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Abstract

Objective—The aims of the study were to determine the immune responses to candidate viral
triggers of multiple sclerosis (MS) in patients with clinically isolated syndromes (CIS), and to
evaluate their potential value in predicting conversion to MS.

Methods—Immune responses to Epstein-Barr virus (EBV), human herpesvirus 6,
cytomegalovirus (HCMV), and measles were determined in a cohort of 147 CIS patients with a
mean follow-up of 7 years and compared with 50 demographically matched controls.

Results—Compared to controls, CIS patients showed increased humoral (p<0.0001) and cellular
(p=0.007) immune responses to the EBV-encoded nuclear antigen-1 (EBNAL), but not to other
EBV-derived proteins. 1gG responses to other virus antigens and frequencies of T cells specific for
HCMV and influenza virus gene products were unchanged in CIS patients. EBNAL was the only
viral antigen towards which immune responses correlated with number of T2 lesions (p=0.006)
and number of Barkhof criteria (p=0.001) at baseline, and with number of T2 lesions (p=0.012
both at 1 and 5 years), presence of new T2 lesions (p=0.003 and p=0.028 at 1 and 5 years), and
EDSS (p=0.015 and p=0.010 at 1 and 5 years) during follow-up. In a univariate Cox regression
model, increased EBNA1-specific IgG responses predicted conversion to MS based on McDonald
criteria [hazard ratio (95% confidence interval), 2.2 (1.2-4.3); p=0.003].

Interpretation—Our results indicate that elevated immune responses towards EBNA1 are
selectively increased in CIS patients and suggest that EBNA1-specific IgG titers could be used as
a prognostic marker for disease conversion and disability progression.

Introduction

Environmental insults, such as viral infections, are thought to be important determinants of
the risk to develop multiple sclerosis (MS).1:2 Genetic epidemiological studies provided
evidence that such factors are likely ubiquitous and operative on a population-level and that
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they require a permissive genetic trait to trigger the disease since studies in twins, siblings
and adopted relatives of MS patients found no indication for non-genetic transmissibility of
MS.3:4

The human y-herpesvirus Epstein-Barr virus (EBV) has long been considered as one
biologically plausible trigger factor in MS, because it infects nearly the whole human
population, establishes a lifelong dormant persistence with continuous virus production due
to reactivation, and modulates the human immune system. In its immune-modifying
function, EBV rescues infected B cells via latent antigen expression and assists their
differentiation into memory B cells, the long-lived reservoir of EBV persistence. In addition,
the virus continuously stimulates strong T-cell responses via chronic antigen presence, and
this immune control is crucial for preventing EBV-associated malignancies. Evidence
implicating EBV in MS development includes the similarity in the epidemiology of MS and
infectious mononucleosis,5 the two to three folds increased risk of developing MS among
individuals with history of infectious mononucleosis compared with subjects who acquired
EBV without symptoms,6 the almost universal seropositivity for EBV in adults and children
with MS,7:8 and the steep and monotonic increase in MS risk with increasing titers of
antibodies to EBV in apparently healthy adults.9:10

In the present study, we determined immune responses to candidate viral triggers of MS in
patients presenting with clinically isolated syndromes (CIS) compared to demographically
matched healthy controls. CIS patients had a mean follow-up of 7 years and were evaluated
by serial MRI and clinical examinations.

Of a total cohort of 596 patients with CIS recruited at the Centre d’Esclerosi Multiple de
Catalunya (CEM-Cat) between 1995 and 2005, 147 patients in whom serum samples were
available were included in the study. Demographic, clinical, and MRI characteristics of
these 147 patients were similar to those CIS patients that were not part of the study (n=449),
except for mean time of follow-up which was significantly longer in the study subgroup (5.3
vs. 7.0 years; p-value = 3.4 x 1079). Patients presenting for the first time with monophasic
neurologic symptoms of the type seen in MS were recruited at the CEM-Cat. Inclusion
criteria were: (1) a CIS suggestive of central nervous system demyelination involving the
optic nerve, brainstem, spinal cord, or other topography, not attributable to other diseases;
(2) age < 50 years; (3) onset of symptoms within three months of both clinical and MRI
examinations. The study was approved by the Ethics Committee of Vall d’Hebron
University Hospital.

Clinical, cerebrospinal fluid, and MRI assessments have been previously described
elsewhere.11 Briefly, during the initial assessment patients were invited to undergo a lumbar
puncture as part of our diagnostic workout. All patients were asked about any previous
history of neurological disturbances. Any neurological symptom suggestive of MS lasting
more than 24 hours, even not confirmed by a previous clinician, was considered as an
exclusion criterion. Patients were seen every three to six months and instructed to report any
new or worsening of pre-existing symptoms. Brain MRI scans were performed at baseline
and after 1 and 5 years of follow-up on a 1.0-T or 1.5-T magnet with a standard head coil.
MRI included the following sequences: transverse proton-density and T2-weighted
conventional spin echo, and in some patients contrast-enhanced T1-weighted spin-echo. The
number of Barkhof criteria,12:13 number of T2 lesions, and number of new T2 lesions were
scored. 1gG oligoclonal bands were determined by agarose isoelectric focusing combined
with immunoblotting and immunoperoxidase staining. Disability was evaluated according to
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the Expanded Disability Status Scale (EDSS) score in each visit and only EDSS performed
during stability periods were considered. Patients were considered stable when symptoms
were stable for at least 30 days. A diagnosis of clinically definite MS (CDMS) was made
when new symptoms occurred after an interval of at least one month and only when other
diagnoses had been excluded. CDMS was diagnosed when there was a second attack with a
new neurological abnormality that was confirmed by examination.14 Evidence of
dissemination in space was provided by the presence of (i) 3 out of 4 MRI Barkhof
parameters or (ii) at least two T2 lesions plus oligoclonal bands. Dissemination in time was
fulfilled when at least one new T2 lesion had appeared in the follow-up MRI.15 The
McDonald criteria were met when 1/ patients fulfilled the MRI definitions for dissemination
in time and space, or 2/ patients had a second clinical attack. Time of follow-up was
calculated as the difference between the date of the last visit and the date of the event.
Baseline demographic, clinical, and radiological characteristics of the CIS patients are
summarized in Table 1. At follow-up, 64% of patients who converted to CDMS and 53% of
those who met McDonald criteria received treatment with immunomodulatory agents.

A healthy control group of 50 individuals recruited from the same geographical area
(Barcelona, Spain) was also included in the study (Table 1). A frequency matching was
performed to select controls, using sex and age as matching criteria. Thus, controls had the
same distribution for the two main variables considered: sex (75.5% and 76.0% of women
for CIS patients and controls, respectively) and age in two categories using 34 years as a cut-
off point (74.8% vs. 74.0% for age under 34 years and 25.2% vs. 26.0% for age over 34
years in CIS patients and controls, respectively).

Peripheral blood was collected from untreated CIS patients at baseline and controls, and
serum was prepared after centrifugation of the clotted blood and stored frozen at —80°C until
used. The median time (interquartile range) between sample extraction and CIS onset was
1.8 months (0.9-3.2 months). Virus antigen-specific 1gG responses were assessed using
commercially available ELISA kits according to the manufacturers’ recommendations. The
following kits were used: EBNAL (p72 encoded by BKRF1) IgG and EBV-early antigen
(EA) (p54/p138) IgG (Biotest, Dreieich, Germany), VCA (p23/p28) 1gG (Diamedix
Corporation, Miami, USA), human cytomegalovirus (HCMV) and measles virus (viral
lysates) 1gG (BioMerieux, Marcy-I’Etoile, France), human herpesvirus 6 (HHV-6) (viral
lysates) 1gG (Panbio, Brisbane, Australia). 1gG activity towards EBV-encoded VCA defined
persistent EBV infection/EBV carrier status. All individuals tested for EBV-specific T cell
responses as well as for EBV viral loads had detectable levels of VCA-specific 1gG
antibodies.

ELISPOT for IFN-y release

Ninety-six-well plates (Millititer; Millipore, Bedford, Massachusetts, USA) were coated
overnight at 4°C with 10 mg/ml of the primary anti-IFN-y mAb (Mabtech, Stockholm,
Sweden). The antibody-coated plates were washed four times with phosphate buffered saline
(PBS) and blocked with RPMI containing 5% PHS for 1 hour at 37°C. 1.25 x 10° peripheral
blood mononuclear cells (PBMC) in 100 pl culture medium containing 1% human AB
serum were added per well and stimulated with pooled peptides (5 micromol per peptide).
Cells were stimulated with (i) an overlapping peptide library covering the C-terminal
domain of EBNAL (aa 400-641), towards which most of the T cell responses of healthy
virus carriers are directed,16 as well as (ii) with pooled immunodominant MHC class I-
restricted T cell epitopes derived from three latent (EBNA3A, EBNA3B, EBNA3C) and
three lytic (BZLF1, BRLF1, BMLF1) antigens.17 The MHC class I-restricted epitopes were
selected based on their previous identification as immunodominant CD8+ T cell epitopes,16
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whereas EBNAL was chosen as a dominant EBV-encoded CD4+ T cell antigen.16:18 MHC
class I-restricted HCMV phosphoprotein 65 (pp65)-derived epitopes were used as control
antigens.19:20:21 In addition to peptides stimulation, PBMC were exposed to influenza A
virus (A/Aichi/68; H3N2) infection.21:22 PBMC were incubated for 24 hours at 37°C in 5%
CO». Wells were washed four times with PBS containing 0.05% Tween-20 (Sigma
Chemicals Co., St Louis, Missouri, USA) followed by a 2 hours incubation with 50 pl of the
secondary antibody (1 mg/ml, Biotin conjugated anti- IFN-y mAb; Mabtech). Plates were
washed four times in PBS with 0.1% Tween-20. Avidin-bound biotinylated horseradish
peroxidase H (Vectastain Elite kit; VVector laboratories, Inc., Burlingame, California, USA)
was added to the wells for 1 hour at room temperature. The plates were washed four times in
PBS with 0.1% Tween-20 followed by a 5 minutes incubation in stable diaminobenzene
(Research Genetics, Huntsville, Alabama, USA) to develop the reaction; tap water was
added to stop the reaction. The spots were counted with an ELISPOT reader (AID
Autoimmun Diagnostika GmbH, Strassberg, Germany). Only spots with a fuzzy border and
a brown colour were counted. A response was considered positive, if there was at least twice
the number of spots compared to unstimulated wells. Frequencies of T cells were calculated
by subtracting the mean spot number of peptide-stimulated cells from non-stimulated wells.
22

Peptide preparation

Viral loads

Peptides were synthesized by the Proteomics Resource Center, Rockefeller University. All
peptides were created using a Protein Technologies SYMPHONY multiple-peptide
synthesizer (Rainin Instruments, Tucson, AZ) on Wang resin (P-alkoxy-benzy! alcohol
resin; BACHEM Bioscience, King of Prussia, PA, and Midwest Bio-Tech, Fishers, IN)
using N-Fmoc (9-fluorenylmethyloxycarbonyl) nitrogen terminal-protected amino acids
(aa’s; Anaspec, San Jose, CA). Couplings were conducted using HBTU (2-(1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate) and HOBT (1-
hydroxybenzotriazole) in NMP (N-methylpyrrolidinone) as the primary solvent.
Simultaneousresin cleavage and side-chain deprotection were achieved bytreatment with
concentrated, sequencing-grade trifluoroacetic acid with triisopropylsilane, water, and also
ethanedithiol (if indicated by Cys or Met in sequence) added as ion scavengers in a ratio of
95:2:2:1 (all chemical reagents purchased from Fisher, Hampton, NH; Fluka, Steinheim,
Switzerland; and Anaspec). Peptides were then released in 8 M acetic acid, filtered from
resin, rotary evaporated, and redissolved in high-performance liquid chromatography
(HPLC)—grade water for lyophilization. All crude lyophilized products were subsequently
analyzed by reverse-phase HPLC (Waters Chromatography, Milford, MA) using a Merck
Chromolith Performance C18 column (West Point, PA). Individual peptide integrity was
determined and verified by matrix-assisted laser desorption ionization-mass spectrometry
using a Perkin-Elmer/Applied Biosystems VVoyager (PE/ABI, Foster City, CA) spectrometer
system. Overlapping peptides of 12- to 22-aa length (average of 15-aa length) with 11-aa
overlap were designed for the EBNAL4q0-g41 Sequence of the B95-8 EBV strain using the
peptide-generator tool of the HIV sequence database at the Los Alamos National Laboratory
(Los Alamos National Security. PeptGen: HIV Molecular Immunology Database.
http://www.hiv.lanl.gov/content/hiv-db/PEPTGEN/PeptGenSubmitForm.html Accessed
October 29, 2003).17 For CD8* T-cell epitopes from EBV and HCMV, we synthesized
nonamer peptides that are part of the CEF control peptide pool of the NIH AIDS Research &
Reference Reagent Program.17:20 Influenza A virus (A/Aichi/68; H3N2) infection served as
additional control.22

EBV DNA was quantified from PBMC by quantitative real time PCR using a TagMan PCR
kit and a Model 7500 Sequence Detector (Applied Biosystems, Foster City, CA)19 in 29
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CIS patients and 34 controls from whom cryopreserved cells were available. Demographic
and baseline clinical characteristics were comparable between patients and controls with and
without viral loads assessed, except for mean time of follow-up which was significantly
longer in CIS patients with viral loads determined (8.1 vs. 6.7 years; p-value = 0.013). In
these individuals, DNA was extracted from PBMC using the QlAamp DNA Blood Mini Kit
(Qiagen) following the manufacturer’s protocol. A region from the Bam HIW fragment of
EBV was amplified using primers 5-GGACCACTGCCCCTGGTAAA-3' and 5'-
TTTGTGTGGACTCCTGGGG-3' and detected with fluorogenic probe 5'-FAM-
TCCTGCAGCTATTTCTGGTCGCATCA-TAMRA-3'. The human bcl-2 gene was
amplified using primers 5'-CCTGCCCTCCTTCCGC-3' and 5'-
TGCATTTCAGGAAGACCCTGA-3' and detected with fluorogenic probe 5'-FAM-
CTTTCTCATGGCTGTCC-TAMRA-3'. The EBV BamHI W fragment copy number per
cell was calculated using the formula N=2xW/B, where N is the EBV BamHI W copy
number/cell, W is the EBV BamHI W copy number, and B is the bcl-2 copy number. All
samples were tested in at least duplicate and the mean results were determined.17:19

Statistical analysis

Results

Statistical analysis was performed by using the SPSS 15.0 package (SPSS Inc, Chicago, IL)
for MS-Windows. A Mann-Whitney’s test was used to test for significant differences in
cellular and humoral immune responses between CIS patients and controls. Correlations
between viral 1gG titers and MRI and clinical variables in CIS patients were assessed by the
Spearman rank correlation coefficient. In 4 out of 147 patients (2.7%) the second clinical
relapse occurred shortly after the CIS event, and serum samples were collected after the
second attack (in three patients blood was collected 2 months after the second relapse, and in
one patient 3 days after the second relapse). Insomuch as viral titers were similar between
both groups of patients, all patients were included in the analysis. Univariate and
multivariate Cox proportional hazard regression models including the baseline Barkhof
criteria, oligoclonal bands, age, and gender as covariates were used to evaluate the
association between viral 1gG titers and time to conversion to MS defined by the Poser or
McDonald criteria. An adjustment for use of disease modifying therapies after the CIS event
was not possible, owing to the fact that treatment initiation was not a baseline variable, but
rather a consequence of the subsequent disease evolution.

Selective increase of EBNA1-specific immune responses in patients with CIS

To evaluate immune responses to candidate viral triggers of MS in patients with CIS versus
healthy virus carriers, we first determined levels of 1gG specific for different EBV-encoded
antigens: the EBV-encoded immunogenic C-terminal domain of EBNAL (p72), pooled viral
capsid antigens (EBV-VCA) and pooled early antigens (EBV-EA). EBV-specific antibody
responses were compared to 1gG reactivities against lysates of other ubiquitous viruses such
as HCMV, HHV-6, and measles virus.

As shown in Figure 1, the percentage of individuals showing a positive response towards
EBV antigens was similar between CIS patients (n = 147) and healthy EBV carriers (n = 50)
(96% vs. 90% for EBNAL; 94% vs. 94% for VCA,; 19% vs. 12% for EA). However, patients
with CIS at the time of disease onset showed a selective and highly significant increase of
1gG responses towards EBNAL compared to healthy EBV carriers [mean values (standard
error of the mean, SEM): 2.94 (0.04) vs. 2.36 (0.13) respectively; p < 0.0001, which
corresponds to 1.25-fold higher 1gG activity to EBNAL in CIS patients compared to
controls]. Antibody responses to other EBV-encoded antigens as well as to proteins derived
from other viruses were similar in patients and controls (Fig 1).
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To investigate cellular immune responses to ubiquitous viruses in patients with CIS, we
determined frequencies of viral antigen-specific T cells by IFN-y ELISPOT assays. PBMC
from 28 EBV-infected patients with CIS and 30 healthy EBV carriers were stimulated with
an overlapping peptide library of EBNAL (aa 400-641), pooled immunodominant MHC
class I-restricted EBV- and HCMV-derived epitopes as well as infected with influenza A
virus. Compared to healthy EBV carriers, patients with CIS showed a moderate increased
frequency of EBNA1-specifc IFN-y producing T cells [mean (SEM): 48.0 (6.0) vs. 26.2
(2.2); p=0.026, which corresponds to 1.83-fold higher frequency of EBNA1-specific IFN-y
producing T cells in CIS patients compared to controls]. The frequency of T cells specific
for EBV-derived immunodominant CD8+ T cell epitopes was elevated in some patients but
the overall difference was not statistically significant compared with controls (Fig 2).
Moreover, frequencies of HCMV-pp65 and influenza A virus targeting T cells were
unchanged in CIS patients. These data suggest a selective increase of cellular and humoral
immune responses specific for EBNAL in patients with CIS.

Higher cellular EBV copy numbers in patients with CIS

To determine whether the increased immune response to EBNAL observed in CIS patients at
baseline correlate with higher viral loads, we quantified levels of cell-bound viral genomes
in circulating blood cells.17:19 EBV DNA was detectable in 20 out of 29 (69%) CIS
patients and in 16 out of 34 (47%) controls from whom PBMC were accessible for viral load
quantification. Surprisingly, CIS patients showed approximately fourfold increased levels of
cell-associated EBV DNA copies compared to healthy EBV carriers [mean EBV copy
number per 108 PBMC (SEM) in CIS vs. controls: 196 (58) vs. 48 (20); p= 0.036] (Fig 3)
suggesting that EBV infection is dysregulated early in the development of MS.

Humoral immune responses to EBV are associated with brain MRl abnormalities in CIS
patients at baseline

We next investigated whether immune responses to candidate viral triggers of MS correlate
with brain MRI-derived metrics in patients with CIS at the time of disease onset. Baseline
data on number of T2 lesions and of Barkhof criteria which have shown high specificity for
predicting early conversion to MS11:12 were available for all patients (n = 147). 1gG
responses to EBV-encoded VCA and EBNAL correlated with the number of T2 lesions and
the number of Barkhof criteria (Table 2). Antibody responses to antigens expressed by
HCMV, HHV-6, measles virus and to EBV-encoded EA did not significantly correlate with
brain MRI-derived metrics. Data on number of gadolinium-enhancing lesions was available
for a small subgroup of CIS patients (n=32). Within this subgroup, we did not detect
statistically significant correlations between virus-specific 1gG responses and the number of
contrast enhancing lesions. In addition, frequencies of virus-specific T cells (subgroup of 28
patients) and EBV copy numbers in circulating blood cells (subgroup of 30 patients) did not
significantly correlate with the aforementioned MRI measures (data not shown). Altogether,
these data indicate that 1gG responses to EBV-encoded VCA and to EBNA1 are associated
with brain MRI measures of dissemination in space in treatment-naive patients with CIS.

Increased EBNA1-specific immune response is associated with disability progression and
conversion to MS

Taking advantage of the long follow-up of the CIS cohort (7 years of mean follow-up), we
investigated whether antiviral immune responses were associated MRI abnormalities and
disability after 1 and 5 years of follow-up. Almost 90% of CIS patients with abnormal
baseline MRI develop CDMS during a follow-up period of 14 years23 and even patients
with normal baseline MRI have a 20% risk of developing CDMS at 20 years.24 We
therefore included all patients in our correlation analysis instead of focusing on those who
converted to MS within the follow-up period. Similar to our findings at baseline, IgG
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responses to both EBV-encoded VCA and EBNAU1 significantly correlated with the number
of T2 lesions at 1 year (Table 2). In contrast, EBNA1 was the only viral antigen towards
which immune responses correlated with the presence of new T2 lesions at 1 year, as well as
number of T2 lesions and presence of new T2 lesions at 5 years (Table 2). Furthermore, only
EBNAZ1-specific antibody responses correlated with neurological disability, i.e. EDSS, at 1
and 5 years after disease onset (Table 2). During the follow-up period, 67 patients (45.6%)
converted to CDMS according to the Poser criteria, in which conversion is based solely on
clinical findings, and 87 patients (59.2%) converted to MS according to McDonald criteria,
1525 in which conversion is based on clinical and/or MRI findings. Of note, in a univariate
Cox regression model, increased EBNA1-specific antibody responses were associated with
an increased risk for conversion to CDMS [1.7 (0.9-3.2); p=0.074] and a significantly
higher risk of conversion to MS [2.2 (1.2—-4.3); p=0.003] as defined by McDonald criteria
(Table 3). However, significance was lost in a multivariate model that includes strong
predictors of conversion to MS such as the Barkhof criteria and oligoclonal bands, most
likely reflecting the influence that these covariates have in the predictive model. These data
indicate that, even though they are not an independent risk factor, EBNA1-specific immune
responses increase the risk of conversion to MS as defined by MRI and clinical criteria, and
correlate with disability progression at 1 and 5 years.

Discussion

Exposures to ubiquitous environmental factors during the first two decades of life such as
childhood infections with common viruses are considered important risk factors in the
development of MS. We found that, compared to matched healthy EBV carriers, patients
with CIS show increased cellular and humoral immune responses to EBNA1, the most
consistently recognized EBV-derived CD4+ T cell antigen,16:18 but not to other EBV-
encoded proteins such as VCA and EA. Moreover, IgG responses to HHV-6, HCMV, and
measles virus derived antigens as well as frequencies of T cells specific for HCMV and
influenza virus gene products were unchanged in patients with CIS. EBNA1 was the only
viral antigen towards which immune responses correlated with brain MRI abnormalities at
baseline and during follow-up, and with disability progression over a 5 year period.
Moreover, in a univariate regression model increased 1gG responses to EBNAL predicted
conversion to MS. These data indicate that EBNAL is a potential target antigen of the
pathogenic immune response in patients with CIS and suggest that EBNA1-specific 1gG
titers could be used as a prognostic marker for disability progression and conversion to MS.

The selective increase of EBNA1-specific T cell and antibody responses in CIS patients
without a concomitant increase of immune responses to other EBV-encoded antigens and to
proteins derived from other ubiquitous viruses is consistent with previous studies performed
in patients with MS7:9:10:19:22 and in healthy individuals who will develop MS. EBNA1 is
the only EBV-encoded protein consistently expressed in proliferating EBV-infected memory
B cells and the most consistently recognized EBV-derived CD4+ T-cell antigen in healthy
virus carriers.18:26 EBNA1 maintains EBV infection by distributing viral DNA into
progeny cells through cross-linking of the episome to mitotic chromosomes during cell
division.27 Structural proteins such as viral nucleocapsid antigens (VCA) are expressed
during acute infection and, in healthy virus carriers, following occasional reactivations into
lytic cycle, triggered by B cell receptor antigen stimulation or receipt of another plasma cell
differentiation signal.16 Antibody responses to VCA peak during acute infection, whereas
EBNAL reach their highest titer during convalescence from infectious mononucleosis.
Notably, epidemiological studies reported that the increase in EBNAZ1-specific IgG titers
precede the onset of MS in various populations.7~9 Investigating longitudinal serum
samples form the Nurses’ Health Study, Ascherio et al.7 found that 1gG specific for EBV
nuclear antigens were significantly elevated in plasma collected before the onset of MS and
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did not change significantly after MS onset. Sundstrom et al.9 reported that individuals who
will develop MS show increased IgG responses to EBNAL but not to EBV-VCA, this being
most pronounced in the 5-year period preceding MS onset. In line with these results, Levin
et al.10, studying longitudinal samples from US military personnel, found that EBNA1-
specific IgG titers were elevated 5 or more years before the onset of MS and noted that this
increase occurred between the late teens and the mid to late twenties, independently from the
age of MS onset. Three recently published longitudinal studies investigated whether
humoral immune responses to EBV correlate with clinical and MRI-based markers for MS
disease activity and progression over time. Zivadinov and colleagues28 reported that initial
levels of EBV VCA-specific 1gG were associated with accelerated loss of whole brain
parenchyma (BPF) measured over a period of three years. Unfortunately, initial 1gG titers
specific for other EBV antigens such as EBNAL or towards other viruses were not
determined. In another study,29 the same group reported that expression of certain MHC
class I alleles are significantly associated with MRI-based markers of MS disease activity
and progression. In the aforementioned study, VCA-IgG titers were similar in MS patients
and controls and not significantly associated with any clinical or neuroimaging disease
parameter. Again, immune responses to EBV antigens other than VCA were not determined.
In line with our results, Farrell at al.30 reported that elevated humoral immune responses to
EBNAL1 are associated with the development of gadolinium-enhancing lesions and
predictive for T2 lesion volume change and EDSS progression in patients with CIS and
relapsing-remitting MS followed over a period of 5 years. We previously reported that
untreated patients with relapsing-remitting MS show a selective increase of CD4+ T cell
responses to EBNA1, but not to other EBV-encoded proteins or to influenza and HCMV-
derived antigens,19:22 and EBNA1-specific 1gG responses are predominantly increased in
children and adults with MS.19:31 Here, we extended our previous findings by
demonstrating that patients with CIS have a selective increase of EBNAL1-specific cellular
and humoral immune responses, and report that higher EBNA1-specific 1gG levels are
predictive of conversion to MS.

In contrast to patients with relapsing remitting MS,19 patients with CIS showed moderately
increased cell-bound EBV copy numbers. Notably, viral loads in CIS patients were
quantified using the same protocol as in the aforementioned study. EBV manipulates the
human B cell compartment to achieve persistence in memory B cells and is strongly
regulated by and responsive to the biology of its main host cell. Antigen stimulation and/or
receipt of another plasma cell differentiation signal drives occasional reactivations into the
viral lytic cycle.18:32 It has previously been proposed that B cell dysfunction in
autoimmune diseases associated with prominent autoantibody production alters regulatory
mechanisms of EBV persistence since patients with systemic lupus erythematosus show up
to 40-fold increased viral loads33 as well as aberrant expression of viral latent and lytic
genes in the blood and abnormally high frequencies of circulating EBV-infected cells
associated with disease flares.34 We found that patients with rheumatoid arthritis show 7-
fold higher levels of cell-associated viral genomes in circulating blood cells associated with
increased frequencies of EBV-specific and IFN-y producing CD8* T cells17 and suggested
that immune dysfunctions associated with B cell-driven autoimmune diseases, e.g. less
stringent activation/differentiation requirements, drive enhanced EBV replication in B cells,
thereby stimulating increased lytic and latent EBV antigen-specific T cell responses.17 Our
results in CIS patients are compatible with an early dysregulation of host-EBV interactions
at the level of EBV-infected B cells. In line with this assumption, Wagner et al.35 reported
that the presence of detectable EBV particles in plasma samples is indicative for an
increased in risk of MS. Although MS is considered a primarily T cell-mediated
autoimmune disease, the finding that clonally expanded populations of immunoglobulin
variable gene-mutated B cells are present in MS lesion tissue36:37 as well as the therapeutic
efficacy of CD20-targeting immunotherapies38+39 indicate that B cells critically contribute
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to the development of MS. Jilek et al.40 recently reported that CIS patients but not patients
with CDMS show increased frequencies of T cells specific for MHC class I-restricted EBV
antigens, including those expressed during B cell transformation and lytic replication.
Although some patients in our study showed higher frequencies of IFN-y producing T cell
specific for EBV-encoded immunodominant CD8+ T cell epitopes if compared to healthy
EBYV carriers, the overall difference was not statistically significant and EBNA1 was the
only differentially recognized EBV antigen. Likewise, EBNAL1-specific 1gG titers appear to
be the strongest predictor of MS risk in healthy individuals.10 However, slightly elevated
levels of 1gG specific for lytic EBV antigens such as VCA and EA where also observed in
the above mentioned Nurses’ Health Study7 and the US Army personnel study.10 Although
we did not detect significantly elevated immune responses to EBV antigens expressed
during B cell transformation and productive viral replication in our CIS cohort, we cannot
exclude that such specificities predominate at earlier time points during the evolution of MS.
Such a scenario would be reminiscent of infectious mononucleosis, during which most
antibody responses follow the availability of their respective antigens and peak during acute
infection, whereas antibody responses against EBNAL reach their highest titer at later time
points during convalescence from infection.41 We therefore suggest that subtle changes in
regulatory mechanisms of EBV persistence early in the development of MS, maybe
triggered by autoreactive immune responses, lead to increased viral replication and antigen
recognition. These alterations in EBV specific immune control might not unlike infectious
mononucleosis expand EBNA1 specific T and B cell responses that remain elevated due to
cross-reactivity with autoantigens and/or restimulation by central nervous system infiltrating
EBYV infected B cells.42745

Even so the mechanisms behind elevated EBNAL specific immune responses in CIS and MS
patients are far from understood and our findings do not imply a pathogenic role of EBNA1-
specifc immune responses in MS, the observation that EBNAL IgG responses observed in
CIS patients at baseline are associated with conversion to MS and correlate with disability
over a 5 year period strongly suggests that, if replicated in other CIS cohorts, EBNA1-1gG
titers might be used as prognostic marker for conversion to MS and disability progression.
An individual biomarker is likely to reflect only one of many ongoing pathogenic processes
in a complex autoimmune disease such as MS, and it is thus likely to be most useful when
integrated with others.46 Further investigations will be necessary to clarify whether
increased EBNA1-specific immune responses are causally related to MS or a consequence
of MS-associated immune dysfunction.
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Figure 1. Selective increase of EBNA1-specific 1gG response in patients with CIS

Antibody reactivity was determined in 147 untreated CIS patients and 50 demographically
matched controls recruited from the same geographical area (Barcelona, Spain), as described
in Methods. IgG responses towards EBNA1, EBV-encoded viral VCA and pooled EA as
well towards lysates of other viruses previously associated with MS (HHV6, measles,
HCMV) were quantified using commercially available ELISA kits. The percentage of
individuals showing a positive response towards each antigen preparation. i.e.
seroprevalence, is given below the diagrams. The non-parametric Mann Whitney U test was
used to compare frequencies between CIS patients and healthy donors (HD).
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Figure 2. Increased frequency of EBNAZ1-specific IFN-y producing T cells in patients with CIS

T cell frequencies were quantified in 28 untreated EBV-infected patients with CIS and 30
healthy EBV carriers using an ELISPOT assay. PBMC were stimulated with an overlapping
peptide library covering the C-terminal domain of EBNA1 (aa 400-641), pooled
immunodominant MHC class | restricted EBV-derived epitopes and MHC class | restricted
immunodominant CMV-encoded epitopes derived form the phosphoprotein 65 (pp65). In
addition, PBMC were infected with human influenza virus (FLU). Frequencies are displayed
as number of spots per 250,000 PBMC. The percentage of individuals showing a positive
IFN-y response towards each set of viral antigens is given below the diagrams. The non-
parametric Mann Whitney U test was used to compare frequencies between CIS patients and
controls (HD).
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Figure 3. Elevated viral load in patients with CIS compared to demographically matched
controls

Viral titers were determined in 29 untreated EBV-infected patients with CIS and 34 healthy
EBV carriers by quantitative real time PCR in relation to bcl-2 expression. All samples were
tested in duplicates. Bars represent mean viral titers [mean (SEM) in CIS vs. controls (HD):
196 (58) vs. 48 (20)].
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Demographic and baseline clinical characteristics of CIS patients and controls

Table 1

Characteristics CIs HD
n 147 50
Age (years) 29.5(7.3) 29.9 (6.0)
Female/male (% women) 110/37 (75.5)  38/12 (76.0)
Follow-up (years)2 7.0(28-125) -
Oligoclonal bands (% positive)* 93 (65.5) -
Clinical presentation [n (%)] -
Optic neuritis 66 (44.9) -
Spinal 34 (23.1) -
Brainstem 33 (22.4) -
Others 14 (9.5) -
Number of Barkhof criteria [n (%)]
0 54 (37.0) -
1-2 39 (26.7) -
3-4 53 (36.3) -

Data are expressed as mean (standard deviation) unless otherwise stated.

a
Data are expressed as mean (range).

*
Oligoclonal bands were not available in 5 patients. CIS: patients with clinically isolated syndromes. HD: healthy donors

Ann Neurol. Author manuscript; available in PMC 2011 February 1.

Page 16



Page 17

Linemann et al.

*3]eag sniels Aujiqesiq papuedx3 :SSAJ 'SUOIS| gL MaU JO Jaquinu Tz NN "SUOIS3] Z.L JO Jaquinu i ZLN "elallId joyileg :0g “usbnue

Alrea 23 'T uabnue Jesjonu Ag3 :TYNG3T ‘usbiue pisdes [eliA 2wDA ‘SNUIA Lieg-ulaisds :Ag3 "9 snuiasadiay uewny :9-AHH ‘Sni1Ao[eBawolfd (AINDH "6TT :dn-mojjoy Jeak g yum sjuaned Jo BQE:ZN

*J¥T :dn-mojjo} Jesk T yum sjusijed Jo BQE:ZH

‘(anjea d) 1us1914J909 UOIIR|81I09 UBWLIRadS Se passaldxa ale eleq

(00%'0) 61°0—  (888°0) #0°0 (L¥S0) 9T'0 (969°0)80°0  (84%°0) G1'0— (10S°0) ST'0— (LS6°0) 10'0— (6.6°0) 10°0— v3-
(010°0) S2°0 (820°0) €2°0 (€00°0) €0 (s10°0) T2'0 (210°0) 220 (zT0°0) v2°0 (900°0) ¥2°0 (T000) 00 TVYNE3-
(2sT'0) ¥T°0 (8ev'0) 800 (£L00) 8T°0 (580°0) ST'0 (19T°0) 2T°0 (0z0°0) T2°0 (z00°0) 2270 (6000)220  VOA-AG3

(296'0) 100—  (28T°0) ¥T°0 (6TZ0ET0  (#%00) L1'0— (696°0) 100—  (€€9°0)S00  (6GS°0) GO'0O—  (€2¥°0) 90°0— 9-AHH
(L6T°0)2T0  (2920) €00—  (9v6°0) TO'O (e0v'0) 0O (056°0) T0'0 (T08°0) 200 (822°0) €00 (SS¥°0) 90°0— AWOH
(65800200 (196°0) T0'0— (926°0) 100—  (2/€°0) 800 (918°0) T0°0 (S65°0)500  (661°0) 2000—  (964°0) 20°0— sa|sealN

ssa3 T1ZLNN gralN ssa3 TZLNN 12N T2IN od saifojolas
Nﬂmm& S Hhmm\ﬂ T auljaseg

sig18weled YA UIeIg pue [ea1ulfo pue sial 96| [eAIA Usamiag SUOIR[a1I0D

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Neurol. Author manuscript; available in PMC 2011 February 1.



Page 18

Linemann et al.

"S[eAIBIUI BOUBPIILIOD 04G6 :1D %G6 “Ol1e) pezey :yH "elIs]LIO Joueg auljased 1ou Ing Jspusb pue ‘xas ‘spueq |euooobijo Aq paisnipe sem sisAjeue ajeLieAlNW 8y} ‘SIAl 01 UOISISBAUOD 10} BLISYLID PlRUOQDIA
3} Ul PapN|oUL S1 BLIBILID Joupeg JO Jaquinu ay) Se YoNLSeul ‘BLIglLI0 Pleuogon 404 “Iapuab pue ‘xas ‘spueq [euojd0B1jo ‘eLIslI0 Joupieg auljaseq Aq paisnipe sem [apow UoIssaiBal X00 “elis}iid 19s0d 104

NIH-PA Author Manuscript

x

8¢T0 0€-60 97T €000 €v-¢T ¢c¢ (z6%)/8 TvNE3

Pleuo@dn
6190 T¢-90 <¢1 .00 ze-60 LT (9S) 19 TvNg3
1950d
enjeA d 1D %S dH  enjeAd 10 %S6 dH (%) N
6, 31eLIBAIINIA aeLIeAlUN eLRID

©1431140 PJRUOQIIA PUR 18S0d AQ Paulap SIAl 01 UOISISAUOD JO Ysii pue sial 96| TvNg3
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Neurol. Author manuscript; available in PMC 2011 February 1.



