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Exposure to Organophosphate Compounds 
and High Circulating Glucocorticoids as Major 
Etiological Factors in Gulf War Illness 
 In 1990-1991 the USA and allies invaded Iraq in response to Iraq’s invasion of

Kuwait.

 700,000 US troops and another 200,000 from allies were sent to the Persian Gulf

 Upon return to their home countries, approximately 30% of the veterans
complained of chronic, debilitating malaise, including fatigue, headaches, joint
pain, indigestion, insomnia, dizziness, respiratory disorders, and memory
problems.

 The nature of the disease was thought to be neuroinflammation based on the
exposure to various chemicals experienced by the troops. These included depleted
uranium, smoke from burning oil wells and ammunition dumps and
organophosphorus compounds – triple exposure.
 A.  Insecticides in barracks – malathion

 B pyridostigmine as prophylaxis against nerve agents (e.g. sarin)

 C exposure to small amounts of sarin itself
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What Else?

 Diane Miller and James O’Callaghan nominated the OPs as major toxicants, but
exposure by itself was insufficient to cause the maliaise.

 They reasoned that being in a combat theatre would raise circulating cortisol, a
possible contributing factor.

 Accordingly, they developed a mouse model in the C57BL/6J strain

 Corticosterone in the drinking water (20 mg%) for 7 days

 Treatment with diisopropylflurophosphate (DFP, a sarin surrogate), an irreversible
cholinesterase inhibitor, 4 mg/kg, i.p. followed by sacrifice 6h afterwards

 As indices of neuroinflammation they measured changes in expression of
proinflammatory cytokine genes, Il-1β, TNF-α, IL-6, CCL2, LIF, OSM

 They reported that CORT greatly exacerbates the expression of the
proinflammatory cytokine genes, thus supporting the hypothesis that it takes high
circulating glucocorticoids plus exposure to OPs to produce GWI.
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So What?

 Of the troops sent to the Persian Gulf, approximately 30% came home sick.

 What about those who did not, everything else being equal?

 Could the difference in susceptibility be related to genetic constitution?

 As the C57BL/6J (B6) strain is one of the founders of the BXD family of
recombinant inbred strains, we tested the other founder strain, DBA/2J (D2)
and both sexes.

 The results showed the D2 strain to be less sensitive than the B6 and females
of both strains to be less sensitive than the males.

17
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Preliminary study using both founder strains for the BXD recombinant panel.  These data 
show that the DBA/2J strain is less sensitive to the treatment regimen than the C57BL/6J 
strain (the strain used by O’Callaghan).  The data also show that overall, females of both 
strains are less sensitive to the treatment than males.  These are the data that supported 
our application for New Investigator funding. 18



The Next Step: Test BXD Strains

 Now that we have shown strain and sex differences in susceptibility to the
exposures, the next step is to test a number of BXD RI strains.

 We applied for and received funding from the Department of Defense to study
the effects of DFP and DFP+CORT  in 30 BXD strains.  This fits the budget and
the minimum necessary for genetic mapping to nominate candidate genes.

 To date, we have tested male and female mice from 28 BXD strains and are
nearly finished with the experimental work.
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Summary of initial findings

 We have demonstrated wide-ranging genetic variability in the effects of 
DFP + CORT on the expression of the proinflammatory cytokine genes 
IL-1β, IL-6 and TNF-α.  IL-1β and TNF-α appear to give more consistent 
results than IL-6.  

23



Mapping Il-1β

 Il-1β showed suggestive quantitative trait loci (QTLs) for both sexes on 
chromosome 7 at 114 Mb.

 The principal component derived from each sex separately and both sexes 
(mean) together produced a significant QTL at the same location 
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Locating Possible Candidate Gene(s)

 We searched the area between 110 and 115 Mb on chromosome 7 in hippocampus 
(prefrontal cortex data are from the early BXD panel; we are using the advanced 
intercross group).

 Criteria for possible candidate gene: 1) expression is correlated with our phenotype 
(principal component); 2) gene is cis-regulated.

 Spondin 1 is at 114Mb, is cis-regulated and its expression is correlated with the PC.

 Spondin 1 protein functions:

 Cell adhesion

 Axon guidance

 Metal binding (Ca)

 Stimulated by LPS and participates in inflammation   
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Scatter plot showing association between 
the principal component and spondin 1 
expression in hippocampus.27



What we have shown

 Priming by CORT of DFP effect on expression of pro-inflammatory cytokine 
genes shows wide, genetic variation.

 In our hands, Il-1β and TNF-α are better indices of the effects of the co-
exposure than IL-5.

 Mapping of the Il-1β response shows a significant QTL and likely candidate 
gene. 
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Where do we go from here?

 Because GWI has persisted for nearly 30 years in some individuals, what is the 
genetic basis for this persistence? Genetic differences in epigenetic 
modification of gene expression?

 We have a proposal in preparation for submission to the DoD. For this work, 
we will examine histone modification (H3K27ac) and DNA methylation changes 
following CORT+DFP treated male and female mice from the same 30 strains.

 The anticipated outcome will be identification of genes whose modifications 
produce long-lasting or permanent changes in expression and hence, genes 
that underlie the persistent symptoms of GWI

29
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