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Microarray analysis identifies an aberrant expression of apoptosis and
DNA damage-regulatory genes in multiple sclerosis
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To clarify the molecular mechanisms underlying multiple sclerosis
(MS)-promoting autoimmune 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 from 72 MS
patients and 22 age- and sex-matched healthy control (CN) subjects by
using a cDNA microarray. Among 1258 genes examined, 173 genesin 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 wmost
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 (RTPK2), and silencer of
death domains (SODD), 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 downregulated in MS. These results suggest that MS Iymphocytes
show a complex pattern of gene regulation that represents a counter-
balance between promoting and preventing apoptosis and DNA
damage of lymphocytes.

© 2004 Elsevier Inc. All rights reserved.
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sclerosis
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Introduction

Multipte sclerosis (MS) is an inflammatory demyelinating
disease 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 mecha-
nism 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 Jigand
(TRAIL) are elevated in peripheral blood mononuclear 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; 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 simultaneously 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-
array 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 (IFNR) (Koike et al., 2003). IFNB altered the
expression of 21 genes, including nine with IFN-responsive
promoter elements, thereby contributing to the therapeutic effects
of IFN in MS. Supporting our observations, different studies
using distinct ¢cDNA microarrays identified IFNf-responsive
genes expressed in PBMC of RRMS patients receiving IFNp
(Stiirzebecher 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 CD3" T cells and CD3™ non-T cells isolated from 72 MS
patients and 22 healthy subjects by using a ¢cDNA microarray
containing 1258 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 control (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, reflecting 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 1. 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 1
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 fiactions

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 labeled 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 fiom
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).

¢DNA microarray analysis

The present study utilized a custom microarray containing
duplicate spots of 1258 ¢cDNA immobilized on a poly-L-lysine-
coated slide glass (HMitachi 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 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 healithy
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 arrays 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 (GSI Lumonics).
The average of fluorescence intensities (FI) of duplicate spots was
obtained after global normalization between Cy3 and CyS5 signals,

Characteristics

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

The number of the study population ()

Age (average + SD, ycear)

Sex (male vs. female)

Disease course (RRMS vs. SPMS)

Disease subtype (conventional MS vs. non-conventional MS)
Disease duration (average + SD, year)

EDSS score (average * SD, score)

Number of lesions on T2-weighted MRI (average + SD, number)

Number of relapses during 2 years before blood sampling (average + SD, number)
Day of IVMP treatment during 2 years before blood sampling (average = SD, day)
Day of hospitalization during 2 years before blood sampling (average + SD, day)

72 22

36.1 + 103 38.6 + 123
17 vs. 55 6 vs. 16
65 vs. 7 (=)

57 vs. 15 (=)

7.7 + 54 (=)

28 +20 (—-)
24.7 + 31.9 (=)
19+ 15 (=)

59 + 58 (-)
49.7 + 70.0 )

Based on the lesion distribution pattern, MS was separated into two subtypes, that is, the conventional MS that affects various regions of the CNS white matter
and non-conventional MS that affects chiefly the optic nerve and the spinal cord. Abbreviations: RRMS, relapsing—remitting MS; SPMS, secondary
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 FI
smaller than the level of 1000 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. 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 (Cybet-T)
using the Bayesian inference of variance, where they were
considered as significant when the error rate of this test was
smaller than 0.05 (Baldi and Long, 2001).

Northern blot analysis

Unfractionated PBMCs 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 pM 2-mercaptoethanol, 100
U/ml 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, St. Louis, MO) and 1 pg/ml ionomycin
(10M; Sigrma), or incubated for 24 h in the plate coated with 1 pg/
ml mouse monoclonal antibody (mAb) against human CD3
(OKT3) or in the medium containing 100 ng/mi recombinant
human IFN-gamma (IFNw) (a specific activity of 22 X 107 units/
mg, PeproTech, London, 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 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 Diagnostics, Mannheim,
Germany) using the sense and antisense primer sets listed in
Supplementary Table 1 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 analysis identified differentially expressed genes in
peripheral blood lymphocytes between MS and controls

Among 1258 genes 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
pattern of regulation between T cell and non-T cell fractions. The
top 30 most significant genes are listed in Tables 2 and 3, and

among them, top 10 are expressed as box and whisker plots (Figs. 1
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
(SMARCA3), transcription factor 17 (TCF17), carbohydrate sulfo-
transferase 4 (CHST4), cytochrome ¢ oxidase assembly protein
(COX15), and death-associated protein 6 (DAXX), were down-
regulated coordinately in both cell fractions.

The majority of top 30 differentially expressed genes between MS
and controls were categorized into apoptosis 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 (CYP1A2; No. 3). They also
included downregulation in MS of RGS14 (No. 4), mitogen-
activated protein kinase 1 (MAPK1; No. 6), SMARCA3 (No. 7),
TCF17 (No. 9), heat shock 70-kD protein 1A (HSPA1A; No. 10),
TRAIL (No. 12), topoisomerase 1 (TOP1; No. 13), protein tyrosine
phosphatase, non-receptor type 6 (PTPNG; No. 14), chemokine,
CC motif, receptor 5 (CCRS5; No. 15), v-erb-a erythroblastic
leukemia viral oncogene homolog 4 (ERBB4; No. 17), tran-
scription factor 21 (TCF21; No. 18), ATPase, hydrogen-trans-
porting, lysosomal, 56/58 kDa, V1 subunit B, isoform 2
(ATP6V1B2Z; No. 19), cAMP responsive element-binding protein
1 (CREB1; No. 20), integrin, beta 1 (ITGB1; No. 21), COX1I5 (No.
22), Myc protooncogene (MYC; No. 23), BCL2-associated
athanogene 1 (BAGI; No. 24), cell division cycle 16 (CDCI16,
No. 25), DAXX (No. 27), TGFp-stimulated gene 22 (TSC22; No.
28), GA-binding protein transcription factor, beta subunit 1
(GABPB1; No. 29), and poly(ADP-ribose) polymerase (PARP;
No. 30). Surprisingly, the top 30 included none of Thl-specific
marker genes except for CCR5. The concurrent downregulation of
proapoptotic and antiapoptotic genes such as TRAIL, DAXX, and
BAG]! suggests that the gene expression pattern 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-interacting
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 (Kohlmeier et al,,
2003). They also included downregulation in MS of SMARCA3
(No. 9), RGS14 (No. 10), COX15 (No. 11), A-kinase anchor
protein 11 (AKAP11; No. 12), TCF17 (No. 13), cell division cycle
25B (CDC25B; No. 14), granzyme A (GZMA; No. 15), BCL2
(No. 17), complement component receptor 2 (CR2; No. 18),
replication protein Al (RPA1; No. 19), RNA polymerase II,
subunit H (POLR2H; No. 20), E2F transcription factor 5 (E2F5;
No. 21), Ras associated protein RAB7-like | (RAB7LI; No. 22),
nuclear factor of activated T cells, cytoplasmic, calcineurin-
dependent 3 (NFATC3; No. 23), heat shock 70-kD protein-like 1
(HSPA1L; No. 24), retinoblastoma-binding protein 4 (RBBP4; No.
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25), protein kinase, DNA-activated, catalytic subunit (PRKDC; No.
26}, Ras association domain family | (RASSF1; 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 IFNvy. PBMC treated with PMA plus
IOM or anti-CD3 mAb showed marked upregulation of CD69, a
marker for early activation of lymphocytes, while those exposed to
IFNy exhibited the highest level of IFN-induced 15-kDa protein
(ISG15) (Figs. 3a and c, lanes 2—4). IFN regulatory factor | (IRF-
1) was induced equally by all these stimuli (Fig. 3b, lanes 2-4).
These results indicated that PBMC in vitro responded efficiently to
PMA plus 10M, 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 |, lane 2) while
those treated with anti-CD3 mAb exhibited more 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, TCFS8,

(a) CD69 1 (e) NR4A2

ILIR2, MAD, CXCL2, or TOP2A (Figs. 3¢, f, j, k, 1, and n, lane
4). The expression of CYP1A2 mRNA was not detected in PBMC
incubated under any culture conditions examined (not shown).
These results suggest that the genes 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 genes of both proapoptotic and antiapoptotic
classes. Northern blot analysis showed that most significant genes
on microarray were actually expressed in PBMC in vitro at
substantial levels in an activation-dependent manner. Our obser-
vations suggest that the gene expression pattern in PBMC of MS
represents a counterbalance between promoting and preventing
apoptosis of lymphocytes, which are 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 homeostasis of the immune system,
dysregulation of apoptosis contributes to the autoimmune patho-
genesis of MS. Therefore, it is worthy to note how the genes

(j) IL1IR2

() IRF-1 (f) TCF8

(k) MAD

() ICAM1

]
() CXCL2

(c) ISG15

(h) CDC42 |}

(m) SODD

(i) RIPK2

(n) TOP2A

2 3

| I | kIIll
4 i 2 3 4

Fig. 3. The genes upregulated in MS were expressed in cultured PBMC in an activation-dependent manner. Unfractionated PBMCs of a healthy subject were
incubated for 6 h in medium without (lane 1) or with inclusion of 25 ng/ml PMA and | pg/ml 1OM (lane 2), or for 24 h in the plate coated with | pg/ml anti-

CD3 mADb (lanc 3) or in the medium containing 100 ng/ml IFNy (lanc 4). They were then processed for RNA preparation. Three micrograms of total RNA was
separated on a 1.5% agarose—6% formaldehyde gel and transferred onto a nylon membrane. The membranes were hybridized with the DIG-labeled DNA probe
specitic for CDG9 (panel a), IFN regulatory factor 1 (IRF-1; pancl b), IFN-induced 15-kDa protein (ISG15; pancl ¢), NR4A2 (panel ¢), transcription factor
(TCFR) (panel f), ICAMI (panel g), CDC42 (pancel h), RIPK2 (panel i), 1L-1 receptor type H (IL1R2) (panel j), Max dimerization protein (MAD) (panel k),
chemokine, CXC motif, ligand 2 (CXCL2) (panct 1), silencer of death domains (SODD) (panel m), and topoisomerase 2 alpha (TOP2A) (panel n). The
cthidium bromide staining of the representative gel is shown in the pancl d.
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Fig. 4. Aberrant expression of apoptosis signaling-related genes in MS lymphocytes. More {han 80% of the top 30 differentially cxpressed genes between MS

and CN groups were categorized into apoptosis signaling-related genes of botl
(1. red) or downregulated ({, blue) in MS. The expression of a subsct of

i proapoptotic and antiapoptotic classes, whosc cxpression was either upregulated
genes involved in DNA repair, replication, and chromatin remodeling was also

dysregulated in MS. The figure represents an integrated view of the results derived from both T celf and non-T cell fractions. Abbreviations: DR, death receptor;
TNFR, TNF receptor; D, the DR/Fas/TNFR-mediated apoplosis-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 identified 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. Importantly, Nurrl is induced in human T cells
during apoptosis (Okabe et al., 1995). The members of this family
positively regulate clonal deletion of self-reactive T cells in the
thymus (Zhou et al., 1996). TCF8 upregulated in MS T cells
encodes a transcriptional repressor for the IL-2 gene (Williams et
al., 1991). Thymocyte 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 element (CRE) located in
the promoter of the genes pivotal for T cell function (Barton et al,,
1996). Thymocytes and T cells of transgenic mice expressing a
dominant-negative mutant CREB show a profound proliferative

kl

defect caused by apoptotic death following activation (Barton
et al., 1996). TRAIL downregulated in MS T cells is a type 1l
membrane protein of the TNF family that induces apoptosis
preferentially in transformed cells via the death receptors DR4 and
DRS5. A previous study by using RT-PCR analysis showed that
TRAIL mRNA levels are elevated in PBMC of MS (Huang et 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-deficient mice presenting with a
severe defect in thymocyte apoptosis are hypersensitive to
induction of autoimmune diseases (Lamhamedi-Cherradi et al,,
2003). NFATC3 downregulated in MS non-T cells is expressed
chiefly in double-positive thymocytes during development. Devel-
opment of CD4 and CD8 single positive thymocytes and peripheral
T cells is impaired in mice lacking NFATC3, accompanied by
increased apoptosis of double-positive thymocytes (Oukka et al.,
1998). It 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 homeostasis
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
superfamily 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 CYP1A2 in human liver
microsomes (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. GABPB1 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 consumption, 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 lymphocyte recruitment in the CNS

Microarray analysis identified an aberrant expression in MS of
several regulators of lymphocyte recruitment. ICAM-1, the most
significantly upregulated gene in MS non-T cells, is a ligand for
lymphocyte function-associated antigens LFA-1 and Mac-1.
ICAM-1, expressed on activated endothelial cells, T cells, B cells,
and monocytes, regulates lymphocyte trafficking into the CNS.
Importantly, a costimulatory signal through ICAM-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). ITGB1 downregulated
in MS T cells encodes a common beta chain of the very late
activation (VLA) protein family. The interaction of VLA4 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, MIP13, MCP2, and macrophage-tropic HIV
virus. It is expressed predominantly in polarized Thl T cells
(Bonecchi et al., 1998). The interaction of CCR5 with a HIV Env
protein upregulates FasL expression, leading to a Fas-dependent
apoptotic death of HIV-uninfected CD4* T cells (Algeciras-
Schimnich et al., 2002). A previous study showed that the number
of CCR5" T cells producing high levels of IFNvy is increased in
progressive MS but not in RRMS, suggesting that they play a role
in the conversion of two distinct 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 CXCR2, the receptor shared with 1L-8. Macrophages,
when they phagocytize apoptotic cells, produce a large amount of
CXCL2 (Kurosaka et al., 2003).

Apoptosis-regulatory genes whose involvement is unpredicted
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 NHj-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, enhances 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-kB 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 TNFR1 (Tschopp et al., 1999). The
HSP70 family protects cells against apoptosis by sequestering
apoptotic protease 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 HSPAIA
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,
1995). 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 dendritic cells
is upregulated by NF-«xB activation (Fearon and Carrol, 2000).
The CD21, CD19, and CD8I 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

Microarray 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 genes (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 TGFR 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 (Nicholson et al.,
1995). RPA1 downregulated in MS non-T cells is a single-stranded
DNA-binding protein associated with a large RNA polymerase 1I
(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, RPA] 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)J 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
Iymphocytes. 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 factors 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. MAPK1 downregulated in MS T cells is
a member of the MAP kinase family serine/threonine kinases that
play a role in protection of cells from apoptosis (Allan et al,, 2003).
RGS14 downregulated in T and non-T cells of MS, a member of
GTPase-activating protein family, attenuates IL-8 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 cells
encodes a member of the basic helix-loop-helix family of
transcription factors. TCF21-deficient mice show extensive apop-
tosis of splenic precursor cells during development (Lu et al.,
2000). TSC22 downregulated in MS T cells is a TGFp-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 RASSF1 induces apoptotic death of HEK293 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 (Aspenstrom, 1999). It serves as a substrate for caspases
in the Fas-signaling pathway (Tu and Cerione, 2001). Rab7L1
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. Concananyy-
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
CDC2 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).

PTPNG6 downregulated in MS T cells encodes a cytoplasmic
protein-tyrosine phosphatase named SHP-1. It inactivates several
receptor and non-receptor tyrosine kinases by dephosphorylation,
and plays a role in induction of apoptosis upstream BCL2
(Thangaraju et al., 1999). AKAP1! downregulated in MS non-T
cells belongs to a family of scaffolding molecules that regulate the
spatial and temporal location of PKA. AKAP!1, by forming a
complex with the regulatory subunit of PKA and type 1 protein
phosphatase, inhibits glycogen synthase kinase-3p, a key enzyme
involved in regulation of apoptosis (Tanji et al., 2002). EGF
downregulated in MS non-T cells induces apoptosis of A431
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.
Neuregulin 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 sugpested 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 composition
of the blood sample, with gender, age, and the time of day at which
the sample 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 handling 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 each fraction verified
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,
alcohol intake, and the menstrual condition. Aspirin, one of
nonsteroid anti-inflammatory drugs (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 estrogen-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,
and 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.
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Pioglitazone BRI K 5MEEY A a7 4 =D
PEFR R IE

WA @ kR OE®
EBh WA /NI FEX

Wi ek
JiuF

HE REZ

BE  GREMTZFOT ¢ — (DM1) KEHT BHERBICH U 1 > 21 L EHERER pioglitazone DRE
Bt L 7= ERIR A4t L 7- DM1 8% 8 AT, 5 5 3 Ald glibenclamide % FIAR LTWESIEI Y b O—LET
BT# 7. Pioglitazone 15mg ¥ H %5 (glibenclamide (3 F1E) T 15.4£9.6 71 ABERZL, ik =D =E
JLiE BIFT, EIEREPEMERIZEC b/, 75g EH FRYEAFRRTE, EATHEOLEILBITET
L, 12 RY LHBEIE 4 ADPIBETE, 4 APETL L. DM1 BEORERBICIE, &< CRBHEICA AU D
BMOMERIC H 3 BETIE, pioglitazone PEMTH B EE AT '

(PEpRIB4Z, 45:287—292, 2005)

Key words : BBV A bu 7 4 —, HRME, 12 VIR, 7V VUL, T5g AR

LI

HEREMEY 2 F 7 4 — (DM1) Tl 5~125% O BEHHE
REZatET 20, BREICWEZSRES, LIILES YR

VMR AL, 2RO MERIF 4 Y A Y YERD

C BEETH-TH, 7 FIHEMIILIYWEESLLCIRIA
FRF2 I A%, DM OERFIE 2 BIFERRE & H
LB TH 5207, 2HBERBETB I Rbh hRERIEL
SEBRFHER TS B I 2 R D%, DML BE, 5
THET D720 B4 CEENENT, BEERSREDS L, &
HEEEE AR TV, EHREREIGHIETOLDCHETS
B. 4 VAT VIEPIERES pioglitazone 1, EFEHRE, EB)
BEORATRTOLEHRENZLNT, 4 VA VRIS D
B, b LRANKFEVREECIER TS +o% 28
ERFIESASD BY. T CHRFBEEEHELADMLOA
VAY VIEREAREL, R E-ATAI LR
~ HIZ pioglitazone ANIRIBE OB R Z e L.

WRET A

Uiz AR, R IME R T I A b=y Tui 4 v E
F - PREFOFRBMREZOCTGY ¥ — MEREDDH 5 DMI
BET, BREEAFLEZSAGEEA, 2N, ¥y
#5521 £86 7% (32~60 %) ZAH L L7z (Tablel) . H—
RROZEEd ol BEOBEENEI2AGEE2
BAECHDFTURT, o6 NZERTFCHEIRH TS

7-. Body mass index (BMD)®TIx 8% 3, 6 ® 2 A4$BMI 25

BETHR#ETH o . ARERHEEOBMEREICERLY,

(1) WEBSMAE 200me/dl PLEZFEER, (2) FHIZEfER MBE 126
mg/dl Bl %R, (3) Tog HAMAR (7560GTT) T 120
AHO M 200me/dl PLEEHER, OV Thi THRIRFE L
L, BOBIC s UHERBEI RSNz d ORERA L
SHF L7 BE 1, 3, 5, 6ixBWEE (1) RHEAL, BF

2,04, 7, 8 (D & (3 Bl LL (@) BHLTEEE

Bdrol, BE I~ 3MERTEICIDEREBI2>TH
59, BHEEROMB G o T, BH 6~8 1 glibencla-
mide (Euglucon® % HAIMIZAMR L T 7z78, Moz b
T VIEARERT, AiC 1~2 B, ZERCRMBERE IR E
LB Edhotn. FOH3AED glibenclamide % B &
L7-BEfEd D 0, B 713 25mg A > REINICIL 025me 3
- glibenclamide Z BB LTz, WIhoBE S glibencla-
mide ® KR % 1L 5 & & ILAE A4 U 72, Homeostasis
model assessment-insulini resistance (HOMA-IR) (2R D A .
VA VIEFEO ST T, ZERILE (me/dl) x IR
A ¥ A EWU/ml) /405 A HEH L7, I X EE,
LER, v MOEET MY AFURARTF F(HANP) 3£F
PEFHFMCHY, LAEERET S OERP o7,

B 1~5 I ERFODITE, NEIC L 23H L AZOL &
12 pioglitazone (Actos®) 15mg # BRI L 72, BH 6~
81X, glibenclamide WARMECHMED T ¥ + T — VAREET
BB EHUPL, AEE LT glibenclamide Z 1L L, FI&
1 pioglitazone 15mg PIARICZSTE L7z, PUIRBIRART 1 4 A LA
ORAEE L BEPORFTOREMZ LB LIBRMREZHEL

EAH - it v ¥ —RERA NS (7 187-8551 §§%$$W¢mﬁm¢ﬂ—ﬂ

(ZftH 1200444 B 5 H)
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FRERMPESE 45%4 %5 (2005 4)
Table 1 Pretreatment profile of patients
Age(year)/ | CTG | Walking BMI Dose of Casual plasma HbA. '
Patient SZX repeat abilit (kg/m?) glibenclamide glucose (%) N HOMA-IR
P v g (mg) (mg/dD) °
1 51/M 400 WC 17.8 — 230 6.1 06
2 60/F 1,700 WA 18.2 — 289 6.1 23
3 52/M 1,400 WA 25.0 — 202 5.7 2.3
4 54/F 3900 wC 16.0 il 269 6.8 16
5 54/M 1,000 wC 20.6 — 225 5.6 27
6 32/M 1,400 wC 269 125 213 79 2.8
7 57/M 1,100 wC 216 0.25 257 6.3 0.6
8 57/M 1,400 WC 171 1.25 231 7.0 33
Meéan * SD 521+ 86 — — 204 * 39 - 2395 = 295 64 % 08 21+ 10

BMI': body mass index, HOMA-IR : homeostasis model assessment-insulin resistance, M : male, F : female, WC : wheelchair, and WA : walking

with aid.

7o, B, B 6~8 i glibenclamide IR 12 pioglitazone
HIRBERT DM Z B 2 iz o 72, 75g0GTT TIIIEE T, 5
B 30 4518, 60 414, 90 5%, 120 48, 180 iRl iiE:

IRI % WE L7z, EHFIROFEIZIX 75g0GTT T E
#1205 0OMmE L EAMEZ 1200 F TO IR M T HF
(BIRI(UU -« hr/ml)), HOMA-IR % Fe#t 7=, W&maM St
BMI, HbA« 2L, HANP %5 < Oz MEHE, WX
WMERE, LER, Lhoa—, BERZ2EUNICBI o7

FEFTIC I StatView (ver. 5.0)®% H L, paired t METWT
b p<005 2 HEE Lo

% =

pioglitazone G 1L 14.8+9.1 7 F 1 (6~36 7 B) Bl
L7, BEHBRICHE L 2BV d o,

75¢0GTT D&t (Fig 1) : SR B O Mk 13 &5 T 126
mg/dl T Choiz. ERTRONRENZWEES A
3B 3 AL, HEERO 75g0GTT C—k iz s LE T 2
Ny = THY, BELIEARN 0 AR, BE 2 IEAW
60 438212, BE 3 AW 30 5, FREFRMEO Y —
W o7z (Fig 1-A). BE 4, 513, BEEF 180 SBIC5172
CHfEN LR+ 5 MY — > TH o7 (Fig. 1-B). IRI
ORF—VIFEAEPHY, IRIOY—27 OBEMIZ—E L%
o7z, pioglitazone {HRF D IRI DEL S TAERD - 7=,
glibenclamide #* & pioglitazone IZAREAEE L7286,
7, 81, 75g0GTT O M HTHET LA L L, B
6, TTRITNTORETHENEL D HEPOIRIFET
L7z (Fig. 1-C). .

PEE 120 418, =IRI, HOMA-IR (Fig.2) : pioglitazone
BRI O THBETIEEFI TN 120 20 MU 7ME
TL, BEMNOFY2033+417mg/dl 7 5B F P LT
1539+395mg/dl IR EICHEL 72 (p=0004) (Fig.2-A) .
ZIRT i3, pioglitazone {f % B @ ¥ 35 236.9+ 170.2uU * hr/ml
PO IEEFIZFY 1606+ 81.3uU « hr/ml K FEMME & &
B7z(p=012). HERNC ZIRI A% 250uU - hr/ml BETH o

72 4 NEIEHHIC ZIRT 2884 L, JRHERTIC ZIRT A% 150U -

hr/ml BT Ch o724 AiFHRED I SIRIGEERML 7
(Fig. 2-B). HOMA-IR IZGEMOFH 21+ 1.0 5 SEES
11204 IZEEICHE L2 (p=004). HHEHIZ HOMAIR
W25 P ETHhorz4 N, WhE#ETIX HOMAIR 25T 485 72.
F7z, AR 7 ANZHEBETO HOMAIR 15T Th - 72

 (Fig.2-C).

BMI, HbA., BIfEH (Table2) : Pioglitazone {&ERI & i&
T BMIL & HbAL KHELREMNMIZ D -7 (p=034, p=
021). WGRHIRM APICH - 2 IF R S, BRERE, 054,
RIFEFEE, WA RE Ul o7, B¥E 81X HANP 2NRE
W EF L7278, 3 X MEHE, Lo o — TSR TR L,
pioglitazone PIBRIAHE % fikft L /2.

z B
DMI BEREEERZ EPORET L L HE L, AFHE

BB, ANAZVRERD LS B4 ¥R Y ¥ W% AR
T B IR O A ¥ R ¥ BT IS & 2 MR O

WCIHMEMAE L = CAERSH 5. T/, DML Cid 2R

WEEAWNT 5 LEMIER LA YR VR Eh, KILHE
EBEVPFRINDL I ELHE SN T B9, glibenclamide
75 pioglitazone 12 L7 B H b & { ¥, pioglitazone A
PHEAERESB &Y, BRECEHERGEEZ X 2.
75g0GTT TO DM1 o sz s, EHE, #ERFA,

MR E, EHTHLIEFRESNTNED?, KD
WREBEETHHEEFROMPED LAY — Vi3t Tholz
A5, WEh®DF— 2 Th o T b pioglitazone i&H O MAE
3 L7z, SIRI OFBIZEANZEDL D - 72, ZIRI 5 250uU -
hr/ml M\ EOBSWMOBEE SIRIBBAL, 4 v 2Y vib
BEENBA LT, IS LEE L 2. TR AY150uU - hr/ml
DTosuAREEEE, SIRTIGEERENL -, ploglitazone
HIRIZE o TDML DA Y A Y Y ERBIFICHS SN
WL H 5. F72, HOMAIR 13—z 25 LETA Y R
YEREDSHD, L5 UTTEF L ST, Z0EEL
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Plasma glucose level
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Serum insulin level

) (mg/dl) (U/mi)
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Fig. 1 Results of 75g oral glucose tolerance test. Patient 1, 2, and 3 show monophasic increase in
plasma glucose (A), Patient 4 and 5, biphasic increase in plasma glucose 180 min later (B). Patient
7,8, and 9 are under glibenclamide treatment (C). Plasma insulin levels decrease significantly in pa-
tient 5, 6 and 7 but remain unchanged in others. Pt.: patient.@, B, 4 : pretreatment andO,[],4

during pioglitazone treatment.

Xk, AFEO 8 ¥ 4 N3 pioglitazone IHERNICA ¥ &
) VIR D o 727F, BRI VA YEBUERA LD
L N7 Ar o 72, ploglitazone i DM1 D4 ¥ A VIEHHEE Y
BLEELE, LA VARY) VBSWOBRKOBET
HHABESEWITREEND 5.
INFTCIEDMIKA YA VIEFINRRETAEEND
FFVY UV HERO—DTH B troglitazone F 5 L 72
EHD, WREEAH LA DML O 22 BT, troglh
tazone ¥ 12 @EHRE LI2L 25, 4 YA YEFUESHE
L, BRI A b= 7AHE LAY, UL, BRI
VW72 5 72\ DML @ 35 BT, amitriptyline IZHEA LT
troglitazone % 6 BRIRG- L& 25, 4 Y A ¥ EBEEDR
LHEL, A YA VBGMBEIGHEE L. £ LT, troglita-
zone F 1k 4 BROWRETIEA Y AU Y BEWHYE L2
¥, troglitazone i34 Y A Y VIEHEE B ST LW EEE
A7, troglitazone ZEELZIFEBEQCR RO
gk 22 Y, R DML &S LR~ OBERNR

OFMIZEE B o072 LA L pioglitazone Tid 4 ¥ A Y
VIERBEREESN, 4 VAT VEMREAR SN 2B
FFTRKIHT MR, ARBETIELPATER
oz,

pioglitazone DA EHERIL, FFEsEE I %, FEE
LB LAEFREINTH ALY, RIFFEROBETIE, 8 AR
TAWCHANP O ERA 3 SN2 05, DAL T 2 d o 72. DML
TRLFAERHZLTHIREF P TAHMRERRTFF
(BNP) A LHET 5 I &35, DHEREOFEIC & HANP 2°
INEBTHLIERFRENTVSEY. LiL, OMERD
EETHHANP B ERTAHEVWIRELH Y, BED
HANP FE0ZEI T IIHEEETH - 72. pioglitazone HHEH
BIRS X BEER L TCORBBEILELZZ 5%, DM
Tl pioglitazone WIR TLOAL Z HAET AR L (ITEW
EEFEZIT .

— IR 2 BUERR R OB, T3A YA ERED
BB L o TEFASEE SN, ML RO I B Ml
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(A)Plasma glucose level at 120 (B) Serum insulin area under the (C)HOMA-IR
min . curve
(mg/dl) (uU-hr/mi)
280 600
500
240
400
200
300
160
200
120
100
80 : 0 0
Pretreatment During Pretreatment During Pretreatment During
Pioglitazone ~ Pioglitazone ' Pioglitazone
treatment treatment treatment

1Pl —O— Pt.2 —fp— Pt 3 —@— Pt4 —O— PL5 —fB— PL6 —@— PL7 —A—Pt.‘S

Fig.2 Plasma glucose level at 120 min of 75g oral glucose tolerance test (75g0GTT) (A), serum insu-

lin area under the curve (ZIRI) of 75g0GTT

(B) and the homeostasis model assessment-insulin re-

sistance (HOMA-IR) (C). Plasma glucose level at 120 min decreased during pioglitazone treatment
in all patients. ZIRI decreased patient 3, 5, 6 and 7 with a pretreatment £ IRT=22501U « hr/ml, while
it increased in other patients with pretreatment X IRI=< 15000 - hr/mi slightly. HOMA-IR im-
proved significantly during pioglitazone treatment in patient 3, 5, 6 and 8. Pt. ; patient.” : p<<0.05.

Table 2 During pioglitazone treatment.

Patient aggsiililstfrz;c?:n (k]?gr/vrlx{?) HbAlc (%) (IggA/II\E)
period (months)

1 12 178 6.0 <10
2 12 191 6.4 25
3 9 250 5.6 16

4 16 157 65 14

5 12 19.8 54 <10

6 36 257 46 10

7 6 216 65 26

8 15 165 6.1 47

Mean = SD 148 £ 9.1 202 + 37 59+ 07 —

BMI : body mass index, HANP : human atrial natriuretic peptide.

PODL VAY YRWARET B, VT B MO
EoTAYARY) YHFWBPETL, B4 VAU VILETH Y %
FOMBEFERTH2MEEA VR D RROKREIZR Y, &
BACHEN I A > 2 YA RIC L BHERBNEHEITT 5 &
ZZONRTWAE®, brdl 4y YEFENDD, &1
YAY VIER & S %) DML BE D2 BIHERR & HU 0%

WEIzE BT B, pioglitazone IEHIC & T DMI DO B
MROEMLFHTHZ LT, HERFEOMEL LT 23R
PR TR BRENSSH 5. L L, BRATE, HbAw 2% E
% 7% DM B2 pioglitazone 16 % B 2 72 ) L EM LT HE
BEEZWET A LTI AELFHTE, T
PEGFREED LI PP bEONEG Y, REZEIZS V.
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Pioglitazone B 512 & 2 HREE Y A b w7 1 — OERIFIER

&1, S OICEMIZh o T pioglitazone 1B & HBER§
2Lk bz, W ST 55 pioglitazone K5 L, &
BillaD R E TR AL THRBOREZHIETE 52
ERETRETHHS.

4 VA VI (SIRI>90pU - hr/ml), B (BMI=25
kg/m?), BIME, BEAHEE, BRECERESR CORT
i, FRENIEETH - CHRBICHEET S & TRIMmME
DERRYORBEVAZ LTS &80, 4 v A Yk
FEERELVIBESRBERTWE®. DML TEA ¥ A
VIERUME L IREAMEE AL D, AEEESZ Y, B8R
Bkt b LB Lwa & d 47k { %\, pioglitazone 12 A
sl 2 W 2 53R b H 0, pioglitazone K H 12 & o
DMl BEOHEOBKOBERETF AR O € HWRENH
5. La»Ll, DML & cEmit M RESS W, 72 DMI
CHREBRETFE LCEELE) PRAETHY, RETF<E&
mag Ly 7 DM OEENLREREE LTHYLT 572D
i, & ¥ %< ©» DM1 E# T pioglitazone HECERAZE
BT LUNERHAS.

A O—ERi, 544 B AARMEEARSA (003 5 A, #i)
CRELS. E AR O—IRIE A S IE A - AR BT
BB (4B VA a7 4 —ORREEFHEECHETS
BAERFTRIE) ko TB I hbhiz,
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