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In recent years, a decline in the success rate of drug development has been noted. However, molecular-targeted drugs are
considered to have a relatively high success rate, and many innovative drugs, including oligonucleotide drugs, belong to this
category. The development and standardization of evaluation methods for pharmaceuticals provides the basis for accelerating
drug development, and is not only used in the approval review process, but also serves as a useful criterion for the drug
development in the pharmaceutical companies, leading to more efficient drug development. In particular, efficient evaluation
on safety of drug candidates in the nonclinical stage is important, because attrition due to serious adverse reactions in the
clinical trial stage can cause enormous damage to the companies and thus, should be avoided. However, the non-clinical safety
evaluation methods currently used in drug development were not sufficient. This study focused on development of the
following three evaluation methods in the non-clinical study phase.
(1) Bioanalysis method related to microsampling
(2) Off-target effect with oligonucleotide drugs and next-generation small molecule drugs
(3) Liver injury related to biliary excretion
Each study was basically conducted by constructing and validating the evaluation methods, and then confirming its robustness
in a multicenter study for standardization. The progress of the research was promptly publicized to the researchers through
open symposium. Individual results and their significance are described below.
(1) Bioanalysis method related to microsampling
Although the ICH guideline S3A Q&A on the application of microsampling to nonclinical toxicokinetics studies was

finalized, standard methods for application of microsampling, including the development of bioanalysis methods for three
molecular groups to which microsampling is applied, had not been established; therefore, the following studies were
conducted. We believe that we have obtained useful results regarding the use of microsampling in drug development. (1)-1:
To evaluate the toxicological effects of the microsampling technique, a 28-day study in rats used in repeated-dose toxicity
studies was conducted. The microsampling technique, in which 50 pl of blood at 6-7 points were collected in 24 hours from
the jugular vein, was found to have only minimal influence on the toxicity parameters in the rats. Furthermore, the effect of
microsampling on toxicity assessment in rats was examined for the three toxic test substances, and it was found that there was
no significant effect on toxicity profiles. Evidence was obtained for microsampling use in nonclinical studies. (1)-2 As a
molecule to which microsampling is applied, we used an antisense drug mipomersen as a model for oligonucleotide drugs,
and developed a bioanalysis method using a high-resolution mass spectrometer (MS). Furthermore, an analytical method
using a triple quadrupole MS was developed and standardized through a multicenter validation study. In addition, for siRNA
drugs, an analytical method using triple quadrupole MS was developed for a model compound, and good results were obtained
in a multicenter validation study. In conclusion, we developed a standard method for bioanalysis of oligonucleotide drugs that
can be applied in the field of drug development. (1)-3: For macromolecular drugs (antibody drugs), we established an
analytical method using LC/MS system and conducted a multicenter evaluation. First, for the purpose of establishing a
standard LC/MS method for antibody drugs in animal serum for use in nonclinical studies, we established a bioanalytical
method for measuring a surrogate peptide in the antibody's constant region by LC/MS using mouse serum with anti-CD20
antibody as a model substance, and multicenter validation was performed for standardization. Furthermore, using the same
model test substance, we established a standard LC/MS method for measuring antibodies in human serum by measuring a
surrogate peptide in the antibody's complementarity determining region for use in clinical trials, conducted multicenter
validation, and confirmed that good results were obtained at all institutions. The results are expected to be used in the actual
development of antibody drugs. (1)-4: Regarding biomarker molecules, bioanalytical methods using LC/MS were developed
for lysophosphatidylcholine and prostaglandin E, as models for low molecular weight biomarkers, and glucagon-like peptide
1 (GLP-1) as high molecular weight biomarker, and standardized through multicenter validation. In addition, a comparison
of plasma concentrations between blood collection sites was conducted by performing a fingertip blood collection and a
general brachial vein blood collection, and it was found that plasma concentrations were similar except for 5 amino acids and
9 lipids. These results indicate that there was almost no influence of the blood collection site on the small biomarker candidate
levels, which is a useful information for biomarker selection. In conclusion, we obtained useful results regarding the use of
biomarkers in drug development.
(2) The methods for off-target evaluation system for oligonucleotide therapeutics and next generation small molecule drugs
(2)-1: Oligonucleotide therapeutics

RNA targeting oligonucleotide therapeutics (such as antisense oligonucleotides (ASO))-mediated unintended toxicity can be
classified as hybridization-dependent and -independent. Hybridization-dependent off-target effects are potentially caused by
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inadvertent binding of ASOs to RNA with sequences similar to that of the target RNA. Conventional animal studies cannot
be used to assess toxicity induced by off-target effects because of differences in the genome sequence between humans and
other animals. Consequently, to predict toxicity caused by off-target effects, the development of methods for non-clinical
safety evaluation of "human" is needed. By contrast, ASOs toxicity via hybridization-independent effects is assumed to be
due to interactions between ASOs and cellular proteins and unrelated to the Watson—Crick base pairing of ASOs to RNA.
However, since there are species specificity in the activation of the innate immune system via pattern recognition receptors
such as Toll-like receptors (TLRs) due to differences in sequences and expressing cells/tissues, it is desirable to develop
evaluation methods for "human". In this study, we established the evaluation methods for hepatotoxicity which is mainly
caused by off-target effects of ASOs using chimeric mice with humanized livers. We also developed the evaluation system
for innate immune activation using production and release of cytokines (Y) in human cells (X).
(2)-2: next-generation small molecule drugs

Targeted protein degradation (TPD) drugs that control the expression level of specific proteins are in clinical development,
but they may cause off-target effects. In this study, we developed an evaluation system to detect off-target effects of TPD
drugs based on proteomics technology. We first investigated species differences in TPD drugs. Off-target effects (decreased
expression of off-target proteins) in human and mouse cells treated with model compounds of TPD drugs were
comprehensively analyzed by shotgun proteomics using LC/MS/MS. The expression variation profiles of off-target proteins
hardly correlated between human and animal (mouse) cells, suggesting that species differences may be a problem (need for
off-target analysis using human cells) in nonclinical safety studies (animal studies) for TPD drugs. Next, we developed an
off-target evaluation system that focuses on risk molecules by using targeted proteomics technology. Given the importance of
human carcinogenicity-related molecules, which are difficult to assess within the timeframe of a clinical trial, we focused our
investigation of risk molecules on tumor suppressor genes (genes whose suppression of expression leads to the development
of cancer). Six molecules were selected from the identified tumor suppressor genes and an evaluation system was developed.
For these molecules, we identified internal standard peptides for targeted proteomics and established analytical methods. In
addition, we have validated the evaluation system by using model compounds (positive controls) that decrease the expression
of the target proteins, and have clarified that the evaluation system is capable of quantitative analysis with high reliability.
(3) Liver injury related to biliary excretion

In vitro assay system with bile excretion function is awaited for evaluation of cholestasis risk in early stages of drug

development; therefore, the following studies were conducted. (3)-1: To construct the bile excretion evaluation system using
a three-dimensional (3D) culture substrate, we cultured Hu-Liver cells derived from chimeric mice with humanized livers and
human hepatoma cell line HepaG2 cells in 3D. Cells cultured in 3D were able to form bile canaliculi with bile excretion
function. (3)-2: To construct the bile excretion evaluation system using collagen vitrigel membrane (CVM) chamber, HepG2-
NIAS cells, which form bile canaliculi stably, were cultured in CVM chambers with oxygen supply. Bile uptake/excretion
transporter expression and high CYP3A4 activity were observed. (3)-3: Standard protocol for evaluation of cholestasis toxicity
was established using sandwich-cultured PXB cells. (3)-4: To construct a standard method for evaluation of cholestasis risk,
we established a culture system to form extended bile canaliculi with bile excretion function using cryopreserved human
hepatocytes, human iPS cell-derived hepatocytes, and Hu-Liver cells. The cholestasis toxicity of drugs was evaluated in the
bile canaliculi-formation culture of various hepatocyte established in (3)-2 to 4. The result suggests that the evaluation system
with standard protocol established in (3)-3 is useful for evaluation of cholestasis risk.



