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Abstract 
Engineering vascularized bone tissue for scaffolding and repairing remains a significant clinical problem. We 
are developing systems biology approaches to optimizing the temporal combinations of growth factor release 
from the engineering vessel grafted 3D scaffolds for in-vivo Bone regeneration (sBone system). 1) Using the 
classical BMP2/IGF1 dual-growth-factor temporal combination system as the biological model, our systems 
biology research, supported by coordinated experiments and multi-scale bio-assay and high-throughput 
screening, demonstrated the induction of Smad1/2 signaling pathways of MSCs by BMP2, which gradually 
remodels the expression pattern of Runx2 and Osx pathways, and thus sensitizes MSCs to the late IGF1 
cue. We also engineered the BMP2/IGF1 dual controlled release bone scaffolds and proved the hypothesis 
remains valid for the bone regeneration in 3D macro-porous β-calcium phosphate (TCP) scaffolds. 2) To 
address the challenge of vascularization, we used a unique electrochemical cell detachment technique (EDT) 
to rapidly engineer a capillary-like vessel by detaching a human umbilical vein endothelial cell (HUVEC) layer 
from a solid rod to generate a hollow lumen with structural integrity, and transferred it to a centrally channeled, 
macro- porous VEGF-releasing TCP scaffold. 3) We recently have developed novel 3D multi-scale system 
models to study the effects of temporal combination of growth factors controlled by the gelatin micro-beads 
releasing system and the vascularization events from the pre-embedded HUVEC central channels of macro-
porous TCP scaffolds and the effects on bone regeneration. Our preliminary studies indicate that the 3D 
multi-scale models can be potentially applied to predict vascularized bone regeneration with specific growth 
factor combinations and scaffold designs.  
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