Hypothalamic inflammasome controls atrial fibrillation triggered by obesity
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Introduction. Obesity has a significant impact on the risk of developing metabolic disorders, which, in turn, can lead to the cardiovascular events such as atrial fibrillation (AF). Hypothalamus is the critical brain region responsible for regulating energy homeostasis, which is achieved by balancing the levels of food intake and energy expenditure. Hypothalamic inflammation has been linked to a variety of metabolic disorders. 
Aims. Building on this, we developed a nanobiomedicine-based approach utilizing neuron-specific small extracellular vesicles (sEVs) to deliver a plasmid encoding a dominant-negative mutant of NLRP3 (NLRP3-DN) specifically to SF1 neurons within the ventromedial hypothalamus (VMH) via intravenous administration. sEV-driven approach, allowing hypothalamic NLRP3 specific neuronal-targeting, introduces a new strategy to manipulate body weight and eventually limit obesity expansion and cardiovascular events such as AF.
Methods and Results. Dendritic cells transfected with the Lamp2b-RVG plasmid showed increased Lamp2b expression and successful integration, with vesicle integrity intact. Neuronal-targeted sEVs, confirmed by NTA and electron microscopy, successfully incorporated SF1-NLRP3-DN without altering their morphology. In obese ApoE KO mice on a high-fat diet (HFD), SF1-NLRP3-DN-loaded sEVs caused slight weight reduction without affecting food intake. This was linked to reduced energy efficiency but unchanged glucose tolerance. SF1-NLRP3-DN-loaded sEVs increased brown adipose tissue (BAT) temperature and thermogenic protein expression. No significant changes in blood pressure or echocardiographic parameters were observed. In a study of AF susceptibility, HFD mice treated with SF1-NLRP3-DN-loaded sEVs showed reduced AF incidence and prolonged P wave duration compared to control sEVs. Telemetric monitoring of AF in HFD-fed ApoE KO mice revealed reduced arrhythmias and improved heart rate variability with SF1-NLRP3-DN-loaded sEVs, indicating lower AF risk.
Discussion. Hypothalamic NLRP3 contributes to cardiac arrhythmias in obese mice. SF1-NLRP3-DN-loaded sEVs caused slight weight loss without changing food intake, accompanied by increased BAT temperature and higher thermogenesis protein expression. Administering SF1-NLRP3-DN-loaded sEVs into the VMH reduced cardiac arrhythmias and atrial fibrillation in obese mice, improving sympathovagal balance and cardiac adaptability. This suggests a potential treatment for obesity-related cardiac arrhythmias.
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