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Abstract:
Titanium (Ti) is of particular interest as a biomaterial due to its potential use in pro-healing
vascular stents. To remain effective over an extended period, vascular stents must promote surface
re-endothelialization. The native vascular endothelium is anchored onto a nanofibrous basement
membrane scaffold, with the scaffold topography believed to strongly regulate cell behavior. Thus, to
enhance the potential for stent re-endothelialization, we sought to mimic the topographical features of
native endothelial basement membrane by fabricating micro- and nano- patterned topography on Ti
biomaterial. Using our novel Ti deep reactive ion etching (Ti DRIE) technique, we here report successful
fabrication of surface gratings with groove widths down to 500 nm. This is the smallest feature size
achieved to date on a bare metal. Next, we evaluated the behavior of cultured human endothelial cells
(HEC) cultured on these Ti substrates. We observe that HEC proliferation on these substrates increases
considerably with decreasing feature sizes (p-value=0.001 for HECs cultured on 500 nm when
compared to those cultured on unpatterned substrates). Notably, response on all patterns is typically
greater than the unpatterned control. Importantly, this preferential cell proliferation on sub-micron
grooves correlates with more favorable cellular morphology and cytoskeletal structure, as evidenced by
significant elongation and alignment along the grating axis. These preliminary findings of endothelial
cell response on patterned Ti surface are consistent with previous reports of cell behavior on patterned
polymeric substrates, thus underscoring the usefulness and fidelity of our unique Ti DRIE fabrication
technique. Work is underway to obtain a deeper understanding of the effects of sub-micron patterned
Ti substrates on endothelial cells as it has important implications for the development effective
vascular stents and cardiovascular implants.
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