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本発表は、個人的な見解であり、必ずしも
他機関や国立衛研の公式見解ではありませ
ん。また、発表に利益相反はありません。
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内容
• 各国のNAMの開発状況について
• 国際機関の動向

OECD，ICH, ICCR
• 我が国におけるNAMの開発状況について
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各国のNAMの開発状況について
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The NTP Roadmap are consistent with the recent 
NAS Report

 2007 NRC Report:
– Calls for transforming toxicology: “from a 

system based on whole-animal testing to 
one founded primarily on in vitro 
methods that evaluate changes in 
biologic processes using cells, cell lines, 
or cellular components, preferably of 
human origin.”

– Envisions pathway-based toxicology, 
where pathway perturbations are used 
to predict adverse effects

– 2009 NRC report:  “the realization of the 
promise [of the 2007 report] is at least a 
decade away”

National Research Council. 2007. Toxicity Testing in the Twenty-first Century: A Vision and a Strategy. 
Washington, DC: National Academy of Sciences. Available: 
http://books.nap.edu/catalog.php?record_id=11970
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High throughput testing

Large datasets 
using the standard 

metabolic competent 
system

Compound managementCompound management

Cell culturing Compound RepositoryCompound Repository

Liquid handling robotLiquid handling robot
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CRAFT - Chemical Reactivity And Fate Tool

Endocrine-Active 
Chemicals Database

Toxmatch – Chemical grouping

Toxtree – Hazard estimation

Computational Toxicology: physicochemical and 
reactivity profiling of compounds/metabolites
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Advancing Alternative Methods at FDA
FDA’s Alternative Methods Working Group

Objectives of FDA's Alternative Methods Working Group
• Discuss FDA-wide new in vitro, in vivo, and in silico methods, including research, 

training, and communication.
• Engage with U.S. Federal partners and global partners to promote discussion, 

development, and acceptance of regulatory performance criteria for such assays.
• Establish a dialogue and develop partnerships with FDA stakeholders to explore 

regulatory science applications for such technologies.
• Identify the performance criteria of microphysiological systems by engaging with 

FDA experts and FDA stakeholders through public-private partnerships.
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・2025年までに哺乳類の動物実験の要求と資金提供を30％削減
・2035年までにすべての哺乳類の動物実験の要求と資金提供の廃止

EPA （米国環境保護庁）は2019年、動物実験削減に関する具体的数値目標を掲げた



EU第７次
改正発効

各国国内法施行期限

＜Testing ban＞
化粧品最終製品：EU域内での即時禁止
成分 ：規定された代替法がある場合,  

即時禁止

＜marketing ban＞
代替法がある動物試験を実施した成分 ・

最終処方を使用した化粧品の
即時販売禁止

＜Testing ban＞
成分 ： EU域内での

即時禁止

＜marketing ban＞
動物試験した成分 ／

最終処方を
使用した化粧品の
完全販売禁止

2003/3/11 2004/9/11 2009/3/11 2013/3/11

＜marketing ban＞
動物試験した成分

／最終処分を
使用

した化粧品の
完全販売禁止

国内法施行までは
代替法のある動物
実験でも実施可能

代替法ができた時点で即時禁止
（禁止時期以前に動物実験を実施したもの

は規制対象外）

Fragrance journal, 2005-2

ＥＵ化粧品における動物実験規制
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Mark U., et al, ALTEX、33(3)272-321（2016）
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MONDAY TUESDAY WEDNSDAY THURSDAY
8 am Key note: Michael Shuler Key note: Denise Hinton (tbc) Key note: tbc

9am-
11am

Hands-on 
training: Cell 

models for MPS
Hands-on 
training: 

technologies/bio
engineering

Hands-on 
training: 

technologies/bio
engineering

S3: Organ 
Models:  use 
case studies 

(e.g. 
Nociception, 

addiction, 
regenerative 

medicine)

S4: 
Reproducibility 
and robustness; 

Endpoint 
readouts & 

analytical tools 
standardization 

and 
harmonization 
(best practices) 

S7: Models: 
Predictive 
toxicology, 
determine 

adversity, link to 
AOP

S8: Advances in 
MPS by 

introducing  
Immune system 

and 
vascularization

S11: Models: 
Precision medicine 
and clinical trial on 

chip planning 

S12: MPS for Rare 
diseases

11:30 –
2 pm

Debate: Concordance MPS vs. in 
vivo animal and human data

Workshop: 
Human cell 

sourcing and 
ethical 

considerations

Computational 
modeling and 
MPS: AI, 
machine learning 
, virtual 
organs/patient

Poster sessions

Opening ceremony, 
Keynote: Don Ingber

Poster session Poster session

Round table: Data; 
collection, storage, 
management and 
dissemination

Round table: 
Partnerships and 
Collaborative 
Efforts towards the 
society

MPS/M
PPS: 
live

MPS/M
PPS: 
brain

MPS/MP
PS: lung

MPS/M
PPS: 
skin

Closing ceremony

2:30-
4:30 pm

S5: Reproducibility 
and robustness; 

Analytical 
qualification and 

validation 
standardization 

and harmonization 
(best practices) , 

GCCP

S6: PBPK, 
IVIVE, 

metabolism 
for MPS

S9: Regulatory 
acceptance: 

where we are

S10: Models: 
Drug Efficacy Satellite meetings

MPS/M
PPS: 

kidney

MPS/M
PPS: 
heart

MPS/MP
PS: gut

Multi-
organ-
on chip

5 pm Welcome reception Poster session and get together 
(music social event)

Posters
Social event/dinner
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OECDの動向
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ICHの動向
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4.2.2 胚胎児発生（EFD)リスクのため毒性作用の理解の代替法
・創薬スクリーニングとして使用され、に役立つ。
・非臨床データを人間のリスクに変換するのに役立つ。
・適正があれば、代替法は従来のin vivo試験を延期または置き換える可
能性がある。

・動物の使用を減らす可能性がある。
・代替法を組み込むアプローチは、現在の試験で提供されているものと
少なくとも同等のヒト安全保証にある程度の信頼性が必要である。

・科学的発展の方向性に基づいて、規制の目的で、段階的アプローチま
たは組み合わせプローチ内で、複数の代替法が使用されることが予想
される。

・これらの試験戦略は、試験法の化学的および生物学的適用範囲内で適
正とされる。
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• 胚胎児発生への悪影響を示唆する証拠がある状況（例：発生生物学の基
本的な経路に影響を与える作用機序、遺伝子組み換え動物の表現型デー
タ、クラス効果）

• 動物種の毒性により、使用条件下でのヒトへの暴露に関連する全身への
暴露が得られない

• 動物実験であいまいな所見があった場合の証拠評価の重み付けのサポー
トとして

• 最大3か月間の最大150の妊娠可能な女性を含む臨床試験の部分的なサ
ポートとして

• 特定の重度の衰弱性または生命を脅かす疾患または晩年発症疾患のため
に開発されている医薬品

補遺２ 動物実験代替法
単独、または1つ以上のin vivo試験と組み合わせて実施された、適

性な代替法から集められたデータは、限られた状況下での有害性の同
定とリスク評価に利用できる。
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• 予測指標を含む、予測モデルの正当性
• 胚胎児発生のメカニズムの説明を含むモデルの生物学的妥当性
• 陽性基準（陰性か陽性の判断）
• 奇形または胎児の致死を予測する分子および代謝マーカーの閾値と正
当性

• 決定樹のアルゴリズム
• トレーニングセットとテストセットの参照化合物のリスト
• 参照化合物リストから取得されていない場合、in vivo曝露および奇形ま
たは胎児胎児の致死データのデータソース

• 代替法の生物学的および化学的適用範囲
• in vivoでの発生結果を予測するための感度、特異性、および再現性
• 複数のアッセイが実施される場合、予測モデルに使用される統合評価
に加えて、各アッセイの性能

• 陽性対照を含む、アッセイの開発と使用に関する履歴データ

奇形/胚/胎児毒性を適正に予測するNAMの基準
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（Food Chem. Toxicol.,2002 ,40,193）

More than 30 different culture systems have been proposed

1) Tests on non-vertebrate species (Hydra, Drosophila etc.)
2) Tests on lower vertebrate embryo or embryonic aggregates             

(fish, birds etc.)
3) Tests on whole mammalian embryos
4) Tests on micromass cultures from mammalian embryos
5) Tests on embryonic stem cells (ES cells)
6) Tests on other mammalian cell lines (neuroblastoma cells, 

teratocarcinoma cells etc.）

No tests gain regulatory acceptance and use.

In vitro methods for reproductive toxicity

The research on alternative methods for 
detection of embryotoxicity is very challenging!
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Hand1 gene related pathways

Hand1-Luc EST is an easy and inexpensive protocol

ES-ID50 (Differentiation toxicity)

Day
0

Hand1-ES (KOB1)cells

・Cell viability assay 
(CellTiter Fluor)

・Luc-activity 
(Steady-Glo)

ES-IC50 (cytotoxicity) 

white 96 well round 
bottom plate

120
Hr

(Day 5) 

Preparation of test compound and 
Establishment of the maximum dose

Data analysis

Reporter gene assays
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Predictive capacity of the Hand1-Luc EST 
with the most recent prediction model
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Hand1-Luc EST
陽性の場合は確定：
偽陽性が少なく、
偽陰性が多い方法

ICHS5に最適な方法



Development of protocol for embryotoxicity testing 
using fertilized eggs of zebrafish

AB strain

36 hr  

0h
Fertili-
zation

７d
Endpoints

Normal rate

Image analysis
Movement analysis
Environment analysis

12 hr 6 hr 162 hr

Selection of 
Fertilized eggs

43Tanaka, T., et al., MIE Univ.
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ICCRの動向
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ＩＣＣＲ (International Cooperation on 
Cosmetics Regulations:
化粧品協力規制国際会議)と

ICATM (International Cooperation on 
Alternative Test Methods：
代替試験法国際協力会議)
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Part 2 Report: SEURAT-1 workflow as a basis
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化粧品原料の安全性評価に使われる選抜された新規試験法の現状 ( Amaral et al., 2018)

すでに使用中 未成熟な状況 不十分な状況
Read across (カテゴリー分類

を含む) ‘Omics (特に transcriptomics) Organ-on-chip

曝露回避 In vitro薬理学的プロファイリ
ング

ゼブラフィッシュ受精卵試
験

In silicoツール 経路モデル

代謝と代謝物同定 3D培養システム (全身影響)

薬物動態モデル
In chemico 試験

レポーター遺伝子試験
3D 培養システム (局所および

遺伝毒性)

ヒト試験
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OECD Fifth and Sixth meeting of 
IATA CS Project 
1. Discussion of the case studies

1. Case Study on use of an Integrated Approach to Testing and 
Assessment (IATA) and New Approach Methods to Inform a 
Theoretical Read-Across for Dermal Exposure to Propylparaben
from Cosmetics [BIAC (Cosmetics Europe)] 

2. Case Study on the use of Integrated Approaches for Testing and 
Assessment for Systemic Toxicity Arising from Cosmetic Exposure 
to Caffeine [BIAC (Cosmetics Europe)] 

3. Case Study on the use of Integrated Approaches for Testing and 
Assessment for the Systemic Toxicity of Phenoxyethanol when 
included at 1% in a body lotion [BIAC (Cosmetics Europe)]

50



51

A Next-Generation Risk Assessment Case 
Study for Coumarin in Cosmetic Products
Maria T Baltazar, et al. Toxicol Sci. 2020 
Jul; 176(1): 236–252.

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=7357171_kfaa048f1.jpg
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baltazar%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=32275751
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7357171/
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我が国におけるNAMの開発状況について
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Hand1 gene related pathways

Hand1-Luc EST is an easy and inexpensive protocol

ES-ID50 (Differentiation toxicity)

Day
0

Hand1-ES (KOB1)cells

・Cell viability assay 
(CellTiter Fluor)

・Luc-activity 
(Steady-Glo)

ES-IC50 (cytotoxicity) 

white 96 well round 
bottom plate

120
Hr

(Day 5) 

Preparation of test compound and 
Establishment of the maximum dose

Data analysis

Reporter gene assays
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55Aiba, S., et al, Tohoku Univ.

Reporter gene assays





57関野祐子先生（国立衛研・元薬理部長）より提供



58関野祐子先生（国立衛研・元薬理部長）より提供

Culture systems



1. 
Evaluating
iPSC lines

2. Identify 
mutations / 

genomic 
Information

3.  Make 
isogenic 
correcte
d iPSCs

4. 
Differentiate 

into target cell 
types

5. Identify 
the disease-

related 
phenotype

6. Make 
high-

through put 
assays

7. Screening 
(genes or 

chemicals)

Basic platforms to characterize disease-specific iPSCs and to 
develop genome-edited iPSCs

・ Known 
responsible 
genes or 
mutations 
→ Target 
Sequence

・Unknown 
disease →
Whole genome 
sequence

Using genome 
editing 
technology

In order to make 
disease models 
depending on 
the symptoms of 
diseases

Compare with 
healthy-donor or 
isogenic 
corrected iPSCs

Self-renewal, 
pluripotency, 
vector removal, 
and karyotype

Make 24-well -> 
96-well -> 384-
well plate formats

Drug development: 
chemical libraries

Genes: 
CRISPRi & CRISPRa
screening systems

Basic platform of characterization and development of iPSCs

Option：
Artificial mutant 
iPSCs from 
healthy donor 
iPSCs

Option：
Make knock-in 
fluorescent 
reporter iPSCs

Option: 
Make 
humanized 
animal models

Cas9 plasmid sgRNA plasmid ssODN

hiPSCs
Transfection 

Genome Editing 

理化学研究所 林先生より寄贈
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Physiologically-based kinetic modelling
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Physiologically-based kinetic modelling

Microphysiological System(MPS)
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細胞の基準

臓器ユニットの性能基準設定

多臓器モデルの性能基準設定

・ユーザー（製薬企業）が臓器細胞に求める
細胞性能の業界標準を整備。

・評価法プロトコル、使用細胞や実験の記録方法
のプロジェクト内での共通化

・ユーザー（製薬企業）が臓器ユニットに求める
細胞を実装したMPSの業界標準を整備。

・MPSに搭載しても、各臓器細胞の「基準」を
満たすことが開発上クリアすべき条件。

・多臓器化してもMPSの性能基準を満たすことを
開発上クリアすべき条件に。

67

研究開発の流れ

新薬開発のunmet needs

Physiologically-based kinetic modelling

石田誠一先生（国立衛研・元薬理部）より提供



Information for the target 
chemical and its 
ANALOGUES
・ RDT test results
・ Toxicity mechanism
・ Metabolism
・ Candidate of 

category
・ Predicted RDT

Target Chemical

Hazard Evaluation Support System (HESS)
Integrated Platform for Repeated Dose Toxicity

RDT Test Report DB*

Tox. Mechanism DB/AOP

Toxicity Knowledge 
Information DB

Human / Rat ADME DB
P450 Metabolism Prediction Model

Rat Metabolism Map DB 
and Simulator

Assessment of 
chemical safetyOECD QSAR Toolbox 

C
ategory A

pproach 
Support Function

B
ayesian N

et R
D

T 
Prediction M

odel
Expert Judgment

Metabolism Knowledge 
Information DB

*Core data are from 28-day repeated dose GLP tests on 
existing chemicals auspices of MHLW/NIHS, Japan 

Com
patible

User

http://www.nite.go.jp/en/chem/qsar/hess-e.html
68

NIHS

プレゼンター
プレゼンテーションのノート
Second topic is repeated-dose toxicity database. 
We have developed Hazard Evaluation Support System (HESS) platform. 
HESS has a database of RDT test reports.
Since repeated dose toxicity is complex endpoint, databases of toxicity mechanism, metabolism maps and human/rat ADME are also equipped.
 
If user inputs target a chemical, the system will show the information on its ANALOGS from the databases and candidate of toxicological category to support expert judgement.




In silico開発のためのデータベース

HESS RDT DB
(Core DB)

DB/category
provided

Toxicity test data set 
provided

MHLW Toxicogenomics Project/
Toxicogenomics Informatics Project

METI   ToxOmics

Sharing

MHLW: Toxicity test reports of existing chemicals
OECD SIDS (HPV chemicals)

added

Toxicity profile of 
new chemicals
(not opened now)

69

NIHS

プレゼンター
プレゼンテーションのノート
HESS RDT DB (core DB) was implemented to OECD QSAR Toolbox. And data sharing was performed with ToxRefDB and COSMOS DB to expand the database and chemical space.
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METI (Ministry of Economy, Trade 
and Industry) consignment 
project “Development of AI based 
next generation safety prediction 
system using related Big data”

AI-based
Substances
Hazardous
Integrated
Prediction
System project

Development of in silico hazard prediction system 
using AI technology 



Development policy and features of AI-SHIPS

 Unlike existing QSAR approach and other related prediction systems concept, we aim 
to develop the system that can predict chemical safety based on mode of action i.e. 
AOP basis and information of structural characteristics, physical properties of chemical 
substances.

 Conventionally, ADME and PBPK prediction methods that were not used in the such as 
prediction system can be drastically introduced, and to develop higher prediction 
accuracy system.

 By building a platform that unifies the DB of the existing chemical safety research and 
knowledge, we aim to develop the system based on state-of-the-art artificial 
intelligence technology such as deep learning

 For the elucidation of complicated and/or unique toxicity expression mechanism 
involving signal transduction mechanism etc., we will improve the system accuracy by 
reflecting the information that were obtained  from comparison analysis of the data 
from “Toxico-genomix” approach with related toxicological end points. 

2018 AI SHIPS All rights reservedー 71



1st STEP :  To develop the prediction system of Hepatotoxicity (cytotoxicity,

lipid abnormality, cholangiopathy and hypertrophy etc.) .  

Hazardous and risk (NOEL)

2nd STEP : To develop Hemato and Renal toxicity.  

72

 Industrial chemicals are not originally pursuing physiologically 
activity. 

 Chemical structure is diverse e.g. the aliphatic chain to hetero 
ring, metal complex etc. 

 Deepening the serious ecological  health effects  due to long-
term  exposure in trace amounts like PCB/TCDD, Organic Hg. Etc.       

Basic strategy for  Develop a predictable system of 
the 28-day Repeated Dose Toxicity Test 

2018 AI SHIPS All rights reservedー



AI-SHIPS Research subjects HESS-DB listed substances

In this PJ, for the time being, we will cover substances listed in  HESS * DB as substances to be studied or used.  Detailed 
data on physical property information, Toxicity related data (blood chemistry, pathological data etc.) of repeated dose 
toxicity test (GLP etc.) are available.

①28－35days Repeated Dose 28-Day Oral Toxicity Study in Rodents （OECD  TG407, METI STD)

235 substances

②Combined Repeated Dose Toxicity Study with the Reproduction/Developmental Toxicity 

Screening Test（OECD TG422） 263 substances

③US NTP Data base: Repeated Dose 90-Day Oral Toxicity Study in Rodents   (OECD TG408  etc.)

200 substances

Total 730 substances    

73ー2018 AI SHIPS All rights reserved

*: Hazard Evaluation Support System Integrated Platform (HESS) “Toxicity knowledge information accumulating repetitive dose toxicity test 
data on chemical substances targeted for rats and action mechanism information related to toxicity System with two databases (HESS DB) 
of database and knowledge information database composed of metabolism information of chemical substances in mammals such as rats
and humans System New Energy and Industrial Technology Development Organization (METI 2007ー2010) and economy Commissioned 
work from the Ministry of Industry (METI 2011) ”Development of hazard assessment method by structure activity correlation 
method“ (Project Leader: Dr.M. Hayashi)

http://www.oecd.org/chemicalsafety/risk-assessment/oecd-qsar-toolbox.htm


まとめ
全身毒性試験代替法の中でも、特に発達神経

毒性、MPS、AIの開発が世界的に進んでいる。
我が国においても、適切な予算がついて研究が
進んでおり、画期的な成果を期待したい。
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ご静聴ありがとうございました
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