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ABSTRACT

In this study, we investigated the clinical rele-
vance of anti-myelin antibodies in patients with
neuromyelitis optica (NMO); titers of antibodies
against myelin oligodendrocyte glycoproteins,
proteolipid proteins and myelin basic proteins
were measured in the sera of patients with NMO
and compared to healthy controls, as well as to
patients with other diseases. The frequency of
presence of anti-myelin antibodies in patients
with NMO was significantly higher than that in
healthy and diseased controls. The expanded
disability status scale scores correlated with the
titers of the anti-myelin antibodies. Patients with
anti-myelin antibody exhibited other autoanti-
bodies significantly more frequently than pa-
tients without the antibody. Anti-myelin antibo-
dies may be useful markers for predicting se-
vere clinical courses in patients with NMO.

Keywords: Neuromyelitis Optica; Anti-Myelin
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1. INTRODUCTION

Neuromyelitis optica (NMO) is an idiopathic and se-
vere demyelinating, inflammatory disease that attacks the
optic nerve and spinal cord. While this rare disorder re-
sembles multiple sclerosis (MS) in several ways, recent
studies have demonstrated that NMO can be clearly dis-
tinguished through its clinical course, prognosis, patho-
logical features, and etiology. Patients with NMO often
have a poor prognosis and relapsing clinical course.
More than half of them develop severe visual loss or an
inability to ambulate without assistance within a few
years of disease onset [1]. The pathological features of
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NMO are characterized by immunoglobulin deposition,
complement activation, vascular hyalinization and granu-
locyte infiltration of active lesions [2]. Based on the dis-
covery of an autoantibody in patients with NMO, which
is directed against the water channel aquaporin-4 (AQP4),
NMO is now considered as an antibody-mediated auto-
immune disease [3].

Proposed targets of the immune response in inflam-
matory demyelinating diseases of the central nervous
system include myelin antigens such as myelin oligoden-
drocyte glycoprotein (MOG), proteolipid protein (PLP),
and myelin basic protein (MBP) [4]. It has been demon-
strated that antibodies against MOG can cause demyeli-
nation in vitro [5] and in animal models [6]. While many
studies have been performed to investigate anti-myelin
antibodies in patients with MS, the pathogenic or predict-
tive role of these antibodies remains uncertain [7,8]. Few
investigations have been conducted in order to evaluate
the clinical relevance of anti-myelin antibodies in NMO
[9]. Herein, we report on a retrospective case-control
study of 17 NMO patients with anti-AQP4 antibodies in
order to evaluate the clinical relevance of anti-myelin
antibodies in these patients.

2. METHODS
2.1. Patients and Controls

Serum samples from 17 patients with NMO spectrum
disorders, including NMO and at-risk syndromes that
fulfilled the criteria proposed by Wingerchuk [10], were
investigated. The serum samples were kept frozen at
—80°C until time of use. All patients with NMO had high
titers of the anti-AQP4 antibody. We also investigated
samples from 30 healthy controls, as well as 63 controls
with the following diseases: MS (n = 21), Guillain-Barré
syndrome (n = 16), chronic inflammatory demyelinating
polyradiculopathy (n = 4), Miller Fisher syndrome (n =
2), cerebral infarction (n = 6) and other neurodegenera
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tive diseases (n = 14). Informed consent was obtained,
and the study was approved by the internal review board
of Kinki University Faculty of Medicine.

2.2. ELISA for Antibodies against Myelin
Antigens

The presence of serum antibodies against myelin ant-
igens was investigated with enzyme-linked immunosor-
bent assays (ELISA), as previously described [7]. Micro-
titer plates were coated with 0.5 pg of MOG (35 - 55),
PLP (183 - 199), or MBP (83 - 99) (Toray Research Cen-
ter, Inc., Tokyo, Japan). These peptides were extracellu-
lar domains of the naive antigens and were considered
epitopes against autoantibodies in demyelinating diseases
of the central nervous system [11,12]. An uncoated well
was used as a control. After incubation with 1% bovine
serum albumin (BSA) in phosphate-buffered saline (PBS),
the serum was diluted to 1:40 with 1% BSA in PBS and
added to each well; the plate was incubated at room
temperature for 2 h. After washing with PBS, peroxi-
dase-conjugated goat anti-human IgG antibody (Jack-
son ImmunoResearch Laboratories, Inc., West Grove, PA,
USA), which was diluted 1:10000 with 1% BSA in PBS,
or peroxidase-conjugated goat anti-human IgM (MP
Biomedicals LLC, Irvine, CA, USA), which was diluted
1:200 with the same solution, was added to each well.
After incubation, the wells were washed and ortho-
phenylenediamine dihydrochloride (40 mg/dL of phos-
phate-citrate buffer, pH 5.0) was used to obtain a color
reaction. The reaction was stopped by the addition of 8 N
H,S0O,, after which the optical density (OD) of each well
was read at 490 nm using an ELISA reader (Model 550,
Bio-Rad, Hercules, California, USA). Each OD value
was corrected by subtracting the OD value of the control
well that had been similarly processed. The ELISAs were
repeated 3 times, and the mean OD of the 3 experiments
was calculated. Sera with corrected OD values that were
greater than +3SD of the normal control values were
considered positive.

2.3. Statistical Analysis

The differences in the populations were tested by the
X? test for independence. The F test was used to assess

whether the distributions of the data variables were equal
among the groups. The two-sample ¢ test and the Welch’s
t test were used to compare the differences between
groups (anti-myelin antibody-positive and anti-myelin
antibody-negative). The Pearson product moment corre-
lation coefficient was used to assess the correlations
among the data variables. A two-tailed P value of less
than 0.05 was considered statistically significant.

3. RESULTS
3.1. Frequencies of Anti-Myelin Antibodies

The mean +3SD values of the corrected OD values of
the healthy controls were as follows: 0.131 for the anti-
MOG IgM antibody; 0.089 for the anti-PLP IgM anti-
body; 0.086 for the anti-MBP IgM antibody, 0.041 for
the anti-MOG IgG antibody, 0.055 for the anti-PLP IgG
antibody, and 0.064 for the anti-MBP IgG antibody.
None of the 30 healthy controls or the 63 diseased con-
trols was positive for anti-myelin antibodies. No signifi-
cant differences in frequency were found among normal
and disease controls. In comparison, 5 of the 17 patients
with NMO (29%) exhibited at least one of the anti-mye-
lin antibodies (P < 0.0001 in a X” test). A summary of the
patients with antibodies to myelin antigens is shown in
Table 1.

3.2. Clinical Features of Patients with NMO
and Anti-Myelin Antibodies

Patients with NMO were divided into anti-myelin anti-
body-positive and anti-myelin antibody-negative groups.
The clinical features of the patients in each group are
presented in Table 2. Cerebrospinal fluid (CSF) samples
were obtained in order to examine the cell count; the
content of IgG was examined on the same day as the se-
rum. Scores on the expanded disability status scale (EDSS)
were assessed when the patients’ conditions were at their
worst.

Since the F test used to test the parameters of the CSF
cell count and EDSS did not show an equal distribution
of the data variables among the groups, a Welch’s ¢ test
was employed. Since the CSF IgG and attack frequency
parameters exhibited an equal distribution, a two-sample
t test was used.

Table 1. Summary of patients with neuromyelitis optica (NMO) and antibodies to myelin antigens.

Patient Age (y)/sex Disease EDSS IgM antibodies IgG antibodies
1 20/F NMO 6 MOG, PLP negative
2 60/F NMO overlapping APS 7 MOG, PLP, MBP negative
3 52/F NMO 8.5 negative MOG, PLP, MBP
4 48/F NMO 8 negative PLP, MBP
5 32/F NMOSD 4.5 MOG negative

APS, anti-phospholipid antibody syndrome; EDSS, expanded disability status scale; MBP, myelin basic protein; MOG, myelin oligodendrocyte glycoprotein;

NMOSD, spectrum disease; PLP, proteolipid protein.
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Table 2. Clinical features of patients with NMO with and without anti-myelin antibodies.

Clinical features

Positive (n =5)

Negative (n = 12)

Age (years)”
Males: females
Brain magnetic resonance imaging
Number of patients with abnormalities
Location
Optic neuritis
Long spinal cord lesion
Cerebrospinal fluid (CSF) cell count’"
CSF IgG™
expanded disability status scale (EDSS)™
Attack frequency”

(per year)
Number of autoantibodies”

270 £282 (n=4)

420+ 14 53+17
0:5 1:11
4 (80%) 8 (67%)
cerebrum, brainstem cerebrum, brainstem, pons
2 (40%) 4 (33%)
2 (40%) 8 (67%)

75+ 149 (n = 10)

89+4.8(n=4) 94+6.1(n=10)
68+14 51£3.0
1.86+0.77 1.72+1.28
2.80 % 1.60 0.50 = 0.96

"mean + SD; 'CSF was obtained on the same day as the serum sample; *EDSS were assessed when the condition of the patient was at its worst.

The EDSS scores correlated with the titer of the anti-
myelin IgG antibodies, MOG (P = 0.036, R* = 0.37),
PLP (P = 0.042, R* = 0.35) and MBP (P = 0.036, R* =
0.37) (Figure 1), and the score of all patients with high
titers of antibodies against any of the myelin antigens
was more than 4.5 (Table 1). However, there were no
correlations between the EDSS scores and the titers of
the following antibodies: anti-MOG IgM (P = 0.76),
anti-PLP IgM (P = 0.78), anti-MBP IgM (P = 0.75), anti-
MOG IgG (P = 0.57), anti-PLP IgG (P = 0.68), and anti-
MBP (P = 0.45).

3.3. Number of Autoantibodies Except for
Anti-AQP4 and Anti-Myelin Antibodies

The presence of other autoantibodies was examined in
the sera of all patients. The antibodies examined were
rheumatoid factor, anti-nuclear antibody, anti-Ro/SS-A
antibody, anti-scleroderma-70 antibody, anti-cardiolipin
antibody, lupus anticoagulant, thyroid stimulating anti-
body, anti-thyroid peroxidase antibody, and anti-thyro-
globulin antibody. In the negative group, 1 patient had a
complication of Sjogren syndrome. In the positive group,
1 patient exhibited anti-phospholipid antibody syndrome
(APS), another had subclinical autoimmune thyroidism,
and a third patient had a family history of systemic lupus
erythematosus (SLE). The patients in the anti-myelin
antibody-positive group presented with other autoanti-
bodies more frequently than the negative group patients
and this difference was significant (mean = SD, 2.80 +
1.60 versus 0.50 = 0.96, P = 0.037 with Welch’s ¢ test).

4. DISCUSSIONS

In this retrospective case-control study, we found that
the EDSS scores showed a correlation with the titer of
the anti-myelin antibodies and an increase in the frequen-
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cy of anti-myelin antibodies in patients with NMO.
ELISA was chosen to determine the presence of IgM and
IgG anti-myelin antibodies since it is easily performed
and can quantitatively analyze the titer of antibodies as
OD values. All of the patients who were positive for
anti-myelin antibodies had NMO or NMO spectrum dis-
eases; none of the patients with conventional MS were
positive for anti-myelin antibodies.

This frequency was lower than that found of a prior
study that used ELISA to assess the serum level of anti-
MOG IgG (th-MOG 1 - 125) in patients with MS. IgG
MOG seropositivity was reported in 22% of patients with
MS by Pittock, et al. and in 33% of patients with MS by
Wang, et al. [7,8]. This discrepancy may be due to the
MOG-antigen used to coat the ELISA plate. For example,
MOG-IgG (1 - 125) might be highly sensitive as an anti-
gen compared to the MOG peptide (35 - 55). Another
possible factor is the time-course used to determine the
presence of anti-MOG antibodies since some patients
who tested seropositive for MOG antibodies became
seronegative during the follow-up period. O’Connor, et
al. revealed that only the anti-MOG antibodies found in
MS lesions had a high affinity for their antigens, whereas
serum and CSF antibodies to MOG were low-affinity
antibodies [12]. This means that the particular MOG an-
tibodies detected could relate to the patterns of demyeli-
nation observed in MS.

Several studies have focused on the prognostic value
of anti-MOG in the progression of MS in patients with
clinical isolated syndrome (CIS). Berger, et al. reported
that IgM anti-MOG antibodies and MBP antibodies,
measured by Western blot, were predictors of MS devel-
opment in a cohort of 103 patients with CIS [13]. Fur-
thermore, these authors found that healthy young adults
with detectable serum levels of IgG anti-MOG antibodies
had an increased risk of developing MS. The predictive
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Figure 1. Correlation of the expanded disability status scale (EDSS) scores and the titers of autoantibodies to myelin
antigens. The EDSS scores correlated with the titers of the following antibodies: anti-MOG IgG (P = 0.036, R*> = 0.37),
anti-PLP IgG (P = 0.042, R?* = 0.35) and anti-MBP IgG (P = 0.036, R* = 0.37). There were no correlations between the
EDSS scores and the titers of the following antibodies: anti-MOG IgM (P = 0.76), anti-PLP IgM (P = 0.78), anti-MBP
IgM (P = 0.75), anti-MOG IgG (P = 0.57), anti-PLP IgG (P = 0.68), and anti-MBP (P = 0.45). All patients with high

titers of antibodies against myelin antigens scored more than 4.5 on the EDSS.

role of anti-myelin antibodies has been addressed in sev-
eral different studies with correlations ranging from
highly significant [14] to partially significant [15,16] to
not significant [17,18]. The different results might reflect
discrepancies in study designs and/or study populations.
In patients with NMO, autoantibody responses to the
myelin antigens analyzed in this study by ELISA have
previously been reported. All patients showed a positive
and predominant anti-MOG response rather than an anti-
MBP autoantibody response [19]. It has been speculated
that anti-MOG antibodies might be involved in the de-
myelinating process in NMO. To study immunologic
alterations, Correale, et al. analyzed anti-MOG positive
mononuclear cells in peripheral blood and CSF using
ELISPOT assays. Their study found that MOG-specific
responses in CSF showed significant increases in IgG-
and IgM-secreting cells in patients with NMO compared
to patients with MS and healthy subjects [20]. These
findings are in agreement with observations indicating
more severe clinical manifestations in patients with
NMO compared to those with MS. In the blood and CSF
of patients with NMO, the mean number of IL-6-secret-
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ing cells was higher compared to that of MS and healthy
control subjects. A strong correlation between the num-
ber of cells secreting anti-MOG antibodies and antigen-
specific IL-6 synthesis was observed in CSF collected
exclusively from patients with NMO [20].

Alves-Leon, et al. used ELISA to assess the produc-
tion of IgG and IgA antibodies to antigens of MBP, PLP
(95 - 116), and MOG (92 - 106) in 28 patients with NMO
and healthy matched controls. Patients with NMO had
significantly higher levels of IgGs to MOG (P < 0.0001),
PLP (P = 0.0002), and MBP (P < 0.0001) compared to
healthy controls [21]. Those authors suggested that the
high expression of MOG (92 - 106), PLP (95 - 116), and
MBP autoantibodies in patients with NMO could be a
marker for the prognosis, recurrence, and/or severity of
the disease.

In our study, the EDSS correlated with the titer of the
anti-myelin antibodies. Furthermore, all patients with
high titers of antibodies against myelin antigens scored
higher than 4.5 points on the EDSS. These results could
reflect severe inflammation of the central nervous system
and poor prognoses in patients with anti-myelin antibo-
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dies. NMO is often associated with several autoantibo-
dies, as well as anti-AQP4 antibodies, and these are also
seen in other autoimmune diseases, especially autoim-
mune thyroidism, SLE, Sjogren syndrome, and APS [22,
23]. The overlap presence of these antibodies with other
autoimmune diseases is considered a factor in the predic-
tion of poor prognoses and/or poor responses to treat-
ment, as reported in patients with NMO overlapping with
Sjogren syndrome.

Our study revealed that the patients in the anti-myelin
antibody-positive group presented with other autoanti-
bodies more frequently than the negative group patients.
In the positive group, 2 of 5 patients overlapped with
other autoimmune diseases, while 1 patient had a family
history of severe SLE.

We could clearly detect an association between the
presence of these antibodies and the severity and clinical
features of the disease. Our study also revealed increased
EDSS scores in patients with high titers of anti-myelin
antibodies. As reported in pathological and CSF studies,
the demyelination that occurs subsequent to astrocytic
damage in NMO is considered to be more severe than
that observed in MS [24]. In addition, a recent study re-
ported that anti-AQP4 antibodies damage oligodendro-
cytes through an excitotoxic mechanism following the
disruption of glutamate homeostasis in astrocytes in vitro
[25]. These findings allowed us to hypothesize that mye-
lin antibodies were produced subsequent to the leakage
of myelin antigens due to massive inflammation within
the central nervous system.

In conclusion, anti-myelin antibodies in sera, as well
as other autoantibodies and overlapping autoimmune
diseases, may be useful markers for predicting severe cli-
nical courses or poor prognoses in patients with NMO.
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