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Background

The kidney is one of the most complex and least-engineered organs, despite its clinical importance.
One-third of all congenital defects involve the kidney or urinary tract, and chronic kidney disease affects
10% of adults worldwide. Current treatments are limited to dialysis or transplantation, but donor organs
are scarce and dialysis only mitigates symptoms. There are no curative therapies for congenital or chronic
kidney disease, leaving a significant unmet need in regenerative medicine. The unique strength of the
Hughes Lab is to bring a developmental biology perspective to tissue engineering, applying insights from
embryonic kidney formation to guide synthetic tissue construction.

The Big Idea

Regenerate kidney tissue and provide life-changing treatment options for millions of patients with renal
disease.

Why does this matter? Developing functional human kidney tissues could alleviate the burden of organ
shortages and reduce dependence on dialysis.

What will you do? The Lab aims to build transplantable human kidney tissues by mimicking
developmental processes used by embryos. By decoding how nephron and duct networks emerge from
collective cell behaviors, they hope to engineer tissues with high complexity, cell diversity and integration
potential.

How will you do it? The approach, termed 'developmental engineering,' recreates embryonic-like
conditions that drive self-organization of adult stem-cell-derived lineages into kidney structures. This
includes controlling spatial cues, mechanical constraints and biochemical gradients to guide
morphogenesis. Cell patterning and bioprinting methods are used to overcome limits of spontaneous
organization and to construct scalable, connected architectures.

Impact

This work may enable scalable production of functional human kidney tissue for transplantation and
research. It will also expand our understanding of developmental biology and organogenesis. Penn
Engineering provides a unique foundation for this work with strengths in soft materials, biophysics and
mechanobiology. The research aligns with institutional efforts in regenerative medicine and could lead to
commercial applications in diagnostics, drug screening and synthetic organ technologies. Successful
implementation would establish a new paradigm for building organs by mimicking developmental
processes rather than assembling components.
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