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Development of Functional Nucleic Acid Therapeutics by Chemical Modification (Graduate
School of Engineering, The University of Tokyo) OKunihiko Morihiro

Nucleic acid molecules, such as DNA and RNA, have been the focus of much-applied
research around the world. They have attracted great attention not only as imaging tools and
delivery carriers but also as pharmaceutical materials because of their ability to form sequence-
selective duplexes with complementary strands and to interact with a variety of nucleic acid-
binding proteins. However, natural DNA and RNA often have an insufficient affinity for
complementary strands, resistance to nucleases, and selectivity for target tissues and cells, so
chemically modified "artificial nucleic acids" are generally used to enhance their functionality
in and outside the body. Although many artificial nucleic acids have been developed so far,
only a few of them have been put into practical use, and it is necessary to devise an organic
link between molecular design and functionality.

I have designed and synthesized artificial nucleic acids with chemical modifications on the
nucleobase of nucleic acids, which have been used for the control of biological functions
including pharmaceutical applications. Nucleobases are not only important substructures that
form hydrogen bonds with the complementary strand in the duplex but also can significantly
affect the interaction with nucleic acid recognition proteins, including enzymes. In this
presentation, we will discuss (1) artificial nucleobases that selectively function in cancer cells
by imparting hypoxia responsiveness (Figure A)", (2) unnatural base pairs that enable DNA
self-assembly orthogonal to natural bases (Figure B)”, and (3) the development of artificial
nucleobases that can significantly reduce hepatotoxicity of nucleic acid drugs (Figure C)*.
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Figure. (A) Hypoxia-responsive nucleic acid anticancer drug. (B) Unnatural Base pair with

anti-syn glycosidic conformation. (C) Nucleobase analogs to reduce hepatotoxicity of gapmer
antisense oligonucleotides.
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