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1. Introduction

The Subject: Assaying of autoantibodies against neuronal and glial proteins in veterans with Gulf War
IlIness (GWI) using Western blot and ELISA assays. PURPOSE: Development of peripheral biomarkers for
GWI. Scope of the Research: Serum and plasma from 250 Gulf War veterans with GWI and 200 controls
(100 healthy GW veterans, 50 chronic fatigue syndrome (CFS) and 50 irritable bowel syndrome (IBS) will
be included in the study.

2. Key Words
Gulf War Iliness (GWI) Microtubule Associated Proteun-2 (MAP-2), tubulin, Neurofilament proteins (NFP),
tau myelin basic protein (MBP), Myelin Associated Glycoprotein (MAG), CaMKI|, alpha-synuclein, GFAP,
S100B, Western Blot, ELISA, chronic fatigue syndrome (CFS), irritable bowel syndrome (IBS)

3. Accomplishments
e What were the major goals of the project?

o The major goals of the project as stated in the approved SOW are listed in the table below.
Milestones/target dates for important activities or phases of theses dates and actual completion
dates are listed in the table below.

e What was accomplished under these goals?

o The table lists the proposed goals and dates to accomplish and the actual dates that these goals

were accomplished during the first 24-month period

Tasks

Timeline

Task 1: Obtain Regulatory Reviews and
Approvals

Planned Months

Actual Months

la. Obtain necessary IRB approvals or Exempt
status

1-3

1-4

1b. Obtain DOD Human Research Protections
Office (HRPO) approvals or Exempt Status

1-3

14

Milestone(s) Achieved: Regulatory reviews
completed and final approval obtained for study

1-3

1-4

Task 2: Obtain Stored Blood Serum and CSF
samples from 3 biorepositories for analysis.

Months

Proposed 2a: 100 GWI and 50 IBS serum
samples shipped from Site 5 to Duke and NIH for
analysis.

4-6

Actual 2 a: 100 GWI and 50 IBS plasma samples
shipped from Site 5 to Duke and NIH for analysis
Actual 2a: Adapting western blot for plasma
samples

Actual 2a: Beginning analysis of all plasma
samples from 100 GWI and 50 controls.

6-8

10-11

10-12




Proposed 2b: 50 GWI and 50 healthy GW
veteran controls and 50 CFS control serum
samples shipped from site 4 to Duke and NIH for
analysis.

Actual 2b: Plasma samples received from NOVA
University:

1. 50 CFS samples (site 4)

2. 26 healthy GW control samples (site 4)

3. 68 GWI samples from site 1 (Boston GWIC)

4-9

12

4. 50 IBS samples from site 5 (BIDMC)
5. Gulf War Illness (GWI) — 100 samples
6. Irritable Bowel Syndrome (IBS) - 50 sample

10

14

*Proposed 2c: 100 GWI and 50 healthy GW
veteran control serum samples shipped from site
1 to Duke and NIH for analysis.

10-22

Actual 2c: Plasma samples from Site 4 (NOVA)
Received were:

Gulf War Iliness(GWI1) — 68 samples

(Total GWI (68 + 100 = 168)

Chronic Fatigue Syndrome (CFS) — 50 samples
Healthy Control — 26 samples

12

16

Proposed *2d: 25 GWI and 25 healthy GW
veteran control CSF samples shipped from site 1
to NIH for analysis

22-24

Actual 2d: CSF samples still being collected at
site 1 so not shared yet.

Milestone(s) Achieved: Site 1,4 and 5 serum and
CSF data collected and set up for laboratory
assays (ELISA, western blot). Autoantibody data
shipped to analyzing labs from 250 GWI veterans
and 200 controls (100 healthy and 100 diseased
controls) blood serum samples and 50 CSF (25
GWI, 25 control) samples.

3-24

Samples were shipped to
Duke lab for analysis
from three sites including
294 samples (168 GWYV;
50 IBS; 50 CFS)

Task 3: Perform Serum Assays

Months

3a: Perform western blot analyses for
autoantibodies to CNS proteins in GWI cases and
control samples.

4-24

22

3b: Perform ELISA analyses for Neurofascin 155
CNS marker in serum samples from GWI cases
and controls.

3-24




Milestone(s) Achieved: Autoantibodies for CNS
proteins of myelinogenesis, astrogliogenesis and
neurogenesis data analyzed from three
biorepository sites.

9-24

294 autoantibodies run
for 9 CNS markers.
Currently being merged
with demographic
datasets  for  further
analysis.

Task 4: Perform CSF Assays

Months

4a: Perform ELISA assays of 50 CSF samples for
neurofascin 155 biomarker.

22-24

Not  completed  yet
because CSF still being
collected at site 1.

4b: Merge CSF outcome data with clinical
neuroimaging, TBI and exposure data.

24-27

Milestone(s) Achieved: Antibody for
neurofascin 155 marker data analyzed and
merged with clinical outcome data from GWIC
biorepository site.

24-27

Task 5: Merge Data and Perform Interim
Data analyses

Months

Proposed 5a: Merge clinical dataset from sites 1,
4, 5 case/control status and demographics with
results from laboratory analyses performed at
NIH and Duke.

Actual 5a: Case/control status merged with
autoantibody results for GWI, CFS, IBS groups.
Abstracts submitted. Merging with other
demographics still being conducted.

10-24

18-24

Proposed 5b: Data analysis of interim ELISA
and western blot results of autoantibodies in GWI
cases and controls (healthy and diseased groups)
with merged clinical datasets.

Actual 5b: Merging is still ongoing with clinical
datasets.

18-24

Proposed 5c: Discussion of results and
preparation of abstracts for presentations at
national meetings and initial manuscript for
publication.

Actual 5c: In person meeting held in Boston on
August 23, 2007 where results, presentations and
abstracts were planned. Third year plans was
discussed.

18-24

22

A meeting held in Boston
University on August 23,
2007.




Proposed 5d. Annual reports of progress will be
written.

Actual 5d. Two yearly progress reports submitted
on October 23, 2017.

12-24

12, 24

Milestone(s) Achieved:

Preliminary analysis of results and presentation of
initial results at scientific meetings and potential
publication.

Actual: 3 abstracts accepted for scientific
meetings, 1 paper published to date, two more in
preparation.

Possible biomarker selection for GWI and
recommendations for treatment development.

18-24

18-24

Milestone Achieved:

o Determination of autoantibodies
against neural proteins in veterans
of the Gulf War who have Gulf
War Illness (GWI), GW controls,
CFS and IBS symptomatic
controls.

Milestone Achieved:

Development of ELISA assay for all neural
proteins that we assay as biomarkers for nervous
system injury

Task 6: Perform Final Data analyses and
Prepare Manuscripts for Publication

Months

6a: Merge clinical datasets for neuroimaging,
blood and genetic biomarkers, brain injury and
exposure history with GWI cases and controls.

25-30

6b: Perform Data analysis comparing ELISA and
western blot autoantibodies outcomes in GWI
cases and controls with merged clinical datasets
for neuroimaging, blood and genetic biomarkers,
brain injury and exposure history.

25-30

6¢: Discuss results of data analyses and prepare
abstracts for DOD and other scientific meetings.

25-32

6d: Preparation of manuscripts

e Diagnostic CNS Autoantibody
Biomarkers for GWI

e Biomarkers for Gulf War patients with
chronic fatigue syndrome (CFS) and
others with Irritable Bowel Syndrome
(IBS), OP pesticide and nerve agent
exposures in GW veterans

e Biomarkers of prior brain injury in GW
veterans against their combination,

25-36




6e: Final report of progress will be written. 35-36

Milestone(s) Achieved: 35-36
Analysis of all study results, presentation of
results at scientific meetings, submitted

publication and final report in progress.

Possible diagnostic biomarker selection for
GWI, brain
exposures and potential recommendation for
treatment development.

injury and deployment-related

* Serum and Cerebrospinal Fluid (CSF) samples will be collected as part of the ongoing Boston GWI
consortium study and will be sent to NIH and Duke study sites as the samples are added to the GWIC
biorepository. These samples will all be collected by month 24 of the current study.

e What was accomplished under these goals?

(@]

Major activities: Sending blood samples from nearly 300 GWV and symptomatic controls
from three study sites to Duke Laboratory for analysis. It was determined during early
discussions with other co-investigators that more plasma than serum was available at the study
sites. So a large aim of this period was to adapt the Western blot assay of autoantibodies from
serum samples to plasma samples that way both could be used in this study and importantly
in other validation studies and clinical assessments in the future.
Determination of autoantibodies against neural proteins in veterans of the Gulf War who have
had Gulf War Iliness (GWI), GW veteran healthy controls, Chronic Fatigue Syndrome (CFS)
and Irritable Bowel Syndrome (IBS) symptomatic control groups have been completed.
Development of ELISA assay for all neural proteins that we assay as biomarkers for nervous
system injury.
Specific objectives:
= We established Western blot analysis for autoantibodies against neural proteins in
plasma samples from GWI subjects and from controls similar to our original method
in serum samples from a small pilot study.
= Quantitative measurement of neuronal autoantibodies by ELISA in the sera of patients

with Gulf War IlIness (GWI).
Significant results: These results now allow performing autoantibody assays not only in
serum but also in plasma. There is a considerable advantage because many specimens from
GW veterans are collected and processed as plasma not serum and other stored samples could
now be used for this purpose and repeated by other laboratories.
Other achievements. Currently, we have adapted our autoantibodies assays against neural
proteins to ELISA assays. This will give another dimension in assaying large number of
samples to these biomarkers. Furthermore, the development of ELISA assay for
autoantibodies will allow faster performance of assays and provide more quantitative results
that are easily reproducible.
In addition to GWI, some veterans also have other conditions such as CFS and IBS. We
carried out a study to compare biomarkers for GWI, CFS and IBS. The results showed that
patients with CFS and IBS had lower levels of autoantibodies (AA) against fewer neural
proteins, indicating that the levels of AA against neural proteins in these patients were lower
than those seen in veterans with GWI. This suggests that GWI can be distinguished from CFS
and IBS groups if this finding is replicated in the larger study sample.

e Development of ELISA Method to detect neural autoantibodies
Multiplex Enzyme linked Immunosorbent assay (ELISA) was performed by coating wells of Nunc
Immuo-plates, 96-well, microtiter plates (ThermoScientific, Rochester, NY) with 100-500 ng/well of
purified, human recombinant proteins expressing specific neural proteins viz., MAPT, S100B, NSE,
GFAP, Tubulin, MAG, NEF, CaMklla, CaMkII6 and MAP-2. The optimal dilution of the
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recombinant protein, sera (serum obtained from GWV) and secondary detection antibody was
determined by a checkerboard titration that gave the highest signal to noise ratio to determine the
optimum concentration of protein, sera and secondary antibody. In addition, a single lot of antibody
directed against these proteins were used to generate quality control standards that gave high and low
optical density (high OD =2.0 to 2.5; low OD =0.5 to 1.0; and negative OD < 0.2). Briefly, the assay
was performed by diluting the recombinant proteins in 15 mM sodium carbonate-35 mM sodium
bicarbonate- antigen coating buffer (ACB) pH 9.6. The plates were incubated overnight at 4°C, then
washed 3 times (3x) with PBS plus 0.05 % tweenzo (PBST). Each well was then blocked with 200 pl
of sample buffer (SB) (PBST plus 5 % BSA) and allowed to incubate at room temperature for 3 hrs.
Test and control sera were diluted at 1:200 in SB, thorough mixed and 100ul was added to each well,
left to incubate/bind at 4°C overnight on a plate shaker. The unbound sera in the wells were washed
3x and secondary antibody (HRP conjugated anti-human 1gG) was added at a concentration of
200ng/ml (Jackson laboratory, MA) diluted in SB and incubated at 20-22°C for 1 hour. The plate was
then washed 5x and developed with 3,3',5,5'- tetramethylbenzidine, peroxidase substrate (TMB —
Invitrogen and incubated in dark until the positive control attained a standard OD. The reaction was
stopped using 2N H>SO4. Colorimetric development was quantified spectrophotometrically at
450 nm with a Clariostar (BMG plate reader, Germany) using BMG software powered by Matlab
programming. The raw data were normalized by subtracting the blank values. Sample to Positive
(S/P) ratios were calculated using the following formula: S/P = optical density (OD) of sample - OD
of buffer/OD of positive control - OD of buffer. Total IgG levels were determined by quantitating
IgG. We also used transferrin as a serum control. All the individual values were normalized to total
IgG and transferrin. Final statistical analysis was performed using Matlab and by R.

Presented below are the results of an ELISA assay of autoantibodies against GFAP and MBP
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The results are from 3 GWI veterans (p1-p3) and a healthy GW veteran (c1-c3)

a.

C.

Western blot assay of Autoantibodies against Neural Proteins

Materials and Methods

Materials

The sources of standard proteins were the same as previously published (Abou-Donia et al., 2013,
2017).

Case and control Samples

Serum samples from 20 GW 1 cases with GWI and 10 controls were tested in this experiment.
Western Blot Assay

To screen for the presence of autoantibodies against a battery of proteins in plasma samples, we
applied a Western blot approach as previously reported (Abou-Donia et al., 2013, 2017). Each serum
sample was analyzed in triplicate. Each protein was loaded as 10-100 ng/lane except for IgG that was
loaded as100 ng/lane. Proteins were denatured and electrophoresed in SDS-PAGE (4% to 20%
gradient) purchased from Invitrogen (Life Technology Corporation, ThermoFisher, Grand Island,

8



4.

NY, USA). One gel was used for each serum sample. The proteins were transferred into
polyvinylidene fluoride (PVDF) membranes (Amersham Pharmacia Biotech Piscataway, New
Jersey). Nonspecific binding sites were blocked with Tris-buffered Saline-Tween (TBST) (40 mM
Tris [pH 7.6], 300 mM NacCl, and 0.1% Tween 20) containing 5% non-fat dry milk for 1 h at 22°C.
Membranes were incubated with plasma samples at 1:100 dilutions in TBST with 3% non-fat dry
milk overnight at 4°C. After five washes in TBST, the membranes were incubated in a 1:2000
dilution of horseradish peroxidase-conjugated goat anti-human 1gG (Amersham Pharmacia Biotech
(Piscataway, New Jersey). The membranes were developed by enhanced chemiluminescence using
the manufacturer’s (SuperSignal West Femto Maximum Sensitivity Substrate by ThermoFisher
Scientific Cat. No. 34096) protocol and a Typhoon 8600 variable mode imager. The signal intensity
was quantified using Bio-Rad image analysis software (Hercules, California). All tests were
performed with the investigators blinded to participant diagnosis.

Results

Our preliminary results analyzing the current plasma samples are consistent and confirm the results
of our preliminary studies using serum samples.

ELISA assay using the same samples are being analyzed and are showing promising results for future
use.

What opportunities for training and professional development has the project provided?
Professional development. The results of studies that were generated in this project were presented
in a national meeting and an international meeting:

1. The Annual Meeting of the Society of Toxicology (SOT), March 2016, New Orleans: A poster of
the results was presented.

2. The International Neuropsychological Society (INS) annual mid-summer meeting, July 2016,
London UK; an oral presentation was given as part of an invited symposium on Gulf War IlIness.

3. The Annual SOT, March 2017, Baltimore, MD: A poster was presented (see Appendix).

4. Two additional posters will be presented at SOT meeting in San Antonio, TX in March 2018.

How were the results disseminated to communities of interest?

o Our results were discussed with many interested scientists during both the SOT and INS
meetings.

o A symposium on Gulf War Iliness took place in London during the International
Neuropsychological Society mid-year meeting last July, during which results from this project
and several other related projects were presented and stirred intense interests.

o We published our first manuscript of CNS autoantibodies in the Journal Neurotoxicology and
Teratology (see attached and below) we were also publicized in a local media story at
https://www.bu.edu/sph/2017/03/29/identifying-biomarkers-of-gulf-war-illness
Abou-Donia MB, Conboy LA, Kokkotou E, Jacobson E, ElImasry EM, Elkafrawy P, Neely
M, Bass CR, Sullivan K. Screening for novel central nervous system biomarkers in veterans
with Gulf War IlIness. Neurotoxicol Teratol. 2017 May; 61:36-46. PMID: 28286177.

What do you plan to do during the next reporting period to accomplish the goals?
o We plan to attend appropriate National and International meetings to present our results from
this project.
o |Annual Meeting of the Society of Toxicology, March 2018, San Antonio, TX. Two abstracts
have been submitted for poster presentations.
o We plan to submit other manuscripts of preliminary results from the case-control and exposed
vs non-exposed groups and the new ELISA method during the next reporting period.

Impact
What was the impact on the development of the principal discipline(s) of the project?

9
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o Our studies have focused on the development of sensitive, specific, reproducible, and non-

invasive blood biomarkers of GWI. Identifying objective biomarkers of GWI helps the
veteran and the treating clinicians who must now rely on self-report of symptoms as the
primary diagnostic marker. The advantage of a blood-based biomarker is that it can diagnose
GWI with greater accuracy and with only a few drops of blood. Our initiative to validate both
serum and plasma for these potentially diagnostic autoantibodies will make diagnosing GWI
and validating it with other stored blood samples from GW!|1 even easier because it will not be
limited by just one type of blood product.

The results of the study can be applied immediately to treatment development strategies for
the veterans of the Gulf War. Based on the CNS autoantibodies we ultimately find, this will
provide the opportunity to develop drugs that treat neuronal injury in those specific pathways
(neuronal, glial etc.,); such treatment could be directly applicable to Gulf War veterans in the
short-term.

Our first publication provides the CNS autoantibodies that we will attempt to validate in our
larger study sample and target for treatment development planning.

What was the impact on other disciplines?
o A major advantage of our peripheral marker is that it is specific for neural injury irrespective

of the cause, thus it can be applied to diagnose or confirm diagnosis of other
neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease. However,
the pattern of the specific markers elevated can be different with different disease states and
thus can be useful diagnostically once validated in different disorders. For example, we have
recently found different patterns of CNS autoantibodies in CFS, IBS and GWI that we will
report further in a publication.

o Blood-based biomarkers of GWI provide an effective way to enhance its management

= |t can be used as a diagnostic and prognostic tool with the ability to provide
information about rate of disease progression.

= It would help in identification of novel and effective treatments for multiple disorders
and environmental exposure groups (i.e. pesticides, nerve agents).

= ]t could be used for monitoring therapeutic efficacy for the benefit of patients and
caregivers.

= It could be used to follow-up treatment plans of the patient

= |t could provide a cost-savings potential for recruitment into clinical trials.

What was the impact on technology transfer?
o The biomarker that we developed is cost effective, will be made available to clinical

laboratories and recommended for routine screening procedure.

What was the impact on society beyond science and technology?
o Our peripheral biomarker should improve the quality of life for the veterans of the GW who

have GW illness because:
= Upon their returning from the GW theater operations in 1991, their subjective
complaints could not be diagnosed and they were told that their complaints were “all
in their heads”. Our biomarker should confirm brain injury that is consistent with their
complaints. Such consequence should give them a peace of mind.

Our biomarker should lead studies to develop treatment for brain injury that would provide
improvement of their clinical condition.

The hallmark of Gulf War Iliness (GWI) is neuroinflammation, neural cell death in specific regions
of the brain and possible progressive neurodegeneration. A challenging aspect of GWI is that it has
been difficult to diagnose with objective biomarkers because organophosphate pesticides and nerve
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agents do not stay in the body and CNS the same way that other exposures do (i.e. Agent Orange,
depleted uranium, lead, and mercury). Therefore, researchers have had to develop markers of damage
from these chronic exposures rather than markers of the exposure or their bi-products. If successful,
this work will impact neurotoxicant exposed individuals including agricultural workers, pesticide
applicators and nerve gas exposed groups by providing objective inexpensive markers of chronic
damage relating to these exposures that can be conducted virtually anywhere that a simple blood draw
can be obtained and analyzed. Other current diagnostic practices including neuroimaging techniques,
behavioral history assessments, and neuropsychiatric tests have drawbacks of not being practical or
available in other parts of the world but a simple blood test could provide objective diagnostic markers
in the most cost-effective way.

5. Changes for approach and reasons for change

o Changes: serum to plasma samples

Our original studies in determining autoantibodies in blood, used serum samples from GWI
cases and symptomatic controls. However, it was determined that our co-investigators had
plasma available than serum. Therefore, we carried out experiments to establish the validity
of our assay using plasma, as stated above under ‘Accomplishments’, we showed that the
results from plasma samples were identical to those of serum samples. This was a big
accomplishment that either plasma or serum can be used for these analyses because all other
major studies of GWI with either serum or plasma samples could potentially validate our
findings with their own samples.

o Problems:

None

e Actual or anticipated problems or delays and actions or plans to resolve the techniques
o We have been slightly delayed in getting CSF samples for analysis because the GWIC is still
obtaining them but there should not be a long delay before they are ready for sharing.
e Changes that had significant impact on expenditures
o None
e Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select
agents:
o Significant changes in use or care of human subjects: None
o Significant changes in use or care of vertebrate animals: None
o Significant changes in use of biohazards, and/or select agents: None

6. Products

e Publications, conference papers, and presentations
o Journal Publications

e Abou-Donia MB, Conboy LA, Kokkotou E, Jacobson E, Elmasry EM, Elkafrawy P, Neely M, Bass
CR, Sullivan K. 2017. Screening for novel central nervous system biomarkers in veterans with Gulf
War IlIness. Neurotoxicol Teratol.61:36-46. See attachment 1.

o Books or other non-periodicals, one-time publications
= None
o Other publications, conference papers, and presentations
= A poster was presented during the annual Society of Toxicology Meeting at Baltimore,
MD entitled:

11


https://www.ncbi.nlm.nih.gov/pubmed/28286177
https://www.ncbi.nlm.nih.gov/pubmed/28286177

“A Pilot Study of Novel Brain Neurodegenerative Biomarkers in Veterans with Gulf
War lliness: M. B. Abou-Donial, K. Sullivan 2, L. A. Conboy?, E. Kokkotou* and E.
M, El-Masry® !Duke University Medical Center, Durham, NC, 2 Boston University
School of Public Health, Boston, MA, *Harvard Medical School, Boston, MA, *
Harvard Medical School. Boston, MA ; ® Zagazig University, Zagazig, Egypt”
o Other products
e Website(s) or other Internet site(s)
e None
e Technologies or techniques
e None
e Other products
e None

7. Participants & other Participating Organizations

Duke University Medical Center

)

Site 1: Boston University School of Public Health

715 Albany Street, T4W Durham, North Carolina 27710
Boston, MA 02118 Partnering PIl: Dr. Mohamed Abou Donia
Initiating PI: Dr. Kimberly Sullivan Co-I: Dr. Cameron R. ‘Dale” Bass
Co-I: Dr. Joseph Massaro Tasks 2,3,5,6
Co-I: Dr. Maxine Krengel
Tasks 1-6
Blood Serum and CSF Biorepository Sites
Site 3:  National Institutes of Health, NICHD Site 4:  NOVA Southeastern University

Bldg. 35, Room 2A211, MSC 3713 Ft. Lauderdale, FL
35 Lincoln Drive Co-I: Dr. Nancy Klimas
Bethesda, MD 20892 Tasks 1,2, 5, 6
Site PI: Dr. R. Douglas Fields Site 5:  Beth Israel Deaconess Medical Ctr.
Co-I: Dr. Dipankar Dutta Boston, MA 02118
Tasks 2-6 Consultant: Dr. Efi Kokkotou

Consultant: Dr. Lisa Conboy

Tasks 1,2, 5,6

Study Sites Responsibilities

Site 1: Dr. Sullivan and her BUSPH team will be responsible for providing the serum blood and cerebrospinal
fluid samples from GWIC study participants who have agreed to share their specimens with the GWIC
biorepository to be used in future studies including the proposed study. Specifically, she will oversee the
recruitment and blood draws/lumbar punctures of study participants from the GWIC study and the processing
of serum and CSF samples that will be shared for the proposed study. Dr. Sullivan will also assist with the
experimental design, data analysis, interpretation and presentation of study results in collaboration with Dr.
Abou Donia and the other study investigators. Tasks 1-6

Site 2: Dr. Abou-Donia will be responsible for receiving the serum and plasma samples from all sites and
performing autoantibody analyses using western blot/ELISA analyses for 450 serum samples (250 GWI, 200
controls). He will also assist with the experimental design, interpretation of data, report and manuscript
writing and presentation of results at scientific meetings. Tasks 2, 3, 5, 6
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Site 3: Dr. Fields will be responsible for receiving the serum and CSF samples from all study sites and
performing ELISA assays for 450 serum/plasma samples and 50 CSF samples. He will assist with the
experimental design, interpretation of data, report and manuscript writing and presentation of results at
scientific meetings. Tasks 2-6

Sites 4 and 5: Drs. Klimas, Conboy and Kokkoutu will provide serum samples from their respective
biorepositories for study analyses, assist with interpretation of data, report and manuscript writing.

8. Special Reporting Requirements
None
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APPENDICES

Appendix 1: Please see attached manuscript for Abou-Donia et al., 2017, entitled: “Screening for
novel central nervous system biomarkers in veterans with Gulf War IlIness. Abou-Donia MB, Conboy
LA, Kokkotou E, Jacobson E, Elmasry EM, Elkafrawy P, Neely M, Bass CR, Sullivan K. (2017).
Neurotoxicol Teratol.;61:36-46".

Appendix 2:
Abstract: Annual Society of Toxicology Meeting, Baltimore, MD, March, 2017

Neural Autoantibodies in Veterans with Gulf War Iliness. M.B. Abou-Donia!, K. Sullivan? L. Conboy 3,
E. Kokkotou.*

!Department of Pharmacology and Cancer Biology, Duke University Medical Center, Durham, North
Carolina 2 Boston University School of Public Health, Boston, MA; °Beth Israel Deaconess Medical
Center, Harvard Medical School, Boston, MA; “New England School of Acupuncture, Harvard Medical
School, Boston, MA.

A number of studies have linked exposures of chemical and biological toxins to increased risk of auto-
immunity and elevated levels of antibodies to neural antigens. Currently, autoimmune diseases affect 5-
7% of the world’s population that are usually accompanied by circulating autoantibodies. Neural
autoantibodies are also present in approximately 2-3% worldwide, but dare not involved in brain
pathology. This current study measured levels of 8 types of neural autoantibodies in a group of 20 Gulf
War patients with Gulf War Iliness (GW1). The patients were exposed to a variety of toxicants including
insecticides, insect repellant, pyridostigmine bromide, a prophylaxis for nerve agents and the nerve agent
sarin. The results indicate that neural markers were significantly elevated in peripheral blood samples of
GWI cases. Of interest, the highest fold increase (8 times that of controls) was found in GFAP, a known
marker of astrocyte activation. Other markers of axonal transport damage were also significantly increased
in GWI cases including MAP, Tau, tubulin and NFP. Myelin basic protein, a marker of oligodendrocytes,
was also increased. These results strongly corroborate with the GWI hypotheses that neuroinflammation
in GWI potentially results in white matter and axonal transport damage. Autoantibodies directed against
self-antigens can also cause local activation of complement. B cells play a key role in autoimmunity, B
cell lineage may contribute to the development either as antigen presenting cells or cytokine secreting
cells or autoantibody producing cells. Immunotherapies that deplete B cells may be an effective strategy
to combat autoantibodies. (Supported in part by DOD Contract No. W81 XWH-15-1-0641).

Appendix 3:

Abstract: Annual Society of Toxicology Meeting, San Antonio, TX, March 2018

Biomarkers for Chronic Fatigue Syndrome (CFS) and Irritable Bowel Syndrome (IBS) compared to Gulf
War Iliness (GWI) in Gulf War Veterans.

M. B. Abou-Donial, M. V. Brahmajothi!, L. A. Conboy?, E. Kokkotou?, E. Jacobson*, N. Klimas®, and
K. Sullivan®.

'Pharmacology and Cancer Biology, Duke University Medical Center, Durham, NC; ?Medicine,
Harvard Medical School, Boston, MA; Gastroenterology, Harvard Medical School, Boston,

MA; “Biostatistics, Harvard Medical School, Boston, NC; °Neuro-Immune Medicine, NOVA
Southeastern University, Davie, FL; and *Environmental Health, Boston University,Boston,MA.
Approximately one third of the American military personnel who served in the Gulf War from August
1990 to June 1991 experienced chronic symptoms of GWI. Other Gulf War Veterans’ illnesses included
CFS and IBS. CFS is characterized by debilitating fatigue, unrestful sleep, neuropsychological
decrements and chronic pain. IBS is characterized by recurrent abdominal pain and bowel difficulties. In

14


https://www.ncbi.nlm.nih.gov/pubmed/28286177
https://www.ncbi.nlm.nih.gov/pubmed/28286177

the present study, we used our newly developed biomarkers using western blot assay to screen serum for
the presence of autoantibodies (AA) against the following neural proteins: neurofilament triplet proteins
(NFP), tubulin, microtubule associated tau proteins (tau), microtubule associated protein-2 (MAP-2),
myelin basic protein (MBP), myelin associated glycoprotein (MAG), calcium-calmodulin kinase Il
(CaM-KII) and glial S100B protein. Serum reactivity was measured as arbitrary chemiluminescence
units. The study included 50 CFS, 50 IBS, 68 GWI and 26 non-veteran asymptomatic served as controls.
None of the patients showed any significant increase in AA against S100B. Patients with CFS showed
statistically significant increase in AA only against four proteins over controls, presented in descending
order: MAP-2 (2.90) > GFAP (2.88) > Tubulin (2.05) > CaMKkll (1.51) > MBP (1.48) > SNCA (1.42) >
NFP (1.21) > MAG (1.176) >Tau (1.04). IBS patients exhibited the following pattern: MAG (3.20) >
MBP (1.47) > Tau (1.39) > SNCL (1.39). GWI patients showed the following pattern: MAP-2 (4.81) >
MBP (3.93) > NFP (3.63) > Tubulin (3.48) > Tau (3.17) > MAG (3.14) > SNCL (3.03) > GFAP (2.68) >
CaMKII (2.48). These results showed that patients with CFS and IBS have less levels of AA against
fewer neural proteins, indicating that the levels of AA against neural proteins in these patients are below
the threshold levels that accompany brain injury in contrast to patients with GWI and in agreement with
absence of neurological symptom complaints in these patients. (Supported in part by DOD Contract No.
W81XWH-15-1-0641).

Appendix 4:

Abstract: Annual Society of Toxicology Meeting, San Antonio, TX, March 2018

Quantitative measurement of Neural Autoantibodies to Map-2, Tau, Tubulin and GFAP proteins by
ELISA in the sera of patients with Gulf War IlIness (GWI).

M.V. Brahmajothit, L.A. Conboy?, E. Kokkotou?, K. Sullivan®, N. Klimas®, and M.B. Abou-donia®.
'Pharmacology and Cancer Biology, Duke University Medical Center, Durham, NC; ?Public Health,
Harvard Medical School, Boston, MA; ®Medicine, Harvard Medical School, Boston, MA; “Environmental
Health, Boston University, Boston, MA; and *Immunology, NOVA Southeastern, Davie, FL.

For Gulf War Veterans (GWV), the effects of war continued long after they returned home. In addition to
the psychological ramifications, veterans and civilian workers showed exacerbated effects of medically
unexplained chronic multi-system disorders. The causality of illness may be due to the compounds they
were exposed to, which inhibit acetylcholine (AChE) or modulate the pharmacokinetics of substances that
control the metabolic activation or breakdown of AChE inhibitors. Such compounds include
chloropyrifos, sarin, sulfur sarin, sulfur mustard, pyridostigmine bromide, DEET, opiates as therapeutics
and the enzymes responsible for drug metabolism such as cytochrome P450 reductases, liver microsomal
oxidases, etc. Inaccessibility of the nervous system has impeded the evaluation of cellular and molecular
changes that result in neurodegeneration. Discharges of neural proteins during this process can induce
autoimmune response that can be measured in the serum. When we screened for novel nervous system
biomarkers in the sera of GWVs from our pilot study, we found 2 to 9 fold increase of autoantibodies to
the neuronal specific proteins. We have now developed ELISA to determine and quantitate serum
autoantibodies against microtubule associated proteins (MAP-2), microtubule associated protein tau
(Tau), tubulin and glial fibrillary acidic protein (GFAP). This method quantitatively distinguishes 1gG
levels of the autoantibody titers at 0.1 microgram level of the specific neuronal proteins. Determination
of specificity was achieved by absorption studies to estimate the threshold level. We performed dose
response to determine the optimum concentration of each protein. (Supported in part by DOD Contract
No. W81XWH-15-1-0641).
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CulfWar illness (CWT) is primarily diagno ssd by symptom report; obj et vebi omarkers are nesded that distine
guis h those with WL Priorchemial sxposur=s during deployment have been 2 sociated in epid =miol ogic stud -
s wiith albersd centralnensmes sysbem fundtioning in veter ans with WL Previous shud jes from our group have
demons trated the presence of autaantibod i toessentia neummnalandglia proteins in patients withbran injury
and autanitibodies have been identi fisd 25 candidate objactive markers that may distinguish GW1 Here, we
sereened the serum of 20 veterans with GOW and 10 non-veleran sy mptomatic | low hack pain) amtrals for

fu';:.:fm the presenee af such auinanthodies using Westemn bilot analysis agpinst the ol kewing proteins : neurafilment
Erain injury itripl =t proteins [ NFP), wbulin, microtubule asociaied tau probeins | Tau )L miootubube assodated proiesin2
Ao [MAP-2), myelin hasic protein [MBFP), myslin 2=ociated glym protein (MAG), ghial ibrillary acidic praotein
Cyiosieeal proisng [CFAF), aldume-aimodulin kinze 1l [ CaMED jand glhial 51 000 proksin_ Semm ractivity was messuned as arts-
S e marie trary chemihominsseences urils. As 2 group, vebeoms with/ G W had statistically significan ly higher levels of au-
toamtihod y reactivity in all proteins ex aminesd sxcept 5= 1001 Fold increxe of the cses relative to contrals in
descend ing and er weere: CaMKD 927, CFAP 660, Tau 483, Tubulin 441, MAC 360, MBP 250, NFP 245 MAP-2
250, %1008 1.03._ Thess results aonfirm the mntinuing presence of neuronal injury/ghiosis in thess veterans
and are in agreement with the recent reponts indiating that 25 years afier the war, the health of veie ans
with CW1 i not improving and may be getting warse. Sudh serum autoan tibadies may prove useful as bio-

mur bers. af CWL upon validation afthe findings using Lirger anhiants.
© 2016 Published by Elsevier Inc.
1. Imtroduction persistent dlarrhea respiratory difficulties and skin rashes. GWI is

primanly dizgnosed by symprom report and o validated objective

Approsd mat ehy one thind of the &7 D00 LS military personme | whao
served Dnothe Gulf War [GW) from Augist 1990 to uee 1991, have ne-
ported persistent symptoms for many years after the war | RAC, 2008,
10K 2012 RALC, 2006, White et al, 201 6). This complex of symptoms,
kreoawn a5 Gulf War |llness [GW). inclsde memony and atbention prob-
lemns, prodiound ftigee, chronde musde and jodni pain, sevene headaches,
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diagnest ic biomarkers curnently el that fully segregate cases from
comtols. This study was desimed to identify objective central nervous
gystem [CNS) biomarkers of GWI wsing clees from prion clindcal studies
with OW veterans and from animal studies that modeled chemical
e posres experienced by GOW veterans.

Clindcal studies have reported impaired oognitive functiond ng
and redusced MR volume and altered white matter microstrsctural
integrity in organophephate (OPF) pesticide, sann nerve agent and
| thrm e bromide [ PE) antl -merve gas plll-espased GW e teran
cohworts [White et al, 20016 Sullivan et al_ 2013; Chao et al, 2000;

Mease cite this artide as: Abow-Donda, BB et al. Screening for novel ceniral nenvows system blomarkers in veterans wi th Gulf War lness,
Neuritmsdeol Teratol (2016 ), hitp: /dsodol org 101016, it 201 7.03 002
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Heaton et al, 2607 Proctor e al, 266, Sullivan et al, 2003). Andmal
studies demonstrated that exposure o higher doses of the prophylais
il ] pryr diees tigmninee bromndde | PB, the inse ot repelle nt, DEET, and the in-
secticide permethninand for chlonpyrifos led to signd ficant braindamage
im animal madel s of GW | Ao Donda et al, 19536 ). Further stuies
s reg 60 days of subchnonic dermal extposure to DEET and permethrin
alone or in combination, at dose levels approximate hy equivalent to
the exposures that oocurned duning the Gulf War in a rat- made] of
WL cawsed the follawing: (1) a diffisse neuronal cell death in the
mtor cortes, the different subfields of the hi ppocampal formation,
and the Purldnge cell layer of the cenebel hum, accompanied by senson-
matordefidts; (2) sgnificant reduction of MAP-2-positive immunore-
active struchures indicating atypical expresion of MAP-2 in dendn tes
of surviving neunons, within the cerebral cortest and the hippocamps
that was characterized by a beaded, disrupted, aor wavwy appearance;
(3] asignificant upregulation of GRAP-pos the expression in stnecnres
im the CA3 subfield of the hippocampus, the motor cortex and the
dentate gyrus [Abdel-Rahman et al, 2001, 2002ab, 20d0daly;
Abou-Danda et al, 2000, 2000, 2060, 2004 Terry et al_, 20003 ). Simi Lar
results were exhibited in animals treated with sarn alone or acompa-
nded by cited-above chemnlcals, with and withaut stress [ Abdel-Rahim.an
et al, 2004a)

The cytaarchitecture of the CHS B maintained by a connple osl lular
miliew that i novolve s newronal and glal cells that mest maintain proper
communication in order o functon properly [Abou-Donda and
Lapadula, 1950 Mchurray, 2000). CabK 1l phes pheonyla s oy toske betal
provte in, such a5 MAP-2 taw and nubulin CaMED acoounts for 1.2% of
all proteines in the brain CabK D has the ability to oordinate and trans-
diusce upstreamCa and reactive oy gen speckes [ RD5) signals into phys-
b cal and pathophysiological downsiream responses in the mervos
system and candiovasoular biology and disease [Abou- Donda, 1995,
Erickson et al, 2001 ). Tubulin, the majer component of micnotsbales,
Is responsibde for aoonal migraton and |onginedinal growth and i in-
violved in axonal transport. Althowgh tubulin s present in virneally all
eukaryntc cells, the most abundant sowrce is the vertebrate brain,
wherne it consists of approsdmately 10-20% of its total soluble protein
[Mchiurmay, 2000). Microtubule-Assoclated Protein-2 (MAP-2) &
fioened in dendritic compartments of newrons A loess of MAR2 s areli-
able indication of irreversible newropatholegy and & a sensitive marker
of seirure -relaied brain damage [ Ballough et al_, 1935). Tau Proein, a
meormal axonal protein, i invohved in stabilizaton and assembly of axo-
nal microtsbile s Levels of tau proteins ane elevated in the cerebnos pinal
fhudd [C5F ) aned semem foll owd neg THI [Lillang et al, 2011 and has been
wsed for diamasis of Alzheimers disease. Myelin basc protein [ MEP)
I5 am albwndant myelin membrane protecl pid prodeced by oll goden-
dinog] fa incthe CHS and Schwann @ lls in RS and may confirm the clin-
lcal assessment of neunndegenerative disorders such as multple
sdemsis and smoke [ Jawch et al, 2006, Myelin Assoclated Glycoprotein
[MAG) s selectively local zed in perioional Schw annce | and oligoden-
droglial membranes of myelin sheaths, suggesting that it functions in
glia-axon interactons in both the PHNS and CHS [5chachmer and
Bartsch, 2000 Gl al fibr llary acidic protein | GEAP) i5 expressed almost
exchesively in astrocybes, where it is indeced by newral ingury and re-
leased wpsom di sintemra thon of the astrocyte cytaskeleton [ Rempe and
Medergaand, 20100, GFAP plays an esentlal mode inmaintaining shape
and maodility of astrocytic prooesses and oontribute tow i te matter ar-
chitecture, myelination and blood brain bamier (BEB) integrity
[O°Callaghan et al., 2015). After raumatic brain injury (TBI, GFAPS
serum concentraton peaks at 2-6 h and has a half-life of <2 days
[ Dlaz-Amastia e al. 2A014). 51008 exents both detrdi meni | and newo-
trphic e ffects, depending o its concentration in brain tssees |Adami
e al, Ap01). After release, 5-1008 acts a5 a troph i fotor for semoonin-
erglc mewnnns, and plays a role in aoonal growth and syna progenesis
durning deve lopment. Thiss, traumatic acute injury resuls in great de-
struction of astrocytes leading tomassve release |50 to 100 fold) of 5
100E inta plasma, whereas 5- W0E levels in paychiatric disorders wene

ME Mhvo Dnedyof ol [ Newratedoabgy and Teraindigy xoo {2005 ) 00—

anly abaut 3 times higher in patie nts companed to controls [LUda et al,
19498; Aroltet al, 203 ), marrel ating well with its newnprotective ac-
ton Specifically, 51008 stabilizes tau and MAP-2_ 1ts half-life in the
serum is 2 h [ Zurek and Fediora, 20021

Aneentsiudy of alfine plots and other flightorewmembe rs chron-
lcally exposed to anganophospha tes throwgh combustion of engine o
and hyedraulic fluld that contain organophoesphate esters resulted in
symptoms similar to those repored by GW veterans [fogee, head-
aches, confusion and memaory problems ). Interestingly, these cew
members showed stgnificantly  levated numbers of awoantibodies in
their bleod serem of CHS damage marke rs ind uding thaose assoclated
with axonal transpont (microiubule asockted proein-2 [MAP-2), -
lbsulin, neeusrefilamnent tr plet protedns [ MEP) and microtubule asod ated
protein- tan [ tau protein)) and those esxclesve by associated with CNS
glial activation and newralnflammation [myelin basic protein [ MEP),
and ghial filbr llary acidic protein | GFAP) [Abow-Dondastal, 2003 ). A fol-
laww-up histopathology autopsy study was performed on a deceased
jpllot with organophosphate exposwre that confirmed TS damage and
denmyelinaton | Abow-Donda et al, 20 4] 5 pecifically, the histopathaolko-
gy results showed axonal degeneration and demyelination and the
oSt mortem and pathdol ogical exam ination of the nervis sysem con-
firmed the autoantibody omarker resuls

Recent studies with GW veterans have shiwwn persistent sigms and
sympitoms charade ristic of TS injury | nd wding brain imaging and cog-
nitive studies [ White et al, 2016; Chao et al, 2010, 2011, 2004, 2016;
Heaton et al, AW Sullivam et al 2003)_ Thene are, however, mo valldat-
ed objective diagostic tests to identify acute or chronde sequelae of
lbsra imy dngjuery in thids ve teran growp. DN agmos s of braim in jury wsing crandal
computed tomography [CT) scan and magnetic resonance imaging
[MR) techndques such as diffusion tensor imagng [DT1L have ot
been able toclindcally diagnose veterans with W becasse there have
2o ney prowen astoffvalses for vol umetric or other imag ng parame-
ters that have been able to provide the required near W00E aocuracy in
terms of sensitivity ‘specificity at the individeal level to distinguish
cases from controls needed for a diagnostic test. Imaging snedies have
e abile to shaow differences and al tered CHS functiomning between wet-
erans wi th GWIand he althy conirols bt have mot yet been ablde to i den-
tifly the growps di agnostical by because of the signd ficantover lap be tween
ithe growps [ Chao ef al, 2000, 2001, 2074, 2006; Heaton et al, 2007).
Hence, it is important to deve lop clindcally available, simple and inex-
penaive bomarkers for detect om of newnonal and gial injury esential
im the diagmosts and understanding of the temporal progression of
CHNE damage in GWA. Beenily, serm bdoma rkers such as cpinskeletal
[proste incs, re-sulting from axonal dege neration, have been wed in diag-
mesing brain injury | partoulady traumatic brain injury). The we of
thee se blomarkers is wssally measured in serum shortly after braim injue-
ry, because they have short half-lives [Zurek and Fedora, 2011;
Dilaz-Arrastia et al, 2014

However, many years have elapsed since the time that GW veterans
refumed from de ploymenit and became il there fore, this particular ap-
proach cannot apply to WL Based on results from both chromde and
acute injury, we wed owr nove | autcantibody Bomarker pane de-
scribed abwowve for braim injury to test for the indication of CNS damage
Im veterans with chronde GWI | Aboi-Donda et al. 2013, 2004). One
prior study compared autoantibodies of myelin basgc protein [ MEF)
and striated muscle antibodies in GW veterans and reported higher
MEP and muscle antibodies in veterans with GWA (Vojdand and
Thrasher, 2004, Awtsantibodies have previmsly been recognized as
potentlal oyjective blomarkers of GWI [ Golomib, 2012 ). Therefore, we
hypaothesized that chemical espasure 1o pesticides, ant-mere gas pllls
andfor sanin merve gas duning deployment in veterans with GW] caused
an excitotodc cascade (throwgh potential gletamatergic, oxidat ive
stres and proinfl ammatory oytokine skgnaling) resulting in newrode-
generation and apoptotc los of brain cells leading to blood brain
bamier kealage of specific mewronal and glial proteins into cirodl ation,
with subsequent formation of autoantibodies [AB) against these

Please clte this article as: Abou-Dania, ME_ et al, Screendng for novel central mervows system biomarkers in veterans with Gulf War [lne s,
Newrotosdcol Teratol (2016], hitp://dc.dol 072/ 10,1016/t 201703002
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proceins (Abos-Danda et al | 200 3; Banks and Lein, 2012 ; Golomb, 2008
Terry, A12; Bimkumar and Gill, 2000 Soltaninejad and Abadollahd,
2008 ) In this stwdy, we determined o roulating 1gG- class awtoani-
badies in serum from 20 GWI cases and 10 sympiomaric | low back
pain) conirals against the fellowing 9 brain proteins: newrofilament
triplet proteins [ KFP), tubulin, microtubal e assoclated protedn-taw | taw
proted ns), mdarotubiule associ ated protein- 2 [ MAP-2 | cald unycalmood-
ulin Kinase 11 { CaM Kl |, nmyelin basic protein [MEF), myelin asoci ated
glhyoprotein [ MAG ), glial fibrillary ackdic proein [ GFAP) and 5-1008.

2. Materials and methods
2.1 Maeriak

Thee spumces of proteins were: NFP | bovine spinal cord |, tau protein
[human), MAP-2 [bovine senm), tubulin |bovine brain), and MBP
[human brain). from Sigma-Alkdrich [Saint Lowis Missoun ); CaMEl
[Human ) recombinant Protein and MAG recombinant Protein from
Movus Biologicals, Limleton, OO0, GFAP [human] from Blooend
Chemikalien GmbH, [Cologne, Germany] and 5 1008 | human brain)
from Amencan Qualex Intemational Inc | San Clemente, Califomia).
Haorseradish perosddase- oonjugated goat anti-human lph, and en-
hanced chemiluminescence reagent wene obtained from Amersham
Phamacia Biotech | Pscataway, New jersey). 506 gels, 2-20% gradient
[Bx 8] and ms-ghcine 15 mM were ob@ined from i regen [Carls-
bad, Califomda ). All other matenials were purdrased from Amersham

2.2 Erhics staremerns

Approval for the wse of stored blood samples for this stsdy was ob-
taimed from the Duke University Medical Center Institutional Eeview
Baard.

2.3 Case and conmol somples

Serum samples from 20 GWI cases with GW1 and 10 non-ve beran
sympiomanc conirels with lower back pain were tested in this pilot
stsdy. GW veteran serum samples were oollected from a study of acu-
puncture freatment in veberans with GWI from 2000 to 2012 | Conboy
et al, 2M2). Contred serum samples were derived from a separate
stusdy of mon-veteran patients with chrondc lower back pain wha served
as"“sympiomatic low back pain’ @nirobs from 2011 to2013 | | acobseon et
al, 2015 Vererans with GW1 will be referred 1o as cases” and |ow- ack
pain fymptomatc contrels will ke refemed to as ‘contmols.

2.4 Description of the patient mhors

241 CWcase mbhort

“The Effectivensss of Aqupunciure in the Tre amment of Gulf War 1l
ness” M Conboy, (B271/2010-12262012) N = 104; Stedy Site: New
Emngland Sdwoal of Acupuncrure [KESA ). Caseswere recriited thoough
the Defense Manpower Dot Base [DMDOC) personmel lstings and adver-
tlsements. Cases were saeened for CW1 symptoms and wene required
o meet the (C d agnostic criteria for choonde nowl -sympoom i line =
(ML) in order for inclesion in the parent snsdy and in the curnent
sty [ Gonboy et al, 2012, Fubusda etal, 1998 ). Inches on in the cumrent
stdy abso required that ve terans were de ployed to the 1980- 19491 Gulf
War. Ol i 5 characten zed by oneor more sympivms of 21 ] east & mon ths
duration from at least two of three symptom categaries: 1) G gue; 2
maond-cogndtion; 3 ) musatkeskeletal pain

Symptoms were not necessarily required to have started durning or
affter the CulfWar deployment. Exclusionary criteria included that the
veteranwas 1) cume nithy enmodl ad i nanather clindcal mial 2 Had another
disease that likely could account for the symptoms, as determined by
the Medical Monitor 3) Severe psychiatnic illness [in the last 2 years
psychiamic hospitalizaton, swicklal amempt, alcohol or substance

e, we of antipsychodc med cation) 4 ) Unable tocomple te the pro-
toca based on the evalsation of the Medical Monitor.

242, d BP-cahart

“Srrsciural Integration for chinomnie low back pain™ M |acobson | 34/
2011-621,203) N = 46 5tudy Site: Spaulding Rehabilitation Hospltal
[SHEHL In this cohort, 46 outpatients from the Boston area with chronc
manspect fic low back pain were randomized to parallel 20-week long
treatment groups of strsdural integration [ 51) phes outpatie nt rehabdl -
tation [OR]) versus OR alone. The detalls of the study are described in a
recent publication [ Jambson et al, 2015). Inclesion criteria for the par-
ent study incheded: (1) Men and women aged 18-65, (i) clBP of
=6 months duration, not attributed to infection, neoplasm, severe
radiculopathy (as indicated by frequent severe pain radiating down a
leg |, fracoure, or infla nmatory e umatic process, | il ) bot ersomeness
af back painself-rated on average over the preceding & months = 3 on an
11-point ordinal sale (0 = none, 10 = worstimaginable), (iv) prior ar-
range men Tio enter a cowrse of outpatient physical therapy for low back
pain at a Boston area re habi i@ oon clindc, (v English language fleency
and mental capacity sufficient 1o provide informed consent and pardcl-
jpate in the study. Exdusion Criteria for the study induded: |§) Innpaired
heaning, speech, vision, and mokiliny sufficient to interfere with partici-
b thee sty (i) currentor anitld pated recel ptof payments from
‘Wiorkeer s Com pensation or other insurance for disability atoributed o
lovw back paim, (il ) prior e atment with any 51 therapy, | iv) plans toin-
tlate additional treatmen t for bad: pain during the period of the study
aiher than owtpadent re habilitation care, particu ary massage or aother
mame | therapies (eg. chimpradic orastespathic mandpulation), (v]
exchesions for safeny unresolved musculsskeletal pathology of the
lower limbs, current pregnancy, any implanted medical device, osteo-
porasts, any hypercoagulation cond ton, ecema, skin infection, deep
vein thrombsoss, burns or other acute mauma includieg wnhealad
bone fractures or open wounds, pson asts, psychiammic (lness not well
contrelled, or aurrent eplsode of exae rhated major depre ssive disorder.

25 Collamionand somge of samples

Sample s from the GWI-cohort and the cLEP-oohortwere all col lected
from t he Bosinn anea atthe same time penod at twao different = tes from
20100 2013 Al gies followed exacty the same protom] for vendpunc-
ture, bood handling serem separation, aliquoting and storage at
— 80 °C The same phieboomy and sample protoo was disribuied in
writing 1o all sites All samples analyzed were baseline blood samples
ol lecied pre-intervention therapy. Samples wsed for this study have
ok been previowsly thawed and are free of hemolysts by viswal inspec-
tion (Tecket al, 2009].

25 Parnicipans dermog raphi s

The partici pant demogra phics indicate that a total of 20 veterans
with GWL 18 males and 2 females, compared to & females out of 10
ClEP controls participated in the study The age of the GWI cases ranged
from 38to&] (mean =50 460 + &8) mmpared to 25t0 64 [mean =
5D 50 + 11.4) years for controls; all study participants were white
[Table 1) Seventy percent of veterans with GWI reported taking P8

Tk 1

Sy pa Ml I demographics
Demoga phics Cases Conitras
A {mean & 5D 5B EE e
Goander | X femmale | lu} €@
Face (X Cancazan) m o

Age range of Caes = 3561 pearsand Controds = 1554 years in 2010-2013 whenthe
Bioaced s oollecind.

* Anaalof 70 caesand 10 contmls pamticipated in e sody

* Caseswere significant by difleren from coninods for gender o 005 bt not for g

Mease cite this artide a5 Abou-Donda, ME_ et al, Screening for novel central nervoes system biomarke s in ve terans with Gulf War [lne s,
Heurotaicol Teratol (2006, hittp://dx dol org /1001016 Lntt 207 703002
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pills during the war [ = 14). The groups differed with respect to gen-
der (X2 = 8.5; p < 005 ) with sienificantdy more women in the control

group bt did not differ with respect to age (-valse

—13; p= 06,

27 Westem blot assay

T screen for the presence of autoantbodies agains a bateny of

proteing we applied a Western blot ap proach as previsusly reported
[ Al Donda et al, 2013). Each serum sample was analyzed in tripl-
cate. Each protein was kaded as 10 nglame excepi for lgpG that was
loaded as100 nglane. Proteins were denatured and electrophonesed
in SDS-PACE (4% to 20K gradient) purchased from Ind trogen [ Carls-
bad, CA ) One gelwas wsed for each senim sample The proteins were
transferred into polyvinylidene fluorde [PVDF) membranes
[ Amersham Pharmacla Blotech Plscataway, Mew jersey ). Monspecific
Iimting sites were blocked with Trs-buffered Salime-Tween [TBST)
(40 mM Tris [pH 7.6], 300 mM NaCL and 0.1% Tween 20) containing
5% non-fat drymilk for 1h at22 *C Membranes were incubated with
serum samples at 1: 100 dilwbons in TEST with 3% non-fat dry milk
avermight at 4 °C After five washes in TEST, the memibranes were in-
cubated im a 1:2000 dilution of horseradish pemxidase-conjegated
goat antl-human 126 [Amersham Phamacia Biotech [Plscataway,
Mew lersey). The dot blots were probed with anti-human 1gG
[H + L) HEP conjugate antibady (Cat. Mo, 31410, Therma Fisher
Sclentific Inc., Pittshurgh, PA USA) for 1 b at KT, incubated with
ECL reagent [Cat. Mo, 34056 ). The membranes were developed by
enhanced chemiluminescence using the manufacturer's [ Amersham
Pharmacia Blotech ) protocol and a Typhoon 3600 variable mode
Imager. The signal intensity was quantified wsing Blo-Rad image
analysts software [Hercules, Californda). All tests were performed
with the investigators blinded to particl pant diagnasiz

Fig 1A repessnitee ampk o Wesemnbiot gelks fnomithe e caess showang, That Se ma jarity of Gl

Contral 1

)
f1:8sahp i

LU I:rjE:t 1

Subject2

el O e e RO

Control 2

FTEITHIL

28 Spedficiny of serum auroantibod les

Previoesly we checked the specificity of the serum autoantibady by
e rirdneg pee il e fanthze ncompet thom assay, in which the se nemowas
spiked with the target protein or peptide | Abos-Donda et al_20013).The
serum from random healthy controls woas mixed with or wi thowt taw,
MAP or MEP. The serumyprotein mix was centrifged at 15,000 rpm
1o pellet any inmune complexes. The supematans were then carefully
remdnved and wed in Westem blotting

2.9 Calowlations

The mean valse of the optical density measunement from the trpli-
cate testing was used for each semim sample tested and nomaliz=d by
total 1l Thies, the resulis are expressed a5 mean vahses of triplicate as-
saysof optia] density arbitrary unis nomalized to nial serem el

210, Fowwer ana lysis

Avotal of 20 GW1 cases wene available for testng in this convend ence
sample. Effect size caboulations were based on two-sample - best assum-
ing a common standard deviation betwesn groups. The power anahsis
assumes thatcases and controls are mot maiched In a =test of difference
lbetwwe en twio independent means. selectng powe rof BI0K, 2-sided alpha
0005, and size of 20vs 10, the stsdy was powened to detect an effect only
if at least 1.12 50,

2.11. SEmosncs
Grouped data are reponted a5 mean £ 50, The valees from cases

were companed to the contmol group uwsing Hess and Pearson
cormelation analyses (SigmaStat, Systat Software) and p-valses were

Control 3

- 3
TSI LI

B
SEETYRILE

Subject3

-

ool jprafeine, whils most conind senom showed 2
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caloulated. Pairwise oomelations among the nine blomarkers were
asessed A 2-sided p valwe <0005 was considered signifi@nt. Dee to
the exploratory nanene of this pllot snedy, analyses were not adjusted
for multiple compantsons.

3. Results

A pred ously descnibed, we assessed the specificity of the sensm aw-
toantibady by performing pepdde antigen competition assay, inwhich
the serum was splked with the target protein o peptide. The semnm
bevumed £y taw eliminated the taw band inthe Western blok (seeFig 1)
while the band of MAP-2 or MBP were present and not affected. The
serum bound to MAP-2 eliminated the MAP-2 band in the Western
bl wihille the band of tau or MEP was present. The serum bownd to
MEP eliminated the MEP band in the Western bot while the bands of
tau and MAP-2 were present. These results indicate that e ach awboant-
by i the serum was speci ficall y newtralized by |05 target protein in
serum sample and was no knger avail able to bind to the epl tope pres-
ent in the protein on the Western blot. This confirmed that the asay
wsed in this stedy, was specific and acowrately determined awboanil-
baodies againgt Ested proteins in senem samples.

To detect awtoantibodies in serum, we probed Westem blots with
individieal senem samples. A total of 30 human s nm samples (20 et
erans with GWI and 10 non-ve teran symptomatic | ow- badi-pain oon-
trols ) undenw ent measurement of the levels of the senimn o nowlating
lgh-class awboantbodies against nine newonal- and glial- spedfic pro-
teins Table 2 lists the namibser of CWI @ses whowene exposad ochem-
ical and e ronmenital exposures |tshows that 14 cases | 708) wed PE
a5 a prophylaxs against possible exposure to perve agents and nine
cases reported being exposed to the nerve agent sann In additon, a
total of e ighit cases reporied receiving notification from the Department
of Defense | DODY) thatthey were potentlally exposed to sanin and other
chemicals dise to thelr prosdmity to the Khamidyah, Drag enderground
weapons depot where a chemical weapons cache was destroyed in
March 1997 (LS DOD, 20602 ). Elght cases reported exposure todepletad
uranium Al of tie cases reported exposure toome of more insecticides
or a mixture of pesticides incheding organophaosphates, carbamates,

Takle 3

mrethrolds and o ganochlonines. Beven cases iSed the insect repel lant
DEET. Al case s underwe nit environmental and other exposures listed in
Table 2. Other chemicalsthat the cases reported exposure to incheded
ol well fires, sand, tent heaters, et fisel, and sol venits. S ome vebe rans re-
jported exposure to malaria and 18 reported bedng vaccinated. Serum
from W cases showed skl ficandy | nireased levels of autoantibodies
againgt all ortoske letal proteins exe pt thise against 5 W0E oom pared
o nen-veter an symptomatic [ low back pain) controls (Table 3). Dee
to the gender differences between the cases and controls. analyses
were also nen with just the males in the groups. Although thene was
anly a small numbser of males [n = 4) in the control group which
ok e problematic in this type of analyds resuls of this comparison
showed a very amilar patiem of gaificant differences in all autoand-
bedies [GFAP p = QD1 Tauw p = 0U001; MAP p - (U2 MAG
P 0UB0; PNF p o= 06, Tubulin p < 0003, MEP p < @01; 5 1008
P =10231). The majority of GWI senm reacted intensely to newral pro-
tein, while most @il serum showed a weak or noreaction. Fig 1a
amnd b present Western blots resuts from three representative GWI
cabes and three controls. The levels of serum autsantibodies in GWI
cases and controls o neural-specific proteins expresed as mean
vales + 50 of riplicae asas of optical dens ty artvitra ry wnits mommal-
Ized to total s mem G optial density ranged from 030 for 51008 and
Al for GFAP for the cases ammpaned to 030 and 062, respective ly for
controls are listed in Tabde 3 and shown in Fig. 2 The percentapge of au-
o v bsodies apa inst newral proteins of cases compared to controls | in
dhessce i neg o r]) weere : CaMK L, 927, GFAP 6600, Taw 483, Tuwbulin 441,
MALG 380, MEP 250, NFP 245, MAP-2 230, 51008 108. Fig. 3 presents
the mean valses + S0 [p =< 0U60 ) of fold increase of autoantibodies
against newal proteins for the cases compared with the controls
Serum from controls had no or lew levels of circulating awtoantibodie s
o neerviows sy me-speci fic Womarkers. Awtoantibodies agains CaMKll
were more predominant in the cases” serum than incontrols” serum
[Fig.3)

Fig 4 shows that Tubulin and GFAP had the highest valses in the
GWI cases compared with the controls. Painw e cornelations among
the nine aubod mmune bdomarkers were significant only for the pair
Tau amd MEP. When companing the correlaton between each pair,
oy tau and MEP were significanthy lineary comelated to each other
[Fig. 51 Fig. 5 shavws that the control vahses of thase twa biomakers
were < 1 optical density wnit, where as GW case s had valees strongly
lineea ry cxvime Lated wit heach other such that onaverage tau was elevat-
e up o 10 time s higher than controls insome CWlcase s and MEPwas
dlso elevated wp to 5 tmes higher for the same cases v the conrols

[Fi by, wihee e ach bdoma roer was compared separ ately betwe en in-
dividisal cases and controls fior pobend al fol d-increa se cut-podnts o dis-
criminate the growps, resul ts indicated that wbalin values had some of
ithee huighe st-fold increased valises inthe individieal CW) cases compared
with the individizl contrel valses althowgh only 60K of the i ndhddizal
cases (n = 12) showed that e flect | Fig 6a). However, in 9 [out of the
A cases wabwlin valwes were elevated by a factorof3 to 9-fold higher
than the controls In Fig. &b, GRAP was elevaied the mast in cases oom-
pared to conmols I fad, GRAP was higher in all of the cases compared
with all of the conimols with 20 ou of 20 cases having 2 0o 7 fold higher

Somiical arabyss of the beves® of serom aman sbedies (AA) nconmald® and CW csed 1o neral-sper ific projens

NP Tan Tokvdini MzP MAL MNP CIFAP 51008 CaMETI
|- 1.4 4024 153 +0.7 14E407E 1.7% 4030 144 4028 IIE+ 029 4.0 4+ 033 0304 0B 1.03 4 020
Meamn & 50
Camtrois 058 4+ 008 0E0 +0.E aTas+all ool 040 +0.04 QDS 4 OO aak+an 029 & 008 Qi+ 00
Miaamn & 50
praloes O [T n) ] Qo ol Qa7 QDO QLG Q40 aols

* The resolis are expresssd as mean valoss of + miphaie asays of opical density artirany onis nomma leed to kG opcal density as fold of heabty conmas.
B Vakesimm cases wem cormipanad o e Conincd TEap e e moat e highly skzificant p < Q000 | 2-shded |, ewoepd for 51008 thae weas i significantgy il o
comirods Ca e we e skpnilfica ity Gffenent fromm oondeods with nespect fogender pec U0 bt mod with nespect inage.
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value than the control mean. This GFAP values completely distin-
pubshed the cases from the controls. GFAP valwes did mot overlap in
cases vs contrals in this small sample; however, the separation in the
ranges was small relative o the sulstantial standard deviations. In
Fig &c., taw was higher than controbs in 18 cases and 50 of the cases
had double the value of tawcompared with the controls In Fig. &d.
MAP was higher than the controls in 15 cases and 75% of the cases
had a 05 to 11-fodd higher valse than the controls. In Fig. Ge MAG was
higher than controls in 15 cases and 75% of the cases had up toa M-
il d highee 1 vahse than the conirals I Fig. 8f NFP was higher than con-
trels dm ond y 500K of the cases [n = 10 and they showed 0.5 to 11-fald
higheer values than controls. MEP was highe rthan conirals in 12 cases
aned B0 of the cases were higher than controels with 2 1o 5-fokd higher
valees than antrods, CAME was higher than controls in 16 cases and
S0 of the cases had a 3 to 30-fold higher value than the controbs.
ST008 walwes wene ot st tist cally signd ficant s the valees over apped
with cses and controls

. MECsS

This pllot study report s signdficantly elevated levels of autoant-
baddies against neurotyplc- and ooty plc-specific proteins in semum
froma sample of 20 veterans with GWA and 10 non-veteran symptom-
atie [Jow back pain) controls with musculoskeletal aymptoms rather
than CHS sympioms The increased levels in GW cases compared o
conimols ranged from 927 fold for CaMKl o 6.6 fold for GFAP to 2 45
fld fior e urefilamen . Autoa ntibody levels against 5 1008 were not
different in GW cases than contrels |10 fold ) conststent with itsnew
ral prote ot ve mole and in agreement wi th prese ne of chimomdc injury and
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Fig. 4 The kvl s of amtoantibodiss of neoral praveins of GW cases and of comimods
expressad 35 opical density unis

alwence of acute braim injury in veterans with GW [ Zure k and Fedora,
2011; Dlaz-Amastia et al, 2004, 5talnacke et al, 2006, 2004, Coch and
Leube, 2016 Previows stsdies, wsing animal models of GW, showed
ithat exposure o the newrotedcants that were present in the GW e -
ronment, cased deficits in behavioral outeome s that wene accompa-
nied by neuronal and glial degeneration | Abdel-Rahman et al 2001,
iea by, 20043 b Abaw- Donda et al , 2000, 2001, 2004). Following neu-
rodegeneration. there i accumulation of cellular newnslogical waste
produwcts or debnts swdh as misfolded or hyper- phosphorylated proteins
ithat fiorm toeclc stable aporegabes | Nederpaand, 2013; Edgar et al, 2004
This extrace lular debris send damage signaks that cause the CNS Im-
e cells - microglia to become activated and act as profound antigen
presenting cells that sedaete pro-inflammatony cytokines [IL-1h, THF-a
amd IL-5) and mediators [reactive eoygen specles, BOS) resulting in
the reauitment of Tlymphocytes [Milligan and Watkins, 2009; Banks
amd Lein, 2012 ) Mult ple exposures to these waste proteins can cause
microglia and astrocytes o become primed o react more stongly
after e ach sulsequent expoaune | Wath nes and Maler, 2003). This can re-
sult in a persistent ne wrodmmune response and choondc newnol nflam-
miat bon oomir buting to chronde health sympioms, such as those seen
in GW veterans | johnson et al, 20016 Milligan and Watkins, 200,
Maler and Watkins, 19498; Watkins and Maler, 2603 ). These waste
proteins ane eventsally released into cirarlation duee to defects in the
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brain-blood barrier induced by astrocyte alterations. Waste proteins in
the brain ultimately reach the liver through a mechanism known as
the “glymphatic system™ where they are degraded {Nedergaard,
2013 ). However, the released proteins that could serve as markers of in-
Jury are present in the short-term and cannot be used asbiomarkersin
the case of chronic GWI (Zurek and Fedora, 2011, Diaz-Arrastia et al,

2014). Thus detection of autcantibodies can serve as sumogate markers
for these drculating waste proteins as described in this study.

The highest increase in autoantibodies was against CaMKll which
was 927 rimes higher than that of controls followed by GFAP which
was 6 rimes higher than contrals. This result is consistent with the
veterans' exposure during thelr deployment to the Gulf War to

Neurotaxical Teratol (2016). hirg
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argamops plheores compaunds such a5 pestcldes, and the nere agent
sanim that have been shawn to incne ase the actvity and mENA 2 xpres-
sion of CaMKll (Patton et al., 1983, 1985, 1986, Gupta o al, 19948:
Barbder et al, 2009) aswell asenhaned Cabkl-induced phosphonyla-
by o MFP, muskindine | Se rran et al, 1986 ) and tawadivity leading tothe
apgre gation, derepul ation and accwnmel ation of NFP | Abow-Donda e al,
19493, Morgren et al., 2003) and twbulin in the axon [Abow-Donda,
1948, |ensen et al., 1942, Gupta et al, 2000 Grigoryan and Lockridge,
200, Agprepaied newnofi laments result in sowing of axonal transport
a5 has been lllustrated in GW-relevant andmal and cell ne urotmticant
maodels [Gupta et al, 1997, Reagan et al, 1%494; Terry et al, 2012; Gan
et al_, 2016, Edgar et al, 2004 ). GW-relevant exposure models have
also been associated wit h astrocyte activation [ Zakirova et al, 2015,
Ofo et al, 2004

Reuronal protelns studied in this pilot analyss represented varows
anaivmical regions of the newnon with disting functions which can be
imstrisctive with regand o the pathoblelogy of GWI [ Lapadula and
Absos-Dnda, 1992 | Allof the proteins wsed are invobved in asomnal sroe-
iture aned fumnctiomn and are released a5 prodscts of newra | degener ation of
vanows regons of the newmn MAP-2 is present in the dendrnites;
CaME, taw, tubwlin, and newrofilament proteins are located in the
awom; nmyelin basic protein | MBP) and nopelin assocl ated ghyaproteln
[MAL) are an integral part of mye lin | Mchurray, 200, Furtse maore,
ithe central nervows system-spedfic glial protein, GFAP and 5-1008 are
secreted by astrocytes after newronal injury (Wchiurray, 2000 Follow-
ingg zpoonal amd nmvelin degener ation, ne uronal and glial prodeins ane re-
le ased and once in ciraul atlon, aci vated lymphocytes, B and T cells lead
ttiw e Foormnartdon oof awtoant bodies against these probeins | Schwartz and
Shechter, 201 0ab).

Incre ased awtoant bodies against nervows system-specific prote ins
le adss to stnschiral conse quee e s in variows regons as iollows: inoeased
autpantibodies agains nevrofilaments protens, taw CavK D and ubulin
are indicative of aonal degeneration; increased autoand baodie s against
MAG andfor MBP suggest demyelination, increased awtoantibadies
apainst MAP-2 suggest dendnite degeneration, increased autoant-
lbeoefies apainst GFAP sugeest astropl s s and the low or no-incre ased
levels of autoantibodies against 51008 is ol sent with chemical-in-
dusced brain injury (Zurek and Fedora, 201 1, Dl az-Amastla et al, 2004,
Stalnacke et al, 2006, 2004 ). The |inear cormrela ton pattem of taw and
MEP in this shudy seggests an import ant potentlal effect of aoonal de-
generation followed by demyelination that would comespond with
prior neunsimaging stedies in neunotoxicant exposed GW veterans
[Heaton et al, 2007, Chao et al, 2010 Furthermaore, ©hese strsdural
change s of te mervows system lead o fumnd onal alierations Heme ax-
ainal degen eration in thecerebral cortes: leads to: motor and sensony ab-
marmalities, ataxia, deficit in postre, locomaotion, and skilled fine mator
miwvements (fingers, speech, faclale xpre ssion) and we akne 35 degener-
atiom of the limbde syste m inchsding the hippocampues leads o leaming
and memary deficits, and newnobehavional [mood, emotion and juedg-
ment] abmormalites; inmeased autoant bodies against MAP-2 sugpests
damage to the dendrite-rich Purldnge cells inthe oerelbe lhom resul ting.
im: gait and coordinaton abnormalities, sagpering gate and atasia
[ MMy, 2000; Abos-Donda, 2005 ). Inaeased awtoantibadies against
GFAP indicate astrogliosts and potential newnol nfla mmation andior glial
scaming. GFAP con trilutes to white matter architecture, nyelination
and b brain barrier (BBEB) integrity | OTal laghan and Sriam 2005,
Amourette ot al, 2008 Lamproglow et al, 2609 ). Gonsequent]y, blood
levels of CFAP in healthy individeals are very low. GEAP lewe ks were
i ghver in GWA cases and completely discriminated between the cases
and convtrols inothis study. This i s parti aslary relevant becaise disorders
with higher levels of GFAP include memaory disorders such as
Alzheimer's and vasosl ar de mentla that have significant 2oonal newro-
dieperera tiom amd newnsd nfla mmation | Mecooc et al, 1995). Incre ased
aut cantibodies against 5 1B suprest traumatic brain damage and
can help to diferentiate between acute and chromde brain injury
[Strodck et al, 2006; Stalnadie et al, 2006, A6 Zurek and Fedara,

2011 Dlaz-Arrastia etal, 2014; Coch and Lewhe, 2006 ). Their Lackofin-
crease inthis stedy sugests apainst acul e rawma i brain injury inwert-
erans with GWL

Important mechantste chees from andmal and cell sedies of these
G -relevant newrntoed s have shown defia s in axonal trasport, 25
well a5 abserrations in newrofilaments and microubules whidh are the
struciural railways for aoonal Tansporn | Gupta and Abou-Donda, 19952,
b; Gearhart et al, 2007; Grigony.an and Loclkridge, 20089, Prendergast et
al, 2007, Jlang et al, 2000). M tochandnia are also delivered by atonal
transport to provide the energy required to power the oche mical reac-
tlons necessary for the functioning of the axomn and have shown albered
fumec omin g in CW-relevant neursinedicant maodels | Midd emore- Risher
etal, 200 1) CW-relevani durondc low-level or ganophasphate exposure
has also been assod xied with mitsdwondn al compromise from asxddative
stress inducion and with newoinflammation resulting in cell damage or
cell death resulting in debris of waste proteins in the extra el hular spaes
[ Laetz etal, A0 Kawr et al, 2007; Banks and Lein, 201 2)_In Ect, one hy-
pothe s of GWA suppe s that mitodeondn al damage and odative stmes
im the brain and the pen phery have caused the chmnde symptoms. of
G neotably, i ncre ased autoantibodies were expressly cited amaong ob-
Jective markers and mediators in this model (Golomb et al., 2014,
Gaodomby, 2012, Koslik et al, 200 4).

Anpither hypothests of GW) segmests that the neunvioxd canis acted
synergistically to create a self perpe teating newndinflam matony s abe,
which in tum has an ongoing negative impact on brain cells including
neumns | microiubales, motor proteins, mitochondria | and glia (mi-
croglia, astrocyes, ol ipodendrmcytes) and blood-hrain bammer function
[D"Calla phan and Sniram, 2005). Clindcal stsdies have also found oonsis-
tent results with GW weteran coharts wha showed impaired cognitive
functioning and redisced vol ume and alte red white matter microstmse-
tural integr oy on MR in OF pestidde, sanin nerve agent and PE pill ex-
posed cohans (White et al_, 2016; Sullivan et al., 2013; Chas et al,
2010; Heaton et al, 2007; Proctor et al, 2006; Sullivan et al., 2003).
These priar results asggest clear CNS alterations in newntosicant-
exposed GW veterans which amelated with behavioral outommes that
are related to newnodegene ation and perhaps with both a chrondc
newnnflammatory and Mitochondrial 0% hypothests.

The only oitheer stwdy that we are aware of that compared CHS awuto-
antibdies in W veterans compared MEP and striated and smooth
musde anitibodies and reported higher MEP and muscle antibodies in
veterans with GWI1 when compared with controls (Vojdand and
Thrasher, 2004 ). The cument study validates the prior ME P findinegs
and expands on thase findings with a larger panel of 8 add tonal CHS
awtaa nitibady markers. Collective by, these findings suppest that alter-
ations inwhite matter as evidenced by clnculating autoanti bodies o
MEP appear to be assocl ated with GWL This finding come sponds with
beth leading by potheses for GWlgiven that white matter alterations
can be asmocl ated with oxddative smess and newrol nfl ammation as a ne-
sult of glial adivation and signaling of both prodnflanmartony cytokines
and eeeidative stress | Milligan and Watldns, 20009 ). The additi onal find-
ing of this suedy that higher Taw awoantibady levels wene s gnificanithy
linearly comela ted with higher MEP autoantibody levels in GWI cases
suppests that axona | degeneration may be ocowrning before denmyelin-
athon in veterans with GWI1 and wamants further more conclusive
stedy to distinguish it from the more myelin-specific tosxic
leukoencephal opathies (S chmahmann et al, 2008; Filley, 2003). These
findings also comespond with ME findings of differences on both
white and gray matter braln volemes in newrotosxican t-exposed GW
veterans [Heaton et al, 2007; Chao et al, 2010, 2011, 2004, 2018).
These findings also clearly suggest that glia and asmocyies in partioaular
should be further studied in A given significantly higher levels of
GFAP im the GWI cases that comespond with prior animal mode s of
GWI1 [ Abdel-Rahman et al, A, 20028, MWL, 0dda, 200db;
Albsot-Damda et al, 2000, 2000, 2002, 2004; Zakirova et al, 200 5; o et
al. 201 4) and with recent stsdies il hestrating the ability of asroortes
o donate mitedwondria 1o damaged newmons [Hayakawa et al, 2006
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4. 1. Limirarions and fienme direcrions

This study, like all stwdies has | nnportant B tat ons. Althaugh the
pressen tpdl ot stedy can serve as 2 proof- of-concept it has a small sample
sime and mon- matched sshject growps for age, gende rand for CHNS symp-
s This &5 partiaslarly impdortant as it has also been shown that CNS
aupoantibodies have been reported to be age-related in animal models
[Lal and Forster, 1988). In addition, the convenlence comparison
group utilized in this stedy had muesculoskel etal symptoms and ot
CNS sympiomes therefore, §tre mains tobeshown that these CHS autoan-
tibody markers can clearly distinguish be tween GWI cases and addi-
tonal groups with CNS specific symptoms. However, the strong
results incheding 9-fold higher levels of CAMEKIL 6-fold higher levels of
GFAP and 4-fodd higher levels of rau and tubulin that were presented
Imthi s stwdy warrani further research for a blood-based abjective mark-
erof GWI inlarger, well-characterized ve teran colorts. These results
supped a passible new avenie for further deve lopment of an olyective
Ibboymarke rof GWLThe identification of this small panel of newra s pecii-
le auboanti body Womarkers in GWI shows promise for further valida-
ton in larger study samples that are more carefully matched for
subject demographics [pamiculardy age | different types of control
groups (ie healthy and CNS symptomatic groups ) and that clasify
cases by both the CDC and the more specific Kansas GWI critenia
whichalso specifies the time period of deplyment which may be rele-
vant 1o partic ar OF and other deployment-related exposunes | Stesle,
2006k, Fukasda et al, 1998 ). Future directions will be to compare these
CNS auroantibody markers with specific behaioral auwcome s incheding
cogmitive performance and brain imaging of gray and white matter vol-
ume and microstrectural integrity to further validate these suspected
vz in-imu e be havioral oucomes.

5. Conclusions

I condwsion, inthis pilot stedy GWI was significantly assoclated
with 2-9 fold increased serum awtoant bodies against 8 newnonal-
and glial specific proteins [CaMEN GFAP, Taw, Tubulin, MAG, MEP,
N, MAP-2) and not with a marker of more acute damage [5
1008 | The autoantbodies that were found here to be elevated in
CWI, targeted proteins) antigens that play critcal roles inthe stmec-
ture and function of the newron incheding aoonal ransport and
miyelination. Many of them are explicit markers for neuradegensra-
tive disorders consistent with axonal and myelin degene ation of
myelinated newrons and with astroglioss, cell signaling and newro-
inflamima tion. These same proteins have been shown to be affected
i otheer clindeal growps and animal mode ks with similar orgaeoplhos-
phate and carhamate exposures [Abou-Donda et al, 2013, 2014).
These results validate prior reports of increased MEP autoa i bodies
I GWI cases and suppest that oligodendrocyte signaling, glia and
white matter alterations should continee to be further stsdied in
GWI and validated with health symptom and behavioral outcomes
[Vijdand and Thrasher, 2004 ). The results also indicate that veterans
with GWI may be contimuing to shaw brain newmnal degense ration
and glial activation that would be consistent with recent reports of
chronkcally perdstent and in some cases worsening health of these
veterans [Smith et al, 2013; Ozakincl et al, 2006; Li et al_, 200 1; Kang
et al, Ak Dursa et al, 2006, White et al, 2016). These results suppest
a possible avense for further development of a panel of ohjective Wo-
markers of GWI upon further validation in larger study samples that

are more carefully matched for subject demaographics.
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