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What happens when materials are designed to interact with living cells, respond to their environment, 
and help us understand disease? This talk explores three connected frontiers of bioengineering. First, 
smart nanomaterials can carry therapeutic agents, influence cellular responses, and open new 
possibilities for more targeted treatments [1]. Second, organs-on-chip recreate key features of human 
tissues in miniature, offering ways to study disease and test interventions in settings that better 
reflect the body [2]. Third, experiments in microgravity reveal how cells and tissues change beyond 
Earth, providing insights into astronaut health and fundamental biological processes [3, 4]. Drawing 
on research conducted both in the laboratory and aboard the International Space Station, the talk will 
show how these approaches can inform one another: advanced tissue models help us investigate the 
effects of spaceflight, while the challenges of space inspire new tools for medicine on Earth. Together, 
nanomedicine, organs-on-chip, and space research illustrate how intelligent materials may bring us 
closer to more precise therapies and a deeper understanding of human health. 
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