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Introduction. The pathogenesis of Alzheimer's disease (AD) is closely related to the dysfunction of microglia. Targeted restoration of microglial function is regarded as a promising strategy for intervening the pathology of AD. However, the current systemic siRNA delivery targeting microglia is limited by the poor permeability of the blood-brain barrier (BBB) and the non-specificity of cell uptake. Therefore, developing efficient microglia-specific drug delivery system represents a promising strategy for the treatment of AD.
Aims. In this study, novel ROCK1 siRNA-encapsulating lipid nanoparticles with enhanced BBB permeability and specific microglial endocytosis were developed with the aim of modulating microglia for AD therapy.
Methods. We synthesized lipid nanoparticles (NP-PS-Bo), where borneol (Bo) mimics the permeation effect of Chinese traditional “orifice-opening” medicine and phosphatidylserine (PS) guides microglia to engulf. In vitro, the delivery efficiency and lysosomal function recovery of siROCK1@NP-PS-Bo were verified using BBB model and BV2 cells. In vivo, its effects on Aβ lesion load and cognitive function were evaluated by systemic injection into APP/PS1 transgenic mice.
Results. The functionalization of Bo significantly enhanced the accumulation of nanoparticles in the mouse brain. The presentation of PS significantly increased the uptake rate of nanoparticles into microglia. Delivery of ROCK1 siRNA (siROCK1@NP-PS-Bo) into microglia achieved potent ROCK1 knockdown, and restored lysosomal proteins (LAMP1, cathepsin B) and degradative capacity. Systemic administration of siROCK1@NP-PS-Bo significantly reduced Aβ load in the brain and improved the spatial learning and recognition memory performance of APP/PS1 mice. RNA-seq and pathway inhibition experiments indicated that Bo effectively promotes BBB permeability by opening tight junctions and enhancing various endocytic and transport pathways, thereby achieving brain-targeted delivery.
Discussion. This study achieved precise editing of microglial genes through the synergistic effect of Bo enhancement of permeability and PS targeting. Specifically knocking down ROCK1 in microglia significantly alleviated Aβ pathology and restored cognitive function, validating the potential value of this strategy in the treatment of AD.
