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Abstract:

The focus of our work is to understand how normative pathways forimmune tolerance are hijacked in
disease. Progression to metastatic cancer, delivery of a healthy full-term infant, and pulmonary tuberculosis
(TB) each occur when the immune system acquires tolerance to foreign antigens. These programs are
mediated through a spatiotemporal network involving dozens of cell types and multiple organ sites.
Consequently, understanding them requires technical approaches to identify these cell types and their
functions within infact human tissue. To unravel this connection between fissue structure and function, in
2017 we created a new type of ion microscope for high-dimensional subcellular protein imaging of intact
archival human tissue from medical center biobanks. Combining this technology with new reagents,
statistical tools, and deep learning algorithms permitted us to generate the first comprehensive spatial
representations of human tissue where the lineage and functional state of every cell was mapped and
quantified. We have since expanded to a multimodal framework that infegrates spatial proteomics with
spatial transcriptomics and glycomics to understand how immune function is conserved across cancer
(TNBC, DCIS, GBM), infectious disease (HIV, TB), and pregnancy. Just asred, green, and blue can be
mixed to create any color, we think the vast spectrum of tissue immune responses can be broken down
info weighted combinations of a much smaller set of regulatory programs. Our long-tferm goal is fo enable
a new era of anatomic pathology where unified spatial representations can be used to discover regulatory
pathways that can be targeted for diagnostic and therapeutic purposes.
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