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Table S1: A: List of selected 31 known steatotic compounds and 9 non-steatotic 
compounds. Compounds for which transcriptome and metabolome data are available are in 
bold. B: List of low, middle and high dose concentration in micromolar (µM) of 
transcriptomics data set. C: List of all compounds used in the metabolomics study. 
Compound treatment concentration was set to 1, 10, 100 and 1000 µM. Due to limited 
solubility, the following compounds were incubated at their highest possible concentration: 
Amiodarone (540 µM), Cyclosporine A (300 µM), Fialuridine (500 µM), and Tamoxifen (510 
µM). 
 
 
 

 
Supplemental Figure S1: A simplified view of an Adverse Outcome Pathway. Molecular 
Initiating Events (MIEs) lead to Key Events (KEs) which couple to Adverse Outcomes (AO). 
 
 
 
 
 



 
Supplemental Figure S2: The number of differentially expressed genes (DEG) induced by 
steatotic compounds is time - and dose-dependent. A: DEG analysis in primary human 
hepatocytes. Shown are the number of identified DEGs based on a logFC approach at 
different timepoints and doses. The relative transcript levels detected in cells upon 
treatment with steatotic chemicals were either normalized to the relative levels recorded in 
untreated control cells (left panel, treated vs. classic control: T/CC) or to the average levels 
measured in untreated cells and cells treated with non-steatotic compounds (right panel, 
treated vs. pooled control: T/PC). B: DEG analysis in dependence of time. All samples treated 
with the three doses were pooled and analysed to depict the impact of time. C: DEG analysis 
in dependence of dose. All samples treated at the three time points were pooled and 
analysed to depict the impact of dose. All DEGs which were derived based on an adjusted-p- 
value of 0.05 are marked with *, all other DEGs were derived based on a p-value of 0.05. 
(L=low dose, M=middle dose, H=high dose). 
 



 
Supplemental Figure S3: Non-steatotic compounds mostly downregulate genes and pathways 
related to steatosis. A: The number of differentially expressed genes (DEG) induced by non- 
steatotic compounds compared to untreated controls (* indicates DEGs derived by adjusted 
p-value of 0.05). The relative transcript levels detected in human primary hepatocytes upon 
treatment with non-steatotic chemicals were normalized to the relative levels recorded in 
untreated control cells. B: Pathway Enrichment Analysis conducted for non-steatotic 
compounds compared to unexposed controls. Identified pathways are shown based on the 
comparison of DEGs induced by non-steatotic compounds relative to untreated cells. 
 
 
 
 
  



 

 
Supplemental Figure S4: Schematic overview of the most recent Adverse Outcome Pathway 
for chemical – induced liver steatosis. The solid lines represent a positive correlation 
between the upstream and downstream KEs, while the dashed lines indicate a negative 
correlation. Abbreviations: AHR, aryl hydrocarbon receptor; AKT, serine-threonine protein 
kinase; AMPK, adenosine monophosphate-activated protein kinase; CYP450, cytochrome 
P450; ER, endoplasmic reticulum; FA, fatty acid; LXRα, liver X receptor alpha; mTOR, 
mechanistic target of rapamycin; NRF2, nuclear factor erythroid 2-related factor 2; PPARα, 
peroxisome proliferator-activated receptor alpha; PPARγ, peroxisome proliferator-activated 
receptor gamma; PXR, pregnane X receptor; SIRT1, sirtuin 1; TG, triglyceride; VLDL, very-low- 
density lipoprotein. 
 
 
 
 



 



Supplemental Figure S5: Time-dependent enrichment analysis performed with GSEA identifies 
up- or downregulated Gene Ontology biological processes terms with relevance for 
steatosis. On the left panel, identified pathways are shown based on the comparison of DEGs 
induced by steatotic compounds relative to untreated cells (classic control). On the right 
panel, identified pathways are shown based on the comparison of DEGs induced by steatotic 
compounds relative to untreated cells and cells treated with non-steatotic compounds 
(pooled control). Shown are heatmaps, colour coded according to p-value, with a selection 
of terms as defined by the adverse outcome pathway established for steatosis (coloured in 
red). p = positive enrichment score, n= negative enrichment score, time in hours. 
 
 
 

 
Supplemental Figure S6: Dose- and time-dependent enrichment analysis performed with 
GSEA identifies up- or downregulated terms with relevance for steatosis from the databases 
WikiPathways (left) and hallmark gene sets (right). For each, the left panel shows identified 
pathways based on the comparison of DEGs induced by steatotic compounds relative to 
untreated cells (classic control), while the right panel shows identified pathways based on 
the comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds (pooled control). Shown are heatmaps, colour coded 
according to p-value, with a selection of terms as defined by the adverse outcome pathway 
established for steatosis (coloured in red). p = positive enrichment score, n= negative 
enrichment score, L=low dose, M=middle dose, H=high dose, time in hours. 
 



 
Supplemental Figure S7: Dose-dependent enrichment analysis performed with GSEA identifies 
up- or downregulated terms with relevance for steatosis from the databases WikiPathways 
(left) and hallmark gene sets (right). For each, the left panel shows identified pathways 
based on the comparison of DEGs induced by steatotic compounds relative to untreated 
cells (classic control), while the right panel shows identified pathways based on the 
comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds (pooled control). Shown are heatmaps, colour coded 
according to p-value, with a selection of terms as defined by the adverse outcome pathway 
established for steatosis (coloured in red). p = positive enrichment score, n= negative 
enrichment score, L=low dose, M=middle dose, H=high dose. 
 
 

 
Supplemental Figure S8: Time-dependent enrichment analysis performed with GSEA 
identifies up- or downregulated terms with relevance for steatosis from the databases 
WikiPathways (left) and Hallmark gene sets (right). For each, the left panel shows identified 
pathways based on the comparison of DEGs induced by steatotic compounds relative to 



untreated cells (classic control), while the right panel shows identified pathways based on 
the comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds (pooled control). Shown are heatmaps, colour coded 
according to p-value, with a selection of terms as defined by the adverse outcome pathway 
established for steatosis (coloured in red). p = positive enrichment score, n= negative 
enrichment score, time in hours. 
 
 

 
Supplemental Figure S9: Dose-dependent KEGG pathway analysis and DEVEA reveals 
cholesterol metabolism as a target of steatotic chemicals. In total, 3 data sets (doses: low, 
medium and high and all timepoints pooled) were used to identify pathways based on the 
comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds. Red boxes indicate up-regulated genes. 
 
 



 
Supplemental Figure S10: Time-dependent KEGG pathway analysis and DEVEA reveals 
cholesterol metabolism as a target of steatotic chemicals. In total, 3 data sets (exposure 
time: 2, 8 and 24 hours and all doses pooled) were used to identify pathways based on the 
comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds. Red boxes indicate up-regulated genes. 
 
 



 
Supplemental Figure S11: Dose-dependent KEGG pathway analysis and DEVEA reveals 
glycerophospholipid metabolism as a target of steatotic chemicals. In total, 3 data sets 
(doses: low, medium and high and all timepoints pooled) were used to identify pathways 
based on the comparison of DEGs induced by steatotic compounds relative to untreated 
cells and cells treated with non-steatotic compounds. Red boxes indicate up-regulated genes. 
 



 
Supplemental Figure S12: Time-dependent KEGG pathway analysis and DEVEA reveals 
glycerophospholipid metabolism as a target of steatotic chemicals. In total, 3 data sets 
(exposure time: 2, 8 and 24 hours and all doses pooled) were used to identify pathways 
based on the comparison of DEGs induced by steatotic compounds relative to untreated 
cells and cells treated with non-steatotic compounds. Red boxes indicate up-regulated genes. 
 



 
Supplemental Figure S13: Dose-dependent KEGG pathway analysis and DEVEA reveals fatty 
acid degradation as a target of steatotic chemicals. In total, 3 data sets (doses: low, medium 
and high and all timepoints pooled) were used to identify pathways based on the 
comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds. Red boxes indicate up-regulated genes. 
 
 
  



 

 
Supplemental Figure S14: Time-dependent KEGG pathway analysis and DEVEA reveals fatty 
acid degradation as a target of steatotic chemicals. In total, 3 data sets (exposure time: 2, 8 
and 24 hours and all doses pooled) were used to identify pathways based on the comparison 
of DEGs induced by steatotic compounds relative to untreated cells and cells treated with 
non-steatotic compounds. Red boxes indicate up-regulated genes. 
 
 
 



 
Supplemental Figure S15: Time-dependent KEGG pathway analysis and DEVEA reveals 
chemical carcinogenesis/ROS as a target of steatotic chemicals. In total, 3 data sets 
(exposure time: 2, 8 and 24 and all doses pooled) were used to identify pathways based on 
the comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds. Red boxes indicate up-regulated genes. 
 



 

 
Supplemental Figure S16: Dose-dependent KEGG pathway analysis and DEVEA reveals the 
mTOR pathway as a target of steatotic chemicals. In total, 3 data sets (doses: low, medium 
and high and all timepoints pooled) were used to identify pathways based on the 
comparison of DEGs induced by steatotic compounds relative to untreated cells and cells 
treated with non-steatotic compounds. Red boxes indicate up-regulated genes. 
 
 
 



 
Supplemental Figure S17: Dose- and time-dependent KEGG pathway analysis of GSEA derived 
GO term Lipid Metabolic Processes reveals cholesterol metabolism as a target of steatotic 
chemicals. In total, 9 data sets (exposure time: 2, 8 and 24 hours; doses: low, medium and 
high) were used to identify pathways based on the comparison of DEGs induced by steatotic 
compounds relative to untreated cells. Red boxes indicate up-regulated genes. 
 



 
Supplemental Figure S18: Dose- and time-dependent KEGG pathway analysis of GSEA derived 
GO term Lipid Metabolic Processes reveals cholesterol metabolism as a target of steatotic 
chemicals. In total, 9 data sets (exposure time: 2, 8 and 24 hours; doses: low, medium and 
high) were used to identify pathways based on the comparison of DEGs induced by steatotic 
compounds relative to untreated cells and cells treated with non-steatotic compounds. Red 
boxes indicate up-regulated genes. 
 
 



 
Supplemental Figure S19: Enrichr-KG analysis links gene sets deregulated by steatotic 
chemicals identified by DEVEA to cholesterol metabolism, associated biological processes 
and adverse mammalian phenotypes. A: Dose dependent analysis. In total, 3 analysis groups 
(doses: low, medium and high and all timepoints pooled) were used to identify DEGs induced 
by steatotic compounds relative to untreated cells and cells treated with non-steatotic 
compounds. Bar chart of enriched terms ordered by p-value and network view. Colour code: 
grey-KEGG terms, pink: GO-terms, orange: mammalian phenotypes, green: de-regulated 
genes. B: Analysis in dependence of time (exposure time: 2, 8 and 24 hours and all doses 
pooled). 
 
 



 
Supplemental Figure S20: Enrichr-KG analysis links genes indicated as deregulated by steatotic 
chemicals through GSEA analysis in GO term Lipid Metabolic Processes to associated 
biological processes and adverse mammalian phenotypes. In total, 9 analysis groups 
(exposure time: 2, 8 and 24 hours; doses: low, medium and high) were used to identify DEGs 
induced by steatotic compounds relative to untreated cells (classic control) (A) or relative to 
untreated cells and cells treated with non-steatotic compounds (pooled control) (B). A: 
Analysis relative to classic control. Bar chart of enriched terms ordered by p-value. Colour 
code: grey-KEGG terms, pink: GO-terms, orange: mammalian phenotypes, green: de- 
regulated genes. B: Analysis relative to pooled control. While both comparisons (A, B) show 
links to cholesterol and steroid metabolism, using the pooled control as a reference (B) 
further reveals positive regulation of lipid biosynthesis as well as PPAR signalling and fat 
digestion and absorption as targets. 
 
 



 
Supplemental Figure S21: Enrichr-KG analysis links dose-dependent gene sets deregulated by 
steatotic chemicals identified by DEVEA to mTOR signalling pathway, associated biological 
processes and adverse mammalian phenotypes. In total, 3 data sets (doses: low, medium 
and high and all timepoints pooled) were used to identify DEGs induced by steatotic 
compounds relative to untreated cells and cells treated with non-steatotic compounds. Bar 
chart of enriched terms ordered by p-value and network view. Colour code: grey-KEGG 
terms, pink: GO-terms, orange: mammalian phenotypes, green: de-regulated genes. 
 
 
 

 
Supplemental Figure S22: Enrichr-KG analysis links time-dependent gene sets deregulated by 
steatotic chemicals identified by DEVEA to chemical carcinogenesis/ROS, associated 
biological processes and adverse mammalian phenotypes. In total, 3 data sets (exposure 
time: 2, 8 and 24 hours and all doses pooled) were used to identify DEGs induced by 
steatotic compounds relative to untreated cells and cells treated with non-steatotic 
compounds. Bar chart of enriched terms ordered by p-value and network view. Colour code: 
grey-KEGG terms, pink: GO-terms, orange: mammalian phenotypes, green: de-regulated genes. 
 
 
 



 
Supplemental Figure S23: Improving identification of metabolites associated with steatosis. A: 
PLS-DA model comparing cells treated with steatotic chemicals versus unexposed cells, score 
plot and permutation plot. Model metrics: RY(cum) = 0.95, Q(cum) = 0.71. P-value of cross 
validation = 0.006. Permutation metrics: R2=(0.0, 0.739), Q2=(0.0, -0.36). B: PLS-DA model 
comparing cells treated with steatotic chemicals versus unexposed cells and cells treated 
with non-steatotic chemicals, score plot and permutation plot. Model metrics: RY(cum) = 
0.74, Q(cum) = 0.33. P-value of cross validation &lt; 0.001. Permutation metrics: R2=(0.0, 
0.739), Q2=(0.0, -0.36). C: PLS-DA model comparing cells treated with steatotic chemicals 
versus cells treated with non-steatotic chemicals, score plot and permutation plot. Model 
metrics: RY(cum) = 0.83, Q(cum) = 0.49. P-value of cross validation &lt; 0.001. Permutation 
metrics: R2=(0.0, 0.315), Q2=(0.0, -0.181). 


