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Nucleic acid medicines such as siRNA can be easily designed from genetic sequences for all
diseases, have high specificity, and are easy to be manufactured by chemical synthesis, so that
they have a great potential as a next generation pharmaceutical. However, to apply them for
disease treatment, it is essential to develop a delivery system that allows nucleic acid molecules
to reach target tissues and deliver them to the inside of cells. Various carriers utilizing cationic
lipids and cationic polymers have been developed so far, and some systems targeting the liver,
which are relatively easy to deliver, are progressing to clinical trials, but there are many technical
problems when targeting other tissues such as cancer. Under these circumstances, we considered
that the practical delivery system for nucleic acid should be created in the structure as simple as
possible, so we have developed unit polyion complex (uPIC) type carriers consisting of single
molecule of oligonucleic acid and PEG-block-catiomers. In this research project, we aim to
develop elemental technologies for improving the stability of uPIC in the circulation, facilitating
cellular uptake and cytoplasmic deliver, and ensuring the safety for clinical use, and then
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integrate these technologies into the uPIC system. We will optimize the structure of uPIC type
carriers through function verification by in vitro and in vivo experiments.

In 2016, we performed the therapeutic application of unit PIC type carriers constructed from
block copolymers having cationic segments, that have been optimized for the purpose of
improving blood stability in the previous year. We have confirmed the effectiveness of unit PIC
carrying miRNA on the solid tumor model of breast cancer cells and are currently under
investigation for the treatment of more clinically related disease models.

As a design for improving cellular uptake by targeted cells, we developed a novel ligand
molecule that targets the transporters overexpressed in cancer cells, and demonstrated that it
specifically bound to pancreatic cancer cells by recognizing the transporter density. In addition,
we confirmed that the ligand molecule was retained in cancer tissues for a long time following
direct administration to the subcutaneous tumor model of pancreatic cancer. Thus, we proved
the possibility as a ligand molecule for targeting solid tumors.

As a design for facilitating the intracellular translocation of uPIC, we designed new polymers
that change their electric charges from neutral to cationic and their water-solubility from
hydrophilic to hydrophobic in response to an acidic environment within the cancer tissue or
endosomes of the cell. With regard to the polymers that their electric charges from neutral to
cationic, we demonstrated that the polymers showed intracellular translocation in response to
low pH environment. Also, we confirmed that the polymer-modified quantum dots showed
superior blood circulating property compared with PEG-modified ones. Regarding the latter, we
optimized substitution ratio of the pH-responsive group in the polymers and the obtained
polymers showed the solubility changes from hydrophilic to hydrophobic by changing the pH from
7.4 to 5.5. We confirmed that the obtained polymers showed an increase in cellular uptake in
response to the low pH environment. In addition, as a design for achieving efficient expression
of nucleic acid molecules, we developed a novel linker molecule which can be cleaved specifically
in the cytoplasmic environment.

Furthermore, as a career design for ensuring the safety for clinical application, we have
developed novel polymers that selectively degrades in the intracellular environment. We
demonstrated that novel polymers avoided the biological responses that has been a problem in
conventional polymers, while exhibiting comparable functions. Regarding this novel polymer,
we are now examining its usefulness in chemical modification of functional proteins.

As described above, in this project, in 2016, we developed elemental technologies to improve
the effectiveness and safety of nucleic acid delivery system and clarified their functions.
Research on the development of unit PIC type carriers integrated with these element technologies

has steadily progressed.
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