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Abstract
The immune system offers powerful opportunities for treating cancer, infectious disease, and other complex disorders,

but realizing this potential requires precise control over where, when, and in which cells therapeutic cargos and
signals are delivered. Advances in gene delivery and biomaterials engineering are creating new ways to manipulate
these interactions and program immune responses for therapeutic benefit. In this seminar, | will discuss our efforts
to engineer delivery systems across multiple scales, from nanoparticles that control intracellular delivery to
biomaterial microenvironments that regulate local interactions among therapeutic vectors, immune cells, and tissues.
Much of this work has been motivated by cancer immunotherapy, where the ability to generate potent immune
responses while controlling their spatial distribution and systemic exposure remains an important challenge.

Lipid nanoparticles provide a versatile platform for delivering nucleic acids and programming cellular function, while
engineering their composition and structure can alter interactions with biological systems and expand their
therapeutic applications. Beyond individual nanoparticles, we are exploring engineered composite materials as
localized immune niches that spatially organize gene delivery and immune modulation. By integrating lipid
nanoparticles or adeno-associated viral vectors within these microenvironments, we seek to achieve sustained and
localized control over therapeutic gene expression and host responses, with applications in cancer and other diseases
requiring targeted immune modulation. Together, these approaches illustrate a broader vision for therapeutic
immunoengineering in which delivery vehicles and tissue microenvironments are designed in concert to control the

spatial, cellular, and temporal dimensions of immune modulation.
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