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igure 1 aCGH analysis of the 17p13.3 region in 5 epilepsy patients and a corresponding genetic map of the MDS region. Genomic
copy number aberrations were identified in 3 patients by CGH Analytics software. The horizontal and vertical axes indicate the
position atong 17p13.3 and the log; ratio of the genomic copy number, respectively. The gray rectangles indicate regions of copy
number aberrations. The dots indicate the annealing locations and the corresponding log; ratios for each probe. The black dots
indicate normal log, ratio; whereas, red and green indicate log; ratio higher than 0.5 and lower than 0.5, respectively. The red
and black rectangles indicate locations of the previously reported CNVs and the known genes in the indicated regions. The names
of the known genes are indicated below the figure, and YWHAE, CRK, and LIS1 are highlighted in )Qold. (For interpretation of the
references to color in this figure caption, the reader is referred to the web version of the article.)

In patient 2, a gain of genomic copy number FISH analysis (Fig./%B and Table 1), and fiber-FISH analy-
was identified by aCGH in the MDS region contain- ses revealed the directions of all triplicated segments with
ing LIST (Fig. 1). The mean log; signal ratios were tandem insertions (Fig. /%D). The fact that neither parent
+0.5 in ¢chri7 (1,899,328—2,151,328) and +1 in chri7 of patient 2 showed any signal abnormalities in FISH anal-
(2,165,727—3,065,623), indicating duplication and triplica- ysis (data not shown) confirmed the de novo triplication in
tion, respectively. These aberrations were confirmed by patient 2.

Figure 2  FISH and fiber-FISH analysis of the 3 patients. (A) Patient 1: partial deletion of LIS1 was identified. The arrows indicate
markers of chromosome 17 (RP11-1D5; red), and the arrowhead indicates the originally constructed partial sequence of LIS1 (green).
(B) Patient 2: duplication of LIS1 was identified. FISH analysis indicated a predominant LIS1 signal (RP11-135N5; green) in one allele
of chromosome 17 (arrow) and increased LIS1 signal numbers in metaphase (arrowhead). The red signals indicate markers, RP11-1D5.
(C) Patient 3: one allele of YWHAE (RP11-356118; green) is deleted (arrowhead). The red signals indicate markers, RP11-153A23. (D)
Patient 2: fiber-FISH analysis identified a tandem triplication of the LiS1 region in one of the chromosomal fibers. The green signals
represent RP11-135N5, and the red signals represent CTD-2576K4. The arrows reflect a single unit of LIS1 staining. The single arrow
at the bottom represents a normal chromosome 7. (For interpretation of the references to color in this figure caption, the reader
is referred to the web version of the article.) :
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Figure 3  Brain MRl images of the three patients. (AKC) Grade

3 lissencephaly with predominant agyria in the posterior region
was seen in patient 1. (D and E) Generalized hypoplasia of the
brain involving the cortical and white matter regions was noted
in patient 2. (F and G) Mild volume loss of the brain was iden-
tified in patient 3. (A-D, F) Tt-weighted MRI image./(E and G)
T2-weighted MRI image.

In patient 3, aCGH analysis revealed a terminal deletion
of 17p, ghr17 (1-1,280,058), which included YWHAE and
CRK, but hot LIS1 (Fig. 1). This was confirmed by FISH analy-
sis (Fig. /%C). The parental samples showed no abnormalities
in this region (data not shown), indicating de novo deletion
of 17p in patient 3.

Clinical reports

Patient 1 is a 22-year-old female was born at 38 gestational
weeks with a weight of 2540g (<25th centile). Since the
patient showed no eye following and no responsive smiles
at the age of 5 months, she was admitted to the hospi-
tal, and global agyria was identified by brain computed
tomography (CT). In infancy, she started to suffer from
several types of seizures, most of which were generalized
tonic—clonic seizures, and an electroencephatography (EEG)
exarnination showed irregular high-voltage slow waves with
continuous multi-focal sharp waves (data not shown). These
epileptic seizures were refractory to medical treatment.
At the age of 16 years and 7 months, brain magnetic res-
onance imaging (MRI) analysis revealed lissencephaly with
a predominance in the posterior region indicating grade
3 lissencephaly (Fig. /%A~C) (Kato and Dobyns, 2003). She
was diagnosed with isolated lissencephaly because of her
normal facial features (Fig. 4A). At 22 years of age, she
showed good eye contact, visual tracking, social smiling,
and various other facial expressions in response to parental
vocalization, although she could not speak and had no head
control. Epileptic seizures occurred several times a week.
She was capable of taking oral paste foods and did not need
tube feeding at home. Conventional G-banding chromoso-
mal analysis showed a normal female karyotype (46,XX), and
subsequent fluorescent in situ hybridization /(F|SH) analysis
using a commercially available probe, the Vysis Miller-Dieker
Region/Isolated Lissencephaly Probe LSI LiS1 (Abbott Lab-

oratories, Abbott Park, /{L, USA), indicated no deletion at
17p13.3 (data not shown).

Patient 2 is an 11-month-old girl was referred to us
for infantile spasms. She was born at 39 weeks gestation
with a birth weight of 1992 g (<3rd centile). At 6 months,
her first epileptic seizure with deviation of eye position
was noted, and EEG analysis showed modified hypsarrhyth-
mia with synchronized high-voltage slow waves indicating
West syndrome (Fig. /Q). A subsequent brain MRI examination
revealed generalized hypoplasia of the brain involving the
cortical and white matter regions, associated with hypopla-
sia of the corpus callosum, which resulted in ventricular
dilatation (Fig. 3C). Although several orally administered
anti-epileptic drugs were ineffective, subsequent adreno-
corticotropic hormone (ACTH) therapy was effective. At 6
months, she lacked neck control and could not roll over due
to severe hypotonia. Conventional G-banding showed a nor-
mal female karyotype. At the age of 21 months, patient 2
showed an average growth rate with her length of 83.5cm
(=50th /gentile), weight of 10.0kg (=50th centile), and head
circumference of 47.0cm (=50th centile). At this time, she
was able to turn over but could not sit alone, indicating a
severe developmental delay.

Patient 3 is a 23-year-old male was born to healthy par-
ents at 39 weeks gestation with a birth weight of 2500¢
(<50th centile). Delivery was uneventful. He suffered from
mild developmental delay in infancy and from secondary
generalized partial seizures at the age of 6 years. Subse-
quently, he suffered various types of seizures that were
refractory to many different anti-epileptic drugs. Commu-
nication was challenging for him. At the age of 20 years, the
Wechsler Adult Intelligence Scale (WAIS) indicated that his
full 1Q was 45 (verbal =59, performance =45). At the time of
the study, he was working at a social welfare institution. His
height was 155.5¢m (<3rd centile), his weight was 52.3kg
(<25th centile), and his head circumference was 56.2cm
(<25th centile). He had distinctive facial features (Fig. /A\1C).
Conventional G-banding showed a normal male karyotype of
46,XY. A brain MRI examination revealed mild volume loss of
the brain (Fig./%F and G).

Discussion

In this study, we identified pathogenic CNVs in 17p13.3, the
MDS critical region, in /3 epileptic patients.

Patient 1 had isolated grade 3 lissencephaly (Kato and
Dobyns, 2003) but lacked the dysmorphic features com-
mon among MDS patients. As a commercially available LIS1
probe did not detect deletion, aCGH analysis was per-
formed and identified a microdeletion involving the last
exons of LIST. This was similar to the findings of the pre-
vious report, in which FISH analysis using a commercially
available LIS1 probe yielded a false-negative result for a
patient with a deletion in the 5 region of LIS1 (lzumi et
al., 2007). In both cases, the incorrect analysis resulted
from a partial LISt deletion and from the limited availability
of commercial FISH analysis probes. The deletion region of
patient 1 included two other neighboring genes; KIAA0664,
which encodes a hypothetical protein, and GARNL4, which
encodes a GTPase-activating protein that activates the small
guanine-nucleotide-binding protein Rap1 in platelets. Thus,
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/gigure 4 Portraits of the three patients. There were no distinct facial morphologies for patient 1 (A) or patient 2 (B). (C) Patient
showed a prominent forehead, bilateral ptosis, a broad nasal root, epicanthal folds, and retrognathia. Signed consent forms

authorizing publication of the unmasked images of all identifiable patients have been obtained from the patients and/or their
guardians.

Kigure 5 EEG analysis of patient 2, indicating modified hypsarrhythmia.
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their detailed functions in the central nervous system are
unknown. Patient 1 has shown long-term survival without
physical or mental deterioration despite the fact that the
majority of patients with lissencephaly die early in childhood
(de Rijk-van Andel et al., 1990). In contrast, MDS patients
with a large telomeric deletion of 17p13.3 present with a
severe phenotype, including lissencephaly; significant facial
dysmorphism; and occasionally other congenital visceral
anomalies such as gastrointestinal and cardiac defects; and
furthermore, the severity of lissencephaly in MDS patients
is severer than that seen in cases of isolated lissencephaly
(Cardoso et al., 2003; Dobyns et al., 1991).

Mei et al. {2008) analyzed 45 patients with isolated
lissencephaly; ' 44% of the patients (20/45) showed LIS1
mutations, and small deletions/duplications were identified
in 76% of the patients without LIS1 mutations (19/25). One
of the 19 patients lacking LIS1 mutations exhibited duplica-
tion of three LIS1 exons. Haverfield et al. {2009) analyzed
52 patients with lissencephaly, and intragenic duplication of
LIS1 was identified in 6 patients. These microduplications
will disrupt LIS strucfures and result in loss of function of
the LIS1 product. On the other hand, two recent reports
described microduplications encompassing the entire LIS1
region 11,13 (Bi et al., 2009; Roos et al., 2009). Using trans-
genic mice, Bi et al. {2009) confirmed that LIS1/PAFAH1B1
overexpression derived from genomic copy number gain
was responsible for abnormal peurodevelopment. They also
reported a patient with LIS1 triplication (Subject 6) (Bi et
al., 2009). Similarly, we identified a triplication of LIS1 in
patient 2, whose MRl demonstrated normal gyrus formation
but a reduced cerebral volume. Patient 2 exhibited infantile
spasms; whereas, the patient with LIS1 triplication (Sub-
ject 6) reported by Bi et al. {2009) lacked seizure activity.
This difference may have resulted from the size difference
between them, as the triplication size of patient 2 was much
larger than that of the patient (Subject 6) reported by Bi et
Rl’ (2009). Accordingly, genomic copy number aberrations
at 17p13.3 including LIS1 can lead to neurodevelopmen-
tal delay and epilepsy regardless of whether the aberration
reflects a gain or loss of copy number.

In this study, patient 3 had a complete terminal dele-
tion of 17p, and he demonstrated the dysmorphic facial
features and growth retardation associated with mental
retardation. This was compatible with a report by Sreenath
Nagamani et al. /(2009) inwhich haploinsufficiency of YWHAE
and CRK was suggested to be responsible for facial dys-
morphism and growth deficiency, respectively. However,
in our present study, patient 3 had intractable epilepsy.
Among the previously reported patients with a terminal
deletion of 17p that did not include LiS1, only ! patient with
der(17)t(5;17)(p13.1;p13.3) was reported to have seizure
episodes (Mutchinick et al., 1999).

In conclusion, it was suggested that the identified gain
or loss of genomic copy number within 17p13.3 result in
epileptogenesis and that triplication of LIS1 can cause symp-
tomatic West syndrome.
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Anti-Glutamate Receptor Antibodies in Pediatric
Enteroviral Encephalitis
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ABSTRACT

in order to better understand enteroviral encephalitis we investigated the clinical symptoms and several disease
markers. Between 2000 and 2005 eight patients aged between 9 months and 5 years were admitted to our
hospital with one case having sequela. Glutamic oxaloacetic transaminase (GOT), serum IL-6, and ferritin were
elevated in most of the cases. Their IL-6 and diacron-reactive oxygen metabolites (d-ROM) in cerebral spinal
fluid (CSF) were also high (86%). However, pleocytosis and high protein levels in CSF were rarely found. In viral
foads of the first CSF, there were no differences between the patient with sequela and the ones without sequela.
However, anti-glutamate receptor IgM52 was only detected in the CSF of the patient with sequela. These findings
suggest that the immunological phenomenon is more closely related to the development of sequela related to
enteroviral encephalitis than other disease markers, such as inflammatory cytokine, free radicals, and viral loads.
Therefore, a specific therapy against immunological status might decrease the sequela; however, further research

is necessary to confirm this.

KEYWORDS: anti-glutamate receptor antibodies, encephaliis, enterovirus, free radical, children, IL-6

INTRODUCTION

In 1998, there was a pandemic of encephalomyelitis
accompaniced with hand-foot-and-mouth disease with
high mortality in Taiwan (Chang et al., 1999), and a
pandemic of cerebellar ataxia accompanied with en-
terovirus in Japan. Recently, an increase in cases of
encephalitis with enterovirus was reported in Japan.
However, there are few reports about the patho-
physiology and the characteristics of enterovirus-
associated encephalitis. In 1999, we started to mea-
surc enterovirus RNA in cerebral spinal fluid (CSF)
by using highly sensitive reverse transcription poly-
merase chain reaction (RT-PCR). We identified eight
cases of enteroviral encephalitis. In order to choose
the best treatment, we have also been measuring in-
flammatory cytokines, oxidative stress, viral loads,
and anti-glutamate receptor antibodies in serum and

Address correspondence to Hisashi Kawashima, M.D., Ph.D., Department of
Pemdintrics, Tokyo Medical University, 6-7-1 Nishishinjuku, Shinjuku-ku,
‘Tokyo 160-0023, Japan.

1 muil: hisashi@tokyo-med.ac.jp

CSF. In this study we investigated these disease mark-
ers and their relationship to clinical symptoms in eight
patients with pediatric enteroviral encephalitis.

METHODS

We studied eight patients who were hospitalized due
to fever, convulsions, and continuous unconscious-
ness. All were positive for enterovirus by RT-PCR or
usual viral isolation. Their EEG showed slow wave in
all the cases. Brain imaging showed abnormal find-
ings, which revealed brain edema in five out of eight
cases. The serum levels of immunoglobulin of all pa-~
tients were normal.

The RI:PCR target was the consensus region of
the 5' no-coding region of the enterovirus. RNA was
reverse-transcribed with avian myeloblastosis virus
(AMYV); reverse transcriptase using an anti-sense
primer and nested PCR was also done (Takami et al.,
1998). The primers of the quantitative assay were se-
lected from the same consensus region of the 5 no-
coding region. The quantitative assay was performed
by using the primers and probes, which were made
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according to the sequence data of nested PCR prod-
ucts. The two different fluorescent oligonucleotide
probes, the donor and acceptor, were designed to
hybridize. The fluorescent oligonucleotide was mea-
sured by LightCycler (Roche Diagnostics GmbH,
Germany) (Amaha, Kawashima, Takami, Takekuma,
& Hoshika, 2006),

The oxidative status was examined by measuring
the hydrogen peroxide concentration in the CSF ac-
cording to the method automated by the Diacron
(Diacron-Reactive Oxygen Metabolites: d-ROM test,
Diacron, Italy) (Cesarone et al., 1999; Cornelli,
Terranova, Luca, Cornelli, & Alberti, 2001). The
serum levels of the d-ROM test ranged between
250 and 300 U.CARR (Carratelli units), where 1
U.CARR corresponds to 0.8 mg/L. H,O,. CSF nega-
tive for enterovirus as a control was obtained from pa-
tients with fever of unknown origin, urinary tract in-
fection, influenza, pneumonia, leukemia, and febrile
seizures. The CSF levels of the d-ROM in controls
were below 10 U.CARR. Serum levels of IL-6 were
assayed by chemoluminescence enzyme immunoas-
say (CLEIA) by using Lumipulse f (Fujirebio Diag-
nostics Inc, Tokyo, Japan). We also investigated white
blood cells (WBC), glutamic oxaloacetic transami-
nase (GOT), lactate dehydrogenase (ILDH), ferritin,
creatine kinase (CK), c-reactive protein (CRP), and
anti-glutamate receptor antibodies. The assay of anti-
glutamate receptor antibodies was examined with
Western blot using Takahashi methods (Takahashi
et al., 2003).

RESULTS

The patients were aged between 9 months and
5 years (two males, six females). Their symptoms
before convulsion were upper respiratory tract in-
fection in all cases (100%) and digestive symptoms
in five cases (62.5%). The duration of the convul-
sions ranged from 2 to 60 min. One-third of the pa-
tients had asymmetric convulsions. Convulsive status
was seen in six cases and a series of short convul-
sions in two cases. One of the eight patients (12.5%)
had involuntary movements and sequela (epilepsy
and paraplegia). The involuntary movements of the
right upper extremity appeared 7 days after admission
and resolved after several months of treatment with
anti-epileptic medicines. The profiles are shown in
Table 1. Blood tests showed that CRP was mildly pos-
itive in most of the cases (0.4 to 4.7 mg/dl). GOT
levels were high in all the cases. Serum IL-6 was high
in all the patients and ferritin in 50% of the patients,
IL-6 and d-ROM in CSF were both high in 86% of
the patients at the time of admission. However, pleo-

cytosis was not found in the CSF of only one patient
and the protein levels were low. In the viral loads of
the CSF, there were no differences between the pa-
tient with sequela and those without sequela, simi-
lar to the levels of IL-6 and d-ROM in serum and
CSF.

Anti-glutamate-receptor IgM-52 was detected in
one out of three cases in CSF and in two out of
three cases in serum. Anti-glutamate-receptor IgG-
82 was detected in one out of three cases in serum.
Anti-glutamate-receptor IgG-¢2 was positive in one
out of three cases (Table 2). A patient who had anti-
glutamate-receptor IgM4$2 in CSF had sequela.

DISCUSSION

We investigated eight cases, aged between 9 months
and 5 years with enterovirus-associated encephalitis.
Only one out of eight patients had sequela. Brain
damage by neuroinfection can be caused by high in-
flammatory cytokines, direct viral invasion, free radi-
cals, glutamate, apoptosis, and immunological phe-
nomenon (Lipton, 1997). We measured the viral
load, IL-6, and free radicals in this study. Leukocyto-
sis of CSF did not appear in seven out of eight cases
and appears to be likely induced later by the produc-
tion of IL-6. Both IL-6 and d-ROM were high in five
out of seven cases during the early stage. I1-6 is a
multifunctional cytokine that plays a central role in
the host defense due to its wide range of immune and
hematopoietic activities and its potent ability to in-
duce an acute-phase response. Overexpression of IL-
6 has been implicated in the pathology of a number
of diseases including systemic inflammatory response
syndrome (SIRS) and secondary multiple organ fail-
ure (Giannoudis et al., 2008).

Recently, a new test for the evaluation of oxida-
tive status, the d-ROM test, has become available. Al-
though there are various reports of serum or plasma
d-ROM levels (Cesarone et al., 1999; Cornelli et al.,
2001), CSF d-ROM levels have not been reported.
We measured d-ROM in patients with meningoen-
cephalitis with enterovirus and 88.7% cases (6 out of
7) showed high d-ROM. CSF d-ROM in influenza-
associated encephalopathy and febrile seizure has
been reported (Yamanaka et al., 2006). d-ROM in
CSF obtained from patients with febrile seizures was
below 10 U.CARR. Yang & Qin (2004) have reported
the high expression of neuronal nitric oxide synthase
(nNOS) in animal models with recurrent seizures. Se-

-vere cases showed high levels in CSF and were related

to the protein concentration. Oxidative stress and
uncontrolled stress might influence these complica-
tions. Nitrogen oxide (NO x) inhibitors, such as a free
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TABLE 2 The findings of peripheral blood and spinal fluid on admission

Case 1 2 3 4 5 6 7 8

Blood check
CRP (mg/dl) 4.7 3.3 0.7 < 0.3 3.8 < 0.3 5.8 2.9
GOT (IU/L) 165 56 180 148 33 61 53 37
LDH (U/L) 804 563 1029 619 575 667 521 553
CK (IU/L) 120 1510 118 240 98 730 92 203
Ferritin (mg/dl) 638 85.9 745.6 166 ND ND 92.5 53.7
IL-6(pg/ml) 96.3 ND 51 ND 86.7 ND 126.2 ND
anti-Glu-R
IgM-52 + - +
1gG-82 + - -
1gG-£2 - - +

CSF check
Cell count 5 12 5 3 38 6 0 172
Protein (mg/dl) 12 27 13 5 12 22 9 9
Glucose (mg/dl) 85 65 90 78 80 66 85 73
IL-6 (<5 pg/ml 273 1.1 56.6 44 64.1 75 28.1 ND
d-ROM (<10 U.CARR) 19 39 71 17 39 59 3 ND
Viral load (copies) 937 ND ND ND 781 1275 ND 977
Anti-Glu-R -
IgM-52 + -

radical scavenger, edaravone, might be helpful in
these cases.

Inoue (2002) reported NO and IL-6 produc-
tion from microglia, which is activated by adeno-
sine triphosphate (ATP) in mice. He showed that
microglia stimulated by a low concentration of ATP
rapidly releases plasminogen, which may protect neu-
rons. However, microglia stimulated by a higher
concentration of ATP releases TNF-o¢ 2-3 hr af-
ter the stimulation and IL-6 6 hr after the stimula-
tion. He speculated that stronger stimulation changes
the function of microglia and induces apoptosis in
neurons by releasing toxic factors, including NO
(Inoue, 2002). Therefore, high NO might mean acti-
vation of microglia. High NO x was found in CSF ob-
tained from severe influenza-associated encephalopa-
thy (Kawashima et al., 2003). This oxidative stress
might induce damage to CNS. Consequently, ther-
apies against high cytokines and free radicals should
be recommended during an acute phase of enteroviral
encephalitis.

Anti-glutamate receptor antibodies are detected
in the serum and CSF of patients with chronic
progressive epilepsia partialis continua of childhood
and those with Rasmussen’s encephalitis (Takahashi
et al., 2003). Moreover, these antibodies have been
reported with encephalitis and encephalopathy,
including limbic encephalitis without any deteriora-
tion (Kumakura, Miyajima, Fujii, Takahashi, & Ito,
2003; Takahashi, 2002). Interestingly, in our study
anti-glutamate antibodies were detected in the CSF
obtained from a patient with sequela. These findings
suggest that the immunological phenomenon may re-

sult in sequela of enteroviral encephalitis than inflam-
matory cytokine, free radicals, and viral loads. The
autoimmune mechanism might induce the patho-
physiology of subsequent symptoms of enteroviral en-
cephalitis. Therefore, these results suggest that ther-
apies such as steroids, anti~-virus agents, and free rad-
ical scavengers may help to prevent further sequela.
However, further research with a larger number of pa-
tients is necessary to draw any definitive conclusions.
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In Japan, herpes simplex encephalitis (HSE) has histori-
cally been fatal in approximately 30% of all reported cases.
After the induction of acyclovir (ACV), however, the mor-
tality rate has decreased to 7.1% (1), and HSE is now re-
garded as a treatable disease. However, the rate of poor out-
come including moderate or severe sequelae still remains at
30-40% of HSE patients, despite standard ACV treatment. It
is conceivable that early detection and appropriate treatment
will lead to a good prognosis for intractable HSE.

Problems in prolonged and intractable cases of HSE were
taken up at the workshop held by the Japan Herpesvirus In-
fections Forum (JHIF) in 1996 (2) and the symposium of
the Japanese Neuro-Infectious Disease Meeting in 1997 (un-
published data). At that time, a tentative definition of intrac-
table cases of HSE was developed as follows:

1. Cases of HSE that develop to an apallic state and to fa-
tality.

2. Prolonged cases that require more than 6 months’ hos-
pitalization.

3. Recurrent cases.

It may be that the main reasons for the development of
intractable HSE are a deep consciousness disturbance, status
epilepticus, and delays in starting antiviral drug therapy.
Conventionally in the USA, a semicoma or coma state in
patients over 30 years of age has been accepted as a predic-
tive factor in a fatal prognosis (3).

In this issue of the journal (see also pp 89-94), Taira et al
(4) analyzed variable predictors such as age, sex, Glasgo
coma scale (GCS), starting date of ACV, corticosteroid ad-
ministration, and cranial computed tomography (CT), as

well as magnetic resonance imaging or electroencephalo-
gram abnormalities between the prolonged group (n=8) and
non-prolonged group (n=15) in 23 adult HSE patients. The
prolonged group was defined as being without any neuro-
logical improvement at the time of completion of ACV
treatment for 14 days, and they concluded that there are 2
significant predictors of a prolonged course of HSE; a lower
GCS =6 points at the start of antiviral treatment and a
higher rate of abnormal lesion on initial CT. The 4 patients
of the prolonged group had poor outcomes at 3 months after
onset.

The clinical guidelines for adult HSE in Japan recom-
mend a higher dose of ACV for severe HSE patients and al-
ternative therapy of vidarabine in unresponsive cases to
ACV treatment (5). A recent study also suggests that corti-
costeroid administration is a beneficial factor for HSE prog-
nosis (6). Therefore, when HSE patients present with GCS
=6 points and CT abnormal lesion on the temporal lobe, it
seems likely that we should initiate ACV treatment at a
higher dosage (45-60 mg/day), or add corticosteroid admini-
stration including pulse therapy.

However, the pathophysiology for these 2 predictors
should be clarified. Intractable cases with a deep conscious-
ness disturbance or wide CT abnormality are often attributed
to prolonged herpes simplex virus (HSV) infection or secon-
dary encephalitis (postinfectious/autoimmune encephalitis).
Further virologic and immunologic studies are expected to
investigate the use of real-time polymerase chain reaction
for HSV DNA, and changes of various cytokines in the host
response.
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1. Introduction

«SYN was originally isolated from senile plaques in Alzhei-
mer’s disease as a protein of 35 highly hydrophobic amino acid
metabolites, known as the non-amyloid component (NAC),
derived from a 140 amino-acid precursor encoded by a gene on
chromosome 4 (Ueda et al., 1992; Chen et al., 1995), which has
homology to rat and Torpedo «SYN and songbird synelfin
{George et al, 1995). aSYN is highly abundant in presynaptic
terminals (Iwai et al., 1995) and has potential roles in synaptic
function and neural plasticity {George et al., 1995; Clayton and
George, 1998).«SYN binds to phospholipid vesicles and inhi-
bits PLD2, a regulator of vesicle membrane budding (Liscovitch
et al., 2000; Lotharius and Brundin, 2000; Payton et al.,, 2000),
and also plays modulatory roles in the release of dopamine
vesicles (Abeliovich et al., 2000).

A few cases of familial Parkinson’s disease (FPD) have been
linked to missense point mutations in «SYN with AS53T
(Polymeropoulos et al,, 1997), A30P (Kruger et al, 1998) and
E46K (PARK1) (Zarranz et al,, 2004). Soon after the first A53T
missense mutation of «SYN was discovered, the main
component of Lewy bodies (LBs) was identified as insoluble
aggregates of aSYN (Baba et al,, 1998). «SYN and phosphory-
lated-Ser129 «SYN accumulated in LBs and Lewy neurites
(LNs) in PD and Dementia with Lewy bodies (DLB) (Fujiwara et
al., 2002; Hasegawa et al., 2002). Then, a second causative gene
known as parkin {Kitada et al, 1998) was found in familial
autosomal recessive juvenile Parkinson’s disease (PARK2).
Parkin ubiquitinates «SYN normally and this process is
aberrantly altered in PD (Shimura et al, 2001). Acceleration
of oligomerization or protofibrillization is a common property
of mutant «SYN {Conway et al, 2001; Choi et al, 2004).
Recently, triplication of the «SYN locus (PARK4) was identified
in an “lowanian kindred” with autosomal dominant Lewy
body disease (Singleton et al., 2002). Subsequently, duplication
of the «SYN gene locus was also reported as a cause of familial
PD (Chartier-Harlin et al,, 2004). These findings suggest that
overexpression of wild type «SYN also leads to facilitation of
insoluble aggregation of «SYN. a-synucleinopathy is a disease
entity which shares common pathological accumulation of
insoluble aggregates of «SYN in the neurons and processes of
PD, DLB, Hallervorden-Spatz disease, pure autonomic failure
and in the glial cells of multiple system atrophy (MSA)
(Goedert, 2000; Hardy and Gwinn-Hardy, 1998; Spillantini et
al, 1997; Tu et al,, 1998; Galvin et al., 2000; Shoji et al.,, 2000;
Arai et al., 2000).

To elucidate the pathological mechanism of LBs and LNs
associated with the decrease in dopamine (DA) production, it
is necessary to investigate the aberrant mechanism of mutant
«SYN, which is an essential molecule consisting of LBs and
LNs (Baba et al., 1998). Here, we generated transgenic (Tg) mice
expressing human mutant «SYN A30P+AS53T under a human
Thy-1 promoter, named as TgaSYN. Overexpression of double
mutant human «SYN was expected to lead to further
synergistic effects and induce severe «-synucleinopathies
and neurodegeneration (Citron et al, 1998; Chishti et al,
2001). TgaSYN showed significant motor impairment in
rotarod test, accumulation of insoluble «SYN, aberrant inclu-
sions and decreased dopamine levels. These findings indicate

that TgaSYN is a useful animal model to investigate the
crucial pathogenesis of a-synucleinopathies, and it may help
to develop therapeutic agents.

2. Results

2.1.  Expression of aSYN in transgenic mice and analyses
of RT-PCR

We used the transgene construct hThyl-aSYN A30P+A53T to
generate transgenic (Tg) mice, TgaSYN (Fig. 1a). PCR analysis
of tail-derived DNA revealed 18 positive Tg mice for human
«SYN and EGFP among 129 FO mice. Five of the 18 Tg mice
showed the strongest green fluorescence under irradiation at
365 nm ultraviolet (Fig. 1b). These selected independent lines
(#8707, #8713, #8718, #8812, #8819) were mated with BDF1 mice
and raised for examination. The following Tg mice were
analyzed: 18 positive Tg progenies, 60 F1 Tg (#8707: 2, #8713:
31, #8718: 5, #8812: 10, #8819: 12) and 135 F2 Tg (#8707: 0, #8713:
101, #8718: 2, #8812: 29, #8819: 3). The mRNA expressions of
human «SYN A30P+AS53T and EGFP in TgaSYN brains were
confirmed by RT-PCR, showing the same expression levels of
human «SYN A30P+A53T and EGFP at three, eight and
17 months old, respectively (Figs. 1c and d). Western blot
using L.B509 recognized a 16 kD band corresponding to human
«SYN only in Tg mice. AB5038 recognized a 16 kD band
corresponding to both human and mouse aSYN. The expres-
sion level of human «SYN was 130% of that of endogenous
mouse «SYN (Fig. 1e).

2.2 Histological studies

Immunocytochemistry of sagittal sections of a seven-month-
old #8707 TguSYN brain by LB509 revealed extensive human
«SYN immunostaining in the brainstem, hippocampus, tha-
lamus, cerebral cortex and cerebellum (Fig. 2a, arrow indicates
the substantia nigra), but no staining in the non-Tg mouse
{Fig. 2b). The TgaSYN brain showed atrophy of the cerebral
cortex and cerebellum (Fig. 2a). The HE stain showed
eosinophilic inclusion bodies and vacuoles in the cytoplasm
of neurons in the substantia nigra (Fig. 2¢, arrow), and in the
dentate nucleus of TgaSYN (Fig. 2h, arrow). These cytoplasmic
inclusions were stained with human-«SYN specific antibody,
LB509 (Fig. 2d, arrow, and Fig. 2i, arrow), and anti-aSYN
antibody, 42/a-Synuclein (Fig. 2j, arrows). Nitrated o/ synu-
clein was also stained in the cytoplasmic inclusions (Fig. Ze,
arrow,). Ubiquitin-positive inclusions were observed in neu-
rons at brainstem (Fig. 2f, arrow), and dystrophic neurites in
the dentate nucleus of TgaSYN (Fig. 2g). Staining of phos-
phorylated synuclein showed diffuse staining in somatoden-
drites of TgaSYN neurons (Fig. 2k). Gallyas-Braak staining
revealed dystrophic neurites in the dentate nucleus of TgaSYN
{Fig. 21) in ubiquitin-positive structures in the same region (Fig.
2g). Anti-tyrosine hydroxylase (TH) immuno-positive neurons
in the locus ceruleus showed weak immunostaining intensity
in TgaSYN (Fig. 2m), compared with those of non-Tg mice
brains (Fig. 2n). The intensity of substance P immunopositive
synapses in the striata of TgaSYN brains {Fig. 20) was weaker
than that of non-Tg mice brains {Fig. 2p}. Severe astrocytosis
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Fig. 2-The pathological features of TgaSYN at seven months of age and age-matched non-Tg mice. (a) A sagittal section of a
seven-month-old #8707 TgaSYN brain labeled by LB509 showed extensive aSYN accumulation prominently in the brainstem,
hippocampus, thalamus, cerebellum and cerebral cortex. The substantia nigra of the midbrain is also labeled (arrow). The
cerebral cortex and cerebellum showed atrophy. (b) No staining in the non-Tg mice brain by LB509, (c) Hematoxylin-eosin stain
showed eosinophilic inclusion bodies and vacuoles in the cytoplasm of neurons in the substantia nigra of #8707 TgaSYN
(arrow). (d) LB509 detected cytoplasmic inclusions in the substantia nigra of #8707 TgaSYN (arrow). (e) Anti-nitrated «/f3 SYN
monoclonal antibody (Syn12) immunostained cytoplasmic inclusions in the substantia nigra (arrow), as well as in 14-month-
old #8713 TgaSYN. {f) Ubiquitin-positive inclusions are shown in the substantia nigra of #8707 TgaSYN (arrow). (g) Ubiquitin-
positive dystrophic neurites in the cerebellum dentate of 16-month-old #8713 TgaSYN. (h) Eosinophilic cytoplasmic inclusions
(arrow) in the dentate nucleus of #8707 TgaSYN. (i) LB509-positive inclusion in the dentate nucleus of #8707 TgaSYN (arrow). §j)
Cytoplasmic inclusions immunostained with a mouse monoclonal antibody 42/c-Synuclein in the brainstem of #8812 TgaSYN
{arrow). (k) The PSer129 oSYN antibody immunostained the cytoplasm of neurons in the substantia nigra of #8707 TgaSYN. (1)
Gallyas-Braak stain of dystrophic neurites in the dentate nucleus of a 16-month-old #8713 TgaSYN. (m) Tyrosine hydroxylase
(TH) immuno-positive neurons in the locus ceruleus showed less immunostaining in the #8707 TgoSYN brain, than the non-Tg
mouse brain (n). (o) The intensity of substance P immuno-positive synapses in the striatum of #8707 TgaSYN brain was lower
than non-Tg mice brain {p). (q) Astrocytosis in the cerebellum of 16-month-old #8713 TgaSYN. {r) Electron-dense inclusions
were found in the cytoplasm of neurons in the brainstems of 8-month-old #8718 TgaSYN by an EM study (arrow). (s) In the
brainstem of the same mouse, intracellular inclusions (arrows) were also detected. Scale bar=1 mmin a, b, 12,5 pm in c-f, h-k,
50 puming, 1, m, n, 25 pmino,p,and 0.38 pminr,s.
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Fig. 1-The mutant «SYN A30P+A53T construct and the expression of EGFP. (a) The structure of the construct: hThy1l-aSYN
A30P+AS3T. (b) TgoSYN (#8713) showed fluorescence by EGFP (enhanced green fluorescence protein) under 365 nm long wave
UV (EGFP-negative non-Tg mouse in the upper location, EGFP-positive Tg mouse in the lower location). (c) Analyses of RT-PCR
transcripts: Human oSYN mRNA transcripts (exons 2-4) were detected as 280 bp in TgaSYN brains, but not in non-Tg mice
brains, and the intensity of PCR products was the same level as three-, eight-, and 17-month-old Tg mice brains. (d) EGFP mRNA
transcripts were detected in TgaSYN brains at the same level at three, eightand 17 months of age, butnotin non-Tg mice brains
(N showed non-Tg mice brains, T showed Tg mice brains). (e) The expression of human «SYN was detected as a 16 kD band at
the same size as recombinant synthetic «SYN by Western blot using LB509 in LS-soluble fractions of TgaSYN #8713 (Tgi—4)
mice brains, but not in three 14-month-old non-Tg mice brains (upper lane). AB5038 recognized a 16 kD band corresponding to
human and mouse aSYN (lower lane). The expression level of human aSYN was about 130% of that of endogenous mouse
oSYN. Synthetic «SYN (SS) was used as a marker of 16 kD o.SYN (BIOMOL Research Laboratories Inc., Plymouth Meeting, PA).

was observed in the cerebellum of a 16-month-old TgaSYN
(Fig. 2q). An EM study demonstrated cytoplasmic inclusions
{Fig. 21, arrow) and intranuclear inclusions (Fig. 2s, arrows) in
the neurons of the brainstem. These inclusion bodies lacked
the typical halo and fibrillar structure of LBs.

2.3.  Western blot analysis

Fourteen-month-old TgaSYN showed a 16 kD band corre-
sponding to «SYN in the LS-soluble fraction (L), Triton-soluble
fraction (T), sarcosyl-soluble (S) and sarcosyl-insoluble frac-
tions (I) (Fig. 3a: arrow). In sarcosyl-insoluble fraction, smear
pattern was detected in TgaSYN#8812(T3), which accumulated
much synuclein histologically. The anti-phosphorylated «SYN

antibody pSyn#64 labeled the same size band as «SYN, 16 kD
{Fig. 3b: arrow). These findings presented that sarcosyl-
insoluble human «SYN and phosphorylated «SYN was
accumulated in TgaSYN brains as reported in DLB brains
(Hasegawa et al., 2002).

2.4. Rotarod test for motor function of TgaSYN

The rotarod test demonstrated that significant motor
impairment appeared after a shorter time in TguSYN; they
dropped from the rotating rod faster than non-Tg litter-
mates. The motor impairment was found at three months of

age {p=<0.01) and thereafter deteriorated with age {p<0.001.
Fig. 4).
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Fig. 3—Western blot analysis. The expression of human
oSYN was 16 kD (lane S; corresponded to recombinant
human aSYN) by Western blot using antibody LB509 (a) and
pSyn#64 (b) in LS-soluble (L), Triton-soluble (T), sarcosyl-
soluble (S) and sarcosyl-insoluble (J) fractions of non-Tg (N},
TgaSYN#8713 (T1), TgaSYN#8819 (T2), and TgaSYN#8812
(T3), 14-month-old mice brains.

2.5. Measurement of neurochemicals

There was no significant difference in brain weight among Tg
and non-Tg mice at 10 and 17 months of age. Compared with
age-matched non-Tg control mice, the levels of DA in the
striatum were significantly decreased in 10 month-old
(p=0.0159) and 17 month-old mice brains (p=0.0286). DA
decreased approximately 17% to 24% in the stratum of
TgaSYN brains (Fig. 5a). A significant decrease in DA was
also detected in the hypothalamuses of 17-month-old TgaSYN
brains {(p=0.0079. Fig. 5b). NE was not decreased in any areas of
10-month-old TguSYN brains (Fig. 5¢). Serotonin was
decreased in the hypothalamuses of 10- and 17-month-old
TgaSYN brains (p=0.0079, p=0.0286, respectively. Fig. 5d). ACh
decreased in the striatum in 17-month-old TgaSYN (p=0.0286.
Fig. 5e). There was no significant alteration in DOPAC, HVA,
MHPG, 5-HIAA and Ch levels in any areas of TganSYN (data not
shown). These results showed that insoluble mutant «SYN
aggregation selectively decreased the DA level at 10 and
17 months of age.

3. Discussion

Several groups have already reported animal models of PD,
such as wild-type aSYN Tg mice (Masliah et al., 2000), mutant
«SYN Tg mice (van der Putten et al., 2000, Kahle et al., 2000,
Giasson et al., 2002, Lee et al, 2002, Richfield et al., 2002,
Neumann et al,, 2002, Thiruchelvam et al., 2004, Tofaris et al.
2006, Wakamatsu et al., 2008), Drosophila melanogaster (Pen-
dleton et al., 2002) and C. elegans (Kuwahara et al., 2006). The
first «SYN Tg mice expressed wild-type human «SYN driven
by the PDGF-B promoter (Masliah et al., 2000). This mouse
displayed intraneuronal inclusions immunoreactive for «SYN
and ubiquitin in several regions typically affected in «-

synucleinopathies, while lacking the characteristic fibrillar
components of Lewy bodies. The Tg mice overexpressing
«SYN AS53T developed under the murine Thy-1 regulatory
sequence showed an early and dramatic decline in motor
function {van der Putten et al,, 2000). Transgenic wild-type and
A30P «SYN abnormally accumulated in neuronal cell bodies
and neurites throughout the brain (Kahle et al, 2000). Mice
expressing wild-type or A53T «SYN under the mouse prion
promoter developed motor deficits by eight months of age
(Giasson et al,, 2002). Neuropathological assessment of these
Tg mice revealed a wide distribution of «SYN, with a
pathological sparing of the motor cortex and a total sparing
of the substantia nigra. Another group developed Tg mice
harboring «SYN AS53T using a mouse prion promoter showing
motor dysfunction and «SYN accumulation (Lee et al.,, 2002).
Truncated human «SYN (C-120) Tg mice under the TH
promoter led to pathological changes in dopaminergic nerve
cells of the substantia nigra and olfactory bulb (Tofaris et al,,
2006). Recently, truncated human «SYN (C-130) Tg mice also
led to selective loss of dopaminergic neurons and accumula-
tion of phosphorylated «SYN (Wakamatsu et al., 2007, 2008).

One of the differences between these models and our
TgaSYN was a novel combination of a promoter and mutation
of aSYN. TgaSYN expressed double mutant «SYN with A30P
+AS53T under the human Thy-1 promoter. As expected, our
TgaSYN demonstrated widespread «SYN accumulation in the
brainstem, caudate putamen, cerebellum, hippocampus and
cerebral cortex. Eosinophilicinclusion bodies in the substantia
nigra and dentate nucleus of the cerebellum corresponded to
accumulation of SYN. Accumulated «SYN was ubiquitinated,
nitrated and phosphorylated at the histological levels as
shown in PD and DLB brain. Unfortunately, these inclusion
bodies were not compatible with typical LBs because of the
absence of a halo structure. At the EM level, fibrillar structure
was not observed in inclusion bodies, but they were composed
of massive aberrant fine granular structures. Aberrant inclu-
sion bodies with modified «SYN were also observed widely.
Since Gallyas-Braak staining labeled these LNs, accumulated
aSYN in these neurites may have characteristics of those in -
sheet pleated structures.

seconds
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Fig. 4~Rotarod test. The retention time of Tg mice on the
rotarod significantly decreased in TgaSYN. The significant
difference began to decrease at three months old (+: p--0.01)
and progressively deteriorated in an age-dependent manner
from six months (%: p<0.001). Statistics were analyzed by
two-way repeated measures ANOVA,
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Fig. 5-Measurement of neurochemicals. Opened column: 10-month-old non-Tg mice, Oblique column: 17-month-old non-Tg
mice; Closed black colored column: 10-month-old TgaSYN mice, Crossed column: 17-month-old non-Tg mice. Cortex: cerebral
cortex, Hippoc: hippocampus, MidThal: midbrain-thalamus, Hypothal: hypothalamus, MedPons: medulla-pons, Cerebell:
cerebellum. *p<0.01, **p<0.05. Statistical analysis of neurochemicals between the TgaSYN and non-Tg control groups at the
same age was conducted by a two-way repeated measure ANOVA (GraphPad Prism 4). (a) DA was significantly decreased in the
striatum in 10- and 17-month-old TgoSYN compared with non-Tg control mice. (b) A decrease in dopamine was detected
significantly in the hypothalamuses of 17-month-old TgaSYN brains {p =0.0079). (c) Norepinephrine {(NE) was not decreased in
10- and 17-month-old TgaSYN brains. (d) Serotonin (5-HT) was decreased in the hypothalamus of 10- and 17-month-old
TgaSYN brains (p=0.0079, p=0.0286, respectively). () ACh was decreased in the striatum of 17-month-old TgaSYN (p=0.0286).

The a-synuclein pathologies in TgaSYN were accompa-
nied by decreased tyrosine hydroxylase-positive neurons,
Substance P synapses and severe astrocytosis. These histo-
logical a-synuclein pathologies were also detected at the
biochemical level. Accumulated «SYN was phosphorylated,
ubiquitinated and sarcosyl-insoluble, suggesting that it may
be conformationally changed as reported in PD/DLB brains
(Hasegawa et al., 2002). The presence of higher molecule
phosphorylated and ubiquitinated bands (22/29 kD) on
Western blots also indicated that accumulated «SYN was
modified and aggregated.

The severe decrease in DA and loss of dopaminergic
neurons in SNc and the striata of PD brains is widely believed
to be the pathological and biochemical cause of PD. Notably,
our TgaSYN demonstrated decreased DA production in a
disturbed DA system which was measured in the liquid
chromatographic systems. Although other neurochemicals
were altered slightly, a prominently decreased level of DA was

revealed in the striatum of TgaSYN. These findings suggest
selective neurotoxicity with «SYN accumulation.

In our mouse model, approximately a 20% reduction in DA
in the striatum was observed when motor impairment
existed. Since the rotarod test revealed significant decreased
spontaneous movement, the phenotype of TgaSYN is quite
similar to the cardinal clinical symptom of PD, akinesia. A
decreased level of TH-positive neurons and substance P
synapses also suggested that the motor impairment in
TgaSYN may be caused by aberrant aSYN processes,

Our TguSYN is a mammalian model animal showing
decreased DA and motor deficits, which were certainly
detected by the liquid chromatographic systems and rotarod
test. For this reason, TgaSYN is a useful model for analyzing
the aberrant cascade induced by pathological metabolism and
aggregation of mutant «SYN, and may be useful for developing
essential treatments for a-synucleinopathies such as PD and
DLB.
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4, Experimental procedures

4.1.  Transgene construction, generation of transgenic mice
and analyses of RT-PCR

Human «SYN A30P+A53T cDNA (450 bp) was ligated into Hind
Il sites in the human Thy-1 genome gene. The transgene
hThy1-«SYN A30P+A53T consisted of an 8.1 kb Xhol-Ncol
fragment of pBluescript Il KS kidney enhancer (Fig. 1a). The
CX-EGFP transgene consisted of a 3 kb Xba I/BamH I fragment
of pCAGGS containing the CMV enhancer, p-actin promoter, a
part of the rabbit p-globin gene, a part of the second intron, the
third exon and 3'-untranslated region and cDNA of EGFP
(Enhanced green fluorescent protein) with the Kozak sequence
(Imai et al., 1999). Approximately 2,000 copies of the transgene
with a 1:1 mole rate mixture of the hThyl-«SYN A30P+A53T
and CX-EGFP as a transgene marker were micro-injected into
the pronuclei of fertilized BDF1 eggs. To analyze gene
expression of human «SYN, RT-PCR was performed using
2 pl of mRNA, isolated using the QuickPrep Micro mRNA
purification kit (GE Healthcare Bio-Sciences Corp., Piscataway,
NJ), from the brains of TgaSYN (#8713) and non-Tg mice brains
at 3, 8, 17 months of age (n=3, respectively) in the reaction tube
of Ready-To-Go RT-PCR Beads {GE Healthcare Bio-Sciences
Corp., Piscataway, NJ) with PCR primer sets as follows: (xSYN
forward primer: TG GAT GTA TTC ATG AAA GGA, «SYN
reverse primer: CC AGT GGC TGC TGC AAT GCT C; EGFP
forward primer: TGG TGA GCA AGG GCG AGG AG; EGFPreverse
primer: TCG TGC TGC TTC ATG TGG TC). For semi-quantifica-
tion, RT-PCR of g-actin was performed as an internal control
{Elliott, 2001). Ten microliters of PCR products were analyzed
by 2.5% agarose gel electrophoresis. The intensity of ethidium-
stained bands was analyzed by Scion Image (Scion Corpora-
tion, Frederick, MD).

4.2, Histological examinations

After mice were sacrificed under anesthesia, the brains were
removed and cut sagittally along the midline. One hemisphere
was fixed in 0.1 mol/L phosphate buffer (PB, pH 7.6) containing
4% paraformaldehyde, and embedded in paraffin. For immu-
nostaining, 5-um sections were treated with 99% formic acid
for 3 min, or treated in a microwave at 500 W for 5 min three
times in 10 mmol/L citrate buffer (pH 6.0). After blocking with
5% normal goat or horse serum in 50 mmol/L phosphate
buffered saline (PBS) containing 0.05% Tween-20 and 4%
Block-Ace (Snow brand, Sapporo, Japan), sections were
incubated with primary antibodies for 6 h. Specific labeling
was visualized using a Vectastain Elite ABC kit (Vector,
Burlingame, CA). Immunostained tissue sections were coun-
terstained with hematoxylin. Nissl, Hematoxylin-eosin (H-E),
and Gallyas-Braak stains were also done.

The following antibodies were used: mouse monoclonal
antibody to human «SYN, LB509 (x4, residues 115-121/122)
(Baba et al.,, 1998); mouse monoclonal antibody to «SYN, 42/«-
Synuclein (x50, BD Transduction Laboratories, San Jose, CA);
rabbit polyclonal antibody to phosphorylated Serine at residue
129 of human «SYN, PSer129 (x200) (Fujiwara et al, 2002;
Hasegawa et al., 2002); rabbit polyclonal antibody to tyrosine

hydroxylase (TH), AB151 {x2,000, CHEMICON, Temecula, CA);
rabbit polyclonal antibody to substance P, AB1566 (x1,000,
CHEMICON, Temecula, CA); rabbit polyclonal antibody to
ubiquitin, UbiQ (x500) (Ikeda et al,, 2005; Murakami et al,,
2006); mouse monoclonal antibody to nitrated o/p SYN, Syni2
(%400, Invitrogen, Corps., Carlsbad, CA); rabbit polyclonal
antibody to glial fibrillary acidic protein (GFAP, x20,000,
DAKO, Carpinteria, CA).

For electron microscopic (EM) studies, the brain tissues
were immersed in a fixative solution (2.5% glutaraldehyde,
0.1 mo¥/L phosphate buffer (PB), pH 7.4) for 4 h and washed
several times in 0.1 mol/L PB containing 7% sucrose. Blocks
were then postfixed in 2% osmium tetroxide, dehydrated in
ethanol and propylene oxide, and embedded in Quetol 812
{Nisshin EM, Tokyo, Japan). Ultrathin sections were stained
with uranyl acetate and lead acetate prior to observation.

4.3. Western blot analysis

Half of each brain was homogenized in 3 ml/g of low-salt buffer
(LS: 10 mmol/L Tris, 5 mmol/L ethylenediaminetetraacetic acid
(EDTA), 1 mmol/L dithiothreitol (DTT), 10% sucrose, and a
cocktail of protease inhibitors (Complete®, Roche Diagnostics,
Indianapolis, IN), pH 7.5} and centrifuged at 25,000 g for 30 min at
4 °C (LS-soluble fraction). Pellets were treated with 3 ml/g of LS
with 1% Tritonn X-100 and 0.5 mol/L Nacl, and centrifuged at
180,000 g for 30 min at 4 °C (Triton-soluble fraction). Pellets were
then homogenized again in 2 mi/gLS with 1% N-lauroylsarcosine
(SIGMA CHEMICAL CO. St Louis, MO) and 0.5 mol/L Nacl,
incubated at 22 °C on a shaker for 1 h, and centrifuged at
180,000 g for 30 min at 22 °C. Supernatants were analyzed as
sarcosyl-soluble fraction (fwatsubo et al,, 1996; Hasegawa et al,,
2002; Sampathu et al.,, 2003; keda et al,, 2005; Murakami et al,,
2006). The remaining pellets obtained from each sarcosyl-
insoluble fraction were boiled at 70 °C in 20 ul of NuPAGE® LDS
Sample Buffer for 10 min. Each fraction was separated on 4 to 12%
NuPAGE Bis-Tris Gels (Invitrogen, Corps., Carlsbad, CA) and the
blots were labeled by a mouse monoclonal antibody to human
aSYN (LB509, x4), and a mouse monoclonal antibody to
phosphorylated Serine at residue 129 of human «SYN
{(pSyn#64, x200, Wako, Japan). Signals were visualized with an
enhanced chemiluminescence detection system (SuperSignal
West® Dura Extended Duration Substrate, PIERCE, Rockford, IL)
and quantified by a luminoimage analyzer (LAS 1000-mini, Fuji
film, Tokyo, Japan).

4.4.  Measurement of neurochemicals

Neurochemicals, including dopaminergic (dopamine: DA, 3,4-
dihydroxyphenylacetic acid: DOPAC, homovanillic acid: HVA),
noradrenergic (norepinephrine: NE, 3-methoxy-4hydroxyphe-
nylglycol: MHPG), serotonergic (5-hydroxytryptamine: 5-HT, 5-

. hydroxyindoleacetic acid: 5-HIAA) and cholinergic {acetylcho-

line: ACh, choline: Ch) systems in the brain were measured in
Tg mice (n=10) and non-Tg control mice (n=10) at 10 and 17
months old, respectively. In brief, each animal was anesthe-
tized with Nembutal® (Dainippon Pharmaceutical Co. Ltd.,
pentobarbital sodium), sacrificed, and irradiated with micro-
waves (NJE 2603 Microwave device, New Japan Radio, Kami-
fukuoka, Japan) at 9.0 kW for 0.42 s to prevent post-mottem
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changes in the neurochemicals during brain sampling (Ikar-
ashi et al., 1985, 2004). The brain was removed from the skull
and dissected into seven regions {cerebral cortex, hippocam-
pus, midbrain-thalamus, striatum, hypothalamus, medulla-
pons and cerebellum) according to the established method
(Glowinski and Iversen, 1966), and then each region was
weighed. Each dissected brain region was homogenized with
0.5 ml of 0.1 mol/L perchloric acid containing 0.8 nmol
isoproterenol hydrochloride as an intemnal standard for the
determinations of catecholamines, indoleamines and related
metabolites, and 5 nmol ethylhomocholine iodide as an
internal standard for the determinations of ACh and Ch,
using an ultrasonic cell disrupter (US-300T, Nissei, Tokyo,
Japan). The homogenate was centrifuged at 17,300 g at 4 °C for
15 min. The supernatant was filtered through a 0.45 pm
millipore filter. Aliquots, typically 10 ul of the filtrates, were
injected into the liquid chromatographic systems (Eicom
HPLC-ECD system, Eicom Co. Ltd., Kyoto, Japan) to determine
catecholamines-, indoleamines-, and acetylcholine-related
substances (Ikarashi et al, 1992). The sediment was re-
homogenized with 2 ml of 1 mol/L NaOH for a protein assay,
which was performed using the method of Lowry et al. {1951).
The concentrations of neurochemicals in the brain were
expressed as the values per milligram of protein.

4.5. Behavioral experiments

45.1. Rotarod test

TgaSYN (n=10) and age-matched control mice (n=10) at one
month to 10.5 months old were examined by the rotarod
performance test according to a previous method (Kuribara et
al,, 1977; Ikarashi et al.,, 2004). Mice were placed on the rotating
rod of the apparatus (Ugo basile, biological research apparatus,
Milan, Italy) at a speed of 16 rpm for 300 s, and the time they
stayed on the rotating rod was measured. Each set of three trials
was performed at 10 minute intervals each day for every mouse.

4.6.  Statistical analyses

Two-way repeated measures ANOVA followed by the Mann-
Whitney U test for the rotarod test and open field test, and
two-way ANOVA followed by Student’s t test to analyze
neurochemicals were performed using GraphPad Prism 4
(GraphPad Software Inc., San Diego, CA) and SPSS 10.0 {SPSS
10.0 for Windows, SPSS Inc., Chicago, IL). The means of all data
are presented with their standard errors (mean+S.E.).
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