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Figure 1  CSF concentrations of MMP-9 (A), TIMP-1 (B), and the ratios of MMP-9/TIMP-1 (C) in SSPE patients and controls.

Horizontal lines indicate geometric means.

Statistical analysis

All data were log transformed to give an approximately
normal distribution. The differences in the results between
groups were analyzed using the Mann—Whitney U test. A p
value <0.05 was considered significant. Correlations were
analyzed using Pearson’s coefficient correlation. All values
are reported as geometric means. Analyses and calculations
were performed using SPSS-12.0 (SPSS, Inc., Chicago, IL,
USA).

Results

The geometric means of CSF MMP-9 and TIMP-1 levels, and
MMP-9/TIMP-1 ratios of the controls were 0.48 ng/ml (range,
0.26—0.67 ng/ml), 11.6 ng/ml (range, 6.1—11.6 ng/ml), and
0.04 (range, 0.01-0.10), respectively (Fig. 1). The geomet-
ric means of CSF MMP-9 and TIMP-1 levels, and MMP-9/
TIMP-1 ratios of SSPE patients were 0.62 ng/ml (range,
0.45-0.88 ng/ml), 8.1 ng/ml (range, 1.7-31.5ng/ml), and
0.08 (range, 0.02—0.39), respectively (Fig. 1). CSF MMP-9
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lll. Horizontal lines indicate geometric means.

CSF concentrations of MMP-9 (A), TIMP-1 (B), and the ratios of MMP-9/TIMP-1 (C) in SSPE patients in Jabbour stage Il and
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levels and MMP-9/TIMP-1 ratios of SSPE patients were signif-
icantly higher than the controls (p < 0.001 and p = 0.005,
respectively). There were no significant differences in CSF
TIMP-1 levels between the SSPE patients and controls
(p = 0.116). There were also no significant correlations
between CSF MMP-9 and TIMP-1 levels in SSPE patients. Fur-
thermore, no significant differences in the CSF MMP-9 and
TIMP-1 levels or MMP-9/TIMP-1 ratios were noted between
the SSPE patients with Jabbour stage Il and lli (Fig. 2).

Discussion

We have previously reported serum MMP-9 and TIMP-1
levels in SSPE.” Serum MMP-9 levels and MMP-9/TIMP-1
ratios of SSPE patients were significantly higher than the
control. Serum MMP-9 levels and MMP-9/TIMP-1 ratios of
SSPE patients with Jabbour stage Il were significantly
higher than those with Jabbour stage Il. In the brain of
SSPE patients, CD4+ T lymphocytes, CD8+ T lymphocytes,
and CD20+ B lymphocytes showed infiltration, especially
in the perivascular regions.” These findings suggest that
the immunocompetent cells in the blood invade the brain
in SSPE patients. MMP-9 is a member of this family, which
is capable of degrading collagen IV, a major component of
the basement membrane of the cerebral endothelium and
promotes the migration of cells through tissue or across
the blood—brain—barrier (BBB).*® Therefore, our previous
study may indicate the dysfunction of the BBB in SSPE.
We suggested that immunocompetent peripheral blood
cells can easily invade the CNS through the BBB at high
serum MMP-9 levels and MMP-9/TIMP-1 ratios in SSPE.

We newly investigated CSF MMP-9 and TIMP-1 levels in
SSPE patients. Our present data were similar to the above
report, with respect to the serum study. In bacterial
meningitis, CSF MMP-9 is elevated and is associated with
brain damage.”~2° With regard to the pathogenesis of
bacterial meningitis, the potential of MMPs to activate
cytokines is intriguing.’® Tumor necrosis factor-z (TNF-z)
converting enzyme, a metalloproteinase closely related to
MMPs, cleaves cell-associated TNF-« to its soluble form.*'
TNF-« is a strong stimulus for the release and activation
of MMPs in the brain.* In bacterial meningitis, MMPs may
contribute to the development of brain injury by both their
proteolytic activity on the extracellular matrix and their
ability to increase the levels of TNF-a.”” We previously
reported that the CSF level of soluble TNF receptor 1,
which reflects the true biological activity of TNF-g,****
was elevated in a boy with SSPE.>® Moreover, several previ-
ous studies have demonstrated that TNF-« was expressed in
the brain of SSPE patients.?*-¥7-® Qur results suggest that
the CSF levels of MMP-9 may indicate the degree of inflam-
matory damage associated with cytokines, especially TNF-
a, in SSPE. However, we could not determine a specific
index indicating whether or not MMP-9 is produced in the
CNS.3® Therefore, further study is required to clarify this
point. There were no significant differences in the CSF
MMP-9 or TIMP-1 levels between the SSPE patients with Jab-
bour stage Il and Ill in the present study, so the clinical
severity could not be explained by only the CSF MMP-9 or
TIMP-1 levels.

In summary, MMP-9 levels and MMP-9/TIMP-1 ratios were
elevated in the CSF of patients with SSPE. It is possible that

high MMP-9 levels in the CSF indicate brain inflammation
and damage in SSPE. In SSPE, the MMP-9 level in serum may
be an indicator of dysfunction of the BBB, and, in the CSF,
of inflammatory damage to the brain.
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Background: Recently, non-herpetic acute limbic encephalitis (NHALE) was identified as a new subgroup
of limbic encephalitis. The immunological pathophysiology of NHALE is still unclear. Methods: We mea-
sured the concentrations of interferon-v (IFN-v), tumor necrosis factor-o (TNF-at), interleukin-2 (IL-2), IL-
4, IL-6, IL-10, and soluble TNF receptor 1 (sTNFR1) in the cerebrospinal fluid (CSF) of 15 patients with
NHALE and 13 with herpes simplex encephalitis (HSE) by cytometric bead array or ELISA. Results: The
CSF concentrations of IL-6 in patients with NHALE and IFN-7, IL-6, [L-10, and sTNFR1 in HSE patients were
significantly higher than those of controls (p < 0.001, p = 0.004, p < 0,001, p = 0,018, and p < 0.001, respec-
tively). There were significant correlations among CSF IL-6, IL-10, and sTNFR1 levels in HSE patients. The
CSF concentrations of IFN-y and sTNFR1 levels of patients with HSE were significantly higher than those
with NHALE {p = 0,001 and p = 0.002, respectively). Conclusions: CSF cytokine levels in NHALE were rela-
tively low compared with those in HSE. These results may be related to the favorable prognosis of NHALE.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

In Japan, non-herpetic acute limbic encephalitis (NHALE) was
identified as a new subgroup of limbic encephalitis [1-3]. The clin-
ical picture of NHALE is similar to that of herpes simplex enceph-
alitis (HSE). However, the disease is not caused by herpes
simplex virus (HSV) infection or a paraneoplastic disease process.
Many previously reported patients with NHALE had a rather
favorable neurological prognosis compared to those with HSE
|2.4]. There have been a few reports on the autopsy cases with
NHALE |4,5]. These reports demonstrated that there were neuronal
loss and severe gliosis with inflammatory cell infiltrations in the
hippocampus and amygdala. The pathogenesis of NHALE is still
unclear.

To investigate the immunological pathogenesis of NHALE, we
determined the cerebrospinal fluid (CSF) concentrations of
interferon-y (IFN-y), tumor necrosis factor-o (TNF-at), interleu-
kin-2 (IL-2), IL-4, IL-6, IL-10, and soluble TNF receptor 1 (STNFR1)
as cytokines related to inflammation in patients with NHALE and
HSE.

* Corresponding author, Fax: +81 836 22 2257,
E-mail address: ichivama@yamaguchi-u.acjp (T. Ichiyama).

1043-4666/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/).cyto2008.07.002

2. Patients and methods

Informed consent was obtained from the families of the patients
and controls enrolled in this study,

2.1. NHALE

CSF samples were obtained from 15 patients with NHALE (five
males and 10 females, aged from 12 to 82 years; median, 35
years) admitted to Yamaguchi University Hospital and seven col-
laborating research hospitals from July 1999 to February 2008
(Tables 1 and 2). The criteria for the diagnosis of NHALE were:
(1) acute or subacute onset neurological disorder with limbic-
associated symptoms, such as amnesia, delirium, panic, anxiety.
excitation, etc,, (2) negative HSV DNA in CSF by the nested poly-
merase chain reaction (PCR) and negative HSV antibodies in CSF
determined by the enzyme-linked immunosorbent assay (ELISA),
(3) lesions of the temporal lobe, especially hippocampi and amy-
gdalae, on magnetic resonance imaging (MRI) (Fig. 1), (4) absence
of malignancy, (5) no bacteria or fungi in CSF culture, and (6) the
exclusion of all other neurological, vascular, metabolic, endocrine,
toxic, and drug-induced disorders. CSF samples obtained during
the acute stage were stored at =70 °C.
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22. HSE

CSF samples were obtained from 13 patients with HSE (eight
males and five females, aged from 13 to 76 years; median, 61
years) admitted to Yamaguchi University Hospital and two collab-
orating research hospitals from October 2000 to December 2005
(Table 1). The diagnosis was based on the demonstration of HSV
DNA in the CSF by nested PCR. CSF samples during acute stage
were stored at -70 °C.

2.3. Control subjects

The control subjects for the CSF levels of the cytokines were 19
afebrile and non-infectious patients with neurological disorders,
such as epilepsy, dementia, etc. (11 males and eight females, aged
from 13 to 79 years; median, 55 years), as shown in Table 1. CSF
samples were obtained from them on routine analysis and they
all had normal CSF cell counts.

2.4. Clinical data

The clinical data including age, gender, clinical symptoms on
admission, CSF findings at the time of specimen collection, MRI find-
ings during the acute stage, and clinical outcomes in patients with
NHALE and HSE were investigated. The outcomes were defined as
follows: (1) normal resolution, (2) mild sequelae, (3) severe sequelae
necessitating help with daily life activities, and (4) death |6].

2.5. Determination of cytokine concentrations

The concentrations of CSF IFN-y, TNF-a, IL-2, IL-4, IL-6, and
IL-10 were measured with a cytometric bead array (CBA) kit

Table 1
Clinical data of patients with NHALE, HSE. and controls

NHALE HSE
N«15 N=13

Age (median, range)  35yr, 61y
11-82yr  13-76yr

Sex (male: female) 5:10 &5
Comorbid conditions - =

Control subjects
N=19

SSyr,

13-79

1

Epilepsy. 9
dementia, 5;
psychosis. 4, Tic, 1

Prognosis L 6;  Mild sequelae, 5;
mild severe sequelae, 7;
sequelae. 9 death. 1

ic acute limbic encephaliti

NHALE. non-h HSE. herpes simplex encephalitis.

Table 2
with non-h

Clinical characteristics of the 15 pati P
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(BD PharMingen, San Diego, CA, USA) according to the manufac-
turer’s manual, as previously described |7-9], with modification
of the data analysis using GraphPad Prism software (GraphPad
Prism Software, San Diego, CA, USA). Briefly, each series of beads
exhibiting discrete fluorescence intensities is coated with a
monoclonal antibody against a single cytokine, and a mixture
of six series of beads can detect six cytokines in one sample. A
secondary phycoerythrin-conjugated monoclonal antibody stains
the beads proportionally to the amount of bound cytokine. After
fluorescence intensity calibration and electronic color compensa-
tion procedures, standard and test samples were analyzed with a
FACScan flow cytometer equipped with CellQuest software (BD
PharMingen). The lower detection limits for IFN-y, TNF-a, IL-2,
IL-4, IL-6, and IL-10 were 7.1, 2.8, 2.6, 2.6, 2.5, and 2.8 pg/ml,
respectively.

The CSF concentrations of sTNFR1 were determined with a
sTNFR1 ELISA kit (Bender Medsystems, Vienna, Austria), as de-
scribed previously [10]. The lower detection limit for sSTNFR1 was
0.05 ng/ml

2.6, Statistical analysis

All data were log transformed to obtain an approximately nor-
mal distribution. The differences in the results between groups
were analyzed with a t-test and the »? test, and those with a p-va-
lue of less than 0.05 were considered significant. Correlations were
analyzed using Pearson’s coefficient correlation. Analyses and cal-
culations were performed using SPS5-12.0 (SPSS, Inc., Chicago, IL,
USA),

3. Results
3.1. Clinical characteristics

Clinical data of patients with NHALE are shown in Tables 1 and
2. There were no significant differences in age or gender among pa-
tients with NHALE and HSE and controls (median age, 35, 61, and
55 years, respectively). The CSF cell counts of patients with NHALE
were lower than those with HSE (p = 0.015, 9/pl vs. 32/ul as a med-
ian). The CSF protein levels of patients with NHALE were less than
those with HSE (p = 0.003, 33 vs. 50 mg/d! as a median). Of the 15
patients with NHALE, 9 (67%) had mild sequelae and 6 (33%) sur-
vived without sequelae. Of the 13 patients with HSE, 1 (8%) died
and 12 (92%) experienced disability (54% had severe and 38% had
mild sequelae).

Main symptoms on admission

1512 yriF
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Fig. 1. FLAIR MRI of Patient 2 (A), Patient 6 (B), and Patient 9 (C) demonstrated high signal intensity lesions in the bilateral temporal lobes.

3.2. C5F concentrations of cytokines

In patients with NHALE, the CSF concentrations of IL-6 were sig-
nificantly higher than those of controls (p <0.001), but those of
IFN-7, TNF-a, [L-2, IL-4, IL-10, or sSTNFR1 were not (Fig. 2).

In patients with HSE, the CSF concentrations of IFN-y, IL-6, IL-
10, and sTNFR1 were significantly higher than those of controls
(p=0.004, p<0.001, p=0.018, and p <0.001, respectively], but
those of TNF-a, IL-2, or IL-4 were not (Fig. 2). There were signifi-
cant correlations among CSF IL-6, IL-10, and sTNFR1 levels in HSE
patients (IL-6 and IL-10, p = 0.008; IL-6 and sSTNFR1, p <0.001: IL-
10 and sTNFR1, p = 0.030) (Fig. 3).

The CSF concentrations of IFN-y and sTNFR1 levels of patients
with HSE were significantly higher than those with NHALE
(p=0.001, and p = 0.002, respectively) (Fig. 2).

4. Discussion
Main lesions in NHALE were in the bilateral temporal lobes,

especially the hippocampus and amygdala, similar to those in
HSE. However, HSV DNA or anti-HSV antibodies were not detected

IFN-Y IL-6
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&
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in the CSF of patients with NHALE. Previous reports on autopsy
cases of NHALE revealed that HSV-1 or -2 were not detected in
the brain [4,5]. Therefore, NHALE has been identified as a new type
of encephalitis, especially in Japan [1-4]. Several autoantibodies,
including those against the N-methyl-p-aspartate glutamate recep-
tor and voltage-gated potassium channel, were detected in pa-
tients with NHALE [4,11-14]. Moreover, patients with limbic
encephalitis associated with autoimmune disease, including
Hashimoto's disease, Sjbgren’s syndrome, and systemic lupus ery-
thematosus, have been reported [15-17]. These previous studies
suggest that NHALE is immune-mediated encephalitis.

The clinical outcomes of patients with NHALE were relatively
favorable compared with those with HSE. Moreover, CSF cell
counts and protein concentrations of patients with NHALE were
significantly less and lower than those with HSE, suggesting that
inflammation in the CNS in NHALE is milder than that in HSE. In
this study, we demonstrated CSF cytokine profiles of NHALE com-
pared with HSE. In patients with NHALE, the CSF concentrations of
IL-6 were significantly higher than those of controls, but those of
IFN-y, TNF-a1, IL-2, IL-4, IL-10, or sSTNFR1 were not. IL-6 is well-
known as a cytokine that plays important roles in inflammatory re-

IL-10 sTNFR1
pg/ml ng/ml
100
P 2.9 P £ 0.001
= |p = g.002
35 3 5
|
10f & 2

NHALE HSE Controls

HHALE HSE Contzols

MHALE MSE Comtzols NMALE HSE Contrwls

Fig. 2. The CSF concentrations of IFN-y, IL-6, IL-10, and sTNFR1 in patients with NHALE, HSE, and controls. Horizontal lines indicate geometric means. Shaded areas indicate

values below the detection limits.
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Fig. 3. The relationship among CSF IL-6, IL-10, and sTNFR1 concentrations in patients with HSE. r, Pearson’s coefficient.

sponses [18,19]. Our results suggested that NHALE involves mild
inflammation modified by IL-6 in the central nervous system
(CNS). IFN-y, which is produced by NK cells and CD8"* and Th1 type
CD4" T lymphocytes, plays an important role in host defense
against viral infection, and inhibits viral replication [20]. We previ-
ously demonstrated that CSF IFN-y levels were elevated in CNS dis-
orders due to direct viral invasion, such as viral meningitis and HSE
[2,21,22], but not in immune-mediated CNS disorders, such as
acute disseminated encephalomyelitis, influenza-associated
encephalopathy, acute encephalopathy following prolonged febrile
seizures, and hemolytic uremic syndrome with encephalopathy
[23-26]. Taking our findings into consideration, NHALE without
elevated IFN-v levels in the CSF in this study is not caused by direct
viral infection.

In patients with HSE, the CSF concentrations of IFN-y, IL-6, IL-
10, and sSTNFR1 were significantly higher than those with controls.
Our present data that CSF IFN-y levels were elevated in HSE were
consistent with a previous study [2]. There were significant corre-
lations among CSF IL-6, IL-10, and sTNFR1 levels in HSE patients. In
addition, CSF sSTNFR1 levels in HSE were significantly higher than
those in NHALE. TNF-x increases blood-brain vascular permeabil-
ity, injures vascular endothelial cells, and induces the necrosis of
myelin and oligodendrocytes [29-31]. Previous studies have sug-
gested that TNF-o mediates the pathogenesis of acute encephali-
tisfencephalopathy [23,32-35], It is believed that sTNFR reflects
the true biological activity of TNF-ar [36-38]. CSF sTNFR1 levels
are related to the neurological prognosis in bacterial meningitis
and acute encephalopathy/encephalitis [10,33]. CSF sTNFR1 levels
may reflect the neurological outcome in HSE. IL-10 as an anti-
inflammatory cytokine decreases the production of IL-1, IL-6, and
TNF-a induced by an endotoxin or bacteria [27,28). Therefore we
suggest that IL-10 is induced in the CNS to modulate pro-inflam-
matory cytokine-mediated inflammation in the CNS of patients
with HSE. Patients with HSE showed elevated pro-inflammatory
and anti-inflammatory cytokines in the CSF, suggesting that there
was severe inflammation in the CNS of these patients,

In conclusion, the CSF concentrations of IL-6 in patients with
NHALE and IFN-y, IL-6, IL-10, and sTNFR1 in HSE patients were sig-
nificantly higher than those in controls. Patients with HSE had
many elevated cytokines in the CSF, but those with NHALE showed
only an elevated CSF level of IL-6. These findings may be related to
the fact that the clinical outcome of NHALE is relatively favorable
compared with that of HSE.
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Reversible stenosis of large cerebral arteries in a patient
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Abstract We report a 49-year-old woman with neuromy-
elitis optica (NMO) spectrum disorder coexisting with
Sjogren’s syndrome (SS). She presented with acute brain-
stem symptoms and transverse myelitis. Brain MRI showed
focal high signal intensity lesions in the hypothalamus and
the pontine tegmentum on T2-weighted and FLAIR images.
MRA revealed stenotic changes of the bilateral middle
cercbral artery (MCA), posterior cerebral arteries (PCA)
and basilar artery (BA). Spinal MRI revealed hyperintense
lesions within the cord extending from the T4 to the T6
level on the T2-weighted image. The patient fulfilled the
clinical criteria of primary SS. In addition, anti-AQP4 anti-
body which is highly specific for NMO was detected in the
serum at the acute phase. The patient excellently responded
to IVIg while methylprednisolon pulse therapy was not
effective. Follow-up MRA displayed complete resolution of
the stenosis of the MCA, PCA and BA.
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Introduction

Neuromyelitis optica (NMO) is an idiopathic inflammatory
demyelinating disorder of the central nervous system
(CNS) characterized by severe optic neuritis (ON) and
myelitis [1]. Recently, the serum autoantibody NMO-IgG
was reported as a biomarker of NMO [2]. NMO-IgG binds
selectively to mercurial-insensitive water channel protein
aquaporin 4 (AQP4), which is concentrated in astrocytic
foot processes at the blood—brain barrier [3]. NMO-IgG is
detected not only in typical NMO but also in “NMO spec-
trum disorder” such as recurrent isolated myelitis and ON,
clinically symptomatic or subclinical brain lesions and
coexsisting with autoimmune disorders including SLE and
Sjogren’s syndrome (SS) [4]. SS accompanied by NMO
have rarely been reported [5-8], but the definitive causal
relationship between NMO and 5SS remains to be clarified.

Recent MRI studies [9] have revealed evidence of brain
lesions in 60% of patients who fulfill the 1999 criteria of [1]
for the diagnosis of NMO other than brain MRI findings.
Subsequently, Pittock et al. [10] described the NMO-char-
acteristic brain lesions on MRI localized to the sites of high
AQP4 expression, which include hypothalamus, periven-
tricular areas, especially of the third and forth ventricles.
Recently, anti-AQP4 antibody detection system was estab-
lished [11, 12]. This autoantibody is an equally sensitive
and highly specific biomarker for NMO as NMO-IgG
[11,13).

We report here a patient with combined SS and NMO
spectrum disorder who showed reversible transient stenosis
of the large cerebral arteries.
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Case report

A 49-year-old woman presented with a 3 days history of
progressive diplopia, disturbance of gait and bradyuria after
headache, nausea and vomitting. She visited a general prac-
titioner 4 days after the onset. Brain MR imaging showed
focal high signal intensity lesions in the hypothalamus and
the pontine tegmentum on T2-weighted and fluid-attenu-
ated inversion recovery (FLAIR) images. She was referred
to our hospital next day. The patient had experienced xero-
stomia since young but not been closely examined. There
was no family history of autoimmune diseases. Neurologi-
cal examination on admission (5days after the onset)
showed MLF syndrome in the right side, ataxic gait and
bradyuria. Cerebrospinal fluid (CSF) analysis revealed a
mild lymphocytic pleocytosis (24 cells/mm®), normal level
of protein and glucose (44 and 81 mg/dl). The oligoclonal
IgG band was negative, Myelin basic protein was elevated
at 1,010 pg/ml (normal 0-102 pg/ml). A tentative diagnosis
of multiple screlosis was made, and pulse therapy with
intravenous 1,000 mg of methylprednisolone was done for
4 days, which was followed by 1 mg/kg day~" oral prednis-
olone. Although corticosteroid administration, her ocular
movement deteriorated from unilateral to bilateral MLF
syndrome and paraparesis with bilateral extensor plantar
responses, loss of sensation in the legs and urinary retention
progressed.

The laboratory tests showed positive rtheumatoid factor,
anti-Ro (SS-A) and anti-La (SS-B) antibodies. Other immu-
nologic tests including antinuclear antibody, anti-DNA
antibody, lupus anticoagulant, antineutrophil cytoplasmic
antibody, anticardiolipin immunoglobulin M and immuno-
globulin G antibodies were normal. She had a positive
Schirmer’s test with 5 mm of tearing. A salivary gland
biopsy revealed inflammatory changes. The laboratory data
fulfilled the criteria of primary SS [14].

Cranial MR imaging on 7 days after the onset (Fig. 1a—)
showed focal high signal intensity lesions in the hypothala-
mus and the pontine tegmentum on T2-weighted and
FLAIR images. These lesions were not enhanced on
T1-weighted image with gadolinium administration. MR
angiography (MRA) on the same day revealed severe nar-
rowing of the bilateral proximal portion of the posterior
cerebral arteries (PCA) and basilar artery (BA) with
multiple segmental stenosis and mild narrowing of the
right middle cerebral artery (MCA) (Fig. 2a, b). Spinal
MRI on 15days after the onset revealed hyperintense
lesion within the cord extending from the T4 to the T6 level
on T2-weighted sequences, which was slightly enhanced
with gadolinium administration. She was treated with meth-
ylprednisolone pulse therapy which was followed by oral
prednisolone (1 mg/kg day™"), but disturbance of gait dete-
riorated and loss of sensation extended below the T5 level.

€ springer

Intravenous immunoglobulin (IVIg) therapy (0.4 g/kg day ™'
for 5 days) was initiated 14 days after the onset. The symp-
toms began to gradually improve in the middle of TVIg
therapy. She became to be able to walk without support.
Ocular movement, sensory disturbances and urinary reten-
tion also improved slowly.

Cranial MRI on T2-weighted and FLAIR images exam-
ined 18 days after the onset (Fig. 1d-f) showed high signal
intensity in the occipital lobes bilaterally without presenta-
tion with any clinical symptoms. MRA on the same day
(Fig. 2c, d) revealed slight improvement of the stenotic
change of the bilateral PCA and BA and severe narrowing
of the bilateral MCA. Therapy with oral prednisolone was
continued. She was discharged 33 days after the onset with
mild paresthesia in the legs and dysuria.

We received the report that anti-AQP 4 antibody of the
serum at the acute stage was positive after her discharge,
and made the final diagnosis of NMO spectrum disorder
[15] coexsisting with SS. The abnormal findings in the
occipital lobes completely disappeared on the follow-up
cranial MRI (Fig. 1g=i). The lesions in the hypothalamus
3 months after the onset (Fig. 2e, f) displayed complete res-
olution of stenosis of the bilateral MCA, PCA and BA.

Discussion

‘We described a case of NMO spectrum disorder in a patient
with SS. Pittock etal. [16] and Weinshenker etal. [17]
have identified the NMO-like disorder in some patients
with SLE and SS. Clinical or serological markers of SLE
and SS were found in approximately half of NMO patients
[16, 17] while the markers of patients with NMO rarely ful-
filled the diagnostic criteria for SS [6-8, 16]. In the present
case, it seems that the patient has had Sjogren’s syndrome
as an underlying disease because she had experienced xero-
stomia since young. Widespread B cell immune response as
SS of the patient may be activated to produce anti-AQP4
antibody, which is highly specific for NMO [11, 13].

Lesions on MRI in the hypothalamus and the pontine
tegmentum are the characteristic brain lesions in NMO
[10], and similar lesions were shown in the present case.
Brain lesions in NMO on MRI are often asymptomatic, and
resolve rapidly in some patients [9, 10]. These lesions may
reflect a transient functional impairment of the normal
astrocytic control of the water flux that follows the initial
binding of IgG o AQP4 [18)]. Transient asymptomatic
bilateral occipital lesions observed in the present case may
have been produced by the same pathogenesis.

The most interesting feature of the present case was the
reversible transient stenosis of the large cerebral arteries
demonstrated by MRA. Similar condition was reported in
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Fig. 1 Cranial MRI on FLAIR
images. High signal intensity
lesions in the hypothalamus and
the pontine tegmentum are
observed on 7 days afier the
onset (a—¢). New lesions in the
bilateral occipital lobes on

18 days (d-1). The occipital
lesions are gon¢ on 39 days
while the lesions in the
hypothalamus and the pontine
legmentum remain (g-§)

Fig. 2 Serial MR angiograph-
ies. Mild narrowing of right mid-
dle cerebral arery (MCA), and

ple seg 1 is of
the bilateral posterior cerebral
arteries (PCA) and basilar anery
(BA) on 7 days after the onset
(a, b). Slight improvement of
stenosis of PCA and BA and
progression of narowing of
bilateral MCA on 18 days (¢, d).
Complete resolution of the
stenotic changes 3 months after
the onset (e, )

204

A

some autoimmune diseases, and autoimmune cerebral vas-  possible relationship between positive anti-S5-A antibody
culitis or vasculopathy was suggested [19-21]. A few cases  and vasculitis. In the present case the pathogenesis of the
of SS presenting with stenosis of large cerebral arteries reversible cerebral arterial stenosis is unclear. B cell-medi-
were reported [22, 23]. Alexander et al. [22] suggested a  ated autoimmune condition based on NMO and SS [24, 25]
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may have induced the autoimmune inflammatory reversible
anteriopathy.

The treatment currently recommended for NMO and

NMO spectrum disorder at the acute phase is intravenous
corticosteroid plus an immunosuppressive agent [4].
Plasma exchange is also recommended for the cases unre-
sponsive to administration of corticosteroid [26, 27]. The
present patient eventually failed to respond to methylpred-
nisolon pulse therapy but dramatically reacted to IVIg. In
NMO and NMO spectrum disorder, IVIg may be a good
option for the treatment at the acute stage.
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NMDA- and 3-Amyloid, ,,-Induced Neurotoxicity Is
Attenuated in Serine Racemase Knock-Out Mice
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p-Serine is detected in the brain and acts as a coagonist at the “glycine-site” of the NMDA-type glutamate receptor. Although p-serine can
be directly produced from L-serine by serine racemase (SR), the relative contribution of SR in p-serine formation in vivo is not known.
Pathological roles of brain p-serine mediating NMDA receptor overactivation are suggested in studies using in vitro culture systems.
However, we have recently demonstrated the differential SR protein expression in vivo and in culture. Here, we reported an ~90%
decrease in forebrain p-serine content in SR knock-out (KO) mice. We also found a reduced neurotoxicity induced by NMDA-and A, _,,-
peptide injections into the forebrain in SR KO mice. These results suggest that SR is the major enzyme for p-serine production in the brain,
p-serine is the predominant endogenous coagonist of the NMDA receptor in the forebrain, and p-serine may be involved in controlling the
extent of NMDA receptor-mediated neurotoxic insults observed in disorders including Alzheimer’s disease. The control of SR activity and
v-serine level in the brain may lead to a novel strategy for neuroprotection against various neurodegenerative diseases.

Key words: p-Serine; serine racemase; NMDA receptor; neuroltoxicity; Alzheimer’s disease; gene knock-out mice

Introduction

The mammalian brain contains high levels of p-serine, which acts
as a coagonist at the “glycine-site” of the NMDA-type glutamate
receptor (GluR). The origin of brain p-serine was speculative
before the discovery of serine racemase (SR) in the mammalian
brain (Wolosker et al., 1999a,b). SR catalyzes racemization and
dehydration of serine (De Miranda et al., 2002). Enzymatic char-
acterizations of purified SR suggest that the catalytic constant
(k_,,) for p-serine in the racemization by mouse SR is ~1/400 of
prokaryotic racemase, and the k_, /K, of SR in the dehydration of
L-serine is higher than those in the racemization for serine (Yo-
shimura and Goto, 2008), The activity of SR is decreased by glycine
at a physiological concentration (Dunlop and Neidle, 2005) and by
modification with S-nitrosylation (Mustafa et al.,, 2007). Thus, the
contribution of SR to p-serine production in the brain should be
evaluated in vivo.

NMDA-type GluR plays key roles in neural network forma-
tion during development, synaptic plasticity, and neurodegen-
erative disorders including Alzheimer’s disease (AD) (Bliss and
Collingridge, 1993; Komuro and Rakic, 1993; Lancelot and Beal,
1998). In cultured hippocampal neurons, degradation of p-serine
by treatment with p-amino acid oxidase (DAAQ) decreases
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NMDA-receptor-mediated currents (Mothet et al., 2000) and
diminishes long-term potentiation in cultured hippocampal
neurons (Yang et al., 2003). In the forebrain, there are sufficient
amounts of free D-serine and glycine for activation of the NMDA
receptor (Hashimoto et al., 1995). p-Serine and glycine may con-
trol the extent of NMDA receptor-mediated neurotoxicity. A
study using D-serine deaminase demonstrated that p-serine, but
not glycine, mediates NMDA receptor-elicited cell death in orga-
notypic hippocampal slices (Shleper et al., 2005). These reports
using culture systems strongly support the hypothesis that
D-serine is a major endogenous ligand for the NMDA receptor.
However, we have recently reported the differential expression of
the SR protein in the brain and in culture (Miya et al., 2008).
Thus, the relative importance of two coagonists, D-serine and
glycine, in NMDA receptor activation in the brain remains
unclear.

AD is a major neurodegenerative disorder in which the exci-
totoxic effect of p-serine may be involved. The B-amyloid peptide
(AB) is proposed as the main pathological factor for AD. Some
extent of calcium-mediated neurotoxicity exerted by AB can be
mediated by the NMDA receptor (Suh and Checler, 2002).
DAAO protects neurons against AB-induced Ca** overload and
neurotoxicity, providing evidence that p-serine may be a death
signal induced by AB (Wu et al., 2004). As mentioned above,
most of the studies on D-serine with respect to the regulation of
various brain functions have been limited in culture systems and
enzymatic degradation of p-serine. To investigate the roles of SR
and endogenous D-serine in vivo, we have recently established SR
knock-out (KO) mice (Miya et al., 2008). In the present study, we
found that SR KO mice showed ~90% decrease in brain D-serine
content and attenuation of NMDA- and ApB-elicited
neurotoxicity.
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A B containing C57BL/6 mouse genomic DNA, and
- were expanded by crossing with C57BL/6 mice
_E ' (Miya et al., 2008). Generation and genotyping
= * % PO < 12 of the SR KO and wild-type (WT) control mice
= s [ r £ T 1.0 with pure C57BL/6 genetic background have
‘Ego::i =208 been reported previously (Miya et al., 2008).
1 T The WT and SR KO mice at the age of 2-3
=50 g E months were used for analyses in a genotype
gE02 o204 blind manner.
HELR -EE 0.2 High-performance liguid chromatography
=0 - Z analysis. Mice were starved overnight. Mea-
& Wy KO wr___XO - :ﬂlm Wr__Ko surement of -serine, L-serine, glycine, and glu-
Corvrslomier. [ Hippicempns i s tamate levels in the brain homogenate was per-
formed according to established methods using
C D a column-switching high-performance liquid
= chromatography (HPLC) system (Shimadzu)
t £ (Fukushima et al. 2004). A 20 l aliquot sample
s 9 & 120 was processed and analyzed as described previ-
2 = TIno ously (Kanahara et al,, 2008).
& ¥4 = g0 Antibodies. Goat polyclonal anti-SR anti-
‘Ei . gf‘ <o body, rabbit polyclonal anti-actin antibody,
EE gE HRP-conjugated donkey anti-goat IgG, and
3 £F 40 HRP-conjugated donkey anti-mouse IgG
%o E jug y anti-m g
Es ££ 20 were purchased from Santa Cruz Biotechnol-
2 o 2 0 ogy. Rabbit polyclonal anti-GluRe1 and anti-
L Wr- K0T WY X0 e WIiE go owrs ied GluRe2 antibodies (Watanabe et al., 1998)
Cerchral cortes  Hippocampus Cothril oy Higpacampus were provided by Dr. Masahiko Watanabe

Figure1, Serine racemaseisamajor enzyme foro-serine production in the brain. A, HPLC revealed that e-serine contentsin the
cerebral cortex and hippocampus of serine racemase knock-out (SR KD, KO) mice were ~10-fold lower than those of WT mice.
B-D, The contents of 1-sefine, glycine, and glutamate in the cerebral cortex and hippocampus of SR-KO mice were comparable
with those of WT mice. The data represent mean = SEM from six mice. **p < 0.001; two-tailed Student's 1 test.
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Figure 2. Expression level of NMDA receptor subunits in SR KO mice is comparable with that
in WT mice. Western blot analyses of the forebrain proteins of two WT and SR KD (KO) mice by
use of anti-SR, anti-GluR{1, anti-GluR«1, anti-GluRs2, and anti-ain antibodies. The positions
of protein size markers are indicated on the left side. The SR protein was detected in WT mice,
but not in S KO mice. There were no marked differences in the expression levels of the three
NMDA receptor subunits between WT and SR KO mice.

Materials and Methods

Mice. Animal care and experimental protocols were performed in accor-
dance with the Guidelines for the Care and Use of Laboratory Animals at
University of Toyama. The SR KO mice were generated from C57BL/6-
derived embryonic stem cells transfected with the gene-targeting vector

(Hokkaido University, Sapporo, Japan).
Mouse monoclonal anti-GluR{l was pur-
chased from BD Biosciences Pharmigen.
HRP-conjugated goat anti-rabbit IgG was
purchased from Bio-Rad.

Western blotting. The WT and SR KO mice
were deeply anesthetized with pentobarbital sodium [100 mg/kg body
weight (b.w.)] by intraperitoneal injection, perfused transcardially with
ice-cold PBS, pH 7.4. Brains were quickly removed and forebrain tissue
was homogenized in ice-cold mammalian protein extraction reagent
(Pierce). Protein extracts (100 pg) was subjected to SDS-PAGE and
transferred onto a polyvinylidene difluoride membrane. After blocking
with a solution containing 3% skim milk in PBS, membranes were
incubated with primary antibodies of anti-SR (1:500), anti-GluRe!
(NR2A) (0.5 pg/ml), anti-GluRe2 (NR2B) (0.5 pg/ml), and anti-
GIuRZl (NR1) (0.5 pg/ml) overnight at 4°C, then with HRP-
conjugated secondary antibody for 1 h. Protein bands were detected
using the ECL chemiluminescence detection system (GE Healthcare).

AB preparation. Human AB,_,, peptide and control human AB,;
peptide (Peptide Institute) were dissolved in 2 mm DMSO at a concen-
tration of 4 pg/ul and were stored at —80°C until use. The AB,_,; or
AB,,., peptide was diluted with same volume of 200 mm DMSO imme-
diately before AB injection.

Intracerebral drug administration. The WT and SR KO mice were
deeply anesthetized with 3.6% chloral hydrate in PBS by intraperito-
neal injection (10 ml/kg b.w.) and mounted in a stereotaxic frame.
The skull was exposed and 0.5 pl of 100 mp NMDA or 100 mm NMDA
combined with 100 mwm b-serine (Tocris) was injected into right pa-
rietal cortex at a site, 1.6 mm caudal to bregma, 1 mm right from the
midline, and 0.8 mm below the dural surface. Mice were decapitated
24 h after the injection under the deep anesthesia with pentobarbital
sodium.

For AP injection, 1 ul of AB,_, or AB,,_, peptide at the concen-
tration 2 pg/pul was injected into right hippocampus at a site, 2 mm
caudal to bregma, 1.5 mm right from the midline, and 1.9 mm below
the dural surface. Dizocilpine maleate (MK-801, 0.8 mg/kg b.w.) was
intraperitoneally administered 2 h before AB,_; injection. Mice were
decapitated 48 h after the injection under the deep anesthesia with
pentobarbital sodium.

Histology. The WT and SR KO mice were deeply anesthetized with
pentobarbital sodium by intraperitoneal injection and perfused transcar-
dially with ice-cold PBS followed by 4% paraformaldehyde. Brains were
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Figure3.  NMOA-induced neuronal damage is attenuated in SR KO mice. A, B, HE-stained brain sections of WT (4) and SR KO (8) mice 24 h after NMOA injection. A-1, A-2, High-magnification images

coresponding to rectangles 1 and 2in A, respectively. B- 1, B-2, High-magnification images corresponding to rectangles 1 and 2in B, respectively. €, D, HE -stained brain sections of WT () and SR KO (D) mice 24h
after coinjection of NMDA and p-serine. White dotted lines in A—D delineate the regions of neurodegeneration. Scale bars: A, B, 500 um; 41, 4-2, 8-1,8-2,50 wm: € D, 200 wm

removed and fixed with same fixative for overnight. The fixed brains
were then embedded in paraffin and cut into 10 um thick coronal sec-
tions at intervals of 100 pm. These sections were glass-mounted and
stained for hematoxylinfeosin (HE). Digital image of HE-stained sec-
tions were taken with an Olympus AX80 microscope (Olympus). In HE-
stained brain sections, the area damaged after drug injection showed
decreased stainability that probably correspond to the edematous change
and cellular degeneration. In accordance with these areas, the high-
magnification view revealed that the degenerated neurons were distrib-
uted with shrunken and pyknotic nuclei. Neuronal death was further
confirmed in these damaged areas by the Nissl staining conducted on the
adjacent sections, After these observations, the damaged areas were de-
lineated on the digital images of HE-stained sections and were quantified
using MetaMorph software (Universal Imaging). Then, the injury vol-
ume was calculated as a pile of columns, each with an evaluated area and
a height of 100 wm as reported by Ishii et al. (2006).

160

Statistical analysis. All values are represented as mean = SEM. Statis
tical significance between WT and SR KO mice was determined by two-
tailed Student's ¢ test. Values of p < 0.05 were considered significant,

Results

p-Serine content in SR KO mice brain

To examine whether SR is responsible for the production of
D-serine in the brain, D-serine content was measured in the brain
homogenate of SR KO and WT mice. HPLC revealed that
p-serine content in the cerebral cortex and hippocampus of SR
KO mice (0.043 = 0,004 and 0,037 = 0,001 nmol/mg tissue,
respectively; n = 6) were ~ 10-fold lower than those in WT mice
(0.388 * 0.011 and 0.355 * 0.012 nmol/mg tissue, respectively;
n = 6) (Fig. 1 A). In contrast, the levels of L-serine, glycine, and
glutamate in the cerebral cortex of SR KO mice (0.917 * 0.073,
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The prostate cancer HERV-K gag-related NGO-Pr-54 antigen was
identified by SEREX analysis using aulologous patient serum.
NGO-Pr-54 mRNA was observed to be faintly expressed in normal
prostate and strongly expressed in a variety of cancers, incduding
ovarian cancer (5/8), prostate cancer (6/9), and leukemia (5/14). A
phage plague assay showed that a strong resction was constantly
observed with done ZH042 in which the 5' end of NGO-Pr-54 is
Mwwnmmﬂt&mmﬂqfwh

protein product. A TI-35 mAb was produced using a
pmn(l!l-)dndmedﬂomﬂn sequence of ZHOM2. Transfection

ddﬂemmhbmwli Ited in the production of an
- 50-kDa le visualized by Western blotting.
N 1 ducti of the molecule was confi 'hlSK-ME,U
Mul‘”iuuu‘" i fl assay sh

defined by SEREX (2). Some SEREX-defined antigens, such as
NY-ESO-1 (3, 4, 5), Her2/neu (6), NY-BR-1 (7), etc., have also
been identified as targets of cellular immune responses.

Human endogenous retroviruses (HERVs) are genomic
sequences that result from ancient retroviral infections that
became fixed in the germ line DNA (8, 9) and represent
approximately 8% of the human genome (10). More than twenty
HERV families have been identified (11). Most HERV families
are defective; however, some families still contain open reading
frames (ORFs) for retroviral genes (12). HERV's contain gag, pol,
and env genes encoding polyproteins flanked by two long
terminal repeats (LTRs) (9, 13). The HERV-K family is the most
conserved family. It is present as 30-50 proviral copies in the

MNGO-PFHmuhwupuﬁinhdwﬁwnudah
the cytoplasm. Cell surface was firmed by low
cytometry using the TI1-35 mAb. The antibody

human g (14) and has intact ORFs for the gag, pol, or env
genes (15, 16). No expression of HERVs has been observed in
most normal tissues. However, HERV's have been shown to be
d in normal placenta (17) and brain (18, 19) from

NGO-Pr-54 was observed in patients with bladder (5.1%), liver
(4.1%), lung (3.4%), ovarian (5.6%), and prostate (4.2%) cancer, as
well as with malignant melanoma (13.2%).

Kevwords: human, prostate cancer, SEREX, HERV-K, gag
tumor antigen

Introduction
Serological recombinant cDNA expression cloning (SEREX)
has been utilized for the identification of tumor antigens (1, 2).

pnlknts with multiple sclerosis. In tumors, HERV-K was shown
to be expressed in teratocarcinoma (20) and HERV-E in prostate
cancer (21).

In this study, the NGO-Pr-54 antigen was identified by
immunoscreening of cDNA expression libraries prepared from
prostate cancer specimens obtained from a patient with
autologous sera. NGO-Pr-54 is homologous to HERV-K. The
mRNA expression was examined in various normal tissues and
in a variety of tumors from different origins. The ORF was
determined and mAb was produced. Its localization on the cell
mrfxe as well as in the cvloplasm was demonstrated. The

genicity of NGO-Pr-54, as evidenced by the production

More than 2,000 antigens including cancer/testis antigens,
mutational antigens, over-expressed antigens, differentiation
antigens. splice-variant antigens and viral antigens have been

of antibody in cancer patients, was shown by ELISA using the
recombinant protein.
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NGO-Pr-54 mRNA expression in normal and tumor tissues. (A) Genomic structure of the HERV-K provirus. The HERV-K provirus contains the gag. pro, pol. and env
genes flanked by nwo long terminal repeats (LTRs). Three clones (ZH 1347, ZH042, and ZH023) repreventing the same gene were recognized in prostate cancer cDNA
libraries by SEREX using sutologous sera; the gene was named NGO-Pr-54. (B) RT-PCR results for NGO-Pr-54 mRNA in a pand of normal tissues (left), prostate cancer
(middle, Pr-1 1o -9), and ovarian (right, OV-1 to -8) cancer specimens. (C) Quantitative real-time RT-PCR for a pand of normal tissues (leff) and prostate and ovarian

cancer specimens (right).

Results

Identification of the NGO-Pr-54 gene in prostate cancer by SEREX
using autologous serum

The prostate cancer specimens were obtained surgically from
an 80 year-old patient and cDNA expression libraries were
constructed from the mRNA. A total of 1.3 x 10° ¢cDNA clones
were prepared. Approximately 2.0 x 10° clones were screened
with the autologous patient serum using SEREX methodology
and 125 reactive clones were isolated. These clones correspond
to 67 different genes, as determined by nucleotide sequencing
analysis. As shown in Figure 1A, three clones (ZH1347, ZH042,
and ZH023) represented the same gene which was named
NGO-Pr-54 and which was found to be a part of the human
endogenous retrovirus-K (HERV-K) element on chromosome
22q11.2 (GenBank accession number AP000346). The
expression sequence tag (EST) database indicated a restricted
expression pattern for NGO-Pr-54 in normal prostate tissue.

NGO-Pr-54 mRNA expression in normal and tumor tissues and in
wmor cell lines

NGO-Pr-54 mRNA expression was investigated in a panel of
normal tissues, tumors, and tumor cell lines by 35 cycle RT-PCR
using specific primers. As NGO-Pr-54 contains no intron, the
RNA was pretreated with DNase to remove genomic DNA

lof 10

before reverse transcription. As shown in Figure 1B, NGO-Pr-54
mRNA was faintly detectable in normal prostate. Quantitative
real-time RT-PCR analysis confirmed the results (Figure 1C), In
tumors, NGO-Pr-54 mRNA was observed to be strongly
expressed in 6/9 prostate cancers, 5/8 ovarian cancers, and 5/14
leukemias (Figure 1B). Table 1 summarizes NGO-Pr-54 mRNA
expression in various tumors and tumor cell lines as determined
by RT-PCR analysis.

Production of monoclonal antibody (mAb) against NGO-Pr-54

By phage plaque assay, 16/31 sera samples from prostate
cancer patients reacted with NGO-Pr-54, but none of 30 control
sera from healthy donors did. Within the three clones, ZH042
constantly gave a strong reaction despite lacking the N-terminal
sequence of the putative ORF (715 amino acids) of NGO-Pr-54
(Figure 2A). Therefore, a rec binant protein consisting of the
C-terminal 438 amino acids was produced and BALB/c mice
were immunized with the protein to produce a mAb. Five clones
were obtained: Three IgGl and two IgG2. TI-35 mAb, which
was IgG1, reacted strongly to the recombinant protein.
Figure 2B shows the titration curve of the TI-35 mAb obtained
by ELISA using the recombinant protein.
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Production of « monoclonal antibody, TI-35, against NGO-Pr-34. (A) Schematic representation of NGO-Pr-54 and lis putative open reading frame (ORF). The recom-

binant protein was produced from the C-terminal 438 amino acids of the putative ORF. (B) R y of {onal antibody T1-35 against

NGO-Pr-54

protein. Control, isorype (IgG1) matched mouse mAb (anti-Lyt-2.1). (C) Western blot of the lysate of 293T cells transfected with NGO-Pr-54 (ZH042) plasmid, mutated
NGO-Pr-54 (ZH04I) plasmid with 2 point mutation i the start codon (ATG 10 TTG), NGO-Pr- 34 (whole sequence) plasmid, and empty vecior (only pasFLAG-CMV-

14), and 5K-MEL 23 wsing T1-35 mAb.

Table 1

NGO-Pr-54 mRNA expression in tumors and tumor cell lines.

Tumor Specimens and Cell Lines  Positive / Total

:uﬂmnnl cxncer

w73
Gastric cancer 2153
Hepalooll der carcroma 142
Leukemia 514
| Ling rancar (el
Lympnoma 3
Crvarian conoos 58
Prostate cancer L]
Rhatdomynsarcoma 272
Coion cancer coll ine 4
Levkemin coll lino "
Lung cancar cell 13
Meskssraarmm ool e AT
Mosolhehorna cedl line 1
Prostata cancor col kng 25
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NGO-Pr-54 protein expression in 293T transf
SK-MEL-23 by Western blot analysis

We examined NGO-Pr-54 prolein expression in the
transfectants by Western blot using TI-35 mAb. As shown in
Figure 2C, TI-35 mAb recognized two bands of & Iy
50 kDa and 20 kDa in the 293T lysate when transfected with the
NGO-Pr-54 (ZH042) plasmid. The 50-kDa band size
corresponds to the fusion protein of NGO-Pr-54 and FLAG-tag.
Insertion of a point mutation in the start codon from ATG lo
TTG in NGO-Pr-54 (ZH042) (mutated NGO-Pr-54 (ZH042)
plasmid) resulted in no bands being detectable in the 293T
lysate. The 50-kDa band was also detected in the lysate of a
melanoma cell line, SK-MEL-23, in which NGO-Pr-54 mRNA
expression had been detected by RT-PCR.

On the other hand, TI-35 mAb detected no NGO-Pr-54
protein in the 293T lysate when transfected with NGO-Pr-54
(whole sequence) including the putative ORE,

Subcellular localization of NGO-Pr-54

The subcellular localization of NGO-Pr-54 was investigated
using 293T and COS7 cells transfected with NGO-Pr-54
(ZH042) by indirect immunofluorescence. As shown in
Figure 3A, staining was observed in non-permeabilized 293T
and COS7 transfectants by either TI-35 mAb or anti-FLAG
mAb. Control staining of the membrane by rhodamine-labeled
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Figure 3
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Subcellular localization of NGO-Pr-34 profein. (A) Immunofiuorescence staining of 293T and COS7 transfected with NGO-Pr-54 (ZH04) plesmid without perme

+-Pr-54 protein (green) similardy. The cell membrane was marked with rhodamine-labeled WGA

abslization. T1-35 and anti- FLAG antibody (nof shown) detected N(
(red) and the nuclei were stained with DAPI
T cells transfected with NGO-Pr

293T and COST cells were stained with T1-35 mAb and snti-FLAG antibody after permesbilization. (C) Flow cytometry

analysi of 29, 4 (ZH042) using T1-35 mAb with or without permeabdization (D) Hematoxylin and eosin ( H&E) and T1-35 mAb suin

ing of s melanoma specimen obtained from a patient showing an antibody against NGO- Pr-54. Magnification, 400

WGA gave similar results, In permeabilized cells, cytoplasmic Antibody response against NGO-Pr-54 in cancer patients

staining was also observed (Figure 3B). As shown in Figure 3C,

flow cytometry analysis confirmed the cell surface expression of  The antibody response against NGO-Pr-54 was investigated in

NGO-Pr-54 protein, cancer patients by ELISA using recombinant protein, Figure 4
A melanoma specimen obtained from a patient who showed shows the titration curves for positive sera from fwo prostate

antibody against the recombinant NGO-Pr-54 was examined  cancer patients, a melanoma patient, and serum from a healthy

further by immunohistochemistry. As shown in Figure a0, donor. The results are summarized in Table 2. Antibody against

diffuse staining possibly involving the cytoplasm and membrane NGO-Pr-54 was found in sera from bladder, liver, lung, ovanian,

was observed in the tumor cells.
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