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Abstract:
This presentation will highlight advances that my team at the Wyss Institute has made in the engineering
of human “Organ-on-a-Chip” (Organ Chip) microfluidic cultured devices lined by living human cells that
recapitulate organ-level functions as a way to replace animal testing for drug development, mechanistic
discovery, and personalized medicine. I will describe the engineering of multiple human organ chips,
including lung, intestine, kidney, bone marrow, liver, lymph node, and coupled blood-brain barrier and
brain neuronal network chips. By recreating organ-specific physical and chemical microenvironments,
including fluid flow, mechanical motions, oxygen gradients, and the presence of complex living
microbiome, we obtain a level of biomimicry of organ-level functions not possible in other in vitro models.
These Organ Chip models also have been adapted to develop multiple human disease models (e.g.,
pulmonary edema, asthma, COPD, influenza, colitis, environmental enteric dysfunction, lung cancer,
esophageal cancer, radiation toxicity, and rare bone marrow disorders), identify approved drugs that
might potentially be repurposed as COVID19 therapies, and discover new therapeutics. A Bone Marrow
Chip was recently developed that precisely mimics human bone marrow toxicities induced by clinically
relevant (pharmacokinetic) exposures to drugs as well as by radiation exposure, and it also was used to
create personalized models of a rare genetic disorder of the marrow that provided new mechanistic

insight into this disease. In addition, we engineered rat, dog, and human Liver Chips that recapitulate
species-specific drug hepatotoxicities, which could help to replace use of these animals in preclinical drug
development. Organ Chips also have been used recently to expedite repurposing of drugs for COVID-19.
Finally, I will describe how we have integrated multiple Organ Chips into an automated ‘Human Body-onChips’ that enables real-time analysis of cellular responses to pharmaceuticals, chemicals, radiation, and
toxins, as well as quantitative in vitro-to-in vivo extrapolation of human drug pharmacokinetics and
pharmacodynamics.

