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ABSTRACT

We have studied the clinical picture of anti-aquaporin antibody (AQP4-Ab)– and anti-myelin oligodendrocyte
glycoprotein antibody (MOG-Ab)–positive optic neuritis. However, optic neuritis associated with MOG-Abs
has not been elucidated using new methods such as cell-based assay. Hence, we conducted a comprehensive
investigation on its clinical profile. Serum samples from 70 patients (17 males and 53 females, mean age 43.1
years) with optic neuritis were tested for MOG-Abs by cell-based assay. In MOG-Ab seropositive patients, the
disease type, recurrence status, and visual function outcome were analysed. Among 70 patients, 18 were MOG-
Ab seropositive. The 18 patients comprised 2 with chronic relapsing inflammatory optic neuropathy, 2 with
AQP4-Ab seropositive optic neuritis (neuromyelitis optica), 12 with idiopathic optic neuritis, and 2 with optic
neuritis associated with multiple sclerosis. Excluding two cases that were also AQP4-Ab seropositive, MOG-Ab
seropositive cases had relatively favourable visual acuity outcome (although not significantly different from
seronegative cases) but had significant residual visual field deficit (p = 0.0015). Furthermore, the number of
relapses of optic neuritis per year was significantly greater in MOG-Ab seropositive cases than in seronegative
cases (0.82 vs. 0.40; p = 0.0005). MOG-Abs may contribute to the heterogeneous clinical picture of optic neuritis,
and although visual acuity outcome is favourable, there is a tendency of residual visual field deficit and a
possibility of repeated relapses.
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INTRODUCTION

Optic neuritis (ON) has diverse pathogenesis and a
broad clinical spectrum ranging from spontaneous
remission without treatment to disorders with poor
prognosis, such as neuromyelitis optica (NMO) with
acute onset and repeated relapses resulting in vision
loss.1 In 1999, Wingerchuk et al.2 broadened the
clinical criteria for diagnosing NMO to include any
of the following: unilateral optic neuritis, any interval
between the first events of optic neuritis and myelitis,
and a relapsing course. In recent years, the relation-
ship between anti-aquaporin 4 antibodies (AQP4-Abs)

and neuromyelitis optica has been elucidated and
treatment protocols have been established.3,4 In acute-
phase treatment of NMO, it is important to induce
remission of NMO by intravenous methylpredniso-
lone therapy to reduce inflammation followed by
plasmapheresis to remove the antibodies. AQP4
molecules are known to be present on astrocytes, a
type of glial cells present in the central nervous
system. As a rationale for the above treatment
regimen, the specific antibodies are speculated to
prevent binding of AQP4 molecules on astrocytes,
which mediates complement fixation reaction and
ultimately cell death. NMO consists of AQP4-Ab
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seropositive cases with poor prognosis, and other
cases with relatively favourable prognosis that recur
repeatedly.5 Recent studies have shown that among
AQP4-Ab seronegative ON cases with relatively
good prognosis but repeated relapses, some are
seropositive for myelin oligodendrocyte glycoprotein
(MOG) antibodies.6,7 In addition, MOG is known to
be a causative protein of experimental autoimmune
encephalitis (EAE).8 MOG derived from oligodendro-
cytes induces ON in mouse, suggesting that MOG
antigen may be a cause of multiple sclerosis–
associated ON. Furthermore, high MOG-Ab titre
has been detected predominantly in patients with
recurrent ON.7 We have previously reported that
concomitant presence of MOG-Abs in AQP4-Ab
seropositive optic neuritis is associated with severe
visual function impairment. However, MOG-Ab
seropositive optic neuritis has not been elucidated
using new methods such as cell-based assay.
Therefore, we conducted a comprehensive investiga-
tion of the clinical profile of MOG-Ab–associated
optic neuritis.

MATERIALS AND METHODS

A total of 70 patients who presented with optic
neuritis at the Department of Ophthalmology of
Tokyo Medical University between January 2008 and
December 2013 were studied. The mean observation
period was 2.8 ± 1.1 years (1.5–5 years). The subjects
comprised 17 males and 53 females with ages
ranging from 15 to 83 years (mean: 43.1 years).
Serum samples were collected and MOG-Abs in
serum were measured in all the patients before
initiation of treatment. MOG-Abs were measured by
a cell-based assay at Kanazawa Medical University
by an investigator blinded to the clinical information
of the patients.

We retrospectively reviewed the medical records
of MOG-Ab seropositive patients with respect to
disease type, recurrence status, visual acuity before
and after treatment, and status of visual field
impairment.

Magnetic resonance imaging (MRI) with short T1
inversion recovery (STIR) sequence or T2-weighted fat
suppressed coronal and sagittal images were used for
the diagnosis and evaluation of the acute phase of
optic neuritis. Chronic relapsing inflammatory optic
neuropathy (CRION) was diagnosed according to
Kidd et al..9 Multiple sclerosis was diagnosed accord-
ing to the McDonald criteria revised in 2005.10

Neuromyelitis optica was diagnosed according to
Wingerchuk criteria.1,2

Visual field was measured by Goldmann kinetic
perimeter at the last follow-up. Residual visual deficit
was defined as the presence of any of the visual field
deficit observed at disease onset.

Antibody Assays

MOG-Abs were measured using a cell-based assay
according to the method described previously.11 A full-
length human MOG cDNA expression vector (a kind
gift from Dr. M. Reindl, Innsbruck Medical University,
Innsbruck, Austria) was transfected into human
embryonic kidney (HEK) 293 cells using
Lipofectamine reagent (Invitrogen Japan, Tokyo,
Japan). Cell cultures were maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10%
fetal calf serum. Twelve hours after transfection, the
HEK cells were fixed in 4% paraformaldehyde in 0.1 M
phosphate-buffered saline (PBS; pH 7.4) for 20 min-
utes. Non-specific binding was blocked with 10% goat
serum/PBS. Thereafter, the cells were incubated with
patient sera diluted 1:10 in 0.02% Triton X-100/10%
goat serum in PBS for 1 hour at room temperature
followed by fluorescein isothiocyanate–
conjugated anti-human immunoglobulin G (IgG; dilu-
tion, 1:50; Dako Denmark, Glostrup, Denmark) for 1
hour. SlowFade Gold anti-fade reagent (Invitrogen)
was then applied to the slides, which were mounted
and observed using a fluorescence microscope
(AxioVision; Carl Zeiss Microscopy, Jena, Germany).
The presence of green fluorescence on the cells was
scored as MOG-Ab seropositive.

Serum anti-AQP4 IgG antibody levels were mea-
sured by a previously reported indirect immunofluor-
escence assay using HEK-293 cells transfected with an
expression vector containing full-length human
AQP4 cDNA.12

Measurements of MOG-Abs and anti-AQP4 anti-
bodies were conducted after obtaining informed
consent from the patients. This study was approved
by the Medical Research Ethical Committee of Tokyo
Medical University (Approval Nos. 1983, 1545).

Treatment of Optic Neuritis

For acute exacerbation of optic neuritis, patients were
treated with two courses of corticosteroid pulse
therapy, consisting of 1000 mg per day of methylpred-
nisolone administered intravenously for 3 days given
at a 1-week interval, followed by oral prednisone of
40–60 mg per day. Plasma exchange was performed by
double-filtration plasmapheresis (DFPP) and only in
patients who did not respond to pulse steroid therapy.
The therapeutic effect of DEPP was evaluated based
on pre- and post-treatment visual acuity and visual
field measured by a Goldmann kinetic perimeter.

Statistical Analyses

The numbers of relapses in MOG-Ab–positive
and–negative cases were compared using one-way
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analysis of variance (Wilcoxon/Kruskal-Wallis test,
chi-square approximation). Comparisons of visual
field improvement and visual acuity improvement
in MOG-Ab–positive and –negative cases were ana-
lysed using chi-square test followed by Fisher
exact test.

RESULTS

Disease Type

The disease types of all (70) patients were CRION in 2
patients, AQP4-Ab seropositive optic neuritis (neuro-
myelitis optica) in 13, idiopathic optic neuritis in 34,
and optic neuritis associated with multiple sclerosis in
21.

Eighteen of 70 patients (25.7%) were positive for
MOG-Abs. The 18 patients comprised 7 males and 11
females. The disease types of 18 MOG-Ab seropositive
patients were CRION in 2 patients, AQP4-Ab sero-
positive optic neuritis (neuromyelitis optica) in 2,
idiopathic optic neuritis in 12, and optic neuritis
associated with multiple sclerosis in 2. The disease
types and patient background are shown in Table 1.
Eight patients had bilateral optic neuritis (Nos. 1, 3, 4,
5, 11, 13, 16, and 17). In patients with bilateral optic
neuritis, we selected the more severe eye for evalu-
ation in the present study. Accordingly, the left eye
was studied in Nos. 1, 3, 4, 5, 13, 16, and 17, and the
right eye in No. 11 (Table 2).

Number of Relapses

The numbers of relapses in all the MOG-Ab seroposi-
tive patients were investigated. Case 4 experienced
8 relapses, which was the largest number of all
patients. The mean number of relapses per year was
0.40 in MOG-Ab seronegative patients and 0.82 in
seropositive patients, and was significantly greater in
MOG-Ab seropositive than in seronegative patients
(Figure 1).

Visual Outcome

Visual acuity and visual field deficit before and after
treatment in MOG-Ab seropositive patients were
analysed. In case 1 (CRION), visual acuity at disease
onset was light perception negative. Subsequently,
this case had 4 relapses. Although steroid pulse
therapy improved visual acuity to 20/13, visual field
deficit of enlarged Mariotte blind spot remained. All
patients, excluding cases 4 and 9, had visual acuity
improvement of two lines or more, but some kind of
visual field deficit remained in all patients. The visual
field at the time of acute exacerbation of optic neuritis
showed diverse patterns, including central scotoma,
paracentral scotoma, temporal field cut, and complete
visual field cut.

The relation between MOG-Ab status and visual
acuity improvement was analysed. In MOG-Ab sero-
positive patients, visual acuity did not improve in
only 2 patients, 1 with AQP4-Ab optic neuritis and 1
with idiopathic optic neuritis, whereas visual acuity
was improved in 16 of 18 patients (88.9%). In MOG-
Ab seronegative patients, visual acuity was improved
in 37 of 52 patients (71.2%) and was not significantly
difference from the seropositive group.

Next, the relation between MOG-Ab status and
visual field improvement was analysed. Visual field
deficit remained after treatment in 14 of 18 (77.8%)
MOG-Ab seropositive patients. In MOG-Ab seronega-
tive patients, visual field deficit remained after treat-
ment in 16 of 52 patients (30.8%). Comparing these
figures, residual visual field defect was significantly
more common in MOG-Ab seropositive patients
(p = 0.0015).

Representative Cases

Figures 2 and 3 show the results of visual field
measurements in a representative case (No. 17).
A 33-year-old man with multiple sclerosis presented
at our hospital because of decreased visual acuity
and visual field abnormality in both eyes.
Examination showed mild reddening of the optic
disc in both eyes. Visual field examination showed
central scotoma and nasal scotoma in the right eye
and temporal scotoma in the left eye (Figure 2).
Corrected visual acuity was 20/25 in the right eye
and 20/66 in the left eye. MRI revealed hyperinten-
sity in bilateral optic nerves. Optic neuritis associated
with multiple sclerosis was diagnosed. In the cell-
based assay for MOG-Abs, this case gave the
strongest antigen-antibody reaction among the
MOG-Ab seropositive cases. After steroid pulse
therapy, corrected visual acuity improved to 20/22
in the right eye and 20/33 in the left eye. Thereafter
the patient had 4 relapses. At each relapse, steroid
pulse therapy preserved visual acuity, but Goldmann

TABLE 1 Disease types of MOG-Ab seropositive cases.

Disease type

No. of MOG-Ab
seropositive
cases/No. of
all cases

Chronic relapsing inflammatory
optic neuropathy (CRION)

2/2

Neuromyelitis optica (NMO) 2/13
Idiopathic optic neuritis 12/34
Multiple sclerosis (MS)

with optic neuritis
2/21
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visual field test showed residual central scotoma in
the right eye and temporal field cut in the left eye
(Figure 3).

Figure 4 shows the visual field findings of the case
(No. 4) that had the largest number of relapses. A 48-
year-old woman had AQP4-Ab seropositive optic
neuritis (neuromyelitis optica). Corrected visual
acuity at onset was 20/500. She was treated with
steroid pulse therapy and plasmapheresis, but subse-
quently had a total of 8 relapses (seven times in the
left eye, once in the right eye). Visual field test at the
last follow-up showed residual visual field in only a
part of the inferior field (Figure 4), with corrected
visual acuity of 20/2000 in the left eye.

DISCUSSION

A recent study has recommended measurement of
MOG-Abs in patients with neuromyelitis optica
negative for anti-AQP4 antibodies considered to be
specific for neuromyelitis optica.13 In the present
study, MOG-Abs were positive in 18 of 70 patients
with optic neuritis. The disease types found in MOG-
Ab seropositive optic neuritis included CRION,
neuromyelitis optica, idiopathic optic neuritis, and
multiple sclerosis. Among them, idiopathic optic
neuritis was the prominent type. Other report has
also indicated that patients with MOG-Ab–positive
neuromyelitis optica or neuromyelitis optica spectrum
disorder tend to relapse.14 On the other hand, MOG-
Abs are also found in multiple sclerosis patients,
although the titres are low. In our series, MOG-Abs
were positive in two cases of optic neuritis associated
with multiple sclerosis. The disease with the largest
number of MOG-Ab–positive cases was idiopathic
optic neuritis. We also observed that MOG-Abs were
not detected in anterior ischaemic optic neuropathy,
suggesting a weak association of MOG-Abs with non-
inflammatory ocular disease (data not shown). In
addition, high MOG-Ab titres have been reported to
be prominently detected in patients with recurrent
optic neuritis.7 Case 17 in our series was strongly
positive for MOG-Abs, and this case had 4 relapses
with residual visual field deficit. Furthermore, in our
previous report, cases double positive for MOG-Abs
and AQP4-Abs were particularly refractory to treat-
ment, progressed rapidly, and tended to become
resistant to treatment.6 Case 4 in the present series
was positive for both MOG-Abs and AQP4-Abs. In
this case, despite courses of treatments, optic neuritis

TABLE 2 Summary of individual MOG-Ab seropositive cases.

Case no. Age Gender Disease
Vision

improvement Relapse
Visual field

deficit Ocular pain
Bilateral/
unilateral

1 26 F CRION + 4 + � B
2 30 M CRION + 4 + � U(R)
3 41 F NMO + 4 + � B
4 48 F NMO � 8 + � B
5 28 F Idiopathic optic neuritis + 2 + � B
6 39 F Idiopathic optic neuritis + 1 + � U(R)
7 52 F Idiopathic optic neuritis + 2 + � U(L)
8 42 F Idiopathic optic neuritis + 2 + � U(L)
9 64 F Idiopathic optic neuritis � 2 + � U(R)

10 50 F Idiopathic optic neuritis + 1 � � U(L)
11 51 M Idiopathic optic neuritis + 2 � + B
12 30 F Idiopathic optic neuritis + 1 � + U(R)
13 43 M Idiopathic optic neuritis + 1 � + B
14 18 F Idiopathic optic neuritis + 1 + � U(L)
15 52 M Idiopathic optic neuritis + 1 + + U(R)
16 51 M Idiopathic optic neuritis + 2 + � B
17 33 M MS with optic neuritis + 4 + � B
18 48 M MS with optic neuritis + 1 + + U(L)

CRION = chronic relapsing inflammatory optic neuropathy; NMO = neuromyelitis optica; MS = multiple sclerosis; B = bilateral;
U = unilateral; R = right; L = left.

FIGURE 1 Analysis of the number of relapses per year. The
number of relapses per year was significantly greater in MOG-
Ab seropositive cases than in seronegative cases (p50.05 by
Wilcoxon/Kruskal-Wallis test, chi-square approximation).
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recurred repeatedly with residual visual field deficit
resulting in no improvement in visual acuity.

MOG-Abs are a marker of demyelination in the
central nervous system and not an indicator of
astrocyte damage.11,15 MOG-Ab seropositive optic
neuritis probably involves demyelination between
the optic nerve and optic tract, which responds well
to a sequence of early treatment resulting in improve-
ment of central visual field but leaving residual
peripheral visual field deficits. If regeneration of the
damaged myelin sheath occurs, nervous function

would recover with improvement of symptoms.
However, when demyelination occurs repeatedly,
delay in treatment may lead to axonal damage, and
improvement in symptoms cannot be expected. In our
series also, a significant number of cases had some
kinds of residual visual field deficit.

The clinical characteristics of MOG-Ab seropositive
optic neuritis include widespread involvement of the
optic nerve and damages extending from the optic
chiasma to the optic tract, which are similar to those of
AQP4-Ab seropositive optic neuritis. Clinically, this

FIGURE 3 Case 17: Goldmann visual field of the left eye (a) and right eye (b) at the last follow-up. After the initial onset, the lesion
recurred four times, and was treated with steroid pulse therapy every time. Visual field test at the last follow-up showed temporal
field cut remaining in the left eye (a), and central scotoma remaining in the right eye (b). Corrected visual acuity was 20/22 in the right
eye and 20/33 in the left eye, with improvement of 2 lines or more, which has been maintained until the present.

FIGURE 2 Case 17: Goldmann visual field in left eye (a) and right eye (b) at initial onset. Pre-treatment visual field test showed
scotoma from the centre to temporal side in the left eye (a), and central scotoma and nasal scotoma in the right eye (b). Corrected
visual acuity was 20/66 in the left eye and 20/25 in the right eye.
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disease responds to high-dose steroid therapy, but
although visual acuity outcome is relatively good,
visual field deficits remain, and the lesions tend to
recur. This clinical picture suggests that MOG-Ab
seropositive disease resembles CRION.

In recent studies, MOG-Abs are measured com-
monly by cell-based assays.2,6,13,16–19 Generally, meas-
urement by enzyme-linked immunosorbent assay
(ELISA) is influenced by the quantity and property
of the protein, which may result in poor quantification
and inadequate specificity. On the other hand, cell-
based assay is performed by immunohistochemical
staining and antigen-antibody reaction can be
observed as fluorescence or coloration under a micro-
scope, allowing confirmation of the presence of MOG-
Abs. For this reason, we used a cell-based assay in the
present study.

In this report and our recent report,19 we identified
two cases double positive for MOG-Abs and anti-
AQP4 antibodies. In our past study of 23 cases of optic
neuritis, in which we used ELISA to measure MOG-
Abs, the positive rates for both MOG-Abs and anti-
AQP4 antibodies were higher than the results
obtained from cell-based assays, due to false-positive
results from ELISA.6 However, regardless of the
method of measurement, double-positive cases were
found to have significantly poorer visual outcome,
suggesting that anti-AQP4 antibodies and MOG-Abs
may indicate the prognosis of visual function in optic
neuritis. A recent study has reported that MOG-Ab
seropositive patients tend to relapse but respond to
treatment better than AQP4-Ab seropositive optic
neuritis.6 Cases positive for MOG-Abs detected by
ELISA tend to relapse, have residual visual field
deficit, and respond to treatment.

At present, the methods of determining MOG-Abs
by cell-based assay have been gradually consolidated
in several research groups. Therefore, a standardized
method of measuring MOG-Abs should select the cell-
based assay in the future.

MOG-Ab seropositive optic neuritis responds to
high-dose steroid therapy and plasmapheresis.15 For
AQP4-Ab seropositive cases, since steroid resistance is
common, usually two courses of steroid pulse therapy
are given, and if visual acuity or visual field does not
improve, plasmapheresis is conducted.20 However,
for treatment of neuromyelitis optica, regardless of
whether the case is AQP4-Ab seropositive or MOG-
Ab seropositive, initial treatment with high-dose
steroid therapy is important. Although the patho-
physiology of MOG-Abs is unknown, it is clear
that the choice of anti-inflammatory and antibody-
eliminating treatments is important for optic neuritis.
Therefore, in the case of acute onset of optic neuritis,
initiating treatment without waiting for the result of
MOG-Ab test is appropriate, and clinical diagnosis
and characteristic MRI findings become important. In
our series, early high-dose steroid therapy and DFPP
for acute exacerbation of MOG-Ab seropositive optic
neuritis resulted in significant improvement of visual
acuity by 2 lines or more in many patients. Therefore,
the status of MOG-Abs is highly relevant in deciding
treatment strategy and visual outcome.
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FIGURE 4 Case 4: Goldmann visual field of the left eye at initial onset (a) and at the last follow-up (b). After the initial onset, the
patient had 8 subsequent relapses. At onset, widespread temporal field cut was observed (a), and corrected visual acuity was 20/500.
Steroid pulse therapy and plasmapheresis were conducted at every relapse. Visual field test at the last follow-up showed residual
visual field in only a part of the inferior field, and corrected visual acuity was 20/2000.
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