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ABSTRACT

Background: The absence of Aquaporin-4 Antibody (AQP4-Ab) in a fraction of the Neuromyelitis
Optica Spectrum Disorder (NMOSD) patients has led to a search for other serologic markers. Myelin
Oligodendrocyte Glycoprotein (MOG) is a protein component of the myelin sheets encapsulating
the neural fibers.

Objectives: We aimed to compare the presence and levels of anti-MOG (Ig-G) in a group of
seronegative NMOSD patients with a healthy control group.

Materials & Methods: In this cross-sectional study, 30 NMOSD patients with negative AQP-Ab
status, who were referred to the Neurology Clinic of Kashani University Hospital in Isfahan City,
Iran, from March 2015 to March 2016, and 26 healthy controls were consecutively recruited. Their
baseline demographic and clinical data were recorded. Serum anti-MOG levels were measured in
both groups. The obtained data were analyzed using the Student t-test, Mann-Whitney U, and Chi-
square test in SPSS V. 18.

Results: The anti-MOG test results were statistically higher in patients (n=12, 37.5%) compared
to controls (n=0, 0%) (P<0.0001). The level of anti-MOG in Healthy Control (HC) was higher
compared to patients with negative anti-MOG (P<0.0001) and was lower than patients with positive
anti-MOG (P<0.0001).

Conclusion: Our study showed that nearly one-third of seronegative NMOSD patients were positive
for MOG-Ab. Further studies are needed to assess the characteristics and outcome of these patients.
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® Near one third of seronegative Neuromyelitisoptica Spectrum Disorder (NMOSD) patients were positive for My-

elin Oligodendrocyte Glycoprotein (MOG)-Ab.

® The anti-MOG antibodies were higher in seronegative NMOSD patients for AQP4-IgG compared to the healthy control.

Introduction

euromyelitis Optica Spectrum Disorder

(NMOSD) is a demyelinating autoim-

mune disorder associated with optic neu-

ritis and acute myelitis involving multiple

spinal levels. Although the (AQP4-Ab
also known as NMO-IgQ) is positive in most NMOSD
patients, there are patients with negative serology for
NMO-IgG. The absence of NMO-IgG in 10% to 40% of
the NMOSD patients prompts the search for other sero-
logic markers in this disease [1].

A candidate target for such investigation is the Myelin
Oligodendrocyte Glycoprotein (MOG) [2]. MOG is a
protein component of the myelin sheets encapsulating
the neural fibers. MOG is found exclusively in the cen-
tral nervous system, highlighting its possible role in trig-
gering the autoimmune responses in the brain and spinal
cord while sparing the peripheral neural structures. Anti-
MOG antibodies are found in a fraction of the patients
diagnosed with NMOSD, most frequently in AQP-Ab
seronegative patients [3]. Autoimmune diseases are best
treated when the correct diagnosis is achieved early dur-
ing the illness, and proper medications are administered.
Therefore, finding serologic markers that guide the diag-
nosis process is of interest. Accordingly, in the present
study, we assessed the presence of anti-MOG antibod-
ies in a group of NMOSD patients with negative results
for NMO-IgG and compared the measured levels with a
healthy control group.

Materials and Methods

Study design

In this study, NMOSD patients with established nega-
tive results for NMO-IgG referred to the Neurology Clin-
ic of Kashani University Hospital in Isfahan City, Iran,
were consecutively enrolled in the study from March
2015 to March 2016. All patients were previously diag-
nosed as NMOSD cases according to international con-
sensus diagnostic criteria in 2015 [4]. All patients were

assessed with two neurologists with a specialist in Cen-
tral Nervous System (CNS) Acute Disseminated Enceph-
alomyelitis (ADEM) Vahid Shaygannejad and Fereshteh
Ashtari in each patient, the NMOSD patients were en-
rolled in the study. Healthy controls, matched for age and
sex, were also randomly enrolled in the study. Healthy
controls were selected from the general population. They
were caregivers of other patients with no history of neu-
rological or autoimmune disorders. Any ambiguity re-
garding the confirmation of patients’ diagnosis, presence
of other neurologic or muscular disorders, any history of
head or spine injuries, and recent immunosuppressant
therapy were defined as the exclusion criteria. To calcu-
late the sample size, we used the equation to compare two
means with a type I error of 1.96 and power of 0.84. We
assess the previous study to determine the assumptions
in two groups [5]. The sample size was calculated as at
least 30 participants in each group. Informed consent was
taken from all patients at the time of enrollment.

Data collection

Demographic and baseline data, including age, dura-
tion of the disease, initial symptoms of the disease, and
MRI findings, were collected from all patients. Brain
sequences included axial Posterior Duplication (PD),
T2W, T2-FLAIR, contrast-enhanced-T1W, and PD. The
following spine sequences were acquired: sagittal T2W,
STIR, contrast-enhanced T1W, axial T2W, and contrast-
enhanced T1W. Disease severity level and clinical dis-
ability were assessed in patients using the Extended
Disability Status Scale (EDSS). The negative NMO-IgG
status of the patients was also double-checked for all of
the enrolled patients.

All patients and controls were then subjected to a ses-
sion of venous blood sampling. The samples were tested
for anti-MOG levels using the SensoLyte® Anti-Human
MOG (1-125) Human quantitative ELISA Kit (AnaSpec,
Fremont, CA, USA).
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Data analysis

The obtained data were analyzed using the SPSS (ver-
sion 18.0, Chicago, IL, USA). The categorical data were
reported by using frequency reporting measures. The
Student t-test was used to compare the quantitative data.
When our sample data were not normally distributed,
a non-parametric (Mann-Whitney U) test was used in-
stead. The Chi-square test was used to assess the signifi-
cance of differences between the categorical data. The
correlations between data sets were investigated using
the Pearson correlation coefficient. We defined r <0.5 as
mild to moderate correlation and r >0.5 as strong correla-
tion. The obtained data are represented as Mean+SD or
SEM, and statistical significance was defined as a two-
tailed P-value of less than 0.05.

Results

A total of 30 seronegative NMOSD patients for NMO-
Ab and 26 healthy controls were consecutively enrolled in
the study. The data of 4 healthy controls (from 30 subjects)
were missed and considered a dropout of the study. The
Mean+SD ages of the cases and controls were 32.9+7.7
and 33.948.7 years, respectively (P=0.356). Among cases
and controls, 71.9% and 73.3% of the patients were fe-
male, respectively (P=0.931). The MeantSD of EDSS
scores for the patients was 1.2+0.46, and the disease dura-
tion was 4.8+4.0.4 years. Among the patients, variables in
the disease profile were not significantly different.

The anti-MOG test results were positive in 37.5% (n=12)
and 0% (n= 0) of the patients and controls, respectively
(P<0.0001). The Mean+SEM values of the anti-MOG lev-
el of patients and controls were 966.5+201 and 524.4432.7
pg/ml, respectively; as shown in Figure 1, the difference
was statistically significant between the two groups (P =
0.047). The Mean+SEM value of anti-MOG level among
patients with positive anti-MOG results was 2034+1006.1
pg/ml, and the difference of anti-MOG levels was statisti-
cally significant (P<0.0001) compared to the control group
(Figure 2). Furthermore, the Mean+SEM value of anti-
MOG level among patients with a negative anti-MOG re-
sult was 2654230 pg/ml; patients with negative anti-MOG
results had significantly lower anti-MOG levels compared
to the control group (Figure 2) (P<0.001). Among the
patients, variables in the disease profile were not signifi-
cantly different between the anti-MOG positive and anti-
MOG negative groups; however, anti-MOG levels were
significantly (P<0.0001) different between the two patient
groups (Figure 2). Table 1 presents the disease profiles in
patients with positive and negative anti-MOG results.
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There was no significant correlation between the level
of anti-MOG and EDSS scores among patients (r=0.015,
P =0.9). Also, no significant correlation was found be-
tween the anti-MOG levels and disease duration among
patients (r=0.3, P=0.07).

Discussion

NMOSD correlation with NMO-IgG has been well estab-
lished in the literature; however, some patients have clini-
cal and radiologic findings of NMOSD without a positive
serology for NMO-IgG. It has also been reported that in
NMOSD patients, several autoantibodies are detectable,
including anti-PLP, anti-MBP, anti-S100 beta, and anti-
MOG [1, 2, 6]. However, anti-MOG stands out compared
to the rest [6]. In this study, we measured the level of an-
ti-MOG antibodies in a group of NMOSD patients with
confirmed negative serology for NMO-IgG. The MOG-Ab
was positive in a fraction (37.5%) of these cases, and its
level was significantly higher compared to both the patients
with negative MOG-AD serology and healthy controls.

In NMOSD patients, anti-MOG could be proven as a
secondary disease marker. However, MOG-Ab is also as-
sociated with other demyelinating diseases such as Acute
Disseminated Encephalomyelitis (ADEM) and pediatric
multiple sclerosis [7]. Unlike the NMO-IgG that was re-
ported to be higher only in NMOSD patients than MS
patients, elevated anti-MOG levels that were checked
by the ELISA method have been reported in both MS
and NMOSD patients without a significant difference by
Chen et al. [8]. However, Correale et al. measured MOG-
Ab using ELISPOT assays and reported a high frequency
of MOG-Ab among NMOSD patients [9].

The role of these antibodies in the pathogenesis of
NMOSD and other demyelinating autoimmune diseases
has been studied. Autoimmune diseases of the central
nervous system display a variety of symptoms, each dif-
ferent from the other. An NMO-IgG induced disease
involves females, while the anti-MOG-induced disease
has a higher male-to-female ratio. However, we did not
find a significant difference between males and females
in anti-MOG levels. MS patients are more often younger
than patients with other diseases such as NMO-IgG posi-
tive NMOSD or MOG-ab positive patients. However,
worse destructive events are observed among the anti-
MOG induced cases.

In contrast, the patients with an NMO-IgG induced
disease tend to have a worse prognosis regarding visual
acuity [10]. This could be due to longer axial lesions dur-
ing the acute phase of optic neuritis among NMO-IgG

St jad V, et al. Anti-MOG Status in AQP4-IgG Negative NMOSD. Caspian J Neurol Sci. 2021; 7(1):10-16.
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Table 1. Disease profiles for patients with positive or negative anti-MOG results

No. (%)/ MeantSD

Variable MOG-IgG MOG-IgG ¢ Healthy subjects P
(N=12) (N=18) (N=26)
Male 3(25) 5(30) 7(26.7)
Gender 0.8
Female 9(75) 13 (70) 19 (73.3)
Age 32.3t79 33.4+7.9 33.948.7 0.6
BMI 22.7£2.6 22.2+5 22.75+1.66 0.8
Age at onset 25.8+8.4 29.9+9.3 NA 0.3
Normal 8(58.3) 15 (83.3)
Brain MRI
lesions Few plaques 3(25) 3(16.7) NA 0.2
Many plaques 1(16.7) 0(0)
Normal 4(16.7) 1(5.5)
Spl'”‘i" il Small plagues 6 (50) 8 (44.5) NA 05
esions
LETM* 2(33.3) 9(50)
Optic neuritis 5(41.7) 8(44.4)
First Sensory/Motor 6 (50) 8 (44.4) NA 0.9
symptoms : ’
Bilateral ON and LETM 1(8.3) 2(11.2)
>3 9(71.4) 12 (66.6)
EDSS NA 0.6
<3 3(28.6) 6(33.3)
Disease duration 6.315.6 3.8+2.04 NA 0.1
Anti-MOG level (pg/ml) 2034 £1006.1 2651230 524.4+32.7 0.001

*LETM: Longitudinal Extensive Transverse Myelitis.

positive patients, which serves as a predictive factor for
a worse prognosis [11]. The differences involve the MRI
findings as well. When brain MRI of children with CNS
autoimmune diseases was compared based on their an-
ti-MOG status measured using live cell-based assays, it
was revealed that anti-MOG seropositive cases had fewer
periventricular demyelinating plaques and did not involve
corpus callosum [12, 13]. NMO-IgG negative, anti-MOG
positive NMOSD patients are younger and more men.
The disease is often monophasic and included simultane-
ous optic neuritis and myelitis compared to NMO-IgG se-
ropositive cases [14], while the relapse was more proba-
ble among the latter [15]. The anti-MOG-induced disease
is also reported to have a more benign pattern [14]. MRI
of the spinal cord lesions is less extended longitudinally in
comparison to the NMO-IgG positive patients.

On the other hand, Ramanathan et al. assessed patients
with positive cell-based assay anti-MOG and reported
anti-MOG induced bilateral optic neuritis is more likely
to be relapsing and responds well to long-term steroid
treatment [16]. The MRI findings between anti-MOG
positive and negative groups in our study were not sig-
nificantly different. Hamid et al. tested MOG-Ab by
cell-based assay and have reported more cortical lesions
in MOG-ADb positive patients compared to AQP4-Ab
NMOSD patients [17]. Additionally, in a nationwide
study, Papp et al. tested the presence of anti-MOG in
different methods, including tissue-based immunofluo-
rescence assay, cell-based assay, ELISA kit, and in vitro
translation/immunoprecipitation assay. They have as-
sessed the presence of anti-MOG in two groups of MS
and NMOSD patients, and consistent with our finding,
they suggested that anti-MOG is associated with a broad
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Figure 1. Comparison of anti-MOG levels between NMOSD
patients (n=30) and healthy control (n=26)

Data are presented as Mean+SEM; *P<(.05.

range of clinical manifestations and should be consid-
ered in patients with atypical features [18]. The EDSS
was also slightly lower in the MOG-Ab positive group
and consistent with this finding, a good prognosis in an-
ti-MOG positive subjects has been indicated. However,
permanent disability, relapsing, and recurrent disease
course have been reported in other studies that assessed
anti-MOG status by cell-based assay [19-22]. The rea-
son may be the smaller sample size of anti-MOG posi-
tive cases, the effect of immunosuppressive drugs, or the
method of anti-MOG measurement.

In our study, 62.5% of the patients were double nega-
tive for the NMO-IgG and MOG-Ab. This condition
agrees with previous studies such as Cobocalvo et al.
who tested ant-MOG status by cell-based assay, where
the frequency of MOG-AD positive patients in an NMO-
IgG negative sample was reported as high as 23% [3].

In vivo experiments using NMO-IgG/anti-MOG double
seronegative samples failed to reproduce lesion patterns
seen regularly in NMOSD NMO-IgG negative patients,
while the use of MOG-ADb positive samples created simi-
lar lesions. This finding has led to the hypothesis that
MOG antigens are targeted during the pathogenesis of
NMO-IgG negative NMOSD [23]. However, the exis-
tence of NMOSD patients with negative serology for
both NMO-IgG and MOG-AD patients promotes the pos-
sibility of other autoantibodies involved in the pathogenic-
ity of seronegative NMOSD patients and that NMO-IgG
negative NMOSD cases are a heterogeneous population
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Figure 2. Comparison of anti-MOG levels between anti-
MOG negative, anti-MOG positive, and control group

Data are presented as MeantSEM; ***P<0.0001 and
***P<0.001.

which MOG-Ab positive cases being one of the sub-
groups [1, 2, 6]. Probstel et al. have suggested the use of
cell-based-assay anti-MOG measurements as a means for
better diagnosis of patients [24]. Previous studies have
defined the specificity and sensitivity of cell-based-assay
MOG-AD tests in detecting the disease as 96%-99% and
46%-69%, respectively [25]. Reindle et al. have already
highlighted that a unified method of measurement and a
consensus for the cutoff point of positive results is essential
for better cross-examination of studies [7]. The distinction
of clinical presentation in MOG-Ab positive patients from
NMO-IgG positive patients has supported the idea that
MOG-ADb positive serology is associated with a spectrum
of demyelinating diseases and not just a subset of another
illness. The autoimmune response is different between
NMO-IgG seropositive and anti-MOG seropositive cases.
Anti-MOG disrupts the myelin formation and expression
of action potential proteins with minimal astrocyte pathol-
ogy and neuronal or axonal losses.

On the other hand, a response to NMO-IgG includes
a complement-related inflammation that leads to both
axonal and neuronal loss accompanied by extensive
astrocyte pathology [26]. Other observations, includ-
ing the role of MOG-Ab in pediatric disseminated
encephalomyelitis and appearance of encephalomyeli-
tis in adult populations with clinical and radiological
outcomes, overlap both in the MS and NMOSD [27,
28]. Piccolo et al. suggested in their study that based
on the clinical presentation in cell-based-assay MOG-
Ab positive patients, an NMO-IgG negative non-MS
optic neuritis is a possibility [29]. Based on a study by
Zamvi et al., in the absence of astrocytopathy among
NMO-IgG negative, we are not warranted to recognize
the opticospinal demyelination phenotype in MOG-Ab
positive NMOSD patients [30].

St jad V, et al. Anti-MOG Status in AQP4-IgG Negative NMOSD. Caspian J Neurol Sci. 2021; 7(1):10-16.
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It is to be noted that we have limited access to a base-
cell method in some centers, especially in Iran and
other developing countries, and the only access is to
the ELISA method. So, our findings may be useful in
making a diagnosis in these centers. Our study high-
lights the lack of precision of ELISA MOG-AD Kkits
since a healthy sample might register higher MOG-Ab
levels than a patient group. This condition emphasizes
the importance of using cell-based MOG-Ab assays re-
garding the analysis of NMO-IgG negative NMOSD
patients. Our study also highlighted heterogeneity in
the anti-MOG response and characteristics of these pa-
tients concerning the assay’s methodology.
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