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Presentation 8 - John Ottenweller

Immune Dysregulation in Gulf

Veterans with CFS and its Background of our Immune Studies
Relationship with Cognitive
Function and Functional Status » Hypothesis that CFS is due to infection and

immune dysregulation.

William Gause, Gudrun Lange, e We have identifed CFS in GVS, and it is the
only medical condition that occurs more
frequently in GVs than non-Gulf era
veterans.

John Ottenweller and Benjamin Natelson

NIJ Environmental Hazards Research Center and « We examined the hypothesis that immune

War-Related Illness and Injury Study Center function is dysregulated in GVs with CFS.

1997 Rook and Zumla paper

Tbet
« Hypothesis: GWI due to a switch from @ 'TL“.';" s
Th1 to Th2 profile — e

autoimmunity:
— Associated with EBV reactivation “” N (goze
aive
_ . . . . IL-4
Vaccines with large antigenic load gfggn ‘ 85| [Humoral immunity
. i i —|NT| — | and allergy

Those given troops going to Gulf

— Th2 particularly responsive to stress :‘C;so
— Exposure to insecticides inhibits Th1 IL-2 functions "‘T“ ol

- Recent Paper by Peakman, Wessely and their NK [
colleagues shows elevated Th2-like cells in 7 [T

civilians with CFS
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Produce IL-4 and IL-5

: %, t
. ] 2 = }IFN
R : Produce IFN-y

Dendiflic cell

Hypothesis #1

+ GVs with CFS show an up-regulated Th2
immune profile.
— Altermnative that Th1 cytokines will be elevated

Healthy CEFS

Totaln = 34 43
Male 88% T4%
White 85% T7%
Education

=high school 79% 56%
AxisI 18% 72%

A T - - Differentiation to Th2 cells due to IL-4 and IL-6
e ™ y m,:;::“:"‘“‘“ « Th2 cells secrete IL-4, IL-5, IL-9, IL-10 and

o et . A er L1ar CEEE IL-13

Demographics for GVs

Methodology

* Collected blood by venipuncture

* PBLg labelled with cell surface markers and
counted by FACscan to give cell counts for
different types of lymphocytes and their %
of the total lymphocytes

= mRNA isolated from PBLs and

gemiquantitative RT-PCR used to estimate
mRNA levels of cytokines
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Cell Types and Cytokines in GW Vs
Immune Variables Call Tyge Heiy 5 [P
Lymphoeytes (Comunts) 1918 +1. 96 2130+ 104 S
. _ NE Cells, CD1&+ 56+ (240) 155411 122402 P=002
* CD3+ (TOtal T CGHS) IL 2 Total TCells, CD 3+ (%4) T8+-12 TE4 +-02 P=001
o CD3TCD4* (MHC I T Cells) s 14 MHC I Cells, CD3 CD+ (%) azd+- 14 453+ 10 | P=0ml
« CD3*CD8* (MHC I T Cells) - IL-6 Cytokine mRNA
. _ IL-2 252 +1- 61 431 +)- 140 P=005
* CDS-CD19+ (B Ce”S) IL 10 IL-4 134 +/- 19 255 +1- 58 N3
« CD3CD[16"567] (NK Cells) « IL-12 L& 1711 +- 37 2 +1. 505 NS
e TNF-c L-10 496+ /- 265 604 +i- 137 P=0m
. IN F IL-12 136 +1- 3@ 300 +/- 85 N3
-'}{ INF-garmma 186 +1- 27 268+ 48 P=002
THF-alpha 632 +/- 1486 1002 +i- 164 F=001
Summary Hypotheses 2 & 3
* Partially supports shift to Th2 phenotype * GVswith CFS Wc_)u_ld b.e more likely to
because IL-10 MRNA is elevated show cognitive difficulties than the

healthy controls.

* However, elevated IL-2 and IFN- y suggest
that Thl lymphocytes are also activated in
GWswith CFS

» The impact of inmune up-regulation on
CFS caseness would be either
independent of, mediated or moderated
by cognitive difficulties.
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11 Cognitive Tests

—NES simple and complex reaction time
tests

— Paced Auditory Serial Addition Test
(PASAT)

—WAIS-R Digit Span subtest

— Category Test

—Verbal Fluency Test

— Rey-Osterrieth Complex Figure Test

Reasons for using Factor
Analysis

— California Verbal Learning Test o

— Continuous Visual Memory Test + Data reduction in view of small sample

size and large number of immune and

— Judgement of Line Orientation o ]
cognitive variables

— Wais-R Block Design subtest

— Grooved Pegboard Test

+ Allows us to see if discrete Th1 and Th2
clusters emerge from raw data
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. Factor Pattern for Inmmunclogical Variables
Analytical Steps Fesulting from Principal Components Analysis
Demo uareb ks are exchded How-sigamcant
erceptedicatos becarse of mm e and cogi e
or-Egamcance. Botors we re excided
Predicting CFS & SF-36 by dem ¢ ¢ Resalts oftes thyg ik Fomponoe
VAT kE gage e ider, PrRAbHIg CFS & SF-% Predictihg CFS & SF-36 compethg kypotieses &P
ethilciy, e dreath, _.WBUU"Q'""‘"& Em"_.WEUU"QWQ"WE weos [ Bran addiue avd
martalsEns, emplyment hramedEton mode |
Facoraaksl Facoraaisk
oTMmMmyee meagnres ofcoge e measres
T T Tumor Necrosis ther F
R shmatan Zt@ishmaton Factor-Alpha T Factor
/1 oTmMm ¥k Measires o cog e meast s __Naural Filler Cals
ook lnes by
EMoulg 358y
dme revces
Factor Pattem for Cognitive Variables Predicting CFS Status

Resulting from Principal Components Analysis

Using Logistic Regression

Grooved Pegboard Ssconds to
Com pls s (Preimed Hand )

CWLT Short Dalay Fres Recall

Model 1 Modsl 2
Grooved Pagboard Secondi to
‘artabls W 1tim ate p-walus artmate  p-valus
CYLT Total # 0T Aord CPT Totl Mean Reastion Tims Webrane:
Faciord Education 585 a.o0F 4484 000§
PAIS T Ram Sore SRTTotl Mean Redction Tims T2 Renponis LEERL LR 0475 0164
ot s Forward Matural Klllar Cally .588 0151 L8 0054
gt Span Foria
CUMT Falte AAMI ot O " Lympho sy e 1847 1038 (X1 (X1
Responee i fo "Hew " Regston Tm e —_— — 5838 0010
A0 18-R Raw Boore
Cigit Span Bachwardy CMT ¥ Correct Delayed R-aquars: 21 34
Rucognition : ) :
Cortatinda: ar .68
PASAT Total # Comact Faitor 2 Cabger; TortToBl Aot ETon Senuit e at.dn T8 &

TMT Saconds to Complete Parta

TMT Saconds to Complete Part B
JUdgemantoT Line OFlantaton

warbal Ausnecy Tosl g
“hik18-R Raw Score Yosabulary
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How Do Immune Factors Controlling for previous predictors, do
Predict CFS Caseness? cognitive factors predict CFS caseness?

. . * Only one factor -- longer latencies to react —
For GVs with CFS, the Th2-like factor and was associated with CFS caseness

the lymphocyte factor were elevated.

~ Th2 result different from first analysis * When reaction time was added to the model,

immune factors no longer predict caseness

Supports Rook and Zumla hypothesis that — Cognitive problem directly assoc with caseness
GVs with CFS will exhibit a Type 2 — Immune dysregulation affects cognitive function
predominance in their cytokines and is only indirectly associated with caseness

Answers to Hypotheses

» #2: There is a relation between immune
dysregulation and CFS for GVs

+ #3. This relationship is indirect and
mediated by cognitive dysfunction
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Hypothesis #4

« The impact of Th2 immune up-regulation
on functional status would be either
inde pendent of, mediated or moderated
by cognitive difficulties.

Predicting Physical Functioning
Using MANOVA

Model 1 Mode 2
“Fammeer Faranemr

ariabln ecimab Frat soimatr PRt
wtrvans:

Edunaton 0.1~ no# [ LR 3T}

Th2 Recanm 01478 0.0%5 Y]] n.ard

Naturdl Killarcellc 0.0 n.428 0.0:8 Ladd

Limphouy s 2.z024 n.oo7 EEITUR YT}

Franton Time —_— —_— nEMe oot

Ap-mues 0.0

Predicting Social Functioning
Using MANOVA

Modd 1 Model 2
“Rramewr FRrameer

aratin roimate Rt solma® ARt
vieerm

Elunaton [R:TY .00 niggs 04

Th2 Requan -nziEs non4 0.168 0144

Nawral Kiler callg 2002 uezn .0 0.6a0

Lymphourt -n24a% Lozz f2E@ 0047

Feation Time —_— —_— o2z om0

A pmlue < 0.0

Predicting General Health
Using MANOVA

Model 1 Mode 2
“Faameer FammetT

“ariatin ecimat Aret colmatr AR
02144 oo n2ig 0.000

R 0010 148 0.186

oozt LR n.0zg n.rar

ERLEY .02z s DE4

—_ —_ .27 noge
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Predicting Mental Health Immune and Cognitive Factors
Using MANOVA and the SF-36

. et e e * Th2-like and lymphocyte factors are

— associated with poorer general health, and
enietan b m TR physical and social functioning in GVs
e . o T e — Mot associated with poorer mental health
i e Teae e + Reaction time, when added to model,

N predicted functional disability for G\s

» Impact of Th2-like factor on function in GVs
was mediated by reaction time

— Lymphocyte factor remained independent of
reaction time

PF, SF and GH Answers to Hypotheses about

from SF-36v Functional Status
Lymphocyte Factor

* #4: There is a relation between immune
dysregulation and functional abilities in GVs
Th2 Factor

= #4: There is an indirect relationship between
the Th2-like factor and functional abilities that
is mediated by cognitive dysfunction

— There is a direct relationship between the
Iymphocyte factor and functional abilities for GVs
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Conclusions

* Mediation model was partially supported in GVs

= Based on factor analyzed immune measures,
we found elevated Th2-like and lymphocyte
factors in GVs with CFS
— Supports Rook and Zumla hypothesis

» Effect of elevated immune factors on CFS
caseness is mediated by reaction time factor

+ Elevated Th2-like factor was indirectly
associated with poor functional status in
GVs with CFS

— Effect mediated by reaction time factor

+ Elevated lymphocyte factor was directly
associated with poor functional status in
these veterans

» Reaction time factor was associated
with poor functional status for GVs with
CFS

National Health Survey of Gulf
Era Veterans and their Spouses

* PhaseIII
— Representative subsample of NHS Phases I/TI

— Comprehensive exams including H&P, psych
evaluation, blood samples, etc.
— 3250 serum samples
+ About 1000 each from GV's, EVs and Spouses
+ We receved 300 microliter aliquots of all samples

Funded Pilot Project

» Measured Cortisol, Paraoxonase and
Butyrylcholinesterase in all 3,250 samples

* Completed assays January, 2003
* Statistical analyses of cortisol completed
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Cytokine Study in NHS Samples

+ Selected totally random samples of 71 GVs
and 69 EVs for measurement of plasma
cytokine levels

* No consideration of health status or
demographics

* Used Luminex technology to measure 9

cytokines simultaneously in 50 microliters
Serum

Preliminary Plasma Cytokine Levek in 71 Gulf Veis and 62 non-Gulf Era Veterans

Cpokine | Hon Detectable! Fublished Liewek® Tl Lok s G
LA LE{1145) 119 6 n=12 1370 97 197 1764130 139+ 299
L2 11( Ta%) 120 {0-518) o= % HIEE2- 878 FEETE) WI45E
L B[ C43) F40- 1T n=10 35256 314} H5+T55 3+ 195
Lt ERED 20 0-253) n=30 165011- 276 WIEITH 1934132
L& 3 21%) INME) n=11 181 14- 2333 1SRRI 434498
L0 R 3200 48) n=1¢ T5(32- 116 92+ 9% T
L2 20{143%) 0023 ) n=li 392 @55 S58 sEEEaEl 3934318
L3 Hot bsegnd 00 {1118) n= 5

Ry TH{100%) 176 0-585) n=12 T+ (706150 5) 195+ 705 151+ 659
TAF. T{100%) +200- 0y =32 33(16- 33) [FEEE 37 32

* Published levels are medians of the reported means ormedims for control wakies, the range & o
parentheses sand n= the roomber of shadies corenated. A10lews k are mpgiml.

*Lewvre ke forthe 140 Wetersn Samples: medisne (terquartile range ).

* Cytokine Levels for EVE (=68 and GUE (=71} mesns + standard devistions .

Summary

* Plasma Th2 cytokines declined (P’s ~ 0.1)
—IL-4 by 16% and IL-6 by 11%

* A plasma Thl cytokine declined (P ~ 0.1)
—1L-12 by 33%

* Not the same as mRNA changes, but earlier
studies compared sick and healthy GVs

* In this study, GVs and EVs randomly chosen

* For systemic actions, plasma cytokines are
the effectors

Factor Analysis of Plasma
Cytokines

Model explained 81% of variance.
* Factor 1 (38% of variance)

— Th2 Cytokines: TNF, IL-10, IL-4, IL-6
* Factor 2 (26% of variance)

—Thl Cytokines: IL-2,IFN
+ Factor 3 (17% of variance)

— Other Cytokines: IL-1,IL-8
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Vaccimation Rates in GVs and EVs

Modmtion [ EUE(R) | W ) Pl S (i)t | W D et
A 437 +7 [T 405 w3 [T
Typhoid 607 +i3 [T IE £l He
o tulism. 154 31 [T 127 15 15
Rama 4 18 [T 751 21 He

‘Mlanin giti 143 it [T 751 T4 [
Gamms ] T [T 60 B [
Glotulin

Lo’ aat of approsimate 1000 deperding on the mimberwho anserered each
question.

1 omparis on of rates incohimms 2 and 3 using 32tests

32375 ot of 71 G Vs and 69 EVs.

4 omparison of mtes incobimns S and Gusing 3tests.

Cytokines and Vaccinations

* Anthrax
— Lower IL.-12 {Thl)

* Typhoid
— Elevated IL-2 and IFN (Thl)

Logistic regression predicting vaccinations, P*s <0.05

Summary of Plasma Cytokine Results

Plasma levels of IL-4, IL-6, IL-12 and TNF
may be lower in GVs compare with EVs.
Plasma cytokines cluster into groups of Thl
and Th2 cytokines.

Decreased levels of IL-12 and increased
levels of IL-2 and IFN may be associated
with self-reported vaccinations

Based on only 7% of the NHS Phase III
samples

Hypotheses that can be tested with

measurement of cytokines in all NHS samples

Vs will have higher levels of Th2 cytokines and lower levels
of Thl cytokines than EVs.
— Altematively, Thl cytokines may be higher in GVs.

Th2 cytokines will be higher in GVs with poorer physical
ormental functioning (3F-36v)

Th2 cytokines will be higher in GVs with more vaccinations.

Stress will increase Th2 cytokines and decrease Thl cytokines.

Cognitive Impairment will be associated with higher Th2
cytokines in GVswith CMI, but not healthy GVs or EVs.






