Appendix A
Presentation 1 - Haley

RAC-GWVI Meeting Minutes

Appendix A

Presentation 1 — Robert Haley

' Department of Inter nal Medicine :.
= University of Texas
Southwestern Medical Center
Dallas. Texas

The Epidemiologist’s Rule Number 1

The first step in investigating
a new disease is:
Establish a Case Definition*

*Gregg et al. Field Epidemiology. Oxford University Press:1996
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Conducted a Survey in a Reserve Seabees Battalion
24" Reserve Naval Mobile Construction Battalion*

December 1994 — February 1995

Knoxville
Birmingham
Winston-Salem
Charlotte
Atlanta

*Seabees uniquely
go all over the
theater, and this
was the only
Reserve seabees
LEETO

4. In the past § years, have you experienced fingling. birning or siinping pain in any
part of your body lasring all day and conbrung for af LA & FORIT (D0 AOL SOUAT
Jfeelings that come and go quickly and are not present continuously. )

Haley Symptom e
Questionnaire: o i |
Example Question LT

on Paresthesias
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2-stage factor analysis
Symptom factors
Syndrome factors
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Stage 1 Factor Analysis of 7 Anatomical Sites of
Symptom “Tingling/Numbness” (249 veterans)

Rotated Factor Anatomic Correlation with:
Factor 1 location of Symptom Symptom
paresthesias Factor 1 Factor 2
A. Arms .84* 19
B. Feet 82 17
C. Hands .79* 21
D. Calves .78* 19
E. Face 21 .74*
F. Tongue A8 .69*
G. Lips 14 .67

Separate factor analyses of 21 ambiguous symploms
JAMA 1997;,277:215-222. yielded 52 unambiguous symptom factors.

Factor Analysis of 52 Symptom Scales
Identifying 6 Possible Gulf War Syndromes

Syndrome
Survey of Factor Description
249 veterans 1  Impaired
Cognition
Confusion-
Ataxia
Central Pain

[ 3h] L71] -9

(Rotated Eigenvalue)

4-6 Subtypes of
Syn 2

Symptom Cluster Strength

(=]

1 2 3 4 5 6 7 8 9
Potential Syndromes Total syndromic

(Factors) I1l but not syndromic

JAMA 1997;277:215-222. Rernzrmed] well




Appendix A
Presentation 1 - Haley

RAC-GWVI Meeting Minutes

Clinical Subgroups of Gulf War Veterans

All Gulf War Veterans in the 24th Reserve
Naval Mobile Construction Battalion

Veterans with diverse
health problems which they
attribute to their Gulf War service

- a
@ Other

Distribution of the 249 Naval Reservists on each
of 6 Syndrome Factor Scales

6 - Original Seabees Sample
_| of Gulf War Veterans

||||,......... Do vt sronare ue
|l|||.|n e o

Factor score

i
- -Inl‘[Illullln!n-nw- ot
(9

" ..||-|-|[||

2 3 4 5
Syndrome factor scales

November 6-7, 2006
Page 48 of 239



Appendix A
Presentation 1 - Haley

Validation of the
Case Definition on
335 Army Veterans
Surveyed at the
Dallas VA

1997- 1998

Distribution of 2 Independent
Samples of GW Veterans on 6
Factor Scales of GW
Syndrome

Et

Structure of Gulf
War Syndrome in
Two Different GW

Veteran Samples

m
(4

JAMA 1997,277:215-222.
Psych Res 2001;102:175-200.

R

et 04

E4 —

%
g
K
&
H

T
Fidma 5

gl 0.40"
humbness & (047)
e 10| Extremities|

RAC-GWVI Meeting Minutes
November 6-7, 2006
Page 49 of 239

6 - Original Seabees Sample
_| of Gulf War Veterans

Factor score
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Syndrome factors

Distract-
o ibility

Forget-
fuiness

B
@
]
F ]
m
@
in

. E a

[ =l

5 28 -]

. L4 ¥
=

3
g
]
2
g
|3

0.79*
(0.84)

&
=
B0
B
o

(1]

{0.54) Sweats |nfeam

-

ik s

10551 Tarminal 2™
Insomnia_jr=o 27




Appendix A RAC-GWVI Meeting Minutes
Presentation 1 - Haley November 6-7, 2006
Page 50 of 239

Comparison of Factor Models from

Symptom Surveys of Gulf War Veterans
Year Author Cognitive  Neurologic Pain/sensory
1997 Haley F1 F2 F3
1998 Fukuda F1 * F2
1999 Ismail F1 * F3
2001 Haley F1 F2 F3
)1 Cherry F3 F2
)1 Bourdette F27t F3
)2 Kang Fl F2 F3
*Did not measure the symptoms of the neurologic factor.
T7”Mixed somatic” symptoms included autonomic symptoms.

Knoke (2000} and Doebbeling {2000} measured symptoms of standard psychiatric
conditions and thus found none of the syndrome factors found by the other groups.

Comparison of Syndromes
On Percentage Employed in 1995
(N=249)

|Illlllllﬁ

' 5
Employed

Controls Synl Syn2 Syn3
JAMA1997;277:215-222,
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Gulf War veterans
Functional Status (MOS /\,\/> S——
SF-36) of 22 IIl GW N . '_§3§$§
Veterans vs 16 Well l, ' '
Veterans (Top) and
6 Reference Medical
Conditions (Bottom)

T T T T —
BP GH VT SF RE MH

% ‘Reference conditions

& ] ‘\*-_ = Normal men
= .-: —-= Haart fallure
1N ¥ [/ “yzZ-7 === Diabetes
= & Mot S
o st o am N
Q\\Ill""-?) R = i R

‘.gj "™ s Depression

PF RP BP GH VT S8F RE MH
A J Public Health 2001;45:121-2. SF-36 Scale

Epidemiologic Study of Risk Factors
for Haley Gulf War Syndromes (N=249)

Svyndrome Exposure RR P value

1 Wore flea collar (chlorpyrifos) 8.2 001
Impaired cognition l\lilital'y Secul’ity 0.4 007

2 Chemical nerve agent exposure 7.8 <.0001
Confuson-ataxia  viany advanced side effects of PB 324 <.0001
N.E. Saudi on 4" day of Air War* 4.3 004

3 Many advanced side effectsof PB 5.1 <.0001
Central pain Index of DEET insect repellant use 7.8 <.0001

*Paths crossed near Khafji on Jan. 19-20, 1991.
JAMA 1997;:
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Hypothesis Regarding
The Nature of Gulf War Syndrome

* There is a Gulf War syndrome with 3 variants,

or subgroups.

It is due to brain cell damage or destruction in
deep brain structures (e.g., basal ganglia and
brainstem).

The symptoms resemble those of well
understood diseases of these deep brain
structures (early Parkinson’s, Huntington’s).

Hypothesis Regarding
The Cause of Gulf War Syndrome

* The most likely causes include low-level
sarin, possibly in combination with OP
pesticides, pyridostigmine tablets, pesticides,
DEET, etc., caused cellular damage in deep
brain structures

* Probably more pronounced in those soldiers
with low natural resistance to OP effects
(blood esterase activity).

November 6-7, 2006
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Undertook a Series of
Clinical Case-Control Studies

Purpose: To attempt to validate the
case definition

Research Question: Do the syndromes

differ from controls and among
themselves on objective biological
parameters?

From the 249 Surveyed Veterans
Selected Smaller Samples for Case-Control
Studies of Brain Function and Serologic
Markers

» 23 ill veterans (“cases”
S Syndrome 1
13 Syndrome 2
S Syndrome 3

* 20 well veterans (“controls”)
(from the same battalion and
age-sex-education-matched to cases)
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Usual Medical Tests Gave Negative Results
No Significant Group Differences

Clinical neurologic examination

Clinical interpretation of brain MRI and resting HMP AO-
SPECT scans (read blindly by 3 radiologists)

Routine blood work (CBC, chemistries, glucose, ESR)
Creatine kinase

Serum protein electrophoresis

Serum cholinesterase levels and variant phenotypes
ANA, RF, immunoglobulins, C3/C4

Anti-double stranded DNA, acetylcholine receptor antibodies

Positive Results
On Neurophysiologic Tests

Sinusoidal Harmonic

Halstead h“PV"i"“em Acceleration (Rotation)

%o with Vertigo Attacks
Index since the G :

Co Sl Sm2 Sm3 “Con Sml Sm2 Sm3

Brainstem Evoled Potential
Wave 1 - Wave Il Latency
125

Somato sensory Evoked Potential
EN G with Caloric Stimulation
£l Ir.

Latency 12]]

o o
Con  Sml Sm? Sm3 Cen Syl Sm? Sm3

JAMA 1997;2777:2223-230.
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Jan. 15, 1997 Issue of JAMA

pranted rom JAMA  The Jourras of e Amer.on Mechc sl Asssciaton | Jamary 15, 1997 Voksms 277 Copyrsght 1997, Amerscan Meck:al Asascistaon

Original Contributions
Is There a Gulf War Syndrome?
Searching for Syndromes by Factor Analysis of Symptoms

Fober W. Haley, MD; Thomas L. Kurt, MD, MPH; Jim Hom, PhD

Evaluation of Neurologlc Functlon
in Gulf War Veterans

A Blinded Case-Control Study

Robert W. Haley, MD; Jim Hom, PhD; Peter S. Rotand, MD; Wilson W. Bryan, MD; Paul C. Van Mess, MD;
Fregerick J. Bonte, MD; Michael D. Deveus, St, PhD; Dana Mathews, PhD, MD; James L. Fleckensigin, MD
FankH wans o, Pr D GII \M:He My Thomas L. Kurt, MD, MPH

Self- reponed Exposure to Neurotoxic
Chemical Combinations in the Gulf War

A Cross-sectional Epidemiologic Study

Robert W. Haley, MD; Thomas L. Kurt, MD. MPH

Pilot Study with Col. Bill Davis

U. S. Army Special Forces
Army Ranger
HALO/Scuba

Commander, 5% Special Forces
Group in the 1991 Gulf War
Commanded border salient
Rescued downed fliers
‘oalition forces in
assault on Kuwait City

Developed Gulf War neurological
on after returning from the

Page 55 of 239
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Col. Bill Davis had a twin!

January-June 1998
Second Clinical Case-Control Study with
More Advanced Tests of Brain Function and
Genetic Predisposition

» 23 ill veterans (“cases”)
S Syndrome 1
13 Syndrome 2
S Syndrome 3

* 20 well veterans (“controls”)
(from the same battalion and
age-sex-cducation-matched to cases)

November 6-7, 2006
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May 29 - June 5 - Veteran A Revised 6/1/98
Time | Friday 29 | Ssturday30_| Sunday31 | Monday! | Tuesday2 | Wednesday3 | Thursdayd | Friday5
00 Ve st Wake 2500 | Waie£00
[ Bresifast | Ereakfast
3 &30 830
star  2urne | Stat224ume | San3{2eume
Waking S5 Biood Drawrg | |
[} {Asion5)
i Join X-Ray
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GCRC Protocol for
Cases and Controls

Low tyrosine diet

Brain MR spectroscopy scans

Autonomic evaluation

Neurophysiologic tests

Quantitative sensory tests

Psychiatric/neuropsychological
evaluation

Sleep studies over 4 nights

Blood tests tor dopamine
metabolites

Brain SPECT scans with
cholinergic challenge

Etc.

Lower PONI1 Type Q Allozyme Levels in
Blood of 11l Gulf War Veterans than
Controls

—_ - -
Qo N OB
o O O

2]
(=]

40

N
(= =]

Con Syn1 8Syn2 Syn3

p = 0.009

Patient Group
Toxicol Appl Pharmacol 1999; 157: 227-233

arylesterase
activity
(UmL)

Controls Sym1 Syn2 Syn3
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Comparison of "H-MRS Spectra
from the Right Basal Ganglia

Control Gulf War Syndrome 2

AR A D IR M R MR MR AR
40 30 20 1.0 40 30 20 1.0

Chemical Shift (ppm) Chemical Shift (ppm)

Rear view

First Replication by Weiner et al. :
NAA Concentration in Right BG

California Gulf War
Veterans with

MRS Of Right BG Haley Syndrome 2

Rear view Controls Cases

FProc Intl Soc Mag Reson Med 2001, 9: 994,
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Second Replication by Menon et al. :
NAA Concentration in the Hippocampus
Left an(l R_ight Mississippi Gulf War

Veterans with

Hil)l)Ocaml)us Gulfl War Illness
P < 0.01

Left Hippocampus Right Hippocampus

Controls Cases Controls Cases
Rear view

Brain Research 2004; 1009: 189-194.

Increased Brain Dopamine Production
with Brain Cell Damage

o
=
£
®
Q
o
(]
=
®
|
m
=
-

Brain Cell Mass (NAA/Cr ratio),
Left Basal Ganglia

Archives of Neurelogy 2000; 57: 1280-1285
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>
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of Heart Rate Variability {mszj

High-Frequency Spectral Power

7 8 Wi11243 94 1516 17 18182021222324 1 2 3 4 5 &

(1)
)

Heart Rate (beatsimin)

78 910111213141516 17 18 192021222324 1 2

Hour Time from Onsat of Gleap (h)

Jamal et al. 1996 Study:
Abnormal Ability to Sense Changes
in Temperature

p = 0.0002

Temp Reduction

Controls GW Veterans

J Neurol, Neurosurg, & Psychiatr 1996; 60: 499-451
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Quantitative Sensory Testing:
Cooling Threshold

Impaired Cooling Perception Threshold*
R. Haley, G. Wolfe, MD, W. Bryan et al.

L
el

L. Hand R. Hand L. Foot Foot

L
o

Global Test:
P < 0.0001

Temp Reduction Felt (°C)

o
o

- ' ' C = Control
CcC Vv CcC Vv CcC Vv cCVv V = GW Veteran

*Similar findings for warming threshold but not vibratory

November 6-7, 2006
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SEM of
Temperature
Sensory System
Dysfunction

+ Goodness of fit
indices show
extremely good
fit.

T2 rCBF in other i
brain regions /

produce poor
fitting SEMs.

Clinical Subgroups of Gulf War Veterans

All Gulf War Veterans in the 24th Reserve
Naval Mobile Construction B attalion

Veterans with diverse

health problems which they
attribute to their Gulf War service

Syn2 a
@ Other




Appendix A RAC-GWVI Meeting Minutes
Presentation 1 - Haley November 6-7, 2006
Page 63 of 239

October 2002

Alteration of Cholinergic Receptors in
Rats by Low-Level Sarin

gy

Rogene Henderson
Senior Scientist
Lovelace Respiratory
Research Institute
Albuquerque, NM

Funded by the U.S. Army Medical Research Institute for Chemical Defense
Henderson et al. Toxicology Applied Pharmacology 2002;184:67-87

Toxicolo Applied Pharmacology 184, 67-76 (2002)
lai:10.1¢ p 2002 0495

Response of Rats to Low Levels of Sarin
Rogene I'. Henderson ® Edward B. Barr,* Walter B. Blackwell.* Connie R. Clark.f Carole A. Conn.* Roma Kalra*
Ihomas H. March,* Mohan L. Sopori.,* Yohannes Tesfaigzi.* Margaret G. Ménache.* and Deborah C. Mashi

Alhuguergue, New A AT, & al Research Institute of Chemical Defense,
Aberdeen, Marviand 21000 and $University of Miami, ami, Florida 33100

Toxicology and Applied Pharmacology 184, 82-87 (2002)
doiz10.1006/taap 2002 9497

Subclinical Doses of the Nerve Gas Sarin Impair T Cell Responses
through the Autonomic Nervous System
Roma Kalra. Shashi P. Singh. Seddigheh Razani-Boroujerdi. Ravmond J. Langley. Walter B. Blackwell.
Rogene I'. Henderson. and Mohan L. Sopori

Lovelace Respiratory Research Institute, Albuguerque, New Mexico 87108
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Up-regulation of M3 Receptors at 1 and 30
Days After Inhalation of Sarin for S Days

A 1 Day After Exposure

Cerebral Cortex
Frontal {(Area 2)

Olfactory Systam  Offacto:
AL Tuberce
Anterior

Ofactory Nucleus

Olfacior

Bull
Dentale Gyrus
cAl

Hippocampus

B
Cerebral Cortex
Frontal (Area 2)

Oifactory System Olfactory

Tubercle

:ﬂ‘

Striatum
Caudate-
Putamen

Nucleus
Accumbens

Thalamus pmenor

Medial Nuclel
Brainstem p .o
Nuclai

0 10 20 30 40 50 60 TO

30-Day Recovery
Striatum Coudale
Putamen

Nucleus
Accumbens

EER High Dose Sarin
3 Low Dose Sarin
3 Control

=
=1

0 10 20 30 40 50 60 70

Thalamus Anteror
HNuclei =

Medial Nuclei
Brainstem poq-o
Nucli |

0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 7O

Bound (fmolimg tissue)

Henderson et al. Toxicology Applied Pharmacelogy 2002;184:67-87

Down-regulation of M1 Receptors
30 Days After Inhalation of Sarin for S Days

Bl High Dess Sarin
[ Low Dosa Sarin
[ Control

B 3 D-Dal_.r RBGO\."&I’}I’
Corebral Contex
Frantal {(Area 2)
Oifactory System  Olfaclory
Tubser

Striatum
Caudate-
Putamen
Nucleus
Accumbens
Thalamus anteriar
Huclei

Anterior
Qlfactory Nucleus
o
A AMPUS Bentate Cyrus ——

Madsal Nuclei
Brainstem b, iine
Mudlei

A e
I I I | I 1
0 50 100 150 200 250

Bound (fmolimg tissue)

50 100 150 200 250

Henderson et al. Toxicology Applied Pharmacelogy 2002;184:67-87
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If soldiers suffered brain cell damage
from sarin nerve gas (a cholinergic
stimulant), we might expect to see an
abnormal brain cell response to an
experimental cholinergic challenge.

* So we performed an experiment to see how the
cholinergic stimulant physostigmine would affect
regional cerebral bloodflow (rCBF) measured by
99mTc-HMPAO-SPECT scans.

* The same 21 cases (5, 11, 5) and 17 controls

Cholinergic Challenge Experiment

Session 1

60 minute 99mTo-IIMPAO  SPECT SPECT
infusion* injection Scant image

Session 2 ﬁ
(3 days later) syt
Phy%usﬁgmi‘n

|3

1 T 9
L % i -
60 minute 99mTe-HMPAO  SPECT SPECT
infusion* injection Scant image

21 GWS and 17 Controls * Profile of Mood States 1 Picker 3-headed high resolution scanner
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The Statistical Development Team

A
170 4

165 4

150 4
145 4

160 H
155 4

W
i\ ‘ﬁ\ \

yne Woodward

Bill Schucany

Pat Carm

Dick Gunst Robert Haley

Jeff Spence

Global Hypothesis Tests

=0— Sezson 1 (saline)
—d&— Session 2 (physostiomine)

m

o

Change in nrCBF
(session 2 - session 1)

n

i

o

Con  Synl Syn2 Synd
Group

% diff. =
-11.21
159.60

7.0%

Model of baseline nrCBF {session 1)

Source of variation Numerator Denomin

in Session 1 rCHF df ator df F Pr=F

Group 3 34 477
Structure 15 510 284.00
Group ¥ Structure 45 510 1.31

0.0070
<0.0001
0.0904

Mean

Contrast Difference  Std Err Pr = |t|

487 486
370
486
413
415

£.04

Syn1 vs Con 0.3234
0.0045
0.7104
0.0037
0.0163

0.6170

Syn2 vs Con
Synd vs Con 182
-16.09
1303

-3.05

Syn2 vs Synl
Syn2 vs Syn3
Synl vs Syn3

Model of change in nrCBF (session 2 - session 1)

Source of variation Numerator Denomiat
in change of rCBF df or df F

Group &) 34 213
Structure 15 510 248
Group ¥ Structure 45 510 167

November 6-7, 2006
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Blocks in which Significant Difference
in Baseline rCBF: Syn 2 < Controls

Table 3. Deep brain blocks in which bazelire nrCEBF was significant! ylower in syndrome 2 than cortrols

Left hemisehere Riﬂ hemisehere

Block Structure Locationin Structure S diff. [ % diff. [
caudate Inferiar third of caud ate head B2 00459 6.9 00356
caudate Middle third o f caudate head 5 [k 73 DDza7

globus pallidus Paoterior inferior 2.0 00214
globus pallidus Posterior infarior 25 00206
globus pallidus Superior .0 DDDET

midbrain Po sterior inferior 8.9 00255
midbrain Pasterior auperior a.e 00237
midbrain Pnterior superior 10,3 00354

putamen Paterior inferior e o0z
putamen Poterior superior

putamen Middle inferior

putamen Posteror inferior

putamen Pa sterior superior

thalamus Dorsomedial nucleus (nferior segment)

thalamus ‘wizntrome dial postenor nucleus

thalamus Dorsomedial nucleus (superior’

thalamus Pubinar finferior medial)

thalamus Pulvinar (nferior lateral) 0.1 00259
thalamus ‘iritral posterior nudeu s (medial &lateral) £.4 00194

£ ralues are comectad for muttiple comparisons bythe Dunnett method. The percentage difierence (% dif.)was
defned as nrCEF ofthe control group minus nrCBF inthe syndrome 2 group divided by nrCBF in the control group.
The percentage difierence fromthe cantrol group was 7.0% mer all 78 deep brain blocks

Blocks with

Significant
Physostigmine

Effect

on nrCBF [ pemme mgeee fmumL e
ey eyt Fh,

t Phoel ™y
I

con Sl SwE =rd

Change n nrCEF

LeftThalamu s venid Ao cerior
alavml gt

2R N

EEPTY

I

!

gand

Changeln nizEF
SITOT
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Discriminant
Model
Predicting the 4
Clinical Groups
from nrCBF of
17 Blocks

Left Corticomedial Group
"]

t

RAC-GWVI Meeting Minutes

Right Corticomedial Group

170

150

150 H
—E=om

i

Change in rrCEF

Pt

Con Swl 52 503

Left Basalateral Group

SIS

1

Con 5wl Swi 5wn3

Right Basolstersl Group

i

Change in nrCEF

Iy }

oo
lTI}

Sl S Swd

Sl Sw2 Sl

Hani=

Right
Right
Left
Right
Left
Left
Right
Right
Left
Right
Right

Desap brain

Putamen
Caudate
Amygdala
Thalamus
Amygdala
Thalamus
Caudate
Thalamus
Thalamus
Putamen
Thalamus
Thalamuz
Thalamus
Putarnen
Amygdala

Anterior inferior sagment
Caudate head (middle third)
Corticomedial nuclear group
PO and WP nuclei
Corticomedial nuclear group
Pulvinar (inferior seqrment)
Caudate head (middle third)
LPM and DM (sup, post)
AN, DMM (sup. ant.), YN (sup.)
Posterior inferior segment
Pulvinar (inferior seqment)
Pulvinar (inferior seqrment)
Pulvinar (inferior seqment)
Anterior superior segr ent
Corticomedial nuclear group

SPECT

Stimulated 0,153 -0.093
Baseline 0,173 0,105
Stimulated 0,138  -0.041
Bazeline 0093 -0.172
Bazeline 0,079 0,037
Baseline 0,033 -0ZLE
Stimulated 0040  -0.025
Bazeline 0.028 0,141
Stimulated -0.023 -0.047
Stimulated h 0,032
Baseline 3 0182
Stimulated . 0.069
Stimulated A -0.012
Bazeline h -0.054
Stmulated 3 0,081
Easeline -0.221  -0.012

Digcriminant loadings

asphara Structura JApproximata block location Seasion LDl LD LD
Fight  HIppocampus Posteralatera] [zUbventrionar) Stirulated 203 OOL7 0024

0,003
0.052
-0.050
0,02z
0,042
0.0z3
0.0Z21
-0.019
0,001
-0.011
-0.023
-0.0z2
0.020
-0.027
0,033
-0.019

Dimciiminant Qiiginal clinical clazziTcalan
Canbal

claxzilicalian 51

51

52 1(len  Lg2n)
51 4 [ED)

Canlial

LB
212)
14 (E2)

Sensitivit)
Specificit

November 6-7, 2006
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Ideniifying the Brain Injury Using Incauging:

Using advanced brain imaging, identified and defined fhree
distinet syndromes comelating to specific areas of the brain that
are damaged by sadn gas.

Hovel statistieal brain imaging analysis method developed in
collsbomtionwith S MU 5 tatistics Dept.

Maldng new method broadly applicable to shady of other
diseases and imasine researh,

National Gulf War Veteran Survey:

Adapted ongina ;mrvey methods inbo cormpuater interviewr
suitable for a national telephone sarvey.

After 12-month review pmoess, obtained Dol cleamnce.
Presertly conducting pilot sarvey in 200 veterans.
Survey in 8,000 mndomly selected vetermns begins 2007,

Culf War Syndrome Cene:

Diiscovered genetic msceptibility to Gulf War syndmmes.
Hentified the gene’s protein or “biomadker” inblood.
Dieveloped geme therapy product that protects roderts from
s srin-lke pesticidas.

Animal Models of Gulf War Brain Danvage:

Dieveloped the first animad models of Gulf War syndmmes.
Applied brain imaging and other methods to diagnose animals
for the same types of brain damage as found in veterans .

RAC-GWVI Meeting Minutes

ROADMAP
July 2005 Gulf War Illness and Chemical Agent Exposure Program

Timeline of Fesearch Progress towards Diagnosis and Treatment

Develop
Disgnostic Tert: Using
brain imaging to testfor

Gulf War s yrd romes.

DIAGNOSS

Biomarker Study:
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