Nlrp3 siRNA therapeutics to treat gut microbial metabolite induced cardiovascular injury
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Introduction. Gut microbial metabolites like trimethylamine-N-Oxide (TMAO) have emerged as a novel risk factor for cardiovascular diseases. We have recently demonstrated that TMAO caused upregulation of NLRP3 inflammasome pathway causing cardiovascular injury such as endothelial dysfunction and atherosclerosis.
Aims. We hypothesized that a novel lipid nanoparticles (LNPs) formulation encapsulating NLRP3 siRNA would ameliorate TMAO induced endothelial and vascular injury.
Methods. We formulated LNPs containing NLRP3 siRNA using dilinoleylmethyl-4-dimethylaminobutyrate D-Lin-MC3-DMA (MC3), by solvent injection method, along with helper lipids at different N/P ratios. LNPs were characterized by dynamic light scattering (DLS). Cellular uptake of CY5-siRNA loaded LNPs was examined by flow cytometry and confocal microscopy. The efficacy of our optimal formulation was compared to commercially available lipofectamine reagent. Biocompatibility was measured in endothelial cells (EOMA) which were treated with or without TMAO (60µM) and NLRP3 siRNA loaded LNPs for 24 hours. The effect of NLRP3 siRNA LNPs on inflammasome formation was analyzed by confocal microscopy. Interleukin-1β (IL-1β) and caspase-1 activity were measured by ELISA.
Results. The LNPs were ~150 nm in diameter with greater dispersion < 0.3 and surface charge greater than +15 mV with encapsulation efficiency greater than 80%, (n=8). Stability studies of siRNA loaded LNPs revealed that the LNPs are protected against enzymatic degradation in serum (10% w/v) when incubated at 37°C for 24h. TMAO treatment significantly enhanced IL-1β which was significantly decreased by treating EOMA cells with NLRP3 siRNA LNPs (p<0.05, n=6/group). Confocal analysis showed that NLRP3 siRNA LNPs treatment significantly decreased the colocalization of NLRP3 with ASC and caspase-1 in TMAO treated endothelial cells compared to the control group (p<0.05, n=6/group).
Discussion. NLRP3 siRNA LNPs attenuated the TMAO-induced inflammasome formation and activation as well as significantly decreased the IL-1β production in endothelial cells. Hence, our optimized LNP preparations can be utilized as an ideal system for delivery of NLRP3 siRNA for protection against TMAO-induced endothelial cell injury.
