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Introduction. Systemic lupus erythematosus (SLE) is characterized by pathogenic autoantibodies and chronic inflammation. Although extracellular adenosine triphosphate (ATP) is classically viewed as a pro-inflammatory damage signal, pharmacologic ATP exposure may elicit distinct immunoregulatory outcomes via metabolic reprogramming and engagement of stress and metabolic checkpoints.
Aims. To evaluate ATP-driven immunomodulation in SLE, delineate ATP-associated B-cell transcriptional programs, and assess therapeutic efficacy in a lupus-prone mouse model.
Methods. Peripheral blood mononuclear cells (PBMCs) from SLE patients were stimulated to generate antibody-secreting cells (ASCs) and treated with graded ATP; dsDNA-specific ASCs were quantified by ELISPOT. In parallel, MRL/lpr splenic mononuclear cells were cultured with graded ATP and analyzed by flow cytometry for B-cell differentiation subsets. In vivo, MRL/lpr mice received ATP (100 mg/kg, i.p.) once daily for 8 weeks, with prednisone (5 mg/kg, i.p.) as control; plasma anti-dsDNA and total IgG concentrations, renal immune-complex deposition, and histopathology were assessed. Purified splenic CD19⁺ B cells were treated ex vivo with ATP vs vehicle for RNA-seq and pathway enrichment.
Results. In SLE PBMC cultures, ATP dose-dependently reduced dsDNA-specific ASCs. Flow cytometry of murine splenocytes revealed that germinal center–like B cells (B220⁺GL7⁺) decreased, whereas CXCR4⁺IgA⁺ plasmablasts increased with increasing ATP concentrations. In MRL/lpr mice, ATP lowered plasma anti-dsDNA and IgG concentrations, reduced renal immune-complex deposition, and alleviated glomerular injury. Transcriptomics implicated an mTORC1-linked checkpoint, characterized by repression of anabolic programs and activation of Transcription Factor EB (TFEB)-driven autophagy.
Discussion. Our findings suggest a dose-dependent immunometabolic switch: distinct from classical pro-inflammatory signaling, pharmacologic ATP engages an mTORC1-associated checkpoint that constrains B-cell hyperactivation. By enforcing a shift toward IgA-skewed differentiation, this strategy highlights the purinergic–metabolic axis as a novel therapeutic avenue for SLE.
