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Calcium phosphate cement scaffold with gold nanoparticleson promotes the proliferation

and osteogenic differentiation of dental pulp stem cells
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[Abstract] Objective: Calcium phosphate cement (CPC) scaffold is widely used in bone tissue engineering due to its good
biocompatibility and osteoconduction properties. However, it needs further improvements to widen its application. In this study, CPC
scaffold with gold nanoparticles (AuNPs)were used to promote the proliferation and osteogenic differentiation of dental pulp stem cells
(DPSCs ). Methods : The morphology of AuNPs was detected by transmission electron microscope (TEM). The cells were seeded on
CPC, and cultured in media containing 5 wg/mL AuNPs. Those seeded on CPC and cultured in normal media was set as control. The
cell adhesion was detected by fluorescent stain 4 h after seeding. The cell proliferation was detected by CCK-8, and the alkaline
phosphatase (ALP) activity was measured. Alizarin red staining (ARS) was used to detect the mineral synthesis. Results: TEM image
showed that AuNPs were spherical with 20 nm in average diameter. Fluorescent images showed no significant difference in cell
adhesion between the two groups. Significant difference in cell proliferation was detected at 14 days (P < 0.05). ALP activity of the
AuNPs media group was significantly increased (P < 0.05) , and the mineralization formation of DPSCs was also increased compared
with that of cells in normal media (P < 0.05). Conclusion: It was concluded that CPC scaffold with AuNPs can promote the
proliferation and osteogenic differentiation of DPSCs.
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S — R R AR B A B R N R, H
HA A BRI VE P TR 5 BT AR 4, B T iy
AT I RER N8 70 Ry TR 4RI ] 4G, ax s
R T LA Il PR B B B S TR 2L R, CPC
[R5 A A AT R . (U, 514l CPC Y
AW TR AR T U S A M RS FE A B
KW EBE . B, &5 EPHRIS 55 CPC AR
Ptk A AE A AR IR 2 I AN A KA
T T R = T RA Y e SRS

YRR BRI e g H A T AR B i AB 52
R AIAEE . 492K 4 (gold nanoparticles, AuNPs)
o TE M HA VAN AL, BEH B, AuNPs
Xof ISR A R AR R AR R B R ) TS
JiH AR A 2R BB S T S R AR XA T A
LA Bl TR T,

T4l M (dental pulp stem cells, DPSCs) H A
B RE ) 2 AL BE B A TR TR AR
REPE AT LA ) A A T 4 i A 7
MR AN A T 9] 234k s HHRIBCRTE , 586 T 40
LA BRI EE X AT T80, e B 2 2
S AR R I

Al FE P Sh i JCHK 5 B2 CPC 5 AuNPs DL
#E DPSCs 58 MUSUE 7 AL R BFIEARIE . Rt 7EAS
WF5E h % B AuNPs 5 CPC IR & I, 5 B2 AR
AuNPs i E 17558 CPC AT A2 2 4 5
(aibIEN O

1 #RFTTE

L1 4

N7 8E + 240 BfY (human dental pulp stem cells,
hDPSCs ) H1 CPC 34 Fh1 32 [ 5 B 2% 5F 272 ¢ Xu Hock-
in PNt . DMEM 32k iR 1 \PBS(1x),
0.25%JBef# (Gibeo A H , 3¢ ) , CCK-8(Enzo Biochem
oAl 32 E) B M B R B (alkaline phosphatase,
ALP)iR57) & (Wako Pure Chemical A 5], HAS) ,ZE
7€ & i 7 & Pierce BCA Protein Assay Kit (Thermo
Fisher Scientific 2~ 7, £ H ) , 40 i 2 ' 4% B} (live/
dead staining solution , Invitrogen 23 7] , 32 € ) , B-H i
AR N R A MK ARAE R C PR, —
A FrBERR N (Sigma 22 A, L) . HHH R
(JEOL JSM-840, 3£ [ ) , gt {¥ (SpectraMax M5, 58
), 2¢ )6 1S (Eclipse TE-2000S, Nikon 24 7], H
Z

12 F#*
1.2.1 AuNPs # %) &

H4 95 mL H 4l B F/K AT mL 1% =S kg
A 250 mL = FUGeH AR S . SRS s
A 4 mL 1% FrE RSN, FEINFA 25 min, B H B %
T ORRERIZUGERE . 250k 4A 1551 0.5 mg/mL [FR
FE AuNPs JCARIA R FIa 22508 . B S st
I AuNPs FIFES
122 CPC##&

PLaliv K AE S CPC AR, il L gl hy 22 1, i &
CPC 24, FIAME)G B CPC L E T
37 °C, 10090 BE /K T AE H 24 b SRS L4 H
123 Sig4

4 AuNPs AL FREE P ICHI N 5 g/mL. 20l
BHE SC I FH o6 A4 IR, A0 oAb S50 - i
Bige sk, 4y R VLR A OCPC 348383 45 97 5
(CPC Media) 41 : LA CPC SCHRAE R ARG, H MR IG F
HEAT A A5 5% s @CPC 3248 Au 1557 (CPC Au Me-
diaZfl) : DL CPC L BE M AR, 1% 5 pg/mL AuNPs [
BRI AT ARG 5
1.2.4  tmAZE R A m)

hDPSCs FIHR- I 1557 R 5 44 LA AE ff 2 () 52
LR, BEHH 3~5 ARANMIEA T S000 . AR i A
4 b, K BRI 40 MY CPC S 212 1% T3¢ 6 YL Bt
o, 76 37 CHEAR T 15 min, SR)5 286 WM
TN S A8 1 R P A O
12.5 mpe3gsiegn

ML LA EESL 5 000 LR T 96 fLAR, T 37 C,
5% CO.HY & F NG FR b o B LI A 10%
CCK-8 3BT &, AN IE T 2 h )5, &AL
FRI R A A 96 FLAR T, FREFHR K 450 nm
DGR
1.2.6 ALP & Aen]

MRS IR 14 d 5 #EAT ALP B9AGI , MASEEAR P
B 96 FLAR , PBS 0L 3 36 , A FLIINA 50 pl. 0.25%
TritonX-100, & T 37 ‘CHEHH 2 h JF IIA 100 L )i
JEY), FEE T 37 CCWFAA 2 b, BRI T K 405 nm
DWE R . FF ALP R DL P f s B S 21T 48
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FE T RE A B b2 (3 = 5) o, RIS 3

IIHTERAE SPSS13.0 AT AT FEA 1 K2 55, P < 0.05 4 !
P s B8 2 2]
2 # R .
2.1 AuNPs#) £ A4E 0

BT BTN, T A AuNPs R
SRR  BIAR24 20 nm, JURLZ [R] BRI L7 (J8 1)

Figure 1 TEM image of gold nanoparticles
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43 (B)HJ Live/Dead 3¢St & B Fy (x40)
Figure2 Fluorescent images by Live/Dead stain of the
cells 4 h after cell seeding (x40)
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Figure 3 Cell proliferation test by CCK-8
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Figure 4 Alkaline phosphatase activity results
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Figure 5 Mineral synthesis by Alizarin red test (A, x3)
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