.

K512 AT Ly TN — SRR % 1T\,
AL,
AR & WARTHEEMILAZ <, BN RBDEL NS h oz
AR TR AE SO BE L2020 L, AnldsURMERE & L T L 230 %L 72,

I ptEE AW TAREmZ ST L, 7y — R TR

CDTFE—ERIWRbF 5 12
WO T B RIS L7275, AnldPol,
X512, UVIRBEHZ X ) Pol, AETIIEUEMERIE
HRE B A% B e

BAET O FEBNIREFRIZ98A L7245, UVHEESHIZ X 1) Ras homolog gene family, member A (Rho A) TlIB L%

40 % ¥ L 72.

KWGEP S, 75 —EMMRILTF & ViR G OHEE 75 Y REIBET 2 2 £12 X o ORI RRILIZ
WiEBEHR I ZEREME (BMSC) X ABAMEAHER L 722 L5, BEAEOBO THWF Y 24 VT T ¥

N BASEDTTRELEAVRIZ & 7z,

F—T—R: Ty A TT b, BRI, 7y — BRI T S 2, SRR, B Rk R

Nl
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FE AT ME, BELLEORMEE LTHETT
% < NLBETR B AL o0 [l oE 2 & OFTEAVEF IS B v
THEELRBEHEREZLTWEY, #4040 FF 2 b
DAARNTHREE # BT A 720121%, 4 ¥ 75 v MEE
EBOMICHEMEDONTED R W ZEE T2 L, ¢
bbbttt A 0T 7L —2a B ETHL Fyt
ATV =2 a YOEAZIE, A T Ty NRENZH
RS L, MR RETE 2R 5 AN B O3 R 23
N EAER 2GS, FFME~ Lot L a2 BT

Jll]

5 &) —HOBIRAG T 5. RN+ v 2 A
VFTL—=a v EEET L0, IROSOBRICE
TAHRME AT L L PVETH L. F 5 ORMER
WML OESE, W, SLICKE B2 5222 05,
A0 TT 2 PRI DA REMGED 2 E TRl
LNTE7.

TROA > 77 v FEREE, RECEEOE D S
Wi, > F 79 A M, BB v F > 271, BARsg i
TINFA NT—T 4 VTR ESIEIZEY, 42T 52 b
ROEMEEIEDENEIA > 75 > PEREICBIT 5 EIFHEIC
WL 2L, — NI v F v I % £ Orough
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surface BT ES I 12 AL3K & 41 A smooth surface & HL I
L, RHICHOBEIR 2 ESRESh Ty,
rough surface* E$5F % 4 75~ MR OBY
CBWTHAEDFEGHR E > TWD, L2LEDS, in
vitro® FZ B S T X B R T 3E R B I 12, rough
surface & ItX Tsmooth surface LIZB W T, L0 EWH)
WisaEas AR EZ R T LGN TWE, InE
TA Y77 PREATOBEERE EHIRES LT L%
H38 L C, rough surface LT bZEIIITA 2 &7 <,
o, WA LSS RAPBE RSN TET.
HAE (UV) B ZIDH L-RAIETIX, 77 0%
DNAZT HREONAF T T IVOFFEMBEBAES X
DBBAEA LS 5 L S Tw a0 2o
PRI DIFBUI B L AR 2 R T D, UL R RE
b7 % > OIR$ENTAARBFIPEIZUVEGHAE 5 St
TERD—HELTEZONRTWAS. BILF4 Y IZUVE R
Wy sk, EBFLELFELLY. 0BT EELIE
WATRWERLT), BN TB Y, ZBEFOKRRLHES
HBEYELRET LI LT FEFL STV (- OH) R A —
N=F XA FT=F 2 (-0y) % EDHERRFEE &
L% ZOWFHEBRFHEOFTL L FOF2 T IR
ALK & <, ARWEE T 2C-Citi &, C-HAS
&, C-N#Eh, C-Off, O-HEA, N-OR&ZUIN+ 5.
— BB STV D TR LT 7 V3 Of
BREEIC X o CT 7y — BT VFIVEID 2 FHHICK & <
FUIens. TFHY—YROTIRILF ¥ X, FESEDERR
FELTBYVF VAL I LERREAKE <, EEmRE
TEOAEBEAL N L b, HBEERAZ MR’ 2
720 (K1), BEEFCZo7FHY —F¥RAIHWLENT
VR BW 2 A, F Y v RO NG % 50
5 2 & TR I RE ) B S BRI M R S s
EVIHORHETT, 75 —CHERGE ST 2L
WX, eiE R Emo Ty R AR L, R
WG RITHH) L LI, FHT &V EETDT v My
T ZE R (Bone marrow derived mesenchymal

(¥

JLFILE TFE—HE

M1 VFVEE Ty — BRI LT & v ok SEEE (1
). FRERDSTF & VT, FERPEERET. T O
BIOENLY, TFy —BROERBED AR E .

stem cell, BMSC) OZBEj%ii~5Z Lz gL L7
MHE e HE

1. SRR

JISEgEIET % 74 A7 (HAE20mmE 7213 7
mm, JE & 3mm, #9999 %) 12xF LT, 1) Polished

(Pol) 600 gritiZ CHFEEL, a4 #L ) haeHwT
gEiAL iy e L723UB,  2) Acid-etched (AE) @ Pol%,
19 % 7 v Atk FEEE (HF) 2 T30, Z D125 Tl
B 7266.6 % iR (HoSOy) 12 TTHRBALIE L 72 50K,
3) Anatase—coated (An) ; AEFRH el a—7 1 »
7#l (ST-K211, fiEESE, KO %##&A L, 300 C<TI0
SRS A TAEZ 0D K3 2 & I2 X Y AERMIZZ
At 5 Vi EL L - BoR 3TEEO 4 » K%
AE L. SRR RESIM %2 0 (MFRER), 148
Mo 4 MEE L, EBICHWZ, 512, 4HH
#eals L 7o ph & AT (GL15, =ZEEH, Hu) ZHw
TERINEE — 7 152250+ 20 nm (20 mW/cm?) % 48K [H]
HEGT L 7-5lB 2 HE L7z

2. Fa ko RO I

A5 2RI L 72 O Sl & & i3 4 72
D12 XT3 (XRD) (RIGAKU RINT2500 VHF,
YAy, KR BXUHEMT < v akEE (RAMAN)
(NR-1800, HZA46, Hul) z=Hw7z. XRDOHIES:
R, FIRICCux H\v:, EIE30kV, EiR80mA, 260D
AT 8P %20~80° & L 72. RAMAN® il 58 4 1113,
He-Nel —#H (J% : 633nm) #H\>, 4fEfE 1em ™!
HEFPA120~870 e ™Y, RS RIS, R4 [ E100A] &
L7.

3. AT O R

H AR OB E, A F L YT — DRI
Lo TEEi L 72, & 3EHEH S 2> L 20 ppmdD A F L >~
TV — FEHESE N C2ARE IR AT IS TS L7205, 10 ppm
DAF L v 7 IV—3RERE 5 mlDd A - 72 b 1) ML I8 K
7z BHNRE — 7 PEA360 £ 20 nm (RIMERE0.L mW/
cm?) B L U250+20 nm (EAHRIEE20 mW/cm?) TH
579y 294 (FL15 BLB, ®¥%, #3) %10 mmgfk
L7chriEe & BRI g L, 2, 4, 6EiRE#A‘ZO
AF L v T IV — B 0664 nmlZ B B WG % WG EE
Ets (Ultrospec3100 pro, Arsham Bioscience) % HWT
WET 22 L&Y, BOELE N

4. FHTCESIB & UKL E &

ZARORE TR I XBLE T 5bEE (XPS)
(ESCA-850, B B ERT, H#) % F v C L 22K T (L0
x1076 Pa) TH % o7z, KO E R IILFEARL

—102—



Ty — RIS & SRR AL & R L R S R A D T 195

S LMK MY 7L OfERE (TFAA) (FIGHSE T
¥, KO &Hw7,

FHEAACOALF UG E M 2 1R T, 70mbN A 7 VK
ICTFAA%L 1B T L, ZOHI210 ml A 7 IVHKIC AdL
7oBUB R ANUE R L SR T60 M RUL S &7z RS
BERBR L CERT LM OBEGZREET- 7219, #H
FEOKEEME ETFAADSKIG L, ER L7z M) 7)b4 0
Wik (TFA) 70 bKERERZER L7

CF:CO~_
R-OH + 0 ——> R-OOCCF;+CF,COOH
/
CF;CO 1WR.T.

B2 FEEfoftyeR. EREhFLReat b 7
VA OEERD HKIRFAEE 2 ERT 5 2 ENTE 5.

5. TKikE G e

FHRERORRANEOFME LT, 4ulokz FR
%, WPTRE 3 H2 O 480, 4 ARZEEEZOFEER
W2 L, ki AET (Phoenix Alpha, SE.O, )
WZCRIFEMA 2RI L 2. S 512, BRI 4 BEGE %
DFENCUVIES L 720 D22 W T b B L TR
fAaEsH L7z

6. FRAEMIfLE X ORF RSt

8 I D I MESprague-Dawley T v b KBRE 2> &5 FREC L
7:BMSC#%37C, 5% COy 95 %5A T IZBWTI5 %
FBS, 10® M dexamethasone, 10 mm Na-§
-glycerophosphate, 50 ug/ml ascorbic acid, antibiotic—
antimycotici& il & A a-MEMH Tl i 2 e o, w0 ARk
REEFE L, 80 % T > 7L ¥ MIZEL ZZERMEE
025 % trypsin-1 mm EDTA-4NalZ CHIEE L, & FEEIC
iz, ek, RIBRCE L Clddbims R B K5
FES (B FEERIC T 21680 (ICHERL TiT > 72,

A
4000
2 3000 |
- ¢ X | I
£ 20001_"_ A | ) An
o)
Z 1000f Jod «_A o8
o A
ER = 0
20 30 40 50 60 70 80

2 0 (deg)

7. OB A B o E T

25 BRI IR 1 HT2 X} 10! cells/em?& %2 % X 9 12
M 2R L, 4 BT, JEESMIEZ HD B 7otk
12, 02% 377 F—EE&4025 % trypsin-1 mm EDTA-
4NalZ CTRBHERT I3 L7oAia o A % BRI L, ek
FHEME T H IR shl L 72,

8. A% B R L T S O AT

WA 5 & AR An FICHIE 2 %R L, S ERERRY
2%, BURIERMNICESS Lol A% ZEEEIR L, Im3ket
A I 2 5HI L, 2% 10% cells/mlD L 1274
L 7-M AT % TRIzol (Invitrogen, 7 A1) #) % Hw»
TtotalRNAZ il L, aliiki2févy, High Capacity cDNA
Reverse Transcription Kit(Quiagen, N4 /), oligo(dT) 5
primer (1 M) |2 CTcDNAZ &% L7z, M-S & Ol
F5-3 % Cell division control protein 42(Cdc42), Ras-related
C3 boturinum toxin substrate 1(Racl), Ras homolog
gene family, member A (Rho A) B & 0¥ Vinculin®cDNA
% Taqman 7 1 — 7 (Applied Biosystems, 7 AV %) % >
T B WE L, Step One® real time PCR system (Applied
Biosystems) THilR#EY = & L 72, WHEHEIZIZGAPDH
w v, F O E G L7

9. mEHFIYSHT

ETFEBMENZ I, BEERIZA L COne-Way ANOVA
% {77 - 721212, post hoc test & L TScheffei®: & fv:7-
BEAEMEER TRz B, WMElFWAEEL AEK
Hx5%E L7,

& R

1. BRI &5 S T

SIZEHEOXRDB L URAMAND /Y — ¥ %R
FENTRE R 513 & D12, AnlCBWTRHITRT 755 —
YHRO Y — 7 H33BD SNz, Pol, AETIET 4 —EH

B
4

=
: }
? ' An

g
= Mwmw

Pol

150 250 350 450 550 650 750 850
Wavelength (nm)

H3 HRERmOMGSEEET. 7y — RS ORMERTE— 7 B L 2 E 2 KAITRS. AnTIid7T +
y — VRGO Y — 27 & L7275, PolB & CAETIFMM S e h o7z,

A XRD/NY —~ B : RAMANA~XY kb
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A 0
0.2
204
= -e-Pol
2.0.6
S = AE
< -08 - An
-1 ~A
1.2
0 6

® Time(h) '

R4 AFL v 70— aBEoRs S

A IOBEEDZAL. AnldAERERYICIOEEE AT A L 7.

B GHEMEEBOLHE ZIZE LA F Ly 7V =R, £ 5Pol, AE, An. An®ORBRIZ A F L ¥ 7))V —78

S, FITEWTH o 7.

DE=IDPROENLhol. INLORR2S, 4R
WG X ) 75 YRS T -7 — R ST
I NTWDE T EDHERR S 7.

2. AF LTIV —5r kR
FIETERORL B ERENCT Ty 7 54 F 2 E 6 K
WAL, #EEEIY 22 2 - L > 7 )L — BB O WG RE % REHEY
WZHIE L7z (4 — A). AnldPol, AEE LB L CTHER
WL DT 25580 S, HRGTHAG 6 R #1133 13
IZEHERDY, AFL YTV =EEAEGHEN-Z

MAHHTLMERTE2 (M4 -B).

3. BBEII ORI L RAKERIE O E R
FABOTFAAL X 2 F8E LR OXPSIC & % 058 %
RTlE, UVEBSIC LY, REORILKEIED L7z (K
5). 7, UVERHNCZ LY, OlsA %7 ML IZB Vv TPol
B L UAEIZFREHT & 1377 5532 5e VAT 12 K EREE Ak
ENFAS, AnlZUVIRETRET A & FEBALIZ 33\ TRKEESL AR
Sz FERERICHIE S ACFICHRT AP0
BT OZELEIZCIsA XY MV ED2935eVIZ BT A5 E

Ols i
X_1OZ 102 x10° Ti 2p
\ ‘ 0 ‘
& 40 - @ 60 \ 728 @D
@40 \ & ‘ a 4
g ‘ & \ o3 o
Pol T30- o | \ = - 5
= S 2 \\ = =
G e / v g 40 /| \ @ 2 @
5200 \ 5 <)\ 3 S
£ £ ) T E1 £
= =20+ b . = )
294 290 286 282 536 532 528 470 460 450 692 = 688 = 684
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
x 102 " X 10°
40 X 108 x 10 $200
@ [ g 12 \ <
a & a &1 ‘ 2160
30 ; 20 / \ % [ g
AE 2 2 J N\ 281~/ £ | -
Z 5 2N &~ 7 1 B—
] - A\ o \ /AN ~ e R
2o, ~  fu—77 N g, N ,
204 200 286 282 536 532 528 470 460 450 692 688 684
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
x 103
x 102 x 103 %103
A n 2=
60| / D 50 7 4
@ /\ o 4 Q301 (&}
o M S . &) =
An 9 \ = 454 2% < |, 3.
S 4 / 2z RN 220, @
2 \ s — / \ - g c
2 w ] 3 S 3
S g [\ s+ ™ 3 £
£ 20| i \ = 101 -
= \ 15 == S "
200 250 286 282 ss6 sz 0 58 470 460 450 " 692 688 684
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

ESCAIZ & 2 A TR o . SRR New, #%),

4 (4w, ), 4HEEMEEZIZUV

Mo (UV, %), SR -2 L OBWREFIRNBEEZRT. A2 S5CIsAXZ M, OlsAxRZ M,
Ti2p A2 MV, FlsAXRZ7 MU, ZEAYEB L CUVIBSHC X 5 ALK E & KEEEOZLFE0 Sz,
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IANF—DY— 7 gD KRR L 2D, Kk e
LIFERICBWTIIY — 2 2T E DS, 4EBXY
UVEHRETOY — 7 3D SN2 Do 7.

4. KiEEE A OHER

%O A RE ORMMIZITIZ0° & % ) BH KM
RL, F0f%, Pold X UNAE 0D 31 13 By AR A B9 12 3 i £
KL, 4EBREEIIEBUKENEZEL L7228, An
Tl 4 AREARICBNTOAEERZIIRO LT, &
BOKEOIREE MR L 72 (6 —A). 512, 4 EME
WEOSHENCUVE 1 BN L E 25, Kk
IEOEBERIEE 25 2 L BHERR L. (M6 -B).

5. WAL E
M7IRTMY, $XTOF 8 2RI BV TRl

A (degree)
100.0
90.0
© 800
?ﬂ 70.0
=
& 600
© 500
3 40.0
=
S 300
Q 20.0
10.0
0.0
B Pol AE An
o H H :
6 KA
A KRR ORI HERS. And IKTFEE M O 1K
XEO BN Ao T
B SE LK (4wiBEtk 5 X OUVERSEEL
UVIEHT & - T OHBBIAMA & 2L L 7.
. X 103cells/cm?
25
£,
=]
SRl
=2
Q
-g 1
<
0
<

New 1w 4w UV New Ilw 4w UV New Ilw 4w UV
Pol AE An

X7 4B OBMSCOMBIEA . &AL LUVE
FHC X o TIERER LMD 5 IZ 2N LofEsis
RL7z.

H 5 OREHEFEIC P, WS M AN 3 2 A
R 5Nz AETIE 4 B £33 % 4 L 7245, Anld
19%DWLTHo7z. T, MMESEIIPolE L AR
IV LEFEHFIIKRED o7 (p<005). & 512, UVEHIC
£ oTPol, AEL b BEMERLIA 2 & [IFEEE DM HEAE U
O L, AnldfFEERZ LD $30 %ML 7.

6. AL RS T O 5B

EIEFFBLL ~NIVIZGAPDH % PIEBIEHE & L, ik ACt
& (44CtE) *HVWTER L S#EETRIAOZL
\ZB\WCPol, AETIZHH S H 7 BRI LI F2o S
275 72 A AnIE R E R T O BLE2SA L, UVIE
BHZ X - CRUEMEREZ I W EMEICFISE L, RhoA T3
0% RBEDOFHBOMMARO Sz, 72, UVIESHC
L Y Poliz B1) % Vinculinz B\ C, 37X T O RAMERE
L, AEMEREZ EOBHEFRL, UVRE
2 & 2R RO RS itz (K8).

Z =

F & RMAMEE ST SEFFREE & & D I2EDSN
Wbtz i <aenhtws,. /2, Mk
EFY UEMEDEBINGA VT I) U EOEEES v
INTPEEL, SNSDF X7 OWRFEIIEET O KE
BOUEEGTLEELLNTVS, Lizh o C, T4 VKM
DKEEFDOBANAE, & 2287 BWRE & MRS L
ENB0IND = pBIRIEF & > F O KR AT
WCIEOEMZ/HL, AOBMEFH 2y s HE2 L)%
CWETDIOEEZONTWEY, Fy 40 T5
b RN AR I LT & VRPN S LS 72
TR, RALKEOWAEZ L 1) REVKEER AR L
T HOWAER L OHIBOBEENHESNL LEZ S
N5, F7o, REKBEEREORDIHEOFREOKT %
L7256 L, KiEHEMAOMANLELRL, Z0XHIZF5
YREHAVER SN T 5 ORI & & b IZEWERENE
EROoTWHRE, F4 0 OEWFNTAI 72 LT
EHRZTWD, COREWFNIA D 72X 5580,
MO F & v Em oM E & O LA BT S5
PTil, & - A7y MR T2 &S
L, Ayt A 77— ar 2RSS ETERRL
FennHpEHEESNTNEY,

ZOF 5 RENAE L7 RALKEE BB HR R %
ke LC, UVIRGHLEL 2SS 5. UVIRSGHIZ & ) fRfb
5 W CHERR L 72 EEMB R OB CEMLIIIC L 5T, &
fig R 7 AR A ESA B O F - SRR 2 &%
BETHEZELONEY . 22T, BEMEP ) -
IANE—OFIIIBWT, HWilleE, g bbb, it
R ROH LR E L CEBRILT &~ oL s it
b MR ASEH SR Tw a2 552, UV
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% ¥
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-~ ]
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-
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= 08 -
5 0.8
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#
g 04
2‘ 0.2 -
)
o O
s New 1w14w‘UV NeN‘lw‘Aw‘UV New‘lw‘ltw‘uv
© Pol AE An

8 Il 3 MM f o BUEH RS L T /2BMSCLZ
£ FCde42, 4 ERacl, /£ FRhoA, 45 FVinculin, Pol AE Tl R HIZE (LI

Gene expression level(a.u.)

Gene expression level(a.u.)

£ o W
N W s

=
-

o
o n

T Fi

New | 1w (4W‘UV New | 1w | 4w | UV New‘ iw | 4w | UV

Pol AE An

Wmmm

—*—

=
o

16 1

12 4

08
06
0.4
0.2 + I
0 - -

New 1w’ 4w | UV [New | 1w | 4w | UV New iw | 4w | UV

Pol AE An

* p <0.05

BT B MG B R D FEHL.
RO b Nz 7275, AnldRFHIK

A FEBIEANA Lz, 72, UVIRSHC & o CHE & & S8BlR O REARED S 7z,

A X %54 v REORAKEDHFE, RIERUVIC
LB 720 T <, FRERUVIC & % #1955 %
fEICk > ThiRZ D EEZONL., FH U4 TF 2 b
IZ—EDOEROUVERSE T2 28T, F4 0 RKEWE
L7z RALKEZ AT B2 TR, F4  REOFENLYE
DO ERREEROBEIREE 2 2 & ST L
BN E R+ v A 77 L= a v ORI TE S
ELTHIBENRTOWRTY . LaLeds, 20AH=
ALV TIFWELHEL TRV &2, RERTIX
TFy—CRERbT 5 IEH L, Stk @ﬁ%mbt
A O L ToOEFMIBOZEEIZ OV THRE L 72,

F & 2R AIBE Bnm L O LT ¥ ¥ @A
LTW3)5, HRIZERSNS ZO_RILF ¥ > oYt
BEHTEIIR W EZ 2 5N TWAH. RFEERTHPolB L AR
TlX, XRDB X URAMANIZ X A EH W IZBWTT F
Y — VM TALF ¥ O =7 3B ENT, AFL YT

W= RO RS S b, HAEEEIXIZ L A LD S
Nheholz, 22 TF & v FREIE BB 59
BLllZE, T BRI LT 5 VR EN ST A S
ENWTEE L, FOJEELTUL, BREEERESDH
L. i, FEMEMEHIR L TT Iy — BRSO
BBALT 5 RV NVERHLCEEST S 2I—T 1 27
&N T AL EOMBMEHIK L TF & LB & A
L, 400 CULETRER T AN - FVENRH L. T2, ¥

KBS F A L &R El o = fbFr 5 Y Eo
b G 28 2 B Bt RAbiE, WUAHATIEE (LPD) %, 7
5 RENCZFRALTF & v 2 BEFAET L Hik A8y &
B S 5. REE RS L VTR TRRILT 4
YR A 012, ﬁMW%%&%E#ﬂ%faéw
S OFREMERIZIZ T ¥ VIBTCRE L 2m B 2T & B
T%ﬁé@%:&f,%ﬁ_7+7—kﬁﬁ%ﬁ%féé
TA v TR R L7z BB RS R L,
HHEEL N E R TERR L)Y, SRERMNICEA T B K
DA 0 S RBET 2 RO BB Z & s, Ik
MBS %ﬁ&rih%&y%ﬁu7+&—%ﬂ*&w%y

VSR EN G BT OWTOMRET 2 LB H D L
bivd., REBRTHWza—F 1 ¥ 7 M & EA4 L7
EBLL 723 3k A 5 13XRDB £ URAMAN & 127 F
y—YRIOYE— st sz, 72, AFLrTu—
fEREE T, HETIZIZEHOREIZZTAFL Y T —
AR ENT VA Z L DMERTE, FEHITE bl im
EETAHIEDPREINT, EMICHWAZAETHE, 75 —
POWMERE -7 BOONT, /o, AFL U TI—0
SIRBIZITHEIT L oo 2 EA S, T—F 4 Y IHIC
INLELT S VB RIGERT 275 —EHFHLETH
D, BEE AR LB S NA.

SIfER LT 55 — M A S L2 Tk, Pol
%5 NCAE & I L CERE 2 O FHHOKERERE S <,
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FAbKRFERZITRA L, BBKMZRLZ, 72, oo
BN RZID D o722 Eh s, UVORSHZAD Db
SYHAKEDSRFEMMEREIND 2 &SN &5
12, UVIBSHC X ) REKFBREREOZ(IZE -7 OB L
TRWENSRIEAKEEZ 5N, X ) BAMEOHE
i & RO JALKFEOWAENUHE SN/ EHEIND,

S50, MBS IEPol, AR X B L w2
RL, R 2R & /3R NT & 1272517 T L, UV
FREHC & o CRUEME R E 2 DL E OMIFZHERE 5RO S 7z,
T F & — BRGE R OFAE & > THRALKEDO RIS
HEEZLNDLD, UVIRENZ & o CIHMEEEFEMENS < 58
A B EIL o T, BREEERANE AL S 7oA R
UVESF L7-AnTlE, SURMERIE X1 & oifasss 12
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The effects of anatase—formed titanium-dioxide on photofunctionalization
and osteoblastic compatibility of titanium

Miyuki Sakata

ABSTRACT : Osseointegration is essential in achieving stability of titanium implants against functional forces. To obtain
early and strong oseeointegration, it is important to reduce the time required for cell proliferation and differentiation.
Recent studies have reported that bone formation on rough surfaces occur earlier than on smooth surfaces. Therefore,
the microtopological properties of titanium surfaces are an important factor to determine osteoconductivity, and titanium
implants with roughened surface are commonly used. The amount of surface hydroxyls is a key factor determining the
biocompatibility at the tissue-material interface. Treatment of titanium surfaces with UV light have demonstrated
increases biocompatibility and osteoconductivity, generated by a photocatalytic action. This study showed that
enhancement of the photocatalytic reaction leads to an increase in photofunctionalization at the surface of titanium.
Commercially pure titanium disks were polished up to 600 grit, and further finely polished with colloidal silica (Pol).
Acid-etched disks (AE) were Pol treated with hydrofluoric acid (HF), following sulfuric acid (H,SO,). The AE disks
coated with anatase-formed titanium-dioxide (An) were prepared to enhance the photocatalytic activity. Initial
attachment of rat bone marrow derived mesenchymal stem cells (BMSC) was evaluated by counting the number of
attached cells, and the cytoskeletal-associated gene expression of the attached cells was quantified after 4 h of incubation.
All samples were characterized by laser-Raman spectroscopy, and the superficial layer of the An samples was found to
contain anatase—-formed titanium-dioxide. Methylene blue reduction tests showed that An offers good potential for
photocatalytic activity. And An samples were maintained superhydrophilic for 4 weeks, and the number of attached cells
on these samples decreased with time after preparation, however, the An substrates were superior to the Pol and AE of
all time-point. The UV treatment was shown to be able to recover the ability to attach cells on aged surfaces, the number
of attached cells on UV-treated An samples was about 30 % higher than that on new An samples. The cytoskeletal gene
expression of the attached cells was reduced time-dependently, however, UV photofunctionalization enables a recovery of
the level of expression of Cdc42, Racl, and Vinculin; for Rho A, the level of expression was about 30 % higher than for
new sample. This study suggests that anatase-formed titanium-dioxide enhanced osteoblastic biocompatibility contribute
to an effect of photofunctionalization, and suggests that the potential for developing titanium implant surfaces with very

high bone compatibilities.

Key Words : titanium implant, photofunctionalization, anatase-formed titanium-dioxide, photocatalytic action, osteoblastic
compatibility
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