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ARTICLE

Multiple Sclerosis 2007; 13: 7-16

Myelin oligodendrocyte glycoprotein antibodies in
pathologically proven multiple sclerosis: frequency,
stability and clinicopathologic correlations

S) Pittock ', M Reindl?, S Achenbach®, T Berger?, W Bruck®, F Konig®, Y Morales’,
H Lassmann®, S Bryant’, SB Moore®, BM Keegan' and CF Lucchinetti*’

Controversy exists regarding the pathogenic or predictive role of anti-myelin oligodendrocyte
glycoprotein (MOG) antibodies in patients with multiple sclerosis (MS). Four immunopathological
patterns (IP) have been recognized in early active MS lesions, suggesting heterogeneous pathogenic
mechanisms. Whether MOG antibodies contribute to this pathological heterogeneity and potentially
serve as biomarkers to identify specific pathological patterns is unknown. Here we report the
frequencies of antibodies to human recombinant MOG (identified by Western blot and enzyme-
linked immunoabsorbent assay (ELISA)) in patients with pathologically proven demyelinating
disease, and investigate whether antibody status is associated with clinical course, HLA-DR2-
genotype, IP or treatment response to plasmapheresis. The biopsy cohort consisted of 72 patients:
12 pattern |, 43 pattern Il and 17 pattern lll. No association was found between MOG antibody status
and conversion to clinically definite MS, DR-2 status, IP or response to plasmapheresis. There was
poor agreement between Western blot and ELISA (kappa=0.07 for MOG IgM). Fluctuations in
antibody seropositivity were seen for 3/4 patients tested serially by Western blot. This study does not
support a pathologic pattern-specific role for MOG-antibodies. Variable MOG-antibody status on
serial measurements, coupled with the lack of Western blot and ELISA correlations, raises concern
regarding the use of MOG-antibody as an MS biomarker and underscores the need for

methodological consensus. Multiple Sclerosis 2007; 13: 7—16. http://msj.sagepub.com

Key words: ELISA; immunological patterns; MOG antibodies; multiple sclerosis; Western blot

Introduction

There is controversy regarding the pathogenic or
prognostic role of anti-myelin oligodendrocyte
glycoprotein (MOG) antibodies in patients with
multiple sclerosis (MS) or isolated demyelinating
syndromes (IDS). Although MOG antibodies have
been described in MS lesions, reported frequencies
of these antibodies in MS patients vary between
studies and MOG antibodies are present in both
patients with non-inflammatory neurological dis-
eases and in normal controls [1-11]. The discre-

pancies between studies raise concerns regarding
the sensitivity and specificity of these antibodies for
MS. Investigators cite technical differences in anti-
gen preparation and antibody determination as
possible explanations for these discrepancies,
further highlighting the lack of methodological
consensus for MOG antibody detection. Interna-
tional multicentre validation experiments are un-
derway in order to address these methodological
differences. A recent study suggested MOG IgM
antibodies are associated with increased disease
activity in MS, and may also be a predictor of early
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conversion to definite MS in patients with a
clinically isolated syndrome [12]. A subsequent
study could not confirm this finding [13]. Despite
these variable results, there are increasing numbers
of requests by neurologists to test patients for the
presence of anti-MOG antibodies.

Four immunopathological patterns (IPs) (I:
T-cell/macrophage associated; II: antibody/comple-
ment associated; III: distal oligodendrogliopathy;
and IV: oligodendrocyte degeneration in the peri-
plaque white matter) have been described in autop-
sied and biopsied early active MS lesions, suggesting
heterogeneous pathogenic mechanisms [14-16]. It
is uncertain whether MOG antibodies are found
preferentially in any of the pathological patterns
(eg, in antibody-associated pattern II) or whether
their presence is associated with therapeutic re-
sponse, thereby supporting a pathogenic role for
MOG. Keegan et al. reported a significant associa-
tion between response to therapeutic plasma ex-
change (TPE) and MS pathological pattern. Patients
with pattern II pathology were more likely to
improve with TPE than patients with patterns I or
I [17].

We determined, in a blinded fashion, the fre-
quency of MOG antibodies in sera from patients
with biopsy-proven demyelinating disease using
two methodologies (enzyme-linked immunosor-
bent assay (ELISA) and Western blot), and exam-
ined MOG-antibody status with respect to clinical
course, HLA DR-2 genotype, IP, and treatment
response to TPE. Lastly, we assessed agreement
between ELISA and Western blot results for MOG
antibodies, and whether antibody seronegativity or
positivity persisted in serially tested MS patients.

Methods

This study was approved by the Mayo Clinic
Institutional Review Board (IRB # 2067-99). The
Multiple Sclerosis Lesion Project (MSLP) is an
international collaborative effort to study the
pathologic, clinical and radiologic correlates of
the MS lesion. The MSLP is based on previous
observations describing four IPs of pathology in
early MS lesions with interindividual heterogeneity,
but intraindividual homogeneity in the specific
pattern identified. These findings suggest different
pathogenic mechanisms may contribute to tissue
injury in early MS. This may have treatment
implications for clinical practice, as distinct pat-
terns may require distinct therapeutic strategies
[18].

One hundred and thirty patients with patholo-
gically confirmed inflammatory demyelinating dis-
ease are currently being followed prospectively by
the MSLP. We included 72 patients who had stored

Multiple Sclerosis 2007; 13: 7-16

sera available for MOG antibody testing and who
had biopsy-proven demyelinating disease classifi-
able into one of the previously reported four
patterns. HLA typing was performed on 69 of these
72 patients. Patients with biopsies showing perive-
nular demyelination consistent with acute dissemi-
nated encephalomyelitis (ADEM) were excluded (as
part of the MSLP criteria) [19].

Anti-MOG-Ig (thMOG 1-125) antibodies were
analysed by Western blot as previously described,
with the following modifications: [4,7] 1pg of
rhMOG-Ig was loaded per lane and separated in
10% Bis-Tris (NuPage) sodium dodecyl sulphate
(SDS)-polyacrylamide gels (Invitrogen, Carlsbad,
USA). Separated proteins were electrotransferred to
nitrocellulose membranes (Hybond-C, Amersham,
UK). Efficiency of transfer was monitored by the use
of a prestained low range SDS-PAGE standard (Bio-
Rad, Hercules, USA) and by staining of the filters
with Ponceau S (Sigma, St. Louis, USA) after
transfer. Blots were then blocked with 2% milk
powder in PBS containing 0.05% Tween-20. The
blots were then dried, cut into 2-mm nitrocellulose
strips with a membrane cutter (Invitrogen) and
probed overnight at 4°C with diluted human serum
(for 1gG 1:1000, for IgM 1:500; all diluted in 2%
milk powder in PBS containing 0.05% Tween-20).
Strips were then washed three times with PBS
containing 0.05% Tween-20 and incubated either
with alkaline-phosphatase-conjugated anti-human
IgG (dilution, 1:5000; JGH-055003, Jackson, USA)
or alkaline-phosphatase-conjugated anti-human
IgM (dilution, 1:5000; JGH-055043, Jackson, USA)
for 1 h at room temperature. After washing, bound
antibodies were detected by p-nitro-blue-tetrazo-
lium chloride and S-bromo-4-chloro-3-indolyl-
phosphate (both, Roche Molecular Diagnostics,
Mannheim, Germany). The strips were then washed
with distilled water, dried and immunoreactivity of
the serum samples was assessed semiquantitatively
by three different blinded investigators. Represen-
tative immunoblots of control antibodies, control
sera and MS sera are shown in Figure 1. A serum
sample was considered to be positive if the immu-
noreactivity was equal to or stronger than that of
the control sample. For controls we used a mono-
clonal antibody to MOG (8.18-C5) to identify the
correct position of MOG as well as a human control
serum to check the interassay variation.

For ELISA testing, thMOG-Ig was expressed in E.
coli and purified by nickel-chelate affinity chroma-
tography on chelating Sepharose Fast Flow (Phar-
macia, Uppsala, Sweden) using a novel single-step
purification and refolding procedure [20]. ELISA
was performed using 96-well microtitre plates
(Nunc-Immuno Maxisorp, Nunc, USA) coated
with 100 uL of a 5 ug/mL rhMOG'"¢ solution in
PBS overnight at 4°C (0.5 pg/well). Plates were then

http://msj.sagepub.com
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Figure 1

Representative raw immunoblot data. Immunoblots were incubated with monoclonal antibody to MOG

(8-18-C.5), a human control serum positive for anti-MOG antibodies and MS serum samples. The correct position of MOG
was identified by the monoclonal antibody 8-18-C.5 and is indicated in the figure.

blocked with 10% fetal calf serum (FCS; Invitrogen)
in PBS (PBS-FCS) for 1 h at room temperature and
washed four times with PBS-0.05% Tween-20
(PBS-T). Then 100 pL of the serum samples diluted
1:100 (for IgG) or 1:250 (for IgM) in PBS-FCS were
added and incubated for 1 h at room temperature
with gentle shaking. Plates were washed and 100 puL
of peroxidase-conjugated goat anti-human IgM
(1:5000) or IgG (1:10000) secondary antibody
(Dako) in PBS-FCS were added for 1h at room
temperature with gentle shaking. Plates were
washed, and specific antibody binding was visua-
lized by the addition of 100 uL of tetramethylben-
zidine (TMB) liquid substrate (Sigma). After 20 min
the reaction was stopped with 50 uL. 1 M H,SO,4 and
the plates were read at 492 nm. Controls wells were
incubated only with secondary antibodies. All data
were corrected by subtraction of these background
values. All samples were analysed in duplicate and
three human control sera were used to check the
interassay variation on all ELISA plates. The inter-
and intra-assay variations were <15%. From 188
age- and sex-matched healthy controls from
Innsbruck, Austria, we determined a ‘cut-off’ value
for anti-MOG IgG (0.6 OD units) and IgM (1.3 OD
units). The frequencies of anti-MOG antibodies in
healthy controls (n=188) were 10% for IgM and
12% for 1gG, in clinically definite (CD) MS patients
from Innsbruck, Austria (n =202), 23% for IgM and
35% for IgG.

HLA-DR genotyping was assessed by PCR-SSP
methods as previously described [21]. Follow-up
and Expanded Disability Status Scale (EDSS) scores
were ascertained by interview and examination,
telephone interview and chart review [22]. The
neuropathological techniques have been previously
described, and lesions were immunopathologically
classified according to published criteria [14,15].
We recorded demographic data, dates of symptom
onset, index attack (attack leading to biopsy) and
blood draws, and concomitant use of immunomo-

http://msj.sagepub.com

dulatory or immunosuppressive treatments. The
course of MS was categorized as relapsing—remit-
ting (RRMS), secondary progressive (SPMS) or pro-
gressive relapsing (PR). Definite or probable MS by
Poser and/or McDonald criteria were used to clas-
sify patients [23,24]. The course was categorized as
uncertain when it was unclear if an episode repre-
sented an attack (eg, seizure). Those with only a
single attack who did not fulfil Poser criteria for
probable MS were considered IDS.

Standard descriptive statistics were used to sum-
marize characteristics of the study patients, includ-
ing medians and interquartile ranges (IQRs) for
the continuous variables, and counts and percen-
tages for the categorical variables. Continuous
variables were compared between cohorts using
Wilcoxon Rank Sum tests, and categorical variables
using Fisher’s exact tests. Kappa test was used to
assess the agreement between Western blot and
ELISA results. Statistical significance was defined as
P <0.05.

Results

Clinical characteristics and MOG antibody status of
MS cohort

The clinical characteristics and antibody status of
the 72 patients with pathologically proven demye-
linating disease whose sera were tested for anti-
MOG antibodies (by Western blot and ELISA) are
shown in Table 1. Sixty-five patients fulfilled Poser
or McDonald criteria for clinically definite (n=51),
laboratory-supported definite (m=6) or probable
(n=8) MS. Seven additional patients had an iso-
lated attack (IDS after a median follow up of 7.5
years). Median delay from disease onset (for all
72 patients) to blood draw for antibody testing was
4.4 years (IQR 2.1-8.8).

Multiple Sclerosis 2007; 13: 7—-16
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Table 1 Clinical characteristics of biopsied cohort
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Western blot ELISA
MOG IgM MOG IgG MOG IgM MOG IgG
Total (n=72)
Positive Negative Positive Negative

Antibody presence Positive Negative Positive Negative (>1.3) (<1.3) (>0.6) (<0.6)
Clinical course, n (%)

IDS at last follow-up, 7 3 (43) 4 (57) 2 (29) 5@@1) 0 (0) 7 (100) 1(14) 6 (86)

n (%)

MS at last follow-up, 65 35 (54) 30 (46) 17 (26) 48 (74) 3(5) 62 (95) 15 (23) 50 (77)

n (%)
Therapies used within 6 months of antibody testing

Immunomodulatory 31 (43) 18 (47) 13 (38) 10 (53) 21 (40) 1(33) 30 (43) 8 (50) 23 (41)

drugs*, n (%) yes

Immunosuppressant 4 (6) 3(8) 103) 1(5) 3 (6) 0 (0) 4 (6) 1(6) 30

drugs*, n (%) yes

Long-term steroids, 4 (6) 3(8) 13) 1(5 3(6) 0 (0) 4 (6) 2(13) 24)

n (%) yes
Progression and follow-up of patients with pathologically confirmed demyelinating disease

EDSS at last follow-up, 3.0(1.5-4.0) 3.0(1.5-4.0) 3.0(2.0-3.5) 3.0(1.5-4.0) 3.0(1.8-3.5) 1.0(0.0-2.0) 3.0(1.8-4.0) 2.0(1.0-3.8) 3.0(2.0-4.0)

median (IQR)

Years from disease 4.4(2.1-8.8) 4.5(2.2-8.6) 4.2(2.0-9.9) 5.7(3.5-11.2) 3.9(1.8-7.5) 4.5(3.9-14.1) 4.4(2.0-8.6) 5.6(3.1-12.3) 4.2(1.9-7.8)

onset to antibody
testing, median (IQR)

*Immunomodulatory drugs include interferon-f 1a and 1b and glatiramer acetate. Immunosuppressant drugs include azathioprine, methotrexate, mitoxantrone and
cyclophosphamide. Only one patient received acute steroids at the time of blood draw. Within six months of antibody testing, three patients received plasmapheresis. Acute
steroids include oral prednisone and/or intravenous methylprednisolone.
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Patients whose biopsies were sent in from other
institutions occasionally lacked an indication for
biopsy, but most underwent biopsy to exclude
tumour. Some biopsies were performed to exclude
vasculitis or infection. Clinical course and treat-
ments were similar (all P-values >0.22) for seropo-
sitive and negative MS patients tested by both
Western blot and ELISA analysis (Table 1). Patients
with IDS had similar frequencies of anti-MOG
antibodies by both Western blot and ELISA, com-
pared to patients with definite or probable MS
(P >0.70) at last follow-up.

Patients seropositive for MOG IgG (by Western
blot only) had a longer disease duration prior to
antibody testing (median 5.7 versus 3.9 years, P =
0.05) compared with seronegative patients. By
ELISA, patients seropositive for MOG IgG had mar-
ginally longer disease duration prior to antibody
testing (median 5.6 versus 4.2 years, P=0.12),
although this relationship did not reach statistical
significance. There was no correlation between dis-
ease duration prior to antibody testing for MOG IgM
(P >0.40). Disease severity (EDSS) was also similar
for seropositive and negative patients (P >0.10,
Table 1) for all tests except MOG IgM (ELISA only),
where seropositive patients had a lower EDSS (med-
ian 1.0 versus 3.0, P=0.04). However, only three
patients were seropositive for MOG IgM by ELISA.

Immunopathology, HLA DR status and MOG
antibody status

The median delay from the time of biopsy to time
of blood draw (MOG antibody testing) was 3.1 years
(IQR 1.4-7.1). Immunopathological classification
revealed 12 pattern I, 43 pattern II and 17 pattern
III. There were no pattern IV identified. Although 3
of 72 patients were seropositive for MOG IgM
(ELISA) and all 3 had pattern II lesions, there were
no statistically significant associations found
between MOG antibody status by Western blot
(Figure 2) or ELISA (Figure 3, Table 2) and IP.

There was a trend for an association between
MOG IgM seropositivity (by Western blot only) and
the presence of HLA DR2 (P=0.09), but this
relationship was not observed by ELISA testing
(Table 3). As there were only six patients with two
copies of the HLA DR2 allele, there was not
sufficient power to assess the relationship of any
of the antibodies tested and HLA DR2 heterozygos-
ity or homozygosity.

Plasmapheresis and MOG antibody status
Nine patients received plasmapheresis during their

clinical course for acute disabling attacks. MOG IgG

http://msj.sagepub.com
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or IgM seropositivity was not associated with
plasmapheresis response. Antibody status as deter-
mined by Western blot or ELISA, response to
treatment and associated treatments at time of
antibody testing are presented in Table 4.

Correlation of Western blot and ELISA determined
MOG antibody status

MOG IgG

Western blot analysis identified 19 seropositive and
53 seronegative patients. Of the 19 patients sero-
positive by Western blot, 13 were seronegative by
ELISA and 10 of the 53 seronegative by Western
blot were seropositive by ELISA. A low kappa (0.07)
indicated very poor agreement.

MOG IgM

Western blot analysis identified 38 seropositive
patients and 34 seronegative. Of the 38 patients
identified as seropositive by Western blot, 35 were
seronegative by ELISA and O of the 34 patients
seronegative by Western blot were seropositive by
ELISA. A low kappa (0.13) indicated very poor
agreement.

Stability over time (n=4)

Serial blood draws at three-month intervals were
collected in four RRMS patients beginning 9-22
months after their initial attack. No patients were
seropositive for either IgM or IgG by ELISA. Fluctua-
tions in antibody status in three of the four patients
(as measured by Western blot) over time are shown
in Figure 4. Patients 1 and 3 had no interval
exacerbations and received no immunosuppressant
medications (except for interferon-f) during the
testing period. Patient 2 had several interval ex-
acerbations and received steroid medications in
addition to interferon-p during the testing period.
Patient 4 had a single exacerbation at the time of
the third serial testing and was receiving chronic
immunosuppressant therapy with mitoxantrone.

Discussion

The frequency of anti-MOG IgG in the biopsy MS
cohort (26%, by Western blot) is similar to that of
non-biopsied MS patients (38%) [4]. Prior studies
have shown higher MOG antibody seropositivity by
Western blot, compared to ELISA [3-5,25]. In our
study, 22% of biopsied MS patients were positive for
MOG IgG by ELISA, a similar frequency to that

Multiple Sclerosis 2007; 13: 7—-16

Downloaded from http:/msj.sagepub.com at Bibliothek der MUW on February 8, 2008
© 2007 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://msj.sagepub.com/

12§ Pittock et al.

100
Il

80
Il

positive (%)

I

© I i
Anti-MOG 1gG Anti-MOG IgM

IP Class

Figure 2 Western blot data for patterns Il

Gfﬂ
< |
o
w
= w w
S «~ 7 o
=)
=]
(0]
=
8 o
= ¥ -
= 3
< 3
<
[ta] ¥
e i i
w o w | e
o §
Qo
o
o
@
20 |lecccccccccncccanae TR o
s 3
8 %
o
2 2 "
o]
o
=
E %
<< <&
< ¥
Doy | E
o =
%
o |
o

IP class

Figure 3 ELISA data for patterns I-Ill.

Muiltiple Sclerosis 2007; 13: 7-16 http://msj.sagepub.com

Downloaded from http:/msj.sagepub.com at Bibliothek der MUW on February 8, 2008
© 2007 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://msj.sagepub.com/

Table 2 Antibody status of different IPs

Anti-MOG antibodies in MS 13

Immunopathological classification

Pattern type (n, number of patients) Total* (n=72) 1 (n=12) Il (n=43) Nn=17) P value

MOG IgM blot results (%) 0.23
— 34 (47) 3 (25) 23 (53) 8 (47)
+ 38 (53) 9 (75) 20 (47) 9 (53)

MOG IgG blot results (%) 0.61
- 53 (74) 9 (75) 33(77) 11 (65)
+ 19 (26) 3 (25) 10 (23) 6 (35)

MOG IgM ELISA results (%) 0.74
— (<1.3) 69 (96) 12 (100) 40 (93) 17 (100)
+ (>1.3) 3(4) 0 (0) 3(@7) 0 (0)

MOG IgG ELISA results (%) 0.53
— (<0.6) 56 (78) 8 (67) 35 (81) 13 (76)
+ (>0.6) 16 (22) 4 (33) 8 (19) 4 (24)

*72 patients had active lesions, which were classified into patterns I-lll; no pattern IV were identified

reported in an Italian MS cohort (13.7%), but a
lower frequency than that obtained in Austrian MS
patients (35%) using the same methodology [10].
Lower frequencies of antimyelin antibodies have
been reported by Lampasona et al., who found anti-
MOG IgG seropositivity in only 6% of MS patients
using a liquid-phase radiobinding assay [9]. MOG
IgM determined by Western blot was present in 53%
of our biopsied MS patients, a similar frequency to
that reported for 261 MS patients in Austria [5].
There was again a discrepancy between frequencies
of MOG IgM seropositive patients by Western blot
(83%) compared with ELISA (4%). This finding
could reflect our recent observation that most of
the MOG antibodies detected by immunoblot assays
are directed against linear MOG epitopes, which are
only partially exposed on the surface of myelin [26].
In contrast, anti-MOG antibodies measured by
ELISA are directed against both linear and confor-
mational epitopes [26].

The discrepancies between Western blot and
ELISA antibody results, the different frequencies of
MOG antibodies between studies and their high

frequency in other neurological and non-neurolo-
gical conditions raise questions regarding the sen-
sitivity and specificity of this antibody for MS.
Investigators cite technical differences in antigen
preparation (denatured MOG for Western blot and
soluble, refolded MOG for ELISA) and antibody
determination as possible reasons for these discre-
pancies. This underscores the need for methodolo-
gical consensus for the detection of these
antibodies.

Recently Berger et al. suggested that MOG IgM
antibodies (by Western blot) were predictors of
development of MS in patients with clinically
isolated syndromes [12]. However, in our study,
patients who remained classified as IDS at last
follow-up had similar frequencies of MOG antibo-
dies (by Western blot) compared with patients that
developed MS over a similar follow-up period. Thus,
patients with pathologically proven demyelinating
disease had a high frequency of anti-MOG anti-
bodies (by Western blot) regardless of whether they
developed MS or remained clinically isolated over a
median of 4.4 years follow-up. As antibody testing

Table 3 Association of MOG antibodies and HLA DR 2 carrier status

HLA DR 2 carrier

Pattern type (n =number of patients) Total (n =69) Yes (n=37) No (n=32) P value
MOG IgM blot results (%) 0.09
- 33 14 (42) 19 (58)
+ 36 23 (64) 13 (36)
MOG IgG blot results (%) 0.59
— 50 28 (56) 22 (44)
+ 19 9 (47) 10 (53)
MOG IgM ELISA results (%) 0.24
—(<1.3) 66 34 (52) 32 (48)
+ (>1.3) 3 3 (100) 0 (0)
MOG IgG ELISA results (%) 0.57
—(<0.6) 53 27 (51) 26 (49)
+ (0.6) 16 10 (62) 6 (38)
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Table 4 Clinical and serological characteristics of patients treated with plasmapheresis for steroid-resistant disabling exacerbations
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Plasmapheresis PLEX; ABC drugs, immunomodulatory drugs include interferon-p 1a and b and glatiramer acetate; Ab, antibody

was performed a median 4.4 years after disease
onset, this group of patients differ from those
described by Berger et al., in whom MOG antibody
status was analysed at disease presentation follow-
ing a clinically isolated syndrome in the setting of
MRI dissemination. Thus the role of MOG anti-
bodies as a prognostic marker following disease
presentation cannot be addressed in this study.
Nonetheless, a recent study on a CIS cohort with
samples taken at baseline also failed to detect an
association of anti-MOG antibodies with conver-
sion to CDMS [13].

In this study, MOG IgG (by both methodologies)
and MOG IgM (by Western blot) were not related to
disease severity or clinical course. Although the
three patients seropositive for MOG IgM (by ELISA)
had a lower EDSS than seronegative patients, it is
not possible to draw conclusions given the low
numbers of seropositive patients and the multiple
statistical comparisons. Patients with a longer
duration of disease at the time of antibody testing
were more likely to have anti-MOG IgG, although
this was not the case for anti-MOG IgM. Thus
patients may tend to convert from seronegative to

Anti Myelin antibody status
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Figure 4 Anti-MOG antibody status (by Western blot) on
serial evaluations in four RRMS patients.
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seropositive for MOG IgG as disease duration
increases.

Despite reports of MOG IgG inducing demyelina-
tion in T-cell-mediated experimental autoimmune
encephalomyelitis (EAE), and the identification of
autoantibodies against myelin in the marmoset
model of EAE and acute MS lesions, their pathogenic
role in MS is uncertain [27,28]. Experimental studies
have shown that the selection for an antibody
response against the demyelinating conformational
MOG epitope is under genetic control of the MHC
region [7]. This control appears to be mediated not
by the HLA-antigen themselves, but by proteins that
are homologous to MOG and are encoded within
the MHC. In this study we found no association
between HLA DR-2 status and MOG antibodies
measured by either Western blot or ELISA. Although
there is profound linkage disequilibrium within the
MHC region, testing for HLA-DR genotype may be
insufficient to detect a genetic influence on MOG
antibody reactivity in a small sample of patients, as
was the case in this study.

Our study also did not find any association
between antibody status and IP, arguing against a
pathogenic role in MS for the autoantibodies to
bacterially produced human recombinant MOG
measured in this study. Although all three patients
seropositive for MOG IgM by ELISA had pattern II
lesions, this was not statistically significant (though
likely underpowered). The absence of an association
in this study between MOG antibodies recognizing
linear MOG epitopes (measured by Western blot)
with MS IPs may in part be explained by their
limited ability to induce demyelination in vivo
[6,29]. The anti-MOG antibodies measured by ELISA
in this study are directed against soluble, refolded
MOG produced in Escherichia coli, which lacks the
correct membrane topology and glycosylation.
These factors are considered crucial for a pathogenic
role of MOG antibodies [8,30,31]. Furthermore,
only a small fraction of anti-MOG antibodies are
directed against a conformational epitope of this
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molecule and can mediate demyelination in vivo
and in vitro [6,29,32,33]. A recent study revealed
that only anti-MOG antibodies that are found in MS
lesions have high affinity to their antigen, whereas
serum and CSF antibodies to MOG are low-affinity
antibodies [11]. It will be important for future
studies to analyse these particular MOG antibodies
in relation to the patterns of demyelination.

Keegan et al. recently showed that patients with
MS with pattern II pathology are more likely to
respond favourably to TPE than are patients with
patterns I or III [17]. Few reports exist regarding
myelin antibody status and response to therapy.
One small study suggested that patients with acute
severe attacks of other CNS demyelinating diseases
(eg, neuromyelitis optica, Marburg variant and
acute transverse myelitis) may be more commonly
seropositive for anti-MOG IgG than MS patients. A
trend in that study suggested that patients with
MOG IgG seropositivity may be more likely to
respond favourably to TPE than seronegative pa-
tients [34]. In this study, we found no association
between MOG antibody status and response to TPE
for an acute severe attack of MS, though any
meaningful interpretation of the data is limited by
the small sample size and the delay between TPE
and MOG antibody testing (median of 4.2 years).

A further limitation of this study is the delay
between time of biopsy and blood draw for anti-
body testing (median 3.1 years). In addition, the
fluctuations in MOG antibody status measured by
Western blot in three of four RRMS patients with
serial testing raise questions regarding the stability
of this biomarker. These fluctuations could not be
explained based on concomitant use of immuno-
suppressive or immunomodulatory drugs. None-
theless, the effect of immunomodulatory or
immunosuppressant medications and clinical and
subclinical disease activity on antibody status needs
consideration when making clinicopathological
and serological correlations.

The lack of agreement between Western Blot and
ELISA methodologies underscores the need for
methodological consensus for anti-MOG antibody
measurement. Recent results of a first multicentre
validation of methods used for anti-MOG antibody
measurement have shown inconsistent results, as
was the case in the present study (M Reindl and T
Berger, unpublished). Until there is a consensus on
what exactly is being measured and the optimal
methodology to use (ELISA or Western blot), it will
be difficult to make any meaningful interpretation
of the pathophysiological, clinical or predictive
relevance of these antibodies in MS.

The results of this study clearly indicate that the
antigen and methods used were not reliable to
detect anti-MOG antibodies correlating with MS
pathology. Therefore optimized methods using
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correctly folded and glycosylated human MOG as
an antigen have to be developed for the measure-
ment of these antibodies. Recent studies suggest
that increased serum levels of antibodies to cor-
rectly folded and glycosylated MOG could indeed
be detected in MS patients using mammalian cells
expressing human MOG on their surface [8,335].
Moreover, another recent study indicated the im-
portance of antibodies to oligodendrocyte surface
antigens in MS [36]. Other candidate targets on the
myelin surface also need to be considered, includ-
ing the recently reported aquaporin 4 water chan-
nel protein associated with neuromyelitis optica
[37,38].

As the immunopathological characteristics and
reported preferential plasmapheresis response asso-
ciated with pattern II lesions suggest a pathogenic
role for antibody-mediated demyelination in a
subset of MS patients, it will be important to
measure these in our MS biopsy cohort.
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