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Abstract: 
Type 1 diabetes (T1D) arises from autoimmune destruction of pancreatic β-cells, with B cells
contributing through antigen presentation and autoantibody production. However, the role of B cell
subsets in early disease remains unclear. We performed scRNA-seq and flow cytometry on PBMCs from
newly- diagnosed T1D patients, their relatives, and healthy controls. scRNA-seq analysis showed that
naïve B cells were expanded in early T1D and exhibited upregulated TCL1A, an AKT coactivator. TCL1A
knockdown suppressed AKT2 phosphorylation, reducing B cell proliferation and survival. NOD mice
mirrored these findings, with elevated naïve B cells and Tcl1a linked to glucose intolerance. We
developed a Tcl1a-targeted siRNA nanodrugs, which could reduce Tcl1a expression and naïve B cell
number, protected β-cell mass, and restored glucose tolerance in NOD mice. Our work suggests that
TCL1A in naïve B cells plays a key role in T1D pathogenesis and demonstrates the therapeutic potential
of precision nanodrugs for early intervention.
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