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Biomarker Discovery is a 
Multi-disciplinary Contact Sport
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Biomarkers: Bridging Human Exposure and 
Precision Medicine

• Exposure vs response
• Diagnosis of health conditions
• Prognosis and risk stratification
• Mechanisms of response leading to 

therapeutic strategies
• Treatment stratification
• New therapeutics and 

countermeasure strategies
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Mechanism-based classification to predict 
carcinogenic potential of PAHs & mixtures

October 11, 2019
Tilton et al. 2015

Toxicological Sciences, 146(1):135-45. 
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BAL Analysis of proteins and lipids identifies 
mechanism for genetic cause of respiratory failure

Rindler et al., Journal of Clinical Investigation Insights 2017

Control

Inflammation-associated proteins

Serum-associated proteins

ABCA3 
mutant

Control ABCA3 
mutant Z-scores



6

Specific 
considerations for 
veteran populations
• Acute and chronic health 

effects of chemical & 
particulate exposures

• Multiple co-exposures, 
including infectious agents

• Influence of genetics on 
exposure and response

• Confounding impacts of 
lifestyle, stress, fatigue, 
mental health
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Systems-level analyses are needed to 
capture mechanism and phenotype

Phenotype / function



Biomarker panels can predict the 
development of type 1 diabetes prior to 
onset of clinical symptoms

All features
RFE (25%)
RFE (50%)
ROFI-P3 (50%)

>5K potential markers Good Performance Clinical Markers
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MPLEx: Single-sample Integrative Proteomic, 
Metabolomic and Lipidomic Analyses

Nakayasu et al, mSystems 2016 DOI: 10.1128/mSystems.00043-16
Burnum-Johnson et al,  Analyst. 2017 Jan 26; 142(3): 442–448.
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Integrated omics signatures can predict 
survivors from non-survivors of Ebola infection

Eisfeld et al, Cell Host & Microbe 2017 Dec 13;22(6):817-829; 
Kyle et al, PNAS 2019 Feb 26; 116:3919-3928.
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Advanced 
technologies for 
biomarker discovery
• Spatial resolution
• Single(s) cell resolution
• High throughput 

specialized separations
• High resolution 

detection and accuracy
• Standards-free global 

small molecule profiling • High resolution & 
accuracy



12

nanoPOTS: Protein Imaging of >2000 proteins 
with 100um spatial resolution

Piehowski, P. D, Zhu, Y., et.al., Burnum-Johnson K.E. in press Nature Communications



13

Multiplexed SRM enables early detection of 
HNSCC in DOD Serum Repository samples

Liu, T et.al., unpublished
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Exhaled breath analysis detects biomarkers from 
the trachea, lung and esophagus

Piehowski, P  et.al., unpublished
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Getting beyond the reliance on reference libraries 
with computational approaches for chemical ID
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Computational approaches combined with IMS 
correctly identify isomers and unknowns in 
blinded samples

Nunez, J. et al, J. Chem. Inf. Model. 2019, 59, 4052−4060
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Simultaneous measurement of physiological 
stress, exposure and response 

Physiological measures 
of stress

Multi-omics profiling of 
physiological response 

and exposome
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Summary

• Single biomarkers are unlikely, thus 
advanced technologies and data 
integration are becoming more important

• Response outcomes are multi-factorial 
and must consider genetic and 
psychosocial confounders

• Real-time or parallel exposure 
measurements are ideal for coupling 
exposure to response

• Biomarker panels can be designed for 
diagnosis, prognosis and 
countermeasure strategies 



Thank you
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