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Translational Toxicology Pipeline 

To protect public health effectively, we must 
develop a deep understand human physiology, 

pathophysiology, and disease etiology 
  

 



 

   

PROject for Military Exposures and Toxin History 

Evaluation in U.S. service members 

(PROMETHEUS) 

• The PROMETHEUS project was established to bring federal assets together with public-private 

partners to further study how exposure to toxic chemicals in the environment impact service member’s 

health and future potential for development of conditions such as cancer 

• Focused on developing actionable tools for prevention of exposure-related cancer and understanding 

mechanisms of disease development that may enable early detection or enhanced precision 

treatments. 

https://medschool.usuhs.edu/sur/research/murtha-cancer-center/research 

https://medschool.usuhs.edu/sur/research/murtha-cancer-center/research
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• 2022 Cancer Moonshot 2.0 initiative under the DoD’s Murtha Cancer 

Center (MCC) Research Program 

• Monthly updates to Pres. Biden’s Cancer Cabinet 

• $47M FY24 Funding from White house 



 

 

 

• 2022 Cancer Moonshot 2.0 initiative under the DoD’s Murtha Cancer 

Center (MCC) Research Program 

• Monthly updates to Pres. Biden’s Cancer Cabinet 

• $47M FY24 Funding from White house 



 

 

 

 

• 2022 Cancer Moonshot 2.0 initiative under the DoD’s Murtha Cancer 

Center (MCC) Research Program 

• Responsive to the Sergeant First Class (SFC) Heath Robinson Honoring 

our Promise to Address Comprehensive Toxics (PACT) Act of 2022 



 

 

 

 

 

  

  

• 2022 Cancer Moonshot 2.0 initiative under the DoD’s Murtha Cancer 

Center (MCC) Research Program 

• Responsive to the Sergeant First Class (SFC) Heath Robinson Honoring 

our Promise to Address Comprehensive Toxics (PACT) Act of 2022 

• Umbrella of collaborative efforts under DoD’s Murtha Cancer 

Research Program (MCRC) with VA, NIEHS, NCI, and Public/Private 

Partners conducting research that integrates retrospective/prospective 

exposure data, phenotypic data, and biospecimens unique to the DoD & 

VA, but relevant to civilian exposures as well 
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Resources 

Department of Defense Serum Repository (DoDSR) 

• Over 70 million serum specimens from over 10 million service members since 1986 

• Collected upon entry into service and every two years thereafter, as well as before and after 

each deployment (since 1996) 



-

Use of DoDSR Sera to Identify Potential Biomarkers of 

Cancer Etiology, Risk, and Outcomes 

Molecular Signatures: Proteomics, 

Metabolomics, cfcDNA, Epigenetics, Mutations 

Disease outcomes 

Understand Predict 

Exposures 

Pre Neoplastic Pathobiology 



 

  

  

Resources 

Veteran Military Occupational & Environmental Exposure Assessment Tool 

(VMOAT) 
• A self-report questionnaire that evaluates multiple exposure domains in a comprehensive manner 

• organized into environmental exposure categories and is designed to capture pre-military, military, and 

post-military exposures across a Veteran’s lifespan. 



 

 

  

Resources 

Military Biomarkers Research Study (MBRS) 
• Phase I was a feasibility study of stored sera 

• Phase II looked at associations between exposures and biomarkers 

• Phase III examined relationships of biomarkers and health outcomes 

• Phase IV investigated in vitro biomarker changes associated with exposures to chemicals of interest. 

JOEM V58, No. 85, 2016 

JOEM V61, No. 125,  2019 

JOEM V61, No. 125, S73-81, 2019 
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APOLLO is analyzing the DNA, RNA, and protein 
expression of 8,000 annotated human tissue 
specimens from a wide variety of organ sites acquired 
from DoD, VA,  and other medical facilities. Clinical Proteomic Tumor Analysis 

Consortium (CPTAC) 

https://proteomics.cancer.gov/programs/apollo-network 

https://proteomics.cancer.gov/programs/apollo-network


  

Resources 

• APOLLO 1  Lung Cancer -Complete 
• APOLLO 2  GYN Cancer –Early Results 

Retrospective
• APOLLO 3  Prostate Cancer –Early Results 
• APOLLO 4  Breast Cancer –Early Results 
• APOLLO 5 All cancers  
• APOLLO 6  Pancreatic Cancer 

Prospective• APOLLO 7  Testicular Germ Cell Tumors 
• APOLLO 8 Glioblastoma 
• APOLLO 9 Krukenberg Tumors 

https://proteomics.cancer.gov/programs/apollo-network 

https://proteomics.cancer.gov/programs/apollo-network
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Use of DoDSR Sera and Toxin Exposure Data in APOLLO-enrolled Patients to 

Identify Potential Biomarkers of Cancer Risk, Biology, and Outcomes 

• Pan Cancer 

• Focused on deployment-related exposures 

• Includes cases that were Active Duty or Veterans at time of diagnosis 

Exposures Disease outcomes 
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Use of DoDSR Sera and Toxin Exposure Data in APOLLO-enrolled Patients to 

Identify Potential Biomarkers of Cancer Risk, Biology, and Outcomes 

Targeted Metabolomics 

Deployments 

Exposures Disease outcomes 

Initial 

P D/A 

P = sample most proximal to diagnosis 

D/A = Diagnostic sample from APPOLO sample taken at diagnosis 

Pre Neoplastic Pathobiology 

Non-Targeted Metabolomics 

Targeted Proteomics 

Proteogenomics 

(APOLLO) 
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Use of DoDSR Sera and Toxin Exposure Data in APOLLO-enrolled Patients to 

Identify Potential Biomarkers of Cancer Risk, Biology, and Outcomes 

Exposures Disease outcomes 

Pre Neoplastic Pathobiology -



 

Greatest interest in the contribution 
of environmental exposures 

Slide courtesy of Arun Pandiri 



 

Use of DoDSR Sera and Toxin Exposure Data in to Identify Potential 

Biomarkers of Cancer Risk, Biology, and Outcomes for 

Early Onset Colorectal Cancer 

Conclusions: Proteomic profiles in the year before cancer diagnosis have the potential to 
discriminate colon cancer patients from controls, and the addition of epidemiologic 
information may increase the sensitivity and specificity of discrimination. 
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Use of DoDSR Sera and Toxin Exposure Data in to Identify Potential 

Biomarkers of Cancer Risk, Biology, and Outcomes for 

Early Onset Colorectal Cancer 
• Average age 40 years 

• Nested Case-Control study with 397 Cases / 397 Controls 

• Included only those on Active Duty at time of diagnosis, deployment-agnostic 

• Most individuals had 4 samples available 

• Epidemiologic data using self-administered questionnaires and telephone interviews 

Non-Targeted Proteomics 

- 6 -4Initial < -2 

Disease outcomes Exposures 

Pre Neoplastic Pathobiology 



 

 

  

Use of DoDSR Sera and Toxin Exposure Data in to Identify Potential 

Biomarkers of Cancer Risk, Biology, and Outcomes for 

Early Onset Colorectal Cancer 

Now reanalyzing samples using newer technologies: 

• microRNA Profiling being conducted by The American Genome Center (TAGC) 

• Analysis of exposome via Ion Mobility Spectrometry MS (IMS-MS) 

Erin Baker Ivan Rusyn 



  

Use of DoDSR Sera and Toxin Exposure Data in to Identify Potential 

Biomarkers of Cancer Risk, Biology, and Outcomes for 

Early Onset Breast Cancer 

• Average age of breast cancer diagnosis for active-duty service members is ~40 years, 

the cutoff typically used to define early-onset breast cancer (EOBC) 

Chelmow. Early-Onset Breast Cancer Executive Summary. Obstet Gynecol 2020 
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Use of DoDSR Sera and Toxin Exposure Data in to Identify Potential 

Biomarkers of Cancer Risk, Biology, and Outcomes for 

Early Onset Breast Cancer 

• Include only those on Active Duty at time of diagnosis 

• Deployment-agnostic 

• Requesting all available samples (~10-12 / per individual) 

Exposures Disease outcomes 

Pre Neoplastic Pathobiology 
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Targeted Metabolomics 

Targeted Proteomics 

IMS-MS 

microRNA / Other 



 

  

Prospective Exposure Studies using OneDraw 

• Personally administered blood collection device (Dried Blood Spot) 

• 150 μL Capillary blood (2 strips / 75μL ea.) 
• 6,000 devices procured 



 

 

  

Prospective Exposure Studies using OneDraw 

• Naval Flightline Exposures: pre/post-shift, pre-post-

deployment 

• Biobanking and longitudinal monitoring: Initial 

samples collected during Army In-Processing 



 

 

  

  

Prospective Exposure Studies using OneDraw 

• Naval Flightline Exposures: pre/post-shift, pre-post-

deployment 

• Biobanking and longitudinal monitoring: Initial 

samples collected during Army In-Processing 

• Exposure monitoring in veteran firefighters 

Terra Vincent Hall (VA) / Sue Fenton (NCSU) 



 

 

Introduction 
Linking Exposures to Cancers using Mutational Signature Profiling 

Mutational Signature – molecular footprints 

of cumulative endogenous and exogenous 

mutagenic events over a lifetime 

• Insights to carcinogenic processes 

• Linkages to exposures 

• Potential utility in diagnosis, 

prognosis and treatment 

Arun Pandiri 
Comparative and Molecular 

Pathogenesis Branch 

http://cancer.sanger.ac.uk 

http://cancer.sanger.ac.uk


 

  

  

  

 

Translational relevance of rodent cancers 

Linking cancer mutation signatures to exposures 

Collaboration with VA/CDC(ATSDR) T 

R 
Camp Lejeune Mutation 

WES A Mutation signatures of Rodent tumors 
Tumors signatures 

N
TCE, PCE, VC, BZ Ahr, CAR/PXR, PPARa carcinogens 

Compare S • Bettina Grasl-Kraupp (MUV) 

L • DTT/NIEHS studies Camp Pendleton Mutation 
Tumors 

WES 
signatures A 

IARC group I and 2A Carcinogens Controls T 
• Dave Adams (Sanger) 

Collaboration with JPC I • Daniele Mandrioli (Ramazzini) 

Agent Orange O • DTT/NIEHS studies Mutation 
tumor registry 

WES 
signatures N 

A. Pandiri 
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Questions? 
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Biomarkers Integrated with Outcome, 

Mechanism, and Exposure 

M. Embry, HESI 
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