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Large number of Gulf War-related
exposures of potential concern

Large Amount and Diverse Sources of Information

Chemical weapons

Oil well fires

Depleted uranium

Heavy use of insecticides/repellants
NAPP pills (pyridostigmine bromide)
Vaccines

Infectious diseases

Tent heaters

Particulates

Fuel exposures

Solvents, CARC paint

on Gulf War-related Exposures

- Government special panelreports

- Reports assessing exposures types and levels

< Research studies

Epidemiologic, clinical studies of Gulf War veterans
Occupational health studies related to exposures

Animal, in vitro studies related to exposures
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Summary/Panel Reports

- Reports from DOD, VA, CDC, NIH

- Series of reports commissioned by
DOD, VA (RAND, IOM)

- Congressional reports
- Special panels (e.g. PAC, PSOB)

- Foreign governments
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Information Synthesis/Analysis

What does all this tell us about
Gulf War illnesses?

Epidemiologic Studies: General Findings

. Mortality: no overall increase in disease-related mortality;
higher rate of brain cancer mortality in relation to Khamisiyah

* Diagnosed medical conditions
* Excess rate of ALS
« Excess rates of chronic fatigue syndrome (40x), fibromyalgia

* Psychiatric conditions
¢ Overall rates of psych conditions low (e.g. PTSD: 2 - 10%)
¢ Higher PTSD rates associated with combat, other psych stressors
during deployment
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Epidemiologic Studies: General Findings

» All studies show significantly elevated rates
of symptoms, symptom complexes, “Gulf
War illness”

Table 3. Prevalence Estimates of Multisymptom lliness in Gulfand Non-Gulf Veterans

Prevalence  Prevalence in Excess

Case Definition ~ in GulfWar ~ Non-Gulf lliness in
Group Studied Used Veterans ~ Veterans  Gulf Veterans
Pennsylvania Air Guard® Ml 45% 15% 30%
U.K.male veterans3® CMI (modified) 62% 36% 26%
Kansas veterans2b KS GulfWar lliness 3% 8% 26%
Kansas vetera ns2b CMI (modified) 47% 20% 27%
New England Army veterans CMI (modified) 65% 33% 32%

CML: chronic multisymptom ilness, as defined by Fukuda el al &
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Studies consistently indicate 25-30%
of Gulf War veterans affected by Gulf
War illness symptom complex

Gulf War Complex of multiple symptom types:
- Neuro/cognitive/mood
IlInesses - Pain

- Gastrointestinal
- Skin
- Respiratory

Gulf War lllnesses

Epidemiologic studies also find GWI
Gu |f War rates significantly associated with

veteran-reported exposures
llinesses
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Gulf War Exposures in relation to GWI:
Summary of Epidemiologic Evidence
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Doselr
esp
Psychological stressors 16-3.1 ns yes -
Pesticides 1.9-3.8 1.7-8.7 yes yes
NAPP/PB pills 1.4-44 1.5-2.9 yes yes
Chemical weapons 1.9-6.3 2.3-7.8 ~ -
DU 4.5* studies ) )
Oil well fires 1.8-45 2.1 no yes
1.5-3.7 1.5 little Info
meningococcus 3.0 1.3 i
Number of vaccines 3 sign 1 sign little Info yes
Gulf War Exposures in relation to GWI:
Summary of Epidemiologic Evidence
Psych stressors Evidence consistently indicates no association

Consistent, significantly elevated associations,

Pesticides

NAPP/PB pills

indication of dose/response effect

Consistent, significantly elevated associations,
indication of dose/response effect
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Gulf War Exposures in relation to GWI:
Summary of Epidemiologic Evidence

Chemical weapons Two studies support sign association
DU Almost no useful information

Oil well fires Results inconsistent, may relate to proximity/duration

Vaccines, individual Very little clear information

Number of vaccines 1 strong study suggests association

Gulf War illness: Etiologic Factors

* Neurotoxic exposures: Strongest epidemiologic
evidence supports pesticides and PB as etiologic
factors in GWI

occupational and animal studies, etc) supports plausibility
ofassociation
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Gulf War illness: Etiologic Factors

Epidemiologic studies consistently indicate that
psych stressors during deployment not associated
with higher rates of GWI

® Animal studies suggestpossible synergism w/exposures

Consistent association ofpsych stressors with PTSD, other
psych diagnoses

Clinical Studies in Il Gulf War Veterans:
Objective Indicators of Pathology

- Neuroimaging: 3 MRS studies indicate reduced brain cell mass in

brainstem, basal ganglia, hippocampus
* 1study: elevated dopamine in veterans with left basal ganglia damage

¢ Autonomic dysfunction: 4 studies indicate abnormalities
» Orthostatic intolerance to tilt
« Blunted heart rate variability responses to stressors, tilt
* Reduced circadian variation in heart rate variability

« Neuropsychological testing: indicators of cognitive deficits (attention,
visual-spatial skills, memory)

« Abnormalities on audiovestibular measures, postural sway tests
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Clinical Studies in I Gulf War Veterans:

Objective Indicators of Pathology

Immune measures:

Elevated IFN-y, IL-2 (unstimulated CD4);
elevated IL-10 (stimulated CD4)

Elevated IL-2, IL-10, IFN-y in PBLs

Extensive Amount of Information Available

Gulf War
experiences Gulf War

llInesses
exposures
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Why Are Veterans IlI? GWI Pathophysiology:

Major Questions Remain

- Whatpathophysiologicalprocess(es) underlie this
complex ofmultiple types o fsymptomsin multiple
systems?

- Howmightthese processes have been triggered by
experiences/exposures in the Gu fWar?

- Whyhave these symptomspersisted for so long?

* Whyare there few objective indicators o fdisease in
symptomatic veterans?

Why Are Veterans IlI? GWI Pathophysiology:

Major Questions Remain

- Pathophysiologicalprocess(es) that explain
diverse types ofsymptoms in multiple
systems?

< How might these processes have been triggered by
experiences/exposures in the Gu fWar?

¢ Why have these symptoms persisted torso tong?

* Why are here few objective indicators o fdisease in symptomatic
veterans?
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Why Are Veterans IlI? GWI Pathophysiology:

Major Questions Remain

* Whatpathophysiologicalp ocess(es) underlie this complex o fmultiple
types o fsymptoms in multiple systems?

the Gu fwar?

* Why/ have these symptoms persisted for so long?

< Why are here few objective indicators o fdisease in symptomatic
veterans?

Why Are Veterans | 11?7 GWI Pathophysiology:

Major Questions Remain

* Whatpathophysiologicalp ocess(es) underlie this complex o fmultiple
types o fsymptoms in multiple systems?

< How mig ht these processes have been triggered by
experiences/exposures in the GulfWar?

- Why have symptoms persisted so long?

< Why are here few objective indicators o fdisease in symptomatic
veterans?
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Why Are Veterans IlI? GWI Pathophysiology:

Major Questions Remain

* Whatpathophysiologicalp ocess(es) underlie this complex o fmultiple
types o fsymptoms in multiple systems?

* How might these processes have been triggered by

* Why have these symptoms persisted forso long?

- Whyso few objective indicators o fdisease?

CNS Immune Activation, Cytokines,
and "Sickness Response" Symptoms
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Straightforward Observations: Symptom Complex

Gulf War
Iliness
Symptom
Complex

Straightforward Observations

- Individually, symptoms
Neuro/Cognitive are common
Widespread Pain

Fatigue -Symptom complex?
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Resembles "Sickness Response” Symptom Complex

- Fairly common

Neuro/Cognitive symptom complex
Widespread Pain
Fatigue - Associated with
Mis other familiar conditions

“Sickness Response” Symptom Complex Associated
with Familiar Conditions

- Acute infection

Neuro/Cognitive - Some cancers
Widespread Pain
Fatigue - Therapeutic use of
Misc other cytokines

- Sleep Disruption
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Straightforward Observation
"Sickness response” symptom complex

Straightforward Observation
"Sickness response’ symptom complex



Appendix
Presentation 1 - Steele

Straightforward Observations

Gulf War
experience,
exposures

Growing Amount of Evidence Suggests
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Cytokines

e Cytokines are proteins, produced primarily by immune cells;
play multiple roles in intracellular communication

« Orchestrate host defense in activating, regulating innate and
adaptive immune response

e Over 200 cytokines and receptors identified; multiple
grouping schemes (e.g. proinflammatory: TNF, IL-1, IL-6)

e Insult/infection stimulates cytokine "burst"; signaling
cascade
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Cytokines

* Usually produced transiently; prolonged action can
be harmful

* Pleotropic, redundant

» Can act synergistically, antagonistically; generally
part of a "cocktail”

Immunity in the Central Nervous System

e CNS used to be considered "immunoprivileged"; glial cells
considered structural support for neurons

< Many more glial cells (microglia, astrocytes) than neurons;
respond to changes in CNS microenvironment

e CNS immune response primarily "innate": neuroinflammation

* Lymphocytes, cytokines can infiltrate if BBB breached

* CNSinflammatoryresponse can be triggered by peripheral
immune activation
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Regulation of inflammation

* Anti-inflammatory cytokines

* Other factors associated with inflammatory
response (e.g. NF Kappa B)

« HPAaxis
e Neuronal "contact inhibition" in CNS

* Periphery: cholinergic anti-inflammatory pathway

Cytokines and the Expression of "Sickness Response”
Symptom Complex: Diverse Sources of Info

Animal "sickness response” research

Infectious disease

Chronic pain models

Symptoms associated with cancer, chemotherapy

I FN therapy for hepatitis, cancer

Sleep, psych conditions, other conditions
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Cytokines and "Sickness Response" Symptoms
Animal research

« Peripheral, CNS infusion of microbes, LPS, or specific cytokines
elicits fever, increased pain sensitivity, reduced activity, memory
impairments, etc

*« Response may vary with specific organism, cytokines, combos

< Symptoms elicited by cytokines in the CNS; peripheral cytokines
stimulate CNS cytokines

¢ Peripheral cytokine levels not indicative of CNS cytokine levels

« Extremely low CNS cytokine levels required to elicit symptoms

Cytokines and "Sickness Response" Symptoms:
Infectious Disease

< In humans, acute infection associated with peripheral
elevations in variety of cytokines

e Cytokine levels highly correlated with severity of "acute
phase" symptoms: fatigue, myalgia, poor concentration, etc

e Chronic symptoms develop in a subset of individuals
following infection

« Appear to be differences in patterns of cytokine expression
between those who do/don't develop chronic sequelae
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Cytokines and "Sickness Response" Symptoms:
Interferon Therapy

IFN-alpha used to treat hepatitis C, cancers

About 1/3 meet criteria for CFS during treatment

IFN treatment stimulates other types of cytokines

2-phase response
« "neurovegetative; fatigue, pain, sleep disturbances,
gastrointestinalproblems, anorexia

* "neurocognitive; depressedmood, cognitive impairment

Cytokines and "Sickness Response" Symptoms:
Diverse Sources of Information

Animal "sickness response” research

e Infectious disease

e Chronic pain models

e Symptoms associated with cancer, chemotherapy
e IFN therapy for hepatitis, cancer

« Sleep, psych conditions
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Today's Presentations and Discussions

e Dr. Tracey: Autonomic/cholinergic regulation of the
inflammatory response

e Dr. Klimas: Immune parameters associated with
chronic multisymptom illness in the general population

Today's Presentations and Discussions

Research on Gulf War-related exposures that provide insights
into their possible role in the stimulation or dysregulation of

CNS inflammatory processes
¢ Dr. Morris: ANS dysregulation following low-level sarin

« Dr. Sopori: Effects of sarin, other cholinergic compounds on
cholinergic receptors, immune measures, glucocorticoid levels

¢ Dr. Abou-Donia: Indicators of glial activation, elevated ROS, and
neuronal cell death following sarin, combined Gulf War-related

exposures
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Today's Presentations and Discussions

microglial activation, persistent CNS inflammatory processes
associated with neurodegeneration

e Dr. Guilarte: Methods for studying CNS inflammatory
processes in vivo

Today's Presentations and Discussions

Discussion:

-General impressions

inflammatory hypothesis of GWI

- Types of studies needed
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