A "Matryoshka"-like delivery platform: microparticles-based microneedles
encapsulating mRNA vaccine
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Vaccines prevent 3.5-5 million deaths annually; however, their effectiveness is hindered by cold
chain constraints and needle phobia. Microneedles (MNs) offer a minimally invasive and cold-chain
independent alternative, targeting skin antigen-presenting cells (APCs) and reducing dose
requirements'. Nanoparticles (NPs) and microparticles (MPs) protect mRNA and enable controlled
release, potentially reducing the need for booster doses?.

To improve mRNA vaccine delivery, we developed a bicompartmental “Matryoshka-like” MN patch,
combining rapid and sustained release. The MNs tips, made of PVP/HA, provide immediate release,
while the body cavities filled with porous PLGA MPs? determine the controlled release of mRNA lipid
nanoparticles (LNPs). The delivery platform was morphologically characterized by SEM and confocal
microscopy and tested in an innovative optically accessible skin-on-a-chip platform based on a
Human Dermal Equivalent (HDE) 3D model®. The HDE is characterized by advanced architecture and
cellular complexity, providing superior insights into transdermal delivery and tissue interaction.
Furthermore, the optically accessible device enabled real-time monitoring of GFP expression in live
samples. Fluorescence imaging confirmed sustained GFP expression over time, indicating efficient
cellular uptake.

The “Matryoshka-like” system demonstrated promising potential for mRNA vaccine delivery,
addressing key limitations of traditional vaccination methods. This dual-compartment system
ensures rapid uptake via the MN tip and prolonged release via MPs, potentially minimizing the need
of booster doses and enhancing immunogenicity. Overall, our findings highlight the potential of MPs-
based MNs as a novel and efficient mRNA vaccine delivery platform, paving the way for further
optimization and clinical translation. Ongoing experiments aim to validate this system in a more
complex 3D model integrating the stratum corneum and the APCs.
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