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Background

Despite major advances in data science and computing, the full promise of data-driven innovation in
medicine remains limited by the quality and relevance of biomedical data. Most preclinical research relies
on animal models that poorly replicate human physiology. As a result, many breakthroughs fail to
translate to clinical success.

The Big Idea

The generation of human-relevant, high-dimensional and scalable data that can fuel computational
intelligence and redefine medical discovery.

Why does this matter? Modernizing the foundation of biomedical data is essential for unlocking the next
generation of predictive and personalized medicine. Creating high-quality, human-relevant data sources
will reduce our dependence on animal models and enable more accurate insights into human health and
disease.

What will you do? We propose to transform bioengineered tissue models, known as microphysiological
systems (MPS), into automated data engines that can produce rich, reproducible and clinically relevant
data sets. These “biological computers” would be used to simulate, measure and decode complex human
biology in ways never before possible.

How will you do it? We will integrate advances in tissue engineering, multi-omics analytics, robotics and
systems engineering to scale up the production and interrogation of MPS platforms. Automation will
ensure reproducibility, while high-dimensional data collection will allow for mechanistic insight and
machine learning-based discovery.

Impact

This effort will redefine preclinical research by enabling models that reflect true human biology. It will
reduce reliance on animal testing and advance FDA-endorsed new alternative methods. The high-value
data generated by these systems will also fuel discovery pipelines and inform clinical decision-making.
Translation opportunities span diagnostics, drug development, biomaterials and regulatory science.
Penn’s strengths in regenerative medicine, robotics and bioinformatics position us to build the future of
data-driven medicine from the ground up.

Learn More


https://biolines.seas.upenn.edu/
https://www.nature.com/articles/s41587-025-02845-z

