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Abstract
Objectives
To assess a case of paraneoplastic aquaporin-4 (AQP4)-immunoglobulin G (IgG)–seropositive
neuromyelitis optica spectrum disorder (NMOSD) associated with teratoma and determine
whether it is a paraneoplastic neurologic disorder.

Methods
A single case study and literature review of 5 cases.

Results
A 27-year-old woman presented with diplopia, facial nerve palsy, paraplegia, sensory dys-
function of lower limbs, dysuria, nausea, and vomiting. Spinal cord MRI detected an extensive
longitudinal lesion in the spinal cord, and brain MRI detected abnormal lesions in the right
cerebral peduncle and tegmentum of the pons. CSF analysis revealed positive oligoclonal IgG
bands (OCBs). The patient tested positive for AQP4-IgG, confirming a diagnosis of NMOSD.
An abdominal CT scan detected an ovarian tumor. After steroid therapy and tumor removal,
the patient progressively improved, with only mild sensory dysfunction. Histopathologic
analysis of the tumor revealed a teratoma and the presence of glial fibrillary acidic protein
(GFAP)+ neural tissue with AQP4 immunoreactivity, accompanied by lymphocyte infiltration.
Including the present case, there have been 6 reported cases of AQP4-IgG–seropositive
NMOSD associated with ovarian teratoma (mean onset age, 32.7 years). Of these patients, 5
(83%) presented with nausea and/or vomiting, positive OCB, and dorsal brainstem in-
volvement. Pathologic analyses of the teratoma were available in 5 cases, including the present
case, revealing neural tissue with AQP4 immunoreactivity and lymphocyte infiltration in all
cases.

Conclusions
This study suggests that ovarian teratoma may trigger the development of AQP4-
IgG–seropositive NMOSD. Further studies are needed to elucidate the pathogenesis of
teratoma-associated NMOSD.
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Neuromyelitis optica spectrum disorder (NMOSD), an auto-
immune disease of the CNS, is characterized by optic neuritis
and myelitis. Aquaporin-4 antibodies (AQP4-immunoglobulin
G [IgG]) have been detected in 80% of patients with NMOSD.
Patients with malignancies can develop various neurologic dis-
orders, including the paraneoplastic neurologic disorder (PND)
induced by malignancy-associated autoimmune mechanisms.1

Recently, malignancies (such as breast and lung cancers) have
been reported to trigger NMOSD through a paraneoplastic
mechanism.2-4 In addition, there are several case reports of
AQP4-IgG–seropositive NMOSD associated with teratomas.5-7

However, the relationship between teratoma and the de-
velopment of NMOSD remains unclear.

This study describes a case of paraneoplastic NMOSD with a
teratoma containing GFAP+ neural tissue with AQP4 immu-
noreactivity and lymphocyte infiltration. Furthermore, we de-
termine the clinical features of teratoma-associated NMOSD
by reviewing 5 previously reported cases.

Methods
This is a single case study and literature review. Written in-
formed consent was obtained from the patient. For the lit-
erature review, previously reported cases were systematically
selected from PubMed using the key terms “teratoma,”
“NMOSD,” and “paraneoplastic.” Three case reports (5
cases) were identified and reviewed.

Data Availability
Anonymized data, for replicating the procedures, are available
on reasonable request.

Case Report
A 27-year-old Chinese woman presented with chest and back
pain a week after an upper respiratory tract infection. She was
admitted to the hospital after developing diplopia, right facial
nerve palsy, paraplegia, sensory dysfunction in the lower limbs,
dysuria, nausea, and vomiting. MRI revealed an extensive lon-
gitudinal lesion in the spinal cord (C7-Th6), suggestive of my-
elitis (Figure 1A). Brain MRI showed fluid-attenuated inversion
recovery hyperintense lesions in the right cerebral peduncle and
tegmentum of the pons in contact with the fourth ventricle
(Figure 1B). CSF analysis revealed 6 cells/μL with mildly ele-
vated protein (47 mg/dL) and positivity for oligoclonal IgG
bands (OCBs). The patient tested positive for AQP4-IgG (>40
U/mL, assessed by ELISA) and negative for antithyroid, anti-
nuclear, anti-DNA, anti-SSA/SSB, anti–myelin oligodendrocyte
glycoprotein, GFAPα-IgG, and anti-N-methyl-D-aspartate
receptor (NMDAR) antibodies, confirming the diagnosis of

NMOSD. The condition of the patient improved markedly after
2 cycles of high-dose IV methylprednisolone therapy, followed
by oral prednisolone and tacrolimus. Abdominal CT and MRI
for liver dysfunction revealed a tumor in the left ovary, suggestive
of a mature cystic teratoma (Figure 1C). Three months after
onset, the ovarian tumor was removed. Pathologic investigations
of the tumor revealed it to be a mature cystic teratoma (Figure 2,
A and B) that included the neural tissue exhibiting a GFAP+ glial
component with AQP4 immunoreactivity (Figure 2, C–E).
Complement immunoreactivity on the vascular endothelial cells
was observed (Figure 2F). This area showed mild inflammatory
infiltrates, mainly composed of intensely stained CD45RO+ or
CD8+ lymphocytes (Figure 2, G and H). Conversely, only a few
CD20+ B cells and CD138+ plasma cells were observed in the
same region (Figure 2, I and J). Follow-ups conducted in the
subsequent 16 months showed that the patient did not relapse,
despite presenting with mild dysesthesia at the last neurologic
examination.

Review of the Literature and the Present Case
Three reports presented 5 patients with AQP4-
IgG–seropositive NMOSD associated with teratoma who
met the criteria of PND.5-7 Clinical details are shown in the
Table . Including the present case, all 6 cases were females,
with a mean onset age of 32.7 years (range, 15–50 years). In 1
case, anti-NMDAR encephalitis developed before NMOSD.6

Although the clinical symptoms varied, 5 of 6 cases (83%)
reported nausea and/or vomiting. All 6 patients presented
with transverse myelitis, 2 with optic neuritis, and 5 with a
dorsal brainstem lesion (1 with area postrema lesion). In the
CSF analyses, 4 of 6 (67%) cases showed mild to moderate
pleocytosis, and 5 of 6 (83%) cases showed OCB positivity.
Histopathologic findings of teratoma were available for 5 of 6
cases (tumor resection was performed in all cases). All cases
exhibited neural tissue in the tumor, with accompanying im-
mune cell infiltration and a GFAP+ glial component with
AQP4 immunoreactivity. Complement immunoreactivity was
observed only in the present case. AQP4-IgGwas re-evaluated
after removal of the teratoma, and negative conversion was
observed in 3 of 5 cases (60%). All patients showed a good
response to immunotherapies, and only 1 patient who de-
veloped NMOSD after the onset of anti-NMDAR encepha-
litis relapsed after tumor removal.6 Although 2 cases reported
residual visual deficits and dysesthesia, the other cases showed
no sequelae.

Discussion
Generally, 3%–5% of NMOSDs are considered PND.2,3

Paraneoplastic NMOSD associated with cancer can be

Glossary
AQP4 = aquaporin-4; IgG = immunoglobulin G;GFAP = glial fibrillary acidic protein;NMDAR = N-methyl-D-aspartate receptor;
NMOSD = neuromyelitis optica spectrum disorder; OCB = oligoclonal IgG band; PND = paraneoplastic neurologic disorder.
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mediated by intratumoral neural tissue expressing AQP4,
triggering AQP4-IgG–related autoimmunity (intratumoral
AQP4 is considered as an antigen).2,4 Among the discussed
cases, we identified several common clinical features as
explained below.

First, there was a high frequency of nausea and/or vomiting,
consistent with a previous study of paraneoplastic NMOSD
(nausea and vomiting were observed in 41.2% of paraneo-
plastic NMOSD and 6.6% in nonparaneoplastic NMOSD).2

These are known symptoms of NMOSD (also called area
postrema syndrome of the dorsal medulla). Although the
involvement of the area postrema was described in only 1
case, a dorsal brainstem close to the area postrema lesion was
observed in 5 of 6 cases. The area postrema is a vomiting
center located in the caudal and dorsal brainstem, which lacks
a blood-brain barrier and features the high expression of
AQP4.8 These characteristics suggest that the area postrema is
affected by antibody-related autoimmunity in NMOSD.

Second, we noted a high frequency of OCB positivity (5/6)
compared with that of nonparaneoplastic NMOSD, which is
normally around 15%.2,3 A high frequency of OCB positivity
suggests significantly increased production of IgGs in the
CNS. The OCB positivity rate is also low (0/12) in the
reported paraneoplastic NMOSD cases associated with tu-
mors other than teratoma.2 Therefore, we speculate that in-
trathecal humoral immunity is strongly involved in the
pathogenesis of NMOSD associated with teratoma.

Third, histopathologic analyses of the teratomas revealed several
common features. Although the type of infiltrative lymphocytes
in the neural tissue component was variable, GFAP+ neural tis-
sue (glial component) with AQP4 immunoreactivity and in-
filtration of lymphocytes were consistent in all 5 cases. Most of
the teratomas (96%) from patients with anti-NMDAR enceph-
alitis (themost common form of PND) contained a neural tissue
component compared with 38% of sporadic teratomas, and they
exhibited higher lymphocyte infiltration frequency into the
neural tissue.9 These findings suggest that teratomas featuring
AQP4+ neural tissue accompanied by infiltrating lymphocytes
contribute to NMOSD development. In contrast to a previous
study, intratumoral complement immunoreactivity was observed
in this case.7 However, complement immunoreactivity has been
observed even in sporadic teratomas (62.5%).10 Therefore, fur-
ther study is needed to elucidate the contribution of the com-
plement system in NMOSD associated with teratoma.

Another common feature is the negative conversion of AQP4-
IgG after tumor removal, which was evident in 3 of 5 cases.
Although AQP4-IgG was found in the present case at the last
follow-up, the titer kept decreasing after tumor removal (8.7
U/mL, assessed by ELISA). The conversion may also be due
to the effect of the immunotherapies; however, our finding
also suggests that paraneoplastic autoimmunity is involved in
NMOSD associated with teratoma.

Finally, in this article, 3 of 6 (50%) patients who developed
NMOSD were younger than 30 years. Although the age at

Figure 1 Spinal Cord and Brain MRI Findings in the Present Case

(A) T2-weighted images of the spinal cord show an
extensive longitudinal hyperintense lesion in the
spinal cord (C7-Th6, arrowhead). Inset in (A) is the
axial image (Th1 level). (B) Axial fluid-attenuated in-
version recovery (FLAIR) image of the brain shows a
hyperintense lesion in the pontine tegmentum adja-
cent to the fourth ventricle (arrowhead). (C) Abdom-
inal CT shows calcification and fat in the left ovarian
tumor, which suggests ovarian teratoma (arrow).
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onset of nonparaneoplastic NMOSD is typically around
35–45 years,3 similar to that of NMOSD associated with
teratoma, the younger onset cases may reflect the tumori-
genesis of teratoma. The median onset age of paraneoplastic
NMOSD (associated with other cancers) was greater (55
years) than that of non-paraneoplastic NMOSD (40 years),
which can be attributed to the age at tumor onset in para-
neoplastic NMOSD.2 Therefore, we hypothesize that the age
at onset of NMOSD associated with teratoma also correlates
with the age at onset of teratoma.

A previous study on autoimmune GFAP astrocytopathy, a
newly recognized CNS disease with CSF GFAPα-IgG posi-
tivity, showed that multiple tumors were found in 22% of
patients diagnosed with this disease.11 Although GFAPα-IgG
was negative in the present case, several common character-
istics between NMOSD associated with teratoma and

autoimmune GFAP astrocytopathy were observed. Among
tumors that are found in cases of autoimmune GFAP astro-
cytopathy, ovarian teratoma is the most common (approxi-
mately 60% of tumors). In addition, ovarian teratoma from a
patient with autoimmune GFAP astrocytopathy demon-
strated GFAP staining.12 Moreover, autoimmune GFAP
astrocytopathy showed high OCB positivity (54%). Of in-
terest, in addition to GFAPα-IgG, coexistence of AQP4-IgG
and/or anti-NMDAR antibody was observed in more than
half of the autoimmune GFAP astrocytopathy patients with
teratomas (serologic complexity).11 These findings suggest
common pathogenesis of teratoma-associated CNS autoim-
mune diseases.

This study suggests that ovarian teratoma may trigger para-
neoplastic NMOSD. Therefore, it is crucial to screen even young
patients with NMOSD for tumors, particularly teratomas.

Figure 2 Histopathologic Findings of the Ovarian Teratoma in the Present Case

(A and B) Sweat glands (arrow), arrector pili muscles (arrowhead), adipose tissues, and sebaceous glands (A), and peripheral nerve bundles
(arrowheads) (B) are observed in the ovarian teratoma (hematoxylin and eosin [HE]). Panels (C–J) are consecutive sections stained with HE (C) and
immunostained for GFAP (D), AQP4 (E), C9neo (F), CD45RO (G), CD8 (H), CD20 (I), and CD138 (J). (C) The tumor tissue specimen contains CNS-like
tissue with inflammatory cell infiltration (HE). The CNS-like tissue is composed of astrocytic fibrils positive for GFAP (D) and AQP4 (E), and shows
C9neo-positive deposits, particularly in the wall of capillary vessels at a higher magnification (F). Inset in (F) is a higher magnification image of the
square area outlined in the panel. The infiltrating inflammatory cells are T cells positive for CD45RO (G) or CD8 (H). Only a few CD20-positive B cells
(I) and CD138-positive plasma cells (J) are observed. Panels (G–J) are higher magnification images of the square area outlined in panel C. AQP4 =
aquaporin-4.
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Table Comparison of the Present Case and Previously Reported Cases

1: Present
case

2: Frasquet
et al.5

3: Zoccarato
et al.6,a

4: Bernard-Valnet
et al.7 #1

5: Bernard-Valet
et al.7 #2

6: Bernard-Valnet
et al.7 #3

Age at clinical onset/sex 27/F 42/F 50/F 15/F 21/F 48/F

Follow-up period, mo 16 12 27 25 24 24

Myelitis/optic neuritis/brainstem lesion +/−/+ +/−/+ +/+/+ +/−/+ +/+/+ +/−/−

Nausea and/or vomiting + + − + + +

CSF pleocytosis/OCB −/+ +/+ −/− +/+ +/+ +/+

Dorsal brainstem lesion in MRI + + + + + −

Teratoma pathologyb

Neural tissue + + NA + + +

Astrocytic gliosis + + NA + + +

AQP4 immunoreactivity + + NA + + +

Complement deposition + NA NA − − −

Lymphocytic infiltration + + NA + + +

Relapse after removal of teratoma − − + − − −

Negative conversion of AQP4-IgG after
removal of teratoma

− NA − + + +

Abbreviations: AQP4 = aquaporin-4; IgG = immunoglobulin G; NA = not available; NMOSD = neuromyelitis optica spectrum disorder; OCB = oligoclonal IgG
band.
Detailed pathologic findings were available for 4 of 5 previously reported cases.5,7 Histopathologic analysis of the teratoma revealed amature cystic teratoma
in all 4 previously reported cases.
a This case developed NMOSD after the onset of anti-NMDAR encephalitis (5 mo after teratoma removal).6
b Removal of teratoma was performed in all 5 previously reported cases.5-7
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