Lymphatics are a major absorption pathway for mRNA-lipid nanoparticles following subcutaneous administration
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Introduction. mRNA–lipid nanoparticle (LNP) technology has rapidly become a prominent and versatile platform to develop vaccines as well as protein replacement and gene therapies. However, there are very few quantitative studies characterizing the pharmacokinetics (PK), lymphatic uptake, and biodistribution of all mRNA-LNP components.
Aim. To determine the plasma PK, thoracic lymphatic uptake, and biodistribution of mRNA, lipids, and protein in rats following intravenous (IV) and subcutaneous (SC) administration of three common LNP formulations (SM-102, MC3, and ALC-0315) containing a reporter mRNA (muGFP-P2A-nLuc).
Methods. The mRNA-LNPs were administered IV or SC to rats with plasma and/or lymph, and tissue samples collected at set time points. mRNA and lipids concentrations in plasma and lymph were quantitatively analysed by RT-qPCR and LC-MS, respectively. Tissue-specific expression of luciferase was measured via a luminescence assay.
Results. The plasma PK showed mRNA exposure of 0.1–1 ng/mL and a half-life of >3 h following SC administration of SM-102 and MC3 LNPs, with absolute bioavailability <1% of dose. In contrast, the ionizable and PEG lipids exhibited higher exposure, longer retention times, and greater bioavailability than the encapsulated mRNA. The lymphatic transport study found higher cumulative transport of mRNA, ionizable lipids, and PEG lipids in thoracic lymph compared with their systemic bioavailability in plasma. The mRNA concentrations in lymph were 10–1000-fold higher than in plasma, suggesting that lymphatics were the major route of absorption of mRNA LNPs. After both IV and SC administration, protein expression was predominantly detected in the liver and spleen for all formulations. SC dosing produced greater local protein expression at the injection site and in the draining lymph nodes.
Discussion. These findings provide important insights into the plasma PK, lymphatic transport, and tissue-specific protein expression of mRNA-LNPs. The results demonstrate that the LNP formulation significantly influences plasma PK and tissue biodistribution, with marked discrepancies between mRNA and lipid components in PK. Lymphatic transport is the main absorption route following SC injection of mRNA-LNP formulations. 
