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Introduction
It is assumed that central nervous system demyelinating 
disorders (CNSDDs), such as multiple sclerosis (MS) 
and neuromyelitis optica (NMO) spectrum disorders 
(NMOSDs), are autoimmune disorders. While the 
autoaggressive role of T cells has been well documented 
in MS, NMOSDs are currently thought to be antibody-
mediated disorders. However, the concept that MS and 
NMOSDs are distinct disorders was not confirmed until 
NMO-IgG or anti-aquaporin 4 (AQP4) antibodies (Abs) 
were discovered in patients with NMOSDs [1,2]. The 
discovery of NMO-IgG has also overturned the hypothesis 
that the target antigens in CNSDDs are necessarily myelin 
and/or oligodendrocytes. Hence, searching for anti-neural 
Abs in CNSDDs may provide information crucial to 
understanding the pathogenesis of each patient and finding 
clues for classifying the heterogeneous CNSDDs.

We previously screened for a variety of anti-neural Abs 
in the sera of Japanese patients with CNSDDs [3]. In this 
mini review, we try to describe the association between 
CNSDDs and anti-neural antibodies based on our findings 
and the reports of other groups.

Anti-neural antibodies in CNSDD patients
Seventy patients with CNSDDs were enrolled in our 
study, of which 29 had MS, 28 had NMO/NMOSDs, and 
13 had clinically isolated syndrome (CIS). We searched 

the sera of the patients for Abs against the following 
antigens: AQP4, glutamate receptors (N-methyl-d-
aspartate receptor (NMDAR) and α-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid receptor (AMPAR) 
types), contactin-associated protein 2 (CASPR2), leucine-
rich glioma-inactivated protein 1 (LGI1), glutamic acid 
decarboxylase (GAD), myelin associated glycoprotein 
(MAG), γ-aminobutyric acid B receptor (GABABR), 
glycine receptor (GlycineR), CV2, amphiphysin, Hu, Ri, 
Yo, Tr, Ma2, and myelin. Anti-AQP4 Abs were detected in 
24 patients with NMO/NMOSDs. Anti-NMDAR Abs were 
detected in two patients with NMO/NMOSDs and one 
with MS. Anti-CASPR2 Abs were detected in two patients 
with NMO/NMOSDs and one with CIS. Only one of the 
three patients with anti-CASPR2 Abs was positive for anti-
AQP4 Abs. We detected anti-Ma2 Abs in one patient with 
MS and anti-Tr Abs in another MS patient. Anti-myelin 
Abs were detected in sera from two patients from each of 
the three groups. Other anti-neural Abs were not detected 
in any of the patients [3].

Similar to our report, Hacohen et al. tested autoantibodies 
to astrocyte, myelin, and neuronal antigens in sera of 65 
children with CNSDDs. Fifteen patients (23%) were 
positive for at least one Ab. Anti-AQP4 Abs and anti-myelin 
oligodendrocyte glycoprotein (MOG) Abs were detected 
in three and seven patients, respectively. Anti-NMDAR 
Abs were found in one monophasic acute disseminated 
encephalomyelitis (ADEM) patient and one additional 

The relationship between central nervous system demyelinating disorders (CNSDDs) and 
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patient with optic neuritis, who was also positive for anti-
VGKC-complex Abs. Anti-VGKC-complex Abs were also 
found in a patient with monophasic ADEM and a patient 
with relapsing-remitting MS (RRMS). Anti-GlycineR Abs 
were detected in a patient with transverse myelitis. The 
authors discussed the possibility that these autoantibodies 
can be pathogenic and result in CNS demyelination or 
contribute to the accompanying disability, but their clinical 
relevance remained unclear [4].

In this review, we focus on the association of anti-NMDAR 
Abs and anti-CASPR2 Abs with CNSDDs. Additionally, 
we describe patients with multiple autoantibodies to assess 
whether the presence of each antibody is necessarily 
pathogenic or not.

i) CNSDD patients with anti-NMDAR antibodies

Anti-NMDAR Abs are usually detected in anti-NMDAR 
encephalitis patients who develop a clinical syndrome 
characterized by acute behavioral changes, dyskinesia, 
seizures, a decrease in consciousness, psychosis, and/
or autonomic dysregulation [5]. However, findings 
suggest that patients with anti-NMDAR Abs may 
have demyelinating lesions. According to a report by 
Titulaer et al., 23 out of 691 patients (3.3%) with anti-
NMDAR encephalitis had MRI and/or clinical features 
of CNSDDs, and five patients had only anti-NMDAR 
Abs, but not anti-AQP4 Abs nor anti-MOG Abs [6]. In 
our study, a 39-year-old man diagnosed with MS had 
anti-NMDAR Abs. He had two episodes of hemisensory 
disturbance on his left side and dizziness caused by 
brainstem and cerebral lesions [3]. Waschbisch et al. 
also reported a 33-year-old male patient with clinically 
definite MS who was found to be positive for anti-
NMDAR Abs. This patient had rituximab therapy and 
was clinically stable for 18 months of follow-up. He was 
carefully evaluated for typical signs of anti-NMDAR 
encephalitis, such as seizures, dyskinesia, and psychiatric 
or neuropsychological symptoms, all of which were 
negative [7]. Another case report showed a Japanese girl 
with recurrent optic neuritis and transient cerebral lesions 
who was positive for anti-NMDAR Abs [8]. These patients 
with anti-NMDAR Abs only showed symptoms relating 
to CNSDDs, but not to anti-NMDAR encephalitis. It 
has also been reported that white matter changes, which 
are indicative of demyelination, are also visible in anti-
NMDAR encephalitis patients by using diffusion tensor 
imaging and resting functional MRI. This fact suggests 
that myelin disruption is more common in anti-NMDAR 
Ab positive cases than was suspected based on clinical 
grounds or on conventional MRI [9]. Taken together with 
the fact that oligodendrocytes contain NMDAR [10], 
anti-NMDAR Abs could play a role in the demyelinating 
process in anti-NMDAR Ab positive patients. However, 
there is also the possibility that anti-NMDAR Abs do not 
contribute to the formation of demyelinating lesions and 
that the coexisting autoimmunity against different targets 
plays a more crucial role in demyelination. Thus, further 

studies are required in order to determine whether anti-
NMDAR Abs themselves induce demyelination or not.

Ramberger et al. also recently analyzed anti-NMDAR 
Abs in 215 patients with CNSDDs (including 51 patients 
with ADEM, 41 with NMOSDs, 34 with CIS, and 89 with 
MS), and found only one RRMS patient who was positive 
for anti-NMDAR Abs. This patient had anti-NMDAR 
Abs at the onset of MS and, 3 years later, developed 
anti-NMDAR encephalitis-related symptoms, which 
include psychiatric (dysphoria, logorrhea) and cognitive 
symptoms (dyscalculia, frontal executive disorder, 
psychomotor slowing) [11]. There is another case report, 
which presents an MS patient with anti-NMDAR Abs 
who has clinical characteristics not only of MS, but also of 
anti-NMDAR encephalitis. The patient developed severe 
cognitive impairment associated with anti-NMDAR Abs 
after the typical clinical course of RRMS [12]. Thus, 
serum anti-NMDAR Abs could be a susceptive marker for 
an overlapping anti-NMDAR encephalitis-related disease 
course in patients with CNSDDs. In other words, anti-
NMDAR encephalitis may develop in CNSDD cases with 
anti-NMDAR Abs, but without any relevant episodes of 
anti-NMDAR encephalitis.

Anti-NMDAR Abs are not frequently detected in CNSDD 
patients, but it should be noted that anti-NMDAR Abs 
may be more prevalent than previously considered, and 
they can be related to the CNSDD or can be a suggestive 
marker that will cause an anti-NMDAR encephalitis-
relevant episode later.

ii) CNSDD patients with anti-CASPR2 antibodies

CASPR2 is localized on myelinated axons in the 
juxtaparanodal region in the CNS and the peripheral 
nervous system and is one of the VGKC-complex-
associated proteins. To date, anti-CASPR2 Abs have 
been reported to be associated with limbic encephalitis, 
Morvan’s syndrome, acquired neuromyotonia, and 
nonparaneoplastic cerebellar ataxia [13]. Our study first 
detected anti-CASPR2 Abs in three CNSDD patients, 
namely, two NMO/NMOSD patients and one CIS patient. 
One NMO/NMOSD patient also had anti-AQP4 Abs, but 
the other two only carried anti-CASPR2 Abs; in other 
words, no other responsible Abs other than anti-CASPR2 
Abs were identified. Moreover, the distribution of the 
lesions was common to these three patients, and was limited 
to the brainstem or the spinal cord [3]. Our observation is 
partly consistent with a report that found VGKC-complex 
targeted immunity in some child demyelinating disorders 
and suggested its possible relationship to demyelination; 
however, anti-CASPR2 Abs themselves were not found in 
this study [4].

The presence of anti-CASPR2 Abs in Asian patients 
with presumed autoimmune neurological disorders was 
investigated in Korea. Of 1820 patients, five patients were 
positive for anti-CASPR2 Abs, but none of them showed 
any episodes or had MRI findings indicative of CNSDDs 
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[13]. Therefore, it has not been elucidated whether anti-
CASPR2 Abs induce CNSDDs.

Additionally, a report showed that some limbic encephalitis 
patients with anti-VGKC complex Abs exhibited a specific 
MRI feature – an increased T2 signal of the supratentorial 
white matter. Although this MRI finding is compatible 
with hypomyelination rather than demyelination, this may 
indicate the potential of anti-LGI1 and anti-CASPR2 Abs 
to induce structural myelin change [14].

iii) CNSDD patients with multiple types of autoantibodies

In our study, there were three patients with multiple types 
of autoantibodies against neural antigens. Of these three 
patients, two had both anti-AQP4 and anti-NMDAR Abs, 
and one had both anti-AQP4 and anti-CASPR2 Abs [3]. 
The relationship of anti-CASPR2 Abs and CNSDDs has 
already been discussed. Here, we discuss the patients 
with both anti-AQP4 and anti-NMDAR Abs. One of these 
patients was a 34-year-old woman who had not only a 
history of intractable hiccups, optic neuritis, tetraplegia, 
sensory disturbance, and bladder and bowel disturbance 
compatible with an episode of NMO, but also had an 
episode of delirium, hallucination and generalized seizure 
compatible with an episode of anti-NMDAR encephalitis. 
On the other hand, the other patient with both anti-AQP4 
and anti-NMDAR Abs had only multiple episodes of 
myelitis, but had no episodes of anti-NMDAR encephalitis.

In a study by Titulaer et al., among 691 patients with anti-
NMDAR encephalitis, nine patients had both anti-NMDAR 
and anti-AQP4 Abs, and nine patients had both anti-NMDAR 
and anti-MOG Abs. Of the anti-NMDAR and anti-AQP4 
Ab positive patients, four patients had an NMOSD, which 
was similar to our case, three patients had only atypical 
symptoms, such as ataxia or facial and bulbar palsy, and two 
had no symptoms indicative of NMOSDs [6].

Considering these reports, there are rare cases of patients 
with both anti-AQP4 and anti-NMDAR Abs who also 
have episodes of both NMO/NMOSDs and anti-NMDAR 
encephalitis. This fact suggests that more than one 
anti-neural autoantibody type can participate in CNS 
pathogenesis in a single patient. Therefore, in the case of 
patients who have a CNSDD with unusual symptoms (e.g. 
psychiatric manifestations, seizures, memory deficits, 
autonomic instabilities, etc.), the possibility of them 
having anti-NMDAR encephalitis should be considered, 
and vice versa in patients with anti-NMDAR encephalitis, 
who could also have a CNSDD. On the other hand, some 
patients with both anti-AQP4 and anti-NMDAR Abs 
had either episodes of NMO/NMOSDs or anti-NMDAR 
encephalitis. These cases may show that not all of the 
detected autoantibodies are necessarily pathogenic.

A similar case report was published in 2013. A middle-
aged woman, whose serum harbored anti-NMDAR and 
anti-AQP4 Abs, developed limbic encephalitis followed 
by NMO [15].

We have to keep in mind that patients with both anti-AQP4 
and anti-NMDAR Abs, one of which could be clinically 
silent at a certain moment, may develop a CNSDD or anti-
NMDAR encephalitis in the future.

Discussion
Many anti-neural Abs have been reported to be related 
to or induce CNSDDs so far. In our previous report, we 
screened for a variety of anti-neural Abs in the sera of 
Japanese patients with CNSDDs and found that some 
CNSDD patients had anti-NMDAR Abs or anti-CASPR2 
Abs [3], neither of which are usually considered a cause 
of CNSDDs. So we focused on anti-NMDAR Abs and 
anti-CASPR2 Abs in this review. However, it remains an 
open question whether the existence of anti-NMDAR or 
anti-CASPR2 Abs is associated with demyelination or if 
other unclarified autoimmune mechanisms play a role in 
demyelination, because our previous findings were just 
based on the fact that some CNSDD patients had such 
anti-neural Abs in their sera. At the same time, these Abs 
may indicate the presence of overlapping syndromes of 
CNSDDs and other CNS autoimmune diseases, such as 
anti-NMDAR encephalitis. There is also the possibility 
that they are not pathogenic in CNSDDs or they are 
responsible for some pathogenic processes but not that of 
demyelination.

Although it might be interpreted that more than one distinct 
autoimmune CNS disease developed independently in 
a single person by chance or due to autoimmune-prone 
conditions, extended autoimmunity against multiple neural 
antigens may result from the release of neural antigens after 
tissue damage caused by inflammation and/or demyelination 
in the CNS (i.e. epitope spreading). This etiology is 
consistent with the report that children with relapsing MS 
had autoantibodies against a broader range of CNS antigens 
more often than children with monophasic demyelinating 
disorders [16]. However, the exact mechanisms remain 
unknown. To clarify the relationship between anti-neural 
Abs and CNSDDs, much larger clinical studies that include 
much more patients with such anti-neural Abs are needed 
and the clinical characteristics of such patients should 
be reported. Moreover, new anti-neural Abs, which are 
more specific and directly pathogenic for CNS, could be 
discovered in the future, so we have to keep searching such 
Abs. In addition to clinical studies, basic experiments such 
as cell culture or animal model experiments are awaited to 
show the pathogenicity of antibodies and show the detailed 
mechanisms.

In a clinical setting, we recommend considering the 
possibility that unidentified or undetected Abs can present 
and be pathogenic in CNSDD patients, especially when 
the symptoms are not typical, even if some Abs have 
already been detected. If some autoantibodies are detected, 
it should be carefully considered whether the Abs are 
pathogenic or not, and the patients should be followed up 
with attention.
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