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Background: The clinical implications of myelin oligodendrocyte glycoprotein autoantibod-
ies (MOG-Abs) are increasing. Establishing MOG-Ab assays is essential for effectively treat-
ing patients with MOG-Abs. We established an in-house cell-based assay (CBA) to detect 
MOG-Abs to identify correlations with patients’ clinical characteristics.

Methods: We established the CBA using HEK 293 cells transiently overexpressing full-
length human MOG, tested it against 166 samples from a multicenter registry of central 
nervous system (CNS) inflammatory disorders, and compared the results with those of the 
Oxford MOG-Ab-based CBA and a commercial MOG-Ab CBA kit. We recruited additional pa-
tients with MOG-Abs and compared the clinical characteristics of MOG-Ab-associated dis-
ease (MOGAD) with those of neuromyelitis optica spectrum disorder (NMOSD).

Results: Of 166 samples tested, 10 tested positive for MOG-Abs, with optic neuritis (ON) 
being the most common manifestation (4/15, 26.7%). The in-house and Oxford MOG-Ab 
CBAs agreed for 164/166 (98.8%) samples (κ=0.883, P <0.001); two patients (2/166, 
1.2%) were only positive in our in-house CBA, and the CBA scores of the two laboratories 
correlated well (r=0.663, P <0.001). The commercial MOG-Ab CBA kit showed one false-
negative and three false-positive results. The clinical presentation at disease onset dif-
fered between MOGAD and NMOSD; ON was the most frequent manifestation in MOGAD, 
and transverse myelitis was most frequent in NMOSD.

Conclusions: The in-house CBA for MOG-Abs demonstrated reliable results and can poten-
tially be used to evaluate CNS inflammatory disorders. A comprehensive, long-term study 
with a large patient population would clarify the clinical significance of MOG-Abs.

Key Words: Autoantibody, Central nervous system disease, Immunoassay, Myelin oligo-
dendrocyte glycoprotein

Received: February 13, 2023
Revision received: May 15, 2023
Accepted: August 2, 2023

Corresponding author: 
Ju-Hong Min, M.D., Ph.D.
Department of Neurology, Samsung 
Medical Center, Sungkyunkwan University 
School of Medicine, 81 Irwon-Ro,  
Gangnam-gu, Seoul 06351, Korea
E-mail: juhongm@skku.edu

© Korean Society for Laboratory Medicine
This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2024.44.1.56&domain=pdf&date_stamp=2024-01-01
https://orcid.org/0000-0002-1484-2968
https://orcid.org/0000-0003-4142-2667
https://orcid.org/0000-0001-9920-8044
https://orcid.org/0000-0002-9800-3263
https://orcid.org/0000-0002-3656-1833
https://orcid.org/0000-0001-5506-9206
https://orcid.org/0000-0001-6755-089X
https://orcid.org/0000-0001-9806-814X
https://orcid.org/0000-0002-0378-2947
https://orcid.org/0000-0002-0445-7185
https://orcid.org/0000-0001-7907-5635
https://orcid.org/0000-0003-4325-3107
https://orcid.org/0000-0001-8424-881X
https://orcid.org/0000-0002-7338-9067


Seok JM, et al.
MOG autoantibodies in CNS inflammatory disorders

https://doi.org/10.3343/alm.2024.44.1.56 www.annlabmed.org    57

INTRODUCTION

Disease-specific autoantibodies serve a critical role in diagnos-
ing central nervous system (CNS) inflammatory disorders [1]. 
With the discovery of aquaporin-4 antibodies (AQP4-Abs) in neu-
romyelitis optica spectrum disorders (NMOSDs), the disease 
spectrum has expanded, and the presence of these antibodies 
constitutes a key component of the current diagnostic criteria 
for NMOSDs [2, 3]. Autoantibodies against myelin oligodendro-
cyte glycoprotein (MOG-Abs) such as AQP4-Abs are clinically sig-
nificant in patients with CNS inflammatory disorders. MOG-Ab-
associated disease (MOGAD) is considered a distinct CNS in-
flammatory disease from NMOSD or multiple sclerosis (MS) [4].

MOG-Abs can be detected in various clinical syndromes; 
MOGAD has multiple clinical phenotypes, including optic neuritis 
(ON), acute disseminated encephalomyelitis (ADEM), AQP4-Ab 
negative NMOSD, encephalitis, myelitis, and brainstem enceph-
alitis [4-6]. MOG-Abs are occasionally identified only in the cere-
brospinal fluid (CSF), and some MOG-Ab-positive patients with 
myelitis show no spinal cord lesions upon magnetic resonance 
imaging [6-8]. MOG-Abs have been associated with the risk of 
relapse; MOGAD cases with a monophasic clinical course be-
come MOG-Ab-negative earlier than those with a relapsing 
course [9]. Nevertheless, the clinical implications of MOG-Abs 
have yet to be thoroughly evaluated. Thus, efforts to improve re-
lated assays and assess clinical associations with antibodies 
are essential, as such information could increase our under-
standing of the spectrum of MOGAD and change clinical prac-
tice.

We established an in-house cell-based assay (CBA) for detect-
ing MOG-Abs and evaluated the clinical characteristics of pa-
tients with CNS inflammatory disorders according to the MOG-
Ab serostatus.

MATERIALS AND METHODS

Patients and samples
To establish an in-house MOG-Ab CBA, we obtained samples 
from the Korean CNS inflammatory disorder registry, a nation-
wide multicenter network registry, between February 2020 and 
December 2022, including clinical information and serum sam-
ples from patients with CNS inflammatory disorders [10]. We 
stored all serum samples in 300-µL aliquots in microfuge tubes 
at –80°C. After evaluating samples from 172 patients, we in-
cluded samples from 166 patients and excluded samples from 
six patients because of a lack of clinical information. Demo-

graphic-feature, clinical-diagnostic, and relapse data were col-
lected. The clinical diagnoses of the registered samples included 
transverse myelitis (TM), ON, MS, seropositive NMOSD, seroneg-
ative NMOSD, other demyelinating diseases (ODDs), and optic 
neuropathy. We based our NMOSD diagnoses on the 2015 inter-
national consensus diagnostic criteria for NMOSDs [2] and used 
the 2010 or 2017 McDonald criteria for diagnosing MS [11, 12]. 
We recruited patients with MOG-Abs from our hospital (Samsung 
Medical Center [SMC], Seoul, Korea) to evaluate the clinical 
characteristics of patients with MOGAD and to compare them 
with those with AQP4-Abs. We retrospectively reviewed the clini-
cal, laboratory, and radiological data of the patients. The SMC 
institutional review board approved this study (SMC 2020-04-
030).

In-house CBA for MOG-Ab and AQP4-Ab detection
For the live CBA, we transfected HEK 293 cells overnight with a 
plasmid encoding full-length human MOG using Lipofectamine 
3000 (Thermo Fisher Scientific Inc., Waltham, MA, USA), accord-
ing to the manufacturer’s specifications. We washed the trans-
fected cells with DMEM, incubated them with serum samples di-
luted with 1% bovine serum albumin in DMEM (1:20 dilution) at 
room temperature (20°C–25°C) for 60 mins, fixed them with 4% 
paraformaldehyde for 1 min, washed them three times with 10 
mM HEPES-buffered DMEM, and incubated them with a goat 
anti-human IgG1-specific antibody conjugated with Alexa Fluor 
488. After antibody labeling, we washed the cells thrice with 
phosphate-buffered saline and evaluated them under a fluores-
cence microscope (Eclipse 80i; Nikon, Tokyo, Japan). We con-
firmed that the full-length human MOG protein was expressed in 
HEK 293 cells by western blotting using a commercial MOG-Ab 
(Santa Cruz Technology, Santa Cruz, CA, USA). When scoring 
MOG-Ab seropositivity, two investigators were blinded to the clin-
ical and laboratory information of the patients as well as to each 
other’s data. Any discrepancies were resolved by repeating the 
experiment and seeking a third opinion. A description of the in-
tensity scores of the surface immunofluorescence is presented 
in Supplemental Data Table S1. The presence of MOG-Ab was 
confirmed if the staining intensity was 1+ or stronger, and the fi-
nal score was calculated as the mean score of the readings 
from two or three investigators.

To conduct validation and concordance analyses of our in-
house MOG-Ab CBA, we tested all included samples from the 
registry for the presence of MOG-Abs in our laboratory (SMC) 
and the Oxford laboratory (University of Oxford, United Kingdom). 
The Oxford laboratory is a referral neuroimmunology center for 
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diagnostic testing that established the current MOG-Ab CBA 
method involving the use of an IgG1 antibody and live cells tran-
siently expressing the full-length MOG protein [13]. All tested 
samples were stored at –80°C and delivered frozen to the Ox-
ford laboratory. We also compared the results of our in-house 
MOG-Ab CBA to those of a commercial MOG-Ab CBA kit (FA 
1156-1005-50; Euroimmun, Lübeck, Germany), which is a fixed 
cell-based indirect immunofluorescence assay for MOG-IgG in-
volving HEK 293 cells transiently expressing the full-length hu-
man MOG protein that were fixed with formaldehyde [14]. The 
assay was performed according to the manufacturer’s instruc-
tions, with results classified as positive or negative at a 1:10 di-
lution, although we did not measure the antibody titer by serial 
dilution.

We included patients who tested positive for MOG-Abs and 
those with AQP4-Abs in our hospital to compare their clinical 
characteristics. We used our in-house MOG-Ab CBA to determine 
the MOG-Ab serostatus and determined the AQP4-Ab serostatus 
using a fixed cell-based indirect immunofluorescence assay kit 
for AQP4-Ab detection (FA 1128-1010-50; Euroimmun) accord-
ing to the manufacturer’s instructions, yielding reliable results 
for AQP4-Ab detection in our laboratory [15].

Statistical analysis
We analyzed the clinical characteristics of the enrolled patients 
and determined appropriate summary statistics. For continuous 
data, we calculated the mean and SD or the median and inter-
quartile range (IQR). For categorical variables, we determined 
the absolute and relative frequencies. For the comparison of 
MOG-Ab CBA results between the in-house CBA and Oxford labo-
ratory CBA, Cohen’s kappa statistics were used for the concor-
dance of the presence of MOG-Ab and then Spearman’s correla-

tion analysis was used to assess the correlation between the 
CBA scores from both laboratories.

We also analyzed differences between the characteristics of 
patients with MOG-Abs and those with AQP4-Abs. We used the 
chi-square or Fisher’s exact test for categorical variables and 
Student’s t-test, the Mann–Whitney U-test, or the Kruskal–Wallis 
test for continuous variables. All statistical analyses and graph 
plotting were performed using SPSS for Windows (IBM Corp., 
version 25.0 Armonk, NY, USA) or the R software (version 4.0.2) 
with the ggplot2 package. Statistical significance was defined as 
P <0.05 in a two-tailed test.

RESULTS

Baseline patient characteristics 
We collected a total of 166 samples from 166 patients, includ-
ing 113 (68.1%) from female patients. The mean patient age at 
sampling was 43.3 ±15.2 yrs, and 95 samples (42.2%) were 
collected at remission. The most common clinical diagnosis was 
seropositive NMOSD (76 samples, 45.8%), followed by TM (29 
samples), MS (26 samples), ON (15 samples), seronegative 
NMOSD (11 samples), ODDs (eight samples), and optic neurop-
athy (one sample). Patient characteristics and MOG-Ab CBA re-
sults are presented in Table 1 according to the diagnosis. 

Establishment and results of the in-house MOG-Ab CBA
We transfected HEK 293 cells with a plasmid encoding the full-
length human MOG protein and confirmed expression of the 
MOG protein by western blotting. Representative results of the 
in-house MOG-Ab CBA with intensities of 0–4+ are presented in 
Fig. 1. Supplemental Data Fig. S1 shows an example of MOG-Ab 
positivity. 

Table 1. Characteristics of patients who provided samples for MOG-Ab CBA testing, according to the clinical diagnosis

Variable TM ON MS Seropositive NMOSD Seronegative NMOSD ODDs ONDs*

Samples (N=166) 29 15 26 76 11 8 1

Age at sampling, yrs 45.9±14.2 41.9±17.8 35.2±11.9 45.2±15.4 43.3±16.3 41.2±13.6 68.0

Female, N (%) 11 (37.9) 9 (60) 16 (61.5) 66 (86.8) 6 (54.5) 5 (62.5) 0 (0)

Status at sampling (relapse:remission) 19:9† 11:4 4:22 26:50 3:8 6:2 1:0

Positive with in-house MOG-Ab CBA, N (%) 1 (3.5) 4 (26.7) 1 (3.9) 1 (1.3) 1 (9.1) 2 (25.0) 0

Positive with Oxford MOG-Ab CBA, N (%) 0 4 (26.7) 1 (3.9) 1 (1.3) 1 (9.1) 1 (12.5) 0

Positive with commercial MOG-CBA kit, N (%) 1 (3.5) 3 (20.0) 1 (3.9) 3 (3.9) 2 (18.2) 2 (25.0) 0

*One male patient with optic neuropathy was enrolled.
†The status at sampling was unknown for one patient from the TM group.
Abbreviations: MOG-Ab, myelin oligodendrocyte glycoprotein autoantibody; CBA, cell-based assay; TM, transverse myelitis; ON, optic neuritis; MS, multiple 
sclerosis; NMOSD, neuromyelitis optica spectrum disorder; ODDs, other demyelinating diseases; ONDs, other neurological disorders.
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Of the 166 patients, 10 were positive for MOG-Abs. The most 
common clinical syndrome for which MOG-Abs were detected 
was ON (4/15, 26.7%). In addition, 2/8 (25.0%) patients with 
ODDs had MOG-Abs in their serum, and one patient each with 
MOG-Abs was found in the TM (1/29, 3.5%), seronegative 
NMOSD (1/76, 1.3%), and MS (1/26, 3.9%) groups (Fig. 2). In 
one case of recurrent ON, both MOG-Abs and AQP4-Abs tested 
positive, as confirmed by the Oxford laboratory. The other nine 
patients positive for MOG-Abs had known clinical phenotypes of 

MOGAD. 

Comparison of the results of MOG-Ab CBAs
All samples were examined at both our laboratory and the Ox-
ford laboratory for the presence of MOG-Abs. We also used a 
commercial fixed-cell-based MOG-Ab kit in our laboratory after 
blinding the investigators to the clinical information and results 
of the other CBAs. Both laboratories showed consistent MOG-Ab 
test results in 164/166 (98.8%) samples (κ=0.883, P <0.001); 
two patients (2/166, 1.2%) were only positive using our in-house 
CBA (Supplemental Data Table S2). The in-house MOG-Ab CBA 

00 1+1+ 2+2+ 3+3+ 4+4+

Fig. 1. Representative results obtained with our in-house MOG-Ab CBA, showing different intensities. The intensities of 1+ to 4+ were as-
signed according to the description of the CBA scores (Supplemental Data Table S1). Photographs of the samples were acquired using our 
in-house MOG-Ab CBA with samples from different patients, including patient #49 (score: 2+), patient #66 (score: 3+), and patient #71 
(score: 4+). The CBA score of 0 was observed with a negative control, and the score of 1+ was observed with a sample from a patient with 
MOG-Ab-associated disease who was not included in this study.
Abbreviations: MOG-Ab, myelin oligodendrocyte glycoprotein autoantibody; CBA, cell-based assay.
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scores correlated well with those of the Oxford CBA (r=0.663, 
P <0.001; Fig. 3). However, the results of the commercial MOG-
Ab CBA kit differed from those of the live CBAs in both laborato-
ries. Despite the high concordances between the results ob-
tained using the commercial kit and the Oxford and in-house 
MOG-Ab CBAs (96.4% and 97.6%, respectively), three false-posi-
tive findings were solely observed with the commercial MOG-Ab 
CBA (two cases of seropositive NMOSD and one case of sero-
negative NMOSD). Additionally, in one case, the commercial 
MOG-Ab CBA showed a negative finding for ON, whereas the in-
house and Oxford assays showed positive results (CBA scores of 
3+ and 2+, respectively). 

Clinical characteristics of patients with MOG-Abs
We recruited 29 additional patients with MOG-Abs and com-
pared the clinical characteristics of 39 patients with MOG-Abs 
(22 female patients, 56.4%) with those of patients with seropos-
itive NMOSD (N=66; 59 female patients, 89.4%). The disease 
duration was shorter in patients with MOG-Abs than in patients 
with AQP4-Abs (2.8 ±4.5 vs. 7.0 ±7.1 yrs, P <0.001), but the 
number of relapses was not different between the two groups. 
The NMOSD clinical phenotype was the most common in pa-
tients with MOG-Abs, whereas ON (61.5%) was the most fre-
quent clinical syndrome at onset; TM (35.5%) was common in 
patients with AQP4-Abs (P <0.007) (Fig. 4). The clinical charac-

teristics of the patients are shown in Table 2, according to the 
presence of different antibodies.  

DISCUSSION

We established an in-house MOG-Ab CBA that showed reliable 
MOG-Ab test results with clinical implications. MOG-Ab has been 
studied in patients with MS for its potential as a disease-associ-
ated autoantibody. However, a study of MOG-Abs using ELISA 
and western blot analyses reported inconsistent results [16]. 
The use of a CBA to improve MOG-Ab testing enables detection 
of specific antibodies with clinical significance [13]. The clinical 
syndromes associated with MOG-Abs are diverse, including ON, 
seronegative NMOSD, myelitis, ADEM, and brainstem/cortical 
encephalitis [4-6, 17-20]. The frequency of these MOG-Ab phe-
notypes may differ according to the age of onset. In adults, ON is 
the most common manifestation, and ADEM/ADEM-like brain in-
volvement is more common in children with MOG-Abs [21]. We 
also found that MOG-Abs were commonly present in ON. Sero-
negative NMOSD (17/39, 43.6%) was the most frequent clinical 
syndrome found in the additionally recruited patients with MOG-
Abs, whereas ON was the most common clinical syndrome at 
onset. The enrolment in our multicenter registry (from which the 
samples were collected) was limited to adult patients. Further-
more, our registry consisted of only neurologists, which may 
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have contributed to the observed high prevalence of NMOSD pa-
tients within the registry samples used in this study.

Our in-house CBA detected MOG-Abs in 10 patients (6.0%). 
The low detection rate of MOG-Abs can be explained by the high 
proportion of seropositive NMOSD (76/166, 45.8%) in our regis-
try and the low seroprevalence of MOG-Abs in Korea. A previous 
report of MOG-Ab seroprevalences in Korea showed a low serop-
revalence of MOG-Abs (6.1%) compared with that in Western 
countries [10, 22]. The results of the in-house MOG-Ab CBA 
were reliable when compared with those of the Oxford labora-
tory, and the CBA scores were well correlated between both lab-
oratories; only two patients (1.2%) were positive for MOG-Abs by 
the in-house CBA but negative by the Oxford laboratory CBA (one 
patient with myelitis and the other with seronegative NMOSD). 
We found one patient with double seropositivity for MOG-Abs 
and AQP4-Abs, which is extremely rare [22, 23]. She showed re-
current ON with asymptomatic brain lesions and was receiving 
satralizumab treatment, which is an uncommon treatment op-
tion in Korea [24]. Two incongruent cases and one double-sero-
positive case are presented in Supplemental Data Table S3. The 
commercial MOG-Ab assay kit using fixed cells revealed one 
false-negative result and three false-positive results.

Previous comparative studies of MOG-Ab assays showed that 
live CBAs had superior positive predictive values compared with 
the commercial fixed CBA, which can generate false-positive and 
false-negative results [14, 25]. Moreover, an international multi-
center investigation of the reproducibility of 11 MOG-Ab assays 
showed lower agreement within all CBAs, including a fixed-cell 

assay, than that of the live CBA [26]. The investigators tested 39 
positive and 40 negative samples with seven live CBAs and one 
fixed CBA. The fixed CBA (a commercial MOG-Ab kit) was nega-
tive for five samples that were clearly positive with the other live 
CBAs, and one false-positive result was reported, suggesting 
utility in commercial fixed MOG-IgG testing in places where live 
MOG-IgG CBAs are unavailable, but this assay may miss 10%–
15% of positive cases [26]. Consistent herewith, we found that 
false-positive cases were limited with the commercial CBA kit, 
and one false-negative result was obtained using the commer-
cial CBA kit. Such false-positive results could be potentially 
harmful to patients by prompting the unnecessary use of immu-
nosuppressive therapies based on misleading test results.

The clinical significance of MOG-Abs has increased as re-
search has progressed. MOG-Abs are essential for diagnosing 
CNS inflammatory disorders [4]. The presence and titers of 
MOG-Abs can serve as predictors of recurrent or monophasic 
clinical courses [9, 27, 28]. Although diagnostic criteria or treat-
ment guidelines for MOGAD are not yet established, accurate 
detection of MOG-Abs may be crucial in clinical practice and re-
search. Our in-house MOG-Ab CBA showed comparable results 
with other laboratory tests and previous reports for MOG-Ab 
tests, and patients with MOG-Abs had different clinical features 
from those with AQP4-Ab, consistent with previous studies [29]. 
Therefore, the in-house MOG-Ab CBA may be useful in clinical 
practice for treating CNS inflammatory disorders, and further 
studies on the clinical implications of MOG-Abs are warranted.

Our study had several limitations. First, healthy controls were 

Table 2. Demographic and clinical characteristics of patients with MOGAD and seropositive NMOSD

Variable
MOGAD Seropositive NMOSD

(N=66) P†

NMOSD phenotype (N=17)* ON phenotype (N=13) Other (N=9) Total (N=39)

Age at onset, yrs 31.4±15.4 42.1±18.5 27.9±12.7 34.2±16.6 39.6±15.7 0.105

Female, N (%) 10 (58.9) 7 (53.8) 5 (55.6) 22 (56.4) 59 (89.4) <0.001

Disease duration, yrs 2.6±3.1 0.6±0.8 6.5±7.4 2.8±4.5 7.0±7.1 <0.001

Relapse number 3.5±2.2 1.9±1.3 3.4±3.2 3.0±2.3 4.0±5.0 0.618

Onset of clinical syndrome, N (%) 0.007

   ON 11 (64.7) 13 (100) 0 24 (61.5) 22 (35.5)

   TM 4 (23.5) 0 2 (22.2) 6 (15.4) 22 (35.5)

   Brain or BS encephalitis 2 (11.8) 0 6 (66.6) 8 (20.6) 8 (12.9)

   Poly-regional onset 0 0 1 (11.1) 1 (2.5) 10 (16.1)

*One case showing double positivity for MOG-Abs and AQP4-Abs was included.
†P reflects a comparison between total MOGAD and seropositive NMOSD in each case.
Abbreviations: MOGAD, myelin oligodendrocyte glycoprotein autoantibody-associated disease; NMOSD, neuromyelitis optica spectrum disorder; ON, optic 
neuritis; TM, transverse myelitis; BS, brainstem; MOG-Ab, myelin oligodendrocyte glycoprotein autoantibody; AQP4-Ab, aquaporin-4 antibody.
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excluded. However, the risk of false-positive results has not yet 
been fully evaluated. Second, the demographic profiles of the 
enrolled registry samples were not controlled, and only adult pa-
tient samples were recruited, which limits generalization. Third, 
seronegative patients with NMOSD were not included in the 
comparison of clinical characteristics, which limits our under-
standing of the clinical differences between patients with 
NMOSD and MOG-IgG-positive patients. However, whether dou-
ble-seronegative NMOSD is different from or the same as sero-
positive NMOSD remains controversial [30, 31]. Newly devel-
oped diagnostic criteria for MOGAD may aid in distinguishing it 
from other CNS-demyelinating diseases [32], and further re-
search is required to resolve this issue. Finally, we evaluated the 
presence of MOG-Abs using only serum samples. However, re-
cent studies have reported that some patients with MOGAD are 
only positive for MOG-Abs in the CSF, suggesting that intrathecal 
MOG-Ab production occurs frequently [7]. Further studies using 
serum and CSF samples are needed to understand the clinical 
characteristics of patients with MOG-Abs and the associated 
clinical implications.

In conclusion, we established an in-house MOG-Ab live CBA 
and validated it by comparing it with the Oxford MOG-Ab CBA, 
which showed distinctive clinical characteristics in patients with 
MOG-Abs. The clinical usefulness of MOG-Ab testing should be 
further evaluated in a prospective, long-term, large-scale study.

SUPPLEMENTARY MATERIALS
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org/10.3343/alm.2024.44.1.56

ACKNOWLEDGEMENTS 

None.

AUTHOR CONTRIBUTIONS

Seok JM and Min J-H contributed to the conceptualization and 
design of the study. Seok JM drafted the manuscript. Seok JM 
performed data investigation/analysis and visualization. Waters 
P and Jeon MY contributed to data curation and method devel-
opment. Lee HL, Baek S-H, Park J-S, Kang S-Y, Kwon O, Oh J, 
Kim B-J, Park K-A, Oh SY, Kim BJ, and Min J-H contributed to the 
data collection. Min J-H contributed to data analysis, supervised 
the project, and reviewed and edited the manuscript. All authors 
read and approved the final manuscript.

CONFLICTS OF INTEREST

Min J-H is funded by and has received research support from 
the National Research Foundation of Korea and an SMC Re-
search and Development Grant. She has lectured for, consulted 
with, and received honoraria from Bayer Schering Pharma, 
Merck, Biogen Idec, Sanofi, UCB, Samsung Bioepis, Mitsubishi 
Tanabe, Celltrion, Roche, and Janssen. All other authors report 
no relevant disclosures.

RESEARCH FUNDING

This work was supported by a National Research Foundation of 
Korea (NRF) grant funded by the Korean Government (MSIT) 
(2021R1F1A1049347 to JHM), and the Korea Disease Control 
and Prevention Agency (2020-ER6901-02).

REFERENCES

1.	Prüss H. Autoantibodies in neurological disease. Nat Rev Immunol 
2021;21:798-813.

2.	Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T, et 
al. International consensus diagnostic criteria for neuromyelitis optica 
spectrum disorders. Neurology 2015;85:177-89.

3.	 Jeyalatha MV, Therese KL, Anand AR. An update on the laboratory diag-
nosis of neuromyelitis optica spectrum disorders. J Clin Neurol 2022;18: 
152-62.

4.	 Jarius S, Paul F, Aktas O, Asgari N, Dale RC, de Seze J, et al. MOG en-
cephalomyelitis: international recommendations on diagnosis and anti-
body testing. J Neuroinflammation 2018;15:134.

5.	de Mol CL, Wong Y, van Pelt ED, Wokke B, Siepman T, Neuteboom RF, et 
al. The clinical spectrum and incidence of anti-MOG-associated acquired 
demyelinating syndromes in children and adults. Mult Scler 2020;26: 
806-14.

6.	Kim KH, Kim SH, Hyun JW, Kim HJ. Clinical and radiological features of 
myelin oligodendrocyte glycoprotein-associated myelitis in adults. J Clin 
Neurol 2022;18:280-9.

7.	Akaishi T, Takahashi T, Misu T, Kaneko K, Takai Y, Nishiyama S, et al. Dif-
ference in the source of anti-AQP4-IgG and anti-MOG-IgG antibodies in 
CSF in patients with neuromyelitis optica spectrum disorder. Neurology 
2021;97:e1-12.

8.	Sechi E, Krecke KN, Pittock SJ, Dubey D, Lopez-Chiriboga AS, Kunchok 
A, et al. Frequency and characteristics of MRI-negative myelitis associat-
ed with MOG autoantibodies. Mult Scler 2021;27:303-8.

9.	Cobo-Calvo A, Ruiz A, Rollot F, Arrambide G, Deschamps R, Maillart E, et 
al. Clinical features and risk of relapse in children and adults with my-
elin oligodendrocyte glycoprotein antibody-associated disease. Ann Neu-
rol 2021;89:30-41.

10.	Hyun JW, Lee HL, Jeong WK, Lee HJ, Shin JH, Min JH, et al. Comparison 
of MOG and AQP4 antibody seroprevalence in Korean adults with in-
flammatory demyelinating CNS diseases. Mult Scler 2021;27:964-7.

11.	Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. 
Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDon-
ald criteria. Ann Neurol 2011;69:292-302.

https://doi.org/10.3343/alm.2024.44.1.56
https://doi.org/10.3343/alm.2024.44.1.56


Seok JM, et al.
MOG autoantibodies in CNS inflammatory disorders

https://doi.org/10.3343/alm.2024.44.1.56 www.annlabmed.org    63

12.	Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et 
al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald crite-
ria. Lancet Neurol 2018;17:162-73.

13.	Waters P, Woodhall M, O’Connor KC, Reindl M, Lang B, Sato DK, et al. 
MOG cell-based assay detects non-MS patients with inflammatory neu-
rologic disease. Neurol Neuroimmunol Neuroinflamm 2015;2:e89.

14.	Waters PJ, Komorowski L, Woodhall M, Lederer S, Majed M, Fryer J, et 
al. A multicenter comparison of MOG-IgG cell-based assays. Neurology 
2019;92:e1250-5.

15.	Kang ES, Min JH, Lee KH, Kim BJ. Clinical usefulness of cell-based indi-
rect immunofluorescence assay for the detection of aquaporin-4 anti-
bodies in neuromyelitis optica spectrum disorder. Ann Lab Med 
2012;32:331-8.

16.	Fujihara K and Cook LJ. Neuromyelitis optica spectrum disorders and 
myelin oligodendrocyte glycoprotein antibody-associated disease: cur-
rent topics. Curr Opin Neurol 2020;33:300-8.

17.	Lee HJ, Kim B, Waters P, Woodhall M, Irani S, Ahn S, et al. Chronic re-
lapsing inflammatory optic neuropathy (CRION): a manifestation of my-
elin oligodendrocyte glycoprotein antibodies. J Neuroinflammation 
2018;15:302.

18.	Hamid SHM, Whittam D, Mutch K, Linaker S, Solomon T, Das K, et al. 
What proportion of AQP4-IgG-negative NMO spectrum disorder patients 
are MOG-IgG positive? A cross sectional study of 132 patients. J Neurol 
2017;264:2088-94.

19.	Reindl M, Di Pauli F, Rostásy K, Berger T. The spectrum of MOG autoan-
tibody-associated demyelinating diseases. Nat Rev Neurol 2013;9:455-
61.

20.	Cao Y, Xu J, Yi Z, Zhou L. A case of MOGAD complicated with cerebral 
vasculitis: case report and literature review. J Clin Neurol 2023;19:96-8.

21.	 Jurynczyk M, Messina S, Woodhall MR, Raza N, Everett R, Roca-Fernan-
dez A, et al. Clinical presentation and prognosis in MOG-antibody dis-
ease: a UK study. Brain 2017;140:3128-38.

22.	Kunchok A, Chen JJ, McKeon A, Mills JR, Flanagan EP, Pittock SJ. Coex-
istence of myelin oligodendrocyte glycoprotein and aquaporin-4 antibod-
ies in adult and pediatric patients. JAMA Neurol 2020;77:257-9.

23.	Kim SM, Woodhall MR, Kim JS, Kim SJ, Park KS, Vincent A, et al. Anti-
bodies to MOG in adults with inflammatory demyelinating disease of the 
CNS. Neurol Neuroimmunol Neuroinflamm 2015;2:e163.

24.	Lee HL, Kim SH, Seok JM, Kim BJ, Kim HJ, Kim BJ. Results of a survey 
on diagnostic procedures and treatment choices for neuromyelitis opti-
ca spectrum disorder in Korea: beyond the context of current clinical 
guidelines. J Clin Neurol 2022;18:207-13.

25.	Gastaldi M, Scaranzin S, Jarius S, Wildeman B, Zardini E, Mallucci G, et 
al. Cell-based assays for the detection of MOG antibodies: a compara-
tive study. J Neurol 2020;267:3555-64.

26.	Reindl M, Schanda K, Woodhall M, Tea F, Ramanathan S, Sagen J, et al. 
International multicenter examination of MOG antibody assays. Neurol 
Neuroimmunol Neuroinflamm 2020;7:e674.

27.	Lui A, Chong J, Flanagan E, Abrams AW, Krysko KM, Arikan B, et al. High 
titers of myelin oligodendrocyte glycoprotein antibody are only observed 
close to clinical events in pediatrics. Mult Scler Relat Disord 
2021;56:103253.

28.	Cobo-Calvo A, Sepúlveda M, d’Indy H, Armangué T, Ruiz A, Maillart E, et 
al. Usefulness of MOG-antibody titres at first episode to predict the fu-
ture clinical course in adults. J Neurol 2019;266:806-15.

29.	van Pelt ED, Wong YYM, Ketelslegers IA, Hamann D, Hintzen RQ. Neuro-
myelitis optica spectrum disorders: comparison of clinical and magnetic 
resonance imaging characteristics of AQP4-IgG versus MOG-IgG sero-
positive cases in the Netherlands. Eur J Neurol 2016;23:580-7.

30.	Hyun JW, Kim Y, Kim KH, Kim SH, Olesen MN, Asgari N, et al. CSF GFAP 
levels in double seronegative neuromyelitis optica spectrum disorder: 
no evidence of astrocyte damage. J Neuroinflammation 2022;19:86.

31.	Sepúlveda M, Armangué T, Sola-Valls N, Arrambide G, Meca-Lallana JE, 
Oreja-Guevara C, et al. Neuromyelitis optica spectrum disorders: com-
parison according to the phenotype and serostatus. Neurol Neuroimmu-
nol Neuroinflamm 2016;3:e225.

32.	Banwell B, Bennett JL, Marignier R, Kim HJ, Brilot F, Flanagan EP, et al. 
Diagnosis of myelin oligodendrocyte glycoprotein antibody-associated 
disease: International MOGAD Panel proposed criteria. Lancet Neurol 
2023;22:268-82.




