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Living tissues are intricate ensembles of cells of different types embedded in complex and well defined structures of
extracellular matrix (ECM). Functioning of many cell types in health and disease states can be significantly affected by
naturally occurring nanotopographic structures within the ECM. Compared with the effects of other biochemical matrix-
bound and soluble cues, however, the extent and the importance of nanotopography of the ECM in defining cell behavior is
poorly understood, in part due to almost complete neglect of this factor in most in vitro experimentation.

In this talk, I will present interdisciplinary efforts directed towards better understanding of the role of physical interactions of
living cells with the ECM in regulation of cellular and multi-cellular form and function. Inspired by ultrastructural analysis of
the native tissue, I will focus on three different settings in normal and disease contexts, in which controlling celll ECM
interactions on the nanoscale can have dramatic consequences: cell migration during wound healing, cancer cell invasion, and
cardiac tissue engineering. As novel approaches to address these problems, I will introduce scalable, nanotopographically
controlled models of physiologically relevant and therapeutic tissue constructs including microfabricated epithelial wound
healing model, structurally defined metastatic tumor invasion model, myocardium mimicking the in vivo ventricular
organization, and tissue engineered cardiac stem cell patch. Using these tools in combination with traditional molecular and
cell biology approaches, I will highlight how these nanotopographically-defined cell culture models enabled by micro and
nanotechnologies help to gain better understanding of the fundamental aspects of establishment of cell polarity and guidance
in the contexts of wound healing and cancer metastasis, and allow us to establish general principles for development of more
precise and defined scaffolds for tissue engineering. We propose that controlling cell-material interactions on the nanoscale
can stipulate structure and function on the tissue level, and yield novel insights into in vivo tissue physiology, while providing

scaffolding materials for tissue repair.
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