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Clinical Management of Anti-N-Methyl-D-Aspartate Receptor（NMDAR）Encephalitis

Localization of NMDAR-related epitopes in ovarian teratoma:

comparison between patients and controls

Naoko Tachibana, M.D.１）and Shu-ichi Ikeda, M.D.２）

Abstract: To clarify the role of ovarian teratomas in the pathogenesis of anti-N -methyl-D-aspartate receptor
(NMDAR) encephalitis, we examined histopathologically ovarian teratomas with and without encephalitis as well
as normal ovaries. We found strong expression of N -methyl-D-aspartate receptor subtype 2B (NR2B) epitopes in
the cytoplasm of oocytes obtained from human and bovine ovaries. A substantial amount of neural tissues express-
ing NR2B immunoreactivity chiefly in the mature neurons was observed. However, between both groups of ovar-
ian teratomas, no significant difference in either the amount of neural tissues or the degree of inflammatory cell in-
filtration was observed.

Young females comprise around 80％ of all anti-NMDAR encephalitis patients, and it has been reported that
39％ of them have ovarian teratomas. It is also well known that the vast majority of encephalitis patients have pro-
dromal infection before onset of the disease. If this infection affects either normal ovaries or ovarian teratomas, it
may trigger the expression of NMDAR-related epitopes in oocytes. Therefore, ovarian teratomas that consist of
large amounts of neural tissue might indicate an increased risk for development of this type of intractable en-
cephalitis.
（臨床神経 2012;52:982-984）
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Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephali-
tis is a recently established disorder that predominantly af-
fects women of reproductive age with ovarian teratomas.
Therefore, it is considered to be a type of paraneoplastic en-
cephalitis１）. However, based on accumulated information
from a rapidly increasing number of patients, only about
39％ of women have ovarian teratomas２）３）. Therefore, the fac-
tors that promote the production of anti-NMDAR antibodies
remain unclear. Another important clinical feature of the dis-
ease is the presence of preceding infectious episodes, which
was demonstrated in 70-90％ of patients. We hypothesized
that these infectious episodes may lead to inflammation in
the ovaries and promote onset of the disease. To examine
this hypothesis, we performed immunohistochemical studies
of ovarian teratomas removed from both patients with anti-
NMDAR encephalitis and control patients, paying special at-
tention to the amount of neural tissues, anti-NMDAR-related
epitopes and severity of inflammatory cell infiltration. Similar

examinations were also performed for normal ovaries. The
immunohistochemical staining methods were described pre-
viously４）.

NMDAR-related epitopes in normal ovary

About 80％ of anti-NMDAR encephalitis patients are
women of reproductive age. Why does this disease mainly
develop in younger females? We initially thought that ova-
ries themselves might contain NMDAR-epitopes４）. To an-
swer this question, we investigated five ovaries obtained
from young females at autopsy. NR2B immunoreactivity was
commonly seen in the cytoplasm of oocytes in all five cases.
If NMDAR-related epitopes in normal oocytes are able to in-
duce an antigen-antibody reaction, the presence of NR2B im-
munoreactivity in oocytes offers a possible explanation for
the selective involvement of young females with this disease.
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Fig.　1　Expression of neural antigens in an ovarian teratoma removed from a patient with anti-
NMDAR encephalitis.
A: GFAP- and SMI-31 (antibody for neurofilament)-immunoreactive areas. The picture is an en-
largement of the framed area in the insert. SMI-31-immunoreactive area is seen. The insert 
shows the GFAP-immunoreactive area in an ovarian teratoma. Immunoperoxidase staining ×32, 
insert ×1.3. B: an enlargement of the framed area b in figure A. SMI-31-immunoreactive fibrous 
structures are more clearly seen. Immunoperoxidase staining ×150. C: a significant number of 
small neurons with NR2B-immunoreactivity are visible. Immunoperoxidase staining ×180.
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Neural tissues and NMDAR epitopes
in ovarian teratoma

Anti-NMDAR encephalitis was first reported in 2007 as
paraneoplastic encephalitis. In this report, all 12 patients
were females and all of them had ovarian teratoma１）. Based
on the fact that ovarian teratomas contain CNS-like tissues, it
was accepted that ovarian teratomas played an initial role in
the pathogenesis of this type of encephalitis５）.

To clarify the role of ovarian teratomas in the onset of this
disease, we investigated numerous ovarian teratomas using
serial sections prepared from formalin-fixed and paraffin-
embedded blocks. The capsular layers in cystic tumors con-
tain squamous epithelium, exocrine and sebaceous gland,
hair follicles, fat, and neural tissues. These neural tissues
were positively stained with an anti-glial fibrillary acidic pro-
tein ( GFAP ) antibody ( Fig. 1 ― A ) . In the same area
synaptophysin-immunoreactive or microtubule-associated
protein-2 (MAP-2 ) -immunoreactive tissues were observed
(Fig. 1―B), as well as NR2B-immunoreactive neurons (Fig. 1―
C) and�or GluR2�3 positive neurons. These findings suggest
that ovarian teratomas with neural tissues are stimulated by
some unknown factors that promote the appearance of
NMDAR antigens and subsequent production of anti-
NMDAR antibodies.

Neural components and inflammatory
cell infiltration in ovarian teratoma

Although a recent study demonstrated that only 39％ of
the female patients with anti-NMDAR encephalitis have
ovarian teratomas, ovarian teratoma still appears to be the
chief predisposing factor for this disease. Therefore, we
wanted to know whether neural tissues in ovarian teratomas
with encephalitis are different from those without encephali-
tis. To answer this question, we performed computer-
assisted morphometry to compare the presence of neural tis-
sues in ovarian teratomas obtained from both encephalitis
and control patients. The neural tissues in ovarian teratomas
were identified as GFAP-immunoreactive areas. No differ-
ence in the amount of neural tissues was observed between
both groups. We then examined the degree of inflammatory
cell infiltration and the expression of lymphocyte surface an-
tigens. Inflammatory cell infiltration was frequently seen in
both groups of ovarian teratomas, but the difference was not
significant. Additionally, no specific tendency of lymphocyte
subtype surface antigens was seen in these tumors. These
results further suggest that the pathogenesis of anti-
NMDAR encephalitis cannot be explained by the theory of
paraneoplastic neurogenic disorder.
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The pathogenesis of anti-NMDAR encephalitis

Ovarian teratomas originate in oocytes and are one of the
types of benign tumors that frequently occur in young fe-
males. In ovaries most ovarian follicles develop from the pri-
mordial follicles into Graaf follicles. Furthermore, concomi-
tant inflammation is likely to occur during menses. Ovulation
alone causes a varying degree of inflammation, and ovaries
accompanied by bacterial and�or viral infections have an
even greater chance of becoming inflamed. Due to the rela-
tively small size of the ovaries, ovarian teratomas are almost
certainly more easily affected by such inflammation.

An infection reported in 70-90％ of patients in previous
studies１）２）might be the most important factor related to the
initial role of anti-NMDAR antibody production. If the pre-
ceding infection is present in either normal ovaries or ovar-
ian teratomas, tissues are destroyed and inherent NMDAR-
related antigens are possibly exposed to inflammatory cells,
resulting in the production of anti-NMDAR antibodies.
Therefore, we suggest that anti-NMDAR encephalitis occurs
in women of reproductive ages as a parainfectious disorder,
and the presence of ovarian teratoma is a strong predispos-
ing factor for this disease. However, the mechanisms that
cause this encephalitis remain unclear, especially in patients
without ovarian teratoma, and further studies are needed.

※The authors declare there is no conflict of interest relevant to
this article.
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