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Abstract

Objective: To identify the genes regulated by interferon-beta (IFN) [IFNfB-regulated genes
(IRGs)] in peripheral blood mononuclear cells (PBMC) of relapsing-remitting multiple sclerosis
(RRMS) patients following treatment with IFNf. Background: Alihough [FNP is an approved
drug for the treatment of MS, the molecular mechamsms for the therapeutic effects remain to be
characterized. IRG-encoding proteins would chiefly mediate the biological activities of IFNf.
Methods: By using a cDNA microarray containing 1,263 genes of various functional classes, the
gene expression profile was studied in CD3" T cells and CD3" non-T cells separated from PBMC
ol 13 Japanese RRMS patients before treatment with IFNf 1b and at 3 and 6 months allter starting
the treatment. Resnilts: IFNf treatment significantly altered expression of 21 genes in the T or
non-T cell samples, including 9 with [FN-responsive promoter elements. These genes did not
contain the markers characteristic for the T helper type 1 (Thl) or Th2 cells. Interestingly, up-
regulation of the genes for an anti-inflammatory protein or down-regulation of the genes involved
in the formation of inflammatory demyelination have been observed. Conclusion: Microarray
analysis identified a battery of known and heretofore unreported IRGs 1n T cells and non-T cells
of MS patients. The IRGs may represent validated research targets for understanding the in vivo
effects of [FNP.

Keywords: Interferon beta; Interferon beta-regulated genes; Microarray; Multiple

sclerosis
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1. Introduction

Muluple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous
system (CNS) white matter. Although the cause for MS remains elusive, immunogical studies
have showed evidence that MS is an autoimmune discase mediated by T-lymphocyles secreting
promnflammatory T helper type 1 (Thl) cytokines (Compston and Coles, 2002; Keegan el al.,
2002). A previous study showed that adminstration of interferon (IFN)y induced acute relapses
along with activation of the systemic immune response (Panitchi et al., 1987). Because [FNy is a
Th1 cytokine promoting the inflammation process, the exacerbation of MS triggered by IFNy
could now be interpreted as endence for the major role of Thl cells in MS. Although 1FNy
showed detrimental effects on MS, IFNf, an approved drug for MS, significantly reduces the
frequency of clinical exacerbations in relapsing-remitung MS (RRMS}, and dclays the
progression of disabulity in secondary progressive MS (SPMS), associated with a reduction 1n the
number of new brain lesions on MRI (The IFNB Multiple Sclerosis Study Group, 1993, Paty et
al., 1993; Jacobs et al., 1996).

[FNs are a family of cytokines that mediate anti-viral, anti-proliferative and immunoregulatory
activities (De Maeyer and De Maeyer-Guignard, 1994). IFNa and B (type [ IFNs), whose
recombinant forms are now being used in the clinic, are produced principally by virus-infected
host cells, whereas IFNy (type 11 IFN) is produced by activated T cells and nawral killer (NK)
cells. Both type 1and type I [FNs regulate the transcription of IFN-stimulated genes (15Gs) or
[FN-repressed genes which encode the proteins responsible for the biological activities of IFNs.
Here we use the term IFNf-regulated genes (IRGs) in this paper for covering both 1FNf-
stimulated and IFNp-repressed genes. Type 1 IFNs activate JAK protein tyrosine Kinases
associated with the cell surface receptors for IFNs, leading to formaton of the complex of signal
transducer and activator of transcription (STAT} molecules with the IFN regulatory factor (IRF)
famuly of transcription factors (Damell et al., 1994; Mamane et al., 1999; Taniguchi and Takaoka,
2002). The STAT/IRF complex translocates mnto the nucleus of the cells and binds to the DNA
sequences termed the IFN-stmulated response element (ISRE) or the IRF-recogmuon element.
This binding subsequently activates transcription of a variety of 1SGs as well as the genes of type
I and type I 1FNs, leading to the biological responses triggered by the IFNs. In contrast, much
less 1s clear about the mechanism for regulation of IFN-repressed genes by IFNs (Der et al,,

1998).
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Although the precise mechanisms underlying the beneficial effects of IFNf on MS remain to
be fully elucidated, previous studies proposed possible mechanisms, including a shift of the T cell
cytokine profile towards an anti-inflammatory Th2 phenotype (Hall et al., 1997; Karp et at., 2000),
a restoration of the function of the disrupted blood-brain barner (BBB) (Stone et al., 1995; Yong
et al., 1998), and an inhibition of IFNy-induced expression of class II major histocompatibility
complex (MHC) molecules on glial cells that might result in down-regulation of their antigen-
presenting capacity (Satoh et al., 1995; Jiang et al., 1995). These studies, however, do not exclude
other mechanisms accounting for the disease-modulating potentials of IFNP.

DNA microarray technology is a novel approach that would allow us to systematically monitor
the expression of a large number of genes (Greenberg, 2001; Staudt, 2001). Application of this
technique has begun to give us new insights into the pathomechanism of MS. In fact, recent
studies of active inflammatory lesions in the MS brains identified up-regulation of the genes
whose role in MS has not been previously anticipated (W hitney et al., 2001 ; Chabas et al., 2001;
Lock et al., 2002). With regard to IFNf therapy, microarray analysis has disclosed an elevation of
the genes encoding Th1 cell markers such as 1L-12 receptor $2 chain and CCRS in the peripheral
blood mononuclear cells (PBMC) exposed to IFNB in vifro (Wandinger et al., 2001). The up-
regulation of these Thl-associated markers was also confirmed in the PBMC obtained from
patients with MS treated with IFNP. These obsenations suggest that the biological effects of
IFNP in MS are not purely mediated by anti-inflammatory mechanisms such as a Th2 bias.

Here we investigated a comprehensive gene expression profile in CD3* T cells and CD3" non-T
cells isolated from 13 patients with RRMS following a 6 month-treatment with IFNfB 1b. Using a
¢DNA microarray containing 2881 genes of various functional classes, we found that 21 genes
had showed an increase or a decrease in expression. Of note, these IRGs contained the genes
encoding an anti-inflammatory protein or those involved in the CNS demyelination. The present
observations provide an intriguing possibility that the observed changes in the IRGs might
contribute to the therapeutic effect of IFNf on MS.

2. Materials and Methods
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2.1.The study population

The present study enrolled 13 Japanese, chinically definite RRMS patients diagnosed
according 1o the established cntena (Poser et al., 1983). The subjects consisted of 9 women and 4
men, presenting with the mean age of 34.2+10.9 years and the mean Expanded Disabihity Status
Scale (EDSS) score of 2.711.7. All the patients exhibited more than two episodes of clinically
cvident relapse and renussion, and showed at least one gadolinium-enhancing lesion on MRI,
during one year before starung treatment with 800 MIU IFNB (Betaferon, Schering, Osaka,
Japan) given subcutaneously on alternate days. The patents have not been treated with either
corticosteroids or immunosuppressants during at least one month before IFNB treatment. Written

informed consent was obtained from all the patients.

2.2. RNA isolation from T cell and non-T cell fraction

Thirty ml of heparinized blood was collected before starting IFNf treatment (designated Pre),
and at 3 and 6 months after the treatment. PBMC were isolated from the blood by centrifugation
on a Ficoll density gradient, labeled with anti-CD3 antibody—coated magnetic microbeads, and
were separated by AutoMACS (Miltenyi Biotec, Aubumn, CA) into a CD3* T cell fraction and a
CD3" non-T cell fraction comprised of monocytes, B cells and NK cells. Total RNA was 1solated
from each fraction by using RNeasy Mini Kit (Qiagen, Valencia, CA). Five ug of purificd RNA
was in vifro amplified either once or twice within a linear range of the amplification according to
the methods described previously (Phillips and Eberwine, 1996), and then the antisecnse RNA

(aRNA) was processed for cDNA microarray analysis.
2.3. cDNA microarray analysis

The present study utilized the custom microarray containing duplicate spots of ¢cDNA prepared
by PCR of 1263 sequence-known genes of various functional classes. The ¢cDNAs were

immobthzed on a poly-L-lysine-coated slide glass (Hitachi Life Science, Kawagoe, Saitama,

Japan). The complete gene list of the microarray is available upon request. aRNAs isolated from
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MS patient lymphocytes were labeled with a fluorescent dye Cy3 by reverse transcriptase reaction.
Pooled aRNA labeled with Cy5, amplified from RNA of T cell and non-T cell fractions of three
healthy volunteers, were used as a universal reference to standardize the gene expression levels
throughout the experiments. The arrays were hybndized at 62°C for 10 hours in the hybridization
buffer containing equal amounts of Cy3- or Cy3-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 signal intensities ol duplicate spots was
obtained after global normalization between Cy3 and Cy5 signals. The impact of inter-experiment
variabihity was venfied by analyzing a scatter plot (data not shown). The gene expression level
(GEL) was calculated according to the formula: GEL = the signal intensity of the MS patient's
sample/ the signal intensity of the universal reference. The gene regulation index (GRI) was
calculated according to the formula: GRI = GEL at 3 months or at 6 months after IFNf} treaiment/

GEL at Pre. The results were also expressed as box and whisker plots.

2.4. Statistical analysis

Statistical analysis was performed by using Cyber-T software
(www.genomics. uci.edu/software. html), a modified version of 7 test using the Bayesian inference
of variance (Baldi and Long, 2001). The discerible increases or decreases which do not reach the
levels of statistical significance were considered to indicate a trend of up-regulation or down-

regulation.

2.5 Northern blot analysis

Unfractionated PBMC isolated from a healthy subject were suspended at 1 X 107 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 pg/mi streptomycin. They were then incubated at
37°C for 4 to 24 hours in the medium supplemented with 100 ng/ml of recombinant human IFN
(PeproTec, London, UK), recombiant human [FNy (PeproTec), or both in a 5%ZCO2/95% air
incubator, followed by processing for RNA preparation. Four pg of total RNA was separated on a
1.5% agarose-6% [ormaldehyde gel and transferred onto a nylon membrane. After

prehybridization, the membranes were hybridized at 54'C overnight with the DIG-labeled DNA
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probe synthesized by the PCR DIG probe synthesis kit (Roche Diagnositics, Mannheim,
Germany) using the following sense and antisense primer sets; for IRF7 (640 bp).
S’CGCTGGACGTGACCATCATGTACAS3’ and STGCTCCAGCTCCATAAGGAAGCAC3 :
for [SG15 (423 bp), SCAACGAATTCCAGGTGTCCCTGAG3' and 5CGCAGATTCATG-
AACACGGTGCTC3'; and for [F16-16 (379 bp), SAAGGCGGTATCCGTTTTCTTGTGC3'
and S'CCTCATCCTCCTCACTATCGAGATS3'. The specific reaction was visualized on Kodak
X-OMAT AR x-ray films by the DIG chemiluminescence detection kit (Roche Diagnositics).





