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Summary/Abstract: As a preliminary study, we have demonstrated the effect of soluble calcium
(Ca*") concentration on cell viability and transfection efficiency when combined with
polyethyleneimine (PEI)-plasmid DNA complexes. This combination can be specifically applied
to further enhance the differentiation of bone mesenchymal stem cells (BMSCs) by using the
combination of PEI-plasmid bone morphogenetic protein 2 (PEI-pBMP-2) and altered Ca’* as
compared with PEI-pBMP-2 alone. The osteogenic potential of combining matrices and protein
growth factors has been well documented, however, improvements are necessary to achieve
optimal therapeutic benefits upon clinical translation. In our main study, gene-activated matrices
(GAMs) have been tested for bone regeneration in vitro and in vivo using rat calvarial defect
model. Both in vitro and in vivo studies were performed to determine the optimal mode of gene
delivery. After 6 weeks, the calvarial defects were retrieved to assess bone formation and tissue
quality through histological and micro-CT analyses. The optimal GAM was PEI-pDNA
complexes embedded in the calcium phosphate coating produced by SBF, which increased total
bone formation by 39% compared to 19% for control samples. A follow up in vivo study was
performed to optimize the ratio of growth factors included in the GAM. The optimal ratio of
pBMP-2 to pFGF-2 was determined to be 5:3 in terms of bone formation after 6 weeks of
implantation. These studies demonstrated that collagen matrices biomimetically mineralized and
activated with plasmids encoding FGF-2 and BMP-2 can optimally improve bone regeneration
outcomes.
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