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In this project, we developed innovative drug delivery systems (DDSs) to solve the problems of
biopharmaceuticals such as nucleic acid medicines, bioactive peptides/proteins, and antibodies towards
their practical application.

In project (1) “Development of pH-responsive polybetaine—coated lipid nanoparticles (LNPs) for
intracellular delivery of nucleic acids”, we developed a pH-responsive polybetaines (smart shell)
that exhibit neutral charge during blood circulation but change to cationic property in acidic tumor
microenvironments (pH<7.0) or inside the targeted cells. The pH-responsive polybetaines were applied
to lipid nanoparticles (LNPs). As a result of comparing pH-responsive polybetaine—coated LNPs with
conventional PEG-coated LNPs, we found that (i) the LNP surface charge changed from neutral to
cationic due to pH change (pH 7.4 — pH 6.5), and (ii) the LNPs exhibited increased uptake and
internalization by cancer cells at pH 6.5, followed by the endosomal escape, and (iii) the LNP
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revealed superior siRNA activity. In in vivo study, pH-responsive polybetaine—coated LNPs showed
higher blood retention and cancer accumulation than PEG-coated LNPs. Hence, pH-responsive polybetaine—
coated LNPs loaded with siPLKl showed superior tumor growth inhibitory effect than PEG-coated LNPs
in in a subcutaneous model of human ovarian cancer cells. Based on these results, we established a
mass production process of pH-responsive polybetaine—lipid conjugates and confirmed in vitro and vivo
functionalities towards non—clinical study in the future

In project (2) ”“Development of protein delivery system using tannic acid (TA)/polymers containing
boronic acid 7, we established ternary polymeric micelles loading proteins and adeno—associated virus
(AAV), where boronic acid moiety in the polymer forms pH-responsive bonds with TA that interacts with
biomolecules. Polymeric micelles containing various proteins such as B -galactosidase (B-Gal) and
CRISPR Cas9/sgRNA complexes (RNP) revealed high stability against proteolytic enzymes, protein release
under acidic pH environment, prolonged blood circulation, and enhanced tumor accumulation. We have
confirmed the antitumor effects by in vivo genome editing of multiple cancer genes. On the other hand
the AAV-loaded micelles showed higher gene transfer efficiency than AAV alone and AAV/TA complex even
in the presence of anti—AAV antibody (neutralizing antibody). In in vivo study, the AAV-loaded
micelles could not only avoid inactivation by neutralizing antibodies but also suppress the production
of neutralizing antibodies after AAV administration. Furthermore, the AAV-loaded micelles showed
significantly increased gene expression in target tissue (tumor, brain etc.) while remarkably
suppressing the gene expression in normal organs such as liver, spleen, and kidneys. This system is
considered to have extremely high clinical significance as it solves the problem of neutralizing
antibodies and thereby enables the repeated treatments.

In project (3) “Development of low toxic immune checkpoint inhibitors (ICIs) by polymer
nanotechnology”, we developed a polymer—conjugated anti—PD-L1 antibody, so—called antibody—polymer
conjugate (APC), that can activate its antigen recognition ability selectively at the tumor site. In
in vivo study, APC could reduce the toxicity of ICI by significantly suppressing immune-related
adverse events (irAEs) in the liver, while showing superior antitumor effects.

As described above, in this project, we succeeded in the development of nano—DDSs for the delivery
of biopharmaceuticals and demonstrated their efficacies and safety in diseased mice models. These

nano-DDS are expected to bring innovation to cutting—edge medical care in the future.



