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Outline of research

In addition to blood cells, there are cell free DNA (cfDNA) that circulates in the bloodstream
and RNA contained in exosomes known as secretory granules. Although cfDNA is mainly released
from damaged cellsin vivo, the DNA methylation state reflects the DNA methylation state of the
organ from which it was released, so that the damaged tissue can be identified. Exosomes consist of
vesicles of lipid bilayer membranes of several tens to hundreds of nanometers, and are secreted into
body fluids from various cells. It has been found that the RNA contained therein includes cell-
specific ones. For example, it has been clarified that the diagnostic accuracy of tumor cell-specific
exosomes as a biomarker exceeds 90%, and that administration of acetaminophen to mice releases
specific exosomes. The index is expected to be useful as a new biomarker for toxicity evaluation.
In this study, we will comprehensively analyze cfDNA and exosome RNA in the blood of mice after
drug administration to identify target organs and further elucidate the mechanism of toxicity onset,
thereby accelerating drug toxicity evaluation. This research aims to devel op an evaluation system

that contributes to sophistication and standardization.

(1) Development of toxicity evaluation method using DNA methylation of cell free DNA (cfDNA)
as an index

Since the DNA methylation state of cfDNA reflects the DNA methylation state of the releasing
organ, the damaged tissue can be identified. Therefore, we extracted organ-specific DNA
methylation sites and developed a system for highly sensitive identification of organ damage using
DNA methylation of cfDNA as an index. In this study, we decided to identify liver-specific DNA
methylation regions. All of these candidates were in the liver-specific DNA methylation region.
Among them, the biomarker for liver damage was determined for the liver-specific DNA
methylation region in consideration of PCR efficiency and the like.

In addition, following the additional grant (R2 year only), we started additional research on
whether liver disorders can be identified using the DNA methylation status of cfDNA asanindex in
human clinical samples, and as aresult, we started liver-specific research in humans. The DNA
methylation region was screened in the same manner as in mice to clarify the region that undergoes
DNA methylation specifically in human liver, and this was used as a biomarker.

It was also revealed that the amount of cfDNA in blood increased 100-fold or morein model mice
in which liver damage was caused by administration of carbon tetrachloride as a control substance
having liver toxicity. Thisisaresult of alarge amount of cfDNA diverging from the damaged liver
cellsinto the blood.

Therefore, it was clarified that organ damage can be identified only by quantifying the amount of
cfDNA in blood.



Furthermore, the DNA methylation state of cfDNA in the blood of the biomarker region where
DNA methylation is actually unmethylated in our isolated liver is from the fully methylated state to
that of the liver. It changed to a non-methylated state, which isa DNA methylated state. As aresult,
we succeeded in clarifying liver cell damage using cfDNA as a biomarker. Next, since we succeeded
in identifying liver damage in mice by clarifying the methylation state of cfDNA in blood, we
investigated whether the same method could be applied to human clinical samples. It was. CFEDNA
was extracted from healthy human serum (10 samples) and liver cancer patients (10 samples), and
the DNA concentration was measured. However, the cfDNA concentration did not increase in cancer
patients. ..

Therefore, it was concluded that the cfDNA concentration did not increase significantly dueto
organ damage as in mice.

In cfDNA derived from liver cancer patients, the ratio of liver-specific DNA methylation tended to
be high, but cfDNA could not be detected depending on the state of the sample, so the number of

cases was increased. It is necessary to analyze.

(2) Development of next-generation toxicity evaluation method for drugs using exosome RNA as a
biomarker

In the administration of 5 pharmaceutical products (acetaminophen, clofibrate, phenobarbital,
sodium valproate, aspirin), exosome RNA, which is atoxicity index, was isolated, and a specific
biomarker highly sensitive to various pharmaceutical products. We succeeded in isolating the
candidate.

Asthese biomarker candidates, various drugs, ones specific to one type, ones common to two
types, ones common to three types, and the like have been obtained.

In this study, since the dose was administered at a dose with almost no side effects, a significant
increase in MiR-122 and miR-192, which are microRNAs known to induce gene expression due to
liver damage, was observed. As aresult of blood biochemical tests, it was found that there was no
changeinthe ALT and AST values of the deviant enzymes, which are markers of liver damage.

In addition, we analyzed toxicogenomics data, which contains comprehensive gene expression data
of the liver 24 hours after single administration of 5 types of drugs to be administered in this
research plan, and signal activated by administration. Revealed the pathway. As the signal pathway
activated here, various medicines, ones specific to one type, ones common to two types, ones
common to three types, and the like have been obtained.

These results indicate that exosome RNA may be a biomarker of activated signal pathwaysin
specific organs. In the future, by analyzing the network of exosome RNA in blood and gene

expression in specific organs, it will not only become a biomarker that enables rapid and highly



sensitive evaluation of side effects of drugs. , We believe that it will lead to the elucidation of the

mechanism of toxicity onset of drugs at the systemic level.
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