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Abstract
There remains an unmet clinical need to develop improved therapeutic strategies to
promote vascularized bone regeneration. Transplantation of living bone autograft
remains the clinical gold standard, but clear drawbacks are associated with limited
availability of donor tissue and pain at the harvest site. Devitalized bone allograft and
bone grafting substitutes have been developed as alternative approaches. However,
this technique suffers from limited revascularization leading to failure of the graft to
integrate and remodel. In previous work we have demonstrated that cartilage primed to
undergo endochondral ossification can repair a bone defect by transformation of
chondrocytes into osteoblasts/cytes. In this study we test the hypothesis that the
cartilage matrix alone is sufficient to promote bone regeneration through endochondral
ossification. Our results demonstrate that devitalized cartilage retains sufficient
bioactivity to promote osteogenesis and angiogenesis when grafted into a critical sized
segmental defect in a murine tibia. Devitalized cartilage remodeled more slowly than
living cartilage grafts, but demonstrated significantly better vascular invasion compared
to devitalized bone, suggesting it has the potential to improve clinical outcomes
(FIGURE 1). Using fourier transform infrared spectroscopy (FTIR), cell-based reporter
assays, and ELISA we are characterizing a spectra of cartilage sources to understand
the attributes of the matrix that contribute to its ability to promote or resist endochondral
ossification. This endochondral cartilage matrix is being processed to develop a tissue
engineering approach for therapeutic applications in bone regeneration.
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Bone regeneration after 4 weeks in a murine segmental defect.
(A–C) Trichrome histology demonstrates devitalized cartilage converts to a trabeculated
bone at ~50% the rate living cartilage. (D–F) Integration between the graft and host
shows robust healing in cartilage grafts, but not bone allograft. (G–I) PECAM IHC of
tissue regenerates shows vascular invasion of cartilage grafts, but not bone
allograft. (J) Quantification of blood vessel surface density from PECAM stained
sections.

