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Fig. 1. Blood sampling from six RRMS patients in relapse and remission. Blood samples were taken from six patients with RRMS at the peak
of acute relapse (red armowhead) and at the time of compl ission (blue {). CD3 T cells were purified and processed for DNA

microarray analysis. The relapses of MS (bell shape) specified by year and month (italic), age. sex, Expanded Disability Status Scale (EDSS)
score, and cardinal clinical symptoms (M. motor impairment: S, sensory impairment; A, autonomic impairment; C, cognitive impairment; and V,
visual impairment) are shown. The cases #3, 4, and 6 have a past history of short-term IFNS treatment that was discontinued at the time point

long encugh 1o wash out the immunomodulatory effects of IFN/3 on T-cell transcripiome.

ty of CD3* cells generally exceeded 90-95% by flow
cytometric analysis. Total RNA was isolated from the
cells by using RNeasy Mini Kit (Qiagen, Valencia, CA).
Five ug of purified RNA was in vitro amplified, and the
antisense RNA (aRNA) was labeled with a fluorescent
dye Cy3, while universal reference aRNA was labeled
with Cy3 to standardize the gene expression levels.
The arrays were hybridized at 62°C for 10 hours in the
hybridization buffer containing equal amounts of Cy3-
or Cy5-labeled cDNA, and they were then scanned by
the ScanArray 5000 scanner (GSI Lumonics, Boston,
MA). The data were analyzed by using the QuantAr-
ray software (GSI Lumonics). The average of fluores-
cence intensities (FI) of duplicate spots was obtained
after global normalization between Cy3 and CyS5 sig-
nals. The gene expression level (GEL) was calculat-
ed according to the formula: GEL = FI (Cy5) of the
sample/FI (Cy3) of the universal reference.

2.3. Statistical analysis, hierarchical clustering, and
molecular network analysis

The genes differentially expressed between the sam-
ples of acute relapse and those of remission were iden-

tified by statistical evaluation with Student t-test via
TTEST function of Excel, by comparing the log ratio
of GEL of each gene at the two time points. The genes
with a p value of < 0.05 were considered significant.
Hierarchical clustering was performed on all the sam-
ples. The set of differentially expressed genes (DEG)
was utilized as a discriminator to separate clusters fol-
lowing the “Gene Tree” algorithm on GeneSpring 7.2
(Agilent Technologies, Palo Alto, CA). This unsuper-
vised approach arranged the genes and samples with a
similar expression pattern to separate distinct clusters
on the dendrogram.

The molecular network of DEG was analyzed by
using a data-mining tool named KeyMolnet original-
ly developed by the Institute of Medicinal Molec-
ular Design, Inc. (IMMD), Tokyo, Japan [18], and
the English version is currently utilized worldwide,
including European Molecular Biology Laboratory
(EMBL), Heidelberg, Germany (see the website of
www.immd.co.jp/en/news/news20051222.html). Key-
Molnet constitutes a knowledge-based content database
of numerous interactions among human genes,
molecules, diseases, pathways and drugs. They have
been manually collected and carefully curated from se-
lected review articles, literature, and public databases
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by expert biologists of IMMD. The KeyMoinet con-
tents, composed of approximately 12,000 molecules,
are focused on human species, and categorized into ei-
ther the core contents collected from selected review
articles or the secondary contents extracted from ab-
stracts of the PubMed database.

When the list of either GenBank accession number
or probe ID of the genes extracted from microarray
data was imported into KeyMolnet, it automatically
provided corresponding molecules as a node on net-
works [18]. Among four different modes of the molec-
ular network search, the “common upstream™ search
enables us 1o extract the most relevant molecular net-
work composed of the genes coordinately regulated by
putative “common upstream” transcription factors. The
extracted molecular network was compared side by side
with 346 distinct canonical pathways of human cells of
the KeyMolnet library, They include a broad range of
signal transduction pathways, metabolic pathways, and
transcriptional regulations. The statistical significance
in concordance between the extracted network and the
canonical pathway was evaluated by the algorithm that
counts the number of overlapping molecular relations
between both. This makes it possible to identify the
canonical pathway showing the most significant con-
tribution to the exiracted network. The calculation of
significance score is based on the following formula,
where O = the number of overlapping molecular re-
lations between the extracted network and the canon-
ical pathway, V = the number of molecular relations
located in the extracted network, C = the number of
molecular relations located in the canonical pathway,
T = the number of total molecular relations installed
in KeyMolnet, and X = the sigma variable that defines
coincidence.

Score = — log, (Score (p))

Min(C,V)
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3. Results

3.1. Microarray analysis identified 43 genes
differentially expressed in peripheral blood T
cells between relapse and remission of MS

Among 1,258 genes on the microarray, 43 genes
were expressed differentially in peripheral blood CD3 +

lysis of T-cell transcriptome suggests aberrant regulation

T cells of 6 RRMS patients at the peak of acute re-
lapse and at the point of complete remission (Table 1).
Among 43 differentially expressed genes (DEG), 18
genes were upregulated, whereas 25 genes were down-
regulated at the time of relapse. Next, by using the set
of 43 DEG as a discriminator, hierarchical clustering
analysis was performed on total 12 samples, comprised
of 6 relapse and 6 remission samples. Although the dif-
ference between the two groups was not so apparently
huge, the clustering method effectively separated the
cluster of relapse samples from the cluster of remission
samples based on gene expression profile of 43 DEG,
except for one remission sample included in the cluster
of relapse samples (Fig. 2). These observations suggest
that the gene network of signaling molecules located
upstream of 43 DEG in T cells might be substantially
different between two distinct clinical phases of MS.

3.2. Molecular network analysis suggests a key role
of NF-xB in relapse of MS

To clarify the molecular network of 43 DEG reg-
ulated coordinately in T cells during acute relapse,
their GenBank accession numbers and expression lev-
els were imported into KeyMolnet. In the first step,
GenBank accession numbers were converted into Key-
molnet ID numbers. Then, the common upstream
search of these generated a complex network composed
of 128 fundamental nodes with 315 molecular rela-
tions. Among them, 25 nodes were included in the list
of 43 DEG (Table 1), and 103 additional nodes outside
the list were automatically incorporated from both core
and secondary contents of KeyMolnet following the
network-searching algorithm. The extracted molecular
network was arranged with respect to subcellular loca-
tion of the molecules by the editing function of Key-
Molnet (Fig. 3). Finally, the statistical evaluation of
the extracted network showed the most relevant rela-
tionship with transcriptional regulation by the nuclear
factor NF-xB with the score of 11.036 and score (p) =
4.764E-004. No other canonical pathways (n = 345)
than NF-xB-regulated gene transcription were identi-
fied as statistically significant in the extracted molec-
ular network, judged by the scoring system involving
the pathway based on molecular relations.

4. Discussion

To clarify molecular mechanisms underlying acute
relapse of MS, we conducted DNA microarray analysis
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Table 1
Fourty-three differentially expressed genes in T-cells between relapse and remission of MS

Rank Gene symbol KeyMolnet node GenBank

Full name Pvalue  Regulation in

accession relapse versus
number remission

peroxisome proliferative activated receptor gamma NM.005037 9.78E-04 up

Rho family GTPase 3 NM.005168 1.26E-03 down

interleukin 6 NM.000600 1.97E-03 down

v-akt murine thymoma viral oncogene homolog 2 NMLOD1626 2.73E-03 up

deleted in colorectal carcinoma NM.005215 3.80E-03 up

CREB binding protein NM.004380 6.05E-03 down

activating transcription factor 5 NM.OI12068 6.99E-03 down

phospholipase C gamma | NM.002660 9.36E-03 up

cyclin-dependent kinase 3 NM.001258 1.01E-02 up

receptor-interacting serine-threonine Kinase | NM. 003804 1.15E-02 wp

TNF receptor superfamily, member 4 NML003327 1.21E-02 down

ATP-binding cassette, sub-family C, member 9 NM_005691 1.40E-02 down

signal transducer and activator of transcription 2 NM.005419  1.49E-02 up

14  PTEN PTEN phosphatase and tensin homolog NM.000314 1.80E-02 down

15 AVP AVP, VP, NPII, copeptin arginine vasopressin NM_000490 1.82E-02 up

16 FADD FADD Fas-associated via death domain NM.003824 193E-02 up

17 ELF2 NERF2 E74-like factor 2 (ets domain transcription factor) NM.006874 2.10E-02 down

18 NFKB2 plOONFKB, pS2NFkB  NF-kappa B subunit 2 (p52/p100) NM.002502 2.11E-02 up

19 ERBB4 Erb4, ERBB4 v-erb-a erythroblastic leukemia viral oncogene ho- NM_005235 2 18E-02 down

molog 4

Bel-XL BCL2-like 1

21 BTRC b-TRCF, Fow! beta-transducin repeal containing protein

22 SULTIBI SULTIBI sulfc ferase family, cy 1B, member 1

23 EP300 p300 E1A binding protein p300

24 GlAd Cx37 gap junction protein alpha 4 (connexin 37)

25 PDGFB PDGF-B, PDGF-BB platelet-derived growth factor beta polypeptic NM. 002608 2.92E-02 wp

26 ARID4A ARID4A AT rich interactive domain 4A (RBPI-like) NM.002892 3.05E-02 down

27 CYrPacl9 CYP2C19 cytochrome P450, family 2, subfamily C, polypep- NM.000769 3.07E-02 down

tide 19

fibroblast growth factor |

matrix metallopeptidase 2

Rho GTPase activating protein 1

DNA topoisomerase 111 beta

SUBI homolog

zine finger, MYND-type containing 8

transforming growth factor beta 2

SMAD, mothers against DFP homolog 7

transcription factor 4

nitric oxide synthase | (neuronal)

TSC22 domain family, member |

G protein beta subunit-like protein

interferon alpha 8

interleukin 1 alpha

PPARG PPARg
RND3 Rnd3
IL6 IL-6
AKT2 AKT2
pce Dpee
CREBBP  CBP
ATFS ATFx
PLCGI PLCgl
CDK3 CDK3
10 RIPKI RIPI
11 INFRSF&  OX40
12 ABCCY SUR2
13 STAT2 STAT2

00 ~3 O WA B -

L=}

20 BCL2L] NM.001191 2.53E-02 up
NM.003939 265E-02 up
NM.014465 2.79E-02 down
NM.001429 2.86E-02 down

NM.002060 2.87E-02 down

28 FGFI FGF-1

29 MMP2 MMP-2
30 ARHGAP!  Cdc42GAP
31 ToPiB TOP3B

32 SsuUB! PC4

33 ZMYNDS PRKCBPI
34 TGFB2 TGFb2

35 SMAD7 SMAD?
36 TCF4 E2-2

371  Nosi nNOS

38 TSC22DI TSC22

39 GNBIL (none)

40 IFNAS IFNAS

41  ILIA IL-1a

NM.000800 3.17E-02 down
NM.004530 3.27E-02 up
NM.004308 3.35E-02 down
NM.003935 3.97E-02 up
NM.006713 4.33E-02 down
NM. 183047 434E-02 down
NM.003238 4.36E-02 up
NM.005904 4.37E-02 down
NM.003199 440E-02 down
NM.0O0O0G20 4.42E-02 down
NM. 183422 4.54E-02 down
NML053004 4.57E-02 down
NM.002170 4.60E-02 down
NM.000575 4.77E-02 wp

42 CD3D CD3d CD3 delta NM_000732 4.92E-02 wp

43 ILIR] IL-1R1 interleukin 1 receptor type | NM_000877 4.95E-02 down
The genes differentially expressed between relapse and remission were identified by comparing the log ratio of gene expression level of each
gene at two time points, evaluated by Student t-test. The genes with a p value of < 0.05 was selected. The gene symbol. KeyMolnet node name,
full name, GenBank accession number, p value, and regulation in relapse versus remission are shown.

of peripheral blood CD3* T cells of 6 RRMS patients
taken at the peak of acute relapse and at the point of
complete remission of the identical patients. The bat-
tery of 43 genes was expressed differentially between
relapse and remission. By using 43 DEG as a dis-
criminator, hierarchical clustering analysis separated
the cluster of relapse samples and the cluster consisting

mainly of remission samples. Then, we for the first
time intensively studied the molecular network of DEG
between MS relapse and remission by using a bioinfor-
matics tool for analyzing molecular interaction on the
curated knowledge database named KeyMolnet. The
common upstream search of 43 DEG on KeyMolnet
indicated the central role of ranscriptional regulation
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43 discriminator genes

samples of remission samples of relapse

Fig. 2. Hierarchical clustering of 43 genes differentially expressed in T cells between relapse and remission of MS. Hierarchical clustering was

perforied on total 12 samples, ¢ g of 6 relapse (orange) and 6 remission (blue) samples, by using the set of 43 differentially :xpresmd
genes in T cells between relapse and remission (Table 1) as a discriminator. This separated two clusters, one composed of 5 n and
the other com‘po:ed of 6 relaps: samples and one remission sample. The matrix is labeled by a pseudo-color, with red expressing uprtgulanon
green exp 2 gulation, and the color i ity rej ting the magnitude of the deviation from GEL 1.0 as shown on the right.
by NF-xB in aberrant gene expression in T cells dur- NF-xB is a central regulator of innate and adap-
ing MS relapse. We have recently characterized 286 tive immune responses, cell proliferation, and apopto-
genes differentially expressed in purified CD3* T cells sis [22,23]. The NF-xB family consists of five mem-
between 72 untreated clinically-active MS patients and bers, such as NF-xB 1 (p50/p105), NF-xB2 (p52/p100),
22 age- and sex-matched healthy subjects [16]. When RelA (p65), RelB, and c-Rel. NF-xB exists in an in-
the set of 286 DEG was imported into KeyMolnet, active state in unstimulated cells, being sequestrated
the common upstream search illustrated the complex in the cytoplasm via non-covalent interaction with the
molecular network composed of 335 nodes. We found inhibitor of NF-xB (IxB) proteins. Viral and bacteri-
that the generated network showed again the most sig- al products, cytokines, and stress-inducing agents acti-
nificant relationship with transcriptional regulation by vate specific IxB kinases that phosphorylate IxB pro-
NF-xB [19]. These observations, taken together, sug- teins. Phosphorylated IxBs are ubiquitinated and pro-
gested that aberrant gene regulation by NF-sB on T- cessed for proteasome-mediated degradation, resulting
cell transcriptome might serve as a surrogate biomarker in nuclear translocation of NF-xB that regulates the
not only for discriminating MS from healthy subjects expression of target genes by binding to the consensus
but also for monitoring the clinical disease activity of sequence located in the promoter.
individual MS pauents. This hypothesis warrants fur- Previous studies identified more than 150 NF-xB tar-
ther evaluation by including a large cohort of MS pa- get genes, including those involved in not only immune,
tients whose blood samples are taken at acute relapse inflammatory and antiapoptotic responses, but also an-
and during remission of the identical patients. tiinflammatory and proapoptotic responses [24]. It is
KeyMolnet stores the highly reliable content data- worthy to note that BTRC, 3-transducin repeat contain-
base of human proteins, small molecules, molecular ing protein, listed as one of upregulated genes in T cells
relations, diseases, and drugs, carefully curated by ex- of MS relapse (Table 1), acts as a RING E3 protein that
perts from the literature and public databases [18]. This mediates ubiquitination of IxBa [25]. Imponantly, a
software makes it possible 1o effectively extract the number of NF-xB target genes activate NF-xB itself,
most relevant molecular interaction from large quan- providing a positive regulatory loop that amplifies and
tities of gene expression data [19,20]. Our results in- perpetuates inflammatory responses [22]. These ob-
dicate that the combination of DNA microarray and servations raise the scenario that even subclinical lev-
molecular network analysis is more effective to estab- els of infections and stresses affecting the immune and
lish a biologically-relevant logical working model than neuroendocrine systems [4,26] could induce the persis-
the conventional microarray data analysis [21]. tent oscillation between activation and inactivation of

17
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extracellular

membrane

mitochondria

nucleus

Fig. 3. The common upstream search of differentially expressed genes in T cells between relapse and remission of MS. The GenBank accession
numbers and expression levels of 43 genes were imported into KeyMolnet. The “common upstream™ search of these generated a network
composed of 128 fundamental nodes with 315 molecular relations. It is shown with respect to subcellular location of molecules. Red nodes
represent starting point molecules, whereas blue nodes represent common upstream molecules, Purple nodes express characteristics of both
starting point and common upstream molecules. White nodes exhibit additional molecules extracted automatically from KeyMolnet core and
secondary contents incorporated in the network (o establish molecular connections, The direction of molecular relation is indicated by dash line
with arrow (transcriptional activation) or dash line with arrow and stop (transcriptional repression). Thick lines indicate the core contents, while
thin lines indicate the secondary contents of KeyMolnet. The statistical evalvation of the extracted molecular network indicated the principal
relationship with transcriptional regulation by the nuclear factor NF-xB.

NF-sB in autoreactive T cells, thereby cause the fluc-
ation of disease activity from relapse to remission in
RRMS patients. Unusual posttranslational modifica-
tion of IxB and of NF-xB proteins occasionally causes
aberrant NF-xB activation [27].

Increasing evidence supports a central role of aber-
rant NF-sB activation in development of MS. Patho-
logically, RelA, c-Rel, and p50 subunits of NF-xB are
overexpressed in macrophages in active demyelinating
lesions of MS [28], while RelA is activated in oligoden-
drocytes that survive in the lesion edge [29]. Genetical-
ly, a predisposing allele in the NFKBIL gene is closely
associated with development of RRMS [30]. We previ-
ously showed that the orphan nuclear receptor NR4A2,
adirect target gene of NF-xB, is upregulated at the high-
est level in CD3* T cells of untreated MS patients [15,
16]. Targeted disruption of the NFKB1 gene confers
resistance to development of experimental autoimmune
encephalomyelitis (EAE), an animal model of MS [31].

In vive administration of selective inhibitors of NF-xB
protects mice from EAE [32]. Furthermore, the CNS-
restricted inactivation of NF-xB ameliorates EAE, ac-
companied by a defect in induction of proinflammato-
ry genes in astrocytes [33]. These results suggest that
development of drugs aimed at fine-tuning of NF-xB
function in T lymphocytes could provide a promising
approach to suppress the clinical activity of MS.

In conclusion, the molecular network analysis of T-
cell transcriptome suggests the logical hypothesis that
abnormal transcriptional regulation by NF-xB plays a
central role in aberrant gene expression in T cells during
MS relapse, and that aberrant gene regulation by NF-
B on T-cell wranscriptome might serve as a molecular
biomarker for monitoring the clinical disease actvity of
individual MS patients. Although the study population
(n = 6) is relatively small, our observations warrant
further evaluation by using a large cohort of RRMS
patients.

— 78 —
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Neuromyelitis optica/Devic’s disease: Gene
expression profiling of brain lesions
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Neuromyelitis optica (NMO), also known as Devic's
disease, is an inflammatory demyelinating disease that
affects selectively the optic nerves and the spinal cord,
possibly mediated by an immune mechanism distinct from
that of multiple sclerosis (MS). Recent studies indicate
that NMO also involves the brain. Here, we studied gene
expression profile of brain lesions of a patient with NMO
by using DNA microarray, along with gene expression
profile of the brains of Parkinson disease and amyotrophic
lateral sclerosis patients. We identified more than 200 genes
up-regulated in NMO brain lesions. The top 20 genes were
composed of the molecules closely associated with immune
regulation, among which marked up-regulation of inter-
feron gamma-inducible protein 30 (IF130), CD163, and
secreted phosphoprotein 1 (SPP1, osteopontin) was vali-
dated by real time RT-PCR, Northern blot and Western
blot analysis. Pathologicall, CD68' macrophages and
microglia expressed intense immunoreactivities for IF130
and CD163 in NMO lesions, consisting of inflammatory
demyelination, axonal loss, necrosis, cavity formation, and
vascular fibrosis. KeyMolnet, a bioinformatics tool for
analyzing molecular interaction on the curated knowledge
database, suggested that the molecular network of
up-regulated genes in NMO brain lesions involves tran-
scriptional regulation by the nuclear factor-kappaB (NF-
kB) and B-lymphocyte-induced maturation protein-1
(Blimp-1). These results suggest that profound activation
of the macrophage-mediated proinflammatory immune
mechanism plays a pivotal role in development of NMO
brain lesions.
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INTRODUCTION

Neuromyelitis optica (NMO), also known as Devic’s
disease, is a severe inflammatory demyelinating disease
that preferentially affects the optic nerves and the spinal
cord in the human CNS.' The recently proposed diagnostic
criteria for definite NMO requires optic neuritis and myeli-
tis, and at least two of three supportive findings, including
MRI evidence of a longitudinally extensive cord lesion,
absence of multiple sclerosis (MS)-like brain lesions, or
detection of the serum biomarker NMO-IgG that targets
aquaporin-4 (AQP4), the most abundant water channel
protein expressed in the CNS? Pathologically, NMO
lesions are characterized by extensive inflammatory demy-
elination and necrosis involving both the cortex and
the white matter, associated with intense deposition of
immunoglobulins and activated complement components
around hyalinized blood vessels, and accompanied by accu-
mulation of macrophages, granulocytes and eosinophils.’
Furthermore, NMO lesions show a substantial loss of
AQP4 and GFAP immunoreactivities, in contrast to
enhanced expression of both in MS lesions.** These obser-
vations suggest that NMO constitutes a distinct disease
entity, whose development is based primarily on a humoral
mechanism, possibly different from the immune mecha-
nism underlying MS, although a subtype of optic-spinal MS,
accumulated in Asian countries, shows a considerable
overlap with NMO."” Importantly, recent studies revealed
that NMO frequently involves the brain, and brain MRI
abnormalities do not exclude the clinical diagnosis of
NMO.*" At present, precise molecular events responsible
for development of NMO lesions in the brain remain
unknown.
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Gene expression profiling by DNA microarray is an
innovative technology that allows us to systematically
monitor the expression of a large number of genes in
disease-affected tissues. This approach has given new
insights into the complexity of molecular interactions pro-
moting the autoimmune process in MS." The comprehen-
sive gene expression profiling of MS brain tissues identified
a battery of genes deregulated in MS, whose role has not
been previously predicted in its pathogenesis."™"” Recently,
we found that a battery of genes differentially expressed in
CD3* T cells between untreated MS patients and healthy
subjects were categorized into apoptosis signaling-related
genes,'® and T-cell gene expression profiling classifies a het-
erogeneous population of Japanese MS patients into four
distinct subgroups that differ in the disease activity and
therapeutic response to interferon-beta (IFNB)."” IFNP
immediately induces a burst of expression of chemokine
genes with potential relevance to IFNp-related early
adverse effects in MS.®

In the present study, for the first time we investigated
the gene expression profile of brain lesions of a patient
with NMO by using DNA microarray technology. We have
identified more than 200 genes up-regulated in NMO
lesions. The immunohistochemical study and the molecular
network analysis by a bioinformatics tool suggested that
severe fulminant activation of the macrophage-mediated
proinflammatory immune mechanism plays a pivotal role
in development of NMO brain lesions.

MATERILAS AND METHODS

Human brain tissues

For microarray analysis, we prepared total RNA from a
small block of autopsied frozen frontal lobe tissues that
include both the cerebral cortex and the white matter. The
brain tissues were isolated from a 70-year-old woman with
neuromyelitis optica (NMQ) who died of pneumonia, a
76-year-old woman with Parkinson disease (PD) who died
of aspiration pneumonia, and a 61-year-old man with
amyotrophic lateral sclerosis (ALS) who died of respira-
tory failure.

The patient with NMO developed weakness and dyses-
thesia of the left upper extremity at age 57 and left optic
neuritis at age 60, and showed tetraparesis at age 62, was
bedridden at age 67, and was affected with respiratory
failure requiring tracheostomy at age 68. The CSF exami-
nation at age 62 showed mild pleocytosis with an increase
in myelin basic protein (MBP) levels, but oligoclonal IgG
bands (OCB) were undetectable. The neurological symp-
toms showed a relapsing-remitting clinical course. Intrave-
nous methylprednisolone pulse (IVMP) was given at each
event of acute relapse. Interferon-beta (IFNB) was admin-
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istered for four years from age 65 to age 70, although the
last two weeks were completely free of IFNP. The sagittal
T2-weighted MRIs at age 63 identified a long discontinu-
ous cervical cord lesion, and a follow-up study at age 67
showed marked atrophy of the entire cervical spinal cord
(Fig. 1a,b). At 4 months before death, the patient devel-
oped sudden-onset visual loss and disturbed consciousness.
The axial T2-weighted MRIs at the terminal stage showed
multiple focal and diffuse extensive high-intensity lesions
distributed predominantly in the deep cortical and
periventricular white matter and brain stem regions
(Fig. 1¢,d). Since the patient’s serum sample was not saved,
immunoglobulin G (IgG) was isolated from the postmor-
tem frozen brain tissues by using an IgG purification kit
(Dojindo Laboratories, Kumamoto, Japan). The brain-
derived IgG dissolved in PBS at the concentration of
0.73 pg/uL was processed for quantification of anti-AQP4
antibody according to the methods described previously.”
This was found as positive at the titer of 8x, whereas IgG
isolated from the brain tissues of the PD patient was nega-
tive for anti-AQP4 antibody (data not shown). Although
there exists no gold standard for anti-AQP4 antibody
levels in brain tissue-derived whole IgG preparation, we
considered that the titer of 8x is significantly high, because
anti-AQP4 antibody titers were usually much lower in the
CSF than in the serum of NMO.* Thus, all of these obser-
vations supported the clinical diagnosis of NMO.

Only the brain was taken at autopsy in the NMO case, in
which we dissected separately the cortex-enriched sample
(NMO-C) and the white matter-enriched sample (NMO-
W). The postmortem interval of the cases described above
ranged from 2 to 3 h prior to freezing the brain tissues.
Total RNA was extracted by homogenizing them in
TRIZOL reagent (Invitrogen, Carlsbad, CA, USA).
Pooled human frontal lobe total RNA (#636563, Clontech,
Mountain View, CA, USA) was utilized as a control RNA
that serves as the universal reference to standardize the
gene expression levels in microarray analysis.

For immunohistochemistry, we prepared 10 micron-
thick serial sections from the ipsilateral frontal lobe where
microarray samples were taken or the corresponding con-
tralateral frontal lobe of these cases. The tissue sections
also included the frontal or parietal lobes of four MS cases,
such as a 29-year-old woman with secondary progressive
MS (SPMS) (MS#1), a 40-year-old woman with SPMS
(MS#2), a 43-year-old woman with primary progressive MS
(PPMS) (MS#3), and a 33-year-old man with SPMS
(MS#4), and four neurologically normal cases, such as a
79-year-old woman who died of hepatic cancer (NNC#1),a
75 years-old woman who died of breast cancer (NNC#2),
a 60 years-old woman who died of external auditory canal
cancer (NNC#3), and a 74-year-old woman who died of
gastric and hepatic cancers (NNC#4). The brain tissues

© 2008 Japanese Society of Neuropathology
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(a) 63 year old

563

(¢) 70 year old, 3 months before death

Fig. 1 MRI study of the neuromyelitis optica (NMO) patient. The patient developed the initial symptoms at age 57, followed by a
relapsing-remitting clinical course, and died at age 70. (a) MRI of the cervical spinal cord at age 63, (b) MRI of the cervical spinal cord at
age 67, (¢) MRI of the brain at age 70 at 3 months before death, and (d) MRI of the brain at age 70 at 9 days before death. The left panels
show T1-weighted images, while the right panels represent the corresponding T2-weighted images.

were fixed with 4% paraformaldehyde or 10% neutral for-
malin and embedded in paraffin.

All autopsies were performed either at the Musashi
Hospital, National Center of Neurology and Psychiatry
(NCNP), Tokyo, Japan or at the Nishitaga National Hospi-
tal, Sendai, Japan. Written informed consent was obtained
regarding all the cases examined. The present study was
approved by the Ethics Committee of NCNP.

DNA microarray analysis

We utilized a custom microarray containing duplicate spots
of 1258 cDNA immobilized on a poly L-lysine-coated glass
slide (Hitachi Life Science, Saitama, Japan).'** The array
includes a wide range of annotated genes, such as
cytokines/growth factors and their receptors, apoptosis
regulators, oncogenes, transcription factors, signal trans-
ducers, cell cycle regulators and housekeeping genes. Five
pg of purified RNA was in vitro amplified, and the anti-

© 2008 Japanese Society of Neuropathology

sense RNA (aRNA) of the brain tissues was labeled with a
fluorescent dye CyS5, while the universal reference RNA
was labeled with Cy3. The arrays were hybridized at 62°C
for 10h in the hybridization buffer containing equal
amounts of Cy3- or Cy5-labeled cDNA, and they were then
scanned by the ScanArray 5000 scanner (GSI Lumonics,
Boston, MA, USA). The data were analyzed by using the
QuantArray software (GSI Lumonics). The average of
fluorescence intensities (FI) of duplicate spots was
obtained after global normalization between Cy3 and Cy5
signals. The gene expression level (GEL) was calculated
according to the formula: GEL = FI (Cy5) of the sample/FI
(Cy3) of the universal reference. The GEL 22.0 or <0.5 was
considered as significant up-regulation or down-regulation.

Molecular network analysis

The molecular network of significant genes in microarray
analysis was analyzed by using a bioinformatics tool named
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KeyMolnet (Institute of Medicinal Molecular Design,
Tokyo, Japan).” KeyMolnet constitutes a knowledge-based
content database of numerous interactions among human
genes, molecules, diseases, pathways and drugs. They
have been manually collected and carefully curated from
selected review articles, literature, and public databases by
expert biologists of IMMD. The KeyMolnet contents, com-
posed of approximately 12 000 molecules, are focused on
human species, and categorized into either the core con-
tents collected from selected review articles or the second-
ary contents extracted from abstracts of the PubMed
database.

‘When the list of Entrez gene ID of the genes extracted
from microarray data was imported into KeyMolnet, it
automatically provided corresponding molecules as a node
on networks.” Among four different modes of the molecu-
lar network search, the “common upstream” search makes
it possible to extract the most relevant molecular network
composed of the genes coordinately regulated by putative
“common upsiream” transcription factors. The extracted
molecular network was compared side by side with 346
distinct human canonical pathways of the KeyMolnet
library. They include a broad range of signal transduction
pathways, metabolic pathways, and transcriptional regula-
tory pathways. The statistical significance in concordance
between the extracted network and the canonical pathway
was evaluated by the algorithm that counts the number of
overlapping molecular relations between both. This makes
it possible to identify the canonical pathway showing the
most significant contribution to the extracted network. The
calculation of significance score is based on the following
formula, where O = the number of overlapping molecular
relations between the extracted network and the canonical
pathway, V = the number of molecular relations located in
the extracted network, C = the number of molecular rela-
tions located in the canonical pathway, T=the number
of total molecular relations installed in KeyMolnet, and
X =the sigma variable that defines coincidence.

Score = —log; (Score (P))

Min(C. V)

Score(P)= Y f(x)

=0

£(x)= cCy 1:cCvia/1Cv
Immunohistochemistry

After deparaffination, the tissue sections were heated in
10 mM citrate sodium buffer, pH 6.0 by autoclave at 125°C
for 30s in a temperature-controlled pressure chamber
(Dako, Tokyo, Japan). They were treated at room tempera-
ture (RT) for 15min with 3% hydrogen peroxide-
containing methanol to block the endogenous peroxidase
activity. The tissue sections were then incubated with PBS
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containing 10% normal rabbit serum or 10% normal goat
serum at RT for 15 min to block non-specific staining. The
serial sections were incubated in a moist chamber at 4°C
overnight with primary antibodies listed in Table 1, as
described previously.” After washing with PBS, the tissue
sections were labeled at RT for 30 min with horseradish
peroxidase (HRP)-conjugated secondary antibodies
(Nichirei, Tokyo, Japan), followed by incubation with a
colorizing solution containing diaminobenzidine tetrahy-
drochloride (DAB) and a counterstain with hematoxylin.
For negative controls, the step of incubation with primary
antibodies was omitted.

Western blot analysis

To prepare total protein extract, frozen brain tissues were
homogenized in radio-immunoprecipitation assay (RIPA)
lysis buffer composed of 50 mM Tris-HCI, pH 7.5, 150 mM
NaCl, 1% Nonidet P40, 0.5% sodium deoxycholate, 0.1%
SDS, and a cocktail of protease inhibitors (Roche Diag-
nositics, Tokyo, Japan), followed by centrifugation at
13400 ¢ for 20 min. The supernatant was collected for
separation on a 12% SDS-PAGE gel. The protein concen-
tration was determined by a Bradford assay kit (Bio-Rad,
Hercules, CA, USA). After gel electrophoresis, the protein
was transferred onto nitrocellulose membranes, and
immunolabeled at RT overnight with primary antibodies
listed in Table1l, as described previously? Then, the
membranes were incubated at RT for 30min with
HRP-conjugated antimouse or goat IgG (Samta Cruz
Biotechnology, Santa Cruz, CA, USA). The specific reac-
tion was visualized by using a chemiluminescent substrate
(Pierce, Rockford, IL, USA). After the antibodies were
stripped by incubating the membranes at 50°C for 30 min
in stripping buffer composed of 62.5 mM Tris-HCl, pH 6.7,
2% SDS and 100 mM 2-mercaptoethanol, the membranes
were processed for relabeling several times with different
antibodies.

Real-time RT-PCR analysis

DNase-treated total RNA was processed for cDNA syn-
thesis using oligo(dT)i21s primers and SuperScript II
reverse transcriptase (Invitrogen, Carlsbad, CA, US).
Then, cDNA was amplified by PCR in LightCycler ST300
(Roche Diagnostics, Tokyo, Japan) using *SYBR Green 1
and the following sense and antisense primer sets; 5'ctcag
gagtgtttgettcaagtge3’ and 5'tagcaccattcttagtggageagg3’ for
interferon gamma-inducible protein 30 (IFI30), 5'gacgat
getcaggtpptgtgtcaad’ and  5'tecttgtgeccacaccactcactatgg3’
for CD163, and 5'gaagatatgctggttgtagaccee3” and 5'acagg
gagtttecatgaagecacd” for secreted phosphoprotein 1
(SPP1). The levels of expression of target genes were
quantified by standardizing them against those of the

© 2008 Japanese Society of Neuropathology
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glyceraldehyde-3-phosphate  dehydrogenase (G3PDH)
gene detected in the identical cDNA samples by using the
primer set of S'ccatgttcgtcatgggtgtgaaccad’ and S'gecagta
gaggeagggatgatgticd’, as described previously™ All the
assays were performed in triplicate.

Northern blot analysis

Three pg of total RNA was separated on a 1.5% agar-
ose—6% formaldehyde gel and transferred onto a nylon
membrane, as described previously." After prehybridiza-
tion, the membranes were hybridized at 54°C overnight
with the digoxigenin (DIG)-labeled DNA probe synthe-
sized by the PCR DIG probe synthesis kit (Roche Diag-
nositics) using the sense and antisense primer sels
described above. The specific reaction was visualized on
Kodak X-OMAT AR X-ray films by the DIG chemilumi-
nescence detection kit (Roche Diagnositics).

RESULTS

Gene expression profile of NMO, PD and
ALS brain tissues

First, we investigated the gene expression profile of the
frontal lobe brain tissues, including the cortex-enriched
sample of NMO (NMO-C), the white matter-enriched
sample of NMO (NMO-W), and the whole brain of PD and
ALS, by analyzing a cDNA microarray of 1258 genes.
When compared with the gene expression levels in the
pooled human frontal lobe total RNA as the universal
reference, the number of up-regulated genes was 225, 234,
31 or 20, whereas that of down-regulated genes was 173,
158,71 or 64 in the brains of NMO-C,NMO-W, PD or ALS,
respectively (Table 2). The great majority (16 genes, 80%)
of top 20 genes were common between NMO-C and
NMO-W, supporting the reproducibility of microarray
experiments. Top 20 genes were composed of the molecules
closely associated with immune regulation, such as
chemokines/cytokines and the receptors, including
chemokine C-C motif ligand 18 (CCL18), chemokine C-C
motif ligand 20 (CCL20), chemokine C-X-C motif ligand 5
(CXCLS), chemokine C-X-C motif receptor 4 (CXCR4),
interleukin 6 (IL6) and interleukin 10 receptor alpha
(ILI0RA), and the cell-surface accessory molecules,
including major histocompatibility complex class II anti-
gens HLA-DRA, HLA-DRB1, HLA-DRBS, Fc fragment
of IgE receptor FCERI1G, Fc fragment of IgG receptor
FCGR2B and CD86. Among top 20 genes, interferon
gamma-inducible protein 30 (IFI30) with a 66-fold or
56-fold increase, CD163 with a 62-fold or 79-fold increase,
and secreted phosphoprotein 1 (SPP1, alternatively named

J Satoh et al.

osteopontin) with a 61-fold or 95-fold increase were listed
as top 3 markedly up-regulated genes in both NMO-C and
NMO-W,

In contrast, the gene expression profile of PD and ALS
brains was fairly different from the profile of NMO. The
expression of several glutathione S-transferases, including
GSTM1 and GSTM2, an antioxidant marker, was moder-
ately elevated in PD and ALS brains (Table 2), whereas the
levels of GSTMI and GSTM2 were not elevated in NMO
brains (data not shown). The expression of insulin-like
growth factor 2 (IGF2) and IGF-binding protein 2
(IGFBP2) was elevated in PD brain, and the levels of
proenkephalin (PENK) and fibroblast growth factor 9
(FGF9) were increased in ALS brain (Table 2). On the
contrary, the level of expression of IGF2 and IGFBP2 were
not elevated, and the expression of PENK and FGFY was
decreased in NMO brains (data not shown).

Validation of microarray data

The microairay experiments indicated remarkable
up-regulation of IFI30, CD163 and SPP1 in both NMO-C
and NMO-W. In the next step, we verified these observa-
tions by Northern blot analysis (Fig. 2A, panels a—c, lanes 2
and 3), real-time RT-PCR analysis (Fig. 2B, panels a—<),
and Western blot analysis (Fig. 2C, panels a and b, lanes
1 and 2). Thus, microarray data correlated well with the
data of three distinct modes of expression analysis
described above.

Molecular network of up-regulated genes in
NMO brains

Since microarray analysis produced a large amount of gene
expression data, it is often difficult to find out the mean-
ingful relationship between gene expression profile and
biological implications from such a large quantity of avail-
able data. To overcome this difficulty, we have made a
breakthrough to identify the molecular network most
closely associated with DNA microarray data by using
KeyMolnet, a bioinformatics tool for analyzing molecular
interaction on the curated knowledge database. When the
list of Gene ID of 234 genes up-regulated in NMO-W was
imported into KeyMolnet, it extracted 413 molecules
directly linked to 234 genes. Subsequently, the common
upstream search of 413 molecules generated a complex
network composed of 418 fundamental nodes and 1326
molecular relations (Fig. 3). The statistical evaluation of
the extracted network showed the most signficant relation-
ship with transcriptional regulation by the nuclear factor-
kappaB (NF-xB) at the first rank where the score was 18.3
and the score (P) = 3.019E-006, followed by B-lymphocyte-
induced maturation protein-1 (Blimp-1) at the second rank
where the score was 17.6 and the score (P) = 4.874E-006,
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Fig.2 Validation of microarray data, The levels of expression of IFI30, CD163 or secreted phosphoprotein 1 (SPP1) were studied in the
frozen tissues of the neuromyelitis optica (NMO) cortex-enriched sample (NMO-C), the white matter-enriched sample (NMO-W), and the
whole brain of Parkinson disease (PD) and ALS. (A) Northern blot analysis. The panels (a-d) represent (a) IFI30 (1.0 kb), (b) CD163
(4.0 kb), (c) SPP1 (1.6 kb), and (d) glyceraldehyde-3-phosphate dehydrogenase (G3PDH) (1.3 kb) as an internal control. Three microgram
of RNA was loaded on each lane, The lanes (1-5) indicate (1) pooled human frontal lobe total RNA as a control, (2) NMO-C, (3) NMO-W,
(4) PD, and (5) ALS. (B) Real-time RT-PCR analysis. The panels (a-c) represent (a) IFI30, (b) CD163, and (c) SPP1. The levels of
expression of target genes were quantified by standardizing them against those of G3PDH. (C) Western blot analysis. The panels (a—c)
represent (a) IF130 (29-kDa), (b) CD163 (70-kDa, 50-kDa), and (c) HSP60 (60-kDa) as an internal control, Sixty microgram of protein was
loaded on each lane. The lanes (1-4) indicate (1) NMO-C, (2) NMO-W, (3) PD and (4) ALS.

and by interferon-regulatory factor (IRF) at the third rank
where the score was 14.3 and the score (P) = 5.071E-005.
These results suggest that a battery of transcriptional
factors essential for immune regulation might control the
expression of up-regulated genes in NMO brains, and
thereby constitute the highly complex molecular network.

Up-regulated expression of IFI30 and CD163 on
macrophages and microglia in NMO lesions

Finally, we studied pathologically the expression pattern of
IFI30 and CD163 in NMO lesions by immunohistochem-
istry. Multifocal, patchy and diffuse lesions characterized
by inflammatory demyelination, axonal loss, necrosis,
cavity formation, and prominent thickening of vascular

© 2008 Japanese Society of Neuropathology

walls were found in both cerebral hemispheres, midbrain,
pons, medulla oblongata, and the bilateral optic nerves and
tracts. The distribution of inflammatory lesions was so
extensive that they mostly involved both the cerebral
cortex and the white matter. In active demyelinating
lesions with a complete loss of neurofilament-positive
axons, inflammatory infiltrates were composed of numer-
ous CD68" macrophages, and not so many CD3" T cells,
eosinophils and granulocytes (Fig. 4, panels a, c-e; Fig. 5,
panels, a, c, f). Importantly, the number of GFAP* astro-
cytes was markedly reduced in the center of active demy-
elinating lesions, along with decreased immunoreactivities
for both AQP4 and AQP1 (Fig. 4, panels b, f; Fig. 5, panel b;
not shown for AQP1). In contrast, virtually all of CD68*
macrophages and microglia expressed intense immunore-
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Fig. 3 Molecular network of up-
regulated genes in neuromyelitis optica
(NMO) brains. The list of Gene ID of 234
genes up-regulated in white matter-
enriched sample (NMO-W) was imported
into KeyMolnet, a bioinformatics tool for
analyzing molecular interaction on the
curated knowledge database. KeyMolnet
extracted 413 molecules directly linked to
234 genes. The common upstream search
of 413 molecules generated a complex
network composed of 418 fundamental
nodes and 1326 molecular relations. It is
shown with respect to subcellular location
of the molecules. The statistical evaluation
of the extracted network showed the sig-
nificant relationship with transcriptional
regulation by the nuclear factor-kappaB
(NF-xB), B-lymphocyte-induced matura-
tion protein-1 (Blimp-1), and interferon-

regulatory factor (IRF), as described in

the text. Red nodes represent starting point molecules, whereas blue nodes represent common upstream molecules. Purple nodes express
characteristics of both starting point and common upstream molecules. White nodes exhibit additional molecules extracted automatically
from KeyMolnet core and secondary contents, and incorporated in the network to establish molecular connections. The direction of
molecular relation is indicated by dash line with arrow (transcriptional activation) or dash line with arrow and stop (transcriptional
repression). Thick lines indicate the core contents, while thin lines indicate the secondary contents of KeyMolnet.

activities for IFI30 and CDI163 in these lesions (Fig. 4,
panels g, h; Fig. 5, panels d, e). In NMO lesions, we hardly
found the cells expressing CD20, a human B-lymphocyte
surface molecule widely expressed during B-cell ontogeny
from early pre-B-cell developmental stages until final dif-
ferentiation into plasma cells (data not shown).

In PD, ALS, and neurologically normal brains, IFI30 was
expressed in a small population of perivascular macroph-
ages and microglia, and CD163 was chiefly located in
perivascular macrophages (Fig. 5, panels g-j). In contrast,
both IF130 and CD163 expression was greatly enhanced on
numerous CD68* macrophages and microglia and occa-
sionally identified in GFAP* reactive astrocytes in active
demyelinating lesions of MS, which are associated with an
infiltrate of CD3* T cells and a loss of neurofilament-
positive axons, accompanied by increased immunoreactivi-
ties for both AQP4 and AQP1 (Fig. 5, panels k, I; Fig. 6,
panels a-h). These observations indicate that up-regulated
expression of IFI30 and CD163 on both macrophages
and microglia is a pathologically common event shared
between active lesions of NMO and MS.

DISCUSSION

To identify molecular events responsible for development
of NMO brain lesions, we studied the gene expression pro-
files of frozen brains of a patient with NMO by using
DNA microarray. We identified more than 200 genes
up-regulated in NMO brains. The top 20 genes were com-
posed of the molecules closely associated with immune

regulation. Importantly, among them, SPP1 (osteopontin),
CD163, FCERIG,HLA-DRA, CD86, IL6 and SOD2 are a
group of the genes up-regulated promptly in the human
peripheral blood mononuclear cells in response 1o IFNf in
culture® A previous study showed that the expression of
the genes encoding IgG Fc receptor [ and high affinity IgE
receptor [ chain is elevated in chronic MS plaques.™ It is
worthy to note that the gene encoding hypoxia-inducible
factor 1, alpha subunit (HIF1A), a key regulator for
hypoxia-induced gene regulation, was identified as a 6-fold
up-regulated gene in NMO lesions (data not shown), sug-
gesting an active involvement of hypoxic and ischemic
insults in development of NMO lesions.”™* In the present
study, the top three up-regulated genes include IFI30,
CD163 and SPP1. Pathologically, CD68* macrophages and
microglia expressed intense immunoreactivities for IFI30
and CD163 in NMO lesions, which are characterized by
inflammatory demyelination, axonal loss, necrosis, cavity
formation, and vascular fibrosis. Consistent with previous
studies, " we found a profound decrease in immunoreactivi-
ties for AQP4, AQP1, and GFAP in the center of inflamma-
tory demyelinating lesions of NMO, by contrast to
enhancement of those in MS.*** KeyMolnet, a bioinfor-
matics tool for analyzing molecular interaction on the
curated knowledge database,* suggested that the molecular
network of up-regulated genes in NMO brains involves
transcriptional regulation by NF-xB and Blimp-1. These
results suggest that fulminant activation of the macrophage-
mediated proinflammatory immune mechanism plays an
important role in development of NMO brain lesions.

© 2008 Japanese Society of Neuropathology
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Fig.4 Up-regulated expression of
IF130 and CD163 in neuromyelitis optica
(NMO) lesions. The serial sections pre-
pared from the frontal lobe brain tissues
of NMO were immunolabeled with anti-
bodies against (a) MBP, (b) GFAP, (c)
CD68, (d) CD3, (e) neurofilament (NF),
(f) aquaporin-4 (AQP4), (g) IF130, and
(h) CD163. An active demyelinating
lesion is located in the center in panels
a-h.

Previously, SPP1 (osteopontin) has been identified as
one of the most abundant transcripts by large-scale
sequencing of cDNA libraries prepared from MS plaques.”’
Subsequently, microarray analysis of spinal cords of rats
with experimental autoimmune encephalomyelitis (EAE)
verified increased SPP1 transcripts.” The clinical severity of
EAE is attenuated in SPP1-deficient mice.” The expression
of osteopontin is enhanced in astrocytes in active demyeli-
nating lesions of MS,* and the plasma osteopontin levels are
elevated in active relapsing-remitting MS.® Osteopontin
promotes the survival of activated T cells by inhibiting the
transcription factor Foxo3a, by activating NF-kB, and by
altering expression of proapoptotic regulators Bim, Bak
and Bax.” All of these observations suggest that osteopon-
tin acts as a proinflammatory Th1 cytokine. Although SPP1

© 2008 Japanese Society of Neuropathology

might play a key role in the pathogenesis of NMO as well as
of MS, in the present study, we have focused on IFI30 and
CD163,both of which are heretofore unreported markers in
MS lesions by previous DNA microarray studies.*"

IFI30, also designated a gamma interferon-inducible
lysosomal thiol reducase (GILT), is expressed constitu-
tively in antigen-presenting cells, and further induced by
exposure to IFNy, IL18 and TNF in other cell types via a
Statl-dependent pathway or a NF-xB signaling path-
way. " This enzyme that catalyzes reduction of protein
inter- and intrachain disulfide bonds plays a pivotal role in
the first step of MHC class IT-restricted antigen processing
of the proteins containing disulfide bonds™ T cells also
express GILT, which serves as an inhibitor of T cell recep-
tor engagement-mediated activation.™
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Fig.5 [IFI30 and CD163 expression in neuromyelitis optica (NMO), MS, Parkinson disease (PD), ALS, and neurologically normal brains.
The frontal or parietal lobe brain tissues of (a—f) active demyelinating lesisons of NMO, (g) PD, (h) ALS, (i) neurologically normal case
(NNC)#3, (j) NNC#2, and (k and 1) MS#3 were immunolabeled with antibodies against (a) MBP, (b) GFAP, (c) CD68, (d, g, 1, k) IFI30, (e,
h, j,1) CD163, and (f) HE.

CD163 is a glycoprotein that belongs to the scavenger
receptor cysteine-rich (SRCR) family group B. CD163 is
expressed exclusively on subpopulations of monocytes and
macrophages, and acts as a cell-surface scavenger receptor
capable of internalizing the haptoglobin-hemoglobin
complex for clearance of the potent oxidant hemoglobin
from circulation* Proinflammatory cytokines such as
IFNy and TNFa reduce CD163 expression, while anti-
inflammatory mediators such as glucocorticoids and 11L-10
up-regulate the expression of CDI163 on moncytes/
macropages.” Membrane-bound CD163 is actively shed

from the cell surface via a metalloprotease-dependent
mechanism.* Consequently, soluble CD163 inhibits T cell
proliferation, suggesting that it plays a key role in anti-
inflammatory immune responses. A previous study
showed that CD163 expression is enhanced on the majority
of perivascular macrophages and some microglia in MS
lesions, being consistent with our observations on MS§
lesions.”’ The levels of the plasma sCD163 are elevated,
while those of the membrane CD163 are reduced in MS
patients.* CD163 is expressed in both macrophages and
microglia in HIV encephalitis lesions.®

@ 2008 Japanese Society of Neuropathology
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Fig.6 Up-regulated expression of
IFI30 and CD163 in MS lesions The
serial sections prepared from the parictal
lobe brain tissues of MS#3 were immu-
nolabeled with antibodies against (a)
MBF, (b) GFAP, (c) CD68, (d) CD3, (e)
neurofilament (NF), (f) AQP4, (g) IFI30
and (h) CD163. An active demyelinating
lesion is located in the center and the
right half in panels a-h.

We have attempted to identify the most relevant
molecular network associated with up-regulated genes in
NMO lesions by using KeyMolnet.” It stores the highly
reliable content database of human proteins, small mol-
ecules, molecular relations, diseases, and drugs, carefully
curated by experts from the literature and public data-
bases. This software makes it possible to effectively extract
the most relevant molecular interaction from large quan-
tities of gene expression data.” Thus, for the first time we
identified a central involvement of the complex transcrip-
tional regulation by NF-xB, Blimp-1, and IRF from the
microarray data of NMO. Our results indicate that the
combination of DNA microarray and molecular network
analysis is more effective to establish a biologically
relevant logical working model than the conventional
microarray data analysis alone.®

© 2008 Japanese Society of Neuropathology

NF-kB is a central regulator of innate and adaptive
immune responses, cell proliferation, and apoptosis.” The
NF-xB family consists of five members, such as NF-xB1
(pS0/p105), NF-xB2 (pS2/p100), RelA (p65), RelB, and
c-Rel. NF-xB p50 and NF-xB p52 are synthesized as large
precursors pl05 and pl00, which are post-translationally
cleaved into the DNA-binding subunits termed p50 and
p52. NF-xB, commonly composed of a heterodimer of p50
and p65, exists in an inactive state in unstimulated cells,
being sequestrated in the cytoplasm via non-covalent inter-
action with the inhibitor of NF-xB (IxB) proteins. A wide
variety of extracellular stimuli, including cytokines, viral
and bacterial products, and stress-inducing agents, activate
specific IxB kinases (IKK) that phosphorylate N-terminal
serine residues on IxB proteins. Then, phosphorylated IxBs
are ubiquitinated and processed for proteasome-mediated
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