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To darify the melecular mechanisms underlying multiple sclerosis
(MS)-promoting auteimmune process, we have investigated a compre-
hensive gene expression profile of T cell and non-T cell fractions of
peripheral blood mononuclear cells (PBMC) isolated [rom 72 MS
patients and 22 age- and sex-matched healthy control (CN) subjects by
using a ¢DNA microarray. Among 1258 genes examined, 173 genes inT
cefls and 50 genes in non-T cells were expressed differentially between
MS and CN groups. Downregulated genes greatly outnumbered
upregulated genes in MS. More than 80% of the top 30 most
significant genes were categorized into apoptosis signaling-related
genes of both proapoptotic and antiapoptotic classes. They included
upregulation in MS of orphan nuclear receptor Nurrl (NR4A2),
receptor-interacting serine/threonine kinase 2 (RIPK2), and silencer of
death domains (SODD), and dewnregulation in MS of TNF-related
apoptosis-inducing ligand (TRAIL), B-cell CLL/Aymphoma 2 (BCL2),
and death-associated protein 6 (DAXX). Furthermore, a sel of the
genes involved in DNA repair, replication, and chromatin remodeling
was downregulated in MS. These results suggest that MS lymphocytes
show a complex pattern of gene regulation (hat represents a counter-
balance between promoting and preventing apeptosis and DNA
damage of lymphaocytes.

© 2004 Elscvier Inc. All rights reserved.
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Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating
disease of the central nervous system (CNS) white matter.
Although the etiology of MS remains unknown, immunoclogical
studies have suggested that MS is an autoimmune disease mediated
by T-lymphocytes secreting proinflammatory T helper type | (Thl)
cytokines, whose development is triggered by a complex interplay
of both genetic and environmental factors (Compston and Coles.
2002). Increasing evidence indicates that the elimination of
autoreactive T cells via apoptosis, a common regulatory mecha-
nism for normal development and homeostasis of the immune
systens, is impaired in MS (Zipp et al.. 1999). The mRNA levels of
Fas, Fas lipand, and TNF-related apoptosis-inducing ligand
(TRAIL) are clevated in peripheral blood mononuclear cells
(PBMQ) of rclapsing-remitting MS (RRMS) patients, while T
cell lines established from these patients show a functional defect
in the Fas signaling pathway (Comi et al. 2000, Gomes et al.
2003: Huang et al, 2000). The expression of B-cell CLL/
lymphoma 2 (BCL2) family proteins is dysregulated in lympho-
cytes of clinically active MS patients in a manner that promotes
resistance to apoptosis (Sharief et al, 2003). Furthermore,
apoptosis-regulatory proteins are aberrantly expressed in active
MS brain lesions (Bonetti et al., 1999: D*Souza et al. 1996).
However, the precise implication of these observations in
immunopathogenesis of MS is fairly limited, because most of
these studies have focused on a limited range of apoptosis-
signaling regulators.

The DNA microarray technology is a novel approach that
allows us to systematically and simultancously monitor the
expression of a great number of genes. Application of this
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technique has begun to give us new insights into the complexity
of molecular interactions involved in the MS-promoting auto-
immune process (Steinman and Zamvil, 2003). Actually, micro-
arvay analysis identified upregulation of a set of genes in active
MS brain lesions, whose pathological role has not been
previously predicted in MS (Lock et al., 2002). Recently, we
have studied the gene cxpression profile of T cells and non-T
cells derived from RRMS before and after treatment with
interferon-beta (IFNpB) (Koike et al,, 2003). IFNpB altered the
expression of 21 genes, including nine with [FN-responsive
promoter clements, thereby contributing to the therapeutic effects
of IFN[ in MS. Supporting our observations, different studies
vsing distinct ¢DNA microarrays identified [FNR-responsive
genes expressed in PBMC of RRMS patients receiving JFNpA
(Sttirzebecher et al., 2003; Weinstock-Guttman et al., 2003).
Importantly, a recent study showed that a battery of the genes
relevant to development of MS include those encoding apoptosis
regulators, although this study enrolled only four MS patients
(Maas et al., 2002).

Here we investigated a comprehensive gene expression profile
of CDI' T cells and CD3™ non-T cells isolated from 72 MS
patients and 22 healthy subjects by unsing a ¢DNA microarray
containing 1258 gencs of various functional classes. We found that
173 genes in T cells and 50 genes in non-T cells were differentially
expressed between MS and contro} (CN) groups. Unexpectedly,
more than 80% of the top 30 most significant genes were
categorized into apoptosis signaling-related genes of both proa-
poptotic and antiapoptotic classes, retlecting a counterbalance
between resistance and susceptibility of lymphocytes toward
apoptosis in MS.

Materials and methods
The study populations

The present study enrolled 72 Japanese, clinically active MS
patients and age- and sex-matched 22 Japanese healthy control
(CN) subjects. Their demographic characteristics are listed in
Table I.. The MS patients were diagnosed according to the
established - criteria (McDonald et al., 2001). No patients had a
past history of treatment with interferons, glatiramer acetate, or
mitoxantrone. No patients had received corticosteroids or other

Table ¥
Demographic characteristics of (the study populations

immunosuppressants at least 1 month before blood sampling.
Written informed consent was obtained from all subjects.

RNA isolation from T cell and non-T cell fractions

Thirty milliliters of heparinized blood was taken in the
morning. Within 6 h, PBMCs were isolated by centrifugation on
a Ficoll density gradient. Immediately, they were Jabeled with anti-
CD3 antibody-coated magnetic microbeads and separated by
AutoMACS (Miltenyi Biotec, Auburn, CA) into a CD3" T cell
fraction and a CD3™ non-T cell fraction, the latter composed of
monocytes, B cells, and NK cells. The viability of the cells and the
purity of each fraction were verified by trypan blue dye exclusion
test and flow cytometric analysis. Total RNA was isolated from
each fraction by using RNeasy Mini Kit (Qiagen, Valencia, CA).
Five micrograms of purified RNA was in vitro amplified within a
linear range of the amplification, and the antisense RNA (aRNA)
was processed for cDNA microarray analysis as described
previously (Koike et al., 2003).

cDNA microarray analvsis

The present study utilized a custom microarray containing
duplicate spots of 1258 ¢cDNA immobilized on a poly-L-lysine-
coated- slide plass (Hitachi Life Science, Kawagoe, Saitama,
Japan). They were prepared by PCR of sequence-known genes
of various functional classes, including cytokines/growth factors
and their receptors, apoptosis regulators, oncogenes, transcription
factors, cell cycle regulators, and housekeeping genes. The
complete pene list of the microarray is available upon request
(express(@ls.hitachi.co.jp). Individual aRNA of MS patients and
CN subjects was labeled with a fluorescent dye Cy5 by reverse
transcriptase reaction. Pooled aRNA of three independent healthy
volunteers who were not included in the study was labeled with

. Cy3 and used as a universal reference to standardize the gene

expression levels throughout the experiments as described pre-
viously (Koike et al., 2003). The amays were hybridized at 62°C
for 10 h 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 QuantArray software (GS! Lumonics).
The average of fluorescence intensities (FI) of duplicate spots was
obtained after global normalization between Cy3 and CyS signals.

Characlerislics

Multiple sclerosis (MS) patients Healthy control (CN) subjecls

The number of the study population (1)

Age (average X SD, year)

Sex (male vs. female)

Discase course (RRMS vs. SPMS)

Disease sublype (conventional MS vs. non-conventional MS)

72 22

36.1 £ 10.3 3801123
17 vs. 55 6vs. 16

05 vs. 7 (-)

57 vs. 1S

Disease dwation (average X 8D, year) 7.7+ 54

EDSS score (average + 8D, score) 28120 -
Number of lesions on T2-weighted MR (average 2 SD. number) 247 + 319

Number of relapses during 2 years before blood sampling (average £ 8D, number) 1.9 &

1.5
Day of IVMP treatment during 2 years before blood sampling (average 4 8§D, day) 59+ 58
Day of hospitalization during 2 years. before blood sampling (average + SD, day)

[ H
— v e e

49.7 £ 70.0

Based on the Jesion distribuion patlern, MS was separated into (wo sublypes, that is. the conventional MS that affects various regions of the CNS white matier
and non-conventional MS that alfects chiefly the optic nerve and the spinal cord. Abbreviations: RRMS. relapsing-remitting MS; SPMS. sccondary
progressive MS; EDSS, expanded disability status scale; and IVMP, intravenous methylprednisolone pulse.
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The impact of inter-experiment variability was verified by
analyzing a scatter plot. The genes exhibiting the average Fl
smaller than the level of 1000 were omitted to be processed for
further analysis. The gene expression leve] (GEL) was calculated
according to the formula: GEL = FI (Cy5) of the sample/F1 (Cy3)
of the universal reference. Some results were expressed as box and
whisker plots.

The genes were categorized into the group of apoptosis
signaling-related genes, when their involvement in regulation of
apoptosis was identified through computerized searches in
PubMed.

Statistical analysis

The statistical significance of differences in GEL between MS
and CN samples was evaluated by a regularized / test (Cyber-T)
using the Bayesian inference of variance, where they were
considered as significant when the crror rate of this test was
smaller than 0.05 (Baldi and Long, 2001).

Northern blot analvsis

Unfiactionated PBMCs of a healthy subject were suspended at
5 % 10° cellsml in RPMI 1640 medium containing 10% fetal
bovine serum, 2 mM L-glutamine, 55 pM 2-mercaptoethanol, 100
U/mi penicillin, and 100 pg/ml streptomycin. The cells were then
incubated in a 5%C0./95% air incubator at 37°C for 6 h in
medium with inclusion of both 25 ng/ml phorbol 12-myristate 13-
acetate (PMA: Sigma, $t. Louis, MO) and 1 pg/ml ionomycin
(10M; Sigma), or incubated for 24 h in the plate coated with 1 pg/
ml mouse monoclonal antibody (mADb) against human CD3
(OK'T3) or in the medium containing 100 ng/ml recombinant
human [FN-pamma (IFNY) (a specific activity of =2 X 107 units/
mg, PeproTech, Londen, UK). They were processed for RNA
preparation as described previously (Satoh and Kuroda, 2001).
Three micrograms of total RNA was separated on a 1.5% agarose-
6% formaldehyde el and transferred onto a nylon membrane.
After prehybridization, the membranes were hybridized at 54°C
overnight with the DIG-labeled DNA probe synthesized by the
PCR DIG probe synthesis kit (Roche Diagnostics, Mannheim,
Germany) using the sensc and antisense primer sets listed in
Supplementary Table | online. The specific reaction was visualized
on Kodak X-OMAT AR X-ray films by the DIG chemilumines-
cence detection kit (Roche Diagnostics).

Results

Microarray analvsis identified differentially expressed genes in
peripheral blood vmphocytes between MS and controls

Among 1258 gencs examined, 173 genes in T cell fraction and
50 genes in non-T cell fraction were expressed differentially
between 72 MS patients and 22 CN subjects (see Supplementary
Table 2 online for all data set). In T cell fraction, 25 genes were
upregulated, while 148 genes were downregulated in MS. In non-T
cell fraction, 11 genes were upregulated, while 39 genes were
downregulated in MS. Thus, downregulated genes greatly out-
numbered upregulated genes in MS. No genes showed an opposed
pattem of regulation between ‘T cell and non-T cell fractions. The
top 30 most significant penes are listed in Tables 2 and 3, and

among them, top 10 are expressed as box and whisker plots (Figs. |
and 2). Among top 30 genes, six genes, such as regulator of G
protein signaling 14 (RGS14), SWI/SNF-related, matrix-associated,
actin-dependent regulator of chromatin, subfamily a, member 3
(SMARCAZ3), transcription factor 17 (TCF17), carbohydrate sulfo-
transferase 4 (CHST4), cytochrome ¢ oxidase assembly protein
(COX15), and death-associated protein 6 (DAXX), were down-
regulated coerdinately in both cell fractions.

The majority of top 30 differentially expressed genes between MS
and controls were categorized into apaptosis signaling-related
genes

In T cell fraction, the top 30 contained 25 genes closely related
to apoptosis signaling (Table 2). They included upregulation in MS
of nuclear receptor subfamily 4, group A, member 2 (NR4A2; No.
1), transcription factor 8 (TCF8: No. 2), and cytochrome P450
family 1, subfamily A, polypeptide 2 (CYPIA2; No. 3). They also
included downregulation in MS of RGSI4 (No. 4), mitogen-
activated protein kinase 1 (MAPKI; No. 6), SMARCA3 (No. 7),
TCF17 (No. 9), heat shock 70-kD protein LA (HSPAITA; No. 10),
TRAIL (No. 12), topoisomerase | (TOPI; No. [3), protein tyrosine
phosphatase, non-receptor type 6 (PTPN6: No. 14), ehemokine,
CC motit, receptor 5 (CCRS; No. [5), v-erb-a erythroblastic
leukemia ‘viral oncogene homolog. 4 (ERBB4: No. 17), tran-
seription factor 21 (TCF21; No. 18), ATPase, hydrogen-trans-
porting, lysosomal, 56/58& kDa, VI subunit B, isoform 2
(ATP6VIB2: No. 19), cAMP responsive element-binding protein
L {CREBI; No. 20), integrin, beta [ (ITGBI: No. 21), COX15-(No.
22), Myc protooncogene {(MYC: No. 23), BCL2-associated
athanogene | (BAGI: No. 24), cell division cycle 16 (CDCI6,
No. 25), DAXX (No. 27), TGFp-stimulated gene 22 (TSC22; No.
28), GA-binding protein transcription factor, beta subunit |
(GABPBI: No. 29), and poly(ADP-ribose) polymerase (PARP:
No. 30). Surprisingly, the top 30 included none of Thl-specific
marker genes except for CCRS. The concurrent downregulation of
proapoptotic and antiapoptotic genes such as TRALL, DAXX, and
BAG] suggests that the gene expression pattemn in T cells of MS
represents a counterbalance between promoting and preventing
apoptosis.

In non-T cell fraction, the top 30 contained 27 apoptosis
signaling-related genes (Table 3). They included upregulation- in
MS of cell division cycle 42 (CDC42; No. 2), receptor-inferacting
serine/threonine kinase 2 (RIPK2: No. 3), Max dimerization
protein (MAD: No. 5), chemokine, CXC motif, ligand 2 (CXCL2:
No. 6), silencer of death domains (SODD; No. 7), topoisomerase 2
alpha (TOP2A: No. 8), and intercellular adhesion molecule-1
(ICAMI: No. 1). ICAMI was listed as an apoptosis signaling-
related gene because it provides a costimulatory signal to protect T
cells from apoptosis by upregulation of BCL2 (Kohlmeter et al.,
2003). They also included downregulation in MS of SMARCA2
(No. 9), RGS14 (No. [0), COXI5 (No. 1), A-kinase anchor
protein 11 (AKAPI1: No. 12), TCF17 (No. 13), cell division cycle
25B (CDC25B: No. 14), granzyme A (GZMA: No. I5), BCL2
(No. 17), complement component receptor 2 (CR2: No. 1¥),
replication protein Al (RPAL: No. 19), RNA polymerase 1,
subunit [1 (POLR2H: No. 20), E2F transcription factor 5 (E2F5;
No. 21), Ras associated protein RAB7-like [ (RAB7L1: No. 22),
nuclear factor of activated T cells, cytoplasmic, calcineurin-
dependent 3 (NFATC3: No. 23), heat shock 70-kID protein-like |
{(HSPA 1L No. 24), retinoblastoma-binding protein 4 (RBBP4: No.
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25), protein kinase, DN A-activated, catalytic subunit (PRKDC; No.
26), Ras association domain family [ (RASSFI; No. 27), DAXX
(No. 29), and epidermal growth factor (EGF; No. 29). The
coordinate upregulation of proapoptotic and antiapoptotic genes
such as RIPK2, MAD, and SODD suggests that the gene expression
pattern in non-T cells in MS also represents a counterbalance
between inducing and suppressing apoptosis.

Upregulated genes in MS were expressed in cultured PBMC in an
activation-dependent manner

To identify the stimuli affecting the expression of apoptosis
signaling-related genes, PBMCs were in vitro exposed to PMA
plus IOM, anti-CD3 mAb, or IFNy. PBMC treated with PMA plus
IOM or anti-CD3 mAb showed marked upregulation of CD6Y, a
marker for carly activation of lymphocytes, while those exposed to
IFNvy exhibited the highest level of IFN-induced 15-kDa protein
(ISG15) (Figs. 3a and c, lanes 2-4). IFN regulatory factor | (IRF-
t) was induccd cqually by all these stimuli (Fig. 3b, lanes 2--4),
These results indicated that PBMC in vitro responded cfficiently to
PMA plus IOM, anti-CD3 mAb, and IFNy. PBMC exposed to
PMA plus IOM showed the highest level of expression of NR4A2,
ICAMI, RIPK2, and CXCL2 (Figs. 3e, g, i, and 1, lane 2) whilc
those treated with anti-CD3 mAb exhibited morc marked
upregulation of CDC42, SODD, and TOP2A (Figs. 3h, m, and
n, lane 3). In contrast, ILIR2 and MAD levels were reduced by
exposure to PMA plus IOM (Figs. 3j and k, lane 2). PBMC treated
with IFNvy did not show substantial upregulation of NR4A2, TCF8g,

(a) CD6Y (¢) NR4A2

) IRF-1 () TCrY

g) ICAMI

IL1R2, MAD, CXCL2, or TOP2A (Figs. 3¢, f, j, k, I, and n, lanc
4). The expression of CYPIA2 mRNA was not detected in PBMC
incubated under any culture conditions examined (not shown).
These results sugpest that the penes upregulated in MS were
mostly expressed at significant levels in PBMC in vitro in an
activation- and stimulation-dependent manner.

Discussion

In the present study, we have investigated the comprehensive
gene expression profile of T cells and non-T cells of 72 MS patients
and 22 CN subjects. Among 1258 genes on a ¢cDNA microarray,
173 genes in T cells and 50 genes in non-T cells were expressed
differentially between MS and CN groups. The great majority of
the top 30 significant genes were categorized into apoptosis
signaling-related penes of both proapoptotic and antiapoptotic
classes. Northern blot analysis showed that most significant genes
on microatay were actually expressed in PBMC in vitro at
substantial levels in an activation-dependent manner. Qur obser-
vations suggest that the gene expression pattern in PBMC of MS
represents a counterbalance between promoting and preventing
apoptosis of lymphocytes, which arc ceasclessly exposed to
exogenous and endogenous apoptosis-inducing stimuli and stresses
(Fig. 4). Because the elimination of pathogenic autoreactive T cells
is a pivotal step in the homcostasis of the immune system,
dysregulation of apoptosis contributes to the autoimmune patho-
genesis of MS. Thercfore, it is worthy to note how the genes

G)ILIRZ |

(k) MAD |

(ncxcuzg

(m) SODD

(¢) ISG15
(hy CDC42
288 ~
(dy rRNA
188 ~ (i) RIPK2
1 i ] 1 !
1 2 3 4 i

() TOP2A

Fig. 3. The genes upregulated in MS were expressed in cultured PBMC in an activation-dependent manner. Unfractionated PBMCs of o healthy subject were
incubated for 6 h in medium without (lane 1) or with inclusion of 25 ng/ml PMA and 1 pg/mi 10M (lane 2), or for 24 h in the plate coated with 1 pg/ml anti-
CD3 mAb (lane 3) or in the medium containing 100 ng/m! IFNy (lanc 4). They were then processed for RNA preparation. Three microgroms of total RNA was
separated on a 1.5% agarosc-6% formaldehyde gel and transferred onto a nylon membranc. The membranes were hybridized with the DIG-labeled DNA probe
specific for CDO69 (pancl a), IFN repulatory factor 1 (IRF-1: pancl b), IFN-induced 15-kDa protein (ISG1S: panel ¢). NRAA2 (panel ), transcription factor
(TCE8) (panel N, ICAMI (pancel g), CDCA42 (pancl h), RIPK2 (pancl i), 11-1 receplor type 11 (J1LIR2) (pancl j). Max dimerization protein (MAD) (panel k).
chemokine, CXC motif, ligand 2 (CXC1.2) (panel 1. silencer of death domains (SODD) (pancl m). and topoisomerase 2 alpha (TOP2A) (pancl n). The
cthidium bromide staining of the representative gel is shown in the panel d.
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endosome/lysosome

SMARCA30
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transcriptional regulation
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Fig. 4. Aberrant expression of apoptosis signaling-reluted genes in MS fymphocyles. More than 80% of the top 30 differentially expressed genes belween MS
and CN groups were categorized inlo apoplosis signaling-related genes of both proapopfotic and antiapoptotic classes. whose expression was either upregulated
(T, red) or downregulated (§, blue) in MS. The expression of a subset of genes involved in DNA repair, replication, and chromatin remodeling was also
dysregulated in MS. The figure sepresents an integrated view of the results derived from both T cell and non-T cell fractions. Abbreviations: DR, death receptor;

TNFR, TNF receptor; D, the DR/Fus/TNFR-mediated apoptosis-signaling pathway; M, the mitochondria-mediated apoptosis-signaling pathway. See Tables 2

and 3 for description of the gene symbols.

identified by microarray analysis play a role in lymphocyte
apoptosis.

The genes involved in thymic T cell development

Microarray analysis identificd an aberrant expression in MS of
important regulators of T cell development. NR4A2, the most
significantly upregulated gene in MS T cells, encodes an orphan
member of the steroid-thyroid hormone receptor superfamily
designated Nurrl. Imiportantly, Nurrl is induced in human ' cells
during apoptosis (Okabe et al.. 1995). The members of this family
positively regulate clonal deletion of self-reactive T eells in the
thymus (Zhou ct al.. 1996). TCF& upregulated in MS T cells
encodes a transcriptional repressor for the I11.-2 pene (Williams et
al.. 1991). Thymoeyte development is impaired in mice expressing
the mutant TCF8 (Higashi et al., 1997). CREB! downregulated in
MS T cells is a leucine zipper-containing transcription factor. A
homodimer of CREBI, phosphorylated by protein kinase A
{PKA), binds to the cAMP-responsive clement (CRE) located in
the promoter of the genes pivotal for T cell function (Barton ct al..
1996). Thymocytes and T cells of transgenic mice expressing a
dominant-negative mutant CREB show a profound proliferative

defect caused by apoptotic death following activation (Barton
et al., 1996). TRAIL downrepulated in MS T cells is a type I
membrane protein of the TNF family that induces apoptosis
preferentially in transformed cells via the death receptors DR4 and
DRS. A previous study by using RT-PCR analysis showed that
TRAIL mRNA levels are clevated in PBMC of MS (Huang ¢t al.
2000). The discrepancy between this study and our observations
might be derived from differences in the study populations and the
methods employed. Supporting our findings, a recent study
showed that serum soluble TRAIL levels are reduced in RRMS
(Wandinger et al., 2003). TRAIL-dcficient mice presenting with a
severe defect in thymocyte apoptosis are hypersensitive to
induction of autoimmunc discases (Lamhamedi-Cherradi ¢t al.,
2003). NFATC3 downregulated in MS non-T cells is expressed
chiefly in double-positive thymocytes during development. Devel-
opment of CD4 and CDX single positive thymocytes and peripheral
T cells is impaired in mice lacking NFATC3, accompanied by
increased apoptosis of double-positive thymoeytes (Oukka et al.
1908). 1t remains unknown whether these observations reflect an
aberrant regulation of thymic T cell development in MS. However,
we assume that these alterations appreciably affect the homcostasis
of peripheral T cells in MS.
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The genes involved in oxidative stress in mitochondria

Microarray analysis identified an aberrant expression in MS of
key regulators of oxidative stress. CYP1A2 upregulated in MS T
cells encodes a mitochondrial enzyme of the cytochrome P450
supertamily that regulates the metabolism of drugs, toxic chemicals,
and carcinogens. It plays a role in oxidative stress-induced
apoptosis (Nebert et al., 2000). It is worthy to note that cigarette
smoking that increases the: amount of CYPIA2 in human liver
microsonies (Nakajima et al., 1999) is one of risk factors for
development of MS (Riise et al., 2003). COX15 downregulated in T
and non-T cells of MS encodes a mitochondrial inner membrane
protein that promotes the biogenesis of COX. COX is the terminal
component of the mitochondrial respiratory chain that provides an
antioxidant defense in mitochondria. GABPBI upregulated in MS
T cells regulates transcription of the COX gene. Persistent inhibition
of COX by nitric oxide induces the formation of peroxynitrite, a
potent inducer of apoptotic cell death (Moncada and Erusalimsky,
2002). These observations raise the possibility that MS lympho-
cytes are continuously exposed to oxidative stress, although the
present study has no detailed information on the history of smoking,
habits, alcohol conéumption, and the use of over-the-counter (OTC)
medications in MS and CN groups, all of which are potentially
involved in oxidative stress-mediated gene regulation.

The genes involved in lvmphocyie recruitment in the CNS

Microarray analysis identified an aberrant expression in MS of
several regulators of lymphocyte recruitment. ICAM-1, the most
significantly upregnlated gene in MS non-T cells, is a ligand for
lymphocyte function-associated antigens LFA-1 and Mac-I.
ICAM-1, expressed on activated endothelial cells, T cells, B cells,
and monocytes, regulates lymphocyte trafficking into the CNS.
Importantly, a costimulatory signal through 1CAM-1 protects T
cells from apoptosis by upregulating the expression of BCL2
(Kohlmeier et al.. 2003). A previous study showed that serum-
soluble ICAM-1 levels are elevated in active MS, being consistent
with our observations (Khoury et al., 2000). [TGB1 downregulated
in MS T cells encodes a common beta chain of the very late
activation (VLA) protein family. The interaction of VILA4 on T
cells with VCAM-1 on endothelial cells is a pivotal step for the
recruitment of activated T cells into the CNS through the blood-
brain barrier in MS (Calabresi et al., 1997). Again, the activation of
ITGBI inhibits apoptosis of CD4" T cells (Stallmach et al., 2001).
CCRS downregulated in MS T cells is a receptor specific for
RANTES, MIPla, MIPIH, MCP2, and macrophage-tropic HIV
virus. It is expressed predominantly in polarized Thl T cells
{Bonecchi et al., 1998). The interaction of CCRS with a HIV Env
protein upregulates FasL cxpression, leading to a Fas-dependent
apoptotic death of HTV-uninfected CD4" T cells (Algeciras-
Schimmich et al., 2002). A previous study showed that the number
of CCRS" T cells producing high levels of IFNy is increased in
progressive MS but not in RRMS, suggesting that they play a role
in the conversion of two distinet clinical phases of MS (Balashov et
al., 1999). CXCL2 downregulated in MS non-T cells is a member
of the CXC subfamily of chemokines produced chiefly by
macrophages and monocytes. It acts as a chemotactic factor for
polymophonuclear leukocytes and natural killer (NK) T cells by
binding to CXCR?2, the receptor shared with 11.-8. Macrophages,
when they phagocytize apoptotic cells, produce a large amount of
CXCL2 (Kurosaka et al.. 2003).

Apoptosis-regulatory genes whose involvement is unpredicled

in MS

Microarray analysis highlighted several apoptosis regulators
whose role in MS has been previously unreported. RIPK2
upregulated in MS non-T cells is a RIP-related protein kinase
containing an N-terminal kinase domain and a C-terminal caspase
activation and recruitment domain (CARD), a homophilic
interaction motif that mediates the recruitment of caspases
(Inohara et al., 1998). RIPK2 interacts with CLARP, a caspase-
like molecule known to bind to Fas-associated protein with death
domain (FADD) and caspase-8. Overexpression of RIPK2
potentiates Fas-mediated apoptosis by activation of nuclear
factor-xB (NF-kB), Jun NH,-terminal kinase (JNK), and cas-
pase-8 (Inohara et al., 1998). Importantly, Thl differentiation and
cytokine production are severely impaired in RIPK2-deficient
mice (Kobayashi et al.,, 2002). DAXX downregulated in both T
and non-T cells of MS, by binding to the death domain (DD) of
Fas, cnhances Fas-induced apoptosis following activation of
apoptosis signal-regulating kinase 1 (ASK1) and the JNK path-
way (Yang et al., 1997). MAD upregulated in MS non-T cells
mediates antiapoptotic activities by forming a heterodimer with
MAX, which acts as a transcriptional repressor of MYC-MAX
target genes (Zhou and Hurlin, 2001), whereas MYC down-
regulated in MS T cells enhances cell susceptibility to TNF-
mediated apoptosis following inhibition of NF-B activation (You
et al., 2002). SODD upregulated in MS non-T cells, by binding to
the DD of TNFRI and death receptor DR3, blocks the post-
receptor signal transduction (Jiang et al., 1999). SODD has a
BAG domain that targets the heat shock protein HSP70 at the
cytoplasmic domain of TNFRI (Tschopp et al.. 1999). The
HSP70 family protects cells against apoptosis by sequestering
apoptotic protcase activating factor-1 (Apaf-1) (Beere and Green.
2001). HSP70 upregulated in MS brain lesions facilitates
processing of myelin basic protein by antigen-presenting cells
(Cwiklinska et al., 2003). However, the expression of HSPATA
and HSPAIL, two HSP70 members, was reduced in T and non-T
cells of MS.

BCL2 downregulated in MS non-T cells is an integral
mitochondrial inner membrane protein that blocks the apoptotic
cell death. BAG1 downregulated in MS T cells binds to BCL2 and
enhances the antiapoptotic activity of BCL2 (Takayama et al.
[993). CR2 downregulated in MS non-T cells is the membrane
receptor termed CD21 specific for the C3d fragment of activated
C3. CR2 expressed mainly on B cells and follicular dendsitic cells
is upregulated by NF-xB activation (Fearon and Carroll. 2000).
The CD21, CDI19, and CDR1 complex enhances signaling through
B cell antigen receptor, associated with upregulation of BCL2
expression (Roberts and Snow, 1999),

The genes involved in DNA repair, replication, and chromatin
remodeling

Microairay analysis identified an aberrant expression in MS of
a battery of regulators of DNA repair, replication, and chromatin
remodeling. Most of them were downregulated in MS. DNA
topoisomerase (TOP) is a nuclear enzyme that alters the topologic
states of DNA. TOP1 downregulated in MS T cells cuts and rejoins
a single-stranded DNA, while TOP2A upregulated in MS non-"T
cells catalyzes a double-stranded DNA and mediates the caspase-
independent excision of DNA loop domains during apoptosis
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(Solovyan et al., 2002). SMARCA3 downregulated in T and non-T
cells of MS belongs to a member of the SWI/SNF family of
chromatin remodeling enzymes with DNA helicase activity
(Sheridan et al., 1995). The SWI/SNF family protein, by
interacting with MYC, facilitates transcriptional activation of
several apoptosis-regulatory penes (Klochendler-Yeivin et al.,
2002). RBBP4 downregulated in MS non-T cells is a component
of the retinoblastoma (Rb) protein-associated histone deacetylase
complex that represses transcription of E2F-responsive proapop-
totic genes (Nicolas et al,, 2000). E2F5 downregulated in MS non-
T cells acts as a Smad cofactor that transduces the TGF [ receptor
signal to repress transcription of MYC (Chen et al., 2002).

PARP downregulated in MS T cells is a chromatin-associated
enzyme that modifies’ nuclear proteins by polyADP-ribosylation,
thereby involved in the maintenance of genomic stability. PARP is
cleaved by caspase-3 at the onset of apoptosis (Nichelson et al.,
1995). RPA1 downregulated in MS non-T cells is a single-stranded
DNA-binding protein associated with a large RNA polymerase Il
(POLR2) complex, which regulates gene transcription, DNA
replication, and repair. POLR2H encoding the H subunit of
POLR2 was downregulated in non-T cells of MS. Following
DNA damage, RPAL is phosphorylated by DNA-dependent protein
kinase (DNA-PK), a nuclear serine/threonine protein kinase
activated upon binding to double-stranded DNA brakes (Wold,
1997). DNA-PK plays a crucial role in V(D) recombination,
maintenance of chromatin and telomere structure, regulation of
transcription, and apoptosis (Smith and Jackson, 1999). A non-
sense mutation in the PRKDC gene encoding the catalytic subunit
of DNA-PK causes the phenotype of severe combined immuno-
deficiency (SCID) mice that are devoid of mature T and B
lymphocytes. PRKDC was also downregulated in non-T cells of
MS. GZMA downregulated in MS non-T cells encodes a cytotoxic
T lymphocyte- and NK cell-specific serine protease that mediates
caspase-independent apoptosis of target cells by creating single-
stranded DNA breaks, followed by cleavage of apurinic endonu-
clease-1, the rate-limiting enzyme of DNA base excision repair
(Fan et al., 2003).

Transcription Jactors and signal transducers involved in regulation
of apoptosis

Finally, microarray analysis identified an aberrant expression in
MS of various transcription factors and signal transducers involved
in regulation of apoptosis. MAPK | downregulated in MS T cells is
a member of the MAP kinase family scrine/threonine kinases that
play a role in protection of cells from apoptosis (Allan et al., 2003).
RGS14 downregnlated in T and non-T cells of MS, a member of
GTPase-activating protein family, attenuates [L-R receptor-medi-
ated MAPK activation (Cho et al., 2000). TCF17 downregulated in
T and non-T cells of MS is a zinc finger-containing transcriptional
repressor that induces nucleolar fragmentation in overexpressing
cells (Huang et al., 1999). TCF21 downregulated in MS T eells
encodes a member of the basic helix-loop-helix family of
transcription factors. TCF2[-deficient mice show extensive apop-
tosis of splenic precursor cells during development (Lu et al.
2000). TSC22 downregulated in MS T cells is a TGFR-inducible
transcription factor. Overexpression of TSC22 induces apoptotic
death of gastric cancer cells following activation of caspase-3
(Ohta et al., 1997). RASSF1 downregulated in MS non-T cells is a
tumor suppressor gene with a Ras association domain. Over-
expression of RASSF! induces apoptotic death of 1HEK293 cells,

while it is frequently downregulated in lung and ovarian tumor
cells (Vos et al., 2000).

CDC42 upregulated in MS non-T cells is a central member of
the Rho subfamily of small GTPases. CDC42 regulates cell
morphology, migration, endocytosis, cell cycle progression, and
apoptosis (Aspenstrém, 1999). It serves as a substrate for caspases
in the Fas-signaling pathway (Tu and Cerione, 2001). Rab7Ll
downregulated in non-T cells of MS belongs to a family of Ras-
related small GTP-binding proteins that regulate vesicular transport
in specific intracellular compartments. Rab7 located in the late
endosome plays a role in the ingestion of apoptotic cells by
phagocytes. ATP6V1B2 downregulated in MS T cells encodes a
subunit of vacuolar H'-ATPase (V-ATPase) that mediates acid-
ification of endosomal and lysosomal compartments. Concanamy-
cin A, a specific V-ATPase inhibitor, induces apoptosis of B cells
(Akifusa et al., 1998). CDC25B downregulated in MS non-T cells
regulates G»-M progression in the cell cycle following activation of
CDCQC2 protein kinase by dephosphorylation. Overexpression of
CDC25B enhances apoptosis in cancer cells (Miyata et al., 2001).
CDC16 downregulated in MS T cells is a component of the
anaphase-promoting complex, a ubiquitin ligase responsible for
cyclin A and B degradation, which is inactivated during Fas-
induced apoptosis in Jurkat cells (Zhou et al., 1998).

PTPN6 downregulated in MS T cells encodes a cytoplasmic
protein-tyrosine phosphatase named-SHP-1. 1t inactivates several
receptor and non-receptor tyrosine kinases by dephosphorylation,
and plays a role in induction of apoptosis upstream BCTL.2
(Thangaraju et al., 1999). AKAP!I1 downregulated in MS non-T
cells belongs to a family of scaffolding molecules that regulate the
spatial and temporal location of PKA. AKAPII, by forming a
complex with the regulatory subunit of PKA and type | protein
phosphatase, inhibits glycogen synthase kinase-3p5, a key enzyme
involved in regulation of apoptosis (Tanji et al, 2002). BGF
downregulated in MS non-T cells induces apoptosis of A43]
epidermoid carcinoma cells following upregulation of caspase-1 in
a STAT-dependent manner (Chin et al., 1997). ERBB4 down-
regulated in MS T cells encodes a member of EGF receptor-related
receptor tyrosine kinase family that interacts with neuregulins.
Newegulin signaling activates Akt in oligodendrocytes, a serine/
threonine kinase with an antiapoptotic activity (Flores et al., 2000).

Thus, microarray analysis identified an aberrant expression of a
wide range of apoptosis and DNA damage-regulatory genes in T
and non-T cells of MS. This may represent a counterbalance
between promoting and preventing apoptosis of lymphocytes in
MS.

Confounding factors that might affect the gene expression levels

Recent studies supgested that gene expression patterns in
peripheral blood lymphocytes show interindividual and  intra-
individual variation (Whitney et al., 2003). Some features of this
variation are associated with differences in the cellular conposition
of the blood sample, with gender, age, and the time of day at which
the saniple was taken (Whitney et al., 2003). Our study included 72
MS patients and 22 age- and sex-matched healthy CN subjects, and
paid special attention to sample bandling and processing. All the
blood samples were taken in the morning, and PBMCs were
isolated within 6 h after sampling. Immediately, they were
separated into a CD3' T cell fraction and a CD3”™ non-T cell
fraction to prepare total RNA. The purity of cach fraction veritied
by flow cytometric analysis usually exceeded 90-95%. However,
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subclinical infection at the time of blood sampling accounting for
the variability in gene expression levels (Whitney et al., 2003)
could not be excluded in the present study.

Other important factors that potentially affect the gene
expression profile in human peripheral blood lymphocytes on
microarray include the recent use of OTC medications, smoking,
‘aleohol intake, and the menstrual condition. Aspirin, one of
nonsteroid anti-inflammatory diugs (NSAIDs), affects the expres-
sion pattern of several genes related to cell growth inhibition in
‘human colon cancer cells (lizaka et al., 2002). Nicotin, a major
constituent of cigarette smoke, alters the expression of genes
involved in signal transduction and transcriptional regulation in
human coronary artery endothelial cells (Zhang et al,, 2001).
Microarray analysis identified an altered expression of myelin-
related genes and alcohol-responsive genes in the brain of human
alcoholics (Mayfield et al, 2002). Estrogen treatment rapidly
upregulates the expression of a battery of cstrogen-responsive
genes in human breast cancer cells (Wang et al., 2004). These
observations suggest that various confounding factors at the time
of blood sampling might affect to certain extent the gene
«expression profile. Since the present study has no detailed
information on OTC medications, smoking habits, alcohol intake,
«nd menstrual conditions in MS and CN groups, there exist some
limitations in interpreting microarray data. Therefore, further
studies on the larger cohort of MS patients and control subjects
matched for any potential variables are required to clarify whether
the present observations are highly specific for MS, fairly universal
in various autoimmune diseases, or closely associated with MS-
unrelated confounding factors.

Acknowledgments

This work was supported by grants from the Ministry of Health,
Labour and Welfare of Japan. The authors thank Drs. Toshiro Saito
and’ Takayuki Obara, Hitachi Life Science, Kawagoe, Saitama,
Japan, Dr. Masaaki Niino, Department of Neurology, Hokkaido
University Graduate School of Medicine, Sapporo, Japan, and Dr.
Takashi Ohashi, Showa General Hospital, Kodaira, Tokyo, Japan,
foy their invaluable help.

Appendix:A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.10164.0bd.2004.10.007.

References

Akifusa, S.. Ohguchi, M., Koseki, T., Nara. K., Semba, 1., Yamato, K.,
Okahashi, N., Merino, R., Niviez, G., Hanada, N., Takchara, T,
Nishihar, T., 1998. Increase in Bel-2 level promoted by CD40 ligation
corrclates with inhibition of I3 cell apoptosis induced by vacuolar type
H'-ATPase inhibitor. Exp. Cell Res. 238, 8§2-89.

Alpeciras-Schimnich, A.. Viahakis., S.R.. Villasis-Keever. A.. Gomez, T..
[Teppelmann, C.J., Bou, G.. Paya. C.V.. 2002, CCRS mediates Fas- and
caspase-8 dependent apoplosis of both uninfected and HIV infected
primary human CD4 T cells. AIDS 16, 1467 - 1478,

Allan, 1.A_, Morrice, N., Brady, 8.. Magece. G., Pathak. 8., Clarske. PR,
2003, Inhibition of caspase-9 through phosphorylation at Thr 125 by
LERK MAPK. Nat. Cell Biol. 5. 647-654.

Aspenstrom, P., 1999, Effectors for the Rho GTPases. Cury. Opin. Cell Biol.
11, 95-102.

Balashov, K.E., Rottman, J.B., Weiner, H.L., Hancock, W.W., 1999. CCR5"
and CXCR3* Tcells are increased in multiple sclerosis and their ligands
MIP=1a and IP-10 are expressed in demyelinating brain lesions. Proc.
Natl. Acad. Sci. U. 8. A. 96, 6873 -6878.

Baldi, P., Long, A.D., 2001. A Bayesian framework for the analysis of
microarray expression data: repularized (-lest and siatistical inferences
of gene changes. Bioinformatics 17, 509~519.

Barlon, K., Muthusamy, N., Chanyangam, M., Fischer, C., Clendenin, C.,
Leiden, JM., 1996. Defectlive thymocyte proliferation and 1L-2
production in (ransgenic mice expressing a dominant-nepative form of
CREB. Nature 379, 81 -85,

Beere, HM., Green, D.R., 2001. Stress managemeni-heat shock protein-70
and the regulation of apoptosis. Trends Cell Biol. 11, 6~ 10.

Bonecchi, R., Bianchi, G., Bordignon, P.P., D’Ambrosio, D., Lang, R.,
Borsatli, A., Sozzani, S., Allavena, P, Gray, P.A., Mantovani, A.,
Sinigaglia, ., 1998. Differential expression of chemokine receptors and
chemotactic responsiveness of type 1 T helper cells (Thls) and Th2s.
1. Exp. Med. 187, 129-134.

Bonetti, B., Stegagno, C., Cannella, B., Rizzuto, N., Moretto, G., Raine,
C.S., 1999. Activation of NF-kB and c-Jun tanscriplion factors in
multipie sclerosis lesions. Implications for ofigodendrocyte pathology.
Am. J. Pathol. 155, 1433-1438.

Calabresi, PA., Pelfrey, C.M., Tranquill. L.R., Maloni, H., McFarland,
HF, 1997. VLA-4 expression on peripheral blood lymphocytes is
downregulated afier treatment of multiple sclerosis with interferon beta,
Neurology 49, 1111-1116.

Chen, C.-R., Kang, Y., Sicgel, PM., Massague, J., 2002. E2F4/5 and pl07
as Smad cofuctors linking the TGP receptor (o c-mve repression. Cell
110, 19-32.

Chin. Y.E., Kitagawa, M., Kuida, K., Flavell. RA., Fu, X.-Y., 1997.
Activation of the STAT signaling pathway can cause expression of
caspase | and apoptosis. Mol. Cell. Biol. 17, §328 - 5337.

Cho, H., Kozasa. T.. Takekoshi, K., De Gunzbuig, J., Kegrl, LH., 2000,
RGS14, a GTPase-activating protein for Gie, attenuates Gia- and
Gl 3a-mediated signafing pathways. Mol. Pharmacol. 58, 569 -576.

Comi, C., Leone, M., Bonissoni, S., DelFranco, S.. Bottarel, I, Mezzalesta,
C., Chiocchetti, A., Perla, ¥, Monaco, F., Dianzani, U., 2000. Defective
T cell Fas function in patients with multiple sclerosis. Neurology 35,
921-927.

Compston, A., Coies, A., 2002, Multiple selerosis. Lancet 359, 1221 - 1231,

Cwiklinska, H., Mycko, M., Luvsannoroy, O., Walkowiak, B., Brosnan,
C.F., Raine, C.S., Selmaj, K.W.,, 2003. Heat shock profein 70
associations with myelin basic protein and proteolipid prolein in
multiple sclerosis brains. Int. Immunol. 15, 241 - 249,

D’Souzn, 8.D., Bonetti, B.. Balasingam, V., Cashman. N.R., Barker,
PA.. Troudt, A.B.. Raine, C.8., Antel, 1.P., 1996. Multiple sclerosis:
Fas signaling in oligodendrocyte cell death. 1. Exp. Med. 184,
2361 -2370.

Fan, Z., Beresford, P.L, Zhang, D., Xu. Z., Novina, C.D.. Yoshida, A..
Pommier, Y., Licberman, 1., 2003. Cleaving the oxidative repair protein
Apel enhances cell death mediated by granzyme A. Nat. lmmunol. 4.
145153,

Fearon, D.T., Carroll, M.C., 2000. Regulation of B lymphocyte responses
to foreign and sel~antigens by the CDI19/CD21 complex. Annu. Rev.
Inmunol. 18, 393 422,

Flores. AL, Mallon, B.8., Mutsui, T.. Ogawa, W., Rosenzweig, A
Okamoto. T., Macklin. W.B., 2000. Akt-mediated survival of oligoden-
drocytes induced by neuregulins. J. Neurosci. 20, 7622 - 7630.

Gomes, A.C., Jonsson, G., Mjomheim, S., Olsson, T., Hillert, 1., Grandien,
A., 2003, Upregulation of the apoplosis repulators ¢FLIP, CDYS and
DS ligand in peripheral blood mononuclear cells in relapsing
remifting multiple sclerosis. J, Neuroimnunol. 135, 126- 134

[Tligashi, Y., Moribe, [L, Takagi, T.. Sekido, R., Kawakami, K., Kikutani.
H.. Kondoh, H., 1997. lmpairment of T cell developmont in 615F|
mutant mice. J. Exp. Med. 185, 1467 - 1480.



J. Satoh et al. / Neurobiology of Disease 18 (2003) 537-550 549

Huang, Z., Philippin, B., O’Leary, E., Bonventre, J.V,, Kriz, W., Witzgall,
R., 1999. Expression of the transcriptional repressor protein Kid-1 leads
to the disintegration of the nucleolus. J. Biol. Chem. 274, 7640-7648.

Huang, W.-X., Huang, P., Gomes, A., Hillert, J., 2000. Apoptosis mediators
FasL and TRAIL are upregulated in peripheral blood mononuclear cells
in MS. Neuwrology 55, 928--934.

lizaka, M., Furukawa, Y., Tsunoda, T., Akashi, H., Ogawa, M., Nakamura,
Y., 2002. Expression profile analysis of colon cancer cells in response to
sulindac or aspirin. Biochem. Biophys. Res. Commun. 292, 498512,

Inohara, N., de Peso, L., Koseki, T., Chen, S., Nafiez, G., 1998. RICK, a
novel protein kinase confaining a caspase recruitment domain, interacts
with CLARP and regulates CD95-mediated apoptosis. J. Biol. Chem.
273, 12296-12300.

Jiang, Y., Woronicz. 1.D., Liu, W., Goeddel, D.V., 1999. Prevention of
constitulive TNF receptor 1 signaling by silencer of death domains.
Science 283, 543 - 546.

Khoury, $.1., Orav, E.J., Guttmann. C.R.G., Kikinis, R., Jolesz, F.A., Weiner,
H.L.. 2000. Changes in serum levels of ICAM and TNF-R correlate with
disease activity in multiple sclerosis. Neurology 53, 758-764.

Klochendler-Yeivin, A., Muchardt, C., Yaniv, M., 2002, SWI/SNF
chromatin remodeling and cancer. Cum. Opin. Genet. Dev. 12, 73-79.

Kobayashi, K., Inohara, N., Hernandez, L.D., Galan, J.E., Nuiiez, G.,
Janeway, C.A., Medzhitov, R., Flavell, R.A., 2002. RICK/Rip2/
CARDIAK mediates signaling for receplors of the innate and adaptive
immune systems. Nature 416, 194--199.

Kohhmeier, J.E., Rumsey. L.M., Chan. M.A., Benedicl, 8.H., 2003. The
outcome of T-cell costimulation through intercellular adhesion mole-
cule-1 differs from costimulation through leukocyte function-associated
antigen-1. Immunology 108, 152 157,

Koike, F., Satoh, J., Miyake, S., Yamamoto, T.. Kawai, M., Kikuchi, 8.,
Nomura, K., Yokoyama, K., Ota, K., Kanda, T, Fukazawa, T.
Yamamura, T., 2003. Microamray analysis identifies interferon £-
regulated genes in multiple sclerosis. I. Newroinununol. 139, 109 - H &,

Kurosaka, K., Takahashi, M., Kobayashi, Y., 2003, Activation of
extracellular signal-regulated kinase 1/2 is involved in production of
CXC-chemokine by macrophages during phagocytosis of late apoptotic
cells. Biochem. Biophys. Res. Commun. 306, 10701074,

Lamhamedi-Chemradi, S.-E., Zheng, $.-1., Maguschak, K.A., Peschon, I,
Chen, Y.H., 2003. Defective thymocyte apoptosis and accelerated
autoimmune diseases in TRAIL™™ mice. Nat. Immunol. 4, 255--260.

Lock, C.. Hermans. G.. Pedotti, R., Brendolan, A., Schadt, E., Garren, H..
Lunger-Gould, A., Strober, S., Cannella, B., Allard, J., Klonowski, P.,
Austin, A., Lad. N., Kaminski, N., Galli, S.J., Oksenberg, J.R., Raine,
C.8., Heller, R., Steinman, L.. 2002, Gene-microarray analysis of
multiple sclerosis lesions yields new targets validated in autoimmune
encephalomyelitis. Nat. Med. 8, 500~ 508.

Lu, J.. Chang, P., Richardson, J.A., Gan, 1.., Weiler, H., Olson, E.N., 2000.
The basic helix-loop-helix transcription factor capsulin controls spleen
organogenesis. Proc. Natl. Acad. Sci. 1. S. A. 97, 9525 -9530.

Maas, K.. Chan, 8., Parker, L. Slater, A., Moore, 1., Olsen, N., Aune, TM.,
2002. Cutting edge: molecular portrait of human autoimmune disease.
1. Immunol. 169, 5--9.

Mayfield, R.D.. Lewohl. .M., Dodd. P.R., Herlihy, A., Liu, }., Harris, R A..
2002. Patterns of gene expression are altered in the frontal and motor
cortices of human alcoholics. J. Newrochem. 81, 802813,

McDonald. W.1., Compston, A.. Edan, G.. Goodkin, D.. Hartung, H.-P.,
Lublin, F.D., McFarland, HF., Paty, D.W., Polman, C.H., Reingold,
$.C., Sandberg-Woltheim. M., Sibley. W.. Thompson, A.. van der
Noori, S., Weinshenker. B.Y.. Wolinsky. 1.S.. 2001. Recommended
diagnostic criteria for multiple sclerosis: guidelines from the interna-
tional panel on the diagnosis of multiple sclerosis. Ann. Neurol. 56,
12].-127.

Miyata, H.. Doki, Y., Yamamoto. H., Kishi, K.. Tukemoto, H.. Fujiwara, Y.,
Yasuda, T.. Yano, M., Inoue, M., Shiozaki. ., Weinstein, B.. Monden,
M., 2001. Overexpression of CDC25B overrides radiation-induced G»-
M arrest and results in increased apoplosis in esophageal cancer cells.
Cancer Res. 61, 3188 -3193.

Moncada, S., Erusalimsky, J.D., 2002. Does nitric oxide modulate
mitochondrial energy generation and apoptosis? Nat. Rev., Mol. Cell
Biol. 3, 214-220.

Nakajima, M., Yokoi, T., Mizutani, M., Kinoshita, M., Funayama, M.,
Kamataki, T., 1999. Genetic polymorphism in the 5 -flanking region of
human CYP1A2 gene: effects on the CYPLA2 inducibility in humans.
J. Biochem. 125, 803--R08.

Nebert, D.W,, Roe, A.L., Dieter, M.Z., Solis, W.A., Yang, Y., Dalton, T.P.,
2000. Role of the aromatic hydrocarbon receptor and [4/4] gene battery
in the oxidative stress response cell cycle control, and apoptosis.
Biochem. Phammacol. 59, 65--88.

Nicholson, D.W., Ali, A., Thornberry, N.A., Vaillancourt, J.P., Ding, C.K.,
Gallant, M., Gareau, Y., Griffin, P.R., Labelle, M., Lazebnik, Y.A.,
Munday, N.A., Raju, SM., Smulson, M.E., Yamin, T.-T., Yu, V.L.,
Miller, D.K., 1995. Identification and inhibition of the ICE/CED-3
protease necessary for mammalian apoptosis. Nature 376, 37-43.

Nicolas, E., Morales, V., Magnaghi-Jaulin, 1., Harel-Bellan, A., Richard-
Foy, H., Trouche, D., 2000. RbAp48 belongs to the histone deacetylase
complex that associates in the retinoblastoma protein. J. Biol. Chem.
275, 9797-9804.

Ohta, S., Yanagihara, K., Nagata, K., 1997. Mechanism of apoptotic cell
death of human gastic carcinoma cells mediated by transforming
growth factor . Biochem. 1. 324, 777 -782.

Okabe, T., Takayanagi, R., Imasaki, K., Haji, M., Nawata, H.,
Watanabe, R., 1995. ¢cDNA cloning of a NGFI-B/nur?7-refated
transcription factor from an apoptotic human T cell line. J. Immunol.
154, 3871--3879.

QOukka, M., Ho, L-C., de la Brousse, F.C., Hoey, T, Grusby, M.J., Glincher,
L.H., 1998. The {ranscription factor NAFT4 is involved in the
generation and survival of T cells. Immunity 9. 295- 304.

Riise, T., Nortvedt, M.W., Acherio, A., 2003. Smoking is a risk factor for
multiple sclerosis. Newology 61, 11221124

Roberts, T.. Snow, E.C., 1999. Cuiting edge: recruitment of the CD19/
CD21 coreceptor to B cell antigen receplor is required for antigen-
mediated expression of Bel-2 by resting and cycling hen egg lysozyme
transgenic B cells. 1. Immunol. 162, 4377--4380.

Satoh, .. Kuroda, Y., 2001. Differing effects of IFNP vs. IFNy in MS.
Gene expression in cultured astrocytes. Neurology 57, 681 - 685,

Sharief, M K., Matthews, H., Noori, M., 2003. Expression ratios of the Bel-
2 family proteins and disease activity in multiple sclerosis. 1. Neuro-
immunol. 134, 158-163.

Sheridan, P.L., Schorpp. M., Voz, M.L.. Jones, K.A., 1995, Cloning of an
SNF2/SW12-related protein that binds specifically to the SPH motifs of
the SV40 enhancer and to the HIV-1 promoter. 1. Biol. Chem. 270,
4575.-4587.

Smith, G.C.M., Jackson, S.P.. 1999. The DNA-dependent protein kinase.
Genes Dev. 13, 916--934.

Solovyan. V.T., Bezvenyuk, Z.A., Salminen. A., Austin, C.A.. Courtney,
M.1., 2002. The role of topoisomerase [ in the exeision of DNA loop
domains dwing apoptosis. J. Biol. Chem. 277, 21458 -21467.

Stallmach, A.. Giese, T., Pfister, K., Wittig, B.M., Kiinne, S., Hunphries.
M., Zeitz, M., Meuer, S.C.. 2001. Activation of {4, integrins mediates
proliferation and inhibits apoptosis of intestinal C'D4-positive lympho-
cytes. Fur J. Immunol. 31, 1228 - 1238,

Steinman, L.. Zamvil. S., 2003, Transcriptional analysis of targets in
multiple sclerosis. Nat. Rev., Immunol. 3, 483 -492.

Stiirzebecher, S., Wandinger, K.P., Rosenwald, A., Sathyamoorthy, M.,
Tzow, A., Mattar, P., Frank, J.A.. Staudt, L., Martin, R., McFarland. H.F..
2003. Expression profiling identifics responder and non-responder
phenotypes to interferon-f5 in multiple sclerosis. Brain 126, 1419 - 1429,

Takayama, S., Sato, T.. Krajewski, S.. Kochel. K., Irie, S., Millan, LA..
Reed, J.C.. 1995, Cloning and functional analysis of BAG-1: a novel
Be-2-binding prolein with anti-cell death activity. Cell 80. 279 - 284,

Tanji, C.. Yamamoto, H.. Yorioka, N.. Kohno, N, Kikuchi, K.. Kikuchi, A..
2002, A-kinase anchoring protein AKAP220 binds to glycogen
synthase kinase-3f (GSK-3(3) and mediates protein kinase A-dependent
tnhibition of GSK-3p4. J. Biol. Chem. 277, 3695536961



550 J. Satoh et al. / Newrobiology of Disease 18 (2005) 537-550

Thangaraju, M., Sharma, K., Leber, B., Andrews, D.W., Shen, S.-H.,
Srikant, C.B., 1999. Regulation of acidification and apoptosis by SHP-|
and Bcl-2. J. Biol. Chem. 274, 29549--29557.

Tschopp, J., Martinon, F., Hofmann, K., 1999. Apoptosis: silencing the
death receptors. Cur. Biol. 9, R381 -R384.

Tu, S., Cerione, R.A., 2001. Cdc42 is a substrate for caspases and
influences Fas-induced apoplosis. J. Biol. Chem. 276, 19656 —19663.

Vos, M.D., Ellis, C.A., Bell, A., Birrer, M.J., Clark, G.1., 2000. Ras uses the
novel tumor suppressor RASSF1 as an effector to mediate apoptosis.
J. Biol. Chem. 275, 3566935672,

Wandinger, K.-P., Limnemann, J., Wengert, O., Bellmann-Stroble, J.,
Aktas, O., Weber, A., Grundstrom, E., Ehrlich, S., Wemecke, K.-D.,
Volk, H.-D., Zipp, F., 2003. TNF-related apoptosis inducing ligand
(TRAIL) as a potential response marker for interferon-beta treatinent
in multiple sclerosis. Lancet 361, 20362041,

Wang, D.-Y., Fluthorpe, R., Liss, S.N., Edwards, E.A., 2004. Identification
of estrogen-responsive genes by complementary deoxyribonucleic acid
microarray and characterization of a novel early estrogen-induced gene:
EEIG1. Mol. Endocrinol. 18, 402 -411.

Weinstock-Guttman, B., Badgett, D., Patrick, K., Hartrich, L., Santos, R.,

- Hall, D., Baier, M., Feichter, I., Ramanathan, M., 2003. Genomic
effects of IFN-p in multiple sclerosis patients. J. Immunol. 171,
2694 --2702.

Whitney, A.R., Dichn. M., Popper, S.1., Alizadeh, A.A., Boldrick, J.C.,
Relman, D.A.. Brown, P.O., 2003. Individuality and variation in gene
expression patlerns in human blood. Proc. Natl Acad. Sci. U. 8. A. 100,
1896 - 1901].

Williams, TM., Moolten, D., Burfein, J., Romano, J., Bhaerman, R.,
Godillot, A., Mellon, M., Rauscher M1, F.I, Kant, J.A., 1991
Identification of a zinc finger protein that inhibits IL-2 gene expression.
Science 254, 1791 -1794.

Wold, M.S., 1997. Replication protein A: a heterotrimeric, single-stranded
DNA-binding protein required for eukaryotic DNA metabolism. Annu.
Rev. Biochem. 66, 61 -92.

Yang, X., Khosravi-Far, R.. Chang, H.Y., Baltumore, D., 1997. Daxx, a
novel Fas-binding protein that activates JNK and apoptosis. Cell 89,
1067-1076.

You, Z., Madrid, L.V., Saims, D., Sedivy, J., Wang, C.-Y., 2002. ¢-Myc
sensitizes cells to tumor necrosis factor-mediated apoptosis by inhibiting
nuclear factor B transactivation. J. Biol. Chem. 277, 36671 -36677.

Zhang, S., Day, LN.M., Ye, S.. 2001. Microarray analysis ol nicotine-
induced changes in gene expression in endothelial cells. Physiol.
Genomics 5. 187~ 192.

Zhou, Z.-Q., Hurlin, P.J., 2001. The interplay between Mad and Myc in
proliferation and differentiation. Trends Cell Biol. 11, S10--814.

Zhow, T, Cheng, 1., Yang, P., Wang, Z., Liu, C., Su, X., Blurthmann, ..
Mountz, LD, 1996. Inhibition of Nur?7/Nurr! leads to inefficient clonal
deletion of self-reactive T cells. J. Exp. Med. 183, 1879 1892

Zhou, B.-B., Li, H., Yuan, J., Kirschner, M.W., 1998. Caspase-dependent
activation of cyclin-dependent kinases during Fas-induced apoptosis in
Juwkat cells, Proc. Natl. Acad. Sci. U. 8. A. 95, 6785-6790.

Zipp, F., Krammer, P.H., Weller, M., 1999. Immune (dys)regulation in
multiple sclerosis: role of the CDYS-CDYS ligand system. Immunol.
Today 20, 550--554.




J Newopathol Exp Neuro}
Copyright © 2005 by the American Associalion of Newopatbologists, Inc.

Vel. 64, No. 2
February 2005
pp. 129-138

ORIGINAL ARTICLE

Nogo-A and Nogo Receptor Expression in Demyelinating
Lesions of Multiple Sclerosis

Jun-Ichi Satoh, MD, PhD, Hiroyuki Onoue MD, Kunimasa Arima, MD, PhD,
and Takashi Yamamura, MD, PhD

Abstract

A myelin-associated neurite outgrowth inhibitor, Nogo-A, plays
a key role in inhibition of axonal regeneration following injury and
ischemia in the central nervous system (CNS). Because axonal injury
is a pathologic hallmark of multiple sclerosis (MS), we have
investigated the expression of Nogo-A and its receptor NgR in four
MS and 12 non-MS control brains by immumohistochemistry. Nogo-A
expression was markedly upregulated in surviving oligodendrocyles
at the edge of chronic active demyelinating lesions of MS and
ischemic lesions of acute and old cerebral infarction, whereas NgR
expression was greatly enhanced in reactive astrocytes and microglia/
macrophages in these lesions when compared with their expression in
the brains of neurologically normal controls. Nogo-A and NgR were
also identified in a subpopulation of neurons. In contrast, Nogo-A was
undetectable in reactive astrocytes and microglia/macrophages and
NgR was not expressed on oligodendrocytes in any cases examined.
Western blot analysis and double labeling immunocytochemistry
identified the constitutive expression of NgR in cultured human
astrocytes. These results suggest that Nogo-A expressed on oligo-
dendrocytes might interact with NgR presented by reactive astrocyles
and microgha/macrophages in active demyelinating lesions of MS,
although biologic effects caused by Nogo-A/NgR interaction among
glial cells remain unknown.

Key Words: Axonal regeneration, Multiple sclerosis, Nogo-A, Nogo
receptor, Oligodendrocytes, Reactive astrocytes

INTRODUCTION
The adult mammalian central nervous system (CNS) has
an extremely limited capacity to regenerale axons following
injury. The reduced regenerative abilily is attributable to the
progressive disappearance of growth-promoting factors or the
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increasing appearance of growth-inhibitory molecules during
maturation of the CNS (1). Recently, Nogo is identified as
a myelin-associated inhibitor for axonal regeneration (2, 3)
The Nogo gene encodes three distinel isoforms, named Nogo-A.
-B, and -C, derived by aliernative splicing and promoter usage.
All of these share a small segment composed of 66 amino acid
residues located between the two putative transmembrane
domains named Nogo-66, in the C-terminal region homolo-
gous to the members of reticulon protein family (2. 3). Nogo-
A, the largest isoform, is predominantly expressed on
oligodendrocytes and their processes with location in the
innermost adaxonal and outermost myelin membranes (4. 5).
Nogo-A is also identified in a subpopulation of neurons with
the subcellular location chiefly in the endoplasmic reticulum
(ER) and the Golgi complex, concentrated at the postsynaptic
density (6-9). Nogo-B shows a ubiquitous distribution pattern,
while Nogo-C, the shortest isoform. is enriched in skeletal
muscle (4, 10). Nogo-A has at least two discrele regions with
neuronal growth-inhibilory activities: one is located in the
Nogo-A-specifie region spanning amino acids 544-725 that
restricts neurite outgrowth; the other, Nogo-66. has the capac-
ity to induce growth cone collapse (11). Both regions assume
dilferent membrane topologies depending on cell types (11).
Nogo-66 binds to a high affinity receptor NgR, a glycoprofein
composed of a signal scquence, a leucine-rich repeat (LRR)-
type N-lerminal region (LRRNT), eight LRR domains. a
cysteine-rich LRR-type C-terminal domain (LRRCT), a unique
C-erminal domiain, and a glycosylphosphatidylinositol (GPl)
anchorage site responsible for accumulation in lipid rafts (12,
13). NgR expression is sufficient to confer sensitivity to Nogo-
66 on otherwise insensitive cells (12). In contrast to Nogo-A,
NgR is not identified on oligodendrocytes buf is expressed
constitutively in a subset of neurons and their axons, including
cerebral cortical pyramidal neurons and cerebellar Purkinje
cells (12 15). Signal transduction mediated by NgR
depends on its association with the low-affinity nerve growth
factor receptor p75~™, which also serves as a coreceptor for
the Trk family of neurotrophin receplors. Recent studies
showed thal not only Nogo-66 bul also myelin-associated
glycoprotein (MAG) and oligodendrocyte-myelin glycopro-
tein (OMgp) bind to NgR and fransduce neurite growth-
inhibitory signals via p75™™ by activating RhoA and inhi-
biting Racl (16, 17). By neutralizing anti-Nogo-A antibodics.
NgR competitive antagonistic peptides, or soluble truncated
NgR. in vivo blockade of the interaction between NgR and its
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ligands induced long-distance axonal regenerafion, compen-
satory sprouting, and upregulation of growth-associated genes
(18, 20). This was accompanied by enhancement of functional
recovery afler injury in the CNS (18-20).

Multiple sclerosis (MS) is pathologically characterized
by multifocal inflanunaiory demyelination and axonal injury
in the CNS white matter; the latter has been proposed as
a principal cause of permanent disability in MS (21, 22). A
recent study identified anti-Nogo-A autoantibody in the serum
and cerebrospinal fluid of relapsing-remitting MS patients,
suggesting a protective response 1o persistent demyelination
and axonal damage (23). However, it remains unknown
whether Nogo-A, MAG, and OMgp play an active role in
interfering with axonal regeneration at the site of demyelin-
ating lesions of MS. Previous studies suggested that Nogo-A
in the intact adult rodent CNS regulates axonal plasticity and
stabilizes major myelinated tracts to prevent the formation of
aberrant fiber connections (24, 25). To investigale a physio-
logical function of Nogo-A in development and maturation of
the CNS, three independent lines of Nogo-A knockout mice
have been established recently (26~28). Unexpectedly, all of
these mice showed neither obvious neuroanatomic defects nor
neurologic symptoms, indicating that Nogo-A is not pivotal
for development and maintenance of axonal pathways at least
in the absence of injury. Following spinal cord injury, some
lines of Nogo-A-deficient micc showed an enhanced axonal
regeneration of corticospinal tract fibers (26, 27). Importantly,
inflammatory demyelination and axonal damage were less
severe in Nogo-A-deficient mice affected with experimental
autoimmune encephalomyelitis, an animal model of MS (29).
Furthermore, NgR-deficient mice exhibited an cnhanced
axonal plasticity afler ischemic stroke in the brain, accompa-
nied by improved Tunctional recovery (30). These observations
suggest that Nogo-A and NgR interaction plays a central role
in inhibition of axonal regeneration under pathologic
conditions in the CNS.

In the present study, we have investigated the expression
of Nogo-A and NgR in MS brains by immunohistochemistry.
We found that Nogo-A expression was markedly upregulated
in surviving oligodendrocytes at the edge of chronic active de-
myelinating lesions of MS, while NgR expression was greatly
enhanced in reactive astrocyles and microglia/macrophages in
these lesions, Our observations suggest a novel type of in-
teraction between Nogo-A on oligodendrocytes and NgR on
activated astrocytes and microglia at the site of demyelinating
lesions of MS.

MATERIALS AND METHODS

MS and Control Brain Tissues

Ten-micron-thick serial sections were prepared from
autopsied brains of 4 MS cages, 6 non-MS neurologic and
psychiatric disease (OND) cases, and 6 neurologically normal
control subjects listed in Table [. Detailed clinical and
neuroradiologic profiles of MS patients were described pre-
viously (31). The tissues were fixed with 4% paraformalde-
hyde or 10% neutral formalin and embedded in paraffin.
Autopsies on all subjects were performed at the National
Center Hospital for Mental, Nervous and Muscular Disorders,
National Center of Neurology and Psychiatry (NCNP). Tokyo.
Japan. Writlen informed consent was obtained in all cases. The
present study was approved by the Ethics Comumitiee of
NCNP.

lmmunohistochemistry and
Immunocytochemistry .

Afier deparaflinization. tissue scctions were heated by
microwave af 95°C for 10 minutes in 10 mmol/L citrate so-
dium buffer, pH 6.0. They were then freated at room tem-
perature (RT) for 15 minuvtes with 3% H.O,-containing
methanol. For p75™™ immunolabeling, the tissue sections

TABLE 1. MS and Control Cases Examined in the Present Study

Case No. Age (year) and Sex (male/female) Diagnosis Cause of Death
791 29F Secondary progressive multiple sclerosis Asphyxia
744 40 F Sécondary progressive multiple sclerosis Respiratory (ailure
609 43 F Priniary progressive multiple sclerosis Hyperglycemia
544 KX " Secondary progressive multiple sclerosis Sepsis and multiorgan lailure
719 47T M Acute cerebral infarction Sepsis
786 84 M Acute cercbral infarction Disseminated intravascular coagulation
789 62 M Old cerchral inlarction Pancreatic cancer
807 S6 M Old cerebral infarction Myaocardial infarction
523 6 F Schizophrenia Lung tuberculosis
826 6l M Schizophrenia Asphyxia
G6 79 F Neurologically normal subject Hepatic cancer
G7 15F Neurologically normal subject Breast cancer
G8 60O F Neurologically norinal subject External auditory canal cancer
G9 74 F Neurologicully normal subject Gastric and hepatic cancers
A2623 83 F Neurologically normal subject Gastric cancer and myocardial infarction
A20647 65 M Neurologically normal subject Liver cirrhosis ind bronchopncumonia

The presenl study includes for MS cases numbered 791, 744, 609, and 544, 6 non-MY neurelogic and psychiatric disease cases (OND) numbered 719, 786, 789, 807, 523, and 826,
and 6 neurologically normal cases (NNC) numbered G6, G7, G8, (9, A2623, and A2047.

130

© 2005 American Association of Newropathologists, Inc.



J Neuropathol Exp Neurol  Volume 64, Number 2, February 2005

Nago-A and NGR in MS lesions

were pretreated with 0.125% trypsin solution (Nichirei, Tokyo,
Japan) at 37°C for 10 minutes. They were incubated with 10%
normal goat serum-containing phosphate-buffered saline
(PBS) at RT for 15 minutes to block nonspecific staining.
The sections were incubaled in a moist chamber at 4°C
overnight with primary antibodies listed in Table 2. After
washing with PBS, they were labeled at RT for 30 minuies
with peroxidase-conjugated secondary antibodies (Nichirei)
followed by incubation with a colorizing solution containing
diaminobenzidine fetrahydrochloride and a counterstain with
hemaloxylin. For negative controls, tissue sections were
incubated with a rabbil negalive control reagent (DAKO,
Carpinteria, CA) instead of primary antibodies.

For immunocytochemistry, human astrocytes in culture
on cover glasses were fixed with 4% paraformaldehyde in 0.1
mol/L phosphate buffer, pH 7.4 at RT for 10 minutes, followed
by incubation with PBS containing 0.5% Triton X-100 at RT
for 20 minutes. For double immunolabeling. the cells and
tissue sections were incubated at RT for 30 minutes with
a mixture of rabbit anti-NgR antibody and mouse anti-GFAP
antibody. Then, they were incubated at RT for 30 minutes with
a mixfure of rhodamine-conjugated anti-rabbit IgG and FITC-
conjugated mouse 1gG (ICN-Cappel. Aurora, OH). Affer
several washes, (hey were mounted with glycerol-polyvinyl

alcohol and examined under a Nikon ECLIPSE E800 universal
microscope equipped with fluorescein and rhodamine optics.
Negative controls were processed following all the steps
excepl for exposure to primary antibody. In some experiments.
tissue sections were initially stained with rabbit anti-Nogo-A
antibody, then followed by incubation with alkaline phospha-
tase-conjugaled secondary antibody (Nichirei) and colorized
with New Fuchsin substrate. Afler inactivation of all the
antibodies by heating the sections at 95°C for 10 minutes in 10
mumol/L citrate sodium buffer, pH 6.0, they were relabeled
with rabbit anti-MBP antibody, followed by incubation with
peroxidase-conjugaled secondary antibody (Nichirei) and
colorized with diaminobenzidine tetrahydrochloride substrate.

Cell Culture and Expression of Transgenes
Cultured human asirocytes derived from human neuro-
nal progenitor cells were maintained in Dulbecco’s Modified
Eagle’s medium (lovitrogen, Carisbad. CA) supplemented
with 10% fetal bovine serum (FBS), 100 UAnL penicillin, and
100 pg/mL streptomycin (feeding medium), as described
previously (31). To ewrich the GPl-anchored proteins, astro-
cytes were incubated at 37°C for 3 hours in the serum-free
Dulbecco’s Modified Eagle’s medium /F-12 mediom (Invi-
trogen) supplemented with 5 U/mL phosphatidylinositol-specific

TABLE 2. Primary Antibodies Used for Immunochemistry and Western Blot Analysis

Concentration Concentration
Antibody Antigen Used for Used for
(clone name) Supplier Code Origin Immunogens Specificity Immunohistochemistry Woestern Blotting
Nogo-A Santa Cruz $c-25600  Rabbit  Peptide composed Nogo-A not 1:2.000 (100 ng/mL) 1:12.000
Biotechnology of amino acids reactive with (16.7 ng/mL)
700-1,000 mapping Nogo-B or
at the infernal region Nogo-C
of human Nogo-A
NgR Chemicon AB3615  Rabbit Recombinant NgR £:2,000 1:4,000
mouse NgR
75NTR Sigma N5408 Mouse Human melinoma Low affinity 1:500 (46 pg/ml.) NA
(ME2(r.4) cell line nerve growth
factor receptor
p75
APP Chemicon MAB348  Mouse Recombinant APP 1:200 (5 pg/ml.) NA
(22C11) human APP
GFAP Dako NI5060 Rabbit  Purified bovine GFAP Prediluted NA
spinal cord GFAP
GFAP Nichirei 422201 Mouse Purified swine GFAP Prediluted NA
(GAS) spinal cord GFAP
MBI Dako NI564 Rabbit  Purificd human MBP Predituted NA
brain MBP
NF Nichirei 412351 Mouse  Purified human Human 70-kDa Prediluted NA
(2111 brain NF protein and 200-kDa
NF
CD68 Dako NI577 Mouse Lysosomal granules of CDoS Predituted NA
(KPI) human lung macrophages
D3 Nichirei 4i324j Mouse  Recombinant human D3 Prediluted NA
(PS1) CD3 epsilon chain
HSPo60 Sunta Cruz se- 1052 Gaoat Peptide mapping at the HSPOO NA 1:2.000

Biotechnology

amino terminus of
human HSPo0

(100 ng/mL)

NgR. Nogo receptor: NTR. neurotrophin receptor: APT. amyloid precursor protein: GFAD. glial fibrillary acidie protein: MBE myelin basic protein: NE neurofilament: HSPol, 60-

kDa heat shock protein; NA. not applied.
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