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[ Abstract]  Objective To fabricate 3D hiomimetic design of tissue engineering scaffolds ( Shell-Core scaffolds ) incorporating
mesenchymal stem cells ( MSCs ) and human umbilical vein endothelial cells (HUVECs ) by using advanced coaxial 3D bioprinting
technology, and to validate the biomimetic vascularization capacity of the scaffolds by experiments. Methods The Shell-Core
scaffolds were successfully fabricated via coaxial 3D bioprinting technology. The biomimetic structural features were characterized using
optical microscopy and histological staining assay. The in vitro pro-angiogenic capacity was evaluated through inter-group comparative
observations and cell scratch assays. Furthermore, qRT-PCR was employed to quantify RNA expression levels of angiogenesis-
related markers in cells cultured on the Shell-Core scaffolds. Results Shell-Core scaffolds were successfully fabricated. The scaffolds
possessed high structural fidelity, which could be maintained at 7 d after scaffold fabrication. Cell proliferation assay showed that the
cell proliferation rate in the scaffolds at 7 d was higher than that in the mixed culture on the 2D plane. Cell scratch assay showed that the
shortening scratch distance of HUVECs treated by Shell-Core-CM was significantly greater than those treated by 3D-Mix-CM and blank
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groups [ (431.6 +33.6 ) wm vs. ( 378.7 £22.5 ) wm vs. ( 302.3 +20.1 ) wm, both P < 0.01 | At 7 d after in vitro cultured of engineered
biomimetic tissues, under fluorescence microscope, HUVECs expressing green fluorescent protein remained in the designed core
channel, and self-assembled endothelial buds in all directions. Furthermore, the results of gRT-PCR show that quantified RNA
expression levels of angiogenesis-related markers ( MMP-9 ) in cells cultured on the Shell-Core scaffolds was significantly higher
(1.55+0.06, P < 0.01) than that in 3D-Mix scaffolds. Conclusions The Shell-Core scaffolds integrating MSCs and HUVECs
demonstrates high structural fidelity and pro-angiogenic capacity, offering a novel strategy for addressing tissue defect repair and
fabricating vascularized engineered organs. This platform further provides a physiologically relevant tissue model for drug testing and
mechanistic investigation of angiogenesis.

[ Key words ] Coaxial 3D bioprinting; Pre-vascularization; Biomimetic design; Mesenchymal stem cell; Angiogenesis;
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W H Aladdin 23 7] o B 75 30 % 20 e 4 ARG I 5] 2
g HBRZEYRE (B BRIARA R, RNA
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GelMA ¥ (i SRR 5% ), SRIG L UERS
BN 0.22 pm M BENE ( Millipore Corp, Burlington,
MA, USA) iF JE GelMA & W, % i 4= ¥ &
K: SR DMEM il 25 IRl (it SRR L
5% )o 435l P78 38 A Py s /K A% 3 A ) 28K B
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W L3 A W 2R ) SR (R e g ) 50 8 3 A% 38
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PRER K VR 3 IR, MR, 1637 CH
5% CO, WRFFEHE T 7RG 3= R 85255
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HBERE ST o Shell-Core SCARHH IS HLVI I 4 3, JF
A3 N TCE AE 24 LA Th R SR 2D PR AR SR
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MFL, T37 CFWHE 5h, MEEENLRBEE
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1.2.7 7 SCIT R Bl S

T VAL 3D 5 AR A A R SR I A A A
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F27d, SHRERBCE RN RNA, WAL 4 R
fiff ( matrix metallopeptidase, MMP ) [1*] Rk,
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o) FEATATED, FERSME R 7 H T30 BidsR
TWLEE, GFP-HUVECSs 4/ 5 %% 1% 22 il 20 i 22 36 53
17 THETE, Dil-MSCs ¥4 BUAE 20 A T 58 18 b
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RFRFEIM RS 7 H .
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B 1 ERRTHEMES AR R 3D FENFIZITAR TR RNNE

Figure 1 Tissue engineering scaffold of a 3D bionic distribution design scaffold for mesenchymal stem cells and human

umbilical vein endothelial cells
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Figure 2 Alma Blue experimental curve graph

23 YRR

20 AE R 4 R R JS 43 o0 I i DMEM
3D-Mix-CM &Y Shell-Core-CM AL 3 24 h, 253 IR,
7 24 h I}, Shell-Core-CM 4t P ) HUVECs %R 45

A

0h

24 h

Y 1R B 5K T 3D-Mix 4 Fll DMEM 41 [ (431.6 +
33.6) wm wvs. (378.7+22.5) wm vs. (302.3 +
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i i qRT-PCR FL3 T Shell-Core 2 42 F1 3D-
Mix 32 28 f MMP-9 JE X (1) ik, 45 2R 7R Shell-
Core %% MMP-9 /) mRNA 3% ik # /& 3D-Mix 41 1Y
(1.55+0.06) 15 (P <0.01), /5 3D 540 X%
Al g g B E MMP-9 i) 33512 #F HUVECs 1iE
B AR (E 4),
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400 -
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Oé\ » C}@'
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Figure 3 3D bionic distribution design of mesenchymal stem cells and human umbilical vein endothelial cells promoted

vascularization of tissue engineering scaffold
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A 3D-Mix

Shell-Core B

1.8 sk
1.6
1.4
1.2
1.0~ pesssss
0.8
0.6
0.4
0.2
0.0 T T

i

MMP9 mRNA Relative Expression

e A ARANEEFRSE 0 F1 7 H 26 WA T Ir WA 04345 ( x 100, F5JLA 200 pm ), Dil-MSCs /R 21 €5, GFP-
HUVECs W5%¢(0; B & MMP-9 i mRNA AHXT ik H04E; P < 0.01,
B4 [@ERRETHEBS ABFERKRN KR 3D (45 HigiH AR TR 28 th ABFEaEk N R MRS B A2

Figure 4 In vitro self-assembly of human umbilical vein endothelial cells in the 3D bionic distribution design tissue

engineering scaffold of mesenchymal stem cells and human umbilical vein endothelial cells
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