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The application could be summarized in three points: (1) to prove that Staple nucleic acids are able to work in
mammalian fauna, (2) to obtain knowledge on off-target effects, and (3) to evaluate the function of nucleic acid analogue

Staple oligomers. We report on the results obtained.

(1) Proof of concept that Staple oligomers also work in mammalians fauna.

We attempted to evaluate the inhibitory effect of Staple oligomers on cardiac TRPC6 gene expression, a known cause

of pulmonary arterial hypertension, because there are few small molecule compounds that are highly selective against
TRPC6. To explore the potential of Staple oligomers targeting TRPC6 as a therapeutic agent for pulmonary arterial
hypertension, we evaluated the gene expression level of TRPC6 in the heart and observed its phenotypic behavior.
Adeno-associated virus (AAV6) was used to express Staple oligomers from within the mouse. Since it is known that
AAV6 can be delivered to the heart and liver, but not to the kidney, it is possible to evaluate the function of Staple
oligomers by assessing gene expression levels in each organ.
First, TRPC6 expression in mouse myocardium was evaluated by western blotting, which successfully confirmed more
than 70% suppression of gene expression level and similar suppression of gene expression level was also confirmed in
the liver. On the other hand, no change in TRPC6 expression was observed in the kidney, where AAV6 cannot be
delivered.

Since Staple oligomer suppresses gene expression at the translational level without cleaving the target mRNA, there
should be no change in the amount of TRPC6 mRNA in each organ. To confirm this fact, we evaluated the amount of
TRPC6 mRNA in each organ with and without Staple oligomers by qPCR. The results confirmed that there was no
difference.

Having confirmed the great gene expression suppression effect of Staple oligomers, we decided to evaluate their
effect on myocardial hypertrophy. Unfortunately, there are no mouse models of pulmonary arterial hypertension due to
its high mortality rate, and cardiac hypertrophic effects have been evaluated by physically compressing the aortic arch,
called TAC, and inducing hypertrophy by loading the heart. We decided to use a similar approach for phenotypic
evaluation using Staple oligomers. Specifically, we used echo-cardiography to track the beating of the myocardium and
evaluate cardiac function. The results showed that in the absence of Staple oligomer, the hearts were significantly
hypertrophied and cardiac function was impaired, whereas in the presence of Staple oligomer, cardiac hypertrophy was
suppressed, and cardiac function was maintained. And inhibition of myocardial fibrosis associated with cardiac
hypertrophy was also observed. These results indicate that if Staple nucleic acid can reach target cells, it can suppress

the expression of target genes in mammalian fauna cells.

(2) Assessment of off-target effects

Staple oligomers must go through two steps: binding to the target sequence to be effective and bringing each guanine
repeat sequence (G-tract) into close proximity. In other words, even if a nucleic acid binds to an unexpected position,
there are rarely four G-tracts present. By this mechanism, Staple oligomers are expected to be highly selective for their
targets. Therefore, we performed a comprehensive gene expression analysis using proteome analysis. The results showed
no significant suppression of gene expression dependent on nonspecific binding, although there were variations in gene

expression levels that may be due to errors between experiments.

(3) Functional evaluation of nucleic acids analogue staple oligomer

We evaluated four nucleic acid analogue Staple oligomers. Two of these oligomers are already used in commercial
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nucleic-acid drugs and are recognized as reliable with respect to safety. The other two nucleic acid analogues have been
reported to exhibit strong binding to target mRNAs. This feature may contribute significantly to the shortening of the
Staple oligomers to be introduced. As a conclusion of the evaluation results, we were able to confirm that all of the
nucleic acid analogues were effective in suppressing gene expression level. Furthermore, when one of the nucleic acid
analogue was injected into mice by tail vein injection using an in vivo transfection reagent called AteloGene, it was
confirmed that TRPC6 expression in the heart was suppressed even though the nucleic-acid drug molecules were not
target directed. This may be attributed to the fact that all bases of the nucleic acid designed as a Staple oligomers were
converted to an artificially modified nucleic acid, which dramatically improved the overall stability of the molecule.
Currently, there are no nucleic acid drugs on the market for the indication of heart disease, and we believe that there are

great expectations for the future development of therapeutic drugs.



