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[bookmark: _GoBack]Chemical and physical techniques to fabricate uniform nanotopographies have recently become an effective strategy to enhance biomolecule immobilization and cell-material interactions. Sculptured thin film (STF) substrates, fabricated by electron beam facilitated glancing angle physical vapor deposition, consist of nanocolumns ranging in size from the nano- to micro-scales with precise column orientation and spacing. In this work, nanostructured columnar features, such as nanocolumn orientation and density, of titanium (Ti) STFs were investigated for their potential to load fibronectin (FN) within the intercolumnar void spaces of the STFs and to subsequently serve as biomaterial substrates. Generalized ellipsometry was used to characterize FN adsorption to STFs and was able to discriminate between the spatial distribution of adsorbed FN either on top of or within STFs. Substrates with densely packed, vertically oriented nanocolumns were found to enhance FN adsorption two-fold relative to flat surfaces as a function of the increased three-dimensional surface area afforded by the STF nanotopography. Mouse fibroblasts or mouse mesenchymal stem cells (mMSCs) were subsequently cultured on STFs, both with and without FN, and the influences of substrate nanotopography and protein loading were investigated in the context of cell characteristics, including cell adhesion, spreading, viability, and proliferation. Studies of cell adhesion to the various Ti substrates without FN demonstrated that while flat Ti substrates do not support cell attachment, Ti substrates possessing a STF nanotopography can significantly enhance cell adhesion relative to flat Ti substrates. The addition of FN to STFs was only found to enhance cell-material interactions in mMSC cells, demonstrating a cell-dependent response to the addition of FN. The comparisons of trends between the total amount of FN adsorbed to STFs and cell-material responses between substrates containing FN indicate that the substrate nanotopography, not the enhanced amount of FN within STFs, predominantly contributes to the enhancement of cell-material interactions on nanostructured STF substrates. Upon determining the optimal nanotopography for enhancing cell-material interactions, STFs were also used to examine the influences of uniform nanotopographies on the expansion and differentiation of various stem cell lines. These findings demonstrate that nanostructured Ti-STF substrates are biocompatible substrates that enhance cell-surface interactions and the influences of STF nanotopography on cell-material interactions can be applied to the design of nanostructured substrates for the loading of biomolecules and culture of cells for biomaterial, tissue engineering, and diagnostic applications.
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