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Background

Every cell’s identity is shaped not only by its DNA sequence but also by how DNA is folded, packaged
and accessed. Chemical modifications called the epigenetic code determine which genes are expressed.
The cellular microenvironment, including composition, stiffness, viscoelasticity, metabolism and immune
context, critically influences genome regulation. These cues can deform the nucleus, alter chromatin
accessibility and inscribe cellular memory, directing cell fate. When the “regulatory niche” is disrupted by
injury, aging or disease, epigenetic changes can drive pathology. While the rules linking environmental
signals to genome regulation remain unclear, advances in science and technology have made them
discoverable.

The Big Idea
Uncover and control the rules by which environmental signals shape epigenetic programs, enabling
diagnostics and therapies that restore healthy genome regulation.

Why does this matter? How DNA is folded, packaged and accessed, combined with the epigenetic code,
determines gene expression. When stiffness, metabolism or the immune inputs in the cell’s
microenvironment are disrupted, pathology can occur.

What will you do? We will leverage advances in engineered materials, multi-omics, super-resolution
imaging and Al to decode how environmental inputs are converted into chromatin states and cellular
memory. Unlocking these rules could yield new diagnostics, therapies and biomaterials that address not
just chemical but also physical and contextual drivers of disease.

How will you do it? We will pursue an iterative measure — mimic — model — predict — engineer cycle.
Single-cell and spatial omics with super-resolution imaging will capture nuclear and epigenetic states.
Bioengineered microenvironments with tunable stiffness, gradients and immune inputs will mimic health
and disease. Multiscale models and physics-informed Al will predict interventions, and engineered
therapies, from small molecules to immune modulators, will be validated in preclinical studies with Penn
Medicine partners.

Impact

This collaborative effort will map how environmental signals are converted into epigenetic programs,
explaining cellular rapid responses and long-term memory. Penn Engineering, in partnership with Penn
Medicine, will translate these insights into imaging, omics and computational tools for early detection;
biomaterials and therapies to restore genome regulation; and Al-driven discovery platforms for
diagnostics, drug development and precision biomaterials. The work will generate intellectual property,
industry partnerships and potential startups, turning mechanistic understanding into real-world health
impact.

Learn More


https://shenoy.seas.upenn.edu/
https://rajlab.seas.upenn.edu/
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https://pratikac.github.io/
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