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[ E] B BiTaiskRm ek (Tio,) k&Yt B X A T 400 (human periodontal ligament stem cells,
hPDLSCs ) 3458 U H A6 RE T BISZI o PPN TiO, QUK WM A R A SR I et i VR o T3k B S g 4 S0 HEA T PR 4L
1k TiO, AT AL B, X BRAH AN T CAL B, 4 hPDLSCs S5 WILLEkM BN A E55% A HBE 7 K il BAH 2R A K,
SR NI R T 240 A BRI 100 nm 1 TiO, 9K4T ; 5241 hPDLSCs B MEZH 1 d myIsasim e Az 4 d 1y
ALP IRV B 25 5 5T 4.7 d SCO0 2 240 M A 38 B v AU T X R 17 7 d 14 d B2 21 d SEES A 4 ALP 36 85 X R4
21 d A, SEE4H Col-T,OCN Runx-2 AYFER Z kK0 i i TR HAZH , &5 - 0 PHAR S8 Ak T e bt 32 46 2 FLA 7P 19 TiO,
YRR ; H Ti0, KRB REA S BE hPDLSCs 7E 8k mi A& 171431k
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Effect of titanium modified by anodic oxidized TiO, nanotubes on human periodontal

ligament stem cells

Ding Siyang, Chen Ning, Shen Ming~
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NJMU ,Nanjing 210029, China)

[Abstract] Objective:To investigate the effect of titanium modified by anodic oxidized TiO, nanotubes on the osteogenic
differentiation of human periodontal ligament stem cells(hPDLSCs). Methods: TiO, nanotubes group and control group(smooth titanium)
were involved in this study. The cell proliferation was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT)assay. The osteogenic differentiation was evaluated using alkaline phosphatase (ALP)activity assay. In addition, osteogenic
marker genes expression including Col-I,OCN and Runx-2 was evaluated. Results; We prepared nominally TiO, nanotubes with 100 nm
diameter on Ti substrates by anodization. No significant difference was detected on the proliferative activity at day 1 and the ALP
activity at day 4 between the TiO, nanotubes group and control group(P > 0.05). However,cell proliferative activity of TiO, nanotubes
group was lower than that of the control group at day 4 and 7. ALP activity assay demonstrated that the TiO, nanotubes group at day
7,14 and 21 had a high ALP activity. The gene expression of Col-1,0CN,and Runx-2 of TiO, nanotubes group was up-regulated at
21-days. Conclusion: The proliferation activity of hPDLSCs on the TiO, nanotubes was less than that of control group. ALP activity,
gene expression Ti0, nanotubes group were higher than those of on control group,and it suggested that TiO, nanotubes could promote
osteogenic differentiation of hPDLSCs.
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PR S A 1l 28 — 48 AR B (TiO,) 9 KA S —Ff
B RL  HE  TE A FeEER T, T LR
BRAF R RUR 25 BRI Sl 4% 4 4 B R Ak 27
PR S R A R R AR B 2456, Ieah P
A 5] R 140 S B 40 5 2 5 v A X 1 b 240 o %
TR R ES G HEREZ, AT T4
(hPDLSCs) f&—Fh7r 5 [ oF JERE ) BAT Z e 140
FEPERY BT AR, BT E A MFotiEse s B 4t
hPDLSCs HABLE . Bls M2 eige s &,
hPDLSCs Ji B 1] 14 43 Ak X5 Ao 1 J BBl - &5 & i 2
WA E T EEME S, AR 5 TER B A A
1 0 2 BK T S PE R A WLER TiO, 9K A X
hPDLSCs {31451  ALP 35 1 K2 H B A G L
FEIRFEM, PR TiO, 98 KA Bl AR Ry Fe A 5
WCPETT R A E RN S

1 #M#FTE

1.1 ##

R alidk A (4 9% .GB TA2, Ei 42 10 mm, J& ¥
I mm, XA EAEEIMTT),a-MEM 855320 G 4F
ML (Wisent A 7], MK, 1 AU JEEE  Dispase [
(Gibco 2~ ), ), B—HIHBEIRAN 3 (4,5-—H &
WEME-2)-2,5- " R FL VO A YR EE  (MTT, Sigma 23
A, ), ALP i 50 & (b b AR b i AR R
By A PR F ),RNA WA & SYBR® Premix
Ex Taq™ % it PCR BIR 5 P17 £ (TaKaRa A W],
HA), T BEEJE (Col- 1) HUIR #0245 G+ 2
(RUNX2) FL 1A B 5 Z (OCN) HL 1A (Santa Cruz 24
AL EE),
1.2 F&k
1.2.1 XAH &R EEHA

ARSI 5 R SR 2 I REZH 2, B4 4% 20 4~
SRR BEAR 10 mm, BN 1 mm BB %
T FHBRALRERD G, 45218 4004, 600#, 8004 2 1 2004 1Y
SR B I Pr A AR I TEK 2
fist B PRI YE 15 min J5 , TR H L SE4H
VBRI BEA , A 22 B, #E 20 V L
T, BT 0.4 mol/L ZFIL AT 1.0 mol/L B2 AY H,
s AR AL 1 b, SONEE RS ST B
EEFARIEDE T, F 450°CHIHGE K 3 h, Bl
SeIE WK R A A S aR Xt B2, BT FH AR i i s
FEIHEE A,
1.22 2 E4AULE (SEM)

R FH JSM-7000F 414 H I faf s W 283

HRmIEE, TAEHE 5.0 kV,
1.2.3 hPDLSCs #93% %

HR A Seo 55 PR IE 1 J7 15 43 BS hPDLSCs,
12~24 2% 2 [8) PR 1 W g B AR 8 44 I AR B ) L A AR A
o) ) SR i R O A SR A, R A R R
2.5x10* ~/mL, #%F 3 mL % 10% 854 1017 , 1%
LT /8582 R, 2~3 d BRI,
FrAM RS 2 80% I HEA TR AR . A UL AR 5 4
8 TR, DL 1.5%10* /em? B 20 i 25 FE 42 Rh T4k A
b TSI K I AR 43 PR B, hPDLSCs 2
MO TR R 7d B 5 SR AL SR 10% iR 4
IM7F 100 nmol/L b FE KM (10 mmol/L B—TH Vi
FREMFN 50 pe/mL 4E4EER C 1Y o-DMEM i 5401
B,

1.2.4  BRE 20 B Xg 546 m)

hPDLSCs 4 fa R0 56 1.4 J& 7 d J &1k 40
HiF%, PBS B0k 2 i, BALANA 5 ¢/L MTT 200 pL Fl
800 wL LI 7% DMEM,37°CHEHE 4 h J5 /N3 b
W, BFLIIA 1 mL DMSO I3 72 3 i A il 45
sl LI 3 4y 200 WL ISMRREE RS A 96 FLIE SR
B, 7E 490 nm P FHEFAR O RO FE(E
1.2.5 hPDLSCs 8. ALP 7% P4

hPDLSCs ZH MU FP 25 45 %0 4.7 14 F121 d J5,
LA RE TR W EEFR, PBS VL 3k, AL
A 2 mL/L Triton X-100 250 pL,4°CHUE 118, B
JA ALP £ 500 pL,37°CHEE 0.5 h, EALIMA
0.2 mol/L NaOH 250 pL £ ki, 7E 410 nm P&
TGO GEETH N G EEE, JT 40 SR A R
FrRUfEAl , Kl ALP 364
1.2.6 A VE A8 Ty e A B 6 Rk Ae ]

hPDLSCs 402 R0 2 0 fb 35 2 5L 3G 95 2 21 d,
Z: B U6 W LB RNA 30045 55 ¢DNA, i
SYBR® Premix Ex Taq™ i f PCR FiR & P71 &
1 ABI7300 Real-time RT-PCR {¥ #%/F 47T Real-time
RT-PCR, iS5 #4051 Fi , GAPDH 7 2,
I 2788 Ty P A HR AR AR X £
1.2.7 mEABE T 86 E G 69 kA

hPDLSCs 402 R0 2 40 fh 35 2 5L 3G 95 2 21 d,
Z IR VLR 1, DL B-actin A NZ, West-
ern blot #: Col- I .RUNX2 F1 OCN HYZIAKF-,
13 %it® ik

SEIG 48 R FH SPSS13.0 S840 1 R A7 B Ak
P SCI A5 R FH SR ST AR A ¢ Ar g LU 20 ) 22 531
P < 005 AESAGIEEX,
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Table 1 Primers used for RT-PCR
A SEETTRT
Collagen Forward 5'-GACCTCCTCGGAAGACACTC-3’
type 1 Reverse 5'-TGAAGGGCTTCTTGTCTGTG-3'
RUNX-2 Forward 5'-TCTTAGAACAAATTCTGCCCTTT-3’

Reverse 5'-TGCTTTGGTCTTGAAATCACA-3’
Forward 5-AGCAAAGGTGCAGCCTTTGT-3’
Reverse 5'-GCGCCTGGGTCTCTTCACT-3'
Forward 5'-GAAGGTGAAGGTCGGAGTC-3’
Reverse 5'-GAGATGGTGATGGGATTTC-3’

Osteocalcin

GAPDH

2 & R

2.1 TiO, 4A k% R @R

i1 B A AL, 76 SEEG 2 Al Bk F T 45 T TiO,
YRR (B 1B) A BT I F B SO0 21 1) kbt 2=
T T R A KA AR 24 100 nm, HZ LA F . W
HRZ (B 1A) R T O EME , FT WAL G =2 1)
ST

AR ;B SCHR A
B 1 {RERREEEREE (x 30 000)
Figure 1 SEM images of surface morphology(x 30 000)

2.2 hPDLSCs %mfe.3& 74

an MTT R TR, ZE4nEER THR 1 d e,
XTHRZH OD {EMS oL, (B Z R egtit
2225 (P > 0.05), 2 B4 2 [B] 40 i 384 5 VA 2
554 d R 7 d EEXS REZE A IR BB R TSR IR A, 2
SHALFE (P <0.05,K 2), BTG
TERERTH, TiO, YK £ 1H [ hPDLSCs HFHENE
2.3 hPDLSCs Zmfie ALP 7& 1

hPDLSCs FIEK &5 555% 4 d B, SEER2H FD
MR B4 ALP iEMEA B A G 72257 (P> 0.05),
YRSEREFREE 7 14 K121 d, 40 ALP FEPE(E AW
K, S2802H hPDLSCs 19 ALP 5 PER 55 5 T 0 B 2H 36
I, HELEA G225 (P<0.05,E3),
2.4 hPDLSCs 20 & s, /B A8 % L B R & & o &k

hPDLSCs 4il fif £ Fp 5 3% J5 21 d, X1 £
hPDLSC 14 BB AH 5CJE R 1 8 11 387K an ] 4 o
7R o HE R BHM AL TiO, 4K T hPDLSCs

BCE ARG HE R K B 1 FR35 . 6] 4A T Real-time
RT-PCR K45 5 il 7R Runx-2 (OCN K& [H i k7K
S-S 56 20 B S 5 TR IRZE (P < 0.01) , 1M Col- T Ay
HERBEAEAYRZER (P> 005), 7K 4B h
Western blot ¥ T~ Col-I.Runx-2 1 OCN BE 3%
IRAKOE ik —2LBE T K 4A ()45
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0oL I_.
1d 4d

7d
SR AL, *P < 0.05,*P < 0.01(n=3),
E 2 hPDLSCs 7fE$K FrRESESE 1.4 .7 d HIEFETER
Figure 2 Proliferation of hPDLSCs co-cultured with sam-
ples for 1,4 and 7 d
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E
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005 ﬁ
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4d 7d 14 d 21d

SRR LR, *P < 0.05,*"P < 0.01(n=3),
B 3 hPDLSCs 7E5k 5 REESF 4.7,.14,21 d B ALP B)iE
k3
Figure 3 ALP activity of hPDLSCs co-cultured with sam-
ples for 4,7,14 and 21 d

3 3 i

FIAA LR F I — R AL,
WA R TP A FE SR R FEIZH 2L, hPDLSCs J2 M A
LAy R AT FE T 400, B 2 1040k i
e, LAMERFSE B hPDLSCs A] LASML K 18 A
AN SR AN, TS R e £ a4 20
A= 3O)RF I R s e IR A () 2 JE RS P A7 AR i
hPDLSCs, HILAES A 55 0 G Fe b A B w4
B R ) AR ) B ARV AR A T L
VR A i1 20 B A E R 220 ol kR 300 A A P A 2
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A4 g ot MTT 4550 FTR 7055 4 KRS 7 Kt 5i 4l
RSP hPDLSCs ISR IS VEMR T X M4, AAAEgeit-r22
=] | St KB 100 nm (AT RER TR SAERERIZE 25
32 T BEG T (O . AT IR B (27 d),
& TiO, 44 K4 32 i hPDLSCs (158 58 17 M 35 15 T 60
N ’-*-. h EKHTHT, Vetrone %6 fTIT IS T 2L H9Z5 1

0 NTH3T3. 152 2 40 1 KL P 44 K 2 ok 3 7 4

) o e o GBI IR s K R
oL TR - (0. BB TR 100 nm TiO, 4K AP 0 8%

F— _ B SOk R T 2 5

. “n . ALP % 58T P A A 3 B G T

B-actn| S — 43 kDa
S RA AL, P < 0.01(n=3),

4 hPDLSCs 5$tF E 5155 21 d 5K Col-I.Runx-2,
OCN HERKREZEBRIEKTF (A)Real-time RT-PCR
£55R (B) Western blot 53R

Figure 4 Gene/protein expressions of collagen type I,

OCN,and Runx-2 of hPDLSCs on the samples
at 21 d after culture

GRGE B R EEZEEN, AR, kA
TiO, 40 KA — H R SR A 4 2R 1 et (2
M BARFIEERM Tio, 9KAE 43, e ik i 40
RS0 7 1 B C AR S = O = o L1 = A 1
(BMSCs) 8 [l - fb A 2 VR R0 5 Tio, 442K
R IMALFEXT hPDLSCs RS FE AN AL 5T /0,
HZ AN AH O R AR B

ARSI 1 BHAR S AAS 2 TiO, YK RS, iE
— AT T AL BE LI TiO, 99K S5k SR 11
G55 R 600°CLAT AL EERT L H B TiO, 44K
B AL, A IR A, SEM SR & 21,
SEIZH AR BRI AR T R 2 LA PG, TR B TiO,
YK EHARZ 100 nm, £55 TiO, PRI R EE
FFH 450°CH MG s RIS

A A R 2% T P 200 L B A7 IR R A S
RERYRZIA , SRl AP R, “BFh G BE (focal adhe-
sion ) " J2 4 26 B 7 A A REE DI E— 20 M BE Y
FEER N R B E M A K (integrins ) K IFIE
o A Z AT LA S 4 M B i AH B AR R AT S,
BB 5 TR AL AN RS A E]
MRS , AT ET , 5 | & A R s 4, s
RS S HE AR, SEmifE b s S 2 A4
T4 K 2548 1 AR T 4 K 85 4 () F T B 5 ) )
TEAEREEMEE O S JoE R R, AR

WG, ALP TG PEBIA A 240 M ey 1) 43 A %) A
o AN, A JE AR IR THT ARORERE B2 K 52 i 240 i
HOTH A AL, BG N 2R REURS B 2 IR A0 G 5 %
{HEEIN ALP 362, o5 —Fh Al Ef B2 AR LT
BRI, TiO, YRR (JUHIE 1B K JETE L
SEARAR) , AT AR R B A (HA) R DTRR i
{RZRTH HA RUTER AT sZmm 4f i g AR K05 Beak , 2R 1
Jo 14) W2 B, 52 B R AR AF A 2 %) 5% 0] 77 2 1 o 1)
FRPRE T — 2D R 2R ALY oAk o), AR SE e 2 SR 3R
B 7SS 7,14 121 K, 5256040 hPDLSCs B9 ALP 7%
PERG N, B Sk T AR, SRR R 1 Tio, 44K
BT LR HE hPDLSCs A RUE 7ML

CoL-I Runx-2 F1 OCN &5 i B A0 XK F 58 &
A CBEAER A EEGSREE VMG, Hf COLI
F1 Runx-2 7840 il B o0 A0 B30 B Be K3k, OCN 7
BE 3 AR AR T BB B ik . AR S2 56 R 1 TiO,
KA PO R DL F 3 hPDLSCs 19 BB A 6 3L B &
HARRIBAKE . P A AL S Bk T2 I —
Tl Z2FL A0 A0 K GORHLAE R THT , 38 1 1) 2 TR RELRE 2 AN
P 7R BT OO AR 1 BT Y, i85 15 T hPDLSCs
Bt FE rp S ALP RIS YE, SRR T
hPDLSCs BUH AHICHE ) FRIA 7K Kubo S5 7RFSY
UEBA BB R TR K 30, REURE B2 3 hm , AT AA
oS E 4 OCN R AR P45 . Hakki 558
P, AKFEHDHLES 5 PDLSCs IOIE S8 L A B 45 &
R AR R IEAOC

TE R R A A R B 45 &, AN U8B i 2 3
Kot 5 R AR A At B, AR
H KB T 1 TiO, 4K 48 AT LU 3 F i hPDLSCs
A 8 53 KRB B A DG RESR AR GA o 3%t
FI R 0 5 455 T g B Z0 R 09 A LA
SRR AR JE] Bl 98 76T A 8B B2 30E 5 R A 2
X BT, BAFSE T b Ti0, 49K45 B2 (100 nm) X
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