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Transforming the vision of an adverse outcome pathway-based framework into a tool for risk-assessment requires that we combine experimental 

observations made in vitro, with mechanistic rationale and understanding of relevant exposure scenarios to make robust decision on safety in humans. 

This necessitates a quantitative understanding of how various biological pathways respond to different chemical insults. 

In this presentation we will focus primarily on our work on the NRF2-Keap1 pathway and use this to demonstrate how, by iterating between in silico model 

predictions and wet-lab observations, we are able to arrive at a model that can both accurately recapitulate our data and be used to make new predictions 

and mechanistic insights, which are then experimentally validated. More specifically, by comparing model predictions on NRF2 nuclear accumulation and 

signalling (using downstream gene SRXN1) for a range of chemicals (namely DEM, tBHQ, 1,4-dichlorobenzene and H2O2) we conclude that cellular 

responses to electrophilic and oxidative stress involves not only NRF2-Keap1 interactions determining level of NRF2 nuclear accumulation, but also a 

separate acetylation-based mechanism that acts to fine-tune NRF2 transcriptional activity. Using in vitro NRF2 and KEAP1 knockdown assays we evaluate 

the ability of the model to accurately predict SRXN1 induction dynamics. Finally, we show how the model can be used to infer how dose-dependent 

intracellular levels of compound change over time based on the NRF2 and SRXN1 response dynamics. Notably, we find that the predicted dose at which 

the NRF2-Keap1 pathway is overwhelmed correlates well with our cell viability dose-response data. Using this understanding of the different mechanisms 

augments our capacity to define the tipping point between adaptive and adverse effects at a cellular level.

By providing a mechanistic rationale to predict the point when cellular stress systems become saturated for both this stress pathway-based model, 

together with others on DNA-damage and mitochondrial stress, we discuss how we can infer the departure point at which cells switch from an adaptive to 

an adverse response.  Furthermore by extending this to predict responses to exposure scenarios in vivo we show how these models can support the use of 

in vitro data for human based safety decisions.            


