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Improvements in assays for detecting serum antibodies against myelin oligo-
dendrocyte glycoprotein (MOG) have led to the appreciation of MOG-
antibody-associated disease (MOGAD) as a novel disorder. However, much
remains unknown about its etiology. We performed human leukocyte antigen
(HLA) analysis in 82 MOGAD patients of European ancestry in the UK popu-
lation. No HLA class II associations were observed, thus questioning the mech-

anism of anti-MOG antibody generation. A weak protective association of
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Introduction

Serum antibodies against conformational myelin oligo-
dendrocyte glycoprotein (MOG) have recently been iden-
tified as a likely cause of acquired inflammatory
demyelination in the central nervous system (CNS), dis-
tinct from multiple sclerosis (MS),'” and often referred
to as MOG antibody disease (MOGAD). Clinically it may
mimic aquaporin 4 (AQP4)-antibody-associated disease
as a neuromyelitis optica (NMO) spectrum phenotype,
with optic neuritis being the commonest onset and
relapse presentation, but particularly in children may pre-
sent as an acute demyelinating encephalomyelitis
(ADEM), and more rarely as a cortical syndrome with
seizures. It has been proposed that MOGAD represents a
distinct and novel disease entity.>> MOGAD has a preva-
lence in the United Kingdom of ~2 per 100,000 individu-
als,® has no convincing sex nor racial predominance (in

HLA-C*03:04 was observed (OR = 0.26, 95% CI = 0.10-0.71, p. = 0.013), sug-
gesting a need for continued efforts to better understand MOGAD genetics
and pathophysiology.

contrast to MS and AQP4-antibody disease), and can pre-
sent at any age.z’4

Histopathological investigations of MOGAD suggest
that perivenous inflammatory demyelination is character-
istic, with macrophage, B, CD4", and CD8* T cell infil-
tration, and with less frequent deposition of activated
complement and immunoglobulin compared to AQP4-
positive NMO spectrum disorder.”® Magnetic resonance
imaging characteristics of MOGAD show some overlap
with AQP4-antibody-positive NMO spectrum disorder,
but are distinct from MS.” Overall, the pathology of
MOGAD is very similar to that observed in the
MOG-antibody-associated  experimental
encephalomyelitis (EAE) model. In this model, high num-
bers of encephalitogenic T cells in conjunction with circu-
lating MOG antibody promote an ADEM-like phenotype,
whereas an excess of MOG antibodies promotes the
development of focal, confluent demyelinated lesions."®

autoimmune
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Notably, EAE induction after MOG peptide immuniza-
tion is dependent on major histocompatibility complex
polymorphisms, which can also influence the distribution
of inflammatory lesions.'"'?

Based on these findings, here we have investigated
whether there is a strong effect of human leukocyte anti-
gen (HLA) variation on MOGAD risk in individuals of
European ancestry in the UK population.

Materials and methods

All 63 patients followed in Oxford signed written consent
of the NMO Tissue Bank (Oxford Research Ethics Com-
mittee C Ref: 10/H0606/56) and the audit of the MOG
antibody-positive patients was registered under the
Oxford University Hospitals Trust policy. All 19 patients
followed in Liverpool were consented under a study
approved by the Research Ethics Service, NRES Commit-
tee London-Hampstead (Ref: 15/LO/1433). The two sam-
ple sets were processed and genotyped together; no
significant demographic, clinical or allelic differences were
observed between the Oxford and Liverpool patients, and
they were thus analyzed as one cohort. Control HLA allele
frequencies were obtained from the Oxford BioBank
(www.oxfordbiobank.org.uk), which includes 7,641 indi-
viduals aged 21-78 years from the Oxford area whose
HLA alleles have been typed or imputed to typically four-
digit resolution; alleles with an imputation posterior
probability of 90% or higher were included for final anal-
ysis.'>  After excluding individuals with self-reported
immune-related or neurological diseases, data from 6,056
individuals (49.0% females; average age of 41.51 + 5.86
years) were analyzed. All patients and controls were of
self-reported white European descent.

MOG antibody testing

The presence of serum MOG antibodies was tested in the
Autoimmune Neurology laboratory (University of
Oxford) using a cell-based assay as described previ-
ously.”” All patients in this study were positive (as
opposed to low-positive or negative) for MOG antibody
and negative for AQP4 antibodies.

HLA analysis

Patient HLA class I typing (at the HLA-A, B, and C loci)
was performed by Sanger sequencing-based typing, and
HLA class II typing (at the HLA-DRBI and DQBI loci)
was performed by sequence-specific primer polymerase
chain reaction at the MRC Weatherall Institute of Molec-
ular Medicine HLA typing facility (University of Oxford).
These typing methods provide intermediate resolution
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subtyping (typically to two or four digits). Probable HLA
haplotype blocks were calculated using PHASE v2 soft-

. . 13,14
ware as previously described.'”

Statistical analysis

Mann-Whitney U-tests were used when comparing two
groups for assessing differences in demographics and clin-
ical characteristics. Fisher’s exact test (two-tailed) was
used to compare the HLA allele frequencies between
patients and healthy controls. Odds ratios (ORs) were cal-
culated using Haldane’s modification of Woolf’s method.
The number of alleles tested at each locus was corrected
using the Bonferroni correction (with a significance
threshold of p. < 0.05).

Results

Demographic and disease course data

The demographics and clinical characteristics of the
patient cohort are shown in Table 1, and are representa-
tive of MOGAD patients in the literature.® The cohort
showed a slight female preponderance of 62%, and the
average age of onset was 31 years, with a broad overall
onset age range of 3—69 years. The most frequent presen-
tation was optic neuritis (42.7%), while 15.9% of
patients presented with transverse myelitis, and only
1.2% had simultaneous optic neuritis and brain or brain-
stem attacks. Over half of the patients (59.8%) showed
complete or near-complete recovery from the onset
attack, and only 7.3% showed poor recovery. Two years
after onset, 37.8% of patients remained relapse-free
despite no chronic treatment, while 35.4% had relapsing
disease. By 5 years after onset, the proportion of relaps-
ing patients increased to 43.9%. More than 60% of
patients who first presented with either transverse myeli-
tis or optic neuritis and transverse myelitis remained
relapse-free at 5 years.

HLA analysis of MOG-antibody disease
patients versus healthy controls

To test for HLA allele association with MOGAD, we
typed HLA class I and II alleles with up to four-digit res-
olution in the patient cohort and compared the data to
HLA allele frequencies derived from a cohort of 6,056
healthy adult controls from the Oxford BioBank."’ For
the HLA class I alleles, the HLA-C*03:04 allele, which is
found in 2.61% of cases and 9.12% of controls, was asso-
ciated with protection against disease (OR = 0.26, 95%
confidence interval [CI] = 0.10-0.71, peorrectea = 0.013;
Table 2). Individual HLA-C-B haplotypes carrying the
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Table 1. Patient clinical characteristics

Patient cohorts Oxford Liverpool Total
Patients, n 63 19 82
Mean age at onset + SD 31 +16.2 31+16.8 31+£16.2
(years)
Pediatric cases, % 22.2 21.2 22.0
Female, % 66.7 47.4 62.2
Onset attack, %
ON 36.5 63.2 42.7
™ 17.5 10.5 15.9
B 7.9 0.0 7.3
Simultaneous ON and TM 17.5 0.0 13.4
Simultaneous ON and B 1.6 0.0 1.2
Simultaneous TM and B 12.7 21.1 14.6
Simultaneous ON, TM and B 6.3 0.0 49
ADEM or ADEM-like 1.1 26.3 14.6
Recovery from onset attack, %
Complete or near complete  61.9 52.6 59.8
Partial 30.2 421 32.9
Poor 7.9 53 7.3
Median disease duration 6 (2-42) 6 (3-18) 6 (2-42)
(range) in years
Disease status at 2 years after
onset, %
Monophasic despite no 42.9 21.1 37.8
chronic treatment
Monophasic with chronic 19.0 53 15.8
treatment
Relapsing 30.2 52.6 35.4
N/A (disease duration 7.9 211 11.0
<2 years)
Disease status at 5 years after
onset, %
Monophasic despite no 27.0 10.5 23.2
chronic treatment
Monophasic with chronic 7.9 5.3 7.3
treatment
Relapsing 39.7 57.9 43.9
N/A (disease duration 25.4 26.3 25.6
<5 years)
Autoimmune disease 9.5 0.0 7.3

co-morbidity, %

ADEM, acute demyelinating encephalomyelitis; B, brain or brainstem;
N/A, not applicable; ON, optic neuritis; SD, standard deviation; TM,
transverse myelitis.

HLA-C*03:04 allele, HLA-C*03:04-HLA-B*40:01 and
HLA-C*03:04-HLA-B*15:01, were not significantly associ-
ated with disease resistance (OR = 0.32, 95% CI = 0.10-
1.00, p. > 0.05, and OR=0.28, 95% CI = 0.04-2.04, p, >
0.05, respectively). No other HLA class I or HLA class II
associations were observed (Table 3), and consideration
of variables such as patient age, sex, presentation at dis-
ease onset, and disease course did not reveal any further
significant associations.
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Discussion

In this study, we have found possible evidence for a pro-
tective effect of the HLA-C*03:04 allele against MOGAD,
raising questions regarding the role of cytotoxic lympho-
cytes in the disease. Other HLA-C*03 alleles were not
associated, potentially explaining the absence of an HLA-
C*03 association in a recent study in individuals of Euro-
pean ancestry that employed two-digit HLA typing in a
smaller cohort of 43 patients,'> and high-lighting the need
for future higher resolution HLA analyses to determine if
the HLA-C*03:04 association can be replicated. HLA-
C*03:04 has also been previously reported to protect
against Parkinson disease, in which neuroinflammatory
mechanisms have been implicated, and against Behget’s
disease and Posner-Schlossman Syndrome.'®™®

Despite the identification of strong HLA class II risk
effects for other rare antibody-associated CNS diseases
with similar patient cohort sizes,’* we found no such
associations for MOGAD. A recent study of MOGAD
patients of Chinese Han ancestry observed an association
of HLA-DQBI*05:02-DRBI1*16:02 with risk for pediatric
but not adult-onset MOGAD.' These alleles have a lower
frequency in populations of European ancestry and thus
could not be evaluated in our study: there was only one
individual in our patient cohort carrying these alleles, but
this individual did have a pediatric onset of MOGAD. In
a separate set of 11 individuals with self-reported His-
panic/Latino, Black/African, Asian or mixed ethnicity, we
found one individual of mixed ethnic background but
with adult-onset MOGAD who carried these alleles; none
of the patients carried the HLA-C*03:04 allele (data not
shown). Considering our data in relation to the study of
MOGAD patients of Chinese Han ancestry suggests that
there may be population-dependent differences in
MOGAD genetic risk and etiology, but this requires fur-
ther investigation.

One mechanistic interpretation of the lack of HLA class
IT associations is that B cell activation might occur inde-
pendently of T cell help, without strict reliance on a
linked recognition mechanism. A second possibility is that
a number of different HLA class II-MOG peptide com-
plexes can stimulate CD4" T cells to provide B cell help.
Such heterogeneity may be consistent with the potential
absence of strict tolerance establishment against MOG, as
compared with other CNS antigens, given its low-level
expression in the thymus and in peripheral organs.*® If
many different HLA class II-MOG peptide complexes
have pathogenic potential, then considering the low
prevalence of MOGAD, and the emerging lack of MOG
antibody in control individuals with improved antibody
detection methods,"? this would suggest that other factors
play a key role in triggering disease and driving antibody
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Table 2. The frequency of HLA class | alleles in patients and controls

No Strong HLA Effect for MOGAD in the United Kingdom

% of Cases

(n =82)
% in Oxford % in Liverpool % of Controls
Allele (n =63) (n=19) (n = 6,056) OR 95% Cl (lower) 95% ClI (upper) p Pe
HLA-A
A*01:01 18.95 19.03 0.93 0.62 1.39 0.763 1.000
19.35 18.42
25.49 27.72 0.83 0.58 1.19 0.331 1.000
A*02:01 25.81 23.68
16.34 14.05 1.12 0.73 1.72 0.571 1.000
A*03:01 15.32 18.42
7.84 6.07 1.24 0.68 2.24 0.505 1.000
A*11:01 8.06 7.89
5.88 3.92 1.44 0.73 2.84 0.303 1.000
A*29:02 6.45 5.26
HLA-B
17.65 14.17 1.31 0.86 1.99 0.200 1.000
B*07:02 17.54 18.42
14.38 14.24 1.02 0.65 1.61 0.907 1.000
B*08:01 14.04 15.79
3.92 5.87 0.66 0.29 1.50 0.386 1.000
B*15:01 2.63 5.26
1.96 5.63 0.34 0.1 1.06 0.050 0.450
B*40:01 2.63 0.00
9.15 10.73 0.84 0.49 1.47 0.691 1.000
B*44:02 10.53 7.89
7.19 5.81 1.26 0.68 2.35 0.482 1.000
B*44:03 8.77 2.63
HLA-C
2.61 9.12 0.26 0.10 0.71 0.002 0.013
C*03:04 3.39 0.00
7.19 8.96 0.77 0.42 1.43 0.481 1.000
C*04:01 7.63 5.26
7.19 10.35 0.66 0.36 1.22 0.231 1.000
C*05:01 8.47 2.63
9.80 10.23 0.93 0.55 1.59 0.895 1.000
C*06:02 10.17 7.89
20.26 17.80 1.14 0.77 1.70 0.527 1.000
C*07:01 19.49 23.68
15.69 14.89 1.04 0.67 1.61 0.821 1.000
C*07:02 16.10 13.16

The table shows alleles with a frequency of >5% in the cases or controls and with at least 90% imputation posterior probability in the control
cohort. Fisher's exact test (two-sided) was used to calculate p values; these were adjusted using a Bonferroni correction (p. < 0.05). Cl, confidence
interval; OR, odds ratio.

production. A third explanation is that a MOG-antibody-
centric disease classification, which includes patients with
variable ages and presentations at disease onset, may mask
underlying subgroup-specific HLA associations. However,
no further HLA associations were uncovered when con-
sidering patient subgroups, although this requires further

analysis in larger patient cohorts.

Future genetic and mechanistic studies are necessary to
further investigate and replicate the associations of HLA

class I and II alleles and haplotypes, and to assess comple-

ment gene haplotypes and non-HLA region variants in
larger cohorts of MOGAD patients across different eth-
nicities, and to dissect their pathophysiological conse-

quences.
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Table 3. The frequency of HLA class Il alleles in patients and controls.

M. Grant-Peters et al.

% of Cases

(n=82)
% in Oxford % in Liverpool % of Controls
Allele (n = 63) (n=19) (n = 6,056) OR 95% Cl (lower) 95% ClI (upper) P Pc
HLA-DRB1
DRB1*03:01 18.30 14.32 1.35 0.89 2.04 0.256 1.000
15.57 21.05
DRB1*07:01 13.07 15.01 0.86 0.53 1.38 0.435 1.000
11.47 15.79
DRB1*13:01 3.92 5.67 0.68 0.30 1.55 0.387 1.000
4.10 2.63
DRB1*15:01 15.69 14.20 1.13 0.73 1.76 0.733 1.000
13.93 21.05
HLA-DQB1
DQB1*02 28.76 24.33 1.14 0.81 1.61 0.464 1.000
29.37 26.32
DQB1*03:01/04 18.30 18.54 0.94 0.63 1.40 0.840 1.000
18.25 18.42
DQB1*03:02 13.73 9.69 1.37 0.86 2.17 0.184 1.000
15.87 7.89
DQB1*03:03 4.58 5.73 0.73 0.34 1.57 0.609 1.000
3.97 5.26
DQB1*05 14.38 15.41 0.85 0.54 1.34 0.585 1.000
16.67 7.89
DQB1*06:02/03 19.61 19.51 0.94 0.63 1.39 0.766 1.000
18.25 23.68

The table shows alleles with a frequency of >5% in the cases or controls and with at least 90% imputation posterior probability in the control
cohort. Fisher's exact test (two-sided) was used to calculate p values; these were adjusted using a Bonferroni correction (p. < 0.05). Cl, confidence

interval; OR, odds ratio.
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