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Phase-changing Peptide Nanoemulsions Enabling Real-time Imaging of Macrophages /In situ

Inhye Kim (2213]), ipk5141@psu.edu
(Biomedical Engineering Department, The Pennsylvania State University)

ABSTRACT : Macrophages are innate immune cells that are crucial to defending against infectious disease,
repairing damaged tissues, and modulating inflammatory pathologies. These diverse roles have attracted recent
attention towards engineering macrophages for diagnostic and pharmacologic applications, particularly
cell-based immunotherapies. However, realizing the full potential of macrophages requires parallel advances in
imaging technologies that can monitor the migration of these cells within tissues in a non-invasive, real-time, and
long-term manner. Such innovations would allow us to better predict therapeutic efficacy, understand variability
in patient responses, and enable early intervention of adverse events. This talk will cover phase-changing nano-
emulsions that can be readily taken up by macrophages and generate echogenic microbubbles upon ultrasound
exposure, enabling real-time imaging of the labeled immune cells in situ. The contrast agent is prepared using a
de novo designed peptide emulsifier that stabilizes ultrasound-sensitive liquid perfluorocarbon nanodroplets in
water, and is designed to rapidly bind to, and be internalized by, macrophages. A rational control over the interfa-
cial assembly of the peptide emulsifier affords formulations with tunable acoustic sensitivity, macrophage
uptake, and in cellulo stability. The emulsion-loaded macrophages can be visualized using standard diagnostic
B-mode and Doppler ultrasound modalities without compromising cellular viability. This allows on-demand and
real-time tracking of macrophages within porcine coronary arteries, as an exemplary model. These results sug-
gest this platform is poised to open new opportunities for non-invasive, contrast-enhanced imaging of cell-based
immunotherapies in tissues while leveraging the low-cost, portable, and safe nature of diagnostic ultrasound.
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