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Background
As the global population ages, the demand for interventions that extend healthy lifespan continues to

grow. A hallmark of aging is immunosenescence, the gradual decline of innate and adaptive immunity
combined with chronic, low-grade inflammation. This deterioration heightens susceptibility to infections
and cancer, accelerates organ aging and worsens age-related conditions, making it a major contributor to
morbidity and mortality in older adults. Existing approaches typically manage symptoms of immune
dysfunction rather than addressing its root cause: the aging of hematopoietic stem cells (HSCs), which
give rise to all immune cell types.

The Big Idea
Rejuvenate the aging immune system at its root by developing first-in-class mRNA therapeutics that
restore youthful function to hematopoietic stem cells.

Why does this matter? Aging-related immune decline affects hundreds of millions of people worldwide,
driving vulnerability to disease and limiting the effectiveness of vaccines and cancer therapies.
Rejuvenating immune function at its source could improve health outcomes, extend healthy longevity and
reduce the global healthcare burden.

What will you do? We aim to develop first-in-class, anti-aging mRNA therapeutics that selectively target
aged HSCs using lipid nanoparticles (LNPs). By restoring youthful function to these stem cells, we can
reverse immunosenescence at the cellular source, enabling system-wide immune rejuvenation and
improving responses to infections, cancer and vaccines.

How will you do it? Our approach integrates three aims: aging biology, immunology and advanced drug
delivery. In aim one, high-throughput barcoded LNP screening in young and aged mice will identify bone
marrow-tropic formulations, enhanced by antibody conjugation for aged HSC specificity. In aim two,
MRNAs encoding anti-aging factors such as TERT, IL-4 and IGF1 will be delivered to aged HSCs, with
outcomes measured at molecular, functional and microenvironmental levels. In aim three, optimized
therapies will be tested in cancer immunotherapy and COVID-19 vaccination models to assess restored
immune function.

Impact

This work has the potential to establish a transformative framework for mMRNA-LNP-based anti-aging
therapeutics. By uncovering molecular drivers of HSC aging and strategies for their reversal, the project
could catalyze a new class of precision interventions for geroscience, infectious disease prevention and
oncology. Translation opportunities include licensing and therapeutic development, with the possibility of
creating entirely new markets in anti-aging medicine. This multidisciplinary project draws on Penn’s
world-class expertise in mRNA biology, immunology, aging biology and drug delivery, positioning Penn as
a leader in the emerging field of therapeutic immune rejuvenation. Ultimately, this research could extend
healthy lifespan and reduce age-related disease.
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