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Overview

1. Environmental measurements, biomarkers of 
exposure, and biomarkers of response

2. The exposome

3. Untargeted versus targeted biomarker 
approaches

4. Field-friendly biospecimen collection

Disclosure: I have a financial interest 
in EnMed MicroAnalytics, Inc. which 
could potentially benefit from the 
outcomes of this research.
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S.M. Rappaport & M.T. Smith, Science, 2010

The Exposome

The “exposome” 
includes all chemicals 

in the internal 
chemical environment.



Untargeted Versus Targeted Biomarker 
Approaches



Untargeted Biomarker Analyses for 
Biomarker Discovery

Slide curtesy of Dr. Jon Sobus, US EPA
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EPA’s Non-Targeted Analysis Collaboration Trial 

Slide curtesy of Dr. Jon Sobus, US EPA



“Targeted proteomics using mass 
spectrometry promises to deliver data 
to help address specific biological 
questions in a way that makes it 
fundamentally unlike discovery 
proteomics”



Targeted Biomarker Analyses for 
Biomarker Quantitation

Slide curtesy of Dr. Jon Sobus, US EPA



Benzene-Related 
Adducts 

Rappaport et al. Cancer Res 2002;62:1330-1337



Untargeted: Biomarker Discovery
• From serum metabolomics, identified 18 unique features 

related to CVD

• Of these, 3 were highly correlated suggesting a common 
biochemical pathway 

• Identified 3 metabolites of 
a dietary phospholipid



• Identified a large independent cohort of 
1,867 individuals

• Quantified TMAO, choline, and betaine in 
fasting serum

Targeted: Molecular Epidemiology

Wang et al., Nature, 2008



Wang et al., Nature, 2008

• Metabolism of dietary phosphatidylcholine is gut 
flora-mediated

• Suppression of intestinal microflora inhibited this 
process

Exploring the Underlying Biology



Dried Blood Spot (DBS) Sampling



• Collection does not require a 
phlebotomist

• Less invasive than venipuncture

• Specimens do not need to be 
processed in the field

• Easier to transport and store

• Cost

Advantages of DBS Sampling



Challenges of DBS Sampling

Extracted DBS Hb bound & 
removed

HemoglobindTM

(Retrospective DBS Studies)

Protein separator cards                 

Plasma

(Prospective DBS Studies)

• Minimum blood volume

• Some biomarkers may not be stable in DBS samples

• More complex biological matrix 





Exposure Biomarkers in DBS

Funk et al. in preparation







Go et al. Free Radical Bio Med, 2015

Integrating Omics data

HSA-Cys34

Adductome



Multiple Omics in DBS Samples

Field-friendly 
blood collection

Adductomics

Metabolomics

Untargeted & targeted analyses



Specialized DBS Collection Devices

Toxic metal screening Non-invasive blood collection

Photo curtesy of Lifeware Labs



Questions?
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