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Research on Non-Invasive Advanced Transdermal Delivery Technology as an Alternative to Injections
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Summary of Research Findings

This study aims to establish a novel transdermal drug delivery platform that enables the administration of biopharmaceuticals,
such as nucleic acid therapeutics and peptide drugs, via the skin (e.g., topical or patch formulations) instead of conventional
injections. Although biopharmaceuticals exhibit high therapeutic specificity and efficacy, their clinical use is often limited by
poor membrane permeability and instability in biological environments, necessitating invasive administration routes. Such
limitations impose a burden on patients and reduce treatment adherence, highlighting the importance of developing non-

invasive and patient-friendly delivery strategies.

To address this issue, we developed a transdermal delivery system based on Solid-in-Oil (S/O) technology, in which solid
drug molecules are nanosized and dispersed in an oil phase using suitable surfactants. This system enhances the skin
permeability of hydrophilic macromolecules while also providing sustained drug release. In this study, we extended the S/O
platform to middle-molecular-weight therapeutics and nucleic acid drugs, aiming to establish a completely non-invasive

delivery approach with broad applicability.

First, we investigated its application to peptide therapeutics, focusing on GLP-1 receptor agonists used for the treatment of
type 2 diabetes. Among the candidates examined, liraglutide was identified as the most suitable compound for stable S/O
formulation. In a diabetic mouse model, transdermal administration of this formulation produced significant glucose-lowering
effects comparable to those of injection, while exhibiting a more sustained pharmacological response. A reduction in food
intake was also observed, indicating that the biological activity of the peptide was well preserved during formulation and
delivery. These findings demonstrate the potential of S/O technology as a long-acting transdermal delivery system for peptide
drugs.

Next, we applied this platform to nucleic acid therapeutics. We developed an S/O formulation (IL-S/O) using lipid-derived
ionic liquids as functional surfactants to enhance both skin permeability and intracellular delivery. Using an antisense
oligonucleotide targeting TGF-B2 as a model compound, transdermal administration in tumor-bearing mice significantly
increased drug accumulation in tumor tissues and effectively suppressed target protein expression. Importantly, tumor growth
inhibition was comparable to that achieved by conventional injection, demonstrating that therapeutic efficacy can be

maintained through a non-invasive route.

Furthermore, we explored the delivery of mRNA therapeutics by designing an advanced S/O formulation incorporating ionic
liquids with transfection capability (ILC). In vivo studies revealed that transdermal administration successfully delivered
mRNA and significantly suppressed tumor growth. In addition, an increase in CD8-positive T cells in tumor tissues was
observed, suggesting that the delivered mRNA was translated into antigenic proteins and subsequently activated antitumor

immune responses.

In conclusion, the S/O-based transdermal delivery system developed in this study is applicable to a wide range of
biopharmaceuticals, including peptide drugs and nucleic acid therapeutics such as ASOs and mRNA. By enabling efficient
and sustained delivery through the skin, this technology provides a promising non-invasive alternative to injection-based
therapies and holds significant potential for future applications in areas such as cancer treatment, vaccination, and chronic

disease management.



