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Evaluation of JDBM porous scaffold coated with DCPD in promoting angiogenesis and repairing bone
defects

WANG Qing, WANG Wei, JIANG Da-jun, JIA Wei-tao
Department of Orthopedic Surgery, Shanghai Sixth People's Hospital, Shanghai Jiao Tong University, Shanghai 200233, China

[Abstract] Objective:To evaluate the biological effects of JDBM (Mg-Nd-Zn-Zr) scaffold coated with DCPD (CaHPO,-2H,0) on angiogenesis and
repairing bone defects in vivo and in vitro. Methods*The JDBM-DCPD and JDBM-MgF, scaffolds were constructed by using template replication
method and chemical deposition method, and the characteristics of the scaffolds were observed by micro-CT and scan electron microscope. The bone
marrow mesenchymal stem cells (BMSCs) were seeded on the scaffolds and the biocompatibility of scaffolds was evaluated by CCK-8 experiment and
cell adhesion experiment. Transwell cell migration experiment and tube formation experiment were used to detect the effects of scaffold extracts on the
migration and tube-forming ability of endothelial cell line Ea.hy926 cells, and immunofluorescence was used to further observe the secretion of vascular
endothelial growth factor (VEGF). Alkaline phosphatase staining and alizarin red staining were used to detect the effect of the extracts on the osteogenic
ability of BMSCs. Furthermore, the model of critical bone defect of femoral condyle was constructed in SD rats. The JDBM-DCPD and JDBM-MgF,
scaffolds were implanted into the defects, respectively, and the effects of scaffolds on the osteogenesis and vascularization were assessed by Microfil
vascular perfusion, micro-CT scanning, and tissue section staining after 8 weeks of operation. Results: The main spherical pore size of JDBM-DCPD
scaffold was 400—450 pum and the calcium and phosphorus particles were evenly distributed on the pore wall with the size of 15-25 um. BMSCs adhered
and grew well on the surface of JDBM-DCPD scaffold. Compared with the control group and the JDBM-MgF, scaffold extract, the JDBM-DCPD
scaffold extract could significantly promote the migration, tube formation and VEGF expression of Ea.hy926 cells, and significantly enhance the early
and late osteogenic differentiation of BMSCs in vitro. After 8 weeks of implantation, the JDBM-DCPD scaffold dramatically facilitated the regeneration
of new bone and new vessels in the defect area compared with the JDBM-MgF, scaffold. Conclusion*The JDBM-DCPD scaffold exhibits excellent
vascularization effects both in vivo and in vitro, especially early vascularization effect after implantation and bone regeneration promotion in vivo.
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R T IABE ST U7 GE R, A S AR A AT,
LA B 14 58 3 R A8 Jo P DA RO R 1 B8 ST B A AT, TR
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1.1 brl
11 FEERF G BERREEZ M (PBS), o-MEM,
DMEM 428 g 55 37 % (3¢ [ Hyclone) ; G 4= 1M (FBS,
LI BL) ; HHRAERZ AT, 0.25% P8 BN Lk
(3 [E Gibeo) ; B ME:#EFREE (alkaline phosphatase, ALP)
g e i ¥ & (b [E Beyotime) 5 2% ¥ Z 4T (ARS)
gkl (fh[E Cyagen); il 45 1% 5% 5% Microfil (MV-122, 3%
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[A ¥ (vascular endothelial growth factor, VEGF) $i{k .
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Solarbio) ; CCK-8 iXifl & ( H 4 Dojindo) ; Matrigel %
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&2 F BB (DMi3000B, f#[E Leica), 4
T B o B
SIGMA500, 7% Zeiss) , #F X Z 5 £ 4t (Digital
Diagnost C50, faf 2% Philips), /Nsli¥ &1k CT if4 £ 4
(Skyscan 1176 Micro-CT, 1% [ Bruker) , % i 56 AL
(AG-100 kN, f# [H Zwick) , K £ % B F b4 R 4
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1.1.2 SCIRZNAE  H3ET40H0 (bone marrow stem cell,
BMSC) HUH B 6 i . IR 160~200 g [ fEH: SD K
Blo BRI o-MEM ¢ 285753 (o-MEM K5 77 3+
10%FBS+1% 75 8 % -85 85 R ML) 7E37 °C. 5%CO, 1 1%
FAIPEESR; 240G, PREEREEIRA, BT LY
B, ZEEDE3ATEHRREEFRE, AR K RS
Fr SR ML 80%~90% I FH Al I AL A% AR, BB 3~5 A4
M T A0S 5. P B 40 & Ba.hy926 4i i [ A =R
2BE AR, AR ARSI (DMEM+10%FBS+
1% %5 % 2 -4E R R APL) 7£37 °C . 5%CO, [y 55 724
B

(scanning electron microscope, SEM,
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1.1.3 LEEhY)  SPF Mtk 6 ke (160~200 g, HF
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SD K BRI A 1l i i3 A= B R B T L g s M 4
B, AP ATIES S SCXK (U7) 2018-0006. SD K Fil 4]
IR F LA K AE I E 5 7S N R B Be SPF e sh# b5, il
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1.2 9Tk
1.2.1  JDBM Z LBl 28 L R 25 R RAE . 1 FRAE
(R TDBM 32 AR A il 4 R FHAR AR S vk 2, i ok
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SeripgmEsT 2 o, DCPD ULARRSH] A 24 h, &5 R A&7
BRI AR 7 A B T SRR s S T R S
IRTEEE TR AR e, ARBFFEHE DCPD Y LR I [1] 4
K2 48 ho >R H SEMWLEE SCAR Y Z AL A5 A i 2 1 3R T
JES . i 3d Micro-CT 8 & K/ K @10 mmx2 mm (FIR
HAL 10 mm, 52 mm) % JDBM-DCPD #l IDBM-MgF,
SYERMGOFHH R SR AL R, S E A 3 it
G HLXT SCHR Y T 2 PR REHEAT I . 20 AR S 56 A R R ST Dy
®10 mmx2 mm, K FUE B RS R @3 mmx
5 mm,
1.2.2  JDBM-DCPD 3¢ 22 2 1 40 g i 26 B S5 3558 24
B 5x10° 40 i A 1 mL BMSC % & 43 %1 4% Ff | JDBM-
MgF, #l IDBM-DCPD %2 |-, 15357 dJ5, #H SEM X}
EZ {2 & )R Rt R U - SN i [ DG 5 S TR
F14) 240 368 38 C.CKC X0 71) 0 I 4 L 3%
1.2.3 BB TN EMMTRE LR Bk R
5t @10 mmx2 mm Y JDBM-MgF, il JDBM-DCPD 2 21
KA 75% LB FE 30 mine SRJE, HEHZIY
R I 3 mL/AN 2 I/ DMEM K 3R 3k v, 38 F 37 °C
TR FRAA . 3 dJF IR B FRAL, 4022 pm
L 0B B 2ok 8 5 AR B IR, R AF T 4 °CUKAE
#H.

B 2955 1x10° 4> Ea.hy926 411 i A9 23 100 pL #EFhF
24 fL Transwell /NE W L%, K54 600 wL AR 2B
JDBM 7 2232 $£ Y& 0 3 Transwell /NE ) N &=/, il
DMEM 8: 32 5 B I, & 24 b5, % L=k
BT, FEHMZK B R m A S i & . SR )E H 4%
Z R KT RS BN RAANE 2, 0.5% 45 fhsE e
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4,10 min J&5 F 624 B EAA IR, IR FH Image-J 4114
AT R

124 CHREWAEN T N R A8 L
JDBM-MgF, #1 IDBM-DCPD ¥) 32 2012 $23% , J5 = [Fl Ao
16 24 FLA P A Matrigel JiE 100 pL/AL, 37 °CIRAH &
30 min, SRJGFEREFLAINA 205 6x10*4 Eahy926 41 i Y
R AR SR 3, %l DMEM 85 38 3605 0 B X E, 2
BIFHE 3% 3 hF1 6 h B 7E 62 ORISR N R A0 Ak o
TGO, HAE F Image-T B IEAT 2 2007 .

1.2.5 SCHRAEWAEN T N 41 VEGF 43 i &l il
45 IDBM-MgF, fil IDBM-DCPD (1) 357 44248 , T[T,
# Ea.hy926 40 ) 2x 10*/mL (% B SR re 24 FLAb,
A JDBM-MgF, il IDBM-DCPD ) 3 4032 2 5 92 3 d,
i DMEM 15 32 505 A B BE . SR 5 R 4 i /e =238 T
4% Z B P EE[E % 15 min, JF5 VEGFHifk (1 :200) 7&
4 °CHE %, ZJa M Alexa Fluord88 i ic 9 — $1t
(1:200) W5 1 h, fiea 500 2 PR AR IC 1) 58 2 30 Ik
(1:200) FIDAPI (1:200) Ab#E 40 min F1 10 min, ]
FHZEN 5 WA 4 i b VEGF 1 #8155 L

1.2.6 ZHEAREAEN T BMSC liH b2 il &
JDBM-MgF, #1 IDBM-DCPD f % 4032 42, 7 ik [l .
4 BMSC $ 1x10*/4L £ Fp T 24 fL A, 43 %1 IDBM-
MgF, fll IDBM-DCPD 2 4] 37 40 BE % 97, 1 £ 97 3
YERBAPERT B, AE 37 C Al M35 3246 rh 43 i 15 9% 7 d Al
14 d. M4 G Ul T ALP Qe B R R L e ta
FIFRAEER 3.

1.2.7 KBS E BRI 5P 1 Bl R Y ) £ S S A A A
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4, B8 K., RH05%LE L ZMER (9 mLke) %
A 1 635 R B BT I, 2 R BRI e R 1 oAy A
ST L5 em KAPATYI T, FRER MR, 2L R A
Bl EAR 3 mm, GRS mm @B B SR 4
L1 DU S 2R R B B X, R 2 A LA A
Bk, WUPR G 5 2 R W e e

1.2.8 R Ks KI5 8, B4Im4 H P 7
o R 0.5% G E L Z 87w (9 mL/kg) ZME TG
SRR G, FTIFRaE , F 5 2 A A B R K
WO EFEA, FR B A0, fE400 B0 s
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WU T B R AR 8 R E T L), 22 2R 85 4L0E £ 8k, 4k
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R FA ST REAS ¢ 455, 22 A 85040 ) L 55 R F Oy 22 4%

3D-CT -

JDBM-MgF,

JDBM-MgF,

JDBM-DCPD

10 um

R R 1 IDBM B 45 & AL ST AR I PR/ R B s sty | 735

B ANl A2 01 &0 T W) 43 532K F Mann-Whitney U 4655 1
Kruskal-Wallis K5 %6 . 24 P<0.05 1, A b2 FHAG 52
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2 &SR

2.1 JDBM-DCPD % L% ity # fik

M JDBM-MgF, il IDBM-DCPD 2 # 37 %8 fit) = 4 5 73
WRUER LR 2 HESR (K 1A) . K
SEM T il & B ZfL B e A5 M m BE RN, 2 20 SCAR Y KOE 32
FLAEAE 400~450 pm, FAFLZ A 8~11 D K/NASER /ML
AH R IF HAE AT SEM BE F M5 MeF, 1 2 & it
., 1M DCPDIRJZREMAE, £ DCPDIRJZE A, H5
BRI 5] o A AEALEE |, R/N A 15~25 wm (ET1B) . id@
i micro-CT 4 K AH KA 1155 IDBM-MgF, 32 22 ) FL B
#H (79.40+£0.62)% , 1fii IDBM-DCPD 3¢ 22 (1 FL B % Hy
(69.79+0.40)% (& 1C), 2411 2 5% R A G %58 X
(P=0.000)., JDBM-MgF2 sttty (0.34+0.07) GPa,
JEARSREE (5.05£0.30) MPa; JDBM-DCPD (345 &
(0.41+0.09) GPa, JE/iRFEEE (6.9240.17) MPa. 2405
IR PR N R B ) 22 R B A i R L (B
P=0.000)
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S 60t
g
15}
S 40t
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=
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Note: A. 3D reconstruction images of JDBM-MgF, and JDBM-DCPD porous scaffolds. B. SEM to observe the pore size and surface structure of the scaffolds (above x100,
below x5 000). C. The porosities of JDBM-MgF, and JDBM-DCPD porous scaffolds. © P=0.000, compared with the JDBM-MgF, group.

1 JDBM-DCPD 5 JDBM X Z2 R {EHILL 8

Fig1 Comparison of IDBM-DCPD and IDBM-MgF, porous scaffolds in characteristics

2.2 JDBM-DCPD 41y 7: By il vk

BT, AR IR AR T d S AR S5 58
4%, "] UL DCPD T 48 h #H#L 24 h Al D4 = S 4R AE VR TR
PR E . R 2A BN, AR TR BT d)E,
CCK-8 iR ags R 27~ , IDBM-DCPD4LD (450 nm)
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JDBM-DCPD

Note: A. Cell proliferation activity of BMSCs cultured on the scaffolds for 7 d detected by CCKS8 kit. “P=0.000, compared with the JDBM-MgF, group. B. Cell adhesion of

BMSCs cultured on the scaffolds for 7 d observed by SEM (above %250, below x1 000).

2 JDBM-DCPD 5 JDBM-MgF, % 224 ¥R B MR LL 32
Fig2 Comparison of IDBM-DCPD and JIDBM-MgF, in biocompatibility

2.3 JDBM-DCPD izt S i A b xoF P9 B2 A1THL R 5 19 5 wi

Transwell P 52 40 i T2 B8 SE 0 45 3L B 7R, Ea.hy926 4
WAE S AT 2 FhR 194 J2 19 TDBM S 4R 48 Wk b i 3T RS R )
Yot F X BB 40, 1 7€ IJDBM-DCPD I 4 ¥ Hh 19 1T #% BE
N5 T HAE IDBM-MgF, I2 2 h i i S ik 1 (& 3A.
B). AN[FWRJZE M IDBM 2 W /E A T 1Y Ea.hy926 41 itd 5%
BYIEER R . 753 h A6 hixX 2N F ] 5, Eahy926 4
FfLAE & R R 4 2% JDBM I 42 Hh (4 A e 0 (I i 45
RE5H) ZhrFHAR BEFRBCTRER S (A
)RR AR S5 44 ) 5 I 5 TDBM-MgF, i $2 A EL
JDBM-DCPD 2 #23/E F F 1Y Ea.hy926 4 il al 5¢ 3% fif Jie
(G OIR 25 4 0 B T £, UE B A % T JDBM-MgF,,
JDBM-DCPD 1% # ¥ A2 P9 Ji2 40 it 1 1% 45 g ) s s (&
3C. D),

WA, RPETSEUR I — LIRS T AR TR Z 1 JIDBM
S SR 20 A% BB 2H Ea.hy926 40 il 4 VEGF By 33k (
4A) . FOCFE RSN, 155 A IDBM IR 2R 4K 2
A2H v Ea.hy926 21 il i) VEGF 7K “F- 6 3k ¥4 & T % B2
I JDBM-DCPD 41 /) VEGF % ik & X & T JDBM-MgF, 41
(F4B), 1M H AL (MshiEE) Getdnl LUE 3
SN AN AL, FR 4S5 R B IDBM-DCPD 7E {1k
HNELA B IR PN R A0 R I BE T L T S R IR 4 K
PR Bz 0 M VA ) 4 L

2.4 JDBM-DCPD *} BMSC Bt 45 1L (5% iy
E SA 7R BMSC FF ALP [ 361k 12 Fifi 75 55 F7 i 0] 1Y 4iE
KL, 77 dFl 14 d AR E] 5 JDBM-DCPD 41 ALP
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Yeft e, R IR HA /DR ALP RiA. R, PR
YLzt R R, BMSC 553 14 dJ5 JDBM-DCPD 45"
KEH R, A 2RSS it (E5B).,

2.5 SBAR°F 50 Bt IDBM-DCPD S48 %F K BT B A5 B

B PR WP T BA B S RAE A ) i R R L

S, KRB IR AT 0 R . X T4k
GAr (8 6A) W%EEE] IDBM-DCPD ZH i X 4L i 52,
1Ml IDBM-MgF, 21 it 453 X 11 %5 B 45 ) 16l i 2 B i BRI
X — 45 158 ] JIDBM-DCPD £ 5 Bl IX A 3 22 0493 15 7
. RS SR, IDBM-DCPD 37 483 i g K
HHE T, Mi7E IDBM-MgF, 415 ] WA 2 L 4L Ae e s K
IR T 4% WL 2E 5] IDBM-DCPD 41 i /i HY B 47 1) 55 1 45
4, i IDBM-MgF, 41 A #5025 B (K1 6B).

Microfil Ifil 45 7 1 45 I W 4% 3] JIDBM-DCPD 4 1)1 ikt
i [X 4 IDBM-MgF, 411 B £ . BN M ML (&
6C), R4 I A5 A ) 38 320 0 3 B AT A A A
PEBC X B SR L . i micro-CT T, R 8
Ji JDBM-MgF, 41 32 28 B% ff T (23.95£2.74) % , i
JDBM-DCPD 4 37 42 f M T (14.5342.23) %, 24H]2%:5%
BAGE X (P=0.000).

2.6 SPEALZUE S 5 BT R Bl B DX L 4S R
(¥ T 1
22K U B BRAR A FE LA 4 J8 J5 23 BIEA T H-E e (@,
VA B 1 b 7 ) OCN B I 8 b i 1) CD31 1Y Ha g2 4 281
fh2e gt H-E Y2558 R IDBM-DCPD 4 fLEEA HE £
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Note: A. Representative photographs showing the effect of the extracts of JDBM-DCPD and JDBM-MgF, on the migration of Ea.hy926 cells after incubation for 24 h
detected by Transwell migration assay (crystal violet staining, x100). B. Quantitation of migrating Ea.hy926 cells. C. Representative photographs showing the effect of the
extracts of JDBM-DCPD and JDBM-MgF, on the tubule formation of Ea.hy926 cells after incubation for 3 h and 6 h (x100). D. Quantitation of tubule formation of Ea.hy926
cells. P=0.000, compared with the control group; 2P=0.007, ®P=0.000, compared with the JDBM-MgF, group. HPF—high power field.
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Fig 3 Comparison of the effects of JDBM-DCPD and JDBM-MgF, scaffold extracts on Ea.hy926 cell migration and tube formation
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Note: A. Representative photographs showing the effect of the extracts of JDBM-DCPD and JDBM-MgF, on the expression of VEGF in Ea.hy926 cells after incubation for 3 d
detected by immunofluorescent (x200). B. Semi-quantitative analysis of fluorescence intensity. “P=0.001, ?P=0.000, compared with the control group; ®P=0.004, compared
with the JDBM-MgF, group.
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Fig4 Comparison of the effects of IDBM-DCPD and JDBM-MgF, scaffold extracts on the expression of VEGF in Ea.hy926 cells
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Note: A. ALP staining of BMSCs cultured in the scaffold extracts for 7 d and 14 d, respectively (x100). B. ARS staining of BMSCs cultured in the scaffold extracts for 14 d (x100).
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Fig5 Comparison of effects of IDBM-DCPD and JDBM-MgF, scaffold extracts on osteogenic differentiation of BMSCs

A

B G

Microfil

Note: A. X-ray photos. B. Three-dimensional reconstruction and sagittal images by CT. C. Microfil perfusion to observe the formation of new blood vessels in the defect area.
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The white circles indicate the bone defect area.
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Fig 6 Osteogenesis and angiogenesis of JDBM-DCPD and JDBM-MgF, scaffolds in vivo detected by radiography 8 weeks after implantation
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Note: A. H-E staining of the bone defect areas (abovex200, belowx400). B. Expression of OCN in the defect areas (immunohistochemical staining, x400). C. Expression of

CD31 in the defect areas (immunohistochemical staining, x400). The white arrows represent the new bone tissues and the red arrows represent the new blood vessels.
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Fig 7 Histological observation of the bone defect areas in JDBM-DCPD group and JDBM-MgF, group rats 8 weeks after implantation
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