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Background

Nucleic acid-based therapeutics, which enable precise regulation of biological processes at the RNA level,
are being increasingly explored due to their relatively high target specificity and the potential for
meaningful therapeutic outcomes compared to traditional small-molecule drugs. Nonetheless, this
specificity can also lead to species-dependent pharmacological differences, and the effects observed in
humans may not always be reliably reproduced in animal models. As a result, toxicological evaluations are
often supplemented with surrogate approaches. Furthermore, hybridization-dependent off-target
toxicity—arising from unintended interactions between therapeutic oligonucleotides and non-target
RNAs—is difficult to assess using conventional animal studies. To address this, in silico predictions using
the human genome and in vitro assays employing human cells are commonly used. However, even when
such interactions are computationally or experimentally suggested, the extent to which they lead to actual
toxicity remains to be fully elucidated.

Developmental toxicity is especially difficult to evaluate in clinical trials, particularly in pregnant women.
As a result, reliable nonclinical testing plays an essential role. Even when reproductive or developmental
toxicity tests are conducted for nucleic acid-based drugs, hybridization-dependent off-target toxicity
remains difficult to assess in animals, leaving certain potential risks insufficiently characterized.

To address this, the revised ICH S5(R3) guideline issued in 2021 mentions the use of alternative methods
to animal testing for reproductive and developmental toxicity. However, no current in vitro alternatives are
available to fully replace animal-based developmental toxicity tests. Therefore, developing new in vitro
methods capable of extrapolating human-relevant developmental toxicity is an urgent need from both

scientific and societal standpoints.

Objective

This study aims to develop a novel in vitro test capable of evaluating hybridization-dependent toxicity of
nucleic acid-based drugs in humans by adapting our previously developed integrated Signal Disruption
Test (iISDT), which utilizes human iPS cells.

iSDT Method

The iSDT assay employs a live-cell luciferase system that combines a bright, short half-life luciferase
(NanoLuc; Nluc) with a substrate (Endurazine) that enables continuous luminescence detection in living
cells. As a reporter, we use human iPS cells (201B7 line) engineered to express Nluc under the control of
the serum response factor (SRF), a downstream effector of tyrosine kinase signaling, particularly via the
FGF pathway. This system allows for real-time monitoring of signal disruption dynamics induced by known
developmental toxicants. Signal disruption is quantified using the area between the curves (ABC) method,
comparing treated and control samples. The sum of the ABC values at each tested concentration serves
as an index of disruption magnitude. Based on these values, a threshold is determined using ROC curve

analysis to differentiate positive and negative toxicants.

Research Content and Results
Optimization and Refinement of iSDT for nucleic acid-based drugs

The original iISDT method was designed to dynamically quantify signal disruption induced by small
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molecules. In this study, we selected representative nucleic acid therapeutics such as antisense
oligonucleotides or siRNAs and adapted the iSDT method for their evaluation.

Although human iPS cells used in the original iSDT system offer excellent developmental toxicity
assessment capabilities, they posed technical challenges for nucleic acid delivery. To address this, we
established an alternative reporter system using other human cell lines. Among them, Cell X demonstrated
high classification accuracy for small molecules, albeit slightly lower than iPS cells.

Using Cell X, we assessed signal disruption caused by nucleic acid drugs targeting genes X and Y. Notably,
one candidate targeting gene X showed a clear signal disruption response. Because it was difficult to
construct a dose-response curve for nucleic acid therapeutics in our assay, we refined the analysis method
to enable comparative evaluation of signal disruption between small molecules and nucleic acid drugs. The
results indicated that certain nucleic acid-based agents targeting gene X caused signal disruption

comparable to known developmental toxicants.

Development of a multicolor real-time luciferase assay

To improve the assay's reproducibility, we developed a dual-color real-time luciferase assay combining
Nluc (blue emission) and SLR3 (red emission) to include an internal control. Going forward, we aim to
minimize measurement variability by employing optical filters to separate distinct emission wavelengths,

allowing for intra-cellular relative comparison.

Social Relevance and Future Outlook

This study presents a proof-of-concept for a novel in vitro developmental toxicity assay specifically
targeting nucleic acid-based drugs. The approach aligns with the evolving direction of OECD test guidelines
and offers a critical step toward regulatory acceptance and potential guideline inclusion.

Going forward, we plan to expand the number of test compounds and validate the method’s reproducibility
and robustness. We will continue to refine the system while preparing for inter-laboratory validation and
alignment with regulatory requirements, such as throughput, cost, and evaluation criteria. Through
collaboration with national and international stakeholders, we aim to contribute to the establishment of a

reliable safety assessment framework for the next generation of human therapeutics.



