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INTRODUCTION
Accurately capturing interindividual variability in human toxicodynamic responses is essential for reliable chemical safety 
assessment. While toxicokinetic variability is well characterized, our understanding of how individuals differ in their cellular 
responses to chemicals, particularly across stress and immune signaling pathways, remains limited. Freshly isolated peripheral 
blood mononuclear cells (PBMCs) offer a physiologically relevant human model to study coordinated pathway responses across 
donors. Network-based transcriptomic approaches, such as the PBMC TXG-MAPr, enable systematic mapping of compound-
induced gene co-expression modules, providing a mechanistic framework to interpret interindividual variability and support 
the refinement of toxicodynamic uncertainty factors (UFs). 
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Generation of the PBMC TXG-MAPr from human transcriptomic data revealing co-regulated gene networks

Concentration-dependent functional and transcriptomic responses in healthy human PBMCs
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PBMC TXG-MAPr reveals pathway-specific gene co-expression modules

Each module represents a distinct group of closely co-regulated genes that tend to behave similarly across conditions. Activation 
indicates how these gene groups respond together in a coordinated manner to chemical exposure. This interactive map allows clear 
visualization and easy comparison of pathway responses across all donors. 

Compound-specific transcriptomic responses reveal interindividual variability across PBMC donors

CONCLUSION
• The PBMC TXG-MAPr organizes compound-induced gene expression into co-regulated modules, providing a 

mechanism-focused framework to compare pathway responses across donors and compounds and assess 
interindividual variability in stress response activation. 

• This framework supports human-relevant chemical risk assessment by linking in vitro transcriptomic responses to 
pathway-level mechanisms and population variability.

FUTURE PERSPECTIVES
• Project whole-transcriptome data from ~200 donors onto the PBMC TXG-MAPr reference framework to systematically 

characterize interindividual variability in stress pathway activation across sex, age, and ethnic groups.
• Quantitatively assess donor-specific transcriptional responses to eight selected compounds across six concentrations, 

enabling identification of pathways and modules that vary in activation across the human population.

Supported by the TD-TRAQ project funded by the European Food Safety Authority (OC/EFSA/SCER/2021/03). 

• Transcriptomic responses from five PBMC donors (male and female) were analyzed to evaluate donor-specific pathway activation
• TXG-MAPr module scores (or eigengene scores) reveal compound-specific activation patterns, highlighting variability in pathway

responses between donors
• This framework will be used to quantify interindividual variability across larger population groups
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• Correlate genes and build network
• Detect co-expression modules

• Link modules to traits and key genes

TXG-MAPr analysis
Pathway and mechanistic insight

PBMCs from five donors were exposed to 43 mechanistically diverse compounds for 24 hours. Transcriptomic profiling using TempO-Seq 
(whole transcriptome) followed by differential expression analysis (DESeq2) and co-expression network analysis (WGCNA) generated the 
foundational data for the interactive TXG-MAPr, enabling exploration of coordinated pathway responses across donors and compounds.
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Data from all 43 compounds were used to generate the TXG-MAPr; four representative compounds are highlighted here.
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