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Appendix 

Presentation 1 -  Lea Steele

Gulf W ar Illnesses, CNS P ro -In flam m atory  
Processes, and Autonomic Dysregulation

Lea Steele, Ph.D. 
August 14, 2006

Consideration of CNS Proinflammatory Processes in 
Relation to Gulf War Illnesses

• The Gulf War and Gulf War illnesses

• Innate immunity, CNS cytokines, and "sickness 
response" symptoms

• Today's presentations and discussions
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The Gulf War and Gulf War Illnesses: 
A Brief Overview of the Research
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1990-1991 Gulf War: Operations Desert Shield/Desert Storm

A ug 2, 1990 - Iraq invaded Kuwait

Jan 16, 1991 - A ir  s trikes began

Feb 24, 1991 - G round com bat began

Feb 28, 1991 - Cease fire  declared

1990-1991 Gulf War: Operations Desert Shield/Desert Storm

~ 700,000 U.S. troops deployed 

Relatively few  casualties 

A fte r the war:
low  rate o f  dx psychiatric illness  

h igh rate o f  “ multisym ptom ”  illness
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Gulf War Illnesses: 
Chronic Symptoms in the Wake of Desert Shield/Desert Storm

•  A fte r the  war, w idespread reports  o f unexpla ined health 
prob lem s in  G u lf War veterans, inc lud ing :

- Chronic headaches
- Jo in t pain, muscle pain
- Dizziness, memory problems
- Mood problems, cognitive difficu lties
- Unexplained fatigue
- Persistent diarrhea
- Respiratory problems
- Unusual skin rashes

Gulf War Illnesses:
Chronic Symptoms in the Wake of Desert Shield/Desert Storm

• "Gulf W ar illness" diverse symptoms in multiple 
systems, with few objective diagnostic markers

• Why were veterans ill?

➢  Etiology/causes?

➢  Nature of the illnesses/pathophysiology?
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Large number of Gulf War-related 
exposures of potential concern

■  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

Large Amount and Diverse Sources of Information 
on Gulf War-related Exposures

• Governm ent special panel reports

• Reports assessing exposures types and levels

• Research studies

✓  Epidemiologic, c lin ica l studies o f  G ulf 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 o f reports com m issioned by 
DOD, VA (RAND, IOM)

- C ongressional reports

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

- Foreign governm ents
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Table 7. Studies of Chronic Effects of Low-Dose Sarin Exposure In Animals

Study Year
Anim al 
Model M ajor F ind ing

Burchfiel44 1976 monkey Persistent effects on electroencephalograph readings

Husain12 9 1993 mouse Delayed development o f spin al cord lesions

Jones149 2000 rat Chronic reduction in nicotinic ACh receptor binding in 
cerebral cortex

Kass165 2000 rat Chronic alteration in immune function (lymphocyte 
proliferation, bactericidal activity o f macrophages)

Kassa163 2000 rat Persistent changes in DN A  and protein metabolism in Iiver 
tissues

Kassa166 2001 rat Subtle chronic signs o f neurotoxicity and immunotoxicity w ith 
repeated exposures

K a ssa161 2001 rat Impaired spatial memory

Conn57 2002 rat No persistent effects on reported indices o f temperature 
regulation and motor activity

Henderson113 2002 rat Delayed, persistent changes in cholinergic receptors in brain 
areas associated w ith  memory loss and cognitive changes

Hulet126 2002 guinea pig Persistent failure to habituate on functional test battery

Scremin263 2002 rat Persistent increase in cerebral blood now in specific areas

Kalra151 2002 rat Suppression o f immune response (antibody-forming cells and 
T cell responses) mediated by die autonomic nervous system

Roberson254 2002 guinea pig Chronic depression o f AChE activity, persistent behavioral 
changes (disordered activity, increased rearing behavior)

Husain127 2003 mouse Persistent reductions in respiratory exchange, blood AChE 
activity  and BChE activity, NTE activity in various tissues

Scremin262 2003 rat Down-regulation o f muscarinic receptors in hippocampus, 
decreased habituation

Kassa162-164 2003
2004 
2004

mouse Chronic alteration in immune function (increase in CD19 c e ls , 
decrease in C 04 ce lls . decrease in mitogen-induced 
lymphoproliferation, increased NK cell activity)

April 2003 Report from DOD Special Assistant for Gu lf War Illnesses

Environm ental Exposure Report
P e s tic id e s

E n v iro n m e n ta l Ex p o su re  R e p o rts  are re p o rts  o f  w h a t w e  k n o w  to d a y  abou t ce rta in  events  o f  the 19 9 0 - 19 9 1 G u l f  W ar. 
T h is  p a r t ic u la r  e n v iro n m e n ta l exposu re  re p o rt fo cuse s on th e  u se  o f  pe s tic id e s  b y  U S  m il i ta ry  pe rson ne l and the re s u lt in g 
e xp o su res to  these co m p ou nd s . O u r  g o a l  is , to  the  exten t p o ss ib le . to  de term in e  i f  the  p e s tic ide s  used d u r in g  th e  G u l f  W a r 
c o n tr ib u ted  to  u n ex p la in e d  illnesses re p o rte d  b y  som e G u lf  W a r  ve terans. T h is  is  an in te r im , no t a f in a l, re p o rt. W e  hope 
tha t y o u  w i l l  re a d  th is  and con ta c t u s w i th  an y  in fo rm a tio n  tha t w o u ld  h e lp  u s  b e tte r  u n de rsta n d  th e  events rep o rted  here. 
W ith  y o u r  h e lp , w e  w i l l  b e able to  re p o rt m ore  accu ra te ly  on  th e  events su rro u n d in g  p e s tic id e  use a nd exposures. Please 
c o n ta c t m y  o f f ic e  to  re p o rt any n e w  in fo rm a tio n  b y  c a ll in g :

1-800-497-6261

Dale  A. Vesser 
A c t in g  S pec ia l A ss is ta n t fo r  G u lf-W a r  Illne sses , M e d ic a l R ead iness, an d  M il i ta r y  D e p lo y m e n t  

D e p a rtm e n t o f  D efense

2001023 0000014 
Ver 1.1
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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  d isease-related m orta lity ; 
h ighe r rate o f bra in cancer m orta lity  in  re la tion  to  Kham isiyah

• 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 Estim ates o f M u ltisym ptom  Illness in G u lf and N on-G ulf Veterans

Group Studied
Case Definition 

Used

Prevalence 
in Gulf War 
Veterans

Prevalence in 
Non-Gulf 
Veterans

Excess 
Illness in 

Gulf Veterans

P e nnsy lva n ia  A ir  G u a rd 85 CMI 45% 15% 30%

U .K .  m a le  ve te ra n s 349 C M I (m od ified ) 62% 36% 26%

K ansas ve te ra n s 285 KS G u lf  W a r  Illness 34% 8% 26%

K ansas vetera n s 285 C M I (m od ified ) 47% 20% 27%

N e w  E ng land  A rm y  ve te ra n s 248 C M I (m od ified ) 65% 33% 32%

CMI: chronic multisymptom illness, as defined by Fukuda el a l.85
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Studies cons is ten tly  ind icate  25-30% 
o f G u lf W ar veterans affected by G u lf 
War illness  sym ptom  com plex

Com plex o f m u ltip le  sym ptom  types:
- Neuro/cognitive/mood
- Pain
- 
- Gastrointestinal
- Skin
- Respiratory

Gulf War 
Illnesses

Gulf War Illnesses

Gulf War 
Illnesses

Ep idem io log ic s tud ies also fin d  GWI 
rates s ign ifican tly  associated w ith  
veteran-reported exposures

Fatigue/sleep disturbances
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Gulf War Exposures in relation to GWI: 
Summary of Epidemiologic Evidence

Dose/r
esp

Psychologica l s tressors 1.6-3.1 ns yes -

Pesticides 1.9-3.8 1.7-8.7 yes yes

NAPP/PB p ills 1.4-4.4 1.5-2.9 yes yes

Chemical w eapons 1.9-6.3 2.3-7.8 ~ -

DU 4.5* no 
studies - -

Oil w e ll fires 1.8-4.5 2.1 no yes

Vaccines: anthrax 
m en ingococcus

1.5-3.7 
3.0

1.5
1.3

little Info
-

Num ber o f vaccines 3 sign 1 sign little Info yes

Gulf W ar Exposures in relation to GWI: 
Summary of Epidemiologic Evidence

Psych stressors Evidence cons is ten tly  ind ica tes no associa tion

Consistent, s ign ifican tly  e levated associa tions, 
Pestic ides ind ica tion  o f dose/response effect

Consistent, s ign ifican tly  e levated associa tions, 
NAPP/PB p ills ind ica tion  o f dose/response effect

Unadi 
OR

Adi 
OR

Adi 
Results C

onsist
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Gulf W ar 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 etio log ic 
factors in GWI

➢ Information from  other sources (exposure patterns, 
occupational and animal studies, etc) supports p lausib ility  
o f  association
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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

■ Anim al studies suggest possib le synergism  w/exposures

Consistent association o f psych stressors with PTSD, other 
psych diagnoses

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

• Neuroimaging: 3 MRS studies indicate reduced brain cell mass in 
brainstem, basal ganglia, hippocampus

•  1 study: 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 audio vestibular measures, postural sway tests

■ 
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Clinical Studies in III Gulf War Veterans: 
Objective Indicators of Pathology

Immune measures:

• 
Elevated IFN-γ , IL-2 (unstim u la ted  CD4); 
elevated IL-10 (stim u lated  CD4)

• 
Elevated IL-2, IL-10, IFN-γ  in  PBLs

Extensive Amount of Information Available

Gulf War 
experiences 

and 
exposures

Gulf War 
Illnesses

Zhang/Natelson: 

Skowera/Peakman: 
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Scientific Progress Has Provided Some Understanding 
of Processes that May Connect the Two

Pathophysiological Processes Underlying 
Gulf War Illnesses
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Why Are Veterans III? GWI Pathophysiology: 

Major Questions Remain

• W hat pathophysiological process(es) underlie th is  
complex o f m ultip le types o f symptoms in  m ultip le  
systems?

• How m igh t these processes have been triggered by 
experiences/exposures in  the G ul f War?

• Why have these symptoms persisted fo r so long?

• Why are there few  objective indicators o f disease in  
symptomatic veterans?

Why Are Veterans III? GWI Pathophysiology:

Major Questions Remain

• Pathophysiological process(es) th a t explain 
diverse types o f symptoms in m ultiple  
systems?

• How m ight these processes have been triggered by 
experiences/exposures in the G ul f War?

• Why have these symptoms persisted torso tong?

• Why are here few objective indicators o f  disease in symptomatic 
veterans?
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Why Are Veterans III? GWI  Pathophysiology:

Major Questions Remain

• What pathophysiological p rocess(es) underlie this complex o f  multiple 
types o f  symptoms in m ultiple systems?

• How  linked to experiences/exposures in 
the G ul f War?

• Why/ have these symptoms persisted fo r so long?

• Why are here few objective indicators o f  disease in symptomatic 
veterans?

Why Are Veterans I II? GWI Pathophysiology: 

Major Questions Remain

• What pathophysiological p rocess(es) underlie this complex o f  m ultiple 
types o f  symptoms in m ultiple systems?

• How mig h t these processes have been triggered by 
experiences/exposures in the G ulf War?

• Why have symptoms persisted so long?

• Why are here few objective indicators o f  disease in symptomatic 
veterans?
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Why Are Veterans III? GWI Pathophysiology: 

Major Questions Remain

• What pathophysiological process(es) underlie this complex o f  multiple 
types o f  symptoms in m ultiple systems?

• How mig h t these processes have been triggered by 
experiences/exposures in the G ulf War?

• Why have these symptoms persisted fo r so long?

• Why so few  objective indicators o f disease?

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

Gulf War 
Illness 

Symptom 
Complex

Straightforward Observations

Neuro/Cognitive 
Widespread Pain 

Fatigue 
Misc other

- Individually, symptoms 
are common

-Symptom complex?
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Resembles "Sickness Response" Symptom Complex

Neuro/Cognitive 
Widespread Pain 

Fatigue 
Misc other

- Fairly common 
symptom complex

- Associated with 
fam iliar conditions

“Sickness Response" Symptom Complex Associated 
with Familiar Conditions

Neuro/Cognitive 
Widespread Pain 

Fatigue 
Misc other

- Acute infection

- Some cancers

- Therapeutic use of 
cytokines

- Sleep Disruption
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Straightforward Observation 
"Sickness response" symptom complex

Straightforward Observation 
"Sickness response" symptom complex
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Straightforward Observations

Gulf War 
experience, 
exposures

Growing Amount of Evidence Suggests



Appendix
Presentation 1 - Steele

RAC-GWVI Meeting Minutes
May 15-16, 2006

Page 73 of 236

Cohesive Hypothesis

Innate immunity, Cytokines, and 
Neuroinflammation 

101
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Innate Immunity

• First line of defense: "nonspecific" response to infection, 
injury, foreign substances

• In periphery, innate immune response can lead to 
inflammation, adaptive immune response via  multiple 
interrelated processes that protect the body from diverse 
"insu lts"

• Stimulates inflammatory/immune cascade
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Cytokines

• Cytokines are proteins, produced primarily by immune cells; 
play multiple roles in intracellu lar communication

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

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

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

• Usually produced trans ien tly ; prolonged action can 
be harm ful

• P leotropic, redundant

• Can act synerg istica lly, antagonistica lly ; generally 
part o f a "cock ta il"

Immunity in the Central Nervous System

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

• Many more glial cells (m icroglia, astrocytes) than neurons; 
respond to changes in CNS microenvironment

• CNS immune response primarily "innate": neuroinflammation

• Lymphocytes, cytokines can infiltra te  i f  BBB breached

• CNS inflammatory response can be triggered by peripheral 
immune activation
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CNS insult ➔ M icroglia activation

Microglia change shape, mobilize

• Changes in surface markers and receptors

• "Burst" of soluble compounds ➔ signaling cascade
• Cytokines
• ROS, enzymes
• Prostaglandins,  neuro trophic factors

•  Response profile varies w ith  nature o f insult 
(in fe c tio n , in ju ry , c e ll in filtra tio n , e tc )



Appendix
Presentation 1 - Steele

RAC-GWVI Meeting Minutes
May 15-16, 2006

Page 78 of 236

Regulation of inflammation

• A n ti-in flam m ato ry  cytokines

• O ther fac to rs  associated w ith  in flam m atory 
response (e.g. NF Kappa B)

• HPA axis

• Neuronal "con tact inh ib ition " in CNS

• Periphery: cholinerg ic an ti-in flam m atory  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 w ith 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 o f microbes, LPS, or specific cytokines 
e lic its fever, increased pain sensitivity, reduced activ ity , memory 
impairments, etc

•  Response may vary w ith  specific organism, cytokines, combos

•  Symptoms elicited by cytokines in the CNS; peripheral cytokines 
stim ulate CNS cytokines

•  Peripheral cytokine levels not indicative of CNS cytokine levels

•  Extremely low  CNS cytokine levels required to e lic it symptoms

Cytokines and "Sickness Response" Symptoms: 
Infectious Disease

• In humans, acute infection associated w ith peripheral 
elevations in variety of cytokines

• Cytokine levels highly correlated w ith severity of "acute 
phase" symptoms: fatigue, myalgia, poor concentration, etc

• Chronic symptoms develop in a subset of individuals 
follow ing infection

• Appear to be differences in pa tterns of cytokine expression 
between those who d o /d o n 't develop chronic sequelae
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Persistence of Symptoms: Chronic Pain Models

• Animal models of chronic pain fo llow ing peripheral injury
•  Pain develops a t sites d is tan t from  in itia l in ju ry
•  Pain persists a fte r damage o f in itia l in ju ry  is resolved
•  Exaggerated pain response: hyperalgesia, allodynia

• Persistent pain results from glia l activation in the spinal cord
•  In itia ted  in m icroglia, sustained by astrocytes
•  Model: glial "sens itiza tion " process: elevated inflam m atory 

response a fte r m ultip le "h its "; persists a fte r threshold reached

• Prelim inary indications that process extends to brain

• Schwartzman: CRPS associated w ith elevated cytokines in 
cerebrospinal fluid

Cytokines and "Sickness Response" Symptoms: 
Cancer and Chemotherapy

•  Various cancers associated w ith  complex o f chronic pain, fatigue, 
cognitive im pairm ent

•  Symptoms can be associated w ith  the disease itself, or 
precipitated/worsened by some types o f chemotherapy 
("chem obrain"), radiation

•  Symptom severity correlated w ith  cytokine levels

•  Fatigue, cognitive d ifficu lties, sleep disturbances persist in subset of 
patients w ho are cancer free
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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
•  "neurovegetat i ve”; fa tigue, pain, sleep disturbances, 

gastrointestinal problems, anorexia

• "neurocognitive”; depressed mood, cognitive impairment

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

• Animal "sickness response" research

• Infectious disease

• Chronic pain models

• Symptoms associated w ith cancer, chemotherapy

• IFN therapy for hepatitis, cancer

• Sleep, psych conditions
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Cytokines and "Sickness Response" Symptoms: 
Diverse Sources of Information

• Animal findings indicate (and models used in human studies 
generally assume) that chronic symptoms are likely the 
result of persistent CNS proinflammatory processes

• Most of these research areas involve basic research and drug 
development efforts to counter adverse effects of elevated 
CNS proinflammatory processes

Persistence of Inflammatory Processes in the 
Central Nervous System: 

Diverse Sources of Research Information

• Neurological, neurodegenerative diseases
• Parkinsons Disease
• ALS
• Alzheimers Disease
• M ultiple Sclerosis

• Chronic infection (e.g. AIDS, prion disease, herpes viruses)

• Autism

• Other....

• Little info from research on patients w ith CFS, FM, MCS
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Today's Presentations and Discussions

• Dr. Tracey: A u to n o m ic /ch o lin e rg ic  regu la tion  o f the 
in f lam m ato ry  response

• Dr. K lim as: Im m une  pa ram ete rs assoc ia ted  w ith  
ch ron ic  m u ltisym p tom  illn e ss  in the  gene ra l popu la tion

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 fo llow ing low-level sarin

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

• Dr. Abou-Donia: Indicators o f g lia l activation, elevated ROS, and 
neuronal cell death fo llow ing sarin, combined Gulf W ar-related 
exposures
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Today's Presentations and Discussions

• 
m icroglial activation, persistent CNS inflammatory processes 
associated w ith neurodegeneration

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

Today's Presentations and Discussions

Discussion:

-General impressions

- 
in flam m atory hypothesis o f GWI

- Types o f studies needed

Dr. Hong: Research relating neurotoxic exposures to 

P rio rity  research questions related to  CNS 
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Hypothesis……

• Potential to address many of the "m ysteries" of GWI
• Diverse symptoms in mu ltiple systems
• Few objective markers o f disease
• Persistence o f symptoms over time
• Linkage w ith characteristics o f G ulf War service

• Possible targets for markers, clinical assessment, animal 
models

• May provide targets for treatment interventions
• Research already underway in related fields
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