
Discover theworld at Leiden UniversityDiscover theworld at Leiden University

Breaking the barriers for
toxicogenomics in 

risk assessment

Prof. Bob van de Water | Division of Drug Discovery and Safety

1



Discover theworld at Leiden University

From chemical exposure to adversity: 
transcriptional changes representing KEs and driving Adverse Outcomes.
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A brief historical perspective of toxicogenomics.

• ~3,000 publications mentioning toxicogenomics in PubMed

• 259 publications with toxicogenomics & risk assessment terms

• High expectations at early stage in pharma - voluntary inclusion of TXG data in FDA approvals

• Toxicogenomics so far largely for deriving mechanistic hypothesis for mode of action   

Spotted arrays  Affymatrix arrays  RNAseq targeted RNAseq
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Systematic evaluation of transcriptomics technology: 
MAQC consortium.
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Systematic reporting of toxicogenomics data: OECD EAGMST omics
reporting working group. 
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Current gap: 
toxicogenomics interpretation

framework for implementation in risk 
assessment. 
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Hurdles for qualitative and quantitative interpretation of 
toxicogenomics datasets
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• Mechanistic interpretation based only known biology: an emphasis on cancer biology

• Commercial and public domain annotations (e.g. IPA and GSEA): gives redundant information.

• Gene regulation and function is not identical is diverse cells and tissues. 

• Experimental variability and statistical thresholds may provide different differential expressed gene 
sets.

 Solution: test system and in vivo target organ co-regulated gene network analysis for
quantitative toxicogenomics data interpretation. 

• Transcriptomics expensive prohibiting concentration response assessment for PoD

 Solution: high throughput transcriptomics using targeted RNAseq technology
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Gene co-expression network analysis

Weighted gene co-expression network analysis (WGCNA):

• Group genes involved in the same pathway/process and regulated by similar transcription factors

• Not biased towards biological knowledge (unsupervised method)

• Functional enrichment provide insight into the underlying function/mechanism
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Brief Bioinform. (2018), 19: 575-592 - van Dam et al.

Input for WGCNA  large and diverse 
transcriptomic datasets

TG-GATEs
• Primary human hepatocytes 158 cmpds

• Rat liver (in vivo) 160 cmpds

• Rat kidney (in vivo) 41 cmpds
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TXG-MAPr: WGCNA on TG-GATEs datasets
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Data Primary human hepatocyte Liver (in vivo) Kidney (in vivo)

Conditions 941 3528 975

Compounds 158 160 41

Time-points Single dose:   2, 8, 24 hr Single dose:   3, 6, 9, 24 hr
Repeat dose:  4, 8, 15, 29 d

Single dose:   3, 6, 9, 24 hr
Repeat dose:  4, 8, 15, 29 d

Array Affy Human U133 Plus 2.0 Affy Rat 230 2.0 Affy Rat 230 2.0

Genes in modules 10254 13095 11244

Modules 398 316 347

TXG-MAP

Shiny app:
https://txg-mapr.eu/
Docker version

https://txg-mapr.eu/
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Callegaro et al. Arch Toxicol. 2021

Callegaro et al. Arch Toxicol. 2021
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TXG-MAPr: WGCNA networks for kidney
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Module eigengene score (EGs) responseTXG-MAP: 15 days daily 1 mg/kg cisplatin

Module enrichment (GO, pathways, TFs)

Compound correlation

Pearson R = 0.78

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

Ward’s hierarchical clustering

Module Annotation CSP_15day
HI

PAN_15day
MED

rKID:160 p53 signaling 11.07 3.43

rKID:298 p53 signaling 10.49 3.76 

rKID:2m Injury biomarkers 6.1 6.21

rKID:5m Cell cycle 4.59 8.07

rKID:160

rKID:298

rKID:160 – EGS:13.7

rKID:2m – EGS:12.0

Kunnen et al. in preparation
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Cross transcriptomics
platform compatibility
and experimental
robustness: cyclosporin A
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TG-GATEs – 300 mg/kg CSA 9 hr
Affymetrix gene array

IMI-TransQST – 200 mg/kg CSA 10 hr
Whole transcriptome TempO-seq



Discover theworld at Leiden University

TXG-MAPr application for read across?
Valproic acid analogues and liver steatosis as a case study.
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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 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 
in combination with TXG-MAPr-based 
quantitative interpretation contribute 
to RAx of carboxylic acids

EU-ToxRisk carboxylic acids RAx
case study .
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VPA activates module 31: 
Representative of FFA acid oxidation. 

VPA

Vrijenhoek et al. in revision

Vrijenhoek et al. ALTEX 2022
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PHH TXG-MAPr-based VPA analogue 
correlation for biological RAx
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R

Vrijenhoek et al. ALTEX 2022
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Potency evaluation of VPA analogues in PHH:
TXG-MAPr Module 31 shows a dose response for VPA analogues

Vrijenhoek et al. in revision

~400 samples EU-ToxRisk targeted TempO-seq gene panel

Vrijenhoek et al. ALTEX 2022
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What are the differences between test systems? 
Temperal VPA concentration response PHH versus HepRG
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• PHH and HepaRG
• 8, 24, 48 and 72 hr
• 7 concentrations
• WT TempO-seq
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How about other reference liver toxicants:
APAP and cyclosporin A?
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• PHH and HepaRG
• 8, 24, 48 and 72 hr
• 7 concentrations
• WT TempO-seq
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BMC modelling of gene 
network activity based on 
PHH TXG-MAPr
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• BMC value is pathway dependent

• VPA activates module 31 FFA 
metabolism also in HepaRG

• CSA activates ER stress in both
HepaRG and PHH

• PHH and HepaRG activate
similar biology

• PHH more sensitive than
HepaRG
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Our longterm objectives for TXG-MAPr development
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Rat liver (TG-GATEs)

HepG2

HepaRG

iPSC derived HLC

PHH

iPSC derived liver 
microtissues

Human liver

Liver

Rat kidney (TG-GATEs)

RPTEC/TERT1

iPSC derived PTLC

iPSC derived kidney 
organoids

Human kidney

Kidney

PBEC

PBEC-ALI

iPSC derived lung 
epithelial cells

Human lung

Lung

LUHMES

iPSC derived neuronal 
cells, neural crest cells, 

astrocytes

iPSC-based multicell 
brain organoids

Neuronal

Rat

Human
in vitro

Human
in vivo

EFSA TD-TRAQ project: interindividual variability in toxicodynamics TXG-MAPr for PBMCs
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Combine with 
tissue-specific 
information

Compare test 
systems and human 
in vivo

Apply to dose-
response analysis 
for PoD 

Read across

Ab initio

Anchor to qAOP

Connect to 
pathology and cell 
adversity

Design by PresentationGO.com

Our vision: gene co-expression analysis for quantitative 
systems toxicology-based risk assessment
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TXG-MAPr 
development 
& application
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Thank you!
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US Tox21:

Joshua Harrill (EPA)
Stephen Ferguson (NTP)

Leiden University:

Giulia Callegaro
Steven Kunnen
Nanette Vrijenhoek
Hugo van Kessel
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