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Disclaimer

• The views expressed are those of Dr. Chris Corton 
and do not reflect US-EPA policy or product 
endorsement by the US-EPA.



Major molecular events that can contribute to 
steatosis

TOXICOLOGICAL SCIENCES, 150(2), 2016, 261–268
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Biomarkers that predict key events in the livers of mice 
and rats
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• Oshida et al. (2015). Identification of Chemical Modulators of the Constitutive Activated Receptor 
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• Rooney et al. (2018) Activation of Nrf2 in the liver is associated with stress resistance mediated by 
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PPARα: Balanced accuracy = 98%

SREBP: Balanced accuracy = 95%



Construction of biomarkers from microarray data 
generated in animal tissues



Computing directionality and final correlation scores 
between two gene lists

Adapted from Kuperschmidt et al. (2010) PLoS One

• Score(b1, b2) = sum(b1+b2+, b1+b2-, b1-b2+, b1-b2-)
• Running Fisher Test p-value
• Direction of the correlation
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PFAS With Longer Serum Half Lives Cause Steatosis

Discrepancy with PFOS in 
male rats could be due to 
differences in exposure 
conditions between 



SREBP is activated when steatosis is observed

• Studies in wild-type and 
PPARa-null mice

• PPARa-null mice routinely 
have steatosis with or 
without chemical exposure

• Wild-type mice treated with 
PFHxS, PFOS, PFOA, PFNA



SREBP is activated when steatosis is observed

• APOE*3-Leiden.CETP mouse 
study; 4-6 week exposures

• Microarray data from Bijland
et al. 2011 ToxSci 123:290



SREBP is activated in fetal liver but not fetal lung
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SREBP protein processing and activation of regulated genes 
after 28-day exposure to PFOA

Arch Toxicol. 2015 Sep;89(9):1569-78.

Arun Radhakrishnan, ... Michael S. Brown, 
in Handbook of Cell Signaling (Second Edition), 
2010
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https://www.ncbi.nlm.nih.gov/pubmed/?term=pfoa+srebp
https://www.sciencedirect.com/book/9780123741455


Protein expression of key factors in the SREBP maturation 
pathway and miR183-96-182 cluster expression

Arch Toxicol. 2015 Sep;89(9):1569-78. Cell Metab. 2013 Jul 2;18(1):51-61.

https://www.ncbi.nlm.nih.gov/pubmed/?term=pfoa+srebp
https://www.ncbi.nlm.nih.gov/pubmed/23823476
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Extras



Comparing gene lists in BSCE

Derived from Rooney et al. Toxicol Sci. 166:146-162

• ~51,600 microarray comparisons in human database

• Includes ~1950 chemicals
• ~8600 perturbations of ~1700 genes (knockdowns, 

overexpression, mutants)

• Greatly accelerated construction and analysis of biomarkers

• Utilize Illumina’s BaseSpace Correlation Engine
• Contains ~130,000 microarray comparisons of statistically 

significant genes
• Valuable computational tools
• Compares all microarray comparisons to each other in a 

pairwise fashion using a Running Fisher test
• For each pair-wise comparison: generates the number of 

overlapping genes, correlation direction and p-value



Correlation analysis using the Running Fisher Test

• Identification of factors (chemicals, hormones, diets, genes, 
etc.) that “look” like your gene list

• Correlation can be determined computationally using the 
Running Fisher test in BSCE

Does this “look like” this? Does this “look like” the opposite of this?



Coordinated changes in the expression of lipid 
synthesis and catabolism genes in treated mice.

• T

Toxicology. 2017 Mar 1;378:37-52.
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