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1. Backgrounds of this study

Oligonucleotide (OGN) therapeutics are getting attention as a new drug modality for intractable and
rare diseases. Recently, liquid chromatography coupled with mass spectrometry (LC/MS) has been used
as a major bioanalytical tool in drug development of OGNs. However, LC/MS-based methods capable of
comprehensive identification and quantification of oligonucleotide therapeutics and their metabolites
have yet to be standardized. Furthermore, from a regulatory perspective, data is urgently required to
examine if the conventional bioanalytical method validation (BMV) guidelines can be applied to such
methods. Thus, in this study, we aimed to develop the LC/MS-based methods for comprehensive
identification and quantification of metabolites/analogs of OGN therapeutics, and to obtain the

validation data of the developed bioanalytical methods.

2. Research achievements
Development of an LC/MS-based method for comprehensive characterization of OGN metabolites and

analogs in biological samples

Fitusiran (an siRNA under phase III trial) was chemically synthesized and used as a model of therapeutic

OGN in this study. In addition, several putative metabolites of fitusiran antisense strand (9-mer - 22-
mer) were also prepared for analytical method development. Firstly, we optimized conditions for LC
separation of fitusiran and their putative metabolites using mobile phases supplemented with
triethylamine and hexafluoroisopropanol. The developed LC method could separate fitusiran and the
putative metabolites based on their chain length. As a next step, we optimized the MS conditions for full-
scan data-dependent MS/MS measurements along with the parameters for in silico structural analysis
of the detected OGNs using AQXeNA and BioPharma Finder. Afterwards, a sample preparation method
for the extraction of fitusiran and the putative metabolites from rat plasma and liver lysates was
developed using Clarity OTX SPE plate. The developed method showed high recovery rate for fitusiran

antisense strand and the putative metabolites (>80%).

Development of a workflow for metabolite profiling of siRNA drugs

Methods to study in vitro metabolism of siRNA drugs are still sparse. To develop such methods, we
explored the best assay buffer using whole cell lysates of HepG2 cells prepared from five different buffers.
The highest nuclease activity for fitusiran was observed in the lysate prepared by 100 mM Tris-HCl
supplemented with 1 mM magnesium acetate, penicillin and streptomycin. Using this buffer, we next
performed in vitro metabolism assays to study metabolic patterns of fitusiran using S1, S9, cytosol, and
microsomes prepared from the rat livers. The data showed that the highest nuclease activity for fitusiran
was observed in the microsome among all liver subfractions. As a result of the metabolite profiling

analysis in microsomes, we detected 11 and 12 chain-shortened metabolites of the antisense strand (AS)
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and the sense strand of fitusiran respectively. AS-3’N-1 was found to be a predominant metabolite.
Additionally, the data showed that the AS strand tended to be degraded mainly by exonucleases, while
the sense strand tended to be metabolized by endonucleases. Collectively, the data in this study suggest
that our method is useful not only to comprehensively identify major metabolites of siRNA drugs but

also to study their metabolic patterns.

Development of a bioanalytical method for siRNA drugs and their metabolites/analogs

In addition to the method for metabolite profiling, we also developed the bioanalytical method for
representative fitusiran metabolites along with several fitusiran analogs (9-mer - 22-mer) in rat plasma.
The method validation was performed according to the ICH M10 guideline. The quantification range of
the developed method for all analytes was 1 — 250 ng/mL. Our validation tests of calibration curve,
accuracy, precision, carry-over, selectivity, dilution integrity, stability, matrix effect met the acceptance
criteria in ICH M10. Meanwhile, the decreased specificity was observed due to the contamination of
metabolites as impurities of chemically synthesized fitusiran, and mass interference between the target
analytes detected at the same retention time. Taken together, the data demonstrate that the current
method is reproducible and useful to quantify fitusiran and its metabolites/analogs in rat plasma, but
the measured values of some analytes with concerns about the decreased specificity because of the above-

mentioned reasons should be carefully interpreted.

3. Future perspectives

In this study, we established an automated and comprehensive analytical workflow for the identification
of metabolites/analogs of OGN therapeutics. Our method is useful not only for analyzing the metabolic
patterns of OGN therapeutics in vitro, but also for the comprehensive identification of
metabolites/analogs potentially associated with both on-target and off-target effects leading to side
effects in study samples. Additionally, the method can also be utilized for the identification of impurities
present in chemically synthesized OGN therapeutics.

The methodology developed in this study can be applied to various stages of nucleic acid drug
development, including manufacturing, non-clinical safety studies, and clinical trials. By utilizing this
method, it is expected to shorten the development timeline, reduce development costs, and improve the
success rate of drug candidates, which would facilitate the development of OGN therapeutics in Japan.
Additionally, the results of the validation tests provide important foundational data for future

development of guidelines for validating methods of bioanalyzing nucleic acid drugs.



