ro

TDP-43 was (irst isolated as a transcriptional inactivator
binding to the TAR DNA element of the HIV-1 virus.™ It
appears to belong to the group of 2 RNA-binding domain
(RBD)-Gly RNA-binding proteins, which include the het-
crogencous nuclear ribonucleoprotein (hnRNP) family
and factors involved in RNA splicing and transport.”” Sub-
sequent studies reported that TDP-43 functions to inhibit
cxpression of mouse spermatid-specific SP-10 gene and of
cyclin-dependent kinase 6. to regulate alternative splicing
of exon 9 of cystic fibrosis transmembrane conductase
repulator (CFTR), exon 3 of apolipoprotein A-11 (Apo
AlD, and exon 7 of survival of motor neuron 2 (SMN2).
and 1o stabilize human low molecular weight neurofila-
ment (hNFL) mRNA " The splicing inhibitory activity
requires the C-terminal region of TDP-43 by interaction
with other hnRNP members.”” Furthermore, more recent
studies suggest that TDP-43 may be involved in other cel-
lular processes such as microRNA biogenesis, apoptosis,
and cell division.®

Ubiquitin- and TDP-43-positive pathological inclusions
found in FTLD-TDP include neuronal cytoplasmic inclu-
sions (NCls), dystrophic neurites {DNs), neuronal intra-
nuclear inclusions (NlIs), and glial cytoplasmic inclusions
(GCls).==" " Based on morphological aspects, TDP-43
proteinopathies have been classified into four subtypes.™
Type 1 is characterized by DNs with few NCls and no Nlls,
Type 2 has numerous NCls with few DNs and no NIIs, Type
3 has numerous NClIs and DNs and an occasional NIIs and
Type 4 has numerous NIIs and DNs with few NClIs. Type 4
is specific for familial FTLD-TDP with mutations of VCP
pene. The strong relationship between other subtypes of
TDP-43 pathology and clinical phenotype is indicated.
Type | is associated with semantic dementia, Type 2
with FTLD with motor neuron disease (MND) or clinical
signs of MND. and "Type 3 with progressive non-fluent
aphasia. "

In ALS, motoneuronal skein-like inclusions immunopo-
sitive for ubiquitin had been regarded as major pathologi-
cal hallmarks. Recent detailed immunohistochemical
studies have clarified the wide distribution of neuronal and
glial TDP-43 pathology in multiple areas of the central
nervous systems, including the nigro-striatal system, the
neocortical and allocortical areas, and the cerebellum.*
‘These findings suggest that ALS does not selectively affect
only the motor system, but rather is a multisystem
neurodegenerative TDP-43 proteinopathy affecting both
neurons and glial cells.*-*

Biochemical analyses of the deterpent-insoluble frac-
tion extracted from brains of patients afflicted with FTLD-
TDP and ALS show that TDP-43 accumulated in these
pathological structures is phosphorylated and cleaved.'”

In the present review, we will focus on the histological
and biochemical abnormality of TDP-43 accumulated in

T. Arai et al.

ALS. FTLD-TDP and other neurodegenerative disorders,
and on the establishment and analyses of cellular models
for intracellular aggregates of TDP-43. Using antibodies
specific for phosphorylated TDP-43 (pTDP-43), we identi-
ficd several phosphorylation sites in the C-terminal region
of the TDP-43 that accumulates in FTLD-TDP and ALS
brains.” Furthermore, we found a close relationship
beiween the pathological subtypes of FTLD-TDP and
ALS and the immunoblot pattern of phosphorylated
C-terminal fragments of TDP-43, suggesting that pro-
Leolytic processing may be crucial in the pathological
process of these diseases.” By transfecting deletion
mutants lacking nuclear localization signal or C-terminal
fragments of TDP-43, we succeeded in establishing the
cellular models of TDP-43 proteinopathy. By analyzing
them, we found the pathogenic effect of mutations of
TDP-43 gene identified in ALS cases, and the potential
therapeutic agents that inhibit the aggregate formation of
TDP-43.

IMMUNOHISTOCHEMICAL AND
BIOCHEMICAL ANALYSIS FOR PTDP-43 IN
ALS AND FTLD-TDP

In order to identify the critical phosphorylation sites of
TDP-43, we raised antibodies against 39 different syn-
thetic phosphopeptides, representing 36 out of 63 candi-
date phosphorylation sites.” Of the generated antibodies.
pS379, pS403/404, pS409, pS410 and pS409/410 stained
the inclusions in immunohistochemistry, and abnormal
TDP-43 species on immunoblot, in FTLD-TDP and ALS
cases. Since the immunoreactivity of pS409/410 was par-
ticularly robust in both immunohistochemistry and immu-
noblotting, we later produced a monoclonal antibody
directed against phosphoserines 409 and 410 in human
TDP-43.% The results suggest that at least five sites
on TDP-43 are phosphorylated in subjects with FTLD-
TDP and ALS, and that abnormal phosphorylation takes
place mainly near the carboxyl (C)-terminal region of
TDP-43.

In immunohistochemistry, in contrast to the commer-
cially obtained phosphorylation-independent anti-TDP-43
antibody, which labels both abnormal structures and
normal nuclei (Fig.1A), pTDP-43-specific antibodics
recognized only abnormal structures, including NClIs
(Fig. 1B), NIIs (Fig. 1B, inset}, DNs (Fig. 1C), round inclu-
sions (Fig. D), skein-like inclusions (Fig. lE), and GCls
(Fig. 1F). In double immunofluorescence staining for
pTDP-43 (Fig. 1G, red) and a complement protein, C4d
(Fig. 1H, green), pTDP-43-positive inclusions were often
found in C4d-positive oligodendrocytes (Fig. 11), indicat-
ing that most GClIs are oligodendrocytic in origin. In the
frontal cortex of the ALS case with a long duration., we

© 2010 Japanese Society of Neuropathology

— 266 —



TDP-43 in brains and cellular models

Fig. 1 Neuronal and glial inclusions immu-
nopositive for phosphorylated transactiva-
tion response (TAR) DNA-binding protein
of Mr 43 kDa (TDP-43) in frontotemporal
lobar degeneration (FTLD)-TDP and ALS.
A. Dentate gyrus (DG) of the hippocampus
of the FTLD-TDP case stained with the
commercially available phosphorylation-
independent anti-TDP-43 antibody. Both
neuronal cytoplasmic inclusions (NCls)
(arrows) and normal neuronal nuclei are
immunopositive. B. Dentate gyrus of the
FTLD-TDP case stained with the pTDP-43-
specific antibody (pS409/410). NCIs are
clearly stained with no nuclear staining,. Inset
represents neuronal intranuclear inclusions
with a cat-eye shape. C. Dystrophic neurites
in the temporal cortex of the FTLD-TDP
positive for pS409/410. Motoneuronal round
inclusion (D) and skein-like inclusion (E) of F
the ALS case are stained with pS409/410. F.
Glial cytoplasmic inclusions in the motor
system of the ALS case stained with pS409/
410. In double-label immunofluorescence
histochemistry using pS409/410 (red in G, I)
and anti-C4d (green in H, I), the pS409/410-
positive inclusion (red) is present around the
nucleus of the C4d-positive oligodendrocyte
(green) (I). In the frontal cortex of the ALS
case with long duration, double-label immu-
nofluorescence using pS409/410 (red in J, L)
and anti-GFAP (green in K, L) shows a
partial colocalization of the both proteins in
the cytoplasm of the astrocyte.

found a partial colocalization of pTDP-43 and GFAP in the
cytoplasm of astrocytes (Fig. 1J-L). These results suggest
that all of the inclusion types previously described in
FTLD-TDP and ALS contain pTDP-43,

Immunoblot analyses of sarkosyl-insoluble fractions
with pTDP-43-specific antibodies revealed a single band at
45 kDa, several smaller fragments at ~25 kDa and indis-
tinct smears in FTLD-TDP and ALS cases but not in con-
trols (Fig. 2A). The intensity of the ~25 kDa fragments
tended to be greater than that of the 45 kDa band in
FTLD-TDP and in ALS. All of the immunoreactive bands
were completely abolished by lambda protein phosphatase
treatment, proving the specificity of the antibodies to the
phosphoepitopes.

To investigate the biochemical basis of the different
TDP-43 pathological subtypes (Types 1-3), we carefully
compared the results of immunoblots of the sarkosyl-
insoluble fractions from the cerebral cortex of cases with
sporadic FTLD-TDP (Type 1), FTLD-MND (Type 2),ALS
(Type 2) and familial FTLD with PGRN mutations
(mPGRN) (Type 3), using pTDP-43 specific antibodies.
The results showed that there is a close relationship
between the pathological subtypes and the immunoblot

© 2010 Japanese Society of Neuropathology

pattern of the 18-26kDa C-terminal fragments of
pTDP-43 (Fig. 2B,C). These findings confirm and extend
the previous reports'? that showed C-terminal fragment
composition varied between cases with Type 1 and Type 2
pathology. Furthermore, these results paraliel our earlier
findings of differing C-terminal tau fragments in progres-
sive supranuclear palsy and corticobasal degeneration,
despite identical composition of tau isoforms.* Taken
together, these results suggest that elucidating the mecha-
nism of C-terminal fragment origination may shed light on
the pathogenesis of several neurodegenerative disorders
involving TDP-43 proteinopathy and tauopathy.

TDP-43-POSITIVE STRUCTURES IN A
VARIETY OF NEURODEGENERATIVE
DISORDERS AND THE
SUBCLASSIFICATION OF TDP-43
PROTEINOPATHY

Immunohistochemical examination, using commercially
available phosphorylation-independent anti-TDP-43 anti-
bodies, had demonstrated abnormal intracellular accumu-
lation of TDP-43 in neurodegenerative disorders other
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Fig.2 Biochemical analyses using antibod-
ies specific for phosphorylated transactiva-
tion respense (TAR) DNA-binding protein
of Mr 43 kDa (pTDP-43). A. Immunoblot
analyses of sarkosyl-insoluble fractions from
control (lanes 1,2) and frontotemporal lobar
degeneration (FTLD)-TDP (lanes 3, 4),
using pS403/404, before (—) and after (+) the
treatment with lambda protein phosphatase.
pS403/404 specifically label the ~45 kDa
band (arrow) and the ~25 kDa fragments
(arrowhead) as well as a smear, only in
FTLD-TDP (lane 3). These immunoreactivi-
ties are abolished after dephosphorylation.
B. Representative immunaoblots with the
pTDP-43 specific antibody, pS409/410. The

sporadic FTLD-TDP case with Type 1 pathology shows two major bands at 23 and 24 kDa and two minor bands at 18 and 19 kDa (lane 1), while
the FTLD-MND (motor neurone disease) case with Type 2 pathology shows three major bands at 23, 24 and 26 kDa and two minor bands at 18 and
19 kDa (lane 2). A 23 kDa band is the most intense in sporadic FTLD-TDP (lane 1), while a 24 kDa band is the most intense in FTLD-MND (lane
2). The band pattern of the case of familial FTLD with progranulin gene mutations with Type 3 pathology is not distinctive but intermediate between
FTLD-TDP and FTLD-MND (lane 3). C. Schematic diagram showing the band pattern of the C-terminal fragments of pTDP-43.

than FTLD-TDP and ALS, including ALS/parkinsonism-
dementia complex of Guam,*# Alzheimer’s disease
(AD),*¥ dementia with Lewy bodies (DLB),** Pick’s
disease,2*® hippocampal sclerosis,” and corticobasal
degeneration (CBD).” However, the biochemical fea-
tures of accumulated TDP-43, especially its phosphoryla-
tion sites and fragmentation, had been unclear in these
disorders. To address these issues, we performed immu-
nohistochemical and biochemical analyses of TDP-43
in cases of neurodegenerative disorders, using our
pTDP-43-specific antibodics. As a result, we found
a high {requency of pTDP-43 pathology in cases of
AD (36-56%) (Fig. 3A.C). DLB (53-60%) (Fig. 3B.D).
argyrophilic grain disease (AGD) (60%) (Fig. 3E), Hun-
tington's disease (100%). and a case of familial British
dementia,*'-+

‘The pathological significance and mechanism of such a
frequent co-occurrence of diverse protein aggregates are
still unclear. A higher Braak NFT stage in the TDP-43-
positive patients than in the TDP-43-negative ones was
found in DLB+AD cases by Nakashima-Yasuda et al.* and
in our study of AD cases™ We also reported parallel
distribution of TDP-43-positive structures and tau-
positive grains and higher AGD stages in cases with
TDP-43 immunoreactivity than in those without TDP-43
immunorcactivity in AGD.* Double-label immunofluores-
cence microscopy reveals partial colocalization of tau
and TDP-43 in AD. DLB, AGD, Guamanian PDC and
CBDWHABHIRSE gr of g-synuclein and TDP-43 in
DLB.##5! These findings suggest that there may be
commaon factors or mechanisms that affect the conforma-
tion or modification of both proteins, leading to their intra-
cellular accumulation. Nakashima-Yasuda et al. indicated
two possibilities of the basis for those.® One is the direct
interaction between the protein as tau and o-synuclein

Table 1 Subclassification of TDP-43 proteinopathy

1. pure TDP-43 proteinopathy
Disease
A. Familial
FTDU-17 (FTLD-TDP, Type 3) PGRN
IBMPFD (FTLD-TDP, Type 4) VCP
Perry syndrome DCTN1
ALS TARDBP (TDP-43)
FTLD-MND (FTLD-TDP, Type 2) Chromosome 9
B. Sporadic
FTLD-TDP (Types 1-3)

Gene (locus)

ALS
2. Combined TDP-43 proteinopathy
Disease Aggregated proteins
A. Familial
FBD ABr, Tau, TDP-43
HD Huntingtin, TDP-43
MID (SCA3) Ataxin-3, TDP-43
B. Sporadic
AD Tau, TDP-43
DLB Tau, Alpha-syn, TDP-43
CBD Tau, TDP-43
AGD Tau, TDP-43
C. Endemic
Guam ALS/PDC Tau, Alpha-syn, TDP-43
Kii ALS/PDC Tau, Alpha-syn, TDP-43

FIDU-17, frontotemporal dementia with ubiquitinated inclusions
linked to chromosome 17, PGRN, progranulin; IMBPFD, inclusion
body myopathy associated with Paget disease of bone and frontotem-
poral dementia: DCTN1, dynactin 1; ALS, amyotrophic lateral sclero-
sis; TARDBP (TDP-43), TAR DNA-binding protein of 43 kDa.

AD, Alzheimer’s disease; AGD, argyrophilic grain disease; Alpha-
syn, a-synuclein; CBD, corticobasal degeneration; DLB, dementia
with Lewy bodies: FBD, familial British dementia, FTLD-MND,
frontotemporal lobar degeneration with motor neuron discase;
HD., Huntington disease; MJD, Machado-Joseph disease; PDC,
parkinsonism-dementia complex; SCA, Spinocerebellar ataxia.

promote the fibrillization of each other in vitro.* The other
is that the misfolding and aggregation of a disease protein
disrupt normal cellular functions, leading to predisposing
other proteins to aggregate,
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Fig.3 Phosphorylated transactivation re-
sponse (TAR) DNA-binding protein of Mr
43kDa (pTDP-43)-positive structures in
other neurodegenerative disorders. A. Neu-
ronal cytoplasmic inclusions (NCls) and
dystrophic neurites stained with the pTDP-
43-specific antibody (pS403/404) in the tem-
poral cortex of the Alzheimer’s disease (AD)
case (A) and the dementia with Lewy bodies
(DLB) case (B) with diffuse TDP-43 pathol-
ogy. (C-E) Double-label immunofiuores-
cence histochemistry of the temporal cortex
of AD (C) and DLB (D) and of the amygdala
of argyrophilic grain disease (AGD) (E).The
green fluorescence reveals the immunoreac-
tivity for phosphorylated tau (AT8) in C and
E, and that for phosphorylated a-synuclein
in D, while the red fluorescence represents
the immunopositivity for pS403/404 in C-E.
Arrows indicate the colocalization of tau and
pTDP-43 in C and E, and that of a-synuclein
and pTDP-43 in D. F. The band pattern of the
C-terminal fragments of pTDP-43 (asterisk)
in DLB (lane 2) and AD (lane 3} is similar to
that in familial FTLD with progranulin gene
mutation (mPGRN).

Of the TDP-43-positive cases in AD and DLB, about
20-30% showed neocortical TDP-43 pathology resembling
the FTLD-TDP, Type 3* (Fig. 3A,B). Immunoblot analyses
of the sarkosyl-insoluble fraction from cases with neocor-
tical TDP-43 pathology showed intense staining of several
low-molecular-weight bands, corresponding to C-terminal
fragments of TDP-43. Interestingly, the band pattern of
these C-terminal fragments in AD and DLB also corre-
sponds to that previously observed in the FTLD-TDP,
Type 3¥ (Fig. 3F). These results suggest that the morpho-
logical and biochemical features of TDP-43 pathology are
common between AD or DLB and a specific subtype of
FTLD-TDP. Since all FTLD-TDP cases with PGRN muta-
tions show Type 3 pathology,* there may be genetic factors,
such as mutations or genetic variants of PGRN underlying
the co-occurrence of abnormal deposition of TDP-43, tau
and a-synuclein.

The clinical impact of the concurrent TDP-43 pathol-
ogy in other neurodegenerative disorders than FTLD-

© 2010 Japanese Society of Neuropathology

1.2 3 4

TDP and ALS is also not fully understood. Uryu
etal. reported a lack of association between TDP-43
pathology and clinical manifestation of AD.¥ Similarly,
we did not find a significant difference of clinical features
between AGD cases with and without TDP-43 pathol-
ogy.” Joseph et al. on the other hand, reported that AD
cases with TDP-43 pathology were older at onset and
death, and performed worse on the Clinical Dementia
Rating Scale, Mini-Mental State Examination, and
Boston Naming Test than those without TDP-43 pathol-
ogy.* The older age at death of the AD cases with
TDP-43 pathology was also observed in our study?
Nakashima-Yasuda et al. found a higher average age at
death in the TDP-43 positive cases in Lewy body-related
discases with dementia.”® Further studies using larger

" cohorts with more detailed clinical, radiological and

pathological data are needed to elucidate the clinical
impact of TDP-43 pathology in a variety of neurodegen-
erative disorders.
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Fig. 4 The formation of inclusion-like structures in cells transfected with deletion mutants of transactivation response (TAR) DNA-
binding protein of Mr 43 kI>a (TDP-43). When pcDNA3-TDP-43 wild-type was expressed in SH-SYSY cells, no staining was observed by
the phosphorylation-specific anti-TDP-43 antibody (pS409/410). indicating that transfected wild-type TDP-43 and endogenous TDP-43 are
not phosphorylated at Serd09/410. The deletion mutant lacking nuclear localization signal (ANLS: 78-84 residues) was not recognized by
PS409/410 without MG132 treatment, while round cytoplasmic inclusion-like structures were stained by both pS409/410 and anti-ubiquitin
antibodies in those cells treated with MG132. In cells expressing another deletion mutant lacking 187-192 residues (A187-192), pS409/
410-positive but ubiquitin-negative intranuclear dot-like structures were observed without treatment. With MG132, round intranuclear
inclusions positive for pS409/410 and ubiquitin were formed. In cells expressing the double-deletion mutant (ANLS and 187-192),
cvloplasmic inclusions positive for pS409/410 and ubiquitin were formed cven in the absence of MG132.

Based on these findings so far. we would like to propose
that TDP-43 proteinopathy can be divided into two groups
(Table 1). One is “pure” TDP-43 proteinopathy, in which
only TDP-43 accumulates in brains as a pathological
protein, The other is “combined™ TDP-43 proteinopathy,
which shows multiple protein aggregates. TDP-43 pathol-
ogy is always found in all cases of pure TDP-43 protein-
opathy and familial and endemic cases of combined
TDP-43 proteinopathy, while it is found in a subpopulation
of cases with sporadic combined TDP-43 proteinopathy.

ESTABLISHMENT AND ANALYSES OF
CELLULAR MODELS OF TDP-43
PROTEINOPATHY

To establish the cellular models for intracellular aggregates
ol TDP-43, we first examined two candidate sequences for
the nuclear localization signal (NLS) (Fig. 4). Deletion of

residues 78-84 resulted in cytoplasmic localization of
TDP-43 in SH-SYS5Y cells, proving that this sequence
indeed functions as NLS. This result is largely consistent
with the previous report by Winton eral. which showed
that residues 82-98 were required for TDP-43 entry into
the nucleus.™ On the other hand, the mutant lacking resi-
dues 187-192 localized in nuclei, forming unique dot-like
structures. Proteasome inhibition caused these to assemble
into aggregates. Furthermore, double-deletion mutant of
these sequences caused cytoplasmic inclusion formation
without proteasomal inhibition. Immunohistochemical
and immunoblot analyses showed that these inclusions
consisted of phosphorylated and ubiquitinated TDP-43,
suggesting that these cellular models recapitulate the phe-
notypes of TDP-43 proteinopathies both pathologically
and biochemically.

Then, we tried to generate and analyze the cellular
models by expressing C-terminal fragments of TDP-43 in
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SH-SYSY cells, since 18-26 kDa C-terminal fragments of
TDP-43 are major constituents of inclusions in FTLD-TDP
and ALS brains.”” The results showed that expression of
several TDP-43 C-terminal fragments as green fluorescent
protein (GFP), including 162-414, 218414, 219-414 and
247414, led to the formation of cytoplasmic inclusions
positive for pTDP-43 and ubiquitin (Fig.5).* The N-
termini of the latter two peptides, 219-414 and 247-414,
correspond to the cleavage sites of TDP-43 C-terminal
fragments accumulated in FTLD-TDP brains identified
by our mass spectra analyses. Igaz et al. reported another
cleavage site at Arg 208 in a pathological TDP-43
C-terminal fragment from FTLD-TDP brains and inclu-
sion formation in cultured cells expressing resultant
C-terminal fragment (residues 208-414).% Our immunob-
lot analysis showed that these aggregated pTDP-43
C-terminal fragments were recovered in sarkosyl-insoluble
fraction as those in brains of FTLD-TDP and ALS.

Several groups have recently reported increased accu-
mulation of TDP-43 fragments in the brain homogenates®
and cultured cells™' in some of the pathogenic mutations
of TARDBP identified in ALS. However, in our cellular
models, immunoblot analyses failed to show any significant
differences in the generation of fragments of TDP-43 with
or without various mutations. Alternatively, pathogenic
mutations consistently enhanced aggregation of TDP-43 if
they are present in the C-terminal fragment, GFP-TDP
162-414 (Fig. 6). These results suggest that pathogenic
mutations and N-terminal truncation synergistically
promote abnormal accumulation of TDP-43.

METHYLENE BLUE AND DIMEBON
INHIBIT AGGREGATION OF TDP-43 IN
CELLULAR MODELS

Inhibition of the aggregation of TDP-43 and promotion
of its clearance are considered to be major therapeutic
avenues for ALS and FTLD-TDP. As for other neurode-
generative diseases, current tools include antibodies,
synthetic peptides, molecular chaperones and chemical
compounds. Of the latter, methylene blue (MB) and
dimebon have recently been reported to have significant
beneficial effects in phase II clinical trials of AD.#% MB is
a phenothiazine compound that has been used for treating
methemoglobinemia,®® inhibiting nitric oxide synthase,*
reducing nGMP® enhancing [B-oxidation in mitochon-
dria,* inhibiting of noradrenalin re-uptake® and enhanc-
ing brain mitochondrial cytochrome oxidase activity.*"
It has also been shown to inhibit AD-like AR and tau
aggregation in vitro."? Dimebon is a non-selective anti-
histaminergic compound that was in clinical use for many
years before more selective agents became available.” It
has been reported to inhibit butyrylcholinesterase, acetyl-
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GFP-TDP 219-414

‘ anti-pS409/410

Fig. 5 Transactivation response (TAR) DNA-binding protein of
Mr 43 kDa (TDP-43) C-terminal fragments identified in diseased
brains form cytoplasmic inclusions in cells. Round cytoplasmic
inclusions with strong green fluorescent protein (GFP) intensities
were observed in SH-SYSY cells expressing GFP-TDP 219-414,
These were positive for pS409/410 and ubiquitin Ub).

cholinesterase, NMDA receptors, voltage-gated calcium
channels, adrenergic receptors, histamine H1 receptors, his-
tamine H2 receptors and serotonin receptors, as well as to
stabilize glutamate-induced Ca2+ signals.”~" The effects
of dimebon on pathological protein aggregation have not
been studied in detail.
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Fig.6 The effect of transactivation
response (TAR) DNA-binding protein of Mr

Using our cellular models of TDP-43 proteinopathy
described above, we investigated the effects of MB and
dimebon on the formation of TDP-43 aggregates.” Follow-
ing treatment with 0.05uM MB or 5pM dimebon, the
number of TDP-43 aggregates was reduced by 50% and
45%. respectively (Fig. 7A-C.1). The combined use of MB
and dimebon resulted in an 80% reduction in the number
of aggregates (Fig. 7D,1). and in the significant reduction of
phosphorylated TDP-43 in insoluble fraction of the cell
lysate (Fig. 7E-H). These results suggest that MB and
dimebon may be useful for the treatment of ALS, FTLD-
TDP and other TDP-43 proteinopathies.

43kDa (TDP-43) mutations on aggregates
formation of the C-terminal fragment of
TDP-43. All seven mutations significantly
facilitated the formation of intracellular
aggregates of green fluorescent protein
(GFP)-TDP 162-414, as compared with those
of wild-type GFP-TDP 162-414.

CONCLUSION

Intracellular aggregation of TDP-43 takes place in brains of
patients with ALS, FTLD and a variety of other neurode-
generative diseases, suggesting the possibility that TDP-43
has wide influence on neuronal dysfunction and neurode-
generation. Phosphorylated and truncated forms of TDP-43
are major species accumulated in diseased brains, and the
proteolytic cleavage of TDP-43 may play an important role
for 1he pathological process of TDP-43 proteinopathy. In
cultured cells. expression of the TDP-43 C-terminal frag-
ments results in accelerated aggregate formation and in

© 2010 Japanese Society of Neuropathology
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Fig. 7 Inhibition of aggregates formation of transactivation response (TAR) DNA-binding protein of Mr 43 kDa (TDP-43) in cellular
models by methylene blue (MB) and dimebon. (A-D) Immunohistochemical analysis of the effects of MB and dimebon on the aggre-
gation of TDP-43 in SH-SY5Y cells expressing TDP-43 (ANLS and 187-192). TDP-43 inclusions were stained with anti-pS409/410
antibody and detected with Alexa Fluor 488-labeled secondary antibody. Representative confocal images from celis treated with control
(dimethyl sulfoxide + distilled water) (A), 0.05uM MB (B), 5uM dimebon (C) and 0.05 uM MB + 5 uM dimebon (D) are shown.
(E-H): Immunoblot analysis of the effects of MB and dimebon on the aggregation of TDP-43 in SH-SYSY cells expressing green
fluorescent protein (GFP)-tagged TDP-43 C-terminal fragment (162-414). Tris saline (TS)-soluble material, Triton X-100 (TX)-soluble
material, Sarkosyl (Sar)-soluble material and the remaining pellet (ppt) were prepared from control cells (E) and from cells treated
with 0.05 uM MB (F), 5 uM dimebon (G), and 0.05 pM MB + 5 uM dimebon (H), run on SDS-PAGE and immunoblotted with anti-
pS409/410 antibody. (I) Quantitation of cells with TDP-43 aggregates. The number of cells with intracellular TDP-43 aggregates was
counted and expressed as the percentage of cells with aggregates in the absence of compound (taken as 100%). Data are means + SEM
*P < 0.01 by Student’s r-test.

failure of nuclear localization of endogenous TDP-43. At
present, it is unknown whether loss of function, toxic gain of
function, or a combination of both mechanisms contributes
to neurodegeneration. Cultured cells or animal models

© 2010 Japanese Society of Neuropathology

expressing those abnormal TDP-43 species are expected to
be useful tools to investigate the pathogenesis of TDP-43
proteinopathy and to develop effective diagnostics and
therapeutics.
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ABSTRACT

tls and ANCA-assocmted vascu xIS."“ .
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INTRODUCTION

Antineutrophil cytoplasmic antibody (ANCA}-associated
vasculitis includes many disease entities such as micro-
scopic polyangiitis, Churg-Strauss syndrome and We-
gener’s granulomatosis, and its renal involvement often
shows crescentic necrotizing glomerulonephritis. Ho-
wever, diffuse tubulointerstitial nephritis associated with
ANCA-associated vasculitis has seldom been reported,
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except for some cases such as those of granulomatous
tubulointerstitial nephritis in Wegener's granulomatosis
(1). Recently, we have encountered a patient with mye-
loperoxidase (MPO) ANCA-associated vasculitis whose
kidney biopsy revealed diffuse tubulointerstitial nephritis
despite the fact that crescentic necrotizing glomerulone-
phritis was focal, which suggests the importance of eva-
juating tubulointerstitial changes in systemic vasculitis.

CASE REPORT

A 66-year-old woman was referred to a local hospital by
her primary physician for the evaluation of low-grade fever
and lower left leg pain with exercise. She had had these
symptoms for 1 month, and had general fatigue and loss of
appetite. A peripheral blood test showed an elevated C-re-
active protein (CRP) level (6.3 mg/dL), and she was treated
with intravenous antibiotics (ampiciliin and sulbactam, and
ceftazidime) for 2 weeks and prescribed nonsteroidal anti-
inflammatory drugs (NSAIDs); however, her symptoms did
not improve. Because data such as elevated antinuclear
antibody (ANA) (1:160) and rheumatoid factor (RF: 98.9
IU/L) levels suggested the presence of autoimmune dis-
ease, she was prescribed oral prednisone (30 mg/day). Her
condition rapidly improved to show a normal temperature
and a normal CRP level, and oral prednisone was tapered
and discontinued within 1 month.

Several weeks after the discontinuation of oral prednisone,
low-grade fever and general fatigue relapsed and resulted
in a loss of 5 kg body weight. Therefore, she was referred
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Fig. 1 - Renal pathology. a) The left glomerulus in which fibrocellular crescent and mostly normal glomeruli are shown (periodic acid-
Schiff staining, magnification x200). b} A severe infiltration of inflammatory cells including neutrophils, lymphocytes, plasmacytes
and occasional eosinophils is shown in the vast area of the interstitium {periodic acid-Schiff staining, magnification x200).

to our hospital. Physical examination revealed scattered
small purpura {3 mm in diameter) associated with mo-
tor and sensory disturbance in the area of the left deep
peroneal nerve. Her past history included allergic rhinitis
and hypertension for which she had been prescribed an
antihypertensive drug for 2 years. Hematological exami-
nation revealed leukocytosis of 9,800 cells/ul. with 7%
eosinophils (686/uL) and anemia with a hemoglobin level
of 7.9 g/dL. Her serum CRP level was 4 mg/dL, and her
erythrocyte sedimentation rate was 99 mm/hour. The MPO-
ANCA titer was elevated up to 182 EU, whereas protein-
ase 3-ANCA, anti-dsDNA and anti-glomerular basement
membrane antibodies were all negative. The RF level was
as high as 479 1U/L, ANA was negative and serum com-
plement levels were within the normal limits. Blood urea
nitrogen level was 25 mg/dL, and creatinine level was 1.5
mg/dL. Creatinine clearance was 40.5 mi/min. A urinalysis
revealed mild proteinuria (480 mg/day) and microhematuria
(6-10 red blood cells per high-power field) with white blood
cell and granular cast formation. Urinary a,-microglobulin
and N-acetyl-B-d-glucosaminide levels were elevated to 69
mg/g creatinine and 16 IU/day, respectively. A skin biopsy
from the lower left leg purpura showed a marked infiltration
of inflammatory cells around medium-sized arteries (about
250 ym in diameter). Electromyography revealed a neuro-
genic pattern in the left peroneal nerve. A biopsy from the
left peroneus brevis muscle and left sural nerve showed
necrotizing vasculitis of medium-sized arteries (about 150

418

ym in diameter) with fibrinoid necrosis and acute axonal
degeneration of most myelinated fibers, which is-compat-
ible with the diagnosis of mononeuritis multiplex.

On the eighth day of hospitalization, a needle biopsy of
the kidney was performed. One of the 15 glomeruli ob-
tained showed global scierosis. Fibroceliular crescent for-
mation and segmental necrotizing lesion were observed in
5 glomeruli; the other glomeruli were intact (Fig. 1a). The
interstitium was severely and diffusely infiltrated by vari-
ous inflammatory cells including neutrophils, lymphocytes,
plasmacytes and a few eosinophils (Fig. 1b). In addition,
typical findings of tubulitis were diffusely detected. No
signs of necrotizing arteritis were noted. Immunofluo-
rescence staining for immunoglobulins or complements
was negative. '

The diagnosis of ANCA-associated vasculitis with tubu-
lointerstitial nephritis was made. The 5 factors score pro-
posed by French Vasculitis Study Group (2) that is pre-
dictive for prognosis in polyarteritis nodosa, microscopic
polyangiitis and Churg-Strauss syndrome, showed 0, and
the degree of vasculitis including mononeuritis multiplex
and nephritis was relatively mild. Therefore, we started
corticosteroid monotherapy with oral prednisone at 45
mg/day (1 mg/kg per day). She responded to this treat-
ment with a normal ANCA titer and normal CRP level,
resolution of proteinuria and of microhematuria, and an
improvement in renal function. However, mild paresthe-
sia persisted in the lower left leg. Prednisone dose was
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tapered to 5 mg/day over 16 months, and serum creati-
nine level stabilized at approximately 1.0 mg/dL.. ANCA
remained negative.

Discussion

Our patient was diagnosed with ANCA-associated vas-
culitis on the basis of her clinical symptoms, MPO-ANCA
positivity and the-pathological evidence of systemic vascu-
litis. The renal biopsy revealed focal crescentic necrotizing
glomerulonephritis and diffuse tubulointerstitial nephritis
extending in a vast area of the interstitium. The main patho-
physiological problem is whether the diffuse tubulointersti-
tial nephritis is due to ANCA-associated vasculitis.,

One possibility is that the diffuse tubulointerstitial nephritis
might have been drug-induced. There have been several
reports regarding MPO-ANCA-positive tubulointerstitial
nephritis possibly due to medications such as indometh-
acin (3), ciprofloxacin (4), omeprazole (5) and cimetidine (6).
Our patient had been given intravenous antibiotics and also
NSAIDs before her first hospitalization. However, renal his-
tology showed the acute or subacute phase of severe inter-
stitial nephritis despite the discontinuation of these drugs
long before the biopsy was performed. In addition, the infil-
trated cells in the interstitium were mainly plasmacytes and
neutrophils, not predominantly lymphocytes. Therefore,
drug-induced tubulointerstitial nephritis was uniikely.

We also considered Churg-Strauss syndrome, because the
patient had mononeuritis multiplex, mild peripheral blood
eosinophilia and a history of allergies, but there were only
a few eosinophils that had infiltrated the interstitium in the
renal biopsy specimen, and the serum igE level was within
the normal range. Therefore, tubulointerstitial nephritis due
to Churg-Strauss syndrome was also unlikely.

The renal pathological findings in ANCA-associated vas-
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Treatment with intraventricular pentosan polysulphate (PPS) might
be bencficial in patients with Creutzfeldt-Jakob disease. We report a
68-year-old woman with sporadic Creutzfeldt-Jakob disease who
received continuous intraventricular PPS infusion (1-120 pg/kg/day)
for 17 months starting 10 months after the onset of clinical symptoms.
Treatment with PPS was well tolerated but was associated with a
minor. transient intraventricular hemorrhage and a non-progressive
collection of subdural fluid. The patient’s overall survival time was well
above the mean time expected for the illness but still within the normal
range. Post-mortem cxamination revealed that the level of abnormal
protease-resistant prion protein in the brain was markedly dcc;eas:.ed
compared with levels in brains without PPS treatment. These findings
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sporadic Creutzfeldt-Jakob disease.

Introduction

Current options for the treatment of Creutzfeldt-
Jakob disease (CJD) do not slow or halt disease
progression. Treatment with pentosan polysul-
phate (PPS), a large polyglycoside molecule with
anti-thrombotic and anti-inflammatory properties,
administered intraventricularly to bypass the blood
brain barrier can both prolong the survival period
and reduce the extent of abnormal prion protein
(PrP) deposition in the brains of rodent prion
discase models (1). The safety and efficacy of
intraventricular PPS treatment in humans with
CJID. however, remains largely unknown (2-6). We
report a patient with sporadic CID (sCJD) treated
with continuous intraventricular PPS administra-
tion starting 10 months after the onset of clinical
symptoms.

suggest that intraventricular PPS infusion might modify the
accumulation of abnormal prion proteins in the brains of patients with
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Case report

The patient was a 68-year-old woman with neither
a family history of prion disease nor previous
history of neurological disease. She had never
received cadaveric growth hormone injection, a
dura mater transplant, or a cornea transplant. She
noticed unsteadiness of gait and forgetfulness at
the age of 65 years. One month later, unsteadiness
and intellectual deterioration progressed and myo-
clonic jerks appeared. Cerebrospinal fluid analysis
was normal except for an increased concentration of
neuron-specific enolase (66 ng/ml, normal < 25)
and the presence of 14-3-3 protein. EEGs showed
periodic spike/slow-wave complexes (spike-wave
complexes). Diffusion-weighted MRI showed
abnormal high-intensity signals in the head of the
caudate nucleus, putamen and insular cortex.
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Figure 1. Sequential follow-up CT scans from 12 to 17 months after start of intraventricular PPS infusion. (A) Non-enhanced CT scan
12 months after start of intraventricular PPS infusion. Note the severe cortical and subcortical atrophy with enlargement of ventricular
system. (B) Non-enhanced CT scan 13 months after start of intraventricular PPS infusion. Note the subdural fluid collection and the
small sedimentation of blood in the left posterior horn. (C. D. E) Non-enhanced CT scan 14, 15. 17 months after start of intraven-
tricular PPS infusion. respectively. The blood sedimentation in the posterior horn disappeared next month and subdural fluid
collections were not progressing. No intraventricular hemorrhage was noted in scan E which was taken 7 days before death.

Genetic analysis of the PrP gene revealed methio-
ninc homozygosity at codon 129 and no mutations.
The patient continued to deteriorate and became
doubly incontinent, bed-bound and mute. Five
months after the onset of symptoms, she developed
akinetic mutism. Seven months after onset, the
myoclonic jerks and spike-wave complexes disap-
pearcd. Ten months after onset, treatment with
intraventricular PPS administration commenced
under signed informed consent from her family.
She received implantation of a right ventricular
catheter and an epigastric subcutaneous drug infu-
sion pump (Archimedes; 20-ml reservoir, flow rate
0.5 ml/24 h; Codman & Shurtlefl Inc, Raynham,
MA. USA). Using a reported protocol (5), infusion
of intraventricular PPS (SP 54: bene-Arzneimittel
GmbH. Munich. Germany) was started at
| pg/kg/day, with subsequent escalation to the
dose of 60 pg/kg/day 7 months later, and to the
target dose of 120 pg/kg/day 1S months later,
which continued until she died. However, her
clinical condition did not improve and she still
displayed akinetic mutism. A series of brain CT
examinations demonstrated progressive brain atro-
phy. a transient intraventricular minor hemorrhage
at the time of 13 months later, and a non-progressive
collection of subdural fluid until 7 days before death
(Fig. 1). Her clinical condition did not deteriorate
from the time of 12 to 16 months. Monthly blood
cell counts and coagulation measurements were
normal. Twenty-seven months after onset, at age
68 years, the patient died of pneumonia which
occurred 11 days before death and was aggravated.

Methods

Autopsy was performed within 2 h after death. The
right temporal pole of the brain was dissected out
and stored at =70°C. The other parts of the brain
were fixed in neutral buffered formalin. Sections of

128

representative arcas of the brain were stained with
hematoxylin-eosin, Kliiver-Barrera and immuno-
histochemical methods.

immunohistochemical staining

The following primary antibodies were used: anti-
phosphorylated a-synuclein (monoclonal; Wako,
Osaka, Japan), anti-phosphorylated tau (ATS,
monoclonal; Fitzgerald, Concord, MA, USA),
anti-amyloid § 1-42 (polyclonal; IBL, Takasaki,
Japan) and anti-PrP (3F4, monoclonal; Signet,
Dedham, MA, USA).

Prion protein analysis

Protease-resistant PrP was extracted from cerebral
tissues of this and other sCJD patients as previously
described (7). Samples were subjected to 13.5%
SDS-PAGE and transferred to polyvinylidene
fluoride membrane. 3F4 antibody was used as the
primary antibody. Anti-mouse EnVision (Dako,
Glostrup, Denmark) was used as the secondary
antibody. Enhanced chemiluminescence detection
(Amersham Bioscience, Little Chalfont, UK) was
used to visualize Western blots. The signal intensi-
ties of the blots were quantified with Quantity One
software using an imaging device, Vasa Doc 5000
(Bio-Rad Laboratories, Hercules, CA, USA) (7).
For quantitative comparison of protease-resistant
PrP levels, we initially analyzed 10-fold diluted
samples derived from 0.5 mg wet-weight brain
tissue from the temporal pole to identify suitable
dilutions. For controls, we included frontal lobe
tissues from three sCID patients(all homozygous for
methionine at codon 129 of the PrP gene) not treated
with intraventricular PPSinfusion: two with a type |
pattern of protease-resistant PrP signals in Western
blot analysis (sCID MM1) whose brains were
uniformly, scverely atrophied similarly to the
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patient’s brain. and one with cortical-type sCJD and
a type 2 pattern (sCID MM2C).

Resuits
Post-mortem neuropathotogy

The unfixed brain weighed 660 ¢ and showed
walnut-shaped severe atrophy. A massive intra-
ventricular hematoma was present. The shape of
blood cells in the hematoma was completely
preserved. with no infiltration by reactive cells
such as macrophages and glial cells. The PPS
infusion catheter had been correctly inserted into
the right lateral ventricle, and the source of
hemorrhage could not be identified. There was
cxtensive. symmetrical cortical atrophy, but the
hippocampi were relatively spared.

Microscopy demonstrated extensive neuronal
loss and spongiosis in most areas of the cerebral
cortices, with collapsed cytoarchitecture. Axonal
Jass with sccondary myelin loss was present in the
central white matter. accompanied by a cellular
reaction containing both astrocytes and microglial
cells throughout the areas of myelin damage. There
was widespread gliosis in the basal ganglia, thalami
and cercbellar molecular layer. The cerebellar
granular layer showed marked neuronal loss with
gliosis and axonal loss, accompanied by secondary
myelin loss in the cerchellar white matter. Lewy
bodies, amyloid plaques and neurofibrillary tangles
were not observed. PrP staining showed a wide-
spread synaptic pattern in the cerebral cortices,
basal ganglia and thalami. Synaptic staining was
also present in the molecular layer of the cerebel-
lum, with intense coarse deposits in the granular
layer. No plaque-like PrP deposits were identified
in any brain regions. The findings were consistent
with the diagnosis of sCID. There was no laterality
in the extent of the neuronal loss, spongiosis,
gliosis or synaptic PrP deposition.

Prion protein analysis

Western blot analysis of protease-resistant PrP
showed a type | pattern (Fig. 2) identical to those
of the two classical sCID MM cases. Protease-
resistant PrP levels were 1/3 1o 1/8 of those in the
sCJID patients with no intraventricular PPS treat-
ment.

Discussion

Here. we present a patient with sCJD who was
treated with intraventricular PPS for 17 months.
The PPS dose of 120 ng/kg/day was well tolerated

Intraventricular PPS in sporadic CJD

32.5 ==

16.5 =

Figure 2. Comparative Western blot analysis of protease-
resistant PrP. Protease-resistant PrP is categorized into three
types based on the pattern of glycoform and mobility of PrP
bands in Western blot analysis. Protease-resistant PrP. type |,
from the brain of this patient (threefold-diluted, lane 2) and
three control subjects with sCID: lane [, 30-fold-diluted brain
sample from an sCID MM 1 subject (65-year-old woman with a
survival time of 11 months); lane 3. 20-fold-diluted brain
sample from another sCJD MM1 subject (74-year-old woman
with a survival time of 16 months); and lane 4. 40-fold-diluted
brain sample from an sCID MM2C subject. An unglycosylated
PrP band from this patient (lane 2, arrowhead) mapped slightly
lower than those in the other sCID MM1 subjects (lanes 1 and
3). We normalized signal intensity to the band in lane 2
(100/mm”). After dilution powers were also considered. the
corrected signal intensities for lanes I, 3 and 4 were 680/mm”,
300/mm® and 770/mm’, respectively,

but was associated with a minor, transient intra-
ventricular hemorrhage and collection of subdural
fluid. A fresh intraventricular hematoma found
during autopsy probably occurred at the agonal
stage, because blood cell shape was preserved and
there was no inflammatory cell infiltration. More-
over, this intraventricular hematoma is unlikely to
alter the patient’s clinical course, because pneumo-
nia which occurred 11 days before death was
rapidly aggravated to respiratory failure responsi-
ble for her death, and no intraventricular hemor-
rhage was detected on CT scan 7 days before
death.

Pentosan polysulphate is a candidate anti-prion
compound that has shown efficacy in animal
models (1. 8, 9), and has been administered by
intraventricular infusion in several patients (2-6).
Thrombocytopenia and abnormal coagulation can
occur occasionally with PPS but did not occur in
our patient. A minor, transient intraventricular
hemorrhage and a non-progressive collection of
subdural fluid appeared during PPS treatment but
did not influence clinical progression. These
findings may have resulted from a pressure imbal-
ance within the intraventricular or subdural spaces
caused by PPS infusion, although this speculation
requires further proof. Overall, a PPS dose of
120 pg/kg/day seems well-tolerated and does not
cause major adverse effects in CJD patients (2--6).
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This patient survived for 27 months after the
onset of clinical symptoms, which exceeds the
mean survival period in national surveillance
studies (12.7 months; range, 1-61) in Japan (10).
PPS treatment did not alter the clinical course from
the initial akinetic mute state. Thus, her prolonged
survival might be partially attributable to both
good nursing care and active medical interventions
for malnutriion and pneumonia. The present
study is a preliminary case study in a sCJD patient
with pentosan therapy, and placebo-controlled
study with PPS infusion will be needed in the
future.

Prion protein deposition was not dramatically
different between the hemisphere implanted with
the catheter and the opposite hemisphere, unlike
data reported in a rodent model (1). Here, the
treatment started at an advanced clinical stage that
may have alrcady involved extensive PrP deposi-
tion. whereas treatment in the rodent model started
before PrP deposition. In addition, difference of
cercbrospinal fluid flow dynamics in the brain
ventricular system between rodents and humans
might contribute to the discrepancy. However, we
found lower levels of abnormal protease-resistant
PrP here than in other untreated sCJD patients,
suggesting that PPS infusion might suppress the
accumulation of abnormal PrP in the brain.

This speculation requires to be further evaluated,
because there are possibilities that the gap of
abnormal PrP levels between the patient and the
control subjects might be attributable to the
difference in discase durations or brain sampling
regions, or to the regional variety of abnormal PrP
deposition. These possibilities could not be evalu-
ated in the present study because of limited sample
availability.
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Anti-N-Methyl-D-Aspartate Receptor-Related
Grave but Reversible Encephalitis with Ovarian
Teratoma in 2 Japanese Women Presenting with
Excellent Recovery without Tumor Resection

Akihiro Shindo Ken Kagawa VYuichiroli Ryogen Sasaki Yasumasa Kokubo

Shigeki Kuzuhara

Department of Neurology, Mie University Graduate School of Medicine, Mie, Japan

Acute encephalitis associated with
ovarian teratoma preferentially affects
young women and is characterized by
acute prominent psychiatric symptoms,
decreased level of consciousness, frequent
seizures and central hypoventilation [1, 2].
Cases of reversible encephalitis affecting
exclusively young women were reported in
Japan under the name of ‘acute juvenile
female non-herpetic encephalitis (AJFN-
HEY [3-5). Dalmau et al. [6] recently re-
ported that anti-N-methyl-D-aspartate re-
ceptor (NMDAR) antibody was positive in
patients with acute encephalitis associated
with ovarian teratoma as well as in medi-
astinum and grouped them in a category
of NMDAR-related encephalitis. They rec-
ommended resection of the tumor for
treatment [6-8], but it is not always easy
for young nulligravid women to have their
ovaries removed. We report NMDAR-re-
lated encephalitis in 2 patients treated
without tumor resection.

Patient 1

A 28-year-old woman developed curi-
ous behavior after persistent fever for 7
days, and suddenly became convulsive.
On admission, consciousness was dis-
turbed and temperature was high. General
physical examination revealed neck stiff-

ness and Kerning sign. Blood cell counts
and routine serum biochemical analyses
were normal. Serological testing for anti-
nuclear and anti-DNA antibodies, tumor
markers and syphilis were negative. Her
cerebrospinal fluid (CSF) showed mild
pleocytosis, was negative for tubercle ba-
cilli on culture and for herpes simplex vi-
rus (HSV)-DNA on PCR. Brain MRI
showed no abnormalities. The pelvic CT
showed bilateral ovarian teratoma. EEG
showed diffuse delta waves with no epilep-
tic discharges. Intravenous administra-
tion of acyclovir was continued until the
result of HSV-DNA on PCR was con-
firmed. Administration of methylprednis-
olone and antiepileptic drugs was started.
However, her condition worsened gradu-
ally, and she presented with stereotypic
oral dyskinetic movements. She fell in hy-
poventilation and coma, and was put on a
ventilator. Her condition began to improve
and ventilatory support was withdrawn on
the 50th hospital day. She was discharged
83 days after hospitalization with excellent
recovery.

Antibodies to NR1/NR2B heteromers
of NMDAR in the serum and CSF were
positive on admission. One year after, the
serum NMDAR antibodies were no longer
detected. The pelvic MRI showed bilateral
ovarian teratomas (fig. 14), and the tu-
mors did not change in size for 1 year.

Patient 2

A 33-year-old woman developed per-
sistent fever and cried violently. High fever
continued and seizure-like involuntary
movements occurred. General physical
and neurological examination showed
neck stiffness and bilateral positive Babin-
skisign. The CSF showed mild pleocytosis,
The pelvic CT revealed right ovarian tera-
toma. She received anticonvulsant medi-
cations and methylprednisolone pulse
therapy. Because of hypoventilation, she
was put on mechanical ventilation for 10
months. Her condition began to improve,
and she was transferred for rehabilitation.
Neurological examination 4 years after
onset revealed excellent recovery.

The NMDAR antibodies in the CSF at
the acute stage were positive. Serum NM-
DAR antibodies were not detected 5 years
after discharge. Pelvic MRI showed right
ovarian teratoma (fig. 1B), and the tumors
did not change in size for 5 years.

Discussion

Asto the treatment of NMDAR-related
encephalitis, tumor resection was recom-
mended [6-8], since patients with tumor
resection had recovered while those with-
out resection worsened or died [6]. In con-
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