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From chemical exposure to adversity: 
Key Events and AOP frameworks and transcriptional changes.
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Toxicogenomics for drug and chemical safety assessment

- omics technology to measure 
molecular changes in vitro and in vivo

- mechanistic and quantitative 
information at scale
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Meier et al. (2024)

• Hazard identification 

• Dose-response assessment 

Why is this important? 

urgent need to evaluate thousands of 
chemicals, while addressing societal pressures 

to adopt more humane testing practices 



Systematic reporting of toxicogenomics data
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Current gaps: 
toxicogenomics interpretation framework 

for implementation in risk assessment. 



Transcriptomics interpretation strategies 
and regulatory confidence building.
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• No broadly accepted standard bioinformatics procedures by regulators…...

• …..hence, variable differential expressed genes (DEGs) sets depending on filtering steps.

• DEGs as input for mechanistic interpretation: Differences per lab?

• Diversity of tools to derive pathways modulation at p-value level: What does the p-value mean?

• Redundancy in pathway annotation: What is right or wrong?

• Genes that are limited/not annotated in biology: Association with toxicological programs?

• How to facilitate the interpretation for the toxicologist/regulator?

• How to determine relevant transcriptomics-based BMC and PoDs for NGRA?



Weighted Gene Correlation Network Analysis (WGCNA) for qualitative and 
quantitative toxicogenomics interpretation



Grocery stores and data sciences: concept of co-expression.

Gene network A Gene network B Gene network C

Glycolysis Fatty acid metabolism Regeneration
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Toxicogenomics-MAP (TXG-MAPr) 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
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Callegaro et al. Arch Toxicol. 2021



The TXG-MAPr: a tool based on WGCNA



TXG-MAPr: mechanism of action
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Module eigengene score (EGs) response

hPHH:144 Module composition

TXG-MAP: 5 mM APAP 24 hr PHH

Gene co-expression (WGCNA) on 
TG-GATEs rat kidney data

Ward’s hierarchical clustering

hPHH:144  

Callegaro et al. Arch Toxicol. 2021
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What is the preservation of biological transcriptional programs between 

different target organ test systems and human in vivo?

TXG-MAP project



The TXG-MAPr tools platform
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The human kidney TXG-MAPr

8

• >1400 kidney biopsy samples 

• Diversity of renal pathologies

• Pathology BAM scoring

• TempO-Seq of all biopsies

• WGCNA analysis

• TXG-MAPr building

Bruns et al. in preparation



The human kidney TXG-MAPr
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TXG-MAPr applications

Applied in safety (hazard) assessment of drugs, chemicals and cosmetics

Mechanism of action
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What is the preservation of biological transcriptional programs between 

different target organ test systems and human in vivo?

Population variability 
in freshly isolated 

PBMC

TD-TRAQ project

human PBMC 
TXG-MAPr
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