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FUNDING 

DEPARTMENT OF DEFENSE  
CONGRESSIONALLY DIRECTED  

MEDICAL RESEARCH PROGRAMS 
(GULF WAR ILLNESS RESEARCH PROGRAM) 

 
• Biomarkers of Gulf War Veterans’ Illnesses: Tissue 

Factor, Chronic Coagulopathy, and Inflammation  
(GW080080) 

• Gulf War Illness Inflammation Reduction Trial  
(GW130025) 

 
 



GULF WAR ILLNESS 
IS THE SIGNATURE HEALTH PROBLEM  

OF THE 1990-91 GULF WAR 



GULF WAR ILLNESS (GWI) 

GWI is an unexplained chronic       
multi-symptom illness (CMI) affecting 
Veterans of Operation Desert Shield 

and Operation Desert Storm 
 



5 SYMPTOM DOMAINS OF GWI 
 

1. Chronic Fatigue 
2. Muscle and Joint Pain 
3. Mood and Memory Problems 
4. Gastrointestinal Disorders 
5. Skin Rashes 

 



HOW MANY GULF WAR VETERANS 
HAVE GWI? 

(VA OFFICE OF PUBLIC HEALTH) 

Years Post-Deployment
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POST 9/11 DEPLOYMENTS? 

“We found that 1 year after deployment, 49.5% of 
OIF/OEF Veterans met criteria for mild to moderate 

CMI and 10.8% met criteria for severe CMI.”*               

*McAndrew, LM, et al. Iraq and Afghanistan Veterans report symptoms consistent with chronic multisymptom 
illness one year after deployment. J Rehabil Res Dev. 2016;53(1):59-70.  



WHY IS GWI STILL A MYSTERY  
AFTER 26 YEARS ? 

 
 
 
 
 
 
 
 
 
 

 



WHAT IS THE GOAL: CAUSE or CURE? 

• The focus of most GWI research is on the cause: 
looking for the “smoking gun” 

• Irreversible neurotoxicant injury is the prevailing 
hypothesis 

• We chose a different research path 
• Our hypothesis is that GWI is treatable   
• The goal is to find a cure 
• We started with a simple yes or no question 



ARE THERE BIOMARKERS  
OF GWI IN BLOOD? 

  

Translational Research Path  
(Going From Bench to Bedside in 3 Steps) 

 
 

DISCOVER Biomarkers 
↓  

IDENTIFY a Therapeutic Target 
↓ 

TEST an Evidenced-Based Intervention 
 



FIRST STEP 
BIOMARKER DISCOVERY 

 
• Collected blood from Gulf War Veterans  

  (57 GWI+ and 28 GWI-) 
• Measured >100 plasma protein and blood cell 

concentrations in each sample  
• Analyzed the data: looking for differences 

between GWI+ and GWI- blood 



BLOOD CELL BIOMARKERS 
(Cellomics Analysis) 

Blood Cell Type GWI+ 
1. White Blood Cells ↑ 
2. Lymphocytes ↑ 
3. Monocytes ↑ 
4. Neutrophils ↑ 
5. Platelets ↑ 



BLOOD CELL BIOMARKERS 
(Cellomics Analysis) 



 
 PLASMA PROTEIN BIOMARKERS 

(Proteomics Analysis) 

Plasma Protein GWI+  
1. C-Reactive Protein ↑ 
2. Leptin ↑ 
3. MMP-9 ↑ 
4. BDNF ↑ 
5. MMP-2 ↓ 
6. FABP3 ↓ 



PLASMA PROTEIN BIOMARKERS 
(Proteomics Analysis) 

 

Plasma Protein 
GWI+ (n=57) GWI- (n=28) c-statistic* p-value† 

C-Reactive Protein  
(CRP), µg/ml 

2.1‡ 
(1.0-4.2) 

1.2 
(0.7-2.8) 

0.65 0.03 

Leptin 
(LEP), ng/ml 

9 
(4.5-13.8) 

5.4 
(2.8-11.1) 

0.63 0.05 

Matrix Metalloproteinase-9 
(MMP-9), ng/ml 

103 
(79-141) 

90 
(66-116) 

0.64 0.03 

Brain-Derived Neurotrophic Factor 
(BDNF), ng/ml 

1.3 
(0.83-1.86) 

0.81 
(0.36-1.38) 

0.66 0.02 

Matrix Metalloproteinase-2 
(MMP-2), ng/ml 

2130 
(1770-2590) 

2430 
(2250-3175) 

0.69 0.004 

Fatty Acid Binding Protein 3 
(FABP3), ng/ml 

1.8 
(0.9 -3.1) 

2.8 
(1.9-3.7) 

0.66 0.02 

*A value of 0.50 would indicate no discrimination, 1.0 would be perfect discrimination of those with GWI.  
†Mann-Whitney test 
‡Median (interquartiles) 



BIOMARKER FINGERPRINT 
ANALYSIS 

 
• What does this biomarker fingerprint 

tell us about the underlying 
pathobiology of GWI? 

• All 11 GWI blood biomarkers have one 
thing in common………a connection to 
  INFLAMMATION 

 



!EUREKA! 
GWI SYMPTOMS CAN BE TRIGGERED BY 

INFLAMMATION!! 



BIOMARKER RESULTS PUBLISHED IN 2016 
 (Top 1% of Most Downloaded articles!) 

Blood Biomarkers of Chronic Inflammation in Gulf War Illness 
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Last year PLOS articles received nearly 30 million downloads and out of 
over 22,000 PLOS ONE research articles published in 2016, your article 
was in the top 1% most downloaded.  

 

Blood Biomarkers of Chronic Inflammation in Gulf War Illness 
Gerhard J. Johnson, Billie C. S. Slater, Linda A. Leis, Thomas S. Rector, Ronald R. Bach 

PLOS ONE | DOI:10.1371/journal.pone.0157855 June 28, 2016  



INDEPENDENT EVIDENCE SUPPORTS OUR 
GWI INFLAMMATION HYPOTHESIS 

Additional GWI biomarkers of inflammation 
have been detected by lipidomics profiling 
 

Phospholipid profiling of plasma from GW veterans and rodent 
models to identify potential biomarkers of Gulf War Illness. 

Emmerich T, et al. PLoS One. 2017; 12(4): e0176634.  
 

Published online 2017 Apr 28. doi:  10.1371/journal.pone.0176634 
PMCID: PMC5409146 

 
 



NEXT STEP 
IDENTIFY A THERAPEUTIC TARGET 

• The innate immune system produces inflammation 
• The NF-κB pathway of pro-inflammatory gene 

expression activates the innate immune system 
• NF-κB regulates all 11 elements of the GWI blood 

biomarker fingerprint 
• NF-κB pathway is a potential therapeutic target  



WHAT IS NF-κb? 
 
 

• NF-κB is a transcription factor 
• NF-κB controls the expression of many pro-

inflammatory genes 
  
 
 
  THERAPEUTIC TARGET? 

 
• There are clinically effective ways to inhibit 

the NF-κB pathway 
 



 
TRANSLATIONAL RESEARCH 

PARADIGM 
 

Biomarkers  
DISCOVERED 

Proteomics & Cellomics 

↓  
Therapeutic Target  

IDENTIFIED 
Blood Biomarker Fingerprint Analysis  

↓ 
Evidenced-Based Intervention 

NOW  BEING TESTED 
Clinical Trial 

 
 
 



FINAL STEP 
CLINICAL TRIAL 

HYPOTHESIS:  
GWI is the result of chronic 

inflammation induced by NF-κB activated  
pro-inflammatory gene expression 

 
TEST:  

Determine  the effects of a NF-κB pathway 
inhibitor on GWI biomarkers and symptoms 



GULF WAR ILLNESS 
INFLAMMATION REDUCTION TRIAL 

Study Design 
 

• Randomized, Double-Blind, Placebo-Controlled 
Clinical Trial  

• Subjects Receive Prednisone (Delayed-Release, 
10mg/day) or Placebo for 8 Weeks  

• Enrollment Goal: 100 Veterans with GWI 



WHY PREDNISONE? 

Prednisone is a specific and potent 
inhibitor of the NF-κB pathway of          
pro-inflammatory gene expression 
 



WHY DELAYED-RELEASE? 

•  Delayed-release formulation taken at 
bedtime with peak of release at ~2AM 

• This results in reduced sleep disruption 
and increased efficacy 

 
 



GULF WAR ILLNESS 
INFLAMMATION REDUCTION TRIAL 

Outcomes 
 

• Health-Related Quality of Life (SF-36V) 

• Symptoms (Pain, Fatigue, and Cognition) 

• Blood Biomarkers of Inflammation 
 



LONG-TERM CONSEQUENCES OF 
CHRONIC INFLAMMATION 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegtz2rbPTAhXERiYKHbaoCJ8QjRwIBw&url=http://healthyprotocols.com/2_inflammation_1.htm&psig=AFQjCNE1EIpx75TY6S1o6jgAx3mjPHJNgg&ust=1492788564762499


GULF WAR ILLNESS 
INFLAMMATION REDUCTION TRIAL 

More Information: 
https://www.clinicaltrials.gov 

Enter the Study Title as the Search Term 
 

Contacts: 
Dr. Ronald R. Bach (Principal Investigator) 

(612)467-4418 
Rebecca Rudquist (Study Coordinator) 

(612)467-6351 
 

Call Rebecca if you are interested in participating in this study 
She will ask you service and health-related questions to determine your eligibility 

https://www.clinicaltrials.gov/
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