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A. Personal Statement

With rapid advancements in genomics technology, the field of immunology faces unprecedented opportunities
to decipher the pathophysiological basis of human disease. In this context, we leverage insights gleaned from

human genetics to identify key pathways underlying inflammatory bowel disease (IBD). Specifically, we have
adopted a multidisciplinary approach to studying IBD that is comprised of (1) single-cell genomics, (2)
functional genetic screens to place genes in immune pathways, (3) multi'omic platforms for deep mechanistic
characterization of gene function, (4) developing mouse models to discern gene function in the context of
complex pathological responses in vivo, and (5) identification of novel targets for therapeutic development.
Collectively, our work has contributed to the understanding of inflammatory signal transduction pathways that
elicit innate effector mechanisms (oxidative burst, natural cytotoxicity) and acquisition of adaptive immunity
(antigen presentation, T cell differentiation). This work serves to advance the systematic integration of cell
circuits that coordinate innate and adaptive immunity within the gut mucosa.
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C. Contribution to Science

1. Antimicrobial defense. Genetic studies have highlighted several antibacterial defense mechanisms
associated with risk for IBD. However, establishing the immunologic basis of risk-association requires
extensive functional characterization. We have contributed novel insights into regulation of the phagocyte
oxidative burst and interactions between the innate immune system and bacterial pathogens/commensals.
Specifically, our work helped establish a new paradigm in which receptors associated with immunoreceptor
tyrosine based activation motifs (ITAMs) constitute a core signaling module that converges with several
distinct pathogen sensing receptors. Here, integrin-dependent ITAM signaling through Vav and PLC-y2
represents the central activation pathway for phagocyte oxidative burst triggered by TLR ligands and
cytokines. Further extending this work, we have identified key signaling nodes that negatively regulate
oxidative burst by acting at the level of transcription, metabolism, and ubiquitin cycling. Collectively, this
work has shed new light on both positive and negative regulation of phagocyte oxidative burst and host
defense. Our ongoing work aims to identify novel mechanisms regulating innate immunity.
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2. Antigen presentation. The HLA locus dominates risk associations for multiple autoimmune diseases, and
clearly implicates antigen presentation in disease pathogenesis. As our understanding of the cell biology of
antigen processing has progressed, insights into the molecular pathways that control these processes have
lagged behind. In recent studies, we have identified a key role for ITAM signalling in phagosomal



acidification and processing of exogenous antigens through the proteosomal system during MHCI cross-
presentation and CD8 T cell priming. In addition, our work identified a novel role for ITAM signaling and the
WASH-retromer complex in CD4 T cell priming. Impaired recycling of MHCII through the retromer pathway
leads to rapid lysosomal degradation of peptide-MHCII complexes and severely diminished T cell
responses in several models of autoimmunity. Our ongoing functional genetic screens focus on
mechanisms of cross-presentation and MHCII presentation.
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3. Lymphocyte differentiation and functional specialization. Adaptive immunity confers long-term reactivity to
commensal microorganisms in IBD, which underlies the relapsing-remitting nature of disease that is so
difficult to treat. However, we have an incomplete understanding of the pathways that govern acquisition of
adaptive immunity versus tolerance. In recent studies, we have identified that the DIg1 polarity complex
controls development of T cell memory by differentially regulating cell cycle progression versus
differentiation. Moreover, we discovered that T cell activation and subsequent entry into the cell cycle
requires activation of Vav guanine nucleotide exchange factors to coordinate TCR signaling with
cytoskeletal rearrangements that stabilize the immune synapse. In this context, T cell activation through the
core TCR signaling pathway is fine-tuned by costimulatory and immunomodulatory receptors. Towards
deciphering mechanisms of costimulation, we dissected CD28 signaling motifs to demonstrate cooperative
pathway activation and multiple levels of redundancy with respect to augmentation of TCR signaling. In
addition to the canonical CD28 costimulatory pathway, several distinct receptors modulate T cell activation.
We demonstrated that the SLAM family member Ly9, which is located within an autoimmune risk locus,
controls the balance of Th1/Th2 differentiation in CD4 T cells. Our ongoing work aims to elucidate
pathways underlying T cell memory versus tolerance and to identify commensal antigens that drive
pathological T cell responses in mucosal tissues.
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