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    Abstract
The ability of the extracellular matrix (ECM) to instruct progenitor cell differentiation has generated excitement for the development of materials-based regenerative solutions. We previously described a nanoparticulate mineralized collagen glycosaminoglycan (MC-GAG) material capable of inducing in vivo skull regeneration approaching 60% of the biomechanical properties of native calvarium without exogenous growth factors or ex vivo progenitor cell-priming, suggesting promise as a first-generation material for skull regeneration. Here, we evaluated the contribution of titrating stiffness to osteogenicity by comparing non-crosslinked (NX-MC) and crosslinked (MC) forms of MC-GAG. While both materials were osteogenic, MC demonstrated an increased expression of osteogenic markers and mineralization compared to NX-MC. Both materials were capable of autogenously activating the canonical bone morphogenetic protein receptor (BMPR) signaling pathway with phosphorylation of Smad1/5 (small mothers against decapentaplegic-1/5). However, unlike NX-MC, hMSCs cultured on MC demonstrated significant elevations in the major mechanotransduction mediators YAP (Yes-associated protein) and TAZ (transcriptional coactivator with PDZ-binding motif) expression coincident with β-catenin activation in the canonical Wnt signaling pathway. Inhibition of YAP/TAZ activation reduced osteogenic marker expression, mineralization, and β-catenin activation in MC with a much lesser of an effect on NX-MC. YAP/TAZ inhibition also resulted in a reciprocal increase in Smad1/5 phosphorylation as well as BMP2 expression. Our results indicate that increasing MC-GAG stiffness induces osteogenic differentiation via the mechanotransduction mediators YAP/TAZ and the canonical Wnt signaling pathway, whereas the canonical BMPR signaling pathway is activated in a manner independent of mechanical cues.

Footnotes
	One Sentence Summary: Increasing stiffness of nanoparticulate mineralized collagen scaffolds induces osteogenic differentiation via activation of YAP/TAZ and β-catenin.
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