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The aim of this study is to predict various physicochemical properties and
pharmacokinetic parameters from the chemical structure of a compound of interest,
and to build a system that can simulate the pharmacokinetics of the compound
reliably based on these results. We have developed a database with 25,000
compounds, released an initial version of the integrated analysis platform named
DruMAP (Drug Metabolism and pharmacokinetics Analysis Platform) on the web.
The database contains not only high-quality, curated public data, but also large-scale,
novel experimental data that we collected under unified conditions. In addition, we
have so far built and published four predictive models: metabolic stability (Esaki et
al., Mol. Inform., 2019), plasma protein binding (Watanabe et al., Mol. Pharm , 2018),
absorption rate (Esaki et al., J. Pharm. Sci., 2019), and brain homogenate binding
(Esaki et al., J. Chem. Inf. Model., 2019). In parallel, predictive models for a
metabolic enzyme (cytochrome P450; CYPs) and metabolic sites were built.
Currently, 10 out of the 13 constructed predictive models have been incorporated
into DruMAP. Regarding the prediction of brain penetration, the effect of the P-
glycoprotein (P-gp) transport, obtained from in vitro assays, was examined, and an
appropriate prediction method was defined. We have confirmed the effectiveness of
this method using the observed rat in vitro data. Furthermore, to improve the
prediction accuracy of pharmacokinetic parameters, large-scale pharmacokinetic
data were obtained from a group of pharmaceutical companies in Japan. We have
developed software to automate a series of operations such as model construction,

prediction, and evaluation on in-house computers.
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We have studied a molecular simulation-based method to predict the sites of drug
metabolism by cytochrome P450 (CYP). Our method adopts the concept that the
drug metabolic mechanism by CYP consists of two sequential steps, access of a drug
molecule into the active site (accessibility) and catalytic reaction in drug metabolism
(reactivity). We thus have investigated the following three research topics by using
molecular simulation: O research of accessibility, @ research of reactivity, and @
research of prediction of sites of drug metabolism based on both accessibility and
reactivity evaluations. So far, we have developed the effective computational method
to predict the site of drug metabolism by several CYP enzymes (CYP1A2, CYP3A4,
CYP2D6, and CYP2C9). To accelerate MD simulations, we have also developed a
special-purpose computer for MD simulations, MDGRAPE-4A.
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We constructed a secure system of computational chemistry to collect, integrate,
and analyze chemical compounds data in large-scale libraries without exact
compound structures. We developed a method for predicting bioactivity of
compounds against over 1,500 targets for drug discovery. By analyzing the resultant

bioactivity information, we developed a system of assessing bioactive diversity of



libraries. We made a new method to construct a chemical library in consideration of
its diversity in chemical similarity, molecular properties, and bioactivity, aimed for
a core library for discovering lead compounds. Using this method, we constructed a
core library to represent DISC library, by sampling about 20 thousand compounds
from commercial compound libraries (about 5 million compounds) and confirmed its
diversity. The result of this research project is expected to contribute to collaborative

drug discovery such as DISC project.
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In order to expand basic database by extracting pharmacokinetic and toxicity
parameters from pharmaceutical and medical documents such as CTD, we
conducted the following research items.

1. Investigation of parameters to be extracted.

2. Acquisition and summary survey on pharmaceutical and medical documents

3. Investigation and prototype construction of natural language processing

(NLP) method from pharmaceutical and medical document

@D NLP methods for extracting parameter values from structured documents

such as XMLs.

@ NLP methods for extracting parameter values from unstructured documents

such as PDFs.

@ System and UI design including checking and correcting extracted parameter



values.

Based on the above survey conducted in FY2018, we started implementation of
information extraction system and trial of information extraction. Furthermore, in
order to extract information other than pharmacokinetics / toxicity parameters with
high accuracy, we started development of information extraction method using NLP
based on machine learning methods, including data annotation framework for
creating training dataset for machine learning method. The extracted information

will be converted to a universally format and stored in a database.
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2.1 Construction and release of cardiotoxicity database

The world's largest cardiotoxicity database consisting of more than 300,000
compounds was constructed by curating publicly known data and newly
measured data, and integrating by statistical processing of multiple data. The
database includes cardiotoxicity-elated ion channel data such as hERG,
Navl.5, Kv1.5, and Cavl.2. In addition, a system for semi-automatically
updating newly released data has been established. The constructed database
was released via the web page (https://drugdesign.riken.jp/hERGdb/), and the

hERG prediction model described later can also be used.

2.2 Construction of a multifaceted cardiotoxicity prediction system

Based on the data of the cardiotoxicity database, a hERG discrimination
model was constructed using feature selection with support vector machine
and NSGA-II. Using the external test set, this model showed significantly
higher prediction performance (accuracy: 0.984, kappa statistic: 0.733, ROC
(AUC): 0.962) compared with commercially available models. Another model
using free descriptors was also constructed by the same procedure and
published at the above URL. Regarding the hERG regression model, a model
(global model) that can deal with various compounds using all data showed
R2: 0.602, and a model specialized for some skeletons (local model) recorded
R2: 0.917.

In addition, a new framework for sharing hERG data with seven
pharmaceutical companies and the construction and provision of prediction
models has begun. Based on the data provided, it is expected to enhance the
prediction performance for compounds with common scaffolds to strongly bind
to hERG. As a result, when a prediction model is built based on data from
only one company and validated with the test set of data from seven
companies, the ROC is 0.597, while learning by using all the data from seven
companies greatly improves prediction performance (ROC: 0.800). The above-
mentioned global prediction model of free molecular descriptor version and
the prediction model based on data from seven companies were provided to
the pharmaceutical companies.

For the Nav1.5, Kv1.5, and Cav1.2 discrimination models, deep multi-task

learning based on deep learning was used, the kappa statistic values showed



0.5 to 0.6 in all the models, in spite of the small number of data (200-1000
compounds). In addition, a regression model of R2: 0.613 was obtained for
Nav1.5 by the pre-training technology.

With regard to the structure proposal tool to release hERG inhibition, we
developed RLS method that can reproduce almost 100% of the structural
analogues included in several medicinal chemistry articles. We examined the
combination of the RLS method and the hERG discrimination model
described above using real drug targets. As a result, in addition to showing
good results in the verification of the already completed target, it succeeded
in releasing hERG affinity while maintaining the cell activity in the ongoing

target, and became the driving force for patent application.

2.3 Development of design methods using simulations based on the hERG EM
structure

Based on the electron microscope (EM) structure of hERG, molecular
dynamics simulation was performed, and hERG structures satisfying the
representative hERG inhibitors with mutation experiments were selected
from the simulation results and subsequent docking results. Based on the
obtained hERG structural ensemble, a hERG discrimination model using
docking and interaction descriptors was constructed, and compared with
already mentioned hERG discrimination model in 2.2 without docking results
using the particular chemical series. It was confirmed that the docking-based
model (ROC: 0.949) exceeds the model without docking results (ROC: 0.869
when limited to this chemical series), and the usefulness of docking
information was demonstrated. It is also possible to obtain design ideas for
avoiding hERG affinity based on the docking model.

2.4 Compound management and cardiotoxicity related ion channel testing
As a storage management system for compounds, we have established a
system that can store, weigh, dissolve compounds and measure the purity.
More than 4000 compounds were purchased for cardiotoxicity measurements
and compound solution samples were prepared. Powder samples of more than
800 compounds were delivered for outsourcing, and solution samples of more
than 1200 compounds were delivered for in-house use. Regarding new
cardiotoxicity data, a total of more than 1300 compounds were assayed for
hERG binding and hERG autopatch by outsourcing. For the in-house assay



for hERG autopatch clamp, more than 1500 compounds were tested. In
addition, due to changes in the plan from FY2017, Nav1.5, Kv1.5, and Cav1.2
tests were conducted on 200 compounds, 30 compounds, and 30 compounds,

respectively.

2.5 Development of screening methods for cardiac toxicities at the early stage
of the drug discovery using human iPSC-derived cardiomyocytes
We evaluated more than 30 compounds including the CiPA-compound set and
other representative cardiotoxicity compounds with multiple ion channel data,
using a multiple-electrode array system for measuring field potentials, a
newly-developed high-thoroughput image method for detecting contraction of
non-stained cardiomyocytes, and a voltage sensitive dye imaging method to
analyze ion channels components of action potential wave forms. We have
shown the combination of these methods are strong tools to identify cardiac
toxicity of drugs which have additional effects on hERG inhibition, such as
multi-ion channel inhibitions, slow-binding kinetics, inhibition of contraction
and conduction velocity. Comparison of hERG IC50 and the concentrations on
which drugs induce toxic events would provide important information to

predict adverse effects in clinical trials.
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In order to contribute to the improvement of the ability related to safety evaluation in
an academic drug discovery, the five-yearly program for “Development of a Drug
Discovery Informatics System” supported by Japan Agency for Medical Research and
Development (AMED) was started in 2015. In this program, a collaborative project of the
National Institutes of Biomedical Innovation, Health and Nutrition (NIBIOHN),
National Institute of Advanced Industrial Science and Technology (AIST), Meiji
Pharmaceutical University and Kumamoto University for “Development of a Liver
Toxicity Informatics System” was organized. The project established 3 databases
related to liver toxicity (DILI-cSEARCH, TOXPILOT, toxBridge) and 4 toxicity
prediction systems (DILI-PANEL, toxRank, LIVER/MIE-QSAR, LUNG/MIE-QSAR). All
databases and prediction systems can be accessed via portal site of the project (DILI-
TOOLBOX, https://dili-toolbox.nibiohn.go.jp/). Details of the databases and prediction

systems developed by the project are as follows.
[Database 1]
Name DILI-cSEARCH (Drug-Induced Liver Injury information Cross-SEARCH

system)

Developer | NIBIOHN and Kumamoto University
URL https://dili-csearch.nibiohn.go.jp/

Description | DILI-cSEARCH is a freely available database that provides comprehensive
information about liver toxicity caused by drugs and chemicals. This
database offers cross search access to information of Open TG-GATEs,
DrugMatrix, LINCS and LTKB (Liver Toxicity Knowledge Base) including
in vitro/in vivo experimental conditions, toxicological profiles, gene
expression profiles, and much more. Available data may be searched in

various ways.

[Database 2]

Name TOXPILOT (TOXic Process InterpretabLe OnTology)
Developer | NIBIOHN
URL https://toxpilot.nibiohn.go.jp/

Description | TOXPILOT is a toxic process interpretable knowledge system. Focusing on
hepatotoxicity, TOXPILOT provides visualization maps of the toxic course,
general course map that visualizes general toxic courses common to multiple
specific toxic courses, and systematized knowledge for hepatotoxic processes

based on Toxic Process Ontology, TXPO.




[Database 3]

Name toxBridge

Developer | AIST

URL https://toxbridge.molprof.jp/top

Description | toxBridge — a statistical interpretation of building relationship between in

vivo and in vitro for the purpose of constructing a panel as a marker group
for predicting hepatotoxicity. Based on the rat in vivo and human in vitro
gene expression data, the significance of gene signatures and pathways were
analyzed for about 170 medical compounds at four dose levels and time
points. The characteristics of toxBridge are focused on in vivo-in vitro and
in vitro human-rat bridging, and various correlation indices between the
bridges in the expression profile are stored in the database. It has the
function of searching for compounds and searching for genes and pathways.
This function allows the selection of which compounds are significant as
bridging using correlation indices and creates a molecular panel in bridging

by selecting a compound having a superior correlation index.

[Prediction system 1]

Name DILI-PANEL

Developer | NIBIOHN

URL https:/dili-panel.nibiohn.go.jp/

Description | DILI-PANEL is a prediction system of liver toxicity that was established to

support the safety assessment and risk management for drug candidates.
This system can automatically derive toxicological alerts from gene
expression data of in vitro human hepatocytes using marker panel of liver
toxicity. The marker panel of liver toxicity was established using the gene
expression data of human primary hepatocytes in DILI-cSEARCH and
machine learning methods. The central features of the DILI-PANEL are:

1. Prediction of potential risk of liver toxicity.

2. Identification of potential mechanism of liver toxicity using liver toxicity

mechanism maps.

[Prediction system 2]

Name toxRank

Developer | AIST

URL https://toxrank.molprof.jp/

Description | toxRank — rank analyses of drugs using rat in vivo/vitro and human in vitro

gene expression data. Given a signature of query drug, toxRank computes




the similarity with reference to expression profiles which are developed rank
matrix data. It is possible to generate flexible rank matrix from genes that
users consider important for hepatotoxicity and molecular panels obtained

with toxBridge.

[Prediction system 3]

Name LIVER/MIE-QSAR

Developer | Meiji Pharmaceutical University

URL http:/mmi-03.my-pharm.ac.jp/tox1/prediction groups/new

Description | As part of QSAR, LIVER/MIE-QSAR system has served as predictor for 59

types of activities of molecular initiating events (MIE). Within the system,
MIE activities such as nuclear receptors and stress response pathways are
predictable through machine learning. The prediction effectively deals with
the toxicity of drug-induced liver injury (DILI) based on the computation of
their chemical structure. Consequently, the system can be used to target
drugs of low molecular weight analogues and predicts their induction of
cytotoxic liver injury, cholestatic liver injury, and liver cancer. On the other
hand, the prediction of MIE can be generally applied in targeting a wider
range of compounds of low molecular weight including pharmaceuticals and

chemicals.

[Prediction system 4]

Name LUNG/MIE-QSAR

Developer | Meiji Pharmaceutical University

URL http:/mmi-03.my-pharm.ac.jp/tox1/prediction groups/new

Description | Based on the same method and considering hepatotoxicity, a LUNG/MIE-

QSAR system for predicting interstitial lung disease was developed.
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