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The clinical approval of the first RNA interference (RNAi)-based medicinal product Onpattro® (patisiran) in 2018 and the more recent clinical success of the SARS-CoV-2 messenger RNA (mRNA)-based vaccines (Comirnaty® and Spikevax®) underscore the potential of RNA-based drugs. To be functional, RNA drugs require delivery into the cytosol of target cells. Lipid nanoparticles (LNPs) have become a well-established platform to package, protect and deliver various nucleic acid cargos. The lung is increasingly recognized as an attractive target organ for RNA delivery. However, in spite of many advantages of RNA inhalation therapy, to date no innovative RNA formulations are available for application in the lung. Moreover, the intracellular delivery efficiency of state-of-the-art LNPs remains relatively low. This presentation will describe the repurposing of two distinct cationic amphiphiles, i.e. both low molecular weight cationic amphiphilic drugs (CADs) as well as the lung-related surfactant protein B (SP-B), to improve cellular delivery of RNA drugs for inhalation therapy. 

A variety of pharmacologically diverse CADs was identified to promote cytosolic delivery of siRNA from the endolysosomal compartment through the transient induction of (phospho)lipidosis, lysosomal swelling and lysosomal membrane permeabilization (LMP). More recently, exploiting their ability to integrate in lipid membranes, CADs have been repurposed as both structural and pharmacologically functional components of LNP-like formulations, termed CADosomes and CAD-LNPs, for local delivery of both siRNA and mRNA. As CADs maintain their pharmacological activity upon LNP integration, these formulations provide opportunities for drug combination therapy for the treatment of a variety of pathologies.

While CADs induce an acquired lysosomal storage disease phenotype, the delivery-promoting potential of the endogenous SP-B protein correlates with its ability to fuse with cellular membranes. Hybrid formulations with a polymeric core surrounded by a lung surfactant envelope were developed for RNA delivery, enabling the identification of SP-B as a bonafide RNA delivery enhancer. Our work highlights a strong correlation between SP-B-mediated lipid mixing with anionic endosomal membranes and cytosolic siRNA delivery, a mode-of-action resembling that of certain viruses. Moreover, we could demonstrate that proteolipid SP-B formulations retained stability and biological activity following lyophilization, reconstitution and nebulization, even in the absence of cryo-and lyoprotectants. In this work, also an innovative continuous single vial lyophilization concept based on spin-freezing, was successfully applied in collaboration with the Ghent-based company Rheavita. Finally, several small SP-B-derived peptides were identified that could replicate the RNA delivery promoting activity of the native protein.
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