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Our group at Osaka University has promoted research on creation of a platform for non-toxic
oligonucleotide therapeutics through the development of dual-modified artificial nucleic acids involving
the chemical modification of both base and sugar moieties in collaboration with research groups of Dr.
Kasahara (National Institute of Biomedical Innovation, Health and Nutrition), Dr. Yoshida (Osaka
University and National Institute of Health Sciences) and Dr. Nishiyama (Tokyo Institute of Technology).
The results of this year are summarized below.

1) Dr. Obika’s group at Osaka University has carried out four sub-themes, “development of an
efficient synthetic strategy of oligonucleotides bearing an artificial nucleobase by using a post-elongation
method”, “synthesis of nucleoside monomers having an artificial nucleobase”, “chemical modification of
sugar moiety of nucleic acids to reduce a toxicity of oligonucleotide therapeutics”, and “development of
dual-modified artificial nucleic acids”. In the first theme, we have developed an efficient method for
nucleobase modification using an oligonucleotide containing a 5-halogenopyrimidine or a
7-deaza-7-halogenopurine as a substrate. Oligonucleotides bearing T or G derivatives were successfully
synthesized. Next, in the second sub-theme, we have synthesized ca. 30 nucleobase derivatives in total, and
found that some of them reduced hepatotoxicity in mice when they were incorporated into toxic
oligonucleotides. In the third sub-theme, synthetic studies on some bridged nucleic acid derivatives and
newly designed nucleoside analogues were carried out. In the last sub-theme, we have selected four
nucleobase derivatives and three sugar modifications. Among the possible combinations, we started to
synthesize six nucleoside derivatives and obtained five compounds. The obtained dual-modified nucleic
acids were incorporated into oligonucleotides and biophysical properties of the oligonucleotides were
evaluated.

2) Dr. Yoshida’s group at Osaka University has obtained experimental data for development of the
methods for the evaluation of antisense oligonucleotides-induced hepatotoxicity. We identified antisense
oligonucleotides that avoid hybridization-dependent off-target effects and activation of innate immunity
as much as possible, and can induce hepatotoxicity in mice. Next, we also performed microarray analysis
using these antisense oligonucleotides to reveal the mechanism of antisense oligonucleotides-induced
hepatotoxicity. We started to develop the methods for the evaluation of antisense
oligonucleotides-induced hepatotoxicity.

3) Dr. Kasahara’s group at National Institutes of Biomedical Innovation, Health and Nutrition
(NIBIOHN) has carried out three sub-themes, “building artificial oligonucleotide libraries for each target
mRNA”, “development of an in vitro screening system to evaluate most active sequence in artificial
oligonucleotide libraries”, and “evaluation of an efficacy of dual-modified artificial nucleic acids”. In the
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first theme, we have finished to build artificial oligonucleotide libraries for six target MRNAs in total. For
each target mRNA, three libraries were prepared and each of them includes different number of artificial
oligonucleotide sequences, only one sequence, a few sequences, or several sequences, respectively. Not
only these libraries, we have started to build libraries that consist of dual-modified artificial
oligonucleotides. In the second theme, we have developed an in vitro screening system to evaluate most
active sequence in artificial oligonucleotide library. We have confirmed that this in vitro screening system
is adaptable to the libraries that include only one sequence or a few sequences. Furthermore, we have
tried to adapt this in vitro screening system to the library that includes several sequences. Finally, in the
third theme, we have validated that dual-modified artificial oligonucleotides have enough activity to be
analyzed by the in vitro screening system.

4) Dr. Nishiyama's group at Tokyo Institute of Technology has focused on the development of drug
delivery system for dual-modified artificial nucleic acids and found that it is possible to control

pharmacokinetic properties of dual-modified artificial nucleic acids by using the unit-PIC technology.
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