
ARTICLE OPEN ACCESS

Identification of circulating MOG-specific B cells
in patients with MOG antibodies
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Abstract
Objective
To identify circulating myelin oligodendrocyte glycoprotein (MOG)-specific B cells in the
blood of patients with MOG antibodies (Abs) and to determine whether circulating MOG-
specific B cells are linked to levels and epitope specificity of serum anti-MOG-Abs.

Methods
We compared peripheral blood from 21 patients with MOG-Abs and 26 controls for the
presence of MOG-specific B cells. We differentiated blood-derived B cells in vitro in separate
culture wells to Ab-producing cells via engagement of Toll-like receptors 7 and 8.We quantified
the anti-MOG reactivity with a live cell–based assay by flow cytometry. We determined the
recognition of MOG epitopes with a panel of mutated variants of MOG.

Results
MOG-Ab–positive patients had a higher frequency of MOG-specific B cells in blood than
controls, but MOG-specific B cells were only detected in about 60% of these patients. MOG-
specific B cells in blood showed no correlation with anti-MOGAb levels in serum, neither in the
whole group nor in the untreated patients. Epitope analysis of MOG-Abs secreted fromMOG-
specific B cells cultured in different wells revealed an intraindividual heterogeneity of the anti-
MOG autoimmunity.

Conclusions
This study shows that patients with MOG-Abs greatly differ in the abundance of circulating
MOG-specific B cells, which are not linked to levels of MOG-Abs in serum suggesting different
sources of MOG-Abs. Identification of MOG-specific B cells in blood could be of future
relevance for selecting patients with MOG-Abs for B cell–directed therapy.
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Antibodies (Abs) against myelin oligodendrocyte glyco-
protein (MOG) are detected in a proportion of patients with
inflammatory CNS diseases,1–4 and there is growing con-
sensus that these patients constitute a separate disease
entity.5–8 Abs against MOG are assumed to be pathogenic,
based on in vitro experiments showing oligodendrocyte
damage9 and demyelination in slice cultures10 and on in vivo
transfer experiments with affinity-purified MOG-Abs from
patients.11

The source of MOG-Abs is largely unexplored. Studies in
animal models and human subjects have elaborated different
ways to generate long-lasting immunoglobulin (Ig) G pro-
duction. First, memory B cells could continuously generate
short-lived plasma cells on antigen stimulation or via cyto-
kines and Toll-like receptor (TLR) ligands.12,13 Second,
plasma cells might persist for many years in survival niches,
e.g., in the bone marrow and continuously release Abs
without further stimulation.14 The optimal therapy for
patients with anti-MOG disease is unknown. Current evi-
dence indicates that only a proportion of anti–MOG-
positive patients benefits from rituximab.15–17 This might
indicate different pathogenic mechanisms and different
sources of MOG-Abs in these patients.

Here, we set out to identify MOG-specific B cells in blood of
patients with MOG-Abs and controls by differentiating
them ex vivo into Ig-producing cells and quantifying the
MOG recognition of the produced IgG. Thereby, we aimed
to analyze the abundance of circulating MOG-specific
B cells in individual patients and to test whether there is
a linkage to serum levels of MOG-Abs. Furthermore, our
approach combining in vitro differentiation of B cells in
separate wells with determination of epitope recognition
allowed identifying intraindividual heterogeneity of anti-
MOG autoimmunity.

Methods
Population
We analyzed 21 MOG-Ab–positive patients (52% female;
mean age ±SD = 40 ± 12 years, range 15–60 years; table) and
26 age- and sex-matched healthy donors (62% female; mean
age ±SD = 35 ± 13 years, range 20–61 years).

Differentiation of PBMCs into Ig-secreting cells
Briefly, 6 × 105 peripheral blood mononuclear cells (PBMCs)
were seeded in 24-well plates in 1 mL/well RPMI medium
containing 10% fetal bovine serum. TLR7/8 ligand R848

(2.5 μg/mL; Sigma-Aldrich, St Louis, MO) and interleukin
(IL)-2 (1,000 IU/mL; R&D Systems, Minneapolis, MN)
were added, and cells were cultured for 7–11 days. This
combination of TLR7/8 ligation and IL-2 differentiates
CD19+CD27+ memory B cells into Ig-producing cells,
which have different requirements for activation and dif-
ferentiation than naive B cells.18 The in vitro stimulation we
use in this study induces the production of IgG, IgA, and
IgM.18,19 For limiting dilution assays, PBMCs were dis-
tributed from 103 to 105 cells/well in 200 μL and stimulated
for 11 days. The frequency of antigen-specific B cells was
calculated according to the Poisson distribution.18,19 Total
B-cell frequency was determined by flow cytometry using
the anti-human CD19-PerCP-Cy5.5 Ab (SJ25C1; eBio-
science, San Diego, CA).

Flow cytometry for B-cell
differentiation markers
Cells were stained using anti-human CD3-Alexa Fluor 700
(OKT3; eBioscience), CD19-APC/Fire 750 (HIB19; BioL-
egend, San Diego, CA), CD27-Brilliant Violet 605 (O323;
BioLegend), CD38-eFluor 450 (HB7; eBioscience), CD138-
PE (Mi15; STEMCELL Technologies, Vancouver, Canada),
FcR blocking reagent (Miltenyi Biotec, Bergisch Gladbach,
Germany), and TO-PRO-3 (Invitrogen, Eugene, OR).

Enzyme-linked immunosorbent assays
IgG was measured with the human IgG ELISA development
kit (Mabtech, Nacka Strand, Sweden). Abs against tetanus
toxoid (TT) were determined by coating TT (1 μg/mL;
Merck Millipore, Burlington, MA) or bovine serum albumin
(BSA, 1 μg/mL; Sigma-Aldrich) and detected by anti-human
IgG horseradish peroxidase (Jackson ImmunoResearch, West
Grove, PA; 109-036-003).

Detection of MOG-Abs
MOG-Abs were detected in a live cell assay, as described.11,20

Briefly, HeLa cells were transiently transfected with human full-
length MOG fused C-terminally to enhanced green fluorescent
protein (EGFP)-N1 (Clontech Laboratories, Mountain View,
CA) or with EGFP alone (control cells). As secondary reagents,
biotin-SP-conjugated goat anti-human IgG (Jackson Immu-
noResearch, West Grove, PA) and Alexa Fluor 647–conjugated
streptavidin (Jackson ImmunoResearch, West Grove, PA) were
applied. For the determination of anti-MOG reactivity, we gated
on cells with an FITC fluorescence intensity above 500 and
determined their mean fluorescence intensity (MFI) in the
allophycocyanin channel. For serum (diluted 1:50), we calcu-
lated the MFI ratio between MOG-EGFP–transfected cells and
cells transfected with EGFP alone. For cell culture supernatants

Glossary
Ab = antibody;ADEM = acute disseminated encephalomyelitis; EGFP = enhanced green fluorescent protein; Ig = immunoglobulin;
IL = interleukin; MFI = mean fluorescence intensity; MOG = myelin oligodendrocyte glycoprotein; PBMCs = peripheral blood
mononuclear cells; TLR = Toll-like receptor; TT = tetanus toxoid.
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(used undiluted), the MOG reactivity was determined as delta
MFI (reactivity to MOG-transfected cells—reactivity to control
transfected cells) because the reactivity to control cells of the cell
culture supernatant was close to zero. Negative delta MFI was
considered as zero. Threshold was set to mean +3 SD of the
values from controls. Values beyond mean +5 SDs were not
included in the threshold calculation. The recognition of

epitopes on MOG was determined with a panel of mutated
variants of MOG essentially as described.21

Statistical analysis
For Mann-Whitney U test, the nonparametric, unpaired, and
2-tailed test statistics were performed using GraphPad Prism
7 (GraphPad Software Inc., La Jolla, CA).

Table Features of patients with anti-MOG reactivity

ID Initial diagnosis Sex
Age at
sampling (y)

Reactivity to MOG in serum
(MFI ratio)a

Treatment at
sampling (y)

Duration of
disease (y)

Duration of last
treatment (y)

4 MS F 57 3.4 Glatiramer acetate 20 13

7a CRION M 47 47.4 Azathioprine 2.5 1

7b 50 32.9 Azathioprine 5.3 3.8

13 ON M 38 20.5 None 4.8 —

14 Relapsing
bilateral ON

M 54 45.4 Azathioprine 28 0.5

16 NMOSD M 30 58.0 Cortisone 0.2 0.1

17 Relapsing
bilateral ON

F 33 54.4 Azathioprine 6.1 0.8

22a ON M 37 7.4 Cortisone 0.1 0.1

22b 38 6.2 Azathioprine 1.2 0.3

23 Relapsing
bilateral ON

M 15 111.0 None 6 —

24 ADEM F 20 3.5 None 0.3 —

25 MS F 59 4.5 Teriflunomide 4 0.8

26a MS F 47 66.3 Teriflunomide 16 5

26b 47 63.9 Rituximab 16.2 0

26c 47 62.0 Rituximab 16.5 0.3

26d 47 73.1 Rituximab 16.8 0.7

28a ADEM F 34 25.5 None 0.3 —

28b 34 19.4 None 0.6 —

31a Autoimmune
encephalitis

F 44 38.0 None 0.5 —

31b 44 40.1 None 0.7 —

37 ON F 60 21.0 None 0.1 0.1

38 Relapsing ON F 34 199.7 Rituximab 9 0.1

39 Relapsing ON M 43 213.9 Rituximab 8 1.3

40 NMOSD F 41 7.5 Eculizumab 4 3

41 ON M 37 24.8 Azathioprine 3.3 3.2

42 NMOSD M 35 27.1 Azathioprine 20 2.2

43 Bilateral ON F 35 32.5 Azathioprine 3 0.7

44 NMOSD M 32 26.1 Cyclophosphamide 0.1 0.1

Abbreviations: ADEM= acute disseminated encephalomyelitis; CRION = chronic relapsing inflammatory optic neuropathy;MFI =mean fluorescence intensity;
MOG = myelin oligodendrocyte glycoprotein; NMOSD = neuromyelitis optica spectrum disorder; ON = optic neuritis.
a The cutoff for recognition of human MOG was 2.27 (mean +3 SD of controls).11,20 The MFI ratio was calculated as the mean of 2–4 experiments.
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Data availability
Data presented in this study are available upon reasonable
request.

Ethics statement
This study was approved by ethical committees of the
Ludwig-Maximilians-Universität Munich and Hacettepe
University Ankara. Informed consent was obtained from
each donor according to the Declaration of Helsinki.

Results
Differentiation of humanB cells in vitro into Ig-
secreting cells
We differentiated B cells into antibody-secreting cells and
noted a strong IgG production at day 7, which further

increased until day 11 (figure 1A), accompanied by de-
velopment of plasmablasts (CD3−CD19+CD27++CD38++)
(figure 1, B–F) that made up about 20% of all cells at day 7.
At later time points, plasmablasts declined, whereas CD3+

T cells prevailed (figure 1F and data not shown). About 10%
of the plasmablasts (day 7) coexpressed CD138 (data not
shown).

Identification of MOG-specific B cells in blood
in a proportion of patients
We determined the anti-MOG reactivity of IgG secreted from
in vitro differentiated B cells and thereby obtained information
on the presence and frequency of MOG-specific B cells in
blood. We compared 21 anti–MOG-positive patients with 26
controls (figure 2, A–C). Patient versus control group showed
a highly significant difference in anti-MOG reactivity of the in

Figure 1 Differentiation of human B cells in vitro into Ig-secreting cells

PBMCs of healthy controls were stimulated with IL-2 and R848 for the indicated periods. (A) IgG levels of cell culture supernatants were measured by ELISA.
Each dot represents themean of in total 2 stimulated wells from 2 different individuals. Error bars represent SEM. (B–F) Flow cytometry panels are displayed
from 1 representative donor. For each time point, PBMCs were pregated on live and singlet cells. Gates Q1 (CD3−CD19+; black rectangles) of left panels were
used for further gating on CD27 and CD38 in right panels. Plasmablast formation (CD3−CD19+CD27++CD38++) is shown inQ2 of right panels and peaked at day
7 (D). Ig = immunoglobulin; IL = interleukin; PBMCs = peripheral blood mononuclear cells.
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vitro differentiated B cells (figure 2B), while similar amounts of
total IgG were produced (figure 2C).

A closer look at the patient group revealed a striking het-
erogeneity. In some patients, MOG-specific B cells were

present in each well, in others in the majority of wells, and
yet in others, no anti-MOG reactivity was detected in the
secreted IgG. In 13/21 (about 60%) of anti–MOG-positive
patients, we noted anti-MOG reactivity in at least 1 cul-
tured well (figure 2A). The total amount of IgG produced

Figure 2 Identification of MOG-specific B cells in blood of patients with MOG-Abs in serum

(A and B) PBMCs from MOG-Ab–positive patients (n = 21) and healthy donors (n = 26) were stimulated with IL-2 and R848. Anti-MOG reactivity in cc SNs was
determined. Each dot represents 1 stimulatedwell. The number of stimulatedwells is enclosed directly under the x-axis. (B and C) Each symbol represents the
mean of all stimulated wells in 1 donor. Horizontal lines indicate the mean of all donors. (B) MOG-Ab production was significantly higher in patients than in
controls (Mann-Whitney U test). (C) IgG levels of cc SNs were not significantly different between the 2 groups (Mann-Whitney U test). (D) Comparison of MOG-
Ab levels in serum of patients and cc SNs of stimulated PBMCs. Themean anti-MOG reactivity of the stimulated PBMCs did not correlate withMOG-Ab serum
levels in the respective patients (Spearman correlation; rall = −0.07). Open circles indicate samples from patients with no treatment at time point of blood
withdrawal (runtreated = −0.12). (E–F) Limiting dilution analysis with PBMCs fromanti–MOG-positive patient 24. PBMCswere seeded at concentrations of 103 (17
wells), 104 (17wells), 5 × 104 (17wells), and 105 (27wells) cells/well and cultured for 11 days in the presence of IL-2 and R848. (E) TT productionwas assessed by
ELISA. Dotted line indicates applied cutoff calculated as mean + 3 SD of negative wells. (F) MOG-Abs in cell culture supernatants were analyzed by flow
cytometrywith transfected cells. Dotted line indicates applied cutoff calculated asmean +4 SDof negativewells. According to the Poisson distribution inwhole
PBMCs, the frequency of MOG-specific B cells in patient 24 is calculated as 1:224,000 and for TT 1:68,000. **p ≤ 0.01. Ab = antibody; BSA = bovine serum
albumin; cc SN = cell culture supernatant; Ig = immunoglobulin; IL = interleukin; MFI = mean fluorescence intensity; MOG = myelin oligodendrocyte
glycoprotein; ns = not significant; OD = optical density; PBMCs = peripheral blood mononuclear cells; TT = tetanus toxoid.
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in vitro was similar in the samples from patients with (mean
IgG = 6.82 μg/mL, n = 13) or without MOG-specific B cells
(mean IgG = 8.82 μg/mL, n = 8) in their blood (data not
shown).

From 5 patients, we could analyze samples obtained at dif-
ferent time points, and this showed the stability of our ap-
proach: From patient 7, 2 samples with a time interval of 3 years
were negative. Likewise, both samples of patient 22 obtained
with an interval of 1 year were negative. For patients 28a/
b (interval of 4 months) and 31a/b (interval of 1 month), we
could detect a positive signal for both time points. Patient 26
(no treatment for a/b; rituximab for c/d; all within 1 year) only
showed a marginal positive signal in 1 well for the first blood
sampling and was completely negative for samples b-d (figure
2A and table). We noted that in 4/26 healthy donors, a re-
activity toward MOG was seen in at least 1 well (figure 2A).

We set out to determine the frequency of MOG-specific B cells
in those patients where our first round of analysis indicated the
presence of circulating MOG-specific B cells and where further
samples were available. We performed a limiting dilution assay
with samples from patients 24, 28, and 31. We calculated
a frequency of about 1 MOG-specific B cell in 4.5 × 104 B cells
and about 1 TT-specific B cell in 1.4 × 104 B cells for patient 24
(figure 2, E, F). Patient 28 had about 1 MOG-specific B cell in
1.4 × 105 B cells and about 1 TT-specific B cell in 8.3 × 104

B cells; patient 31 had about 1MOG-specific B cell in 8.8 × 104

B cells and about 1 TT-specific B cell in 3.9 × 103 B cells.

MOG-specific B cells in blood and anti-MOG
levels in serum did not correlate
Within the patient group, the amount of anti-MOG IgG
produced after in vitro stimulation was not linked to the level
of anti-MOG reactivity in serum (r = −0.07; figure 2D). We
selectively analyzed the 8 samples we obtained from 6 patients
who were untreated at the time of blood sampling. Also, in
these samples, no correlation between circulating anti-MOG
B cells and serum anti-MOG level was observed (open circles
in figure 2D; r = −0.12).

Intraindividual heterogeneity of the anti-
MOG response
We combined the B-cell differentiation in separate wells with
the analysis of epitope reactivity. This was performed with
samples from 6 patients. We show original data from selected
wells of 2 patients (figure 3A) and the summary of all analyzed
wells (figure 3B). The in vitro differentiated B-cell cultures
reflected the fine specificity of the serum in 27/37 wells.
Looking at individuals, this analysis revealed an intra-
individual heterogeneity of the anti-MOG response in 4 of 6
patients that was not detectable when analyzing only serum.

Discussion
Here, we describe circulating MOG-specific B cells in a pro-
portion of patients with MOG-Abs. Although it is frequently

a challenge to identify antigen-specific autoreactive T cells in
patients with autoimmune diseases, themethodwe apply here is
useful to quantify not only highly abundant antigen-specific
B cells after infection and vaccination18 but also autoreactive
B cells such asMOG-specific B cells, which occur at much lower
frequency. We have identified MOG-specific B cells by differ-
entiating them into plasmablasts and then determining the in
vitro development of MOG-Abs with a cell-based assay. An
alternative method to enumerate antigen-specific B cells is the
usage of a purified and labeled antigen.22 The extracellular
domain of recombinant MOG, however, does not completely
mirror MOG in transfected cells.11 We had used the recombi-
nant extracellular part of MOG to form a tetramer, sorted
B cells binding this MOG and produced their Ig in a recombi-
nant way; we then found that these recombinant MOG-Abs
bound MOG by ELISA, but did not bind to MOG on trans-
fected cells (unpublished observation). Thus, the method we
applied in this article is the first choice to identify and quantify
MOG-specific B cells. The quantity ofMOG-specific B cells was
much lower than for the recall antigen TT. This reveals a dif-
ference to GAD65 autoimmunity, where GAD65-specific
B cells were as abundant as B cells specific for recall antigens.19

The differentiation of B cells into antibody-secreting cells after
TLR stimulation is a general feature of human memory
B cells.18 TLR7/8 stimulation, as applied in this study,
induced MOG-Ab production provided the patient had pre-
existing MOG-specific B cells. TLR7/8 recognize single-
stranded RNA viruses such as influenza virus; TLR9, which
recognizes unmethylated CpG dinucleotide motifs located in
bacterial and viral DNA, also mediates plasma cell differentia-
tion.18 Children with acute disseminated encephalomyelitis
(ADEM)1 and adult patients with optic neuritis andMOG-Abs
frequently had an infectious prodrome.23 The development of
MOG-Abs after genital herpes has been described.24 Attacks
were preceded by infection in about 40% of anti–MOG-
positive patients as seen in a multicentre study with 50
patients.15 These clinical observations and our in vitro studies
suggest that MOG-Abs can be induced on TLR stimulation.
We noted that in 4/26 control donors, B cells could also be
differentiated intoMOG-Ab–producing cells in vitro. This is in
line with the concept that autoreactive immune cells are part of
the normal repertoire.25 This is not necessarily linked to au-
toimmune pathology, but may reflect the susceptibility to de-
velop autoantibodies, in the context of infections.

The extent of diversity of the individual anti-MOG response
has been unknown. Our previous work with mutated variants
of MOG has shown that individual patients respond to
mutations at different loops of MOG; but this does not allow
for conclusions about the heterogeneity of the anti-MOG
response because MOG is so small that the maximal dimen-
sions of a single Ab epitope (2.1 × 2.8 nm)26 span a great area
of the surface of MOG.27 The approach we use here—
differentiating B cells in separate wells and combining this
with epitope analysis—allows identifying intraindividual
heterogeneity of the anti-MOG autoimmunity.
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We found a highly significant difference in the frequency of
MOG-specific B cells between patients and controls; but
a closer look at the group with MOG-Abs revealed 2 subsets;
in our study, about 60% of patients with MOG-Abs in serum
had MOG-specific B cells in blood. This stratification of
patients with MOG-Abs is not related to the intensity of the
anti-MOG response in serum. In this respect, the autoim-
munity against MOG is different to autoimmunity against

AQP4 and NMDA-R, where a close correlation between se-
rum levels of autoantibodies and circulating autoreactive
B cells has been described.28,29

One limitation of our study is that some patients were under
immunosuppressive treatment at the time of blood withdrawal;
also, the number of patients with the same clinical phenotype
and the same therapy is limited. However, despite

Figure 3 Analysis of the intraindividual heterogeneity of the B-cell response to MOG

The cc SNs of individualwellswith anti-MOG reactivity and the serumwere further analyzed for recognition ofmutants ofMOG. (A) Flow cytometry histograms
of selected cc SNs and serum from 2 patients. TheMOG reactivities of the serum samples are framed. From patient 24, serum, cc SN well 3, and cc SN well 10
had the same pattern of reactivity to theMOG variants, whereas cc SNwell 11 was different. Frompatient 28, serum and all cc SN samples showed a different
reactivity to at least 1MOG variant. (B) Summary of anti-MOG heterogeneity from37 cc SNs from6patients. Culturedwells with the same reactivity pattern as
found in serumof the respective patient are shown in black; those which differ from the pattern found in serum are shown in gray. In the blood sample 28a, 3
different patterns of anti-MOG reactivity could be dissected, indicated by the black lines, details in (A). cc SN = cell culture supernatant; MOG = myelin
oligodendrocyte glycoprotein.
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immunosuppressive treatment, patients had circulating MOG-
Abs and also MOG-specific B cells in blood, consistent with
other studies examining B cells of treated patients with other
autoantibodies.19,28,29 Furthermore, we had the chance to an-
alyze blood cells from 6 patients with MOG-Abs before the
onset of treatment, and these patients are very similar to the
total cohort of patients in terms of abundance ofMOG-specific
B cells and lack of correlation between serum anti-MOG and
circulating MOG-specific B cells.

The lack of linkage between autoantibodies to MOG and
circulating MOG-specific B cells indicates different sources of
the anti-MOG-Abs. Two sources have to be considered: long-
lived plasma cells, which are negative for CD20, and CD20+

memory B cells that are readily differentiated into anti–MOG-
secreting cells.12–14 MOG-Abs are transient in patients with
an ADEM-like phenotype, whereas they persist for many
years in others.11,20,27,30

The function of B cells extends beyond antibody production.
B cells are extremely potent presenters of antigens that bind to
their surface Igs; they selectively internalize their antigen and
present it to T cells at concentrations 103- to 104-fold lower
than required for presentation by nonspecific B cells or
monocytes.31 In animal models, MOG-specific B cells were
essential as antigen-presenting cells to drive activation of
MOG-specific T cells and encephalitis,32 and in addition,
MOG-specific Abs enhanced activation of cognate MOG-
specific T cells.11,33,34 Furthermore, B cells produce proin-
flammatory cytokines such as GM-CSF.35

The rationale for anti-CD20 therapy in patients with MOG-
Abs is twofold: reduction of autoantibodies and elimination
of B cells as central drivers of the immune response. The
effect of rituximab on autoantibody levels is particularly
strong in autoimmune diseases driven by IgG4 autoanti-
bodies.36 MOG-Abs are typically IgG1,37 and previous
results obtained with small cohorts showed that MOG-Abs
may persist after rituximab,27,38 but larger longitudinal
studies are still pending. Clinically, only a proportion of
patients with MOG-Abs respond to B-cell depletion,15–17

and there is no biomarker for predicting the therapeutic
response to anti-CD20: Treatment with the B cell–
depleting Ab rituximab led to a decrease in the relapse rate
in only 3/9 patients.15 An international consortium ana-
lyzed the response to rituximab in 98 patients and reported
that the overall response was weaker than in anti–AQP4-
positive patients, and only a proportion of anti–MOG-
positive patients benefited from rituximab.16 In an
Austral-Asian study, 1/6 patients failed to respond to ritux-
imab.17 The different responses to anti-CD20 might indicate
different pathogenic mechanisms and different sources of
MOG-Abs in these patients. Our study shows that MOG-Ab
positive differ in the abundance of circulating MOG-specific
B cells. Whether anti–MOG-positive patients with MOG-
specific B cells in blood are preferred candidates for B cell
depleting therapy needs to be assessed in future studies.

Longitudinal observations from a decent number of patients
are needed to analyze effects of therapies on circulating
MOG-specific B cells. Our study shows that such examina-
tions could be performed with frozen PBMCs, so a central
analysis could be performed of PBMCs collected within
a consortium.

Together, we show that circulating MOG-specific B cells are
present in a proportion of patients with MOG-Abs and that
their abundance is not linked to anti-MOG levels in serum.
Our approach of differentiating B cells in separate wells and
testing then the epitope specificity of the MOG-specific
B cells gives insight into the intraindividual heterogeneity of
the anti-MOG autoimmunity.
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technical assistance. They thank Drs. A. Peters and N.
Kawakami for comments on the manuscript. Part of the flow
cytometry analysis was supported by Dr. L. Richter, Core
Facility Flow Cytometry at the Biomedical Center, Ludwig
Maximilian University Munich.

Study funding
This work was supported by the DFG (SFB TR128), the
Munich Cluster for Systems Neurology (EXC 1010 SyNergy
and EXC 2145 SyNergy – ID 390857198), the Clinical
Competence Network for Multiple Sclerosis, the European
Academy of Neurology, the Scientific and Technological
Research Council of Turkey (TUBITAK) 2219 Program, the
Alexander von Humboldt Foundation, the Werner Reich-
enberger Stiftung, and the Verein zur Therapieforschung für
Multiple Sklerose-Kranke.

Disclosure
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