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A New Paradigm: 
Activation of Toxicity Pathways

Dan Krewski, et al., 
Tox Testing in the 21st Century, NRC, June 2007.
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112 Exposure & Effects Covariates

David Reif & Elaine Cohen Hubal

We can leverage MICA covariate information 
for the gene expression analysis

• Can we
– Identify asthma endotypes?
– Define mechanism for each 

endotype?

– Identify key events?
– Establish human 

bioindicators in blood?
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A B C D E F G H I

Absolute value of gene-covariate correlation

Finding context for gene expression patterns

David Reif
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What if we derive meta-genes from covariate clusters (or subclusters)?

From gene expression to 
differing asthma endotypes

Set of principal 
components for 
this cluster:
PC-1cluster-E
PC-2cluster-E...
PC-kcluster-E

(  )
142 genes in 

cluster-E
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E Iterate through all 
clusters, then use 
super-set of all PCs 
as meta-genes for 
classifier tree

PC-3cluster-E

PC-1cluster-B

PC-2cluster-D
A OK

© David Reif
David Reif
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Previously Proposed Asthma Endotypes

Anderson (2008), Lancet, 372:1107-1118
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Conclusions

• Identify asthma endotypes
– Identified 2-4 potential asthma endotypes which are consistent with 

previously proposed classifications
– These endotypes could help to better define susceptible 

subpopulations for risk assessment of air pollutants
• Define mechanism for each endotype

– Data suggests that asthma linked with metabolic syndrome is 
mediated by innate immune responses potentially via priming or 
activation signals from adipose

– Molecular mechanisms are currently under investigation
• Identify key events

– More work is needed
• Establish human bioindicators in blood

– Monitoring the “activation state” of circulating monocytes and 
neutrophils may serve as a good bioindicator for non-atopic asthma
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MICA Study Design 
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Gene expression in the lung implicates inflammation 
and remodeling in response to CAPs

 

+ ovalbumin

Brooke Heidenfelder (2009), Tox Sci, 108(1):207-221 
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LUNG BLOOD

David Reif

 

& Brooke Heidenfelder

Lung vs. Blood comparison in rodents is 
ongoing
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Integrated Systems Toxicology

BBDR Models!

Edwards & Preston (2008), Tox Sci, 106(2):312-318 
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Toxicity Pathways & BBDR Modeling

Key events/ Toxicity pathways
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Dosimetry + MOA = Quantitative BBDR 
model model model
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Analysis pipeline for the gene expression data

Gender 
adjustment

IQR 
filtering

Log2

 

transformation

x = expression of all genes

© David ReifDavid Reif
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Can we discriminate subtypes of asthma?

 (Unscaled

 

covariance matrix)

This model correctly 
classifies 79% of subjects

© David Reif

B: PC1

A OKA OKOK

A

I: PC3

C: PC7

C: PC8

A: PC8 I: PC2

A OK

Cluster:  PC
Above

 

“expression”

 

threshold

Below 
“expression”

 

threshold

# subjects 
classified as 
asthmatic

 

/ # 
subjects 
misclassified

# subjects 
classified as 

non-asthmatic / 
# subjects 

misclassified

25 / 724 / 120 / 6

40 / 5

24 / 4 15 / 4

David Reif

OKA

A:PC1

27 / 12 18 / 2



Office of Research and Development
National Health and Environmental Effects Research Laboratory
Office of Associate Director for Health

Previously Proposed Asthma Endotypes

• Atopic vs. non-atopic asthma
– No resolved asthmatics included in this study

• By symptoms
– Day-time vs. nocturnal symptoms
– Limitation of activity
– Need for rescue drugs & treatment responses
– Lung function

• By inflammatory cells found in sputum - Douwes (2002), Thorax 57:643
– Eosinophilic
– Neutrophilic
– Mixed (both neutrophils & eosinophils found)
– Paucigranuloctic (few or no granulocytes found)

• Other clinical determinants
– Obesity
– Nutrition
– Prenatal stress
– Tobacco smoke
– Environmental air pollutants
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