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Abstract

The immune system exhibits remarkable cellular diversity and functional plasticity, which are essential for maintaining homeostasis and mounting effective responses to disease. This project aims to dissect the dynamic states and lineage relationships of immune cells through integrative single-cell computational approaches. By combining single-cell RNA sequencing (scRNA-seq) with T cell receptor sequencing (TCR-seq) data from human and/or mouse disease models, the project will help to jointly characterize transcriptional programs and clonal dynamics to uncover mechanisms driving immune cell plasticity.

A particular focus will be placed on regulatory T cells (Tregs) in the central nervous system and peripheral tissues, whose functional heterogeneity and adaptability are critical for immune regulation in contexts such as autoimmunity, infection, and cancer. We will apply advanced computational frameworks, including RNA velocity and trajectory inference, to reconstruct differentiation pathways and state transitions. Network-based analyses will identify gene regulatory circuits underlying Treg phenotypic diversity, while cell–cell communication modeling will elucidate interactions within the immune microenvironment. Spatial transcriptomics data will also be incorporated to better characterize the tumor microenvironment. Integration of TCR clonotype information will enable tracking of lineage relationships and clonal expansion patterns, thereby linking antigen specificity to cell-state transitions. Together, these approaches will provide a comprehensive, systems-level understanding of immune cell plasticity, generating new insights into Treg biology and identifying potential therapeutic targets.

Overall, the project will integrate a large set of publicly available datasets with newly generated case studies, demonstrating the broad applicability of the developed computational framework and advancing understanding of the immune system. Computational predictions will be supported and, where possible, validated through collaborations with experimental partners.

