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Fecal Microbiota Transplantation Improves Diabetic Kidney Disease by Regulating Gut Tryptophan Metabolism


Aim:
To investigate the role and molecular mechanisms of fecal microbiota transplantation (FMT) in the prevention and treatment of diabetic kidney disease (DKD).

Methods:
This study was conducted at three levels: human, animal, and cellular. First, fecal metagenomics, serum metabolomics, and targeted tryptophan quantification were used to characterize changes in gut microbiota composition and serum metabolic flux in DKD patients and db/db mice. Next, an 18-week FMT intervention was performed, with dynamic assessments of glucose and lipid metabolism, intestinal barrier integrity, renal function, and inflammatory cytokines. Renal transcriptome sequencing and pathological analyses were also conducted. Finally, molecular biological techniques, including Western blotting, co-immunoprecipitation, luciferase reporter assays, and gene overexpression/knockdown, were employed to elucidate the mechanisms underlying the therapeutic effects of FMT on DKD.

Results: 
1) FMT improved glucose and lipid metabolism disorders, restored intestinal barrier structure and function, reduced urinary microalbumin levels, delayed renal function decline, and alleviated renal inflammation in db/db mice. 2) FMT reversed gut microbiota dysbiosis in db/db mice, particularly affecting bacteria involved in tryptophan metabolism, and significantly altered serum tryptophan metabolic flux. 3) In DKD, serum indole-3-acetic acid (IAA) levels were significantly elevated and closely correlated with metabolic abnormalities and renal dysfunction. IAA intervention enhanced NEMO SUMOylation, leading to NF-κB pathway activation and exacerbated renal inflammation. 4) FMT significantly reduced IAA production, suppressed the miR-145a-5p/SENP2 signaling axis, and decreased NEMO SUMOylation, thereby attenuating excessive activation of the NF-κB inflammatory signaling pathway.

Conclusion:
FMT ameliorates DKD by correcting intestinal tryptophan metabolic disturbances, significantly reducing pathological metabolite IAA, suppressing miR-145a-5p overexpression, restoring SENP2 activity, decreasing NEMO SUMOylation, and ultimately inhibiting NF-κB-mediated renal inflammation.
