Tailored lipid-polymer nanoparticles for targeted therapeutic nucleic acid delivery to bone marrow 
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Introduction. The delivery of nucleic acid therapeutics to bone tissue is hindered by biological barriers and poor vascularization. Advances in lipid nanoparticle (LNP) technology have revealed that using PEI600 substituted with C15 alkyl lipid (7C1) can achieve bone marrow-specific delivery of siRNA.1 However, the polydisperse nature of PEI600 poses challenges in reproducibility and targeting efficiency. This study explores the use of polyamidoamine (PAMAM) dendrimer-based polymer-lipid hybrids (PLHs) to enhance the bone marrow specificity of LNPs. 
Aims. This research aims to design and synthesize PAMAM dendrimer-based PLHs with controlled architectures and evaluate their potential to improve the delivery of antisense oligonucleotides (ASOs) and eGFP plasmid DNA (pDNA) to bone marrow.
Methods. PAMAM dendrimers of varying generations (G0-G2) were conjugated with lipid tails (C12 or C15) and integrated into LNPs with different PEG surface densities. The LNPs were tested for their ability to complex and deliver ASOs and eGFP pDNA in vitro. Particle size analysis, gel retardation assays, and in vitro transfection studies in HEK293T cells were conducted to evaluate the performance of the formulations.
Results. Particle size was influenced by generation of PAMAM, alkyl lipid length and polymer lipid hybrid molar ratios. Gel retardation assays indicated effective complexation of pDNA and ASOs with LNPs, particularly at higher N/P ratios. In vitro transfection studies revealed that several PLH-LNP formulations matched or exceeded the delivery efficiency of the established 7C1 formulation.
Discussion. The findings suggest that PAMAM dendrimer-based LNPs have significant potential for enhancing targeted delivery of nucleic acid therapeutics to bone marrow. Future studies will focus on in vivo bone targeting efficiency using combinatorial DNA barcoding and single-cell sequencing to assess biodistribution and targeting efficacy.
1 Guimarães, Pedro P. G., et al. PNAS 2023


