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Elucidating the pathological mechanisms of new diseases and treatment-resistant diseases,
predicting the mechanism of action of pharmaceuticals and adverse effects and other harmful
effects, and evaluating their safety have become a common international issue. It is important
for pharmaceutical regulation to predict the harmfulness of developed drugs and evaluate their
safety. Since pharmaceuticals act on organs and cells 7n vivo and cause various phenotypic
changes such as gene expression fluctuations and cell signaling pathway changes, there is a
growing need to improve pharmaceutical regulation by efficiently identifying adverse effect
pathways as off-target effects of therapeutics and accumulating basic knowledge of evaluation
methods for predicting side effects. In the pathogenesis of treatment-resistant cancers
epithelial-mesenchymal transition (EMT) and cancer stem cells (CSCs) are known to be involved in
cancer metastasis, malignancy of cancer, and resistance to anticancer drugs, and it is necessary
to elucidate their pathophysiology and develop therapeutic drugs. In light of the fact that the
elucidation of pathological mechanisms and the prediction of the harmfulness of pharmaceuticals,
etc., have become common international issues, and the development of Adverse Outcome Pathway
(AOP) is highlighted in global framework, we aimed to elucidate the pathological mechanism and
AOP network using 7n sil/ico analysis using AI tools in this study. Since it is known that various
molecular signaling pathways are activated in cancer cells, this study aims to comprehensively
analyze the molecular network changes that fluctuate with anticancer drugs using databases, etc.
and to examine the safety of anticancer drugs. We mapped the gene expression alteration on each
molecular network of cellular molecular signaling pathways and analyzed the biological effects of
anticancer drugs. The molecular network and gene expression of EMT-related molecules were
examined. It is known that CSCs and EMT are involved in cancer metastasis, malignancy, and
anticancer drug resistance. It is very important to study the safety of anticancer drugs in
cancer treatment, and it is necessary to develop and study the safety of anticancer drugs
targeting cancer cells that have acquired anticancer drug resistance and metastatic potential. In
this study, it is extremely original to examine the safety of drugs using cellular and molecular
signaling pathway network analysis and artificial intelligence (AI), and it is expected that the
anticancer drug targets in the cancer-related network pathway will be clarified, leading to safe
drug development. We developed a method to predict the activation of network pathways related to
drug side effects and anticancer drug resistance using Al in the study. Molecular network
analysis was performed using Ingenuity Pathway Analysis (IPA) to collect network diagrams and
activation information on drug side effects and anticancer drug resistance. We learned about
molecular network diagrams associated with activation information by machine learning using Al

and constructed an activation prediction model. The activation prediction model was verified, and
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the accuracy of the Al prediction model was improved. In this study, we prepared guidance related
to coaching and scientific review of AOPs in the OECD and summarized the requirements for AOP
development. The guidance is applied during AOP coaching and scientific review, and it is
important to ensure transparency and lead to publication in the OECD. In addition, as an example
of individual AOP development, the path from AOP development to completion is shown by the
publication of AOP212 in the OECD Series on AOPs ( https://doi.org/10.1787/b9c4bdb2-en ) after

scientific review. By completing a large number of AOPs and forming networks, it is expected that
the pathways leading to unexpected adverse reactions of pharmaceuticals will be clarified, and
drug development will be accelerated. Since AOP covers not only species—specific information but
also universal mechanisms, it is conceivable that the pathogenic mechanisms of various
environmental diseases associated with environmental changes and environmental factors will be
elucidated, and that targets for the action of pharmaceuticals will be identified. Currently, new
approach methodologies (NAMs) 7n vitro and in silico are being used worldwide, and the AOP
framework occupies an important position from the viewpoint of improving knowledge databases and
administrative applications related to chemical safety assessment. This study will lead to
further develop methods for evaluating the efficacy and safety of chemical substances such as
pharmaceuticals and vaccines by incorporating a new perspective of predicting the efficacy and
safety of drugs using AOPs, and by identifying new therapeutic targets for various diseases and

AOPs of therapeutics.
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