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Abstract Objective: To construct a bone tissue engineering material using a 3D-printed artificial bone scaffold composed
of hydroxyapatite (HA) , silk fibroin (SF). and polylactic acid (PLLA), combined with bone morphogenetic protein-7
(BMP-7) and vascular endothelial growth factor (VEGF) dual-transfected mesenchymal stem cells (MSCs) , to repair rab-
bit radial bone defects and observe its bone tissue repair efficacy. Methods: A HA/SF/PLA composite scaffold was fabrica-
ted using 3D printing technology.and its microstructure was observed via scanning electron microscopy (SEM) to assess
porosity and compressive strength. Rabbit MSCs were cultured,and dual-gene transfection of BMP-7 and VEGF was per-
formed.,with gene expression levels monitored post-transfection. The transfected MSCs were co-cultured with the HA/

SF/PLA scaffold and implanted into a rabbit radial bone
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defect model. The study included four groups:control group
with no cells or scaffold, scaffold-only group, MSC-only
group,and scaffold + transfected MSC group. The osteogen-

ic effects were evaluated using alkaline phosphatase (ALP)
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activity » Alizarin Red staining, Micro-CT scanning,and histological staining. Results: Osteogenic activity (ALP activity) :
At all time points,the ALP activity in the scaffold + MSC group was significantly higher than that in the other groups
(P<C0.01). Over time, the ALP activity gradually increased, the scaffold+ MSC group indicating a continuous enhance-
ment of osteogenic activity. Mineralization Level: The scaffold+ MSC group showed a significantly higher percentage of
mineralized area at 4,8,and 12 weeks compared to the other groups (P<C0. 01) ,reaching 71. 9% at 12 weeks,demonstra-
ting a strong bone mineralization capacity. Bone Density: At 12 weeks post-surgery, the bone mineral density (BMD) in
the scaffold+MSC group was 0. 85 g/cm® ,significantly higher than that in the other groups (P <C0. 01),indicating opti-
mal osteogenic performance. Vascularization: The vascular density in the scaffold+ MSC group was significantly higher
than that in the other groups (P<C0. 01). VEGF gene transfection significantly promoted vascular formation, enhancing
the blood supply to the newly formed bone. Osteogenic Gene Expression: At 8 weeks,the expression levels of osteogenic-
related genes (RUNX2,ALP,OCN) in the scaffold+MSC group were significantly higher than those in the other groups
(P<C0.01),further confirming the promoting effect of dual gene transfection on the osteogenesis process. Conclusion : This
study successfully constructed a bone tissue engineering scaffold based on HA/SF/PLA composite material and demon-

strated that BMP-7 and VEGF dual-gene transfection effectively promoted MSC osteogenesis and angiogenesis. This pro-

vides a theoretical foundation for the clinical repair of large bone defects.
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