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Abstract

The field of tissue engineering has evolved to develop functional substitutes for damaged tissues using combinations of cells,
scaffolding materials and signaling molecules. Despite great promise, there exist important challenges to creating off‐the‐shelf
engineered tissues. One important hurdle is our insufficient understanding of the molecular mechanisms associated with cell‐
extracellular matrix interactions. Another challenge lies in the development of biomaterials that not only mimic the structure
of natural tissues but also allow for the formation and infiltration of blood vessels. To address these challenges, we have taken
an integrated approach with three components. The first component of our work included the control of host macrophage
phenotype through natural and physiological interventions to switch pro‐inflammatory behavior to a pro‐angiogenic
phenotype. The second component of our research dealt with understanding the underlying mechanisms by which stem cells
sense and respond to external microenvironmental cues. In this context, we engineered platforms capable of parsing the
combinatorial effects of matrix elasticity, cell shape, and cell size on lineage specification of stem cells. The third component of
our work focused on development of no‐viral gene delivery carriers based on the use of carbon nanotubes with tunable
chemistry and gene release profile to control cellular fate at the intercellular level. I will discuss how our findings advance the
current understanding of the complex mechanisms behind tissue formation in biomaterials and cell‐material interactions and
provide potential design strategies for regenerative medicine.
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