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ABSTRACT

BACKGROUND

Patients with a single episode of neurologic dysfunction and brain magnetic reso-
nance imaging (MRI) scans suggestive of multiple sclerosis are at high risk for
clinically definite multiple sclerosis, but the outcome for individual patients is un-
predictable. An increased risk of progression to clinically definite multiple sclerosis in
patients with serum antibodies against myelin oligodendrocyte glycoprotein (MOG)
and myelin basic protein (MBP) has been reported.

METHODS

We measured serum anti-MOG and anti-MBP IgG and IgM antibodies in 462 patients
with a first clinical event suggestive of multiple sclerosis and at least two clinically
silent lesions on brain MRI. The patients were participating in a multicenter trial of
treatment with interferon beta-1b. Antibodies were assessed by Western blot analysis
at baseline, and the results compared with the time and rate of progression to
clinically definite multiple sclerosis or a diagnosis of multiple sclerosis as defined
by an international panel (the McDonald criteria). Regular visits were scheduled for
the assessment of neurologic impairment and for MRI before treatment and at
months 3, 6, 9, 12, 18, and 24.

RESULTS

No associations were found between the presence of anti-MOG and anti-MBP IgM
and IgG antibodies and progression to clinically definite multiple sclerosis or a
diagnosis of multiple sclerosis according to the McDonald criteria, either in the
entire cohort or in any subgroups of the study population.

CONCLUSIONS
Serum antibodies against MOG and MBP, as detected by Western blot analysis, are
not associated with an increased risk of progression to clinically definite multiple
sclerosis in patients who have had a clinically isolated syndrome suggestive of multi-
ple sclerosis.
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FTER A FIRST EPISODE OF CENTRAL

nervous system dysfunction that is sugges-

tive of multiple sclerosis (known as a clini-
cally isolated syndrome), it is difficult to predict
the individual risk of multiple sclerosis. Berger
et al.* reported a significantly increased risk of
clinically definite multiple sclerosis among pa-
tients with a clinically isolated syndrome and
serum antibodies against recombinant myelin
oligodendrocyte glycoprotein (MOG) and purified
myelin basic protein (MBP), detected by Western
blot analysis.

MOG is a minor component of myelin (0.01 to
0.05% of central myelin protein) that is found
exclusively in the central nervous system.? The
N-terminal domain of MOG is expressed on the
myelin surface and is easily accessible to antibod-
ies.3 Several lines of evidence suggest that anti-
body-mediated demyelination plays a role in mul-
tiple sclerosis*>: anti-MOG antibodies are capable
of inducing demyelination in animal models of
autoimmune encephalomyelitis and in brain-cell
cultures,®® and in one study they were detected
in damaged myelin from patients with multiple
sclerosis. MBP constitutes about 30% of the cen-
tral myelin protein and is localized on the cyto-
plasmic side of the myelin sheath.°

The Betaferon in Newly Emerging Multiple
Sclerosis for Initial Treatment (BENEFIT) trial
was conducted to explore the effect of interferon
beta-1b (Betaseron, Schering), given subcutaneous-
ly every other day, on the rate of progression to
clinically definite multiple sclerosis in patients
with a clinically isolated syndrome.** Using meth-
ods identical to those of Berger et al.,* we mea-
sured anti-MOG and anti-MBP antibodies in pa-
tients recruited for this trial and compared the
results with the primary outcomes.

METHODS

PATIENTS AND STUDY DESIGN

The BENEFIT study was a double-blind, placebo-
controlled, randomized, parallel-group, multicen-
ter, phase 3 trial designed to evaluate the safety,
tolerability, and efficacy of interferon beta-1b, at a
dose of 250 g (8 mIU) given subcutaneously
every other day, for the treatment of a first clinical
episode that was suggestive of multiple sclerosis.!
Eligible patients were between 18 and 45 years
old, had presented with a first neurologic event

suggestive of multiple sclerosis, and had at least
two clinically silent lesions on a T,-weighted brain
magnetic resonance imaging (MRI) scan. Patients
with symptoms and signs indicative of a single
lesion (monofocal presentation) or more than one
lesion (multifocal presentation) in the central ner-
vous system were eligible; their baseline score on
the Expanded Disability Status Scale (EDSS)*? had
to be between 0 and 5 (on a scale of 0 to 10, with
higher scores indicating greater disability). Pa-
tient eligibility was confirmed centrally before
randomization. At the discretion of the treating
neurologist, corticosteroids were used to treat the
initial event before randomization. The research
protocol was approved by the institutional review
boards of the participating centers, and all partici-
pants gave written informed consent before be-
ing enrolled.

Patients were randomly assigned in a 5:3 ratio
to receive 250 ug of interferon beta-1b or placebo
for up to 24 months or until clinically definite
multiple sclerosis was diagnosed according to
slightly modified Poser criteria.***3 Study treat-
ment was initiated within 60 days after the occur-
rence of the first clinical event.

The EDSS score, other data, and blood samples
were collected at screening, baseline, and months
3, 6,9, 12, 18, and 24. MRI was performed at
screening and at months 3, 6, 9, 12, 18, and 24.
Analysis of cerebrospinal fluid was performed at
the discretion of the investigators at the partici-
pating centers. Results were considered positive
when oligoclonal bands or intrathecal IgG pro-
duction was detected. Serum samples obtained
at baseline, before treatment began, were used for
analysis of anti-MOG and anti-MBP antibodies.

WESTERN BLOT ANALYSIS FOR ANTI-MOG
AND ANTI-MBP ANTIBODIES

We performed the Western blot analysis exactly
according to the protocol described by Berger et
al. (with a serum dilution for IgG of 1:1000).
The human recombinant extracellular MOG do-
main (amino acids 1 through 125) was provided
by Berger et al.,* and human myelin—derived MBP
was obtained commercially (from Chemicon). Be-
fore performing the antibody measurements, we
confirmed the reliability of the results of the
Western blot analysis between our laboratory and
that of Berger et al.** The blots were assessed in-
dependently by two of the study investigators, who
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had no access to clinical or MRI findings. A serum
sample was considered to be positive if the im-
munoreactivity was greater than that of a stan-
dard negative control sample. Monoclonal anti-
bodies to MBP (MAB381, Chemicon) and MOG
(8.18-C5, M. Reindl, Innsbruck)® and known posi-
tive and negative human serum samples were used
as controls.

STATISTICAL ANALYSIS
The baseline characteristics of the patients were
compared in the placebo and treatment groups
according to antibody status with the use of the
chi-square or Kruskal-Wallis test. The cumulative
risk of progression to clinically definite multiple
sclerosis®® or multiple sclerosis as defined by an
international panel (the McDonald criteria)'> was
calculated with the Kaplan—Meier method. Cox
proportional-hazards analysis, adjusted for poten-
tial confounding variables, was used to assess
whether antibody status predicted the develop-
ment of clinically definite multiple sclerosis (as
indicated by Berger et al.?) or the development of
multiple sclerosis according to the McDonald cri-
teria. The final model also included adjustment for
age, sex, use or nonuse of corticosteroid treatment
for the first event, the effect of treatment with
interferon beta-1b, multifocal or monofocal dis-
ease presentation, and the number of gadolinium-
enhancing lesions on T,-weighted MRI scans and
the number of hyperintense lesions on T,-weighted
scans.

Analyses for IgG and IgM antibody status were
performed separately. Cox proportional-hazards
analysis was used for the subgroup of patients
with positive cerebrospinal fluid findings, patients
who received corticosteroid treatment for the ini-
tial episode and those who did not, and interferon
beta-1b and placebo recipients. Subgroup analyses
were also performed for patients with different
lag times between the initial event and sample
collection (i.e., patients with lag times within the
first, second, third, and fourth quartiles of the
total cohort). The results are expressed as medians
and interquartile ranges.

The statistical analyses of anti-MOG and anti-
MBP antibodies were performed on a post hoc
basis, and P values were not adjusted for multiple
testing. All reported P values are two-sided; a
P value of less than 0.05 was considered to indi-
cate statistical significance.

RESULTS

Serum samples from 462 of the 468 patients in-
cluded in the BENEFIT study were analyzed for
anti-MOG and anti-MBP antibodies; baseline se-
rum samples were not available for six patients.
Four hundred thirty-two patients (94%) were fol-
lowed for 24 months or until clinically definite
multiple sclerosis was diagnosed; 30 patients (6%)
dropped out of the study before clinically definite
multiple sclerosis was diagnosed (median follow-
up time for all patients, 699 days).

During the 2-year observation period, clinical-
ly definite multiple sclerosis was diagnosed in 150
patients (32%), and multiple sclerosis according
to the McDonald criteria in 331 (72%). A total of
327 patients (71%) received corticosteroid treat-
ment for the first event, and 245 (53%) had a
monofocal disease presentation. The median num-
ber of lesions seen on T,-weighted MRI scans was
17 (interquartile range, 7 to 38), and the median
number of lesions seen on gadolinium-enhanced,
T,-weighted scans was 0 (interquartile range, 0 to
1). According to the randomization ratio of the
study, 289 of 462 patients (63%) were randomly
assigned to receive interferon beta-1b treatment
and 173 (37%) to receive placebo. Of 310 patients
who underwent cerebrospinal fluid testing, 263
(85%) had findings compatible with intrathecal
IgG synthesis (a raised IgG index or oligoclonal
bands). Blood samples were obtained for antibody
analysis a median of 55 days after the onset of
the first event (interquartile range, 46 to 59).

Table 1 shows the baseline characteristics of
the patients according to whether they were posi-
tive or negative for anti-MOG and anti-MBP IgM
and IgG antibodies. A significantly higher propor-
tion of women had positive antibody findings for
both IgM and IgG. The proportion of patients
who had received corticosteroids was lower among
those who were positive for anti-MOG and anti-
MBP IgG antibodies and among those who were
negative for anti-MOG IgG antibodies but posi-
tive for anti-MBP IgG antibodies; the proportion
of patients treated with corticosteroids did not
differ according to IgM antibody status (Table 1).
No other significant differences between patient
groups were observed.

As shown by the Kaplan—Meier plots in Fig-
ure 1, the risk of clinically definite multiple scle-
rosis over a period of 2 years was not influenced
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by antibody positivity. Adjusted Cox proportional-
hazards analysis showed that the risk of clini-
cally definite multiple sclerosis over the 2-year
observation period was not increased in any of the
patient groups with positive IgM antibody find-
ings (Table 2). There was, however, an indication
of a decrease in the risk of clinically definite mul-
tiple sclerosis in patients who were positive for
anti-MOG IgM antibodies and negative for anti-
MBP IgM antibodies. With respect to IgG antibody
status, the risk of clinically definite multiple scle-
rosis was not increased in any of the patient
groups, and hazard ratios were all close to 1.0.
The risk of clinically definite multiple sclerosis
was significantly decreased by treatment with in-
terferon beta-1b and was increased among pa-
tients who had received corticosteroid treatment
for the initial clinical event or who had gadolin-
ium-enhancing lesions on T,-weighted MRI scans
at baseline.

The Cox proportional-hazards analyses for the
development of multiple sclerosis according to
the McDonald criteria provided similar results:
the risk of multiple sclerosis was not significant-
ly increased in any of the patient groups with
positive IgM or IgG antibody findings, and hazard
ratios were all below or close to 1.0 (see Table 1
of the Supplementary Appendix, available with
the full text of this article at www.nejm.org).

The distribution of IgM and IgG antibody sta-
tus in the subgroups of patients with positive
cerebrospinal fluid results, those randomly as-
signed to receive placebo or interferon beta-1b,
and those who had received corticosteroid treat-
ment, as well as the distribution of antibody sta-
tus according to the interval between the initial
episode and sample collection, was similar to the
distribution in the entire patient cohort. The Cox
proportional-hazards analyses for these subgroups
did not reveal any significant increase in the risk
of clinically definite multiple sclerosis among
patients with positive antibody findings (IgM,
IgG, or both) (see Table 2 of the Supplementary
Appendix).

DISCUSSION

In this study, we attempted to reproduce the pre-
viously reported finding of an association between
serum anti-MOG and anti-MBP IgM antibody sta-
tus and the prognosis in the early phase of multi-
ple sclerosis'; we were unable to confirm this

A 1gM Antibodies
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Figure 1. Kaplan—Meier Curves for the Time to Conversion to Clinically Definite
Multiple Sclerosis According to IgM (Panel A) and IgG (Panel B) Antibody Status.

association. There was no increase in the risk of
clinically definite multiple sclerosis or of multiple
sclerosis according to the McDonald criteria among
patients who were positive for anti-MOG anti-
bodies, anti-MBP antibodies, or both. This was
true for both IgM and IgG antibodies not only in
the total study population but also in all subgroups
analyzed: patients receiving placebo or interferon
beta-1b, patients with positive cerebrospinal fluid
findings, patients who had received corticosteroid
treatment, and patients with shorter or longer in-
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Table 2. Hazard Ratios for the Development of Clinically Definite Multiple Sclerosis According to IgM and 1gG Antibody Status.*

Variable

Antibody status
Negative for anti-MOG and anti-MBP antibodies

Negative for anti-MOG antibodies, positive for anti-MBP
antibodies

Positive for anti-MOG antibodies, negative for anti-MBP
antibodies

Positive for anti-MOG and anti-MBP antibodies

(per lesion)

IgM
Hazard Ratio (95% Cl)

1.00
0.70 (0.39-1.27)

0.62 (0.41-0.94)

1.00 (0.63-1.57)

Covariates
Female sex 1.06 (0.74-1.52)
Age at onset of disease (per yr) 0.96 (0.93-0.98)
Interferon beta-1b treatment 0.49 (0.35-0.67)
Corticosteroid treatment of first episode 1.59 (1.08-2.35)
Multifocal presentation 1.01 (0.73-1.41)
No. of lesions on T,-weighted MRI (per lesion) 1.01 (1.00-1.01)
No. of lesions on gadolinium-enhanced, T,-weighted MRl 1.06 (1.01-1.10)

1gG
P Value Hazard Ratio (95% Cl) P Value
1.00
0.24 0.97 (0.58-1.60) 0.90
0.03 1.00 (0.63-1.6) 0.99
0.98 1.04 (0.52-2.11) 0.91
0.74 1.03 (0.72-1.48) 0.87
<0.001 0.96 (0.94-0.98) <0.001
<0.001 0.49 (0.35-0.68) <0.001
0.02 1.58 (1.06-2.35) 0.02
0.94 1.04 (0.75-1.46) 0.80
0.09 1.00 (1.00-1.01) 0.15
0.01 1.06 (1.02-1.11) 0.003

* Hazard ratios were calculated with the Cox proportional-hazards model.

376

tervals between the initial clinical event and blood
collection. Finally, we were unable to confirm the
previously reported association between the num-
ber of lesions seen on gadolinium-enhanced MRI
brain scans and the anti-MOG or anti-MBP anti-
body status.t

We established and validated the Western blot
method used by Berger et al.! in our laboratory
with the active support of the original authors,
who also provided their MOG antigen.'* Parallel
measurements of independent samples in the two
laboratories yielded highly consistent results.'4
Our study and that of Berger et al.* identified
similar distributions of positive anti-MOG and
anti-MBP IgM antibody status. In both studies,
women predominated in the groups of patients
who were positive for anti-MOG and anti-MBP
antibodies.

Both studies included patients with a clinical-
ly isolated syndrome who had clinically silent MRI
lesions suggestive of multiple sclerosis, and the
two studies were similar with respect to the age
and sex of the patients. The patients in our study
had a larger number of lesions on T,-weighted
MRI scans obtained at the time of the clinically
isolated syndrome, whereas the number of gado-
linium-enhancing lesions seen on T,-weighted

scans was similar in the two studies. To account
for the effect of such subclinical disease dissemi-
nation and activity on the predictive value of
antibody testing, the hazard ratios for clinically
definite multiple sclerosis were adjusted for MRI
characteristics at baseline.

All the patients in the study by Berger et al.®
had oligoclonal bands in the cerebrospinal fluid,
whereas in the BENEFIT study, cerebrospinal
fluid analysis was performed at the discretion of
the investigator, and not all patients in whom the
analysis was performed had findings indicating
an intrathecal humoral immune response. How-
ever, a subgroup analysis of patients with positive
cerebrospinal fluid findings also failed to show
an association between IgM or IgG antibody sta-
tus and the risk of clinically definite multiple
sclerosis.

Another difference between the two studies
arises from the analysis of antibodies in blood
samples obtained at different times. We obtained
serum samples for antibody analysis a median of
55 days (interquartile range, 46 to 59) after the
first signs of a clinically isolated syndrome, at
which time 327 (71%) of our patients had under-
gone corticosteroid treatment. Berger et al.,
however, obtained serum samples for antibody
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analysis within 14 days after the initial event,
and all the patients in their study received high-
dose corticosteroid treatment after the samples
had been collected.

It is possible that analysis of blood samples
obtained earlier (within a few days after the first
manifestation of clinical disease and before the
administration of corticosteroids) might have
shown a correlation between antibody status and
outcomes. However, the similarity in the rates of
positive tests for IgM antibodies in the two studies
argues against the hypothesis that in our study,
the longer interval between the first manifesta-
tions of disease and the collection of blood sam-
ples or the administration of high-dose cortico-
steroids before the samples were obtained had a
profound effect on the test results. In addition,
our subgroup analyses did not show any trend
toward an association between higher rates of
positive antibody tests or an increased predictive
value of the test results and earlier rather than
later collection of blood samples. Patients treated
with corticosteroids had a somewhat lower rate
of positive tests for anti-MOG and anti-MBP IgG
antibodies but not for IgM antibodies, and there
was no indication that the predictive value in the
patients treated with corticosteroids differed from
that in the patients who did not receive this
treatment.

It should also be noted that the duration of
follow-up in our study was limited to 2 years. It
might be argued that a longer period of follow-up
would have allowed for detection of a correlation
between antibody status and a diagnosis of mul-
tiple sclerosis. However, in view of the number of
patients in whom clinically definite multiple scle-
rosis or multiple sclerosis according to the Mc-
Donald criteria was diagnosed during the 2-year
follow-up period, a major change in the results
with longer follow-up would be highly improba-
ble. Moreover, in the study by Berger et al.,* after
a 2-year observation period, there was already a
striking difference in the risk of clinically definite
multiple sclerosis according to anti-MOG IgM
antibody status.

The findings in the Barcelona cohort of pa-
tients with a clinically isolated syndrome*® fur-
ther support our argument: over a mean follow-up
period of 46 to 47 months (range, 12 to 105),
there was no significant correlation between anti-
body status and clinical outcomes. Our findings
are also in line with recently presented results of

smaller, single-center studies using the same
Western blot method. In a cohort of 47 patients
with a clinically isolated syndrome, the baseline
anti-MOG and anti-MBP antibody status was not
associated with the risk of clinically definite
multiple sclerosis after a follow-up period of 1 year
or with MRI findings at baseline or at 1 year.'”
Similarly, in two other studies, involving 55 pa-
tients'* and 45 patients® with a clinically isolat-
ed syndrome, the presence of anti-MOG antibod-
ies, anti-MBP antibodies, or both was associated
with more frequent or more rapid progression to
clinically definite multiple sclerosis only in sub-
group or secondary analyses.**1®

Thus, our data, together with the findings in
the Barcelona cohort,¢ provide definitive evidence
against the use of anti-MOG and anti-MBP anti-
body status, as determined by Western blot analy-
sis, to predict the outcome in patients with a
clinically isolated syndrome suggestive of multi-
ple sclerosis.

Analysis of antibodies strongly depends on the
detection method used and the conformation
status of the antigen. In solid-phase assays, the
antigen is transferred to an artificial surface. As
a result, protein denaturation may occur, and new
epitopes not present in the native tertiary struc-
ture of the folded MOG molecule may be ex-
posed.’ The anti-MOG and anti-MBP responses
measured by Western blot analysis or enzyme-
linked immunosorbent assay are common find-
ings in central nervous system inflammation
rather than specific features of multiple sclero-
sis.2°22 Liquid-phase assays, in which a protein
is more likely to retain its original tertiary struc-
ture, might be a better approach to studying con-
formation-dependent antibodies and their possi-
ble disease specificity,?? although in a recent study
of multiple sclerosis these expectations were not
met.2* Recently, transfected mammalian cells and
fluorescence-activated cell-sorter analysis were
used to detect antibody binding to human MOG
in its membrane-embedded conformation, demon-
strating elevated levels of anti-MOG antibodies
in serum samples from patients with a clinically
isolated syndrome and relapsing—remitting multi-
ple sclerosis.?> Previous studies have also stressed
the importance of the native glycosylation of
MOG for detecting disease-specific antibodies.?>2°
Our results strongly suggest that antimyelin anti-
bodies have no role in the diagnosis of multiple
sclerosis or in the identification of patients at
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high risk for the development of clinically defi-
nite disease. Alternatively, there may be a role for
such antibodies, but we may need more sophis-
ticated methods to detect them.
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