


Cutting Edge technologies

Molecular docking and Mathematical modeling Best Deep learning selection 

In vitro High-throughput screening assay Quantitative structure–activity relationship

3D Cell technologies Genomics/metabolomics profiling

In vivo imagingNon target metabolomics

• Report gene assay for receptor and ligand interaction

• Molecular simulation/docking

• Predicting toxicity using QSAR

• Molecular imaging

• 3D In vitro organoid models

• Next-generation sequencing for pathway enrichment



Alternative Animal Testing

FDA and OECD TG focus on 3Rs Over 5000 regulatory decisions annually

Improve QSAR prediction accuracy Non-tariff barriers to trade

Advancements in REGULATION have led to the development of various in vitro assays that aim to 

enhance functionality and reduce reliance on animal testing!



Brief definition of AOP under OECD

Adverse Outcome Pathway (AOP)
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AOP Development Process

* EAGMST: Extended Advisory Group on Molecular Screening and Toxicogenomic



AOP 433: hERG channel blockade leading to 

sudden cardiac death
Molecular Level Cellular Level Organ/tissue Level Individual Level
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α-Fold/Rosetta Computer vision Digital Holography Segmentation



AOP Toolbox development

AOP Integration, SOP standarization 
Integrate mechanistic data into AOP 
frameworks. Develop and refine AOPs through 
Weight Of Evidence (WOE) assessments

Mechanistic Studies (MoA Anchoring)

Conduct mechanistic studies to elucidate how NMPs 
impact in vitro at the molecular level, employing qPCR
and/or transcriptomic approaches to identify biomarker
genes linked to key events (KEs) across distinct modes of 
action (MoA).

Test System Selection
Select appropriate test model
and exposure system 
(conditions) Assay Optimization

Standardize and optimize NAMs for different 3D organoid models.
Ensure assays are specific, sensitive and reproducible for dieaseas 

Reference Pollutants selection
Well-characterized compounds with known modes of action were selected
as reference MNPs for toolbox development and validation testing



OECD Test No. 234: Fish Sexual Development Test OECD Test No. 248: XenopusThyroid Assay OECD Test No. 202: Daphnia. Acute Immobilisation

Small 2022 Small 2023 ACS Appl. Mater. Interfaces 2023

OECD TG-based Alternative Toxicity Research



OECD AOP Joint development (2021-)

[Crowdsourcing]

[Framwork]

[Model]
JRC and KIST Europe initially began with the COVID-19 AOP 

:ACE2 binding leading to respiratory distress
associated mortality 

2020

2021

2022



Participation in Horizon Project

Evolution in 

RISK assessments

New approach methodologies (NAMs)

Alternatives to animal testing

In vitro and in silico alternatives

Focus on human-relevant models 

(IVIVE)

Get mechanistic outputs (AOPs)

3Rs

Refinement

Reduction

Replacement



Tasks : Mechanistic understanding of Health Risk using Adverse 
Outcome Pathway (AOP)-informed pollutant Exposures

Policy : Scientific basis for regulatory action(e.g.EMA,ECHA), vulnerability protection

Technology :Standardized OECD AOP-based test methods (NAMs)

Society :Citizen-facing health risk prediction services

Industry :Entry into integrated toxicology-healthcare-digital platforms market



Target Call Selection

• HORIZON-HLTH-2025-03-ENVHLTH-01-two-stage: The impact of pollution on the development and 

progression of brain diseases and disorders

• HORIZON-HLTH-2025-03-ENVHLTH-02-two-stage: Research on the Health Impact of Micro and 

Nanoplastics on Human Health

[Risks of pollutants in the vulnerable : Emerging Concerns for Human Health]




