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Study of polymeric micelles for delivery of nucleic acid, peptide, protein therapeutics
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In this study, we developed polymer micelle-based drug delivery systems (DDS) for delivery of various therapeutic
modalities such as nucleic acids, peptides, and proteins. We optimized micelle design (including size optimization and the
introduction of ligand molecules) to target specific organs and tissues for the treatment of intractable diseases. The
achievements obtained in this study are described below, divided into (1) through (5):

(1) siRNA and antisense oligonucleotide (ASO) delivery: we optimized the unit polyionic complex (uPIC) encapsulating a
single oligonucleotide. Upon investigating the effects of the type and chemical structure of the oligonucleotides loaded into
the uPIC, we found that uPICs loaded with heteroduplex oligonucleotides (HDO) exhibited excellent blood retention, showing
efficacy in the treatment of muscular dystrophy (mdx) model mice. In addition, we successfully constructed uPICs loaded
with cyclic RGD peptides (cRGD) or antibodies (IgG), and confirmed the efficient knockdown of target genes via siRNA
delivery in an orthotopic transplantation model of glioblastoma cells.

(2) mRNA Delivery: we developed polymeric micelles capable of efficiently delivering mRNA to target organs other than
the liver. For mRNA delivery, mRNA stabilization, efficient cellular uptake, endosomal escape function, and the controlled
release within the cytoplasm of mRNA are required. Therefore, we synthesized a series of polyaspartamide derivatives,
PAsp(DET/R), having a diethylenetriamine (DET) structure and a hydrophobic (R) structure in the side chains, and
demonstrated that PAsp(DET/R) with the cyclohexylethyl (CHE) group as R exhibited the highest mRNA delivery efficiency.
Meanwhile, to enhance mRNA functionality, we cross-linked the mRNA strands using RNA linkers, confirming the improved
resistance of the loaded mRNA to enzymatic degradation and enhanced persistence of protein expression. Regarding
therapeutic applications, mRNA-loaded micelles were applied to the treatment of Duchenne muscular dystrophy (DMD) and
demonstrated higher safety and superior therapeutic efficacy compared to lipid nanoparticles (LNPs).

(3) peptide delivery: we developed molecular engagers that promote the encapsulation of macrocyclic drugs/peptides within
the micelle core via host-guest interactions. Using these molecular engagers, we successfully constructed pH-responsive
polymeric micelles encapsulating rapamycin, 17-AAG, paclitinib, and oxytocin. In particular, 17-AAG and paclitinib-loaded
micelles demonstrated excellent tumor accumulation and significant antitumor effects in tumor-bearing mice.

(4) protein delivery: we developed pH-responsive ternary micelles loading proteins and AAVs via the formation of the
protein or AAV/tannic acid (TA) complex covered with PEG-poly(amino acids) carrying a boronic acid group.  Using ternary
micelles, we confirmed in vivo genome editing via delivery of the CRISPR Cas9/sgRNA complex (RNP) and the avoidance
of AAV inactivation by neutralizing antibodies, as well as improved gene expression efficiency in the brain. Furthermore, we
constructed AAV-encapsulated ternary micelles incorporating cRGD peptides and confirmed the therapeutic effect of TNF-f
gene delivery in an orthotopic transplantation model of human glioblastoma-derived US7MG cells.

(5) brain targeted delivery: we developed glucose ligand-installed polymeric micelles capable of delivering antibodies to
neurons in the brain by overcoming the blood-brain barrier (BBB). This system demonstrated significantly higher brain
accumulation compared to IgG, showing morphological changes in brain tissue suggesting improved pathology of
Alzheimer’s disease.

As described above, through the research outlined in (1) through (5), we performed the optimization and sophistication of
micelle delivery technology for the treatment of various diseases. These results not only hold promise for future clinical
applications but are also expected to lead to innovative treatments for intractable diseases that have been difficult to manage

with conventional technologies.



