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cytokine production, cytotoxic activity, or the antimetastatic
effect caused by the «-GalCer injection. These results indicated
that the iNKT-cell activation by «-GalCer was limited by
CD94/NKG2-mediated suppression and blockade of CD94/
NKG2 could significantly improve the antitumor effect of a
secondary o-GalCer treatment.

Discussion

In this study, we have shown that activation of iNKT cells is
critically regulated by CD94/NKG2. In addition to TCR and CD28,
naive iNKT cells express activating (NK1.1, NKG2D, and Ly49D)
or inhibitory (CD94/NKG2 and Ly49A/C/I/G2) NK-cell receptors.
All of these cell surface receptors were rapidly down-modulated
upon priming of iNKT cells with their TCR ligands (o-GalCer or
OCH). Two to 3 days after the priming, iNKT cells re-expressed
TCR and CD28 on their surface, but CD94/NKG2 and Ly49
remained down-modulated. This pattern of expression enabled the
primed iNKT cells to produce a larger amount of cytokines upon
secondary stimulation with «-GalCer. Of interest, OCH was
superior to o-GalCer in priming iNKT cells for a secondary
response to a-GalCer, resulting in a markedly enhanced antimeta-
static effect. We found that IFN-y induced by a-GalCer priming
up-regulated Qa-1°, which in turn suppressed the secondary
iNKT-cell activation via CD94/NKG2. Thus, the blockade of
CD94/NKG2 markedly enhanced the antimetastatic effect of
«-GalCer after a-GalCer priming. These findings revealed a
negative feedback regulation of iNKT-cell activation by IFN-y~
inducible Qa-1° and provided a novel strategy to improve the
antimetastatic effect of o-GalCer by priming with OCH or by
blocking CD94/NKG2-mediated suppression.

It was unexpected that OCH was far more effective than
a-GalCer in priming the secondary iNKT-cell responses to a-Gal-
Cer, since OCH and a-GalCer similarly modulated iNKT-cell
surface receptors and OCH was rather inferior to a-GalCer in
expanding iNKT cells upon priming (data not shown) as recently
reported.5® We hypothesized that IFN-y produced by iNKT cells
upon priming with o-GalCer might be responsible for this differ-
ence, since OCH did not induce IFN-y production in vivo. We
found that a-GalCer priming up-regulated the expression of Qa-1°
in an [FN-y—dependent manner, which suppressed iNKT-cell
activation in response to secondary a-GalCer stimulation in vitro
and in vivo. Qa-1°is an MHC class Ib molecule broadly expressed
on leukocytes and it predominantly presents a canonical signal
peptide of classical MHC class Ia molecules, called Qa-1 determi-
nant modifier (Qdm), in a transporter associated with antigen
presentation (TAP)-dependent manner, thereby indirectly represent-
ing cellular MHC class la levels.323? The up-regulation of Qa-1®
expression by IFN-y might be due to increased transcription of
Qa-1° and/or increased TAP-mediated loading of Qdm onto Qa-1°.
The Qdm/Qa-1° complex is recognized by inhibitory CD94/
NKG2A and activating CD94/NKG2C or E receptors.?!'®® The
CD94/NKG2 receptors expressed on naive and primed iNKT cells
were predominantly CD94/NKG2A as estimated by staining with
an NKG2A-specific mAb as previously reported.?? It has been
shown that CD94/NKG2A expressed on NK cells and CD8* T cells
suppressed their activation.3* However, our present results are the
first indication that iNKT-cell activation is critically regulated by
CDY4/NKG2A. Similarly, inhibitory Ly49 receptors, which recog-
nize MHC class Ia molecules directly, have been reported to
suppress o-GalCer—induced iNKT-cell activation.?®35 Since CD94/
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NKG2A is more frequently expressed on iNKT cells than Ly49, it
may play a more dominant role in regulating iNKT-cell activation.
The IFN-y-mediated Qa-1° up-regulation may be a negative
feedback mechanism to maintain self-tolerance of iNKT cells and
avoid a pathogenic effect of iNKT cells. 3639 It will be interesting to
explore the iNKT-cell functions in Qa-1—deficient®® or CD9%4-
deficient? mice in future studies.

Consistent with recent reports,!8-20 we observed a rapid down-
modulation of TCR and NK1.1 on the surface of iNKT cells upon
priming with their TCR ligands, which mostly accounted for the
apparent disappearance of iNKT cells. However, intracellular
staining 1 day after a-GalCer priming demonstrated a 20% to 30%
reduction of iNKT-cell numbers compared with untreated mice
(data not shown), and some annexin V-positive iNKT cells were
detected in the liver and spleen promptly after a-GalCer injection
as we reported previously.!S Therefore, some minor fraction of
iNKT cells appeared to be susceptible to AICD upon «-GalCer
priming. A significant increase of CD94/NKG2*+ iNKT cells after
o-GalCer priming suggested that these cells were more resistant to
AICD than CD94/NKG2~ INKT cells. This preferential survival
and/or expansion of CD94/NKG2* iNKT cells might be at least
partly responsible for the higher sensitivity of primed iNKT cells to
Qa-1% and CD94/NKG2-mediated suppression.

We and others have recently shown that the expansion of INK'T
cells is maximal 3 days after «-GalCer priming and then iNKT-cell
numbers gradually return to normal levels by homeostatic mecha-
nisms within 7 to 10 days.>#2 This is consistent with the kinetics
of recall responses of a-GalCer— or OCH-primed mice to «-Gal-
Cer, suggesting that the enhanced secondary responses were
mainly due to expansion of iNKT cells after priming. However, the
enhanced secondary responses were mostly maintained up to 10
days after a-GalCer priming if CD94/NKG2-mediated suppression
was blocked at the secondary a-GalCer stimulation. This suggests
that the primed iNKT cells with a high capacity to produce
cytokines upon restimulation persist (typical of effector/ memory T
cells), although they are under a strict regulation by CD94/NKG2A-
mediated suppression.

A recent study has shown that the recognition of a-GalCer
analogues was influenced by the TCR Vf repentoires of iNKT
cells. OCH was preferentially recognized by VB8* iNKT cells,
which also have a higher avidity for a-GalCer than VB7+ iNKT
cells.”# Thus, a preferential expansion of VB8* iNKT cells after
OCH or «-GalCer priming might also be responsible for the
enhanced responses of primed iNKT cells to a-GalCer restimula-
tion in vitro and in vivo.

We have previously shown that o-GalCer administration into
naive mice induces sustained IFN-y production and cytotoxic
activity, which were mediated by NK cells secondarily activated by
IFN-y derived from iNKT cells and 11.-12 derived from DCs.16:2931
Thus, depletion of NK cells mostly abrogated the sustained
a-GalCer response and consequently impaired the antimetastatic
effect of o-GalCer. In contrast, «-GalCer administration into
OCH-primed mice induced a greatly enhanced IFN-vy production at
5 hours but not at 16 to 20 hours, which was not reduced by
NK-cell depletion (data not shown). This indicated that OCH
priming mainly enhanced IFN-y production by iNKT cells them-
selves, rather that secondary activated NK cells, upon the second-
ary a-GalCer stimulation. However, the markedly enhanced cyto-
toxic activity of liver and spleen MNCs 24 hours after a-GalCer
boost in OCH-primed mice was mostly abrogated by NK-cell
depletion (K.T., unpublished data, May 2004). In addition, the
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significantly augmented antimetastatic effect of a-GalCer in OCH-
primed mice was significantly inhibited by NK-cell depletion
(K.T., unpublished data, May 2004). These data suggested that
IFN-vy-activated NK cells were mainly responsible for the antimeta-
static effect of a-GalCer in the OCH-primed mice. In this context,
the CD94/NKG2 blockade might augment the antimetastatic effect
of a-GalCer by enhancing the activation of not only iNKT cells but
also NK cells, since NK cells also express CD94/NKG2A inhibi-
tory receptors. Thus, blockade of the CD94/NKG2A suppressive
pathway may be effective at either the induction or effector phase
of the a-GalCer-induced antitumor effect.

The most notable finding of this study is that the antimetastatic
effect of a-GalCer was greatly improved by the OCH-priming or
the CD94/NKG2A blockade. OCH was a weak inducer of iNKT-
cell expansion and IL-4 production but did not induce IFN-y
production or antimetastatic activity by itself.%”° However, OCH
modulated iNKT-cell surface receptors as efficiently as a-GalCer.
These OCH-primed iNKT cells produced a huge amount of IFN-y
upon secondary o-GalCer restimulation in vivo, resulting in a
potent antimetastatic effect. The inability of OCH to induce IFN~y
was a beneficial propeity for priming secondary a-GalCer re-
sponses because IFN-y down-regulated the secondary iNKT-cell
responses by up-regulating Qa-1® and thus CD94/NKG2A-
mediated suppression. Recent studies have demonstrated quantita-
tive and qualitative differences in the in vivo response of iNKT
cells to distinct a-GalCer analogues, including OCH and $-Gal-
Cer? Like OCH, in our preliminary experiments, priming with
B-GalCer a26,° another weak iNKT-cell ligand inducing poor
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cytokine production, also potently enhanced iNKT-cell responses
to a-GalCer restimulation (data not shown). a~-GalCer and OCH
have been shown to activate human Va24 iNKT cells in a similar
mannper to murine Val14 iNKT cells in vitro, 4 and «-GalCer is
now in eary clinical trials in cancer patients.243 Therefore,
priming with OCH may be a novel strategy to improve the
therapeutic effect of a-GalCer in such patients. Further exploration
of an a-GalCer analog with a better priming effect is also
warranted. CD94/NKG2A blockade might be also applicable to
improve the antitumor effect of a-GalCer in humans. In addition to
an antitumor effect, a-GalCer has been shown to protect mice
against infections and autoimmune diseases.!#13:14 Therefore, the
priming with OCH and the blockade of CD94/NKG2A may also be
applicable to improve the therapeutic effect of a-GalCer in these
diseases. However, it has also been shown that o-GalCer occasion-
ally exacerbated autoimmune diseases, depending on the model
and/or administration protocol.# Moreover, overactivation of iNKT
cells can induce tissue pathologies.’¢*® Therefore, further studies
are needed to determine the optimal prime/boost protocol or
blockade of NK-cell receptors in iNKT-cell-targeting therapy for
the safe treatment of tumor, infections, and autoimmune diseases.
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A form of wa-galactosylceramide, KRN7000, activates CD1d-re-
stricted Va14-invariant (Va14i) natural killer (NK) T cells and
initiates multiple downstream immune reactions. We report that
substituting the C26:0 N-acyl chain of KRN7000 with shorter,
unsaturated fatty acids modifies the outcome of Va14i NKT cell
activation. One analogue containing a diunsaturated C20 fatty acid
(C20:2) potently induced a T helper type 2-biased cytokine re-
sponse, with diminished IFN-y production and reduced Va:14i NKT
cell expansion. C20:2 also exhibited less stringent requirements for
loading onto CD1d than KRN7000, suggesting a mechanism for the
immunomodulatory properties of this lipid. The differential cellular
response elicited by this class of Va14i NKT cell agonists may prove
to be useful in immunotherapeutic applications.

cytokines | inflammation | autoimmunity | immunoregulation

N atural killer (NK) T cells were defined originally as lym-
phocytes coexpressing T cell receptors (TCRs) and C-type
lectin receptors characteristic of NK cells. A major subset of
NKT cells recognizes the MHC class I-like molecule CD1d by
using TCRs composed of an invariant TCR-a chain (mouse
Val4-Jal8, human Va24-Ja18) paired with TCR-g chains with
markedly skewed VB usage (1). These CD1d-restricted Val4-
invariant (Val4i) NKT cells are highly conserved in phenotype
and function between mice and humans (2). Val4i NKT cells
influence various immune responses and play an important role
in regulating autoimmunity (3, 4). One example is the nonobese
diabetic mouse. When compared with normal mice, nonobese
diabetic mice have fewer Val14i NKT cells, which are defective
in their capacity to produce antiinflammatory cytokines like TL-4
(5, 6). Deficiencies in NKT cells have also been observed in
humans with various autoimmune diseases (7, 8).

Valdi NKT cells have been manipulated to prevent or treat
autoimmune disease, mostly through the use of KRN7000, a
synthetic a-galactosylceramide (a-GalCer, Fig. 14) that binds to
the hydrophobic groove of CD1d and then activates Va14i NKT
cells by means of TCR recognition (9). KRN7000 treatment of
nonobese diabetic mice blocks development of T helper (Tx)
type 1-mediated autoimmune destruction of pancreatic islet
B-cells, thus delaying or preventing disease (10-12). There has
been considerable interest in methods that would allow a more
selective activation of these cells. In particular, the ability to
trigger IL-4 production without eliciting strong IFN-vy or other
proinflammatory cytokines may reinforce the immunoregula-
tory functions of Val4i NKT cells. This effect is detected after
Valdi NKT cell activation with a glycolipid designated OCH,
which is an a-GalCer analogue that is structurally distinct from
KRN7000 in having a substantially shorter sphingosine chain and
functionally by its preferential induction of IL-4 secretion
(13, 14).

In this study, we investigated responses to a-GalCer analogues
produced by alteration of the length and extent of unsaturation

www.phas.org/cgi/doi/10.1073/pnas.0407488102

of their N-acyl substituents. Such modifications altered the
outcome of Va14i NKT cell activation and, in some cases, led to
a Ty2-biased and potentially antiinflammatory cytokine re-
sponse. This change in the NKT cell response was likely the result
of an alteration of downstream steps in the cascade of events
triggered by Val4i NKT cell activation, including the reduction
of secondary activation of IFN-y-producing NK cells. These
findings point to a class of Va14i NKT cell agonists that may have
superior properties for the treatment of autoimmune and in-
flammatory diseases.

Materials and Methods

Mice and Cell Lines. C57BL/6 mice (8- to 15-wk-old females) were
obtained either from The Jackson Laboratory or Taconic Farms.
CD1d~/~ mice were provided by M. Exley and S. Balk (Beth
Israel-Deaconess Medical Center, Harvard Medical School,
Boston) (15). Val4i NKT cell-deficient Jo18~/~ mice were a gift
from M. Taniguchi and T. Nakayama (Chiba University, Chiba,
Japan) (16). Both knockout mice were in the C57BL/6 back-
ground. Animals were kept in specific pathogen-free housing.
The protocols that we used were in accordance with approved
institutional guidelines.

Mouse CD1d-transfected RMA-S cells (RMA-S.mCD1d)
were provided by S. Behar (Brigham and Women’s Hospital,
Harvard Medical School) (17). WT or cytoplasmic tail-deleted
CD1d-transfected A20 cells and the Val4i NKT hybridoma
DN3A4-1.2 were provided by M. Kronenberg (La Jolla Institute
for Allergy and Immunology, La Jolla, CA) (18, 19). Hybridoma
DN32D3 was a gift from A. Bendelac (University of Chicago,
Chicago) (1). Cells were cultured in RPMI medium 1640
(GIBCO) supplemented with 10% heat-inactivated FCS (Gem-
ini Biological Products, Calabasas, CA)/10 mM Hepes/2 mM
L-glutamine/0.1 mM nonessential amino acids/55 uM 2-mer-
captoethanol/100 units/ml penicillin/100 pg/ml streptomycin
(GIBCO) in a 37°C humidified incubator with 5% CO».

Glycolipids. BF1508-84 was synthesized by Biomira (Edmonton,
Canada). OCH [(2S, 3S, 4R)-1-O-(a-D-galactopyranosyl)-N-
tetracosanoyl-2 amino-1,3,4-nonanetriol] was synthesized as de-
scribed (13). An overview of the methods for synthesis of
KRN7000 [(2S, 3S, 4R)-1-O-(a-D-galactopyranosyl)-N-hexaco-
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Fig. 1. Induction of a Ty2-polarized cytokine response by an unsaturated

analogue of a-GalCer. (A) Glycolipid structures. (8) [*H]thymidine incorpora-
tion and supernatant IL-4 and IFN-y levels in 72-h splenocyte cultures with
graded amounts of glycolipid. Means from triplicate cultures are shown; SEMs
were typically <10% of the mean. (C) SerumIL-4 and IFN-vylevels (at 2 and 20 h)
of C57BL/6 mice injected i.p. with 4.8 or 24 nmol of glycolipid. KRN7000 was
the only glycolipid that induced significant IFN-v levels at 20 h (*, P < 0.05,
Kruskall-Wallis test, Dunn’s posttest). Means + SD of two or three mice per
group are shown.

sanoyl-2-amino-1,3,4-octadecanetriol] and other N-acyl ana-
logues used in this study is shown in Fig. 7, which is published as
supporting information on the PNAS web site. Lipids were
dissolved in chloroform/methanol (2:1 ratio) and stored at
—20°C. Aliquots from this stock were dried and reconstituted to
either 100 uM in DMSO for in vitro work or to 500 uM in 0.5%
Tween-20 in PBS for in vivo studies.

In Vitro Stimulations. Bulk splenocytes were plated at 300,000 cells
per well in 96-well flat-bottom tissue culture plates with glyco-
lipid diluted in 200 ul of medium. After 48 or 72 h at 37°C, 150
ul of supernatant was removed for cytokine measurements, and
0.5 uCi (1 Ci = 37 GBq) [*H]thymidine per well (specific activity
2 Ci/mmol; PerkinElmer) was added for an 18-h pulse. Prolif-
eration was estimated by harvesting cells onto 96-well filter mats
and counting B-scintillations with a 1450 Microbeta Trilux
(Wallac, Gaithersburg, MD; PerkinElmer).

Supernatant levels of IL-2, IL-4, IL-12p70, and IFN-vy were
measured by ELISA using capture and biotinylated detection
antibody pairs (BD PharMingen) and streptavidin—horseradish
peroxidase (Zymed) with TMB-Turbo substrate (Pierce) or
streptavidin—alkaline phosphatase (Zymed) with 4-nitrophenyl
phosphate substrate (Sigma). IL-2 standard was obtained from
R & D Systems; IL-4, IL-12p70 and IFN-vy were obtained from
PeproTech (Rocky Hill, NJ).

Hybridoma Stimulations. CD1d* RMA-S or A20 cells (50,000 cells
in 100 pl per well) were pulsed with graded doses of glycolipid
for 6 h at 37°C. After three washes in PBS, Valdi NKT
hybridoma cells (50,000 cells in 100 wl) were added for 12 h.
Supernatant IL-2 was assayed by ELISA. Alternatively, CD1d-
transfected cells (RMA-S.mCD1d) were lightly fixed either
before or after exposure to antigen (20). Cells were washed twice
in PBS and then fixed in 0.05% glutaraldehyde (grade I, Sigma)
in PBS for 30 s at room temperature. Fixative was quenched by
addition of 0.2 M L-lysine (pH 7.4) for 2 min, followed by two
washes with medium before addition of responders.

For cell-free presentation, recombinant mouse CD1d (1

g/ml in PBS) purified from a baculovirus expression system
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(21) was adhered to tissue culture plates for 1 h at 37°C. After
the washing off of unbound protein, glycolipids were then added
at varying concentrations for 1 h at 37°C. Lipids were added in
a 150 mM NaCl/10 mM sodium phosphate buffer (pH 7) with
or without 0.025% Triton X-100. Wells were washed before
addition of hybridoma cells.

In Vivo Studies. Mice were given i.p. injections of 4.8 nmol of
glycolipid in 0.2 ml of PBS plus 0.025% Tween-20 or vehicle
alone. Sera were collected and tested for IL-4, IL-12p70, and
IFN-v, as described above. Alternatively, mice were killed at
various times for FACS analysis.

Flow Cytometry. Splenocytes or thymocytes were isolated and
used without further purification. Nonspecific staining was
blocked by using FACS buffer (0.1% BSA/0.05% NaN3 in PBS)
with 10 ug/ml rat anti-mouse CD16/32 (2.4G2; The American
Type Culture Collection). Cells (=<10°) were stained with phy-
coerythrin or allophycocyanin-conjugated glycolipid/mouse
CD1d tetramers (21) for 30-90 min at room temperature and
then with fluorescently labeled antibodies (from Caltag, South
San Francisco, CA, or PharMingen) for 30 min at 4°C. Data were
acquired on either a FACSCalibur or LSR-II flow cytometer
(Becton Dickenson) and analyzed by using WINMDI 2.8 (Scripps
Research Institute, La Jolla, CA). For some experiments, dead
cells were excluded by using propidium iodide (Sigma) or
4',6-diamidino-2-phenylindole (Roche).

FACS-based cytokine secretion assays (Miltenyi Biotec, Au-
burn, CA) were used to quantitatively detect single-cell produc-
tion of IL-4 or IFN-v. Splenocytes were aseptically collected
from mice that were previously injected i.p. with glycolipid
analogues and not subjected to further stimulation. When ap-
plicable, 106 cells were prestained with labeled tetramer for 30
min at room temperature and then washed in PBS plus 0.1%
BSA. Cells were then stained with the cytokine catch reagent
according to the manufacturer’s instructions, followed by incu-
bation with rotation in 2 ml of medium at 37°C for 45 min. Cells
were then washed, stained with fluorescently labeled antibodies
to cell-surface antigens, phycoerythrin-conjugated anti-IFN-v or
IL-4, and propidium iodide, as described above.

Results

Tu2-Skewing Properties of an a-GalCer Analogue. During screening
of a panel of synthetic glycosyl ceramides, we identified a
compound that showed Ti2-skewing of the cytokine profile
generated by Val4i NKT cell activation. Glycolipid BF1508-84
differed structurally from both OCH and KRN7000 by having a
shortened, unsaturated fatty-acid chain (C20:4 arachidonate)
and a double bond in place of the 4-hydroxy in the sphingosine
base (Fig. 14). Despite these modifications, BF1508-84 activated
proliferation and cytokine secretion by mouse splenocytes (Fig.
1B). These responses were Val14i NKT cell-dependent, as dem-
onstrated by their absence in both CD1d~/~ and Ja18~/~ mice
(data not shown). Maximal proliferation and IL-4 levels were
comparable with those obtained with KRN7000 and OCH,
although a higher concentration of BF1508-84 was required to
reach similar responses. Interestingly, IFN-vy secretion stimu-
lated by BF1508-84, even at higher tested concentrations, did not
reach the levels seen with KRN7000. This profile of cytokine
responses suggested that BF1508-84 can elicit a Ty2-biased
Valdi NKT cell-dependent cytokine production, similar to
OCH (13).

We measured serum cytokine levels at various times after a
single injection of either KRN7000 or BF1508-84 into C57BL/6
mice. Our studies confirm published reports that a single i.p.
injection of KRN7000 leads to a rapid 2-h peak of serum IL-4
(Fig. 1C and data not shown). However, IFN-vy levels were
relatively low at 2 h but rose to a plateau at 12-24 h (13, 22). With
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Fig. 2. Recognition of a panel of unsaturated analogues of KRN7000 by a
canonical Va14i NKT hybridoma. (A) Analogue structures. (8) Dose-response
curves showing IL-2 production by hybridoma DN3A4-1.2 after stimulation
with RMA-S.mCD1d cells pulsed with various doses of glycolipid. Maximal IL-2
concentrations in each assay were designated as 100%. Four-parameter lo-
gistic equation dose-response curves are shown; the dotted line denotes the
half-maximal dose. (C) Relative potencies of the analogue panel in Va14i NKT
cell recognition, plotted as the reciprocal of the effective dose required to
elicit a half-maximal response (1/EDsp). Similar results were obtained by using
another Va14i NKT hybridoma, DN32D3.

BF1508-84, production of IL-4 at 2 h was preserved, whereas
IFN-vy was barely detectable at 20 h (Fig. 1C). This pattern was
identical to that reported for OCH (13, 22) and was not due to
the lower potency of BF1508-84 because a 5-fold greater dose
did not change the Ty2-biased cytokine profile (Fig. 1C).

Systematic Variation of Fatty-Acyl Unsaturation in a-GalCer. The
cytokine response to BF1508-84 suggested that altering the
fatty-acid length and unsaturation of a-GalCer could provide an
effective strategy for creating Val4i NKT cell activators with
modified functional properties. We used a synthetic approach
(Fig. 7, and G.S.B. and P.A.L, unpublished data) to generate
lipids in which 20-carbon acyl chains with varying degrees of
unsaturation were coupled onto the a-galactosylated sphin-
gosine core structure (Fig. 24). These compounds were first
screened for the ability to activate a canonical Val4-Jal8/
Vg8.2*, CD1d-restricted NKT cell hybridoma cocultured with
CD1d* antigen-presenting cells. Hybridoma DN3A4-1.2 recog-
nized all C20 analogues of a-GalCer with various potencies when
presented by CD1d-transfected RMA-S cells, and it failed to
recognize an azido-substituted analogue lacking a fatty-acid
chain (Fig. 2 B and C). As reported (9), mere shortening of the
fatty-acid chain affected Val4i NKT cell recognition, and
reduction of saturated fatty-acid length from C26 to C20 was
associated with a =2 log decrease in potency. However, insertion
of double bonds into the C20 acyl chain augmented stimulatory
activity. One lipid in particular, with unsaturations at carbons 11
and 14 (C20:2), was more potent than other analogues in the
panel. This increase in potency seemed to be a direct result of the
two double bonds, because an independently synthesized ana-
logue with a slightly shorter diunsaturated acyl chain (C18:2)
showed a potency similar to that of C20:2 (Fig. 2C).

We also studied in vitro splenocyte cytokine polanzatlon
resulting from Val4i NKT cell stimulation by each lipid in the
panel. Supematant IL-4, IFN-v, and IL-2 levels were measured
over a wide range of glycolipid concentrations. All C20 variants
induced IL-4 production comparable with that of KRN7000 (Fig.
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Fig. 3. Ty2-skewing of in vitro and in vivo cytokine responses to C20:2. (A)

Dose-response curves reporting 48 h IL-4, IFN-y, or IL-2 production, and cell
proliferation of splenocytes in response to KRN7000, C20:2, and OCH. Means
of duplicate cultures are shown; SEM were <10% of the means. (B) Cytokine
and proliferation measurements on splenocytes exposed to a submaximal
dose (3.2 nM) of the panel of a-GalCer analogues shown inFig. 2. Mean + SEM
from duplicate cultures shown. (C) Serum IL-4 and IFN-vy levels in mice given 4.8
nmol of KRN7000, C20:2, or OCH. Mean + SD of two or three mice are shown.
Vehicle-treated mice had cytokine levels below limits of detection. The results
shown are representative of two or more experiments.

3 A and B, and data not shown). However, IFN-y levels for all
but one C20 analogue (C20:1 cis) were markedly reduced to
one-fourth of the maximal levels observed with KRN7000 and
the closely related C24:0 analogue, or less. In addition, C20:1-cis,
C20:2, and C18:2 were unique in this class of compounds in
inducing strong IL-2 production and cellular proliferation sim-
ilar to that seen with KRN7000 and C24:0 yet with much lower
IFN-vy induction. This in vitro Tr2-bias was also evident in vivo.
Mice given C20:2 and C20:4 showed systemic cytokine produc-
tion that resembled stimulation by OCH or BF1508-84. Thus, a
rapid burst of serum IL-4 was observed without the delayed and
sustained production of IFN-vy typical of KRN7000 (Fig. 3C and
data not shown). No significant difference between the glyco-
lipids was seen in serum IL-12p70 levels at 6 h after treatment
(data not shown).

Identification of Cytokine-Producing Cells in Vivo. Previous reports
(23-25) established that Val4i NKT cells are a predominant
source of IL-4 and IFN-vin the early (2 h) response to KRN7000
and that by 6 h after injection these cells become progressively
undetectable because of receptor down-modulation, whereas
secondarily activated NK cells begin to actively produce IFN-vy.
Gating on either a-GalCer-loaded CD1d tetramer* or NK1.1+
T cells, we observed similar strong cytokine secretion for both
IL-4 (data not shown) and IFN-yin Va14i NKT cells at 2 h after
Injection of KRN7000 or C20:2 (Fig. 4 4 and B). We concluded
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Fig. 4. Sequelae of KRN7000 and C20:2-induced Va14i NKT cell activation.
(A) Va14i NKT cell (tetramer* CD3e"), NK cell (NK1.1* CD3e™), and NK1.1* T
cell (NK1.1int CD3&™™) identification by FACS in splenocytes from mice given
KRN7000, C20:2, or vehicle i.p. 2 h earlier. Lymphocytes gated as negative for
B220 and propidium iodide are shown. (B) Histogram profiles for IFN-y secre-
tion of splenic Va14i NKT, NK1.1* T, or NK cells from mice 2 or 24 h after
treatment with glycolipid. IFN-y-staining in C24:0-stimulated samples was
identical to that of KRN7000-stimulated samples. (C) CD69 levels of splenic NK
cells (gated asCD3e~ NK1.1%) or B cells (CD3e~ NK1.1~B220*) at 12, 24, or 48 h
after injection of glycolipid. (D) Splenic Va14i NKT cell (B220~ CD3eMt tet-
ramer*) frequency, measured as either percentages of T cells or as total NKT
cell number, in mice 1, 2, or 3 days after glycolipid administration. The results
shown are representative of three independent experiments.

that cytokine polarization observed after C20:2 administration
was not due to differences in the initial Va14i NKT cell response
but, rather, reflected altered downstream events such as the
relatively late IFN-+y production by activated NK cells.

Secreted cytokine staining confirmed that in both KRN7000-
and C20:2-treated mice, NK cells were IFN-y* at 612 h after
treatment (26, 27). However, whereas splenic NK cells from mice
that received either KRN7000 or the closely related C24:0
analogue strongly produced IFN-v as late as 24 h after initial
activation, NK cells from C20:2-treated mice showed substan-
tially reduced staining (Fig. 4B). Together, these results pointed
to a less sustained secondary IFN-y production by NK cells
(rather than a change in the initial cytokine response of Val4i
NKT cells) as the major factor responsible for the Ty2 bias of the
systemic cytokine response to C20:2.

Sequelae of Va14i NKT Cell Activation by C20:2. Secondary activa-
tion of bystander B and NK cells after KRN7000 administration
has been studied by using expression of the activation marker
CD69 (26, 28-30). We followed CD69 expression of splenic NK
and B cell populations for several hours after KRN7000 or C20:2
administration. Both populations began to up-regulate CD69 at
4-6 h after injection (data not shown). Paradoxically, C20:2
induced slightly higher CD69 levels on both cell populations up
until 12 h, although this trend was reversed from 24 h onwards,
suggesting an earlier up-regulation yet faster subsequent down-
regulation of the marker (Fig. 4C). NK cell forward scatter
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Fig.5. Recognition of KRN7000, C24:0, and C20:2 by the same population of
Va14i NKT cells. (A) Costaining of C57BL/6 splenocytes or thymocytes with
allophycocyanin-conjugated CD1d tetramers assembled with €24:0, and phy-
coerythrin-labeled CD1d tetramers assembled with various analogues. (8)
Thymocytes were stained with C24:0, C20:2, KRN7000, or vehicle-loaded CD1d
tetramers—-phycoerythrin, and with antibodies to B220, CD3e¢, V37, V[38.1/8.2,
or NK1.1. Dot plots show gating for tetramer* T cells, after exclusion of B
lymphocytes, and dead cells. (C) TCR V3 and NK1.1 phenotype of tetramer*
CD3&i"t thymocytes. Analogous results were obtained with splenocytes. The
results shown are representative of three or more experiments.

likewise remained higher in KRN7000-treated mice at days 1-3
compared with C20:2-treated mice (data not shown).

It is established that Va14i NKT cells expand beyond homeo-
static levels 2 or 3 days after KRN7000 stimulation (24, 25). In
our study, a 3- to 5-fold expansion in splenic Val4i NKT cell
number occurred in KRN7000-treated mice at day 3 after
injection. Interestingly, after in vivo administration of C20:2,
only a minimal transient expansion was observed on day 2, with
no expansion of the Va14i NKT cell population thereafter, even
as late as day 5 (Fig. 4D and data not shown). Together, our
findings indicated pronounced alterations in the late sequelae of
Valdi NKT cell activation with the C20:2 analogue compared
with KRN7000.

Recognition of KRN7000 and C€20:2 by Identical Cell Populations.
CD1d complexes containing the a-GalCer analogue OCH have
been shown to have significantly reduced avidity for TCRs of
Val4i NKT cells compared with binding of KRN7000-loaded
complexes (31). This finding suggests the possibility that the
T2-biased response of C20:2 could be a result of preferential
stimulation of Val4i NKT cell subsets with TCRs of higher
affinity for lipid-loaded CD1d. In fact, phenotypically defined
subsets of murine and human NKT cells have been described that
show a bias toward increased production of IL-4 relative to
IFN-y upon stimulation (32-36). However, by costaining of
splenic and thymic Val4i NKT cells by using CD1d tetramers
loaded with different lipids, we demonstrated that identical
populations recognized C24:0, C20:2, and KRN7000 (Fig. 54).
Single staining with these reagents revealed no difference in V3
usage or NKI1.1 status of cells reactive with the different
analogue tetramers (Fig. 5 B and C). Interestingly, C20:2-loaded
tetramers stained NKT cells more strongly than tetramers loaded
with KRN7000, reflecting a slightly higher affinity of the C20:2—
CD1d complex to the Va14i TCR (J.S.I. and S.A.P., unpublished
results). Together, these findings demonstrated that the altered
cytokine response to C20:2 cannot be the result of preferential
activation of a subset of Val4i NKT cells.
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Fig.6. Differential requirements for CD1dloading with KRN7000 and C20:2.
IL-2 response of hybridoma DN3A4-1.2 to glycolipid presentation in three in
vitro CD1d presentation systems: platebound CD1d loaded with varying
amounts of KRN7000 or C20:2 in the presence or absence of the detergent
Triton X-100 (A), RMA-S.CD1d cells pulsed with glycolipid before or after
glutaraldehyde fixation (B), or WT or cytoplasmic tail-deleted (TD) CD1d-
transfected A20 cells, loaded with either KRN7000 or €20:2 (Q).

Loading Requirements of a-GalCer Analogues onto CD1d. To find an
alternative explanation for the Ty2-biased response to C20:2, we
studied requirements for handling of different forms of a-Gal-
Cer by antigen-presenting cells. We employed a cell-free system
in which platebound mouse CD1d was loaded with doses of
KRN7000 or C20:2 in the presence or absence of the detergent
Triton X-100 (37). By using IL-2 production by DN3A4-1.2 as
a readout for glycolipid loading of CD1d, we observed a marked
dependence on detergent for loading of KRN7000 but not for
C20:2 (Fig. 64). This result suggested a significant difference in
requirement for cofactors, such as acidic pH or lipid transfer
proteins, that facilitate lipid loading onto CD1d in endosomes
(38-41). We assessed this hypothesis further by using glutaral-
dehyde fixation of CD1d* antigen-presenting cells, which blocks
antigen uptake and recycling of CD1d between endosomes and
the plasma membrane. Val4i NKT cell recognition of KRN7000
was markedly reduced if lipid loading was done after fixation of
RMA-S.mCD1d cells, whereas recognition of C20:2 was unim-
paired (Fig. 6B).

Similar conclusions were drawn from experiments by using
A20 cells transfected with either WT or cytoplasmic tail-deleted
CD1d (Fig. 6C). The tail-deleted CD1d mutant lacks the intra-
cellular tyrosine-based sorting motif required for internalization
and endosomal localization of CD1d (19). As was the case with
RMA-S.mCD1d, WT CD1d-transfected A20 cells presented
KRN7000 more potently than C20:2. However, the tail-deleted
mutant presented C20:2 with at least 20-fold greater efficiency
than KRN7000. Together, these results point to the conclusion
that the Ty2-skewing C20:2 analogue had substantially less
dependence on endosomal loading for presentation by CD1d
when compared with compounds that produced a more mixed
response with strong IFN-+y production, such as KRN7000.

Discussion

This study details in vitro and in vivo consequences of activation
of Valdi NKT cells with C20:2, a diunsaturated N-acyl substi-
tuted analogue of the prototypical a-GalCer, KRN7000. The
Tu2 cytokine bias observed with C20:2 is not unique: OCH and
other shortened fully saturated lipids have been shown to have
this effect (13, 42). C20:2 differs from these other compounds in
two potentially important respects. First, the in vitro potency of
C20:2 for stimulation of certain Val4i NKT cell functions (e.g.,
proliferation and secretion of IL-4 and IL-2) approaches that of
KRN7000, whereas OCH appears to be a much weaker Val4i
NKT cell agonist. Second, staining with C20:2-loaded CD1d
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tetramers, as opposed to OCH, is undiminished compared with
KRN7000. This finding would suggest that, as a therapeutic
agent, C20:2 will be recognized by the identical global Va14i
NKT cell population (as KRN7000 is) and not limited to
higher-affinity NKT cell subsets, as suggested for OCH (31).

A recent study showed that one mechanism by which OCH
may induce a Ty2-biased cytokine response involves changes in
IFN-vy production by Va14i NKT cells themselves. Oki ez al. (43)
reported that the transcription factor gene c-Rel, a member of
the NF-«kB family of transcriptional regulators that is a crucial
component of IFN-vy production, is inducibly transcribed in
KRN7000-stimulated but not OCH-stimulated Va14i NKT cells.
Although we have not assessed c-Rel induction or other factors
involved in IFN-y production in response to C20:2, our findings
did not suggest that early IFN-vy production by Val4i NKT cells
was different after activation with C20:2 versus KRN7000. Both
lipids induced identical single-cell IFN-vy staining in Val4i NKT
cells and serum IFN-y levels at 2 h after injection. However, in
contrast to the apparent similarity in Val4i NKT cells, NK cell
IFN-y production was significantly reduced and less sustained
after in vivo administration of C20:2 compared with KRN7000.
Hence, failure of C20:2 to fully activate downstream events
leading to optimal NK cell secondary stimulation by activated
Valdi NKT cells appears to be the most likely mechanism by
which C20:2 induces reduced IFN-+vy and an apparent Ty2-biased
systemic response.

C20:2 administration resulted also in a more rapid but less
sustained CD69 up-regulation in NK and B cells, as well as a lack
of a substantial Va14i NKT cell expansion. These findings were
surprising, given that TCR down-modulation observed on Val4i
NKT cells within the first few hours after C20:2 stimulation was
similar to or greater than that induced by KRN7000 (Fig. 44 and
data not shown), indicating strong TCR signaling in response to
the analogue. These features of the response to C20:2 may be a
further reflection of the failure of C20:2 to induce a full range
of downstream events after Va14i NKT cell activation, including
the production of cytokines or other factors required to support
the expansion of Val4i NKT cells.

What mechanism can then be invoked to account for the
altered cytokine response to C20:2 and other N-acyl variants of
KRN7000? One intriguing possibility is provided by our analysis
of requirements for presentation of C20:2 compared with
KRN7000, which revealed marked differences between these
glycolipids in their need for endosomal loading onto CD1d.
CD1d and other CD1 proteins undergo transport into the
endocytic pathway, leading to intracellular loading with lipid
antigens and subsequent recycling to the cell surface (39). The
importance of endosomal loading for KRN7000 most likely
reflects the impact of factors in these compartments that facil-
itate the insertion of lipids into the CD1d ligand-binding groove.
These factors include the acidic pH of the endosomal environ-
ment, as well as lipid transport proteins, such as saposins and
GM?2 activator protein (38, 40, 41). Our findings indicate that
C20:2 can efficiently load onto CD1d in the absence of these
endosomal cofactors. Consequently, we speculate that C20:2
may be strongly presented by any cell type that expresses surface
CD1d, regardless of its ability to efficiently endocytose lipids
from the extracellular space. This more widespread presentation
could lead to a more pronounced presentation of C20:2 by
nonprofessional antigen-presenting cell types compared with
KRN7000. Because many cell types express CD1d, including all
hematopoietic lineages and various types of epithelia (44-48),
presentation of C20:2 by nonprofessional antigen-presenting
cells may explain the more rapid trans-activation of bystander
cells observed with C20:2. An alternative hypothesis is that the
endosomal loading requirements of KRN7000 result in its pref-
erential localization into CD1d molecules contained in mem-
brane lipid rafts, whereas the permissive loading properties of
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C20:2 would result in a more uniform glycolipid distribution
across the cell membrane. Evidence of lipid raft localization of
CD1d and raft influence on the Tgy-bias of MHC class II-
restricted CD4" T cells lend support to this model (49, 50).
Either scenario would be expected to result in decreased delivery
of costimulatory signals associated with professional antigen-
presenting cells (e.g., dendritic cells) and, thus, lead to quanti-
tative and qualitative differences in the outcome of Va14i NKT
cell stimulation. Consistent with both models, Va14i NKT cell
activation with KRN7000 in vitro in the presence of costimula-
tory blockade (anti-CD86) can polarize cytokine production to
a T2 profile (22).

We have shown that structurally modified forms of a-GalCer
with alterations in their N-acyl substituents can be designed to
generate potent immunomodulators that stimulate qualitatively
altered responses from Valdi NKT cells. Our results confirm
and extend several basic observations and principles established
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DNA Microarray Analysis Clarifies Immunopathogenesis of Multiple Sclerosis

Jun-ichi Satoh?

Abstract

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system (CNS) white matter
mediated by an autoimmune process whose development is triggered by a complex interplay of both genetic and envi-
ronmental factors. MS shows a great range of phenotypic variability in terms of the disease course, lesion distribution,
therapeutic response to IFNB, and pathological aspects, suggesting that MS is a kind of neurological syndrome caused
by different immunopathological mechanisms leading to the final common pathway that provokes inflammatory demyeli-
nation. DNA microarray technology is a novel approach to systematically monitoring the expression of a large number
of genes. It gives us new insights into the complexity of molecular interactions promoting the autoimmune process in
MS. By microarray analysis followed by hierarchical clustering analysis, we found that T cell gene expression profiling
is valuable to identify distinct subgroups of MS associated with differential disease activity and therapeutic response to
IFNB. These observations suggest that microarray analysis is highly valuable for designing personalized treatment for
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heterogeneous populations of MS.

Key words : DNA microarray, gene expression profile, multiple sclerosis, personalized medicine

FL®IC

S FMBALEE (multiple sclerosis; MS) (LR %R B
BREEBRBENERL, Fx RRRERNERELE
DELTHTT AR TH 5, MS R I2T5 /N
SRTWRWA, SROEENEREBERTOFET
T, MABEREMBEIFECYFHERERRTY A v 20k
EDIRPUR 2 75% LG L L= BCRGH CD4* Thl
T #Efass, MmMBEEArT %88 L CRRSERESEN R
BL, wr7a7 ;-3 707y 7THREE{LLTTNFa
IREDOREHERFOEEYHEL, MY rERINS
EEZbATW3 (BCAERF) Y, BERCIHEE
ERBD LN, RENBE CEBEAT B LHBFERE.
HhRBE - R A 23k L ORISR e EBE 2B T,

HERKK « 2B CEBI N ABERKRARC LD, 4
v & —7 = uv_—2& (interferon-beta; IFNB) © MSH
EIEISRIER R, AETREEEENCEITERA
A7 v 4 FERHKESHIRAR S 2TV, BIE IEN
DRBAIEN « BAREE LTI HER, &I—RPR
Wi L L CEIRS AT\ B, LasL IENB 254 < R
ERELWNERS 2, b MS B —RERT
{175 < %48 7c/5EE (phenotypic heterogeneity) * 27 3%
EEBTHAREEIE . EEMS RERERNLE
REME (relapsing-remitting MS; RRMS), 2 &k#E{TH
(secondary-progressive MS; SPMS), 1 %#f7# (primary-
progressive MS; PPMS), #RE 570> 5 4% (conventional
MS; CMS) & H#EFHA (opticospinal MS; OSMS),

1) BN - Bt v 2 —ER AT RN R
2) BHRENAEEERNESHEMEHEGHREITE
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IFNB &8 G2 5 responder (RMS) , nonresponder
(NRMS) a3 h 5, MBENCL THREER, i
%, oligodendrocyte apoptosis DEE2H 4 Hi X
n59, A% MS OREFRBOSEE LT T5FEL
LTHEBF 7 VAREVCHORTWS, e b¥ 2 a7 R
U= 7 bOFEREC LD e 2BIEFOEERTIFA L
hic#ER, BEF7vAEACTUE Ofifa BT 55
FEET (v r 2EETH 30,000) ORBIEHRY TIER -
RN « R BITATEEIC I » 72, RNA REMIT Y
transcriptome 84T, & v /% 7 B FE MR % proteome FEHT
LS, FERBLURBEYT (global expression analysis) &
o, #FEOSESFrEEERT R (pinpoint
study) TIXTFHIL 722 o BIZFRE D MS REBF IR
A BENRK 2 BELI oy, i X A#E
FREBC L RN T5 Lt X BYRICHER
EFxEEL @EEY . 3 7 A pharmacogenomics), &
whik-CRIfER BRI TaTAZ Lk, 7—
5 — 2 4 FEF (personalized medicine) EAE 2N
foo AEETILDNA = 4 7 v 7 v A BT OEAFE - MS
DRIEFREFNT e B T B ICH B L CRE 041 B2 81
T3,

1. DNAY 707 L1 BiRoEFRFER
BEF7VARATAFIIFARF A nvRinEDE
b, BERLAE RMOBT « O cDNA E72id
oligonucleotide 2EFTFTHBF v 7 THB, ELLT

CDNAR ARy 2 —THBEB ARy PLTHSHDNA<
4 7u7v4 (DNAmicroarray) &¥A YV ITX 7 Vit F
FARE X b EE - TEESEE O oligonuclectide #{H
E&F LT\ % GeneChip (Affymetrix) I3 (&
1)8, 2F 4 ¥ 7 5 A% DNA microarray, 71 v VE%
DNA macroarray & 8% 35 = & b & %, Bl Ti3#93,000
BEORVAIBERAFAV IS ACERELTHDH 70
¥4 v v 7 (protein microarray) d»ERLTED, %
v 7 BRMEMER (interactome) v 7 F VEERD
WEMETCRVWORTWAD, BET7 VA XEET
SR BRI ICHTERTH 0 FRMTREET 5,

BET7 VAR TRETRETRBEVIAORLS
2 BN boME 8, Flx X IFNB &5t ofifaTs
25 mRNA i LIBIETS (W1, DNA~wA 7 ®m
7 U A TiR—Be 2 & HEFE (Cy3, Cyd) TIF
A Ltz ¢cDNA F 7243 cRNA #ER L CH—F » 7 ETHR
BHINA TV EAE—v a vEFT, 2BEERENRD,
GeneChip "C#Z in vitro transcription IVT) i & b cDNA #»
% biotin #23% cRNA % {ERX, fragment HIEFL THrA 7
Yy £ 4 ¥~ a v &EITW, streptoavidin-phycoerythrin
(SAPE) % &L CH M T 5, GeneChip TR 14V
FAE 1 HOT7T vARBRET, TvAokEs,
ELL0BEELAF v F—TEIV 7 FLEREL, B
bLiie 7 — & (dataset) HIE#HAL (normalization) L T
HHERBEELYTY, vy 7 AHOBETREE S v
7 4 — M (gene expression profile) % LB T 5, R

%1 cDNA microarray & GeneChip Ot

c¢DNA/Oligonucleotide Microarray

GeneChip

e A5 4 FZ 5 A (microarray) Eiciir 4w
v (macroarray)

Bl ARy T4 v T ERIMEES

BIETF 300-1000 bp ¢cDNA or 30-80 mer
oligonucleotide

ERE 40,000/slide BE

Tm Kig—

IR 2 &k (Cy3, Cyb)

ERFE BARNA TV FA¥—v g ViDL DHE

REFH e VEETERERAT v 1
GEfEFH ; Commercial Supplier)

Whole Human Genome G4112A Array (41,000;
Agilent), Human Whole Genome Bioarray
(55,000; Amersham)

Ytk v 7

FVvF v T T PI VIS TEK

25 mer oligonucleotides of perfect match (PM)
and mismatch (MM)

>500,000/chip

—%E

BEk
Ar0F» 7OF— 2 —wEHRILL CTHER
Human Genome U133 Plus 2.0 Array (47,000;
Affymetrix)

B AR A B s
PH=A 707 v A A%+ 5 —MEATE BHEONATIIASE—aVvd—T v
LR L A% v F— DB
X6 X h B HEE.
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Cells A @ @ @
L

@ Q @ Cells B
g

mRNA preparation
NN TN NN TN
< RNA amplification <=
SORLRESSON DEOLBRERS>
L 0
cDNA synthesis
S | T
Fluorescent dye Cy3 Fluorescent dye Cy5

Hybridization

DNA microearray

¥k
3 @/

<L

Analysis of signal intensity and gene expression levels

a: the gene up-regulated in A

¢: the gene expressed equally in both

b: the gene up-regulated in B

d: the gene undetectable in both

Validation by real-time RT-PCR analysis

Fluorescence

intensity
Cyecle No.

E1 DNA~A7a7vAEFoEE

&

Hierarchical clustering and bioinformatic analysis

2 B OMAI 5> mRNA R HiHBME L, 5lx OEHERE (Cy3, Cy5) T35~ L cDNA probe RFBLL T, cDNA A% # » b &
NeF v TETCHREPNA TV FA L~ 2 VETH, AF 2 F—TRI L I vl L, F— 2 21EHL L CHEHemiE
BT, Y FABOBEFRE S a7 1 — A (gene expression profile) % HERIT T 5. S LREENZ 5 =2 % — B
(hierarchical clustering analysis) #1T7- T, BEULRBE/EF —v ¥ BT BEFOVF v AR /A — 79T 5, HERE
BEREYET 58E T2 real-time RT-PCR € mRNA ¥ E & L CHIET 5,

T LI BT OBEE « #E OERER (annotation) 133%
fZF Y 2 b0 ID 25 Web |- T database ZHREFEETH
5 (E2), Bhickk~ il - M OBRETFRET — 21
Gene Expression Omnibus (GEO; www.nchi.nlm.nih.gov/
geo) KEEINTWAH, BRIZCA VT » 7 O format
PEEDEF—ZHOBBEN b LELLR, Xk
BT meta-analysis #ERTABEITEL 59, W
VIAENENERILT Xy b OEROEERRE
T A, BB 2 5 2 2 —f#H (hierarchical clustering
analysis) #1759 Thbbv v 71T 5EHER
L (#Efi7z Lk unsupervised method), MEIL 7258

B2 —-vRETHEEFRY IR FRGE
LT, BHRE (dendrogram) *FEE LV A D 2KT~ b
Vy 7 ATERT B, ERIFIVIAENLOND I N —
TRGET A REMLBET (discriminator genes) #HliH
L, chb% 3RTICIEMBE T 5 ER 5T (principal
component analysis) %775 9,

Brx REYLEB/ETF 7 v~ 1,258 cDNA microarray
(Hitachi Life Science) &\ T, MS BEEAKMMm T MAa
DRIETFREA T a7 4 —AE2BITLTW5, BEE3E
@ RNA mixture % universal reference & LT Cy3 T
L, BECEEEDYY S A %4 T Cy5 TEBL, &V

-166-



170

Satoh

% 2 Transcriptome * proteome #7174 A 7 database

Name Website Contents
Y #i4 Database R A T &
Entrez www.nchi.nlm.nih.gov/Entrez/index.html The Life Sciences Search Engine
Gene www.nchi.nlm.nih.gov/entrez/query.fcgi? CMD=search&DB=gene A Searchable Database of Genes
OMIM www.nebi.nlm.nih.gov/entrez/query.fegi? CMD =search&DB =omim Online Mendelian Inheritance in Man
DBGET www.genome.ad.jp/dbget/dbget.links.html Web of Molecular Biology Databases
KEGG www.genome.ad.jp/kegg Kyoto Encyclopedia of Genes and Genomes
SRS srs6.ebi.ac.uk European Bioinformatics Institute Database
HGMD www.hgmd.cf.ac.uk/hgmd0.html Human Gene Mutation Database
K ECTUARAT
UniProt www.genome.jp/dbget-bin/www_bfind?uniprot SWISS-PROT Protein Sequence Database
PIR www.genome.jp/dbget-bin/www_bfind?pir PIR Protein Sequence Database
BLAST blast.genome.jp Sequence Similarity Search
dbSNP www.ncbi.ntm.nih.gov/entrez/query.fegi? CMD = search&DB=snp Single Nucleotide Polymporphism Database
CLUSTALW align.genome.jp Multiple Sequence Alignment
TraceSuite I www-cryst.bioc.cam.ac.uk/~jiye/evoltrace/evoltrace.html Evolutionary Trace Server
ORF Finder www.nicbi.nlm.nih.gov/gorf/gorf.html Open Reading Frame Finder
PROSCAN thr.cit.nih.gov/molbio/proscan Web Promoter Scan
2 v Ry BN RS RR
PDB www.rcsb.org/pdb The RCSB Protein Data Bank
RasMol www.rcsb.org/pdb/help-graphics.html#rasmol_download Molecular Graphics
GRASS honiglab.cpmc.columbia.edu/cgi—bin/GRASS/surfserv_enter.cgi Graphical Representation and Analysis of
) Structure Server
SWISS-MODEL  swissmodel.expasy.org/SWISS-MODEL.html An Automated Comparative Protein Modelling
Server
ERRAT nihserver.mbi.ucla.edu/ERRAT A Protein Structure Verification Algorithm
Verify3D nihserver.mbi.ucla.edu/Verify_3D A Crystal Structure Evaluation Server
SCOP scop.mre-lmb.cam.ac.uk/scop/index.html Structural Classification of Proteins
DBAli salilab.org/DBALi A Database of Structure Alignments

Joz vy BEETR

SOSUL sosui.proteome.bio.tuat.ac.jp/sosuiframe0.html Classification and Secondary Structure
Prediction of Membrane Proteins

PSORT II psort.ims.u-tokyo.ac.jp Prediction of Protein Sorting Signals and
Localization Sites in Amino Acid Sequences

SignalP 3.0 www.cbs.dtu.dk/services/SignalP Prediction of Signal Peptide Cleavage Sites in
Amino Acid Sequences

InterPro www.ebi.ac.uk/interpro A Database of Protein Families, Domains and
Functional Sites

PredictProtein  www.embl-heidelberg.de/predictprotein/predictprotein.html Structure Prediction and Sequence Analysis

BIND www.bind.ca The Biomolecular Interaction Network

DIP dip.doe-mbi.ucla.edu Databases of Interacting Proteins

MINT 160.80.34.4/mint/index.php A Molecular Interaction Database

PPID www.anc.ed.ac.uk/mscs/PPID/cgi-bin/ppid_search.pl Protein-Protein Interaction Database

PROCAT www.biochem.ucl.ac.uk/bsm/PROCAT/PROCAT html A Database of 3D Enzyme Active Site Templates

Scansite scansite.mit.edu A Motif Scan

PhosphoSite www.phosphosite.org/Login.jsp An In Vivo Phosphorylation Site Database

ExPASy au.expasy.org Expert Protein Analysis System Proteomics

Server

2005 4E 8 R OREETOYV A b .

v 7 A CRET O & i Cy5/Cy3 signal intensity ratio %3l
FELT\5, W5 2 Bl MSvs @EZRY) TH
HEhREERY 2T 5EET L, Bayesian ttest 721X R

#2¥7 (www.cran.r-project.org) & Bonferroni #H1E THIET
HEERYRETAILLIDAELTVS, 3HK
BEELBEFBE LT, LightCycler (Roche) & X %

-167-



DNA Microarray Analysis Clarifies Immunopathogenesis of Multiple Sclerosis 171

real-time RI-PCRTERB L TC7 v 1 BT OB R ¥ BRI
(validation) LT\%, BE7 5 X & — T &L TRH &
#Ti3 GeneSpring (Silicon Genetics-Agilent) TAT - T\
B, RMILY v REROBETF 7 v A BIFOMBEAE, ¥
EOREGTFORBE VSV DFH - - BE - K8 - EA
BT BAHA b LV AT OEAECENEA (B
WEE) OEE®FT5Z L TH% (interindividual and
intraindividual variation) 19, ¥ - B OEGTF 7 L 1 R
MOMBAIREMES F ChET 5HM RNA
degradation time) T, ik pH "h 2 BESZE IS,

2. DNARMIO7 LML D EREBLED
REREORR

2.1. MS BHESOBENEE FREEN

DNA~A 7 a7 VAT L% MS DFRERN ORFDH
12 Whitney B2 X 598 CTH 5 19, 48 5114 B © cDNA
microarray X AT MS SR ERFE L EEAE
(normal-appearing white matter; NAWM) % Lh#f L, MS
B B} % interferon-regulatory factor IRF-2, 5-lipooxyge-
nase FH LR ZPHE L7 (3 3)1112, Chabas Hit MS
braincDNA 54 75V —DFEN L — 7 = v R T
osteopontin (OPN) FEH LV A D LERFDH-1, X5
=5 v + EAEHRIDOH A % 4 oligonucleotide microarray
fEHT T OPN ORBE LA XHER LA, OPNixELLTT
HAE A EA L macrophages I & 5 IL-12 EA S {EEL T
IL-10 B4 %1503 5 Thl cytokine T, {&Bh#E RRMS £
MmETER LT3, OPN BEFXE~ Y 212 EAE
R L TERM%ER T, Lock 5i3 GeneChip %
WU MS SHERIEMRE LB IREE R R A L,
ISR E C D granulocyte colony stimulating factor (G-
CSF) B 57 L IFEEERE T IgG Fe receptor, IgE
receptor, histamine receptor type 1 O RB LA FA»
7219, b bk G-CSF #&45 T EAE #BfE Lk %
Z &, immunoglobulin FcR y-chain ##ET KB~ v A Tk
EAE B/ Hg X s o EATB L, 7 v 1 EFoR
REBEfriz, Chabas H%° Lock HOEIC L b, MS,
EAE DR B kT % allergic response mediators D4
EINFBREIND Lot o 718,

Mycko % 1% cDNA microarray (Clontech) % i\~ T SPMS
DEHEIERRE LIEEERE, BRI L0
WAL, EHEREIEMCRT 5 RIE « BFRE
BIEFE (TNFa 72 &) DFEH ER % Fd 719, Graumann

5 1 ¢cDNA macroarray (Clontech) % i\~ T MS © NAWM
EIEMREEBOa v F v — L HERHEL, NAWM itk
Ve e nEEEELRT (hypoxia-inducible factor 1 alpha;
HiF-la %2 F) OB LA ZFE DLW, Lindberg H i
GeneChip TSPMS OEEIMHE & NAWM % HEc L, 158
% B T immunoglobulin EANE O EX BB L
7219, Tajouri & 13%E H © cDNA microarray % fi\ T SPMS
DM  BEEHEREY non-MS 2 v b -2 HEE
L, BEFRE s T %5 aB-crystallin, superoxide
dismutase SOD1 D REH, FR A L7020, Lk OMSEE
Bo~4 7 a7 vAELE 2 EFBESDP TR, RNAH
HEZALTL S 2EBERIBL TWiRWRIEEIEE
HiZE7z\~, EAE B4« FHOMENEETFRESTEL
TR EIF§ 5 8-,

2.2, REMY o NR2HWMS g ar bo—)v
D LLBeET

Ramanathan % i3 Research Genetics (Invitrogen) © Gene-

Filter membrane array % i\~ C, MS & 8% 3 © monocyte-
depleted peripheral blood lymphocytes (PBL) % H:# L, MS
1T % lymphocyte-specific protein tyrosine kinase
(LCK), IL-7R OB LA 28 E L 729, LCK X Airla b
iz X % RRMS @ PBMC @ c¢DNA macroarray (Clontech)
47 C, intravenous methylprednisolone pulse (IVMP) T
REBEETT5BET & LTHEI AT 55, Bomprezzi
B3 E @ cDNA microarray %\ T, 24 Fld RRMS &
21 % O EHEFE D peripheral blood mononuclear cells
(PBMC) #H#L, REZERZRLL 53 BEFERE
L7220, MS Cil BERIGHE T #ifaiEdE b B 35 IL-
7R, ZAP70, TNFRSF7 (CD27) DEHE LA K I Uv 1
} % 4 v~ mRNA @ ubiquitin-proteasome R t % 5%
H1#4 % HSPA1A (HSP70) ORBET &R d 7z, Mayne
5 ZRRMS & B% % O CD4RE M THIAT % negative selection
T4 8 L, cDNA membrane array (NIA) % B\~ T
L, MS it 3 cytoplasmic FMR1 interacting protein 2
(CYFIP2) oRB LR ZFEDI,

F % 13 cDNA microarray (Hitachi Life Science) & F\»
T, 726D MS (65 RRMS, 7 SPMS) & 22 & DOEHED
K#4M CD3 BB T #ifg, CD3 &tk nonT Ml OEET
RE a7 -V E2BA L (&R3DB, TOERT MR
T 173 E{EZF, nonT MifIT 50 METORRERER
¥, EA7 30 #f5T (the most significant genes) Z#iH 3
5L, T MRET 25 #BET (NR4A2, TCF8 © L& &
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Satoh

# 3 Microarray & L 3 MS DO &EKAE D BT

Authors Year No of MS Patients and Controls RNA Samples
(Reference No.)
Whitney et al. (11) 1999 PPMS (n=1) acute lesion vs NAWM
Ramanathan et al. (24) 2001 RRMS (n=15) vs HC (n=15) monocyte-depleted PBL
Wandinger et al. (35) 2001 RRMS (n=1) plus HC (n=2) PBMC incubated with IFNB in vitro
Whitney et al. (12) 2001 PPMS (n=1), RRMS (n=1), EAE vs HC (n=3) acute or chronic lesions of MS and EAE vs
white matter of non-MS controls
Lock et al. (15) 2002 CPMS and SPMS (n=4) acute or chronic active lesions vs chronic
silent lesions
Mass et al. (32) 2002 RA (n=20), SLE (n=24), IDDM (n="5), and MS (n=5) PBMC
vs HC before and after influenza vaccination (n=9)
Bomprezzi et al. (26) 2003 RRMS (n=18), SPMS (n=6) vs HC (n=21) PBMC (fresh or frozen)
Graumann et al. (18) 2003 SP/PP/RRMS (n=10) vs non-neurological controls NAWM vs control white matter
(n=7)
Koike et al. (36) 2003 RRMS (n=13) before and at 3 and 6 months after IFNB T and non-T cells separated from PBMC
treatment
Mycko et al. (17) 2003 SPMS (n=4) chronic active vs silent lesions and the lesion
margin vs center
Stiirzebecher etal. (46) 2003  RRMS before and after IFN treatment for 6 months  frozen PBMC ex vivo or incubated with IFN B
(n=10; 6 responders vs 4 non-responders) in vitro
Tajouri et al. (20) 2003 SPMS (n=5) vs non-MS acute and chronic active lesions
Weinstock-Guttman etal. 2003 RRMS before and at 1, 2, 4, 8, 24, 120, and 160 h after  monocyte-depleted PBL
44 IFNB treatment (n=8)
Achiron et al. (29) 2004 RRMS (n=26; 14 with treatment) vs HC (n=18) PBMC
Achiron et al. (30) 2004 RRMS treated (n=13) vs untreated (n=13) PBMC
Airla et al. (25) 2004 RRMS (n=6) before and after IVMP PBMC
Hong et al. (47) 2004 RRMS/SPMS treated with IFNB (n=18), GA (n=12)or PBMC
untreated (n=15)
Iglesias et al. (33) 2004 RRMS (n=17) vs HC (n=7) PBMC
Lindberg et al. (19) 2004 SPMS (n=6) vs non-neurological controls (n=12) active lesions vs NAWM
Mandel et al. (31) 2004 RRMS (n=13) vs SLE (n=5) vs HC (n=18) PBMC
Mayne et al. (27) 2004 RRMS (n=21) vs HC (n=19) CD4+ T cells
Satoh et al. (28) 2005 RRMS (n=65) plus SPMS (n=7) vs HC (n=22) T and non-T cells separated from PBMC

Abbreviations: RRMS, relapsing-remitting MS; SPMS, secondary progressive MS; PPMS, primary progressive MS; CPMS, chronic
progressive MS; HC, healthy controls; IDDM, insulin-dependent diabetes mellitus; NAWM, normal appearing white matter; PBMC,
peripheral blood mononuclear cells; PBL, peripheral blood lymphocytes; IFN, interferon; GA, glatiramer acetate; IVMPE, intravenous

methylprednisolone pulse.

MAPK1, SMARCA3, HSPA1A, TRAIL, TOP1, CCRS,
BAG1, DAXX, TSC22, PARP D{ETF7c &), non-T #ifa
T 27 #ZF (ICAM1, CDC42, RIPK2, SODD, TOP2A
© EH & BCL2, RPAl1, NFATC3, HSPA1L, RBBP4,
PRKDC D{E T 72 &) % apoptosis IR ETF B LT
72o 724> B apoptosis {EHER{EZT (proapoptotic genes)
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L HIHIEEF (antiapoptotic genes) DRB HH « E T
RN 5 v 2 (counterbalance) %32, MS ffsfias
=381} % apoptosis H IR EE O R 23RY%E X Il Achiron
5% GeneChip A\, 26 il RRMS & 18 £ DEH
& O PBMC % HBURIT L 1229, F#EMT 1,109 BEF O
REERYED, MS kit s T filaEE{LEERETF
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No of Genes on

Type of Microarray Microarray Key Findings

Original cDNA Glass Array 1,344 or 5,000 Upregulation of IRF-2 and TNFRp75 in acute lesions

GeneFilters GF211 Membrane Array 5,184 Upregultion of LCK, IL-7R and MMP-19 and downregulation of CCR6

(Research Genetics) and DFFA in MS

Mini-Lymphochip ¢cDNA Array 6,432 Upregulation of proinflammatory genes such as CCRS, IP-10, and IL-
15RA by IFNB treatment

Original cDNA Glass Array 2,798 Upregulation of 5-lipoxygenase in MS and EAE lesions

HuGene FL Oligonucleotide Array 7,026 Upregulation of G-CSF in active lesions and upregulation of IgG FcR in

(Affymetrix) silent lesions, and amelioration of EAE in FcRy-chain-KO mice and by
treatment with G-CSF

GeneFilters GF211 Membrane Array 4,329 Indistinguishable profiles between MS and IDDM and downregulation of

(Research Genetics) apoptosis-regulatory genes in autoimmune diseases

Original cDNA Array (Modified 6,500 or 7,500 Upregulation of PAFAH1B1, IL-7R, ZAP70, and TNFRSF7(CD27) and

Lymphochip) downregulation of HSPA1A (HSP70) and CKS2 in MS

Atlas Human ¢cDNA Memebrane Array 3,628 Upregulation of ischemic preconditioning genes such as HIF-1a. in

1.2 (Clontech) NAWM of MS

Human cDNA Array (Hitachi Life 1,258 Upregulation of 15 IFN-responsive genes in MS after IFNp treatment

Science)

Atlas Human 1.0 Glass Microarray 588 Upregulation of inflammation/immune-related genes in the margin of

(Clontech) active lesions

Mini-Lymphochip ¢cDNA Array 6,432 or 12,672 Downregulation of IL-8 in responders after IFNB treatment

Custom-made cDNA Glass Array 5,000 Upregulation of aB-crystallin and SOD in acute lesions

GeneFilters GF211 Membrane Array 5,184 Time-dependent upregulation of [FN-responsive genes

(Research Genetics)

Human U95Av2 Oligonucleotide Array 12,000 Upregulation of T cell activation genes and downregulation of IL-1 and

(Affymetrix) TNF signaling genes in MS

Human U95Av2 Oligonucleotide Array 12,000 Identification of SCYA4, IL2RG, and TNFRSF6(Fas) as

(Affymetrix) immunomodulatory treatment-associated genes

Atlas Human Hematology/Immunology 448 Downregulation of LCK, TCF?, CD5, and ISGF3 by IVMP

Membrane Array (Clontech)

Original Membrane Array 36 Distinct gene expression profile between MS patients treated with IFNB
and GA

HuGene FL Oligonucleotide Array 6,800 Upregulation of E2F transcription factor pathway genes in MS

(Affymetrix)

Human U95A Oligonucleotide Array 12,633 Upregulation of genes related to Ig synthesis in active lesions of MS

(Affymetrix)

Human U95Av2 Oligonucleotide Array 12,000 Downregulation of NR4A1 and NR4A3 as the autoimmunity-specific

(Affymetrix) signature

Immune Membrane Array (National 1,152 Upregulation of CYFIP2 in MS

Institute on Aging)

Human cDNA Array (Hitachi Life 1,258 Aberrant expression of apoptosis and DNA damage-regulatory genes in

Science) MS

(LEF1, TCF3, SLAM, ITGB2, CTSB) O RBE LA ®
L O IL-1B, TNFo v 7+ MEEREEFORBET ¥R
Wiz, Bx OERE® R L, MS 175 orphan nuclear
receptor NR4A2 DRBUET ##HE LIz, HHOWETIT
MS 14 #liz#R Mk IFNB, glatiramer acetate (GA), IVIg
BERFCHERPEETE D, HOH R CEFAOKRESR

1361 & R #6513 6D PBMC D HB AT % 1T\, AR BEE
7 #{EF (TNFRSF6; Fas 7o &) HEIE L1230, 351213
Bl RRMS & 5610 SLE % 18 R oEESE L HE L T,
BCREEXKABFXAEETF (autoimmunity-specific
signature) #¥E#E L, BCOAREEBICEIT S apoptosis,
matrix metalloproteinase (MMP) #l#EREEFORER
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WEFER L, Maas 5% 20 FI0 RA, 24 #]o SLE, 5
%10 IDDM, 56ID MS & 9 ZDEEE (influenza v 7
¥V EER#) © PBMC % BRI L7123, v o5 v ie
T HREILE & HECREEBORETRE Yoy 4 —
VI ESRRBA, RA & SLE, MS & IDDM 2D T
BLUL, HORSERTIIARLT apoptosis & ZEF
HORRETERD D L2 #E L, Iglesias b
GeneChip% F\~ T176I ®DRRMS & 104 DEEEEDPBMC
ZHEEL, MS iw#1F% E2F transcription factor pathway
BETHRORER LAY RN L, E2Fl BEFRE~Y 2
TIL EAE BBEEL T 5 2 L 2 HME L7,

23. MS RBU B A2 —T zur R — X GRS
DFEW

# % v% cDNA macroarray (Invitrogen) % f\~C, &
BB X DBII L7272 b uy o 1 (astrocytes) #iifzss
T IFNB, IFNy & b BELH T 28 ETFEL R L
7239, IFNB iz X % interferon-regulatory factor IRE-7 &
pleiotrophin DFH, EF, IFNy i< X % IRF-1 & ICAM-1 D %
BEAZRER U7, Wandinger 5% RRMS %0
PBMC # IFNB THIB L T cDNA microarray (Mini-
Lymphochip) % F\~CTHEHT L7239, 4512 proinflamma-
tory molecules T2 % CC chemokine receptor 5 (CCRS),
interferon-inducible cytokine IP-10 (CXCL10), IL15 recep-
tor alpha (IL-15RA) DFH LR % 5diz, &~ i1t cDNA
microarray (Hitachi Life Science) % F\~C, 13 #10 RRMS
DOFRMIM CD3 Byt T #ik2 & CD3 &% non-T #ifac,
IFNBLb EMMBCREREB L v 2 —7 2 0 v
ERIZTH (IFN-responsive genes; IRG) #[FE L1 36),
NBEFHIERREBHEEL, T MAETSIRG (IRF-7,
ISG15, IFIs6, IFI6-16, IFI60, IFI30, ATF3, TLR5) @
B ER, IL-3, monokine induced by IFNy (MIG) 7& &
DREBE T %529, non-T #1812 12 IRG (IRF-7, ISG15,
IFI56, IFI6-16, IFI27, IFI17, TAPI, TNFAIP6, TSC22,
SULT1C1, RPC39, RAB11A) DREBR LR, L3 ORE
ET 28D, ISGL5, IFI56, IFI6-16, IFI27, TSC22,
SULTIC1 B8 L Tk, WRBANATS: 3-6 B OEfi:
ALBD, —HRAFIEEZRIRE bR ch o T By,
R Thl BIEEETF CCRS (T), IFNy (T), TNFa
(non-T) ORFEEAMEERDT, ZDZ LiLMS ik
VT IFNG BG4 3° L b BIRE s Th2 shift #3538 L 7\
L5 RS w—%+5, FEOS S 9 BETF (RFY,
ISG15, IFIs6, IFI6-16, IFI60, IFI17, TAP1, TNFAIPS6,
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MIG) %7 v & — &% — % 1= IFN-stimulated response
element (ISRE) < IRF element (IRFE) 23\EE I h T
AEEED IRG Th b, IFNB MR EERIG L TER L
BRDRRFCELEE LT BLE2bh 5, BEEE
WEEREERTIZE S D IRG i IFNy iIn X » T & RE,
DFE I N 5363, IRE-71LY 1 A4 2RI IFNo/B B
EXHBETHEOHBEET CTH 5%, IFI30 i class I
MHC #HFRERFERRCM -+ — A BTERTHD,
IFI30 BETFRE~ Y 2 CTRIUEZREET 239,
TAPLiZ class IMHC MR HFR T A 7 5 < 75 Vi
HF T, TAP1 BIEF/XRIB~ 7 2 Ti3 CD8* T @lax N3
BREEEANOEHR DL BEET 549, TNFAIPS 12 TNFa,
IL-1B e L ) RBFHI NS WEAB T, < v A[H%
CEET L EHREFRYET 29, LELD MS o
\~T IFNB i3 antiviral and antiinflammatory mediator &z
FTHORBEAYFET L L0 Lo, EE
WRERER\ N Z L 12 SLE Tt B 53 PBMC 1= 3
1% IRG DFEE v A RE | 1243)

Weinstock-Guttman & i3 GeneFilter membrane array %
F\~"C, 8610 RRMS TIFNBla # 5 #$REH12 monocyte-
depleted PBL %47 L C IRG 2 FFE L1, 20% iz
BAOBEREA—R"—5 » 7 LT 59, %42 Liang 5
12 Weinstock-Guttman 5 7 — % 2 E#EH L, IFNB i &

hREFHEIND IRG 11 early-onset (within 8 hours),

intermediate-onset (24 hours), late-onset (48 hours) o
3 HOEIND T EHHME L, Stirzebecher bt
cDNA microarray (Mini-Lymphochip) % f\~T, 10 #ilo
RRMS "TIFNB1b ¥a5F 1% © PBMC & 8247 L 7= 8, Y B
WEI 6y ADDBRIA 12y B# % CH A Gd &K MRI CE
DR BE R B L, TRRRIS ISR B 6096 A I L
72AEBI% responder & 5E L1z, ¥ 7% nonresponder %4
BREALA 2 0> B R D 72\ nonresponder from initiation of
therapy (INR) &, WARBMBH—CHEIDERB D

neutralizing antibody (NAb) HIE & & BB AMIE L
7z nonresponder with development of NAb (NAbNR) o 2
BB L, X 51T ex vivo fBHT & RIRIC IFNB CHI#
L7 in vitro 47 $ 1T - 7z, Responder TR 2 £21) |
EB) LI BETF I ex vivo T3 25 BETF (IFI17, 0AS,

Statl @ k3 & IL-8, CD69, c-fos, TSC22 DIETF 72 &) T,

D5 B IL-8 FEHE T 12 responder DIGEE & 7o 2 WTREM:
P& Hizo—7F invitro IRG 13 87 SB{EF C, responder
& nonresponder DI THRBE L A KERZED LI -
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Fro WHDOERR LT, Hx ik IFNB HEHR non-T
43 C TGFB-stimulated protein TSC22 D RH. LA 27D
T 59, 1% 5 OBFFEORIE AT responder 6 £ « INR 2
| « NABNR 2 1l & SEFIRE 234 7, PBMC % BAERIFE
CRELTHBL Tk, EREFCRETFREIEL
LEBLZ LTHH®, X 1D responder TriiaE
BT 0 HD GABERELXELTWAHH, Thizls
B OBEREYTRTEMIARAMS TriED TEAIT
5, Hong LIXREGECED TEER 36 BT
% - t= ¢cDNA macroarray #{ER L, K¥GH MS & IFNBla
* 7212 GA JRIEfESI o PBMC EHT L, BERGHERR
FROMEBEYHO I LI, KRBV LiEEE T
HhBa o MBI F L EB I EE 7 MMPO OREBULIFNB 12
IDETLLNGA TR ER LK,

van Boxel-Dezire & % 26 il © IFNB1b &5+ D RRMS T
PBMC D% 1 + 4 4 vEBEFREER VAV RFERER RT-
PCR "CEERSHC AT L 7 9, 1R AT # 2 FR OB REH -
IVMP [E1% » Extended Disability Status Scale (EDSS) & =
7 4% 16 FI D responder & 10 £ nonresponder 4513
TH#T5 &, responder iZ¥AHFRTIC IL-12p35 FH L <
ABMEMER % 8 L7z, Wandinger &1 RRMS T IFNBla
eS| FH—ELBEREN L, EDSS 22 7E{LDOR
BRI EFI% responder, —E LV EEREMR b A ES]
% nonresponder & E#K L, 20 #lo responder & 19 D
nonresponder @ PBMC # th#: 1L, responder Tik TNEF-
related apoptosis-inducing ligand (TRAIL; TNFSF10) %3%F
FHEEEAYETH I EERE LY, TRAILIXIRG D1
STELE MS O T il sT5RHBRETEZRD T
%2, TRAIL BEF RIB~ v A1 feRMHE © apoptosis &
BERFLL, 27—y vEERLECRRRECRS
T & NRE X T\ % 50, Baranzini H 13 52 41D IFNB &
Firh o RRMS TEER PBMC © 70 B FOFEH Vv~
A% RT-PCR CREBMICHT Ui, 0365 #E 2 M
—ELBERMA L, EDSS & a7 E o B iinWE
% responder, 2 AL EBREN/R O EF % nonre-
sponder & K L, MWEix 3 BIEF (caspase2, caspasell,
FLICE inhibitory protein; FLIP) DR v~ D 3 KT
T 8WEFITTRE L ME L T35,

B 7 VLETER2 © 72 0 IFNP ¥ MS (46 il
FEER Mm% 2 4EFH IFND ¥aiRBAS) & 22 BOEEEOR
R CD3 Bk T #ia% cDNA microarray (Hitachi Life
Science) ZEVTEN L7 —2 %, MHEMCRAZR

T 286 EETFRIEC LTHBR Y 7 A 2~ T
FEf#H L7 (Satoh et al. Manuscript in preparation) . = @
fEHTIZ X b 286 BIET1X class #1-#5 ILH I h, MS 12
BEENLSEINTILIR4DDOY 7 I A — TSR
Inte, ThbLBREFRES 27+ — A BEEECE
Bl AR, BREEARNR 2 FROBEREEE - IVMP B
B - ABEBHOATRS EEEAE BH, KBRREH
TRE - CBE, &b EDSS 22 7 AEED DB/
iz, BEEE chemokine SEETF % % < &1r class #5 DFE
B _ARE T, i IFND BN 2 FHIOBER
E% - IVMP B« ABEH# - EDSS 2 27 « MRIT2 8
BEGFREROLE L BEBREE»OEE Lz IFNB
BRI A 2 7 CIfi3 5 &, responder tx A B L B R
#£F1 T\ ¥ 7 responder Tl nonresponder i R
L CHEB%BE 6, AORETY IRG (ISG15, IFI27,
MCP-1, TNFRp75) OREBR VAV iAEREFZ naEE
R LT,

3. # &

FHRILDNA YA 707 VA EBRZAVCTMS 28T #
BOBEFRE S 7 4 —AESE 4 BroEsh,
ZBEEBIERYE - A - [FNB AR UGH: & ORI
RADDH T ERRE L, B BKAMS Kb RtRD
FEAMCITE DD E S PEAREEINL TRITFTH
B DL HHERBTEAERLZLRLID MS O
F—3F 2 f FEEBRICEBREXS L Bbh b,

BEETHEN LR 2 PrRo—Eix, PR 17 FEEE
FEREWEBRBIEC - AORERE BETT VA
X B SREECEBRT RSB B3 55T | H17-
oA 020) BIOFER 17T EEREFe s —= vy A
TV ABEHEELEDNAT A 7 T VAR X A5
B {LAE OREZEE ORI BT A H%E : KH21101) ©
WEIC X hERI NI,
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