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• Gene expression changes occur with chemical exposure
• Changes precede apical adverse effects 
• These changes can be measured and are dose dependent
• Changes in gene response can indicate chemical potency

Rationale for application of dose response 
assessment to transcriptomics 
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Initial application of dose response assessment to transcriptomics 

• Thomas et al. applied benchmark dose (BMD) modeling 
methods that are commonly used in regulatory risk 
assessment to transcriptomic data

• Demonstrated alignment of gene set-based transcriptomic 
and apical effect BMD values from chronic toxicity study

• A growing number of studies began using and adapting the 
approach to compare transcriptomic BMD values from short-
term studies with apical responses in traditional toxicity 
studies

Thomas et al., Toxicol Sci, 2007
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Initiated literature review to evaluate broader evidence base
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Figures/Analysis

Likely Relevant

Maybe Relevant

Unique

All 'Like' Articles

54

19

AbstractSifter v7

5157

874

214

https://pubmed.ncbi.nlm.nih.gov/help/#computation-of-similar-articles

Used a set of expertly curated papers to identify 
studies with BMD modeling of gene expression data

An initial set of 54 expertly curated papers was 
assembled focused on transcriptomic dose response 
analysis with application of benchmark dose methods.
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214 articles identified as maybe relevant
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• In vivo studies
• Mouse or rat
• Chemical exposures 

(non-particulate)
• At least 3 dose levels
• BMD on gene expression 

data
• Apical endpoint data 

(BMD or NOAEL/LOAEL)

Inclusion Criteria

NTP reports

85 articles identified as likely relevant
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32 primary studies
 140 chemicals
 Both genders
Mix of mouse and rat
Multiple durations
 Differing modes of action
 Oral and inhalation routes of 

exposure
 Target and sentinel tissues
 Three gene expression platforms

Method

Not relevantPrimary

Reanalysis
Review

Almost half of relevant articles were primary research
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Analysis of literature studies to evaluate important 
considerations for application of dose response 

assessment to transcriptomics

 Study duration
 Chemical modes of action
 Chemical properties
 Route of exposure
 Tissue selection
Gene expression platform
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On solid line: Gene set BMD = Apical
Shift right: Gene set BMD <  Apical
Shift left: Gene set BMD > Apical
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Scatter plots used to compare gene set BMD to apical BMD
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On solid line: Gene set BMD = Apical
Shift right: Gene set BMD <  Apical
Shift left: Gene set BMD > Apical

Ge
ne

 se
t B

M
D 

(lo
g1

0 
m

g/
kg

-d
ay

)

2-year apical BMD (log10 mg/kg-day)

Example scatter plots used to compare gene set BMD to apical BMD

• FC - median absolute fold-change
• MAD- median absolute deviation of FC
• r – Pearson correlation coefficient
• RMSD - root mean squared difference

FC =1.5
MAD = 0.4
r = 0.8
RMSD = 0.4

*Data on graph are not real and provided 
for demonstration purposes.
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• Gene-set BMD(L) 
• 1 to 90 days

• Apical comparisons 
• Concurrent or later
• 1 to 720 days
• LOAEL/NOAEL
• BMD(L) 

• Few systematic investigations of duration

Identify study duration sufficient to indicate chronic adverse effects

Wide range in study durations identified
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4,4-methylenebis (n,n-
dimethyl) benzenamine
hydrazobenzene
n-nitrosodiphenylamine

Thomas et al. 2013
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Gene set BMD consistent with 2-year apical BMD across time for 3 
industrial chemicals

FC < 2.0
MAD < 0.5
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Gene set BMDL consistent with 29-day apical BMDL across 
time for 79 chemicals
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Johnson et al 2020

d d d d

Day 4 8 15 29
FC 2.27 2.37 2.00 1.97

MAD 0.91 0.87 0.89 0.74
r 0.77 0.78 0.80 0.86

RMSD 0.52 0.51 0.49 0.41

Color indicates same chemical over time
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Gene set BMD consistent with 2-year apical BMD across time 
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FC = 2.3
MAD = 1.0
r = 0.77
RMSD = 0.61

FC = 1.8
MAD = 0.44
r = 0.69
RMSD = 0.55

FC = 1.5
MAD = 0.34
r = 0.96
RMSD = 0.23

FC = 2.2
MAD = 0.90
r = 0.90
RMSD = 0.60

1-90-day BMD vs. 2-year BMD
• 38 chemicals
• 14 studies
• r = 0.82 
• FC = 1.9
• MAD = 0.68
• RMSD = 0.56

Andersen et al. 2010; Bercu et al. 2010; Bhat et al. 2013; Bianchi et al. 2021; Cannizzo et al. 2022; Chepelev et al. 2017, 2018; Dong et 
al. 2016; Gwinn et al. 2020; Jackson et al. 2014; LaRocca et al. 2020; Thomas et al. 2011; Thomas et al. 2013a; Thomas et al. 2013b

5 d (1 - 7 d)* 15 d (14 -21 d)

30 d (28-31 d) 90 d

*5 d (1-7 d) gene set BMD mainly 
derived from surrogate tissue
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Evaluated chemicals span a range of toxicity domains, types, and 
modes of action

• Neuroactive chemicals
• Anticancer agents
• Endocrine active chemicals
• Receptor mediated effects
• Genotoxic and carcinogenic 

chemicals
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Physicochemical properties of tested chemicals consistent with 
TSCA active inventory

TS
CA

 C
he

m
ic

al
s

Predicted physicochemical properties were obtained from the EPA CompTox Chemicals Dashboard using 
the OPERA model. Physicochemical properties were not able to be predicted for all chemicals.
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140 chemicals evaluated
>15,000 on TSCA active 
inventory
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Route of exposure did not greatly impact 1 to 90-day gene set 
BMD concordance
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2-year apical BMD (log10 mg/kg-day, HED 
mg/kg-day, ppm, or mg/m3)

Andersen et al. 2010; Bercu et al. 2010; Bhat et al. 2013; Bianchi et al. 
2021; Cannizzo et al. 2022; Chepelev et al. 2017, 2018; Dong et al. 
2016; Gwinn et al. 2020; Jackson et al. 2014; LaRocca et al. 2020; 
Thomas et al. 2011; Thomas et al. 2013a; Thomas et al. 2013b

Oral
• r = 0.82 
• FC = 2.1
• MAD = 0.72
• RMSD = 0.59

5 d (1 - 7 d)* 15 d (14 -21 d)

30 d (28-31 d) 90 d

*5 d (1-7 d) gene set BMD mainly 
derived from surrogate tissue
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Target tissue generally performed better for 1 to 90-day gene 
set BMD concordance
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2-year apical BMD (log10 mg/kg-day, HED 
mg/kg-day, ppm, or mg/m3)

Gene expression 
tissue

Andersen et al. 2010; Bercu et al. 2010; Bhat et al. 2013; 
Bianchi et al. 2021; Cannizzo et al. 2022; Chepelev et al. 
2017, 2018; Dong et al. 2016; Gwinn et al. 2020; Jackson 
et al. 2014; LaRocca et al. 2020; Thomas et al. 2011; 
Thomas et al. 2013a; Thomas et al. 2013b

FC = 3.7
MAD = 1.9
r = 0.79
RMSD = 0.68

FC = 1.8
MAD = 0.54
r = 0.80
RMSD = 0.55
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Gene set BMD concordance consistent across platforms
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2-year apical BMD (log10 mg/kg-day, HED 
mg/kg-day, ppm, or mg/m3)

Andersen et al. 2010; Bercu et al. 2010; Bhat et al. 2013; 
Bianchi et al. 2021; Cannizzo et al. 2022; Chepelev et al. 
2017, 2018; Dong et al. 2016; Gwinn et al. 2020; Jackson et 
al. 2014; LaRocca et al. 2020; Thomas et al. 2011; Thomas 
et al. 2013a; Thomas et al. 2013b
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Chemicals and experimental designs 
differed across platforms



Office of Research and Development

Summary

• The combined set of 1-90-day gene set BMDs are generally concordant 
with 2-year apical BMDs

- Pearson correlation r = 0.83 
- RMSD = 0.56; similar interstudy variability of traditional toxicity studies
- FC = 1.9; MAD = 0.7 

• Gene set BMDs following 5-day exposure showed similar concordance 
with 2-year apical BMDs as other time points

• Concordance of gene set BMDs with 2-year apical BMDs was robust 
across route of exposure, physicochemical properties, mode-of-action, 
and measurement platform

• Gene set BMDs from target tissues were more concordant with 2-year 
apical BMDs than surrogate/sentinel tissues supporting the collection 
and analysis of multiple tissues in an ETAP
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