Itaconate Inhibits Macrophage-Mediated Trained Immunity to Improve Diabetic Kidney Disease
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Abstract 
Aims:  Diabetic kidney disease (DKD) is driven by hyperglycemia-induced "metabolic memory" and macrophage-mediated inflammation. It has been found that innate immune cells can form immune memory when exposed to certain stimuli, and a stronger immune response occurs when stimulated again. This "trained immunity" plays an important role in the pathogenesis of inflammatory related diseases. However, its specific role in DKD remains elusive. This study investigates how high glucose regulates macrophage trained immunity via the histone demethylase JMJD1c. Furthermore, we evaluate whether itaconate can reverse this training and alleviate renal injury by inhibiting succinate dehydrogenase (SDH).

Methods: We treated db/db mice with 4-octyl Itaconate (4-OI) to assess renal injury, macrophage phenotypes, epigenetic markers (H3K4me3, H3K27ac), and cGAS/STING signaling. Single-cell sequencing was performed on kidney tissues. In vitro, a high-glucose "double-hit" macrophage training model was established. Mechanisms involving 4-OI to trained macrophage were investigated using Western blot, Seahorse, and other molecular techniques.

Results: 4-OI ameliorates renal injury in db/db mice by reducing H3K4me3 and H3K27ac expression, inhibiting the TCA cycle and mitochondria dysfunction, thereby converting renal macrophages from pro-inflammatory to anti-inflammatory states. Single-cell sequencing revealed that JMJD1c is closely associated with 4-OI regulation of DKD. In RAW264.7 macrophages, the high-glucose “secondary hit” macrophage training model downregulates JMJD1c expression while increasing H3K4me3 and H3K27ac levels. 4-OI inhibits H3K4me3 and H3K27ac protein expression by suppressing SDHaf1-mediated JMJD1c elevation. Knockout of JMJD1c exacerbates high-glucose-induced macrophage training immunity and promotes enhanced pro-inflammatory polarization in trained immune macrophages.

Conclusion: Diabetes-related pathogenic factors induce renal injury through macrophage-mediated trained Immunity. Exogenous supplementation of the itaconate derivative 4-OI reprograms TCA cycle energy metabolism by inhibiting SDH activity, thereby improving mitochondrial dysfunction. It also mediates macrophage polarization from pro-inflammatory to anti-inflammatory states through JMJD1c-mediated epigenetic reprogramming. As an endogenous immunomodulatory metabolite, Itaconate holds potential for clinical translation.






























