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ABSTRACT 
The Giuseppe Matarese Lab investigates the molecular basis of immunological tolerance to self, with a particular emphasis towards the intracellular metabolic pathways that regulate this immunological process. The overarching aim is to elucidate how metabolic cues, ranging from nutrient availability to intracellular energy sensors, shape regulatory T cell (Treg) development, stability, and function, to ensure the maintenance of self-tolerance. Using a combination of cutting‑edge in vitro techniques and robust in vivo models, including the Non‑Obese Diabetic (NOD) mouse, a well‑established model of type 1 diabetes (T1D), and the Experimental Autoimmune Encephalomyelitis (EAE) model of multiple sclerosis (MS), we detail how aberrant metabolic programming can destabilize Tregs, promoting autoimmunity. We also incorporate models relevant to obesity‑associated inflammation, testing how excess adiposity and altered nutrient flux impair immune tolerance. Complementary translational studies in human subjects target peripheral blood and tissue‑derived Tregs from subjects with MS, T1D, and obesity. Through multi‑omics analysis, integrating transcriptomics, metabolomics, and functional assays, we define immune‑metabolic signatures associated with disease progression and therapeutic response. In this context, a keystone is the regulation of FOXP3 gene, the master transcription factor governing Treg cell identity. We examine how mTOR and AMPK signaling axes respond to nutrient levels (e.g., glucose, lipids, amino acids), alter FOXP3 expression, and determine Treg lineage stability. Additionally, our investigations extend to fatty acid oxidation, glycolytic flux, mitochondrial biogenesis, and reactive oxygen species as metabolic effectors that directly influence Treg cell suppressive capacity. Collectively, our data have identified several metabolic checkpoints, including nutrient-sensing pathway regulators, that represent actionable targets for restoring or enhancing Treg stability and function. These investigations can potentially pave the way for the design of innovative tolerance-inducing therapies in autoimmune and metabolic disorders.
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