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Microarray analvsis identifies an aberrant expression of apoptosis
and DNA damage-regulatory genes in multiple sclerosis
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Abstract

To clarify the molecular mechanisms underlying multiple sclerosis (MS)-
promoting autoimmune process, we have investigated a comprehensive gene expression
profile of T cell and non—T cell fractions of peripher;l blood mononuclear cells (PBMC)
isolated from 72 MS patients and 22 age- and sex-matched healthy control (CN)
subjects, by using a cDNA microarray. Among 1,258 genes examined, 173 genes in T
cells 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 (NR4A?2), receptor-interacting serine/threonine
kinase 2 (RIPK2) and silencer of death domains (SODDY}, and downregulation in MS of
TNF-related apoptosis-inducing ligand (TRAIL), B-cell CLL/lymphoma 2 (BCL2) and
death-associated protein 6 (DAXX). Furthermore, a set of the genes involved in DNA
repair, replication and chromatin remodeling was downreguiated in MS. Northern blot
analysis showed that the expressfon of the genes upregulated in MS was identified in
cultured PBMC following stimulation with phorbol 12-myristate 13-acetate and
ionomycin, anti-CD3 monoclonal -antibody or interferon-gamma. These results suggest
that MS lymphocytes show a complex pattern of gene regulation which represents a
counterbalance between promoting and preventing apoptosis and DNA damage of

lymphocytes.

Keywords: Apoptosis; Gene expression profile; Microarray; Multiple sclerosis



Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating discase of the central
nervous system (CNS) white matter. Although the etiology of MS remains unknown,
immunological studies have suggested that MS is an autoimmune disease mediated by
T-lymphocytes secreting proinflammatory T helper type 1 (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 mechanism for normal
development and homeostasis of the immune system, is impaired in MS (Zipp et al.,
1999). The mRNA levels of Fas, Fas ligand, and TNF-related apoptosis-inducing ligand
(TRAIL) are elevated in peripheral blood mononucelar cells (PBMC) of relapsing-
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; Huang et al., 2000;
Gomes et al., 2003). The expression of B-cell CLL/lymphoma 2 (BCL2) family proteins
is dysregulated in lymphocytes of clinically active MS patients in a manner -that
promotes resistance to apoptosis (Sharief et al., 2003). Apoptosis-regulatory proteins are
aberranlty expressed in active MS brain lesions (D'Souza et al., 1996; Bonetti et al.,
1999). 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.

DNA microarray technology is a novel approach that would allow us to
systematically and simultaneously monitor the expression of a great number of genes.
Application of this technique has begun to give us new insights into the complexity of
molecular interactions involved in the MS-promoting autoimmune process (Steinman
and Zamvil, 2003). Actually, microarray 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 expression



profile of T cells and non-T cells derived from RRMS before and after treatment with
interferon-beta (IFNf) (Koike et al., 2003). IFNf significantly altered the expression of
21 genes, including 9 with IFN-responsive promoter elements, thereby contributing to
the therapeutic effects of IFNP in MS. Supporting our observations, different studies
using distinct cDNA microarrays identififed IFNB-responsive genes expressed in PBMC
of RRMS patients receiving [FNB (Stiirzebecher et al., 2003; Weinstock-Guttman et al.,
2003).- Importantly, a recent microarray analysis showed that a battery of the genes
closely associated with development of MS include those encoding apoptosis-regulatory
proteins, although this study enrolled only four MS patients (Maas et al., 2002).

Here we investigated a comprehensive gene expression profile of CD3* T cells and
CD3 non-T cells isolated from 72 MS patients and 22 healthy subjects by using a
c¢DNA' microarray containing 1,258 genes 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 CN groups. Unexpectedly, more than 80% of the top 30 most significant genes
were categorized into apoptosis signaling-related genes of both proapoptotic and
antiapoptotic classes, suggesting an existence of the counterbalance between resistance

and susceptibility of lymphocytes towards apoptosis in MS.



Materials and Methods
The study population

The present study enrolled 72 Japanese MS patients including 65 RRMS and 7
SPMS cases composed of 55 women and 17 men with the mean age of 36.1£10.3 years.
It also included 22 healthy control (CN) subjects composed of 16 women and 6 men-
with the mean age of 38.61+12.3 years. The MS patients were diagnosed according to

- the established criteria (McDonald et al., 2001). They showed the average Expanded
Disability Status Scale (EDSS) score of 2.8+2.0. No patients had received either
corticosteroid or immunosuppressants during at least one month before blood sampling.

Written informed consent was obtained from all the subjects.
RNA isolation from T cell and non-T cell fractions

PBMC were isolated from 30 ml of heparinized blood by centrifugation on a Ficoll
density gradient.. They were then labeled with anti-CD3 antibody—coated magnetic
microbeads, and immediately 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. Total RNA was isolated from each fraction by using
RNeasy Mini Kit (Qiagen, Valencia, CA). Five ug 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 _analysis

The present study utilized a custom microarray containing duplicate spots of

c¢DNA immobilized on a poly-L-lysine-coated slide glass, prepared by PCR of 1,258



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 (Hitachi Life Science, Kawagoe, Saitama, Japan).
The complete gene 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 previously (Koike et al., 2003). 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
QuantArray software (GSI Lumonics). The average of fluorescence intensities (FI) of
duplicate spots was obtained after global normalization between Cy3 and Cy5 signals.
The impact of inter-experiment variability was verified by analyzing a scatter plot. The
genes exhibiting the average FI smaller than the level of 1,000 were omitted to be
processed for further analysis. The gene expression level (GEL) was calculated
according to the formula: GEL = FI (Cy5) of the sample/ FI (Cy3) of the universal

reference. The results were also expressed as box and whisker plots.
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 vanance,

where they were considered as significant when the p value was smaller than 0.05

(Baldi and Long, 2C001).



Northern blot analysis

Unfractionated PBMC of a healthy subject were suspended at 5 X 10% cells/ml in
RPMI 1640 medium containing 10% fetal bovine serum, 2 mM L-glutamine, 55 uM 2-
mercaptoethanol, 100 U/ml penicillin, and 100 wg/m! streptomycin. The cells were then
incubated in a 5%CO,/95% air incubator at 37°C for 6 hours in the medium with
inclusion of both 25 ng/ml phorbol 12-myristate 13-acetate (PMA; Sigma, St. Lous,
MO) and 1 pg/ml ionomycin (IOM; Sigma), or incubated for 24 hours in the plate
coated with 1 pg/ml mouse monoclonal antibody (mAb) against human CD3 (OKT3) or
in the medium containing 100 ng/ml recombinant human [FN-gamma (IFNy) (a specific
activity of 22 X 10’ units/mg, PeproTech, London, UK), followed by processing for
RNA preparation as described prevxously (Satoh and Kuroda, 2001) Three ng of total
RNA was separated on a 1.5% agarose-6% formaldehyde gel 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 Diagnositics, Mannheim, Germany) using the sense and antisense
primer sets listed in Table 1. The specific reaction was visualized on Kodak X-OMAT

AR x-ray films by the DIG chemiluminescence detection kit (Roche Diagnositics).



