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Abstract (2000 characters)

Diabetic kidney disease (DKD) is a complication of type 2 diabetes and the main cause of
progression to end-stage renal disease. Among the molecular mechanisms involved, lysine-63
ubiquitination, regulated by the UBE2vl gene and miR-27b-3p, plays a key role in driving
tubulointerstitial fibrosis. This study aimed to develop innovative RNA-based nanotherapeutics to
modulate this pathway.

To this end, we engineered lipid nanoparticles (LNPs) through microfluidic mixing using ionizable
cationic lipids, cholesterol, helper lipids, and PEG-lipids. LNPs were optimized for size (100-120
nm) and nucleic acid encapsulation efficiency. They were labeled with rhodamine and loaded with
either an siRNA targeting UBE2v1 or a miRNA mimic of miR-27b-3p.

In vitro fluorescence microscopy analysis confirmed that rhodamine-labeled LNPs effectively
penetrated HK2 renal tubular cells and localized in the cytoplasm. The LNPs exhibited no
cytotoxicity, demonstrating biocompatibility across a concentration range 15-70 nM. Delivery
efficacy was confirmed by significant UBE2v1l downregulation under hyperglycemic conditions,
both at the transcriptional (p<107° for siRNA-LNPs; p<0.05 for miRNA-LNPs) and translational level
(p<0.001 for siRNA-LNPs; p<0.05 for miRNA-LNPs).

In vivo, LNPs were tested in diabetic DBA2J mice. Analysis of various administration routes
(intraperitoneal, subcutaneous, retro-orbital) and time points revealed that intraperitoneal
injection ensured the most efficient renal delivery of fluorescent LNPs. Histological evaluation
showed no significant inflammatory infiltration or tissue damage. Finally, treatment with siRNA-
LNPs (three i.p. injections on alternate days at 1 mg/kg/day) significantly reduced renal UBE2v1
expression (p<0.05).

In conclusion, our findings support the potential of gene therapy as a novel strategy to counteract
fibrosis progression in DKD by targeting lysine-63 ubiquitination. Further studies will be required
to validate this approach in clinical trials.



