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1) pragmatic, solid read-across procedures incorporating 

mechanistic and toxicokinetic knowledge

2) ab initio hazard and risk assessment strategies of 

chemicals with little background information

The vision of the EU-ToxRisk project

The vision is to drive a paradigm shift in toxicology towards an animal-free, 
mechanism-based integrated approach to chemical safety assessment. 

The ultimate aim:



Topics

1. Application of HTTr for read-across of carboxylic acid (valproic analogues)

2. Application of HTTr for biological read-across of mitochondrial complex inhibitors



Valproic acid and liver steatosis.
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Do carboxylic acid VPA analogues have similar mode of action?
Can HHTr TempOseq support biological RAx?
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EU-ToxRisk Case study: 
carboxylic acids and liver steatosis



Annotation of various carboxylic acids with different side chains (1). 



• EU-ToxRisk RAx case study
• Liver steatosis AOP-based
• KE event analysis
• OECD IATA case study working group
• Official report published
• Gene expression profiling not involved

Can high throughput transcriptomics 
contribute to RAx of carboxylic acids

EU-ToxRisk carboxylic acids RAx case study .



High throughput transcriptomics – TempO-seq technology

• EU-ToxRisk gene panel (~3500 genes; NTP 
S1500+ plus additional selected genes)

• whole transcriptome gene panel



Unravel Mode-of-Action of VPA analogues with TempOSeq in liver cells
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VPA causes a dose dependent increase in 
differently expressed genes in primary human 

hepatocytes (PHH)

cutoff: padj < 0.05, −1.5<log2FC>1.5



Effect of VPA analogues on DEGs in PHHs

DEGs with cutoff: p < 0.05, 
−1.5<log2FC>1.5



Active VPA analogues have similar concentration-dependent 
transcriptomic response in PHH

Log2FC



Weighted Co-regulated Gene Network Analysis (WGCNA) to
establish toxicogenomics maps of tissue cell and injury responses

Giulia Callegaro



TXG-MAPr tools

24 h 6 µM cyclosporine A 24 h 300 mg/kg cyclosporine A 24 h 300 mg/kg cyclosporine A

14

Public domain toxicogenomics-MAP (TXG-MAP) R-shiny framework

Rat Liver Rat  kidney

Callegaro et al. Arch Toxicol. 2021

Primary human hepatocytes



Callegaro et al. Arch Toxicol. 2021

Callegaro et al. Arch Toxicol. 2021



Toxicogenomics-MAP (TXG-MAP) based on WGCNA

24 h 6 µM cyclosporine A
Weighted gene co-expression network analysis (WGCNA) based 

on all PHH TG-GATEs transcriptomic data

R-shiny framework for web-based interactive visualization 

Module = network of co-expressed genes

Eigengene score (EGs) = module score based on gene log2FC

TXG-MAP = Toxicogenomics-MAP
Module responses (EGS) displayed in color and size

Ward’s hierarchical clustering of modules

Gene-set/module enrichment

GO-terms

Pathways

Transcription factors

Interacting proteins

Callegaro et al. Arch Toxicol. 2021



Projection of VPA TempOseq data on PHH TXG-MAP

Vrijenhoek et al. in revision



Active VPA analogues show similar TXG-MAP module activation

18Vrijenhoek et al. in revision



TXG-MAP module correlation of VPA analogues for biological RAx
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Vrijenhoek et al. in revision



Dose response of module 
activation (filtered: -2>EGS>2)

VPA

Vrijenhoek et al. in revision



Module 31 is associated with fatty acid related GO terms

Vrijenhoek et al. in revision



Potency evaluation of VPA analogues:

PHH TXG-MAPr Module 31 shows a dose response for VPA analogues

Vrijenhoek et al. in revision



Vrijenhoek et al. in revision

Comparison TempOseq S1500+ with whole transcriptome, PHH and HepG2



Topics

1. Application of HTTr for read-across of carboxylic acid (valproic analogues)

2. Application of HTTr for biological read-across of mitochondrial complex inhibitors



• EU-ToxRisk RAx case study
• AOP-based
• KE event analysis
• OECD IATA case study working group
• Official report published
• Gene expression profiling not involved

Can high throughput transcriptomics 
contribute to biological read across of 
mitochondrial complex inhibition

EU-ToxRisk mitochondrial complex 
inhibitor biological RAx case study.

Van der Stel et al. ALTEX 2021



https://www.nature.com/articles/nrm3997#f1
https://www.shmoop.com/biology-cells/most-eukaryotic-cells.html

The respiratory chain



EU-ToxRisk Case study: 
mitochondrial complex inhibitors – diverse agro-chemicals
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Mapping of gene expression changes on PHH TXG-MAPr.

Van der Stel et al. Arch Toxicol. 2021

• HepG2 cells
• 14 MRC inhibitors (complex 1, 2 and 3)
• 8 concentrations; 3 replicates
• TempO-seq EU-ToxRisk gene panel



TXG-MAPr Eigengene scores of critical modules of 
various mitochondrial complex inhibitors.

Van der Stel et al. Arch Toxicol. 2021



Correlation of TXG-MAPr module activation
by mitochondrial complex inhibitors.

Van der Stel et al. Arch Toxicol. 2021



Similarity in MoA of mitochondrial complex I and III 
inhibitors based on transcriptomics data.

Van der Stel et al. Arch Toxicol. 2021



Complex 1

Complex 2

Complex 3

Different potency of complex inhibitor in the 
activation of critical TXG-MAPr gene networks

by mitochondrial complex inhibitors.

Van der Stel et al. Arch Toxicol. 2021



Conclusions

• HTTr can be applied for biological RAx

• WGCNA-based TXG-MAP module comparison allows a 

quantitative assessment of biological similarity

• Transcriptomics data can directly linked to AOP outcomes

• HHTr can provide mechanistic underpinning of biological RAx

• A surrogate TempOseq gene panel can detect MoA and 

underpin biological similarity
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