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ABSTRACT Objective: To investigate the effects of the Arg-Gly-Asp polypeptedes ( RGD) peptides-
modified porous tantalum surface on osteoblasts morphology and expressions of osteogenesis factors, and
to evaluate RGD peptides promotes junctura ossium of tantalum-bone interface in vivo. Methods: RGD
peptides of different concentrations (1 g/L, 5 g/L., and 10 g/L) were loaded to porous tantalum slices
with a diameter of 10 mm and a thickness of 3 mm by physical absorption. The 3rd generation of MG63
cells were co-cultured with tantalum and divided into 4 groups: Ta-cells ( control) group, 1 g/L cells/

Ta/RGD group, 5 g/L cells/Ta/RGD group, and 10 g/L cells/Ta/RGD group. Porous tantalum compo-
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sites and osteoblasts-tantalum interface were observed by scanning electron microscopy. The adhesion rate
of osteoblasts was detected and immunocytochemisiry was used to detect the expressions of filamentous ac-
tin ( F-actin), osteocalcin (OC) and fibronectin ( FN). Results: The scanning electron microscope
(SEM) revealed that osteoblasts distributed on the surface of porous tantalum and secreted extracellular
matrix on outside and inner of micro-pores. The osteoblasts adhesion rate on porous tantalum modified
with RGD was higher than that in the unmodified porous tantalum at the end of 24, 48, and 72 hours.
The best adhesion effect was got in 5 g/L cells/Ta/RGD group at hour 48 [ (68. 07 3. 80) us.
(23.40 £4.39), P <0.05]. The results of immunocytochemistry showed that the expressions intensity
of F-actin, OC and FN in osteoblasts on porous tantalum modified groups with RGD were stronger than
that in the unmodified groups, and the expressions of 5 g/L cells/Ta/RGD group were significantly higher
than those in the 10 g/L group and 1 g/L group [ OC. (18.08 £0.08) vs. (15.14 £0.19), P<0.05;
(18.08 +0.08) wvs. (14.04 +0.61), P<0.05. FN; (24.60 £0.98) ws. (15.90 £0.53), P<
0.05; (24.60 £0.98) ws. (15.30 £0.42), P <0.05. F-actin; (29.20 =1.31) »s. (24.50 =
1.51), P<0.05; (29.20 £1.31) vs. (16.92+0.40), P <0.05]. Correspondingly F-actin in osteo-
blasts was showed in longitudinal arrangement, and the expressions intensity was stronger than those OC
and FN. Conclusion: The RGD peptides is beneficial to enhance adhesion of osteoblast, spreading and
reorganization of cytoskeleton on porous tantalum surface and improve the interface morphology, further

promoting osteoblasts-tantalum conjunctive interface osseointegration.
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5 ¢/L.10 g/L) {4 50 mL RGD Z ki ik Hh 7873 4= 3,
HAHFLBNFE /MR A RGD 3, U G =R a0 T
e RN IR

SEHGAY N 4 A R AB M Ta 4 (XFIEZE) ,1 ¢/L,
5 ¢/L.10 g/L iU 40 ffd/ Ta/RGD 4 .
1.4 il i aiie/ Ta/RGD 251

H TUSEAE AL BT (9 25 4 Bxt B 2L A
24 LA, BEALA A 200 wl DMEM 5532 T 55
FERE N TR 1, IO ROIRAS AP A 55 2 AR A 4
i, K R A0 ROl 1 % 10°/mL (¥ SR 40 i Rk U
200 pL R T 2 ALK SN, IF TS SR R 2%
A 10% 25 1L 19 DMEM 35 38 38 H 50
ZALA RN SR B ORI, T 1.2.3 d
B 525
L5 H#i 7 B a e S K
Ta/RGD Fiii i AH H.AEH

BUEH 5 45 AU i Ta/RGD 54, BhiRER
2% #h i ( phosphate buffered solution, PBS) # ¥%& Ji5,
25 g/ LI VAW SE 4 b BT SR IBUBUK , i S
TR A AL T B LS LA A (] ) T
ICHAIMITE Ta/RGD $HEL ERPE AL FAHEAER]
1.6 JlEAETE Ta/RGD #4kE EZERTE 0 E

4520 Ta/RGD # T 24 fLAR, B L 2R
200 pl. DMEM RE SR, 15 SR A6 N ORS00, B
SR 1 x 10°/mL (¥ )8 40 R 200 L B2k
F & Ta/RGCD Kii SN ER, S8 5 FHIN DMEM K 5%
WA B 2L, k2 1537 0F T 1.2.3 .4 d 43
JBUHE A 2H SCZRPRL, PBS sk, 52 88 2007 24 fLiRk N,
FEALAN 500 L 14 0. 25% (AR 3 %00) J A 1 it 1

A, BB T OB 1, 55 40 2 R (R R
= R A A He A A R x 100% ) .

1.7 S dniie a3 @rs i 4 4B & 1 OC FN
& F-actin &3k

Sy IR 2 R4 2 Ta/RGD/ 1 41 i
S5 ,0.25% R I EHE AL, 567 22 6 FLARN Y 3
PR AN Ao 1 R E g A5 Rk s g
R EAT S AN A 2 G £, A6 I 2% 2 R B 2 1
OC .FN . F-actin Bk,

PG I3 b e 25 R E - A IR 3 5k U0 I 7E &
B ( x200) T RIS A (Y B v ) LS 14
WCHIAE . PR AN R IS8 23 B R4 Tmage Pro-
Puls 17 G347, AR 688 B (integrated optical
density , 10D ) fEAF R ikt
1.8 Geitsrthr

S5 R I SPSS 20. 0 Ge it 8 43 A Ab B
Geitit LASGEL = bRt 22 2R, X 4 4 EdE R
ZJ7 22 47t (one-way ANOVA ), L) SNK 45 36
(Student-Newman-Keuls ) #F172H [8] F 4, P < 0. 05
ZERAGIFEE L

2 #HR

2.1 RGD ZkB1fi 22 fLAH R S i 4 B AE

ZALEFBIBTIE Y 10 mm x 3 mm Jig BJE 22K
RISV AL EHLR N 12 RGD Z iR E M Al
T T S (R BE  ) DLEH S T AL AR &5 A A L 1
I HEFRIES , /L EAR 2 200 ~ 700 wm, [8] fF 452
—E. AFWE RCD Z kB ifa , 2L
IR, ]I — 2 IR TR = 5 A2 /LR 4G
PR AZ R, (H LRGSR T (P 1) o

A, appearance of porous tantalum; B, observation of porous tantalum (SEM x1 000) ; C, RGD peptides-modified porous tantalum (SEM x1 000).

SEM, scanning electron microscope.
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Figure 1 Structure of porous tantalum
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2A, primary cells at 24 hours (inverted microscope x100) ; 2B, the 2nd-generation cells (inverted microscope x200).3A, alkaline phosphatase stai-
ning positive of MG63 cells ( x200) ; 3B, collage type [ of osteoblasts immunocytochemistry staining positive ( x200).
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Figure 2 MGO63 osteoblasts Figure 3 MG63 osteoblasts identified
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A and B, tantalum/osteoblasts composites (A, SEM x1000; B, SEM x200) ; C and D, RGD/tantalum/osteoblasts composites at 24 hours (C, SEM
x200; D, SEM x180); E and F, RGD/tantalum/osteoblasts composites at 48 hours (E, SEM x200; F, SEM x800) ; G and H, RGD/tantalum/
osteoblasts composites at 72 hours (G, SEM x100; H, SEM x100). SEM, scanning electron microscope; RGD, Arg-Gly-Asp polypeptedes.
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Figure 4 SEM observation of RGD/tantalum/ osteoblasts
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LR A T HURT, R A0 M 288 Jy 1l — 3. 1 /L, M EEL, 5 o/ LAl B 4l ffl/ Ta/RGD 415 F 10 /L
5 o/L 10 o/L B 411/ Ta/RGD 20 5 K& Ta I 1 /L 4 (P <0.05,[& 5D ~F) ; [a] i, F-actin f{}
LAY 10D fH L8, 25 A G (P <0.05);  FKikm T OCFN (P <0.05), AR L 2,

R RS AAE Ta/RCD ZAR S A KAV R (v 25, n=6)

Table 1 The adhesion rate of osteoblasts attached to RGD peptides-modified porous tantalum (x +s, n=6)

Adhesion rate/ %

Groups F P
24 h 48 h 72 h
Ta-cell ( control) 9.87 +1.51 23.40 +4.39 12.27 £0.85 8.33 <0.05
1 g/L cells/Ta/RGD 14.28 £2.36 " 44.47 £3.99 " 22.93 +1.51" 8.93 <0.05
5 g/L cells/Ta/RGD 41.00 £4.80 %4 68.07 +3.80 "4 52.38 £2.22%4 78.39 <0.05
10 g/L cells/Ta/RGD 29.40 +4.10 " A* 53.77 +5.59 * A*# 40.35 £3.49 " A¥ 44.29 <0.05
F 10.24 11.03 10.06
P <0.05 <0.05 <0.05

#* P <0.05, compared with the control group; A P <0.05, compared with the 1 g/L cells/Ta/RGD group; # P <0.05, compared with the 5 g/
L cells/Ta/RGD group.

D b

A, unmodify OC ( x200) ; B, unmodify FN ( x200) ; C, unmodify F-actin ( x200); D, OC in group 5 g/L cells/Ta/RGD ( x200) ; E, FN in
group 5 g/L cells/Ta/RGD ( x200) ; F, F-actin in group 5 g/L cells/Ta/RGD ( x200). OC, osteocalcin; FN, fibronectin; F-actin, filamentous ac-

tin.
B5 MBS Ta/RGD & Ak 5 48 h 4% 4 SR 4 i Ak 25 e fo 25 5

Figure S Immunocytochemical staining of RGD/tantalum/osteoblasts composites at 48 hours

K2 RIEYIMAL AR I R A0S Ta/RGD 48557 48 h OC .FN J F-actin ()35 (10D, x +s, n=3)
Table 2  Expressions of OC, FN, and F-actin by immunocytochemical staining at 48 hours (10D, x +s, n=3)

Groups ocC FN F-actin F P
Ta-cell (control) 12.73 £0.48 13.08 £0.36 15.13 £0.12 40.68 <0.05
1 g/L cells/Ta/RGD 14.04 £0.61 " 15.30 £0.42" 16.92 £0.40" 26.17 <0.05
5 g/L cells/Ta/RGD 18.08 £0.08 * 4 24.60 £0.98 "4 29.20£1.31%4 104.25 <0.05
10 g/L cells/Ta/RGD 15.14 £0.19 * 4* 15.90 +£0.53 * 4% 24.50 +1.51 *A* 93.75 <0.05
F 96.15 198.48 124.27
P <0.05 <0.05 <0.05

# P <0.05, compared with the control group; A P <0.05, compared with the 1 g/L cells/Ta/RGD group; # P <0.05, compared with the 5 g/
L cells/Ta/RGD group. 10D, integrated optical density; OC, osteocalcin; FN, fibronectin; F-actin, filamentous actin.
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