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Abstract

Background: Our objective was to determine whether antibodies against the Epstein-Barr virus
(EBV) nuclear antigen-1 (EBNA-1), early antigen (EA), and EBV neutralizing antibodies
(NeutAb) are altered in multiple sclerosis (MS).

Methods: We measured EBNA-1 IgG, EA IgG, and EA IgA using quantitative ELISA. We
measured NeutAb using a quantitative competitive ELISA. We studied 80 MS patients and 80
matched controls, and 19 MS patients with samples collected both while stable and in relapse.

Results: EBNA-1 IgG and EA IgA were increased in MS compared to controls. The EBNA-1
index value was 23.3 + 18.3 in the MS patients (mean + standard deviation) and 16.3 + 17.4 in the
controls (p=0.007, paired t-test). EA IgA had a median value of 1.964 in the MS patients and
1.248 in the controls (p=0.029, Wilcoxon signed rank test). EA IgG and NeutAb were not
significantly different. None of the antibody levels were altered in relapse. The correlation
between concentrations of different antibodies was minimal.

Conclusions: IgG antibodies to EBNA-1 are significantly increased in MS. IgA antibodies
against EBV early antigen are also increased. The EBV neutralizing antibody response is similar
in MS and controls.
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Introduction

Epstein-Barr virus is considered as a possible causative agent of MS [1,2]. The experimental
evidence consists of a higher prevalence of antibodies against EBV in both adults and
children [3-5], increased risk of MS following delayed primary infection with EBV [6], and
increased antibodies against EBV in subjects who later develop MS [7-9]. Consistent
increases are found in antibodies to the EBV nuclear antigen (EBNA), one of the few EBV
proteins expressed in latent infection. EBNA 1gG antibodies appear during convalescence
from primary infection, remain present long term, and are used as a marker for prior
infection [10].

There are multiple other EBV antigens which elicit measurable antibody responses. Early
antigens (EA) are expressed early in lytic infection, and EA antibodies appear early in
primary infection and may increase in active infection [10-12]. Results with EA antibodies
in MS have been mixed. Some investigators have found increased prevalence of EA
antibodies in MS [13-16] while others have not [17-19]. There is some suggestion that high
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levels of anti-EA IgG correlate with disease activity [15,18]. One study with longitudinal
samples over 1 year suggested that EA IgA increased preceding clinical relapse [18], while a
different longitudinal study found no change in EA 1gG with relapse [20].

EBV neutralizing antibodies are defined by their ability to block infectivity of EBV in vitro.
They may play an important role in controlling the persistent EBV infection. All known
neutralizing antibodies bind to gp350, the major EBV envelope glycoprotein [21]. The
traditional method of testing sera or monoclonal antibodies for neutralizing activity is labor
intensive and time consuming, and is impractical for large numbers of samples. Wilson and
Morgan have developed an ELISA which gives equivalent results to the traditional assays
[22]. This assay takes advantage of the fact that the majority of known neutralizing
antibodies bind the same epitope on gp350 [23] and tests the ability of unknown samples to
compete for binding to gp350 with the 72A1 mouse monoclonal, a well characterized
neutralizing antibody [24]. EBV NeutAb have never been tested in MS.

We undertook this study to further investigate the anti-EBV humoral response in MS. Our
initial hypothesis was that EBV infection is poorly controlled in MS. We predicted that EA
antibodies would be increased in MS compared to controls, that EA antibodies should
increase in relapse, and that protective NeutAb would be decreased in MS.

Materials and Methods

Specimen collection

EBNA-1 1gG

Blood samples were collected from patients with multiple sclerosis and controls, and serum
was stored frozen at —70°C. We selected serum samples from 80 MS patients and 80
controls matched for gender, ethnicity, and age within 5 years. Each group included 51
females and 29 males, 51 caucasians, 19 African-Americans, 8 hispanics, and 2 asians. The
meanzsd age was 35.7+9.8 years for the MS patients and 34.2+11.7 for the controls. The
MS patients included 73 relapsing-remitting, 5 secondary progressive, and 2 primary
progressive. We also tested sera from 19 patients with relapsing-remitting MS with samples
collected both during an acute relapse and while clinically stable. The relapse specimens
were collected during an urgent clinic visit for new symptoms before any treatment with
corticosteroids. We defined a relapse as new neurologic symptoms or worsening of previous
neurologic symptoms lasting more than 24 hours and occurring after at least 30 days of
clinically stable disease. Sample collection was approved by the University of Texas-
Houston Committee for the Protection of Human Subjects, and all subjects signed an
informed consent prior to sample collection.

and EA 1gG ELISA

IgG antibodies for EBNA-1 and EA were measured using commercially available ELISA
kits with slight modifications to the manufacturer's protocol (Wampole, Princeton, NJ). The
EA kit detects both the diffuse and restricted forms of this antigen. These Kits are used in
clinical testing to determine an index value relative to a calibrator sample with known
antibody concentration. We modified the procedure to include a standard curve with the
calibrator at 0, 1, 2, and 4 times the usual concentration to permit more accurate
quantification. Sera were diluted as needed to fall within the range of the standard curve,
usually 1:4, and were run in duplicate. The paired MS and control specimens or the paired
relapse and stable specimens were always run adjacent on the same plate.

EA IgA ELISA

To measure EA IgA, we replaced the anti-human IgG secondary antibody in the EA kits
with a goat anti-human IgA-horseradish peroxidase at a 1:5000 dilution (Southern Biotech,
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Birmingham, AL). We used a standard curve with different concentrations of the calibrator
for comparison, and the sera values are reported relative to the calibrator raw values.
Different batches of calibrator are not standardized for IgA content, so we used a single
sample of calibrator for all IgA experiments.

72A1 monoclonal antibody

The 72A1 hybridoma (ATCC, Manassas, VA) was grown in tissue culture under the
recommended conditions, and the antibody was purified from culture supernatant with a
protein G column (GE Healthcare, Uppsala, Sweden). The concentration of the purified
antibody was measured using a Bradford assay.

Preparation of gp350 antigen

Neutralizing

B95.8 cells (kind gift of Dr. Cliona Rooney) were grown at 10%/ml in RPMI media
supplemented with 10% fetal calf serum and stimulated for 5 days with 40 ng/ml phorbol
12-myristate 13-acetate (Sigma-Aldrich, St. Louis, MO) to increase virus production. Cells
were collected, resuspended at 5x107/ml, and homogenized in 0.32 M sucrose/Tris 10 mM/
pH 7.5 using a motor driven teflon/glass homogenizer. Nuclei were removed by
centrifugation for 3 minutes at 1000g, the supernatant was centrifuged one hour at 50,000g,
and the cell membrane fraction in the high-speed pellet was resuspended in 9 volumes of
water. Triton X100 was added to a final concentration of 1%, and 500 ul of the detergent
solubilized fraction were passed through a 0.45 p filter and separated on a Superose 1.2x30
cm gel filtration column (Pharmacia, Piscataway, NJ) with collection of 1.25 ml fractions.
The column fractions were tested for reactivity with the 72A1 monoclonal antibody in an
ELISA. This procedure was performed twice, and in both cases the second fraction had the
highest reactivity with the 72A1 antibody. Neither the control monoclonal mouse 1gG1 nor
the secondary antibody alone bound to this fraction, nor did the 72A1 bind later column
fractions with much higher protein concentrations.

On polyacrylamide gels both the crude cell membrane fraction and the second column
fractions contained a protein with molecular weight >250 kilodaltons which stained with
Alcian. This protein was immunoprecipitated using 72A1 antibody and protein G beads to
confirm its identity as gp350 (Figure 1A).

antibody ELISA

We used a modification of the ELISA method of Wilson and Morgan [22]. This assay
measures the ability of neutralizing antibodies in human serum to compete for binding to
gp350 with the 72A1 mouse monoclonal neutralizing antibody. The gp350 was diluted in
carbonate coating buffer, pH 9.2, and 50 ul/well was added to a flexible microassay plate
(BD Falcon, Durham, NC) and incubated at 4°C overnight. The amount of gp350 per well
was sufficient to bind 2 ng of 72A1 antibody. Wells were washed five times with PBS/
Tween 0.05%, and then blocked with 100 ul/well 10% fetal calf serum in wash buffer. This
was followed by incubation with 50 ul/well of mixtures of serum and 72A1. Serum was
tested at concentrations of 25, 7.5, 2.5, and 0.75 pl/well, while 72A1 was kept at a constant
concentration of 3 ng/well. Sera and 72A1 were mixed together before addition to the
ELISA plate. Controls needed for the calculations included 72A1 with no serum and a
negative control with neither antibody nor serum. The serum/72A1 mixtures were done in
triplicate, and the controls were done in quadruplicate. Sera with high concentrations of
NeutAb were diluted further to bring them within the range of the assay. After incubation
with serum/72A1 mixture, the plate was washed and incubated with 50 pl of a 1:5000
dilution of goat anti-mouse 1gG1 conjugated to horseradish peroxidase (Southern Biotech).
The plate was then washed, developed with o-phenylenediamine in citrate buffer, and
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optical densities were read on an ELISA reader. All incubations were for one hour at room
temperature.

Calculations and Statistics

Results

The % blocking of 72A1 binding by serum is calculated from the OD values, and the
neutralizing activity of the serum is calculated using the equations:

% blocking= (ODnm only OD?:Awscmm) / (OD72A1 only ODbaCkgmund)

% blocking= (neutralizing activity . ym) / (neutra]izing activity ., +neutralizing actiVinMI)

Solving the equations and then dividing by the volume of serum used yields neutralizing
activity in 72A1 pg equivalents/ml. This procedure is illustrated in Figure 1B, which gives
the results from an individual with a high neutralizing antibody level. As expected, the OD
decreases and the % blocking increases as increasing amounts of serum compete with a
fixed amount of 72A1. The three middle points on the curve, representing 0.75, 2.5, and 7.5
ul serum per well, are labeled with their calculated % blocking and their calculated
neutralizing activity in 72A1 equivalents. Theoretically, the calculated neutralizing activity
should be the same regardless of which serum concentration is used, but there is some
variation. We used values which fall in the range of 20 to 80% blocking, and chose the value
closest to 50% blocking when multiple values fell in this range. The lower limit of the assay
was 0.03 72A1 pg/ml equivalents.

Statistical analysis was performed with SigmaPlot 11.0 using paired parametric or non-
parametric tests as appropriate for the observed data distribution.

Comparison of MS and controls

EBNA-1 IgG was significantly higher in the MS patients (Figure 2A). The majority of the
subjects, 78 of the MS patients and 74 of the controls, had an EBNA-1 index value greater
than 1.1, indicating prior infection with EBV, and the values were significantly higher in the
MS group. The EBNA-1 IgG index values were normally distributed with a mean + standard
deviation of 23.3 + 18.3 in the MS patients and 16.3 + 17.4 in the controls (p=0.007, paired
t-test).

The EA I1gG was not significantly different between the two groups (Figure 2B). Only a
minority of the EA IgG index values were in the positive range, with 16 of the MS patients
and 18 controls having an index value greater than 1.1. The EA IgG index values had a
skewed distribution, with a median of 0.689 in the MS patients and 0.574 in the controls
(p=0.50, Wilcoxon signed rank test).

Similarly, the distribution of EA IgA was skewed towards lower values, but EA IgA was
higher in the MS group (Figure 2C). The median value was 1.964 in the MS patients and
1.248 in the controls (p=0.029, Wilcoxon signed rank test).

The NeutAb ELISA had good sensitivity and detected measurable NeutAb in the majority of
subjects. Only 6 of the MS patients and 3 of the controls had a level less than the assay
lower limit of 0.03 ug/ml. The reproducibility of the assay was good. To assess the
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interassay variability, we repeated measurements on 14 samples spanning the range of
concentrations. The values were generally quite close with a correlation coefficient of 0.99
(Figure 1C).

For both MS and controls, the concentrations of NeutAb varied widely with a skewed
distribution (Figure 2D). The median was 0.415 in MS and 0.608 in controls, but the
difference between groups was not significant (p=0.742, Wilcoxon signed rank test).

Comparison of relapse and stable

Because of previous findings that EA IgG or IgA might change with disease activity, we
tested MS patients who had samples collected while stable and early in a clinical relapse.
Neither EA 1gG nor IgA increased in relapse (Figure 3). On the contrary, EA antibody levels
tended to remain stable over time, as reported by others [15,20]. Patients with high values
tended to stay high, and patients with low values tended to stay low. This same pattern was
seen with EBNA-1 IgG and NeutAb.

Correlation of antibody responses

The correlation between concentrations of antibodies with different specificities was
minimal in both MS and controls (Table). EBNA-1 1gG correlated modestly with EA 1gG,
but correlations between other antibodies was minimal.

Discussion

Multiple other investigators have reported an increase in the prevalence or concentration of
antibodies to EBNA in MS [13,14,16,18,19,25]. We robustly confirmed this finding in our
sample of 80 patients and 80 controls. Reported results with antibodies to EA have been
variable. Some investigators report an increase in anti-EA [13-16] while others do not
[17-19], and the reported prevalence of elevated anti-EA in MS patients ranges from 13% to
69%. We found 20% of our MS group had increased EA 1gG, but this was not different from
controls. We did find a modest increase in EA IgA in MS, whereas the only previous study
that measured this antibody found no difference [17].

Antibodies against EA are of interest since they may indicate active EBV replication. If
EBYV infection is driving the immune response in MS, then we would expect increased anti-
EA in relapse compared to stable disease and in MS compared to controls. There is
suggestive experimental evidence that this may be the case. Buljevac et al. [15] found that
patients with increased EA 1gG were more likely to have enhancing lesions on MRI, but
there was no difference in number of clinical relapses. Like the present study, they noted EA
IgG was stable over time. Wandinger et al. [18] followed 19 patients with monthly blood
samples for a year. Patients with elevated EA IgG were more likely to have relapses, and 8
of their 11 patients with active disease had an increase in EA IgA in association with the
relapse. None of their 8 stable patients had an increase in EA IgA. We did find an increase
in EA IgA in MS compared to controls, but we did not find an increase in EA IgA with
relapse.

Neutralizing antibodies are also of interest in MS. These antibodies may play a role in
control of EBV in vivo, and low levels of antibodies might permit more active infection.
Neutralizing antibodies have never been measured in MS. We did not find any difference in
the levels of NeutAb.

We expected that subjects with high concentrations of antibodies against one EBV antigen

would also have increased antibodies to other EBV antigens. This was not the case. There
was a modest correlation between the IgG for EBNA-1 and EA, but the other responses
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were independent. The responses to all the measured antigens in the MS patients tended to
remain the same over time and did not change with clinical disease activity. This suggests
that each subject forms a unique pattern of anti-EBV antibody reactivity which remains
stable, at least over the interval tested in this study. Our observation that the most significant
difference between MS and control is in the anti-EBNA antibodies is in agreement with
multiple recent studies of humoral and cellular immune responses which suggest a special
relevance of EBNA for MS [7-9,26,27].

We did not find any evidence to support the idea that EBV infection is poorly controlled in
MS. NeutAb are not deficient, and EA IgG is not increased as might be expected in more
active infection. The relevance of EA IgA in MS requires further investigation.
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Figure 1. A. Immunoprecipitation of gp350 with 72A1 antibody

The first lane is 5 pl of the crude membrane fraction, the second lane is the
immunoprecipitate of the membrane fraction with 5 ug 72A1, and the third lane is 72A1
antibody alone. The crude membrane fraction has a protein at >250 kilodaltons which is
immunoprecipitated with 72A1. Numbers indicate positions of the molecular weight
markers. Gradient gel 4-12% polyacrylamide stained with Coomassie and Alcian. B.
Example of neutralizing antibody competitive ELISA. See text for details. C.
Reproducibility of the NeutAb ELISA. Results of repeat measurements of the same serum
sample at different times. Both axes are on a logarithmic scale.
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Figure 2. Antibody responses in MS and controls

The box encloses the values for the 25™ to 75t percentiles, the whiskers indicate the 10t
and 90t percentiles, and the dots indicate the 5 and 95! percentiles. The median is
indicated by the line across the box. A. EBNA-1 1gG, values are given as index values
relative to a calibrator sample, the difference between groups is significant, p=0.007, paired t
test. B. EA 1gG, values are given as index values relative to a calibrator sample. C. EA IgA,
values given are the sample OD divided by the OD of a single comparison sample used for
all experiments. The difference between groups is significant, p=0.029, Wilcoxon signed
rank test. D. NeutAb IgG, values measured in microgram equivalents of the monoclonal
neutralizing antibody 72A1, y-axis is logarithmic and values below the limit of the assay are
plotted at 0.01.
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Figure 3. Changes in antibody titers with relapse

Each point represents a single MS patient, the value while stable is on the x-axis and the
value during relapse is on the y-axis. Subjects with higher values in relapse will be plotted to
the upper left of the diagonal line, lower values in relapse will be below and to the right of
the diagonal. The units are the same as in Figure 2.
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Table

Correlation coefficients for antibody responses in MS and controls

Controls

NeutAb | EBNA-11gG | EA IgG

EBNA-1 IgG 0.101

EA 1gG —0.040 0.212
EA IgA 0.091 —-0.022 | —-0.020
MS

NeutAb EBNA-119G | EAIlgG

EBNA-1 IgG —0.002

EA 1gG 0.019 0.332
EA IgA 0.005 0113 | 0139
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