Treg-selective IL-2 mutant fusion protein attenuates lupus in mice
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Introduction. Regulatory T cell (Treg) deficiency and dysfunction contribute to systemic lupus erythematosus (SLE) pathogenesis. Exogenous IL-2 can expand Tregs but simultaneously activates conventional T cells (Tcon), limiting its therapeutic utility. A Treg-selective IL-2 variant that avoids Tcon activation remains an unmet need.

Aims. To computationally screen IL-2 mutants with minimal Tcon activation, conjugate the optimized variant to an ICOSL fusion protein that blocks both ICOS and CD28 costimulation, and evaluate therapeutic efficacy in SLE.
Methods. AI-driven protein design combined with structural modeling and free energy screening was used to generate IL-2 variant candidates. Variants were ranked by minimal Tcon activation while preserving Treg trimeric receptor (IL-2Rαβγ) engagement, and the lead sequence was conjugated to an ICOSL fusion protein. Treg expansion, Tcon suppression and B cell ICOSL expression were assessed in human PBMC assays. Pharmacokinetics (half-life, Tmax, AUC) were evaluated following subcutaneous injection. Therapeutic efficacy was assessed in SLE mice by monitoring anti-dsDNA antibodies, Treg proportions, Tfh expansion and renal histopathology.
Results. The IL-2 mutant–ICOSL fusion conjugate demonstrated enhanced stability with a 26-fold increase in AUC over wild-type IL-2. In vitro, it selectively expanded Tregs while suppressing Tcon proliferation and reducing B cell ICOSL expression. Fluorescence-labeled tracking confirmed improved biodistribution. In SLE mice, the conjugate significantly reduced anti-dsDNA antibodies, suppressed aberrant Tfh expansion, and attenuated renal inflammation.

Discussion. Screening IL-2 mutants for minimal Tcon activation followed by conjugation to an ICOSL-blocking fusion protein yields a dual-action molecule that simultaneously expands Tregs and disrupts ICOS/CD28 costimulatory pathways. This strategy demonstrates therapeutic efficacy in murine lupus and offers a precision approach to autoimmune immunomodulation.
