1078 K. Wada-lsoe et al.

patients, our survey covered as many large hospitals as
possible in the area, to which patients with acute
encephalitis are transferred in Tottori Prefecture.
Moreover, at least one Japanese Neurological Society
Board Certified neurologist was involved in the diag-
nosis and treatment in these hospitals. Although the
population of Tottori Prefecture is the lowest in Japan,
the number of Japanese Neurological Society Board
Certified neurologists is the highest relative to the pop-
ulation. Tottori Prefecture is a suitable region for the
epidemiological surveillance of neurological disorders.

Qur current survey identified 49 adult patients
(216 years of age) with acute encephalitis over the 5-
year period in Tottori Prefecture, equating to an inci-
dence rate of 19.0 per million person-years (95%
CI = 14.4-25.1). In patients with acute encephalitis, 12
patients were diagnosed with NHALE. NHALE pa-
tients appeared every year in our area; there was no
year when NHALE was epidemic. The incidence rate of
NHALE was 4.7 per million person-year (95%
CI = 2.6-7.6). Compared with HSE, the incidence of
NHALE was almost the same as that of HSE, but the
onset age of NHALE patients was lower than that of
HSE patients.

There is some confusion concerning the term
NHALE. First, the disorder has received various
names, such as acute diffuse lymphocytic meningo-
encephalits [6], acute reversible limbic encephalitis [7]
and acute juvenile female non-herpetic encephalitis [8].
Although there are some differences in clinico-patho-
logical features amongst these disorders, the term of
NHALE is broadly used in Japan. Second, as far as we
know, the term NHALE is not used outside of Japan.
In this survey, we used NHALE as a clinical entity of
limbic encephalitis in which limbic systems are thought
to be mainly affected without either evidence of viral
infection or paraneoplastic disease process. The recent
discovery of an association of antibodies to neuronal
cell surface antigens facilitates the recognition of sub-
types of limbic encephalitis [9]. These antibodies include
anti N-methyl-p-aspartate receptor antibody, anti-glu-
tamate receptor €2 antibody and anti-voltage-gated
potassium channels antibody [10-14]. Furthermore,
some Hashimoto's encephalopathy patients, although it
is rare, represent a clinical phenotype of limbic
encephalitis [15,16]. Fujii er al. [17] reported an associ-
ation of autoantibodies against the amino terminal of
alpha-enolase with Hashimoto's encephalopathy. These
studies indicated that assessment of the autoantibodies
is useful for classification of subtypes of limbic
encephalitis. However, this study is a retrospective
study, the NHALE patients in this study were not fully
assessed for these antibodies. Further prospective
studies assessing these related antibodies may provide

valuable findings on the epidemiological study of
encephalitis.

Conclusion

Based on this result, as many as 550 new NHALE pa-
tients would appear every year in Japan, indicating that
NHALE is not a rare disease at all. There are some
subtypes in NHALE which depend on associated anti-
bodies. Further prospective epidemiological study tar-
geting limbic encephalitis is needed to investigate a
precise epidemiology concerning NHALE.
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Host immune status, such as cytokine production by activated
cells. and immunodeficient status with respect toother pathogens,
complicates the pathogenesis of Epstein-Barr virus (EBV)-
associated illnesses. such as EBV-associuted hemophago-
cvtic syndrome (EBV-AHS) and chronic active EBV infection
(CAEBV)."* But no report has assessed the relationship between
EBV load and cytokine profiles. Here we report iwo cases of
EBV-associated illness that presented as EBV-AHS. with longi-
dinal analyses of both the EBV load and cytokine profile.

Case Reports
Case 1

A 16-month-old girl with a high-grade fever lasting for 4 days.
and hepatomegaly was referred 1o Okayama University Hospital
in July 2004. Laboratory tests indicated moderate pancytopenia,
and a substantial increase in ferritin (144 480 ng/ml.) and lactate
dehydrogenase (LDH: 16 640 1U/L). EBV serology indicated
viral capsid antigen (VCA)-IgG 1:40 fluorescent antibody test
(FA). VCA-1gM <1:10 (FA). VCA-IgA <1: 10 (FA). EBV nuclear
antigen (EBNA) <1:10 (FA). and EA-1gG 2.2 (+) (enzyme-linked
immunosorbent assay). The EBV load was 5.3 x 10" copies/pg
DNA in the peripheral blood (PB) and 3.7 x 10* copies/pug DNA
in the bone marrow (BM: Fig. 1). The BM was hypocellular with
a few hemophagoeytic histiocytes. Southem blot indicated EBV
monoclonality. Based on these findings the patient was diagnosed
as having EBV-AHS. No perforin mutation was identified using
a previously described method.* After diagnosis she was treated
with etoposide  (VP-16).  dexamethasone (DEXA). and
evclosporine A (CsA). and her clinical condition improved
immediately. A low-grude fever appeared, however, on day 22
after admission and the EBV load in the PB increased to almost
the same level as it was on admission. Although neither ferritin
nor LDH was elevated on day 25 (88 ng/mlL and 360 JU/..
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chronic active Epstein=Barr virus infection, eylokine. Epstein-Barr virus-associated hemophagoceytic syndrome.

respectively). they were elevated at 613 ng/mL and 1330 IU/L.
2 days later (on day 27). C-reactive protein was not elevaied on
cither day 23 or 27. VP-16 was administered again based on the
HLH-94 protocol® after EBV-AHS relupse.

Case 2

In June 2004 another 16-month-old girl developed a high-grade
fever and ervihema multiforme. A diagnosis of EBV-AHS was
made in a different hospital based on pancyiopenia. elevated
LLDH and ferritin levels. and a high EBV load in the PB. She was
treated with prednisolone (PSL: 2 mg/kg per day) for 14 days.
and ber clinical condition improved initially. The patient relapsed,
however, 2 days alter discontinuing the PSL. and she did not
respond to the re-administration of PSL. She was referred 1o
Okayama University Hospital in July 2004, after receiving
methyl-PSL pulse therapy (Fig. 2). Laboratory tests on admis-
sion indicated EBV VCA-IgG 1:160. VCA-IgM <1:10, EBNA
1:40. EA-1gG 1.6 (+). EBV load 2.1 x 10 copies/pg DNA in the
PB and the patient was positive for EBV monoclonality. The
perforin gene mutation was negative. Treatment with DEXA and
CsA was continued because her condition and blood examin-
ation were relatively stable. except for the high EBV load. but the
patient developed a fever >38°C. a dry cough. and 1achypnea on
day 30 afier admission. Serological tests for fungi. Mveoplasma
pnenmoniae. cytomegalovirus, and adenovirus were negative.
The chest computed womography (CT) images were non-specific
on day 43 (Fig. 3a). The possibility of EBV-related inestinal
pneumonia (IP) was considered because of the high EBV load in
the PB. After weekly administration of VP-16 the EBV load in
the PB fell below 1 x 107 copies/pg DNA. but her respiratory
symptoms worsened. Chest CT showed peribronchovascular
interstitial thickening (Fig. 3b). KL-6 was elevated a1 870 U/ml.
on day 70. A lung biopsy and bronchoalveolar lavage (BAL)
were not performed because the patient had 4 severe bleeding
tendency. Chest CT obtained betore placing the patienmt on
mechanical ventilation showed central predominant consolida-
tion and ground-glass opacities (Fig. 3¢). Despite additional
immunochemotherapy the patient died of respiratory failure and
sepsis on day 93,
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Real-time polymerase chain reaction of EBV-DNA

“The polymerase chain reaction (PCR) protocol used for the EBV-
DINA assay has been deseribed previously.” Briefly. genomic
DNA was extracted from 200 pl. of whole blood. using QIAamp
DNA Blood Mini Kit (Qisgen. Hilden. Germany ). The real-time
PCR assay was performed using TagMan probe for BALFS gene
and Prism Model 7700 Sequencing Detection System (PE
Applied Biosystems. Foster City, CA, USA). PB lymphocytes
were separated into the CD4+. CDR+, CD194+, and CD56+ cell
fractions using positive selection with MACS Beads (Miltenyi
Biotee, Suntec City. Singapore) according to the manufacturer’s
instructions. The manufacturer’'s protocol stated that the purified
CD8&+ cell fraction contains CDB+CDS6+ cells afier positive
magnetic bead selection. and the median purity of the
CD8+CTY56- cells in the present patients was approximately

Fig. 2 Clinical course of patient 2 after
admission K Okayama University Hos-
pital. The quantification of the EBV load

80% . It also states that the purified CD56+ cell fraction contains
CD3 4+ CD56+ cells, and the median purity of CD3-CDS6+
cells in the present patients was approximately 70%. The purity
was assessed using flow evtometry after staining with anti-CDE-
FITC (PharMingen. Franklin Lokes. NI, USA), anti-CD56-PE
(PharMingen). and anti-CD3 PerCP (Becton Dickinson, Franklin
Lakes. N1 USA).

We guantified the EBV load longitudinally in each cell popu-
lation by sorting using real-time PCR. as described here. In
patient 1 the CD8&+ cell fraction was found to contain a high
EBV load on admission, and on days 14 and 30. The CD56+ cell
fraction also contained a high EBV load. but less than the viral
loads in the CD84+ cell fraction on day 14. On day 30, after the
first relapse into EBV-AHS, it had @ higher EBV load than did
the CD&+ cell fraction. Based on in situ hybridization (ISH) of

Cyerosis Intubat ion
Shock

did not reflect the disease activity of the
FRV-related interstitial pneamonia, [L-8
was eclevated before the VP-16 was
adminmistered. BT, body  temperature:
CPM. cvelophosphamide: CsA. cyclo-
sporine A DEXA.  dexamethasone:
EBER.  Epstein-Bar  virus-encoded
small RNA: EBV, Epstein-Barr virus:
EDV-AHS, EBV-associated hemophago-
cylic syndrome: [FN. interferon: 11

wul 1111

VORe THP-ADR A

L
_

interleukin: ISH. i sitw hybridization:
m-I"SL pulse, methylprednisolone pulse
therapy: PSL., prednisolone: TTIP-ADR.
tetrahydropyrany l-adnamycin: - VP-16.

i-rllll’.q..lli

cloposide: WBC, white blood cells

Y
T ' v y u
] 7 " 4] . ] a2 EL ] &4 Days)
-y 843 0 0 ] o 0 L] L] 0 a 0 (]
IL-10 B30 0 o ] o 0 o 0 0 a o ]
4 o %8 & 53 168 M6 0 0 8 0 0 0 (ewiml}

@ 2008 Japan Pedistne Society



390 N Yamashita ¢ al

¢

v

)

Fig-3  Chest computed tomography of patient 2 was () non-specific on day 43, and (b) indicative of peribronchovascular interstitial thicken-
ing al 2 weeks. This subsequently developed into (¢) marked central consohidation and ground-glass opacities when the patienl was placed on

mechanical ventilation

Epstein-Barr virus-encoded small RNA (EBER)-1 and immuno-
staining of latent membrane protein (LMP)-1. only the CD56+
cell fraction was positive for EBV. The CDE+ cell fraction was
negative according o these examinations. In patient 2 real-time
PCR showed that both the CD8+ and CD36+ cell fractions were
EBV positive on day 30, while the EBV load of the CD56+ cell
Iraction exceeded that of the CD8+ cell tfraction. Using EBER-
1SH and immunostaining of LMP-1. the CD56+ cell fraction was
also positive in patient 2. During the course of the disease. the
CD4+ and CD19+ cell fractions were EBV negative in both
patients based on real-time PCR.

Analyses of cytokine profiles

Cytokines. interleukin (IL)-18. IL-2. 1L-4, IL-6. 11L-8. 11.- 10, 1L-
12 (p70). granulocyie-macrophage colony-stimulating factor,
interferon-y (IFN-v). and wmor necrosis factor-o in collected
sera were sequentially examined vsing o LiquiChip human 10-
eytokine kit (Qiagen) and analyzed with a LiquiChip workstation
(Qiagen). In both cases the levels of 1FN-y and 11.-10 were ele-
vated on admission and relapse of EBV-AHS. The elevation of
1L.-8 was observed during the early phase after EBV-AHS. In this
period the patients were clinically asvmptomatic. bt had high
EBV louds in the PB. The remaining cytokines were negative
throughowt the illness

Discussion
The quantification of EBV loads is very useful for evaluating
complicated EBV infections. but there is only one case report in
which the EBV load was analyzed Jongiwdinally.” Therefore. in
order 1o provide further details of the disease course, we exam-
ined the EBV load frequently. in addition 1o the eytokine profile.

First. following the relapse of EBV-AHS in patiemt 1. we
found early clevation ol the EBV load that coincided with a low-
grade lever. The EBY load was higher than the level on admis-
sion. despite the slight elevation i ferritin and LDH. The
guantification of virus loads is considered 1o be most aensitive in
the svstemic relapse of EBV infection

Nevertheless, the EBV load in the PB wus negative despite
the worsening IP in patient 2. The EBV load did not reflect the
disease uctivity i the patient’s TP was derived from an EBV
infection. The appearance of respiratory symptoms coincided
with high EBV loads in the PB. but the effects of an unknown

@0 2008 Japan Pediatne Sociery
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pathogen and therapy cannot be muled out. A previous study
of EBV-associated [P reported that the EBV Joad in the PB
was positive in immunocompetent patients.” 1t is possible that
the present negative resulls were due w immunochemotherapy.
which reduced the number of EBV-infected cells in the PB
These cases were diagnosed as B Verelsted diseuses based on
the results of EBER-ISH. immunostaining of LMP-1, and virus
load quantification using real-time PCR. The results suggest that
EBV infects CDS6+ cells in these cases of EBV-AHS. They were
atypival cuses because EBV is mainly infected with CD8+T cells
in EBV-AHS " In B V-related discases. such as EBV-AHS and
CAEBV. it remains o be determined whether EBV can infect two
or more different types of cell. and whether the mmin type of cell
infected with EBV changes with the dise
Regarding the eytokine profiles. it was proposed that 11.-8 is
an EBV-related chemokine. A previous study demonstrated the
induction of 1L-8 by LMP-1 via nuclear factor- k B in EBV-related
nusopharvngeal carcinoma'' In CAEBV patients the activation

se status,

ol inmate immunity increased as a resalt of insufficient CTL" and
it may lead to the production of 1L-B. Vasculitis. which ofien
oceurs in CAEBV patients. might affect the IL-8 production by
viscular endothelial cells. The present results suggest that a simi-
lar mechunism exists in EBV-ALS, but the role of 11.-8 in EBV-
AHS remains largely unknown. Farther studies are necessary
before the clincal implications of these findings become clear.
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Amyotrophic lateral sclerosis (ALS) is a faral and incur-
able neurodegenerarive disorder. One of the neuro-
pathological hallmarks of ALS is the presence of ubi-
quitinared neuronal cyroplasmic indusions (NCIs) in
lower motor neurons.'” Recently, the 43kDa TAR-
DNA-binding protein (TDP-43) has been identified as
the major component of NClIs in sporadic ALS (SALS)
and superoxide dismurase 1 (SODI1)-negative familial
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detected in affected nervous tissues.” ** These results
suggest that TDP-43 is a causative protein in these dis-
orders. However, the significance of TDP-43 in the
pathogenesis of these neurodegenerative disorders re-
mains to be elucidared.

We have reported the case of a SODI-negarive
FALS family, in which one autopsied case showed de-
generation limited to the lower and upper motor neu-
ron systems, with Bunina bodies and ubiquitinated
skeinlike inclusions in the remaining lower motor neu-
rons; the dinical and pathological findings are indistin-
guishable from those in SALS.” Subsequently, we dem-
onstrated that the ubiquitinated inclusions were
immunoreactive for TDP-43.% Here, we report a mis-
sense muration in 7DP-43 in the case’s family. Fur-
thermore, we found a widespread distribution of TDP-
43-immunoreactive neuronal and glial cytoplasmic
inclusions, as well as abnormal-molecular-weight frag-
ments of TDP-43 in the spinal cord of an affected in-
dividual with this mutation.

Subjects and Methods

Muzational Analysis of TDP-43

Sixteen ALS families in which mutation of the SODI gene
had been excluded were enralled. High-molecular-weight
genomic DNA was extracted after obtaining patients’ in-

formed consent. RNA was extracted from the spinal cord of
an affected individual (Fig 1A; Subject 11-2) and a control
subject.” We also analyzed genomic DNA from 92 clinically
diagnosed SALS patients, 20 autopsy-confirmed SALS cascs,
and 4 autopsy-confirmed cases with related disorders: fron-
totemporal lobar degeneration with ubiquitin-positive inclu-
sion (FTLD-U) in 1 case; FTLD with motor neuron discase
in 2 cases; and primary lateral sclerosis in 1 case. We ampli-
fied all the exons of TDP-43 (NM_007375) with the use of
a series of primers, followed by sequence reaction. This study
was approved by the Institutional Review Board of Niigata
University.

TDP—43 Immunobistochemistry

In an autopsied case (see Fig 1A: Subject 11-2), the distribu-
tion of TDP-43-immunoreactive NCls and glial cytoplasmic
inclusions (GCls) was studied.” We prepared 4pm-thick,
paraffin-embedded scctions. These sections were immuno-
stained by the avidin-biotin-peroxidase complex method with
the use of a Vectastain ABC kit (Vector Laboratories, Bur-
lingame, CA) and a rabbit polyclonal antibody against
TDP-43 (10782-1-AP; 1:4,000; ProteinTech Group, Chi-
cago, IL).

Plasmid Constructs
Full-length, wild-type, human TDP-43 complementary
DNA (cDNA) was isolated from the human whole-brain
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Fig 1. Detection of TDP43 mutation in familial amyotrophic lateral selerosis (FALS). (A) Partial family pedigree. Q343R.
A1028G change in genomic DNA in heterozygous state. Age at death or current age and age at disease onset (n [m]) are
indicated. (B) DNA sequence of genomic polymerase chain reaction (PCR) product. Arrow indicates A1028G in the patient.
The resulting Q343R is shown at the bottom of the chromatogram of the patient. (C) DNA sequence of reverse transcribed poly-
merase chain reaction (RT-PCR) product from spinal cord of the autopsied case. Arrow indicates Al028G in the case. (D)

Analysis of AI028G in genomic PCR products. Mspl dig

of PCR products is sh

; fragment sizes in base pairs are indi-

cated on the lef. Lanes 1 to 3 indicate patients; lanes 5 to 7 indicate normal control subject. (E) Sequence alignments o
TDP43 in different species. An amino-acid sequence of Homo sapiens NP_031401.1, Pan troglodytes XP'_001135199.1,

Mus musculus NP_663531.1, Gallus gallus XP_417612.1, Drosophila melanogaster NP_477400.1, and Anopheles gambiae
XP_309663.2 were mulsiply aligned with the use of the ClustalW program, version 1.81."" The numbering on top of the align-
ments corvelates with the human amino acid sequence. Amino acid 343, which is the site of Q343R, is indicated. ND = not
determined.
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cDNA library (Clontech, Palo Alto, CA) and subcloned into
the pcDNA DEST-40 (Invitrogen, Carsbad, CA) or
pEGFP-C3 vector (Clontech). TDP-43 mutant (Q343R)
<DNA was generated with the use of a GeneTailor site-
directed mutagenesis system (Invitrogen) and subcloned into
the pcDNA DEST-40 or pEGFP-C3 vector to express green
fluorescent protein-tagged TDP-43 in mammalian cells.

Fractionation of Frozen Spinal Cord Tissues and
Immunobloring

Proteins from the spinal cord of the autopsied case (see
FiglA; Subject 11-2), five SALS patients, and three control
subjects was extracted as described pmfinudy."’ In brief, fro-
zen tissues were homogenized in buffer A (10mmol/L Tris-
HCl [pH 7.5], Immol/L EGTA, Immol/L dithiothreitol,
10% sucrose) and centrifuged. The resulting pellets were
then extracted in buffer A containing 1% Triton X-100
(Sigma, St. Louis, MO) and centrifuged. These pellets were
subsequently homogenized in buffer A containing 1% sarko-
syl, incubated for 1 hour, :md centrifuged. The sarkosyl-
insoluble pellets were solubilized in 8mol/L urea buffer. After
cznmﬁ.nptlon the supernatants were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and ana-
lyzed by immunoblotring with the anti-TDP-43 rabbit poly-
conal antibody (10782-1-AP; 1:1,000; ProteinTech Group)
and anti-neurofilament L rabbit polyclonal antibody (NA
1214; 1:1,000; BIOMOL International L.P, Exeter United
Kingdom).

Cell Culture and Confocal Microscapy

COS-7, human embryonic kidney 293, and C6 cells were
grown and transfected with the wse of lipofectamine 2000
(Invitrogen). All images were acquired with an inverted mi-
croscope (TE-30ONT; Nikon, Tokyo, Japan) and a confocal
microscope (CSU-10; Yokogawa, Tokyo, Japan) equipped
with a 40X objective.

Results

Muzasion Detection

We analyzed the sequence of TDP-43 in the 16 ALS
families in which mutation of the SOD! gene had been
excluded. We found a single base-pair change at posi-
tion 1028 from A o G (A1028G) in exon 6, which
resulted in a Gln-to-Arg substitution ar position 343
(Q343R) in TDP-43 in three affected individuals in
two generations in one FALS family (see Figs 1A, B).”
The sequence analysis of the reversed rranscribed poly-
merase chain reaction products of messenger RNA,
which was extracted from the spinal cord of the autop-
sied case (see Fig 1A; 11-2), showed thar both normal
and mutant alleles were transcribed (see Fig 1C). This
substitution results in the generarion of a novel Mspl
restriction site (see Fig 1D). By polymerase chain reac-
tion restriction fragment length polymorphism ana.lym.
we found thar the A1028G substitution did not exist
in any of 267 unrelated healthy individuals, 92 patients
dinically diagnosed with SALS, 20 cases with autopsy-
confirmed SALS, or 4 cases with autopsy-confirmed
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sporadic neurodegenerarive disorders (FTLD-U [n =
1], FTLD with motor neuron disease [n = 2], primary
lareral sderosis [n = 1]). Furthermore, gluramine ar
position 343 is well conserved in several species (see
Fig 1E)."

Clinical Features and Pathology

The age ar onser of FALS is from 52 to 75 years (see
Fig 1A).7 All affected individuals predominantly expe-
rience development of dysarthria and dysphagia, which
are features similar to those of bulbar-type SALS.” Fur-
thermore, the neuropathological findings thar indude
the presence of Bunina bodies and ubiquitin-positive
NClIs in lower motor neurons are quite similar to those
of SALS.® TDP-43-immunoreactive NCIs and GCls
were also observed in various regions of the subjects’
central nervous systems (Table).

TDP-43 Expression Analysis

To characterize TDP-43 pmrcin biochemically, we se-
quentially extracted promns from the spmal cord of
the autopsied case using buffers with increasing abilities
to solubilize proteins and then analyzed the proteins by
immunoblotting with an anti-C-terminal TDP-43 an-
tibody. In addition to the band corresponding to full-
length TDP-43, an approximately 25kDa band and an
approximarely 45kDa band were detected for all solu-
ble and insoluble fractions (Fig 2A). Analysis of 1%
sarkosyl-soluble fractions extracted from the spinal cord
of the control subjects, SALS patients, and FALS pa-
dents with Q343R demonstrated that an approxi-
marely 25kDa band and an approximately 45kDa band
were more distinctly observed in the FALS parient with
Q343R than in the control subjects and SALS patients
(see Fig 2B).

Because a TDP-43-positive inclusion is cytoplasmic
and abolishes normal nudear TDP-43 smin.ing,"‘ we
investigated the consequences of the Q343R substiru-
ton at the cellular level. We transiently transfected
wild-type or Q343R-myc- or GFP—tagnd TDP-43
cDNA constructs into COS-7, human embryonic kid-
ney 293, and C6 cells. Both the wild-type and Q343R
TDP-43 proteins localized to the nudeus with a punc-
tuated partern, which partially colocalized with coilin,
suggesting that the Q343R mutation has no adverse
eﬂ"ectnon subcellular localization of TDP-43 (see Fig
20).

Discussion

In this study, we show Q343R substitution in 7DP-43
in a family with ALS. Although we did not obrain
DNA from unaffected individuals and we failed to
show abnormal localization of TDP-43 with Q343R,
we consider this Q343R substitution to be associated
with the ALS phenotype in the family for the following
reasons, First, Q343R was nor present in 534 chromo-




Table. Distribution of TDPA}-—Immu.nomctm:

Neuronal and Glial Cytopl
Regions
Cerebral correx
Frontal
MO(OT
Parietal
Temporal

NCIs

+ + + +

Insular cortex
Entorhinal —
Subcortical areas
Hippocampus =
Amygdala +
Basal nucleus of Meynert NE
Caudate and putamen : g
Globus pallidus -
Internal capsule
Thalamus -
Subthalamic nucleus NE
Brainstem
Midbrain tectum
Reticular formation
Red nucleus
Substantia nigra
Cerebral peduncle
Locus ceruleus

Facial nucleus (motor)

+ + + +

I+ Z

Pontine nuclei

Superior olivary nucleus
Hypoglossal nucleus
Dorsal vagal nucleus
Nucleus ambiguus

+ + + +

Inferior olivary nuclei
Pyramis

Spinal cord
Anterior horn +
Intermediate lateral nucleus -
Clarke nucleus -
Posterior horn +
White matter

NCI ulmml cymplamlc mdwus; GC{

GCls

glial
s NE = not

it

somes in Japanese control subjects. Second, the glu-
ramine at position 343 is well conserved in several spe-
cies. Third, Q343R was present in three affecred
individuals, including one autopsy-confirmed case, in
two generations.”

We observed widespread distribution of TDP-43-
immunoreactive NCls and GCls in the auropsied case
who had this substitution.” The autopsied case demon-
strated neuronal loss and gliosis restricted ro the lower
and upper motor neuron systems; however, the case
demonstrated the TDP-43-immunoreactive NCls and
GCls in various regions of the central nervous system
(see the Table), suggesting that the case had a multi-
system neuroglial proteinopathy of TDP-43.>” Similar
findings in SALS have also been described.® Interest-
ingly, none of the affected individuals in the family
showed demenda.” Although a few TDP-43-immuno-
reactive NCls were found in the parietal, remporal,
and insular cortices (no such inclusions were observed
in the hippocampal dentate granule cells), no neurode-
generative features were evident in the autopsied case,
indicating that Q343R substitution is not sufficient ro
cause FTLD.*?

In this study, we failed to show abnormal functional
consequence of Q343R substitution in 7DP-43. How-
ever, we found abnormal-molecular-weight fragmenrs
of TDP-43 in the spinal cord of the autopsied case;
these fragments are observed in SALS and in SODI1-
negative FALS.>>7 This result suggests that the
Q343R substitution accelerates the production of
abnormal-molecular-weight fragments of TDP-43. Fur-
thermore, the Q343R substitution is located in the
C-terminal region of TDP-43; this region is essential
for binding to heterogeneous nuclear ribonucleopro-
teins and exhibits RNA-splicing inhibitory activity."
The result suggests that the substitution alters the abil-
ity of TDP-43 to bind to heterogeneous nudear ribo-
nucleoproteins and disturb RNA splicing.

Although the frequency of the muration of the cod-
ing sequence of TDP-43 is rare,'* further study for the
functional consequences of Q343R substitution in
neurons and glia should clarify the molecular basis for
the associarion between Q343R substirution and the
ALS phenetype, and may provide new insights into the
pathomechanism of ALS,
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Fig 2. Biochemical analysis of 43kDa TAR-DNA-binding prorein (TDP-43) in familial amyotrophic lateral sclerosis (FALS). (4)
Immunoblots of extracts from spinal cords of control subjects and ALS patient with TDP43 mutation probed with anti-TDP-43
(top) and anti-neurofilament L (bottom) antibodies. The 43kDa bands are observed for all the fractions. The approvimately 25kDa
(asterisks) and approximately 45kDa bands (double asterisks) are detected for the patient fractions. Lane 1, low salt; lane 2, high
sale with 1% Triton X-100: lane 3, 19 sarkosyl; lane 4, 8mmol/L wrea. (B) One percent sarkosylsoluble fractions from spinal
cords were subjected to immunoblot analysis with anti-TDP~43 (10p) and anti-neurofilament L (bottom) ansibodies. Lanes 1 to 3,
control subjects; lanes 4 10 8, sporadic ALS (SALS); lane 9, FALS with Q343R. (C) TDP43 lecalization. COS-7 cells transfected
with wild-type or Q343R GEP-tagged TDP-43 and TurboRed-tagged coilin are shown. The merged image shows TDP-43 (green)
and coilin (red). Arrowheads indicate colocalization of TDP-43 and coilin. Scale bar = 10pm.
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Fig. 1 (a) Computed tomography (CT) of the chest on admission shows two nodular shadows in the

right lung field. (b) Abdominal CT on admission shows the enlargement of right inguinal and ab

dominal lymph nodes. The arrow shows the swelling of the former.

Fig. 2 Sagittal magnetic resonance imaging (MRI) scan of the lumbosacral regions on admission
shows a 9% 3mm homogenous mass with iscintensity on Tl-weighted images (a) and low intensity
on TZ2-weighted image (b) indicating intramedullary hemorrhage in conus medullaris. Gadolinium-
enhanced T1-weighted images demonstrates contrast enhancement of the surrounding of mass (c)
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Fig. 3 Follow-up T2-weighted (upper) and gadolinium-en-
hanced T1-weighted (lower) MRI scan of the lumbosacral
regions. Sagittal T2-weighted image taken 7 days after ad-
mission shows hyperintensity on surrounding of low inten-
siry lesion {b) despite of no hyperintensity on admission
(a). MR1 without and with gadolinium taken 30 days after
admission no longer shows any hyperintense lesions in T2

weighted image and any surrounding enhancement (c).
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A case of hematomyelia caused by coagulation—fibrinolysis abnormality accompanied
with colon cancer and its metastasis

Yoshitake Abe, M.D., Yusuke Hazama, M.D., Takuya Hanaoka, M.D.,
Noriyuki Kimura, M.D.. Ryuki Arakawa, M.D. and Toshihide Kumamoto, M.D.
From the Department of Neurology and Neuromuscular Disorders, Oita University Faculty of Medicine

A 76-year-old woman developed weakness and sensory loss in the lower limbs and urinary disturbance in

mality.

four days. She had a history of operation for the ascending colon cancer and lung metastasis one year ago. Neuro-
logical examination revealed flaccid paraplegia, absent Achilles tendon reflex, severe disturbance of superficial
and deep sensation below the L3 level, and vesicorectal abnormality. Magnetic resonance imaging (MRI) studies
showed an intramedullary T1-iso, T2-low lesion with Gd-DTPA contrast enhancement in conus medullaris at LI
level. The laboratory examination revealed the elevated level of serum FDP, D-dimer and TAT. She was diag-
nosed as hematomyelia, which may be caused by the activation of coagulation and fibrinolysis system. We sug-
gested that the ascending colon cancer and lung metastasis may contribute to the coagulation-fibrinolysis abnor-

(Clin Neurol, 48: 263—266. 2008)
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Key Words : non-herpetic limbic encephalitis, viral encephalitis,
epilepsy, artificial respiration, ovarian teratoma
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< Abstract>

Limbic encephalitis—recovery after long-term
respirator aid. A case report.

424

mEEAF H68E FIH

by
Tokihisa NAGAI, M.D., Masakazu KAWAJIRI, M.D.,
*Yukitoshi TAKAHASHI, M.D.,
Katsuhiko KOHARA, M.D. & Tetsuro MIKI, M.D.
from
Department of Geriatric Medicine,

Ehime University Graduate School of Medicine,
Toon, Ehime 791-0295, Japan and *National Epilepsy
Center, Shizuoka Institute of Epilepsy and
Neurological Disorders, Shizuoka, Japan.

A 26-year-old woman developed a fever (38 ) and a
headache on September 20, 2005. On September 28, she
developed manic agitation followed by a decline of con-
sciousness levels to a stupor. She was admitted to our
hospital on October 4. After admission, she developed
involuntary movements associated with asphyxia. On
October 7, she was put on a respirator and anti-convul-
sive drugs were administered. A spinal tap showed mild
elevation of mononuclear cells. Tests for antiviral anti-
bodies and PCR for herpes simplex virus were all nega-
tive. Brain CTs and MRIs revealed no abnormalities.
The patient’s involuntary movements and conscious-
ness levels did not change in response to steroid pulse
therapy. Bilateral ovarian tumors found by abdominal
CT were surgically removed, since paraneoplastic syn-
drome was also suspected. However, the patient’s con-
dition did not change for a long period of time. Based
upon these findings and the course of the illness, we
diagnosed her with non-herpes viral limbic encephali-
tis.

The patient’s involuntary movements started to de-
crease in Feb. 2006. We were able to turn off her respi-
rator on April 26, 2006. Her involuntary movements fur-
ther subsided and her consciousness level gradually
improved. She started to speak for the first ime in over
one year. At present (Feb. 2007), she only suffers from
mild short-term memory impairment and is able to op-
erate a wheelchair by herself.

We report a patient with non-herpes limbic encepha-
litis who recovered after more than 1 year of illness and
needed respirator aid for more than 6 months.
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Clinical Feature and Pathomechanism of Muscle Fiber
Destruction in Muscular Sarcoidosis

Toshihide Kumamoto

[ABSTRACT)

The pathomechanism of muscle fiber destruction in muscular sarcoidosis, especially nodular type. may be
caused by direct invasion of inflammatory cells rather than by mechanical compression or ischemia. The invasive
cells consist of macrophages, epithelioid cells and lymphocytes, enter into muscle fibers during the process of
granuloma formation. Furthermore, protease cathepsin B, m-calpain and ubiquitin-proteasome, which are derived
from epithelioid cells and macrophages in granulomas, apparently play an important role in muscle fiber destruc-
tion. Muscular sarcoidosis manifesting acute myositis or chronic myopathy is discussed along with a review of
the literature. Some patients with nodular muscular sarcoidosis extending to all limb muscles or trunk were re-
ported. These patients, however, did not develop any muscle weakness and wasting for a long time, suggesting
that the pathomechanism of muscle fiber destruction may be different in chronic myopathic form from that in
nodular muscular sarcoidosis. Some muscular sarcoidosis presenting clinical features, especially progressive mus-
cular weakness and wasting, of acute myositis or chronic myopathy are associated with autoimmune myopathies
such as dermatomyositis, myositis-overlap syndrome, or myasthenia gravis.

[JJSOG 2008; 28: 25-31]
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