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Abstract

Objective: To study and compare the effects of different porosities tantalum-coated titanium alloy
materials on the adhesion, proliferation and osteogenesis differentiation of SD rats’ primary bone
marrow mesenchymal stem cells (rBMSCs) in vitro. Methods: 3D printing 5 x 2 mm pure tantalum
scaffolds and 60%, 70% and 80% porosities titanium alloy scaffolds coating tantalum coverage by
chemical vapor deposition technology (CVD). In vitro, rBMSCs were extracted for primary culture to
the third generation, and each group was subjected to cell adhesion, CCK8 technology, alkaline
phosphatase (ALP) quantitative detection, alizarin red S staining, live and dead cell staining, and
real-time quantitative polymerase chain reaction (QRT-PCR) detection of osteogenetic genes includ-
ing Runx-2, Osterix and ALP genes. Pure tantalum (the porosity was zero) was regarded as a nega-
tive control, and comparisons were made between groups. Results: In cell adhesion experiments, the
adhesion performance of tantalum-coated titanium alloy scaffolds with different porosities of 60%,
70% and 80% was better than that of pure tantalum. The CCK8 method detected no significant dif-
ferences between the groups on days 1 and 3, and the proliferative activity of 80% porosity tanta-
lum-coated titanium alloy scaffolds on day 5 was the highest, and the detection of cell ALP activity on
day 7 showed that the 80% porosity tantalum-coated titanium alloy scaffolds were significantly
higher than those of the other three groups. On days 14 and 21 of cell culture, alizarin red S stained
revealed that 80% porosity tantalum-coated titanium alloy scaffolds were significantly higher than
those of the other three groups. On the 1st, 3rd and 5th days of cell culture, the number of live cells
stained with 80% porosity tantalum-coated titanium alloy scaffold increased significantly, and the
number of dead cells decreased, while the other three groups of living cells and dead cells both in-
creased. qRT-PCR showed that Runx-2, Osterix and ALP gene expression were all highest in 80% po-
rosity tantalum-coated titanium alloy scaffolds. Conclusion: Compared with pure tantalum, 60% and
70% porosities tantalum-coated titanium alloy scaffolds, 80% porosity tantalum-coated titanium alloy
scaffolds can better promote rBMSC proliferation, adhesion and osteogenetic gene induction.
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Figure 1. SEM of four sets of different porosity scaffolds materials: (a) Pure tantalum; (b) 60% porosity; (c) 70% porosity;
(d) 80% porosity
1. MEAREFLBRER I SEM Bl (a) 2:%E; (b) FLBRZE 60%; (c) FLBREE 70%; (d) FLBRZE 80%
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Figure 2. Observation of cell adhesion of pure tantalum and 60%, 70% and 80% porous tantalum-coated titanium scaffolds
by SLM: (a) Pure tantalum imaging; (b) 60% porosity imaging; (c) 70% porosity imaging; (d) 80% porosity imaging; (e)
Gold-jet manipulation SLM imaging PS software conduction after cell coloration pure tantalum group cell morphology; (f)
60% porosity scaffolds cell color rendering; (g) 70% porosity scaffolds cell color rendering; (h) 80% porosity scaffolds cell
color rendering. It can be seen that the cells stretch well

2. B HBRERFRHEVRLAIEM 60%.70%F1 80%H) Z FLIE R BN E & R MAFMT : () LhsBLRAFLMT SLM
Bt (b) 60%3ZZR4AARFAME SLM B (c) 70%STZRE4BBAFAMS SLM Ri%; (d) 80%STZRLAAFAM SLM B ; (e) WX
E#AF SLM Bif& PS R4 IR /S 4BAE B & 45 SBLA RRARLTS ; (f) 60%FLER KRB AAEE & ;(0) 70% SRR 5 (h) 80%
XRMBEE, T RARMRET
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Figure 3. On the 1st, 3rd, and 5th days of cell culture, the number of living cells in each group increased, while on the 5th
day, the number of dead cells in the 80% porosity group decreased, but the number of dead cells in other groups increased
significantly

3. YARIESREE 1. 3. 5 RBABMMEIES, M3 5 XA 80%FLERZ AT MpLmR D, HinAMmMEATIES

3.4. CCKS8 sx#&ilZmpaitisa

YMREFEEE 1. 3. 5 RAridid CCK8 VA M AN s G v& 1, Al 25 SR an &l 4 Fios, mr L4 38 1.
3. 5 RAMMIEFTEEI I, 28 1 RSUIMGIE AR, SR EE (P < 0.05, &£ 1); 3K
S AN IR AT, S 4LIAITE S 2 (P < 0.05); 45 5 K A] W, 80%FL I HAH 14 ek & 4 S0 ZR 1
TSR R, KON 70%. 4i4H, 60%FLFR AR AR T4t (H& AR TR 5= (P <0.05).

3.5. ALP 5EM4
ML FEES 7 KA &40 ALP 3EVE, 453 5, o] WLalisH ALP & E AR, 60%FLE 2 1) % 48 ALP

TEPERS T AlAE, T0%FLBR R I ST enE i T 60%, —4H ) ZER LG EE (P > 0.05, % 2); 1 80%
FLBR S ALP SR B m T HAb =41, ZRASH2EE (P < 0.05).
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Figure 4. Cell proliferative activity was detected by CCK8 method on days 1, 3, and 5 of cell culture, respectively. (a) The
1st day; (b) The 3rd day; (c) The 5th day
4. YRREIEFREE 1. 3. 5 R4y HiAIE CCK8 A MILARMIETEIE 1 : () MAAIETRE 1 X; (b) MAIERE I X; (¢) A

fEiEFE 5 X

Table 1. The CCK8 method detected the P values between each group of the absorbance at a wavelength of 450 nm on days

1, 3, and 5 of cell culture

5% 1. CCKS8 A MI4mAnIETE SMAIZ 58 1. 3. 5 K7E 450nm <AL AR S & R4R18] P 1&

P (0% & 60%) P (0% & 70%) P (0% & 80%) P (60% & 70%) P (60% & 80%) P (70% & 80%)
Day 1 0.9438 0.9438 0.7587 0.6989 0.4590 0.9697
Day 3 0.9880 0.9341 0.8297 0.9929 0.6613 0.5146
Day 5 0.9658 0.9824 0.4791 0.8423 0.2775 0.6781
1.0 mm 0%
- 60% *
087 mm 70%
- 80%

e
=N

S
P

ALP Activity
(mmol/min/mg protein)
e
(]

e
=

Figure 5. The comparison of ALP activity of pure tantalum and 60%, 70% and 80% porous tantalum-coated titanium alloy

scaffolds
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Table 2. The ALP activity on day 7 of cell culture was quantitatively detected between the groups
= 2. MREIEFE 7 R ELESE 4 E SN F4HE P &

P (0% & 60%) P (0% & 70%) P (0% & 80%) P (60% & 70%) P (60% & 80%) P (70% & 80%)

Day 7 0.9857 0.6621 <0.0001 0.8395 <0.0001 <0.0001

3.6. ARS &M

ST 14 R 21 KA &M@ S 4E ARS EPE, S5 RN 6. 55 14 R4 ARS 3G LR,
80%ZH ] B T HAN =40, ZRAGHHE (P < 0.05, % 3), HICH T0%ILIREM, ZERESiT %
X (P < 0.05), T1fi 60%fLFRZALH EIR T4, HERITLFFE (P > 0.05); 25 21 K 4i£HF1 60%.
70%H1 80%(1) 2 FLAHIRJZER G &3 ARS VEMEMR KIS &, HES 21 RIT &4 ARS WSS R E T3 14
K, SHERIAGE (P ¥ >0.05),
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Figure 6. The comparison of ARS activity of pure tantalum and 60%, 70% and 80% porous tantalum-coated titanium alloy
scaffolds
6. 4iEEFN 60%. 70%F1 80%HIZFLIBREINE &R ARS JEMELE

Table 3. On days 14 and 21 of cell culture, the P value of each group of ARS staining was semi-quantitatively detected
3. MAEFRE 14, 2L KERLI SEEYEEERNSHE P E

P (0% & 60%) P (0% & 70%) P (0% & 80%) P (60% & 70%) P (60% & 80%) P (70% & 80%)

Day 14 0.0934 0.0002 <0.0001 0.0282 <0.0001 <0.0001
Day 21 <0.0001 <0.0001 <0.0001 0.0019 <0.0001 <0.0001
3.7.qRT-PCR

PR IR 5 7 KA 2540 60%. 70%F1 80%M £ FLAHIR Z 4k & 450 %2 qRT-PCR, 534l 7 fir
7. ] W, Osterix 1 ALP 5 GAPDH [¥] LUl ¥ 7E 80%FLIR R 4H h Fik e mr, %2R A G it 2¢ % (P <0.05,
% 4), 70%. 60%FNZ4IFHAR KRR, T 7E Runx-2/GAPDH 1 809% 1% & T 70%FLIR 4L, P4 A% R
TG 2= (P >0.05), FRWAIRIERT 60% LR AMAHA, 257451l X (P < 0.05).

4. it
FH T 54 2 5 DR 34 RS0 10 B AT R — AN IR TR 1 0 /I TR S T SR ) 1 Al S i R A
T A TS (1B B M e A T . R FL AT 3D 4T ER I 2K5 4 I8 S bkl DB eI PR A3 3 miz Y, (H

FEERMBHNE R LA DG ARG, Dk, HAkRGE TN, TAa
EPURPE S SRR I REA GRS, AT T R S AL A S [12] . ART, BRE)E A e AR
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Figure 7. gRT-PCR gene expression data: (a) Osterix/ GAPDH; (b) Runx-2/GAPDH; (c) ALP/GAPDH
7. qRT-PCR EERiAHIE: (a) Osterix/GAPDH; (b) Runx-2/GAPDH; (c) ALP/GAPDH

Table 4. QRT-PCR on the 7th day of cell culture to detect osteogenetic gene Osterix, Runx2, ALP expression by Gapdh correction of
the P values between each group
4. MREIEFRE 7 K qRT-PCR AR B EE Osterix. Runx2. ALP FRiki#id Gapdh #1E&4A(8] P {&

P (0% & 60%) P (0% & 70%) P (0% & 80%) P (60% & 70%) P (60% & 80%) P (70% & 80%)

Osterix/Gapdh 0.7202 0.0475 0.0040 0.2093 0.0156 0.3105
Runx2/Gapdh 0.2202 0.0002 <0.0001 0.0020 0.0003 0.2740
ALP/Gapdh 0.9999 0.4687 0.0306 0.5019 0.0334 0.2531

& 8 SR N AR AR ST R W T B E 5 LA (10 AR A 25 P 1 [ B /4 i 28 P 5 4
48 R — e LB R AL T A sk N2 B, 0T 50 R W 4 i FLBR 2R (75%~85%) [ 4>
JB IR R E LT Z UM RS E, FR R T A R, 2L RN 1.3~10
GPa, 5 N &7 (0.4~20.0 GPa)fHLA[16]. UbAMA B TR BIFLER 23 759% I HH 4 & SCURAEAR A RIiA
PN SEI6 FR AR R B H SE AP A AR F1 2 M RE[17], DRI A A BT H FLBR 2 50 531l 60%. 7T0%F1 80%1)4H 4@
AL, IR CAFLBR Y O Al B E N BIVERT R, 2 A 58 L AR e
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K BB B8 F) 78 50 (rBMSCs) /e — R 2 e T4, FA M vses i, Beadnia. AR 4nie 2
HAMA LM S, HAEX RS SRR TR e, A S TR T R HH 40 kI8
[18]. Sagomonyants %5 [13]HHf 5t & I B B 4H M 75 2 PR 7E 40 B 140 M 45 & 9 6 2 TR AR R 7R 06 (2
25%~3000); X 15 1 % 4F FB A 4N 3 BEL I 5 SR B 4L 43 il LR 036 K 3.7 11 5.9 1%, LLXERHA -
PR 11.6 1 16.4 1% . AWTFB 4083755 3 48 rBMSCs 5 & 2H4H 4 @ S e 3Lk 9%, 3 ik i 4 adt 1 1) 1 4ab
H, R ERBRATEH SR, HAh S A A B R 1G22 Hoor iR M SRS, T2 A T AR AN R T, T
B EWRTY, MR, (R Er.

ST e 10 T S B MR R P AR AR B — AN BT . AR RS IR 1, 3, 5 RaldEid
CCK8 VA 240 Ff 335 B 775 P J T 4 M 8 e 3t A B [ PR e T s, BRARTE SR 5 K 80% LR A 4H 4R
SCER BTV T A, (SRS R . XS Luo [L7]IF A4 SR, Luo RILTEREFRER
7RI, L 75%F0 85%-FL B 6 S AL A I 8 G v 4 S 3K T 25900 55%FLIR A, DL 75%FLFR S 4L
ZHAE 450 nm KA OD fH 5. FoCJEH, 0 RER AT S 40 MG FRIT (M0, AR 80%FLIR A AL 5
RIFLEIFEIE VR a6 & T3 =2, H i T 40 s 2 06 AN B LSS M TR it 22 3, Bl IR R 1
FEK T BEAN B IGH 1Y) 25 S SEINE . A, ARSI I VS SN M Gt R I A KT 7R 2 5 K 80% LR R H
&8 SR LT HAR A I M AR T D, ST A VAR A T A

AN ) FLRR 2R 40 4 i S 4075 3 40 M RS 43 A R ) 3 S 1o el 1 1ol BRI (AL P) Vi PR ASH I K% 98 3541 S (ARS)
g EAHTRIPAN[19]. Luo SF[171HERE 535 5 KPE E 25%. 55%. 75%7F1 85% U 41 LB 28 4H
GBI ALP VTR ISP ALP JEMEAKCPER LA R, T R E ST G 28 21 K ARS e R
R R B 7% LI R G M e, LUK 85%, PRALEIESGut ¥ E R, SHAMMNAG R EER . AR
TERCE 5558 7 KA ALP 3 MR I 80%FLIR 2 4H B i =1 T 60%. 7T0%FLIR A MAHA, 2= 5H 5t
RO B 14 R 21 R ARS g A 80%FLRRER 4H s T HAL =2, 2 FI0A Gt 55 Lo HULHERT,
FLBRZE Ay 80%I1)4H 48 S ALAE RN RCE 15 T I RS E - B9, BE/KMAREIRIR, NFR Bl A m AR it
VB, RN KRR SR, MBI & B B E A, BEARTRCE1ER

TE B AR IE R RIE Ty TH, ARFFEIEE gRT-PCR J%E ALP. Runx-2 il Osterix —FfA¥, [FH LA
GAPDH mRNA fE Ry fE2H, 3R CtAEFATEME 72 1T Runx-2 f& 40 i 5B 70 A AN BRI G i S R 7 2.
—, FEFEAHH o R A R e e s R T R AR [20] . Osterix (Osx) A — s i 4H B 4es 7 1R 2 5%
PR, 7R B B I A A AN 214 b A5 B S E I [21] [22]. Lu S5 [2317E & i ba i 8 T it 78 5 5K
B FE R B R A L, B RUNX2 Fit ALP Rk /KF3 5 BR IE3, 2005k 1.2~1.8 fi.
7E Luo ZE[171 /A 5 A A IAE B 15 558 7 R ALP 1E 75%7#1 85%FLI 36 S AR 20 3Rk =i T~ 25% 1 55%FLBiR
EH, ERAGRUFEL, M 75%F 85%M 2H 2 (B oSttt 2= L, AR FLH ALP 7 80% LR %3 484
ik, ZRAGUFE S SAP LR RUNX2 fERCE S8 7 RAE 75% LI5S LA s
EZERTG B, MATFE T Runx-2 78 80%F1 70%FLIR R ST 380 Fik e, ZRAEGIHFEN, B
SR B0% LIRS T vy, (RN ZE RIS H 5 . Ak, AR50 K I Osterix 7£ 80%FLIR #3484
Kikfm, EZRAGTFEN. b, FATAAE LI 2 (80%)FH 4 &8 SC QLA Bl AH OCHE R 33 7 T /E
AR

KA R AL, B, REFFCNRIMI SR, = S Sis it — B IS UE M R 22 AP R AR
PriE s JLUG AR TR BUE A B LR R AR T, T2 — P IR R Ba, RIS H 80%
FLBR 2 4 8 SO AL TR A0 R Flrd J7 TV P B B (M 2518, AT b — 5 Al S BRI AL IR R AR S AL R FLRR % LA 3
SEBR R TG PR H
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80%FLIRZ M4 4 8 S ZRARLE T 70%- 60%FLBR 2 A4l B0 37 2075 75 5 40 B e i AR i AR G SR (R )

IR HARIL ORI I0 S S 4L A B s PR AT B 22 52, (2 80% LI A 4H & s SZ A4t 4n i
AT H A =25 D, 11 80%. 70%. 60%fLE 4 108H & Ja SO AU LT 2UAH A B P PE R SE 0F o 25
FIRRL AT, FRATIN Y 80%FLER 3 S AR A Dy B SRATAA RS 40 B R foe L 3
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