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rat CD1d are designated as P80rCD80rCD1d, those transduced with mouse
CD1d as P80rCD80OmMCD1d.

Mouse CD1d was cloned from A20mCD1d cell line (38) by RT-PCR
using the following primers: mCD1d-EcoRI-Fow (5'-GGG GAG AAT
TCC GGC GCT ATG CGG TAC CTA CC-3'); and mCD1d-EcoRI-Rev
(5'-GGT GGA ATT CAG AGT CAC CGG ATG TCT TGA TAA G-3").
The sequence of the insert showed a complete overlap with the mouse
CD1d sequence available in the gene bank under X13170 (39). Rat CD1d
¢DNA was obtained by RT-PCR using RNA isolated from F344/Crl rat
bone marrow as a template and CD1d-specific primers: N366 (5'-TCG
GAG CCC AGG GCT GTG TAG A-3'); and rCD1dRev (5'-TTC TGA
GCA GAC AAG GAC TGA-3"). PCR product was cloned into TOPO
cloning vector and sequenced. The sequence was identical with rat CD1d
(GenBank accession number AB029486) published by Katabami et al.
(23). Mouse and rat CDId DNA were cloned into EcoRl site of
pczCGZ51Z, and pczCGZS TEGZ vectors, respectively, and were further
used for retroviral infection of P80rCD80 cells.

The expression of mouse CD1d was tested with the CD1d-specific mAb
1B1 (BD Pharmingen), whereas expression of rat CD1d was assessed from
the green fluorescence of the EGFP reporter gene. Surface expression of rat
CD14d was also confirmed with a novel rat CD1d-specific mAb (E. Pyz and
T. Herrmann, unpublished observations). The Ag-presenting cell lines were
enriched for CD1d expression by cell sorting or selection with antibiotics.

Stimulation with a-GalCer in vitro

«-GalCer was generated as described (40). The reactivity of mouse and rat
THLs to o~GalCer was tested by culture of IHL (1 X 10° cells/well of a
96-well round-bottom plate) in the presence of a-GalCer (100 ng/ml), ve-
hicle (DMSO), or complete medium for 24 h at 37°C. The level of IL.-4 and
IFN-vy released into culture supernatants was determined using ELISA kits
(BD Pharmingen).

To analyze the «-GalCer reactivity of TCR-transduced cell lines, mouse
and rat thymocytes (1 X 10° cells/well), or CDld-transduced cells
(P0mCD1drCD80, P8OrCD1drCD80, 5 X 10* cell/well) used as APC
were loaded with either a-GalCer (1-100 ng/ml) or vehicle (DMSO) for
1-2 h before the addition of responder cells. As a positive control, TCR-
positive cell lines were stimulated with plate-bound anti-mouse CD3 mAb
145C11. After 24 h of culture, supernatants were taken, and the secreted
mouse IL-2 was quantified using a commercial ELISA Kit (BD
Pharmingen).

Immunofluorescence and flow cytometry

For the staining, 2 X 10° cells were diluted in 100 ul of FACS buffer (PBS
(pH7.4), 0.1% BSA, 0.02% NaN,) and were treated for 10 min at 4°C with
normal mouse Ig (Sigma-Aldrich) or mouse FcyR-specific 2.4G2 Ab to
block unspecific binding or binding to Fc receptors. Subsequently, cells
were stained for 30 min with labeled mAbs, washed, and stained with
another mAb or analyzed with a FACScan or FACSCalibur flow cytometer
(BD Biosciences).

FIGURE 1. Phenotypic and functional analy-
sis of typical iNKT cell features of C57BL/6
mouse and F344/Crl rat IHL. A, Two-color flow
cytometry for coexpression of NK1.1 or NKR-
PIA and indicated T cell markers. Percent of
positive cells are indicated by numbers in the
upper right quadrant. B, Two-color flow cytom-
etry for binding of a-GalCer-loaded or unloaded
mouse CD1d tetramers to CD3™ positive (upper
right quadrant) or CD3™ (upper left quadrant)
C57BL/6 mouse or F344/Crl rat IHL. Percent-
ages of tetramer-positive cells are given in the
respective quadrants. C, IFN-vy or IL-4 secretion
during 24-h stimulation of 1 X 10° rat or mouse
IHL with 100 ng/ml «-GalCer dissolved in
DMSO, vehicle (DMSO alone), or medium
alone, Ordinate, Cytokine concentration in pico-
grams per milliliter.
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All mouse and rat mAbs were obtained from BD Pharmingen and are
given with their clone names: mouse V£8.1, 8.2, 8.3 (F23.1); mouse CD3
g-chain (145-C11); mouse CD1d (1B1); mouse CD4 (GK1.5); mouse
CD8« (53-6.7); NK1.1 (PK136); BV8S4A1 and BV8S4A2, V8.2 of
LEW rats and V8.4 of F344/C1l rat (R78); rat TCR B-chain (R73); rat
CD4 (W3/25); rat CD4 (0X35); rat CD8j3 (3.4.1.); rat NKR-P1A (10-78).
Abs were usually FITC or PE labeled. Biotinylated mAbs, when used, were
visualized with streptavidin-CyChrome. Unconjugated Abs, used in indi-
rect immunofiuorescent staining, were detected by using fluorochrome-
conjugated Abs: PE- or Cy5.5-conjugated (Fab'), fragment of donkey anti-
mouse IgG or goat anti-hamster IgG FITC obtained from Dianova or
Serotec).

Staining with a-GalCer-loaded mouse CD1d-PE tetramer

a-GalCer-loaded or control mouse CD1d-PE tetramers were generated as
described in Ref. 18. Tetramer staining of mouse/rat [HL- or TCR-trans-
duced cell lines was performed as normal FACS staining, but with incu-
bation for 1 h at room temperature. Tetramer concentrations were 350 (high
tetramer) or 35 ng/50 gl cell suspension (low tetramer).

Results
Phenotype and a-GalCer response of rat IHL

In mouse and human, the highest proportion iNKT cells can be
found among intrahepatic lymphocytes. In an attempt to identify
the corresponding population in rat, IHL of F344/Crl rats and
C57BL/6 mice were compared for cell surface phenotype (Fig.
1A), binding of a-Gal-loaded mouse CD1d tetramers (Fig. 1B),
and «-GalCer-induced cytokine production (Fig. 1C). In agree-
ment with published data, about one-third of mouse IHL coex-
pressed NK1.1 (mouse homolog to rat NKR-P1A) and TCR. More
than 20% of THL coexpressed NK1.1 and CD4, but very few co-
expressed NK1.1 and CD8af3. As shown in Fig. 1B, ~27% of IHL.
show costaining of a-GalCer-loaded CD1d tetramer and anti-CD3,
with the tetramer positive cells having a lower or intermediate
level of expression of CD3. 25.5% of THL were costained by tet-
ramer and anti-NK1.1 (data not shown) and 20.4% by tetramer and
anti-CD4, whereas only very few (0.38%) stained with CD1d tet-
ramer and CD8-specific mAb (data not shown).

The phenotypes of rat and mouse IHL differed considerably.
First of all, <5% of rat IHL coexpressed NKR-P1A and CD3, and
most of these cells were positive for CD8af but not for CD4, and
they did not express intermediate CD3 levels. Secondly, in contrast
to results found in mice, only a very small number of CD3¥ rat
IHL were stained with «-GalCer-loaded mouse CD1d tetramer;

F344

C
IFNy W oa6 IL-4
pomi CIF344 poml
400 90
300 70
200 5
100

ol 1

mediun eGaiCer Vehicle  medium e-GalCer Vehicle

-255.-



7450

0.4% of THL were stained with a-GalCer-loaded tetramer and
0.15% with control tetramer. Even higher proportions of CD3™
lymphocytes were stained by «-GalCer-loaded tetramers (1.61%)
or control tetramers (0.84%), which made it likely that (much of)
the tetramer staining of CD3" rat IHL was unspecific.

To test whether the lack of binding of mouse CD1d tetramer to
rat IHL was due to the absence of a-GalCer-specific cells in F344/
Cil rat Liver, the o-GalCer reactivity of F344/Crl and C57BL/6
IHL (Fig. 1C) was compared. After 24 h of stimulation with
a-GalCer (100 ng/ml), mouse and rat liver lymphocytes produced
both IFN-y and IL-4. The amount of rat IL-4 reached ~15% of
that secreted by mouse cells. The IFN-y production by rat IHL
exceeded that of mouse IHL, but rat IHL showed also a high level
of background IFN-y production.

The c-GalCer-induced activation of cytokine production in con-
junction with the detection of AV14AJ18 rearrangements in rat
IHL strongly support the existence of an iNKT cell population in
F344/Crl rats, although these cells could not be detected by mouse
CD1d tetramer. This could be a consequence of 1) an extremely
low frequency of rat iNKT cells and/or 2) a requirement for pre-
sentation of a-GalCer by syngeneic CD1d (species specificity),
which finally would result in a lack of binding of mouse CD1d
tetramers to rat iNKT TCR. To test the latter hypothesis, iNKT
TCRs were cloned and expressed in TCR-negative BW58r/
mCD28 cells and tested for mouse CD1d tetramer binding, In ad-
dition, these lines as well as lines expressing iNKT TCR variants were
tested for reactivity to a-GalCer presented by mouse or rat CD1d.

Cloning and transduction of mouse and rat CD1d and iNKT
TCR

Cloning, transduction, and quantification of surface expression of
iNKT TCR was performed as described in Materials and Methods.
Three AV14 a-chains were cloned into a retroviral vector carrying
an EGFP as reporter gene. Two of them comprised V-encoded
amino acid sequences identical with that of rat AV14S1 and rat
AV14S88. The mouse AV14S1A2-chain was cloned from the
a-GalCer-reactive mouse C57BI./6-derived iNKT cell hybridoma
KT12. All AV14 o-chains were coexpressed with different mouse
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or rat BV8S2 B-chains, the properties of which will be discussed
later in this section.

The sequences of the tested iNK'T TCR a-chains are compared
in the upper part of Fig. 2. Both rat AV1481 and rat AV14S8
a-chain comprise type 1 AV14 sequences. The V domain of the rat
AV14S1 a-chain is identical with sequences previously found by
Matsuura et al. in F344/Crl rat liver (6). The rat AV14S8 a-chain
sequence was directly cloned from F344/Crl THL, as described in
Materials and Methods. AV14S8 has not yet been described for
F344/Crl rats, but an identical sequence has been found in the
BN/SsNHsd rat genome, where it has been named AV1488 (25).
A peculiarity of the AV14S8-comprising a-chain used in this
study may be the valine located at position 93 of the VI junction
which corresponds to the adult type of AV14AJ18 rearrangements
(26). Otherwise, the mature Vo domains of the two rat TCRs dif-
fered by the following substitutions: K1R, Q15E, and K51T.

The middle part of Fig. 2 aligns the sequences of the TCR
B-chains used in this study. The BV8S2-positive mouse B-chain
was originally isolated from the iNKT T cell hybridoma KT12.
The rat BV8S2 (BV8S2A1 or Terb-V8.2")-comprising B-chain
used in this study was derived from the rat T cell hybridoma 35/1,
which was generated with an encephalitogenic cell line of LEW/
Crl origin as fusion partner. The 35/1 TCR is RT1B%restricted
gpMBP, <5 specific and reacts also with the superantigens of
Yersinia pseudotuberculosis and Mycoplasma arthritidis and the
staphylococcal enterotoxins B and C1 (33). As previously de-
scribed in some detail (33), replacement of the CDR2 and/or the
CDR4/HV4 of the BV8S4A2 with those of F344/Crl rats had dis-
tinct effects on (super)Ag reactivity. Changes in the CDR2 abol-
ished reactivity for peptide Ag and staphylococcal enterotoxins B
and C1, whereas mutation of the HV4/CDR4 affected only the
response to staphylococcal enterotoxins (33). The B-chain contain-
ing the mutations within CDR2 and CDR4 is, with exception of a
lacking 1.14K substitution, identical with the BV8S4A2 of F344/
Crl rats. It lost specificity for the peptide Ag, staphylococcal en-
terotoxins and the superantigen of M. arthritidis (33).

The lower part of Fig. 2 presents the amino acid sequence of the
-1 and o-2 domains of rat and mouse CD1d. The a-helical parts
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FIGURE 2. Alignment of amino acid sequences of the mature peptides TCR chain proteins (o-chain and 3-chain) and CD1d molecules used or discussed
in this study. Underlined parts of the TCR sequences indicate localization of CDRs. Parts of CD1d sequences in italics indicate e-helical regions. Amino
acid sequences were deduced from the nucleotide sequences, the accession numbers of which can be found in GenBank: rAV 1488 a-chain, DQ340291;
rAV14S1 a-chain, DQ340293; mAV 1481, AY158221; mAV14S1A2 (KT12 hybridoma), DQ340292; BV8S2A1 TCR35/1 f-chain, AY228549. Mutants
entry indicates localization of the CDR2 and CDR4/HV4 substitutions introduced in the TCR35/1 B-chain, which are highlighted by bold letters. mBV8S2
TCR KT12, DQ340294; mCD1d (mouse CD1d), X13170.1; rCD1d (rat CD1d), AB029486.
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of CD1d are marked. The a helices of the al domains differ in 3
aa. Visualization of the of the PDB files 1ZHN (10) and 1Z5L (12)
of the mouse CD1d crystal structure by Swiss-PDB-viewer (http://
swissmodel.expasy.org/SM_TOPPAGE.html) shows that T74
points upwards and K81 outwards, defining them as theoretical
contact sites with the TCR. 183 points into the binding groove. The
a-helical parts of the a-2 domain differ by 7 aa. With exception of
the R1578, side chains of all substitutions show upwards and pro-
vide possible contacts for the TCR. In contrast to the differences in
potential TCR contacts, those amino acids shown to provide H
bonds with a-GalCer are conserved (12). Both CDId genes were
expressed in P815 cells (P80rCD80) overexpressing rat CD80 as
described in Materials and Methods.

Species specificity of CD1d restriction in Ag recognition by rat
iNKT TCR

First, we tested three responder cell lines for their «-GalCer reac-
tivity and their capacity to bind mouse CD1d tetramers. The lines
were BWr/mCD28 cells expressing: 1) as positive control, mouse
iNKT TCR isolated from the KT12 hybridoma which consisted of
a mouse AV14S1A2 a-chain and mouse BV8S2 B-chain; 2) rat
AV1481 a-chain with the CDR2+4 B-chain mutant; 3) the rat
AV1488 a-chain with the same B-chain mutant. The BV8S4-like
CDR2+4 B-chain mutant was used, because there is circumstantial
evidence that in F344/Crl rats, iNKT cells express the BV8S4-
comprising B-chains (6). The two rat TCR lines expressed very
similar levels of TCR, whereas expression of the mouse TCR was
considerably lower (Fig. 3). Cell lines were tested three to five
times for their o-GalCer-induced I1.-2 secretion. IL-2 levels after
CD3 ligation were quite similar, with the exception of sometimes
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considerably lower IL-2 production by the mouse iNKT TCR-
transduced line (data not shown). Fig. 3 shows data from one rep-
resentative assay of a-GalCer-induced IL-2 secretion. The APC-
type thymocytes vs CD1d-transduced P80 cells and the origin of
the transduced CD1d (rat vs mouse) considerably affected the out-
come of the assay. Generally, with CD1d-transduced P80rCD80
cells as APC, I1-2 production was much higher than with thymo-
cytes. This may reflect the differences in the level of CD1d and
CD80 surface expression in primary vs CDld-transduced cells
(data not shown). In assays with mouse thymocytes as APC, some
background IL-2 production was found, even if TCR-negative
BWS58 cells were used as responders, suggesting that IL-2 was
secreted by a-GalCer-stimulated thymocytes (Figs. 3 and 5). With
regard to a possible species specificity in CD1d-restricted o-Gal-
Cer recognition, all three lines responded to -GalCer presented by
rat CD1d-expressing cells, whereas e-GalCer mouse CD1d com-
plexes stimulated only mouse iNKT TCR responder cells. In ad-
dition, the stimulation of the line expressing the rat AV1481
a-chain was considerably stronger than of the rat AV14S88
a-chain-expressing line.

The differences in the response to a-GalCer presented by
mouse CD1d correlated with the pattern of mouse CD1d tet-
ramer staining as is shown in Fig. 3 Binding of mouse CD1d
tetramers was normalized by dividing mean fluorescence inten-
sity (MFI) of tetramer staining, through MFI of CD3 staining.
After normalization, tetramer staining of the mouse iNKT TCR-
expressing line was 24-fold, respectively, 8-fold stronger than
that of the rat AV1488 a-chain-expressing line or the rat
AV14S1 a-chain-expressing line.
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FIGURE 3. A, Species specificity of CD1d-restricted «-GalCer recognition by rat iNKT TCR-transduced cells. The graphs in the upper row indicate
degree of IL-2 production (please note the different scales of the ordinates) by TCR-transduced BWS58r/mCD28 cells after stimulation with «-GalCer
presented by different APC-expressing mouse or rat CDI1d. Transduced TCR: O, vector control; M, mAV14S1A2+mBV8S2 (mouse a-chain + mouse
jB-chain); A, AV14S88 + rat CDR2+4 B-chain (rat AVSS a-chain + BV8S4-like rat B-chain); ®, AV14S] + rat CDR2+4 B-chain (rat AVSI a-chain +
BV8S4-like rat S-chain). Amino acid sequences of the TCR chains used by these are given in Fig. 2. The type of a-GalCer-presenting cells and

concentrations of «-GalCer used for stimulation are indicated on top of the

respective graphs and at the abscissa, respectively. Zero ng/ml indicates the use

of vehicle control. B, Upper row, CDD3 expression of TCR-transduced cell lines used in A. Binding of isotype control (E) or anti-CD3 (). Lower row,
Mouse CD1d tetramer staining. Binding of unloaded control (350 ng/50 pl sample, £3) and of «-GalCer-loaded tetramers (350 ng/S0-ul sample, [J). The
type of transduced TCR is given on top of the histograms. The numbers in the histogram give ratios of MFIs for staining with «-GalCer-loaded mouse CD1d

tetramers divided by that for staining with anti-CD3.
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Effects of iNKT TCR «- and B-chain differences on
CDld-restricted a-GalCer recognition

We have previously analyzed the effects of CDR2 and/or CDR4
mutations of rat BV8S2 on the recognition of peptide Ags and
superantigens (33). To learn whether the known BV encoded (su-
per)Ag recognition sites may also contribute to o-GalCer recog-
nition, AV14 a-chains were coexpressed with the various rat
BV8S2 B-chain mutants and a mouse BV8S2 B-chain. These lines
were then tested for the response to «-GalCer presented either by
rat or mouse CD1d and for binding of a-GalCer-loaded mouse
CD1d tetramer.

All lines expressed similar levels of TCR (summarized in Fig. 6)
and produced similar amounts of 11.-2 after stimulation with anti-
CD3 mAb, with the exception of the mouse B-chain-expressing
lines, which sometimes showed a rather low level of I1.-2 produc-
tion (data not shown). All lines were tested two to five times; and
although the overall degree of stimulation varied between exper-
iments, the patterns of a-GalCer reactivity remained the same.
Figs. 4 and 5 show results from a representative experiment com-
paring all cell lines and Fig. 6 summarizes the results of all
experiments.

The iNKT TCR composition affected the o-GalCer reactivity as
follows: 1) the o-chain sequence of the transduced TCR largely

affected the general degree of a-GalCer reactivity, because all rat
AV1481 a-chain-expressing lines responded considerably better
to a-GalCer than the corresponding rat AV14S8 a-chain-express-
ing lines (Figs. 3 and 4); 2) lines with TCR comprising the two rat
a-chains showed no or only a marginal response to a-GalCer
which was presented by mouse CD1d, regardless of the type of the
pairing B-chain (Fig. 4). These findings confirmed and extended
the results on the species specificity of CD1d-restricted o-GalCer
recognition by rat iNKT TCR shown in Fig. 3) only lines with
TCR comprising the mouse a-chain in combination with mouse
B-chain or with suitable rat B-chains responded to a-GalCer pre-
sented by mouse CD1d (Fig. 5). Suitable were those rat S-chains,
which contained the BY8S4-like CDR2 (CDR2 or CDR2+4 mu-
tant), whereas f-chains with the CDR2 of rat BV8S2 (CDR4 mu-
tant and wild-type BV8S2) showed in the same setting only a
marginal or no response. This pattern of reactivity maps the CDR2
of the B-chain as a region contributing to CD1d-restricted a-Gal-
Cer recognition in the interspecies comparison.

In contrast to the variation in the response to «-GalCer pre-
sented by mouse CD1d, recognition of rat CDld-a-GalCer com-
plexes was largely unaffected by the B-chain of INKT TCR. All
lines expressing TCR comprising the rat or mouse AV1451
a-chains (Figs. 4 and 5) showed a very similar response. The

BW58 cells transduced with mouseAV1452
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FIGURE 5.

Analysis of mouse CD1d restricted « -GalCer recognition by chimeric mouse - rat--chain iINKT TCR reveals contribution of CDR2f to

ligand recognition by iNKT TCR. Shown is IL-2 production of BW58t/m CD28 transduced with AV14S1A2 a-chains and various f3-chains indicated by
the symbols in the graph to a-GalCer presented by indicated APC. BW indicates cells transduced with vector control. Every section of the columns indicates
I.-2 production by cells expressing a certain «-$3-chain combination. Note the variation of the scales indicating [L-2 production in the various graphs.
oa-GalCer concentrations are given in ng/ml. Vehicle designates culture with solvent (DMSO) only.
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somewhat lower IL-2 production of the line coexpressing rat
AV14S1 a-chain and the CDR4 mutant B-chain probably reflects
a generally weaker capacity in TCR-triggered IL-2 production, be-
cause anti-CD3 induced I1.-2 secretion (not shown) was only about
one-half of that found for the other lines. Less clear were the re-
sults for cell lines expressing rat AV1488 a-chain. In two of four
experiments, B-chain composition affected the response to rat
CD1-a-GalCer complexes of the lines. An example for such a
differential response is given in Fig. 4, where the lines expressing
the CDR2 or CDR2+4 mutant B-chains reacted far better than
those lines expressing the wild-type BV8S2 or the CDR4 mutant.

Finally, effects of the a-chain composition were also seen for
the three mouse f-chain-expressing lines. The rat AV14S88
a-chain/mouse B-chain-expressing line completely lacked o-Gal-
Cer reactivity (Fig. 4), whereas the rat AV14S1 a-chain/mouse
B-chain expressing line responded to a-GalCer if it was presented
by rat CD1d-transduced P80rCD80 cells (Fig. 4), implicating rat
Vainteractions with CD1d in imparting the observed species spec-
ificity. Only the mouse AV14S1A2 a-~chain/mouse B-chain ex-
pressing line responded irrespective of the types of APC or origin
of CD1d used to present the o-GalCer (Fig. 4).

Differential binding of a-GalCer-loaded mouse CD1d tetramers
to iNKT-TCR-transduced lines

All cell lines were also tested for TCR expression and binding of
a-GalCer-loaded tetramers at two different concentrations. In all
cases, binding of unloaded tetramer control was negligible. Fig. 6
summarizes data from such an experiment and gives an overview
of the results obtained in the functional assays. The capacity to
bind a-GalCer-loaded mouse CD1d tetramers is presented by the
ratio of MFI of tetramer binding and MFI of anti-CD3 binding.
The best binding was found for the TCR comprising mouse
AV1481 o-chain paired with the CDR2, CDR2+4 mutants of rat
BV8S2 B-chains or the mouse BV8S2 B-chain (Figs. 3 and 6),
which is consistent with their exclusive capacity to respond to
a-GalCer presented by mouse CD1d. At least 8 times weaker was
the tetramer binding of lines coexpressing mouse a-chains and rat
BVS8S2 and CDR4 mutants.

Interestingly, the tetramer binding varied also between the rat
a-chain-expressing lines. The poorly responding rat AV14S8
a-chain-expressing lines showed essentially no binding, whereas
at least some tetramer binding was found for the more reactive
lines coexpressing rat AV14S1 a-chain and the suitable CDR2 or
CDR2+4 mutated B-chains. Finally, and again consistent with the
functional assays, the rat c-chains paired with mouse B-chain
bound no tetramer, whereas the original mouse iNKT TCR bound
it very well. Indeed, the efficient binding of this TCR at the lower
tetramer concentration suggests a rather high avidity of the original
mouse iINKT TCR for a-GalCer-mouse CD1d complexes, consis-
tent with measurements conducted with other mouse iNKT cell
hybridomas and T cell populations.

Fig. 6 summarizes our results on the CD1d-restricted a-GalCer
response and binding of a-GalCer-loaded mouse CD1d tetramers
to iNKT TCR-transduced cell lines. It appears that the lack of
reactivity to o-GalCer presented by mouse CD1d results from an
impaired binding of the rat iNKT TCR o- rather than B-chain to
mouse CD1d. Furthermore, comparison of iNKT TCR sharing the
same o-chain but comprising different B-chains revealed that the
amino acid composition of CDR2 of the B-chain strongly affects
the CD1d-restricted glycolipid reactivity.

Discussion

This study was initiated to characterize the phenotype and the
a-GalCer response of rat INK'T cells in a side by side comparison
of mouse and rat [HL. As previously described (1, 6, 28), ~30%
of mouse THL coexpressed NK1.1 and TCR and were either CD4™
or CD4~CDS8"™, whereas rat IHL comprised rather low numbers of
NKR-P1A (rat homolog of NK1.1) and TCR™ cells, most of them
being CD8aB™. Our attempts to directly detect rat iNKT cells by
staining with a-GalCer-loaded mouse CD1d tetramers failed, al-
though the capacity of rat [HL to produce IFN-vy and IL-4 produc-
tion after stimulation with a-GalCer suggested that there is indeed
a functional iNKT cell population in F344/Crl rats. Analysis of
newly gencrated cell lines expressing CD1d and iNKT TCR of
both species allowed us to directly demonstrate the functionality
of the rat elements of cognate Ag recognition by iNKT cells. In
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addition, this analysis revealed that Ag recognition by rat iNKT
TCR required its presentation by syngeneic CD1d, which was un-
expected, given that mouse and human CD1d tetramers and dimers
(18-20) bind to iNKT cells of the opposite species. Nevertheless,
despite this cross-species reactivity, mouse iNKT TCRs bind
mouse CD1d better than human CD1d, as was shown with o-Gal-
Cer-loaded mouse CD1d dimers (4). In addition, the weakly bind-
ing human dimers showed a stronger preference for mouse BV8S2
iNKT TCR than for mouse dimers, a result that underlines the
substantial contribution of the B-chain to binding of «-GalCer
CD1d complexes (4).

Interestingly, mouse iNKT TCR-transduced lines responded
quite well to a-GalCer presented by rat and by mouse CDI1d,
whereas the rat iNKT TCR-expressing lines responded only when
Ag was presented by rat CD1d. What could be the reason for the
need of syngenicity between iNKT TCR and CD1d only in one
direction? One possibility could be that higher numbers of o-Gal-
Cer complexes on rat CD1d* APCs could have compensated for
the generally low avidity of rat INKT TCR for CD14d, in particular
for mouse CD1d. This possibility cannot be formally excluded but
seems to be rather unlikely because homologous types of APC
were used for presentation. Alternatively, we suggest a higher de-
gree of promiscuity either in Ag recognition by mouse vs rat iNKT
TCR or in Ag presentation by rat vs mouse CD1d.

With the help of chimeric and mutated iNKT TCR, we could
identify TCR regions, which contribute to binding of -GalCer and
(mouse) CD1d. Cell lines expressing TCR comprising a mouse
iNKT TCR a-chain and a suitable B-chain transgressed the thresh-
old for the induction of a response to Ags presented by mouse
CD1d, and these cells efficiently bound mouse CD1d tetramers.
The differential reactivity of the rat BV8S2 B-chain mutants al-
lowed us for the first time to demonstrate the impottant role of
BV-encoded parts in the a-GalCer response, without a possible
interference by CDR3 diversity. In addition, analysis of mutants
swapping the CDR2 of BV8S2 with that of BV8S4 provided ev-
idence for an involvement of the CDR2 of the B-chain in recog-
nition of the a-GalCer-CDI1d complex. In this context, it is of
interest that the CDR2 of rat BV8S4, which in the combination
with the mouse iNKT TCR a-chain permitted binding of a-Gal-
Cer-mouse CD1d complexes, and the CDR2 of mouse BV8S differ
from each other by only one amino acid (Fig. 2). In contrast, the
CDR2 of rat BV8S2, which in the interspecies comparison was
nonpermissive, differed from that of mouse BV8S2 by 3 aa.

Rat Tcrb haplotypes vary in expression of functional BV8S2
and BV8S4 genes. The Tcrb® haplotype, which is found in F344/
Crl and DA rats, expresses BV8S2 and BV8S4, whereas the Terd!
haplotype of LEW/Cr, BN, and PVG rats expresses only BV8S2
(24, 31, 41, 42). These rat strains are widely used as models for
autoimmune diseases; therefore, it is of special interest to inves-
tigate whether differences in reactivity to natural iNKT TCR 1i-
gands based on differences in the CDR2s of BV8S2 vs BV8S4
could lead to a rat strain-specific variation in iNKT T cell devel-
opment or Ag reactivity.

The three a-chains tested contributed not only to restricted rec-
ognition of syngeneic CD1d, but also to the overall magnitude of
the «-GalCer response. The lines expressing TCR with rat
AV1481 chains and mouse AV14S1A2 a-chains showed a much
better response than the rat AV1488-expressing lines. By analogy
to what is known from MHC-restricted recognition of peptide Ags,
the differences in a-GalCer reactivity of the two rat a-chains could
have been explained by the K50T substitution in the CDR2« and
by the A93V difference in the CDR3« (43). Two reasons lead us
to assume that the CDR2« difference is of minor importance. In a
comprehensive study on a mouse AV14S1 polymorphism, Sim et

Ag RECOGNITION BY RAT iNKT TCR

al. (44) demonstrated that a pronounced CDR2«a difference be-
tween mouse AV14S1A1 and AV14S1A2 (see also Fig. 2) had
litile if any effect on TCR-binding to a-GalCer-CD1d complexes
(44). Also, our own preliminary results (E. Pyz, . Miiller, and T.
Herrmann, unpublished observations) obtained with rat AV1481
and AV1488 chain mutants showed little effect of the K50T sub-
stitution on the a-GalCer response, whereas a pronounced effect
was found for the V93A substitution.

To sum up, we showed that efficient activation of rat iNKT
TCR-expressing lines requires presentation of a-GalCer by syn-
geneic CD1d, and that reactivity to complexes of a-GalCer and
mouse CD1d can be obtained by replacing the rat a-chain against
that of the mouse and by using a 8-chain comprising the CDR2 of
rat BV8S4.

This finding thus provides the first description of a germline-
encoded CDR involved in ligand recognition by iNKT TCR. The
generation and functional analysis of further chimeric rat/mouse
iNKT TCR and of chimeric rat/mouse CD1d molecules should
strongly facilitate the characterization of the TCR/CD1d/Ag com-
plex. At a certain point of chimerism of TCR or CD1d, cells ex-
pressing iNKT TCR comprising rat/mouse a-chain chimeras
would be expected to gain specificity for a-GalCer presented by
mouse CD1d and mouse/rat CD1d chimeras should gain the ca-
pacity to efficiently present Ag to rat iNKT TCR. Finally, com-
bined functional assays with cells expressing such chimeric or mu-
tated receptors and ligands, at best together with binding studies of
recombinant molecules, may even allow definition of direct con-
tacts in the ternary complex comprising iNKT TCR/Ag and CD1d.
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% 2 EM EOMBLAEE, 7o 2T IFN-g &
ERioMias ¥h o mRNA 2 UBIET 5.
DNA ~A4 zu7v4 Tikhlz D#NEHR(Cy 3,

Cy5) T U 72 cDNA % 7z 1& cRNA 2{ERL L
TH—F vy 7 ETHRENA TV 1 -y a
B %S 2MEE). GeneChip Tl in vitro
transcription 2 & D cDNA # & biotin £ #
cRNA 215, WHBICHIRTL TNg 7Y A4

Y¥—yvary®B Iixw, streptoavidin-phycoer-
ythrin (SAPE) 2 %0 L CTHEER T 5 (1 ).

GeneChip X 1 > NI 1WD T v A BHET
TVvABOKEKIZZS, EHboD5EAF Yy
F—THENY SV ERE, GohicT—F ZE
#{k (normalization) L, $RETH2ERUMENT (R 4T :

www.cran.r-project.org R ) 2B 2\, Y
PN OBETFHE 70 7 4+ —)v(gene  expres-
sion profile) ®tt 4 5. L7zd> T RNADOE
(quality) HMERWCIEF T 5. HELHRE
BERTEHEFIZYV 7NV 4 LART-PCRTE
BRI 5 Z EBWEETH S (validation), FE
L7 BT OBERE - #5519 5 1if i (annota-
tion) ¥, Web £ T 7 —#% —~—Z (NCBI
Entrez : www.ncbi.nlm.nih.gov/Entrez/index.
htm 72 ¥) 2RET 5., T 2 LB ETF
535 7 — & % Gene Expression Omnibus (GEO :

www.ncbi.nlm.nih.gov/geo) I B#FENTE D 5
vou—RTE 5, KMEIMY > 88K (peripheral
blood mononuclear cells : PBMC) OE&EF7 Vv
A FEAR ORI AL, BEFRELV OV HIER -

BLAE - RV - HFEE - FEIFS - FEEIA L AR
Y OEAZERRMEZ(BENES) 08 2R 5
Z ¥ T# 5 (interindividual and intraindividual
variation)®, 7z BGHERR D FEHT CIXICERINBRAS
TIET 2 (RNA degradation time) 25f&E
THY, HEpH BB F TR 3.
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BEI/~4 7 a7 vA BROER L ZOfRICHfF I I 5 BH

B > IV OBERT -5 2y P OERRE
AR UAET 5729, BHTY 7 b (GeneSpr-
ing : Silicon Genetics-Agilent 7z ¥) 2 W T, B
g8y 7 5 R ¥ —f& #(hierarchical clustering
analysis) #8225, T bbby VT 5
ERTERE Uiz, BUREE Y - 22T 5iEB
FRF U INEBETN—TIHEL, BHRE (den-
drogram) E EBHEV IWVDZRITTL b Y v 7 AT
FrT 5 (BE7% L - unsupervised method).
ER N7 EH T T 5 EEEE T
scriminator genes) &t L T =X ICRET 5
R4 i #r (principal  component  analysis -
PCA) & 279, & oWl FHtic Ay
j- 7 —% % training set & U CHMRFE L, FHE
F—F Xy MBI LY TSN T R RITER
TR HE B A RE 242 M - ifii (hyperplane) % [FlE
T AHYR—PIRZ ¥ —< ¥ (support vector
machine : SVM) B %2 8 Z 7 D (Flilidh b i -
supervised method).

2. DNAZA4 207 LAt 3SHNKE
BILED REREDER(R 1

1) MS s oBE R T RIREN

Whitney 59 3MBED cDNA=Af 27u7 VA
PHOWTCMSAMHAEERRRE L EEKREE
(normal-appearing white matter : NAWM) %
HigL, MSHERIZB IS4 v 5 —7 xu UHlf
IR B KT (interferon-regulatory factor : IRF) -2,
5-lipooxygenase ¥ Hi b . % #i 4 L 7z, Chabas
5N MSHAcDNA 7 4 72 V) —DfERN > —
7 v AMEHTIC & D osteopontin (OPN) #3575
2R, T v bEERE E CRIEMERE R (exper-
imental autoimmune encephalomyelitis : EAE)
EFTNVOBHERAWICHRAILL VT X7 VvVE S
K<A4 2707 vA @ TOPN LA ZHERL 7.
OPN BEFXRIE~YY A EAEE R L TE
itk % R 99, Lock 513 GeneChip % i > T
MS SMERIENRE &S HEIREE R R & B L,
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& D G-CSF EH L %ED IgG Fc v 75—,
IgEve7y—, EAFZIvVvEeFlI—5471
FHEEEE LT, 72 G-CSF #5.T EAE #iE{t
2D, 45/ 7u7Y v FcRy SHBEFXRE~
7 AT EAEBSABIIH I NS 2 L 2#HkEL
729,

Mycko 5 9F cDNA~ A4 7 a 7 v A
(Clontech) % Fi\v> T SPMS @ H:IEEI R & & FE
IEENMER A, BERLEER L PO R L, &
B BB B T B REIC B BELEE R TR
(TNF-a % )0 E & 2 #4E U 7z, Graumann
51 ¢cDNA = 27 a 7 v 4 (Clontech) % Fiw T
MS © NAWM & 8 F 5 ¥ i B E & s T &
(HIF-1a & ¥)® £ & % R U 7z. Lindberg
5121 GeneChip % F\»C SPMS &R E T
DAL 77 ) YEETER RH LIz, Tajour-
WM cDNA~YA Z7u7v4{ 2H0nT
SPMS&H-BHEEIHERE BT % oB-
crystallin, SOD1 D EH2HEL 12, Tho—
B4 707 VA& D MS RO BT
FEGIS > VBB e K, RNA fIHE (232
i KRk U T WATRRELER .

2) MS&aryta—ILOEEMmMY /3B
L3 i

Ramanathan &'9{% GeneFilter
array (Research Genetics) # w7, MS L{EE
A @ monocyte-depleted PBMC % tb#&k L, MS
128 1F % lymphocyte-specific protein tyrosine
kinase (LCK), IL-7R O F3R FH 2 #|E L /.
LCK 1% Airla 5D cDNA~ 7 u 7 v A4
(Clontech) f&#7 T, RRMS @ PBMC iZ 8 \» T
IVMP#EEZ I VETT2EEFEL THRES
T35, Bomprezzi 53 B D cDNA < A4
rsu7i4 E2HEwT, RRMS & #¥AD PBMC
THREEZREP2E T2 3BLFEREL.MS T
X T MfaEE i ERE R IL-TR, ZAP 70,
TNFRSF7(CD2ND LA B LUV A b A~

membrane
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mRNA O 5 & # K 7 HSPA 1 A(HSP 70) D
ETFT%2FEH7z. Mayne 571 RRMS LE#EEAD
FMIMH» & CD 4+ T #ifg % negative selection T
438, cDNA membrane array (NIA) % v T
L, MS 2B} % cytoplasmic FMR 1 interact-
ing protein 2(CYFIP 2) D LR 2 L7z,

b b n'®iZBARE 7 annotation D & 1,259 &
EF5EH LT cDNA <4 7 17 v A (Hitachi
Life Science) # BT, 72 B0 IFN-£ FIHHFE
it MS(65 RRMS, 7 SPMS) & 22 £0OEEA
OFMIM» & AutoMACS (Miltenyi Biotec) T4
B 7> CD 3* T #f4, CD 3~ non-T #fz D&EE T
FKHR a7 4 —VEEN LU, WERTTHRE
173 3857, non-T #ifg 50 B FORBEZR 2R
B, b4 30 BETF TR T Ml 25 Bz F (NR 4
A2, TCF8 k& ¥ MAPK1, SMARCA3,
HSPA 1A, TRAIL, TOP1, CCRY5,
BAG 1, DAXX, TSC 22, PARP{&ET 7% &), non-
THI K27 B FICAM 1, CDC42, RIPK 2,
SODD, TOP2A EH & BCL2, RPA1,
NFATC 3, HSPA 1L, RBBP 4, PRKDC {& T 7%
E)YBT R = AGHHEETFOHBICEL T
72. MS T7 K b — ¥ X {@E#EEF (proapoptotic
genes) & #1#3# {= F (antiapoptotic genes) D ¥
B FR BT (EHilY/YZ >~ X counterbalance) %
ZH, MS B 27 R b—v AHEREE OFE
PR S iz,

Achiron 5'9% GeneChip # B \» T 26 ]l @
RRMS & 18 &0 AT PBMC O#EEFHRE
7a 74— T U7, TERET 1,109 8
EFORBRERLZFD, MS ¢ T MlaiEE{tEE
&= FE(LEF1, TCF3, SLAM, ITGB2,
CTSB) L& ¢ IL-18/TNF-a ¥ 7 F VIGER
BETHEOET2R D, bhbhOFERICK
L CTMSZ 8 J % orphan nuclear receptor
NR4A2 DETE2#HE L. L LKL OFIFET
X MS 14 Fi3 BB I BB E IFN-4, glatir-

amer acetate(GA), intravenous immunog-

54 (210)

lobulins (IVIg) 2 &% &5 T, BEFRRCEZEL
7o EIEEMEDSH B, Achiron 523 EERORER %16
FEEE 13 0 & SRIGEERE 13 Blic /i CHR L, 1R
BEE 7 BETFEE(TNFRSF 6, Fas 2 &) 2FEEL
72, 72 130 RRMS & 5§ SLE % 18 %D
BEEALHKL, HEREBRNT 07 14—V
(autoimmunity-specific signature) & L T 7 &K
b — 3 ABEHBEGFEHORREE ZRE LY.
Maas 522X 20 %] ® RA, 24 %] @ SLE, 581 O
IDDM, 58D MS, 9&DA I NVZUYT 7 F
VB O/EYE AD PBMC 2t L. V7
F > RIEINE & HOAERBOBRERTFHRE NS —
ik EoN L B BH, RAELSLER, MS &
IDDM fiiz 2 b TELL Tz, #5 bHER
ERBICHEL T7 R b ARG THOR
BT % = 72, Iglesias 523 GeneChip T
RRMS &% A D PBMC % T L, MS I
BIF % E2F transcription factor pathway #&{x
FrEREE2AD, E2F1BEFREYVATRE
EAE »SEfEL T 5 Z L 2#RE LT,

3) MS (23T 3 IFN-G AER ORI

bihbhiz cDNA = 7 a7 v 4 (Clontech)
PEHWT, £ FRIBM7Z A oA FHEET
IFN C XK VEE T 2 EFEHENL, IFN-81C
X 3 IRF-7 & pleiotrophin ® k&, IFN-y i X
5% IRF-1 £ ICAM-1 0 EH %2%&E L7z, Wan-
dinger 52X RRMS & #&# & A © PBMC % in
vitro TIFN-B I X DRI L TcDNA~A 7 0
7 v 4 (Mini-Lymphochip) T##7 L, CC chemo-
kine receptor 5(CCR5) & interferon-inducible
cytokine IP-10 (CXCL 10) 0 L& ZF 97z, bh
bhx 1,259 BEFDNARA 727 v A
(Hitachi) 2 v, 13#I® RRMS TIFN-81#
AT WM L, REMCD3* THME L
CD3 non-THifI CHELH LU - EETFH
(IFN-responsive genes : IRG) 2EE L7z, T
a8 & F (IRF-7, ISG 15, IF156, IFI6-
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BEI/~ A 7 a7 vABROBR L Okt s s BH

16, IF160, IF130, ATF 3, TLR5) @ k& & IL-
3, monokine induced by IFN-y (MIG) DT,
non-T #ifg T 12 Bf=F (IRF-7, ISG 15, IFI56,
[FI6-16, IFI27, IFI17, TAPI1,
TNFAIP6, TSC22, SULT1C1, RPC39,
RAB11A)® £ &, IL-3D{ET 2 & 2.
ISG 15, IFI 56, IFI 6-16, IFI 27, TSC 22, SULT 1
C1 iZBEHBEE 3~6r BB RN A%
Rz, —FFEHENEREZ R R h o7t HE
#%12 Th1EE#EETF CCR5(T), IFN-¢(T),
TNF-« (non-T) D LEEFE 2o 12, DR
X IFN-B 581X MS T 9" L & Wit 22 Th2
Y7L EFELZVEV S ML LR 5, b
o 9 EETARF-7, 1SG 15, K156, IFI6-16,
IF160, IF117, TAP 1, TNFAIP6, MIG) L7
o€ — & iR [FN -stimulated  response  ele-
ment (ISRE) 8 IRF element (IRF-E) 3l & 41
TWBHAIIRG TH Y, BRICEBERIG U RRRY
Rl EELTtwstFEzons, IRF-7TEY
A VARG IFN-o/ 8 EE X BEIE S 2 IEOF]
HERFTH B, IF130 k27 7 A1 MHC #53M%
HERROE, 376 F4—-VELERT,
IFI 30 SBEFRIE~Y Y A TRIEETREEET % &
7292, TAP 1132 9 A 1 MHC #REFURRR
DI, X726 R7F FEERF T, TAPLEE
FriE~7ATERCDS THIlE 2N T 2HBEE
/1 03H 583 529, TNFAIP 6 13 TNF-«, IL-
1L VBEINIFUWERE CHAREEM2Z
B4 2% P ED& S MS TIFN-£ i antivir-
al and antiinflammatory mediators OFIR %5
By IS, BERENWI LI
SLE CiEEOREE IC»»H &7 PBMC 2B 17
% IRG OFEB LV ~IVDIF Y,
Weinstock-Guttman %3%?% GeneFilter mem-
brane array BT, IFN-8 i&#Eaig0 8 Hlo
RRMS T monocyte-depleted PBMC % % B HY
R LTIRG 2FAE L. HLidbhbhd
FEZELRIRGOL A —nN—=F 97 L T3,

REE L RE vol. 14 no.2 2006
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Liang 533 Weinstock-Guttman & @ 7 — %%
% EMEH L, IRG IX early-onset (8 BFFfEILIAY),
intermediate-onset (24 B ), late-onset (48 [
MO 3B ESh B 2 &2 RE L, Stir-
zebecher 539X cDNA < A4 7 1 7 v £ (Mini-
Lymphochip) % B> T IFN-8 ##E & 0 10 §
@ RRMS ¢ PBMC 0 BEBFHRIR 707 14—V
B REAT L 7z (ex vivo FEAT) . IREERT 6 A S5 BRIG
12 At TER GdE&ER MRl 2HBE L CIEE
MERSER R B H, BRI & D IREED 60% 2L i
DUTER RV ARV Y —EEHE LT, /Y VA
Ry F—FE LR 5RO H 5\ nonre-
sponder from initiation of therapy (INR) &, B
me—EHE R RERD RN FNHAE
(neutralizing antibody : NAb) ® HE 2 £ %)
BEARES U 72 nonresponder with development
of NAb(NAbNR)® 2 Btic L7z, FT-85%E
PBMC % IEN-gRIBH L T in vitro BT d B Z
olz, VARYY —THEER2EUEEH L
BEFIZ ex vivo 25 BfEF(IF117, OAS, Statl
kR L IL-8, CD69, c-fos, TSC22{EF%& &)
T, 2035 IL-8RBEM/ET IV AR I —0DiE
Bk BATREME SR & iz, — 77 in vitro IRG
X 87 BEFT, VARV S —, J UV VARV —
BMCHRRE=E2RDRro7, HOOBRBERL
T, bhbn®iX IFN-g i5#E#£ O non-T Ml
B 5 TGF-g-stimulated protein TSC 22 _E&H-
PEELTWS, o OWMFRIERAESD 2L,
HRERE L PBMC 2BELTCHWTED, £
ERIRE CEBETREVNEML 5 2 AMHETH 3.
E/1BIDV AR > Y —TRIBEINTK 90 B
GAEFREZEL TWV3Y, ThEEZROE
EREPTTEMZIHEAAMS CREMNTS 3.
Hong 53 FEREILE 6 BIZFE2REL 2
DNAwzu7VvAE2HVT, REEMSL
IFN-g, GA &% MS @ PBMC %2 L, K
ISHEEETEOMEERES IZ Lz, EERENWT
ricEE b THEOMBEMEMERCERR
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Sig Gene (pierre, No_vs_A, er=0.08)No.2 5.0
- ’_"_"l"ff:'l',:.’;f""_'" 4 § O
SRS iy J 30
. 2.5
58 genes | l } 20
=1 15
| 12
— e
(@)
a 1.0
D
s 0.9
g 0.8
07
0.6
0.5
—— - 0.4
el
TR N 7 T me = 0.3
Nc B¢ MS-A B¢ Group 02
Seleote Gene Tiee Sig Gene (giefre, No_vs_A, er=0 05)No.28 Exp(No and A and YD414) Colored bv * Exp(INc and A ang’YD414) (Defaul fpterpretation) 0.1
Selected Condition Tree * Sig GengADierre, No_vs_A, er=0 05)No 22, p(No and A and YD414) Gene List * Sig Gene (pienrg/No_vs_A, er=0 05]No 22(58) ! 0.0
Branch colorparameter  Groy , | ’
No. 2, 3 No.4,6,7,8,9 No. 1, 10, 11 No. 5
® stable RRMS @ stable RRMS @ possible MS @ active RRMS @ possible MS
® stable RRMS @ active RRMS @ optic neuritis @ active CIDP
® stable RRMS ® active CIDP

. B8O 5 25 —fif

REFMS(n=72) LEEA Nc(n=22)D THED cDNA~ 4 2 07 L 4 (1,259
BET) BT CHRBER LD 3 286 BET * 5B E T (discriminator genes) &
¥ L BEBRY 7 Z 2 ¥ —f#47 (hierarchical clustering analysis) T, MS Bt Nc # &
SEEESH A, B, C, DD 4 Hueofank, ABZECETRE a7 A =DM b
Ne BRIRBIL , BEMRE CRIE 28513 2 58 BET ML L7, 9 11 S 9 (2 49
DIEENE MS, 4 FlOIEESE MS, 2 o possible MS, 1 o> afis 46, 2 o)yt
EPPEIB M RE B S AR ) R BE S ¥ 2 &, JHRE MS 1) (R N
BN, — RSB BEME 2 F 4 (chronic inflammatory demyelinat-

ing polyneuropathy : CIDP) I3 MS-A Bz 4348 3 41/,

MMP-9 1& IFN-£ iz £ D {ETF, GA TR EFR LT,

van Boxel-Dezire 5393 IFN-8 1588 %323 7>
26 610> RRMS @ PBMC iz 813 2% 4 r A4
BETHREL L% LEER RT-PCR TR
IR U 7z, 1RIER1E 2 ERIOEHREE - IVMP
[E1% - Extended Disability Status Scale (EDSS)
AIAT R LHEL TI6HOL ARy 5 — ¢
WRID ) YVARY T — 23T 2, VAR
F— I3 IEEATIT IL-12 p 35 BB L ~UL HME W
M%ZE L7z, Wandinger 5% IFN-8 {45 % =
77z RRMS T#E% 1 E£/MBEH 2% { EDSS X
ATBEDH SN WERIE L AR S —, FHH
LIERZ / Y VAR & — L EZE LT, 20 Bl

56 (212)

VARG —E 1900 7 o v ARy 5 — % g
T35 &, VAN ¥k TNF-related
apoptosis-inducing ligand (TRAIL, TNFSF 10)
DGR 4 ) D L 2 BH L., TRAIL 13
IRGD1 ¢, Hhithn'®iz MS THIEIC 513 2
FEEUE T 4 L Cvw3, TRAILBETXRIE<
AN R s =y R BEE &L, o
7 =7 P %1 R EIC 75 3%, Baranzini
S IFN B % % 1F 72 52 5] ® RRMS T
PBMC 12 B0 % 70 B FOFEB L~ % REEY
W) RT-PCR CREAT L 72, BEH%24ER 1
B S 1575537 < EDSS 2 2 7 BAL D & WEER] %
VAR>S —, 2EEEFHELER% ) > 2
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RKEN/~4 7u7 vABITORREZ Oz a NS ER

% 2. SVMEITIZL 3/ —708E

Case No.| 1 2 3 4 5 6 7 8 9 10 1
Age/Sex| 40F | 57F [30M|37M| 36F |48F | B1F]| 37F 22F |[16M|1BM
. ) ... | Active | Stable | Stable | Stable | Possible | Active | Stable |Possible| Optic
Clinical Diagnosis | aAvic | Apuis | RS |RRWIS | MS.|RRMS |RAMS| MS | Neritis |'0P | C1OP
Clustering by 58 genes| A Nc Nc Nc A Nc N¢ Nc Nc A A
. No. of
UM CGene  Gene Salection Predictor  KernelFucion SVM Classification
enes

1 58 All genes — PDP(Order 1)

2 58 All genes — PDP(Order 2)

3 58 All genes — PDP(Order 3)

4 58 All genes - Radial basis (Gaussian)

5 286 All genes - PDP(Order 1)

6 286 All genes — PDP(Order 2)

7 286 All genes - PDP(Order 3)

8 286 All genes — Radial basis (Gaussian)

9 286 Fisher's Exact Test 50 PDP(Order 1)

10 286  Fisher's Exact Test 50 PDP(Ordler 2)

1 286  Fisher's Exact Test 50 PDP(Order 3)

12 286  Fisher's Exact Test 50 Radial basis (Gaussian)

13 286 Golub Method 50 POP(Order 1)

14 286 Golub Method 50 POP(Order 2)

15 286 Golub Method 50 POP(Order 3)

16 286 Golub Method 50 Radial basis (Gaussian)

17 286 Fisher's Exact Test 30 ___ PoPOrder 1)

18 286  Fisher'sExactTesl 30 PDP(Ordar 2)

19 286 Fisher'sExactTost 90 PDP(Order 3)

20 286  Fisher's Exact Tos! 30 Hachal basis (Gaussian)

21 286 Golub Mathod . PDP(Ordor 1)

22 286 Golub Mothod ~ POP(Qrdor 2)

23 286 Golub Mothod PDP(Ordor 3)

24 286 Golub Method 30 Ragi Gawgsian)

25 286  Fisher's Exacl Test 10 Drdor 1)

26 286 Fisher's Exact Test 10 PDP(Order 2)

27 286 Fisher's Exact Test 10 PDP(Ordor 3)

28 286 Fisher's Exact Test 10 Radial basis (Gaussian)

29 286 Golub Method 10 POP(Order 1)

30 286 Golub Method 10 PDP(Order 2)

31 286 Golub Method 10 PDP(Order 3)

32 286 Golub Method 10 Radial basis (Gaussian)

33 1259 All genes — PDP(Order 1)

34 1259 All genes — PDP(Order 2)

35 1259 All genes — PDP(Qrder 3) N¢

36 1259 All genes — Radial basis (Gaussian) Nc

37 1259  Fisher's Exact Test 50 PDP(Order 1) N¢ Nc Nc
38 1259  Fisher's Exact Test 50 PDP(Order 2) N¢ Nc Nc
39 1259  Fisher's Exact Test 50 PDP(Order 3) Nc Nc Nc
40 1259  Fisher's Exact Test 50 Radial basis (Gaussian) | Nc Ne Nc
41 1259 Golub Method 50 PDP(Order 1) Nc Nc Nc
42 1259 Golub Method 50 PDP(Order 2) N¢ Ne Nc
43 1259 Golub Method 50 PDP(Order 3) N¢ Nc Nc
44 1259 Golub Method 50 Radial basis (Gaussian) Nc N¢ Nc
45 12569  Fisher's Exact Test 30 PDP(Order 1) Nc Ne Nc
46 1259  Fisher’'s Exact Test 30 PDP(Order 2) Nc Nc Nc
47 1259  Fisher's Exact Test 30 PDP(Order 3) Ne Nc N¢
48 1259  Fisher's Exact Test 30 Radial basis (Gaussian) Nc Nc Nc
49 1259 Golub Method 30 PDP(Order 1) Nc Ne N¢
50 1259 Golub Method 30 PDP(Order 2) Nc Nc Nc
51 1259 Golub Method 30 PDP(Order 3) Nc Nc Nc
52 1259 Golub Method 30 Radial basis{Gaussian) N¢ Nc N¢
53 1259  Fisher's Exact Teslt 10 PDP(Order 1) N¢ N¢ N¢
54 1259  Fisher's Exact Test 10 PDP(Order 2) Nc Nc Ne¢
55 1259  Fisher's Exact Test 10 PDP(Order 3) Nc N¢ Nc
56 1259  Fisher's Exact Test 10 Radial basis (Gaussian) Ne Nc Nc
57 1289 Golub Method 10 PDP(Order 1) Nc Nc Nc
58 1259 Golub Method 10 PDP(Order 2) Nc Nc Nc
59 1259 Golub Method 10 PDP(Order 3) Nc Nc Ne
60 1259 Golub Method 10 Radial basis (Gaussian) Nc Nc Nc

RAEFMS(n=72) LREANc(n=22) T il cONA v1 7 O 7L 1 (1,250 BEF) B CREZE L D0 5 286 BIEF &35

1E1&{%F (discriminator genés

VETD

fEBR S 5 2 9 —#B#f (hierarchical clustering analysis) T, MSEI Nc BHEHEESNA, B, C, DO 4B ICHEaAN:, ABRBETFREID 74—V BH Nc B
ICEUL, HERETEELARINT 5 58 /EFEHM L, Gene Set : SVM TR & hizlifzFt v b, Gene Selection Method : predictor genes 2% L 1z
BEE, Kernel Function : Zb—7 « 75 RHGNCIER & 1i- Kernel BB O
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Ry —EEEL, MEIL3ELETF [caspase 2,
caspase 10, FLICE inhibitory protein (FLIP) ]
DFEBHEVRVDERT Y YV 7 T 86%X BT
RE L #Re L 7o,

&L, bhbi'®iX 72 FlD IFN-8 RiGEES
T MS (46 B 1Z #1 B £ % 2 £ER IFN-8 15 52 5
B 2B DBEADKRBIMCD 3 THAE %
1,259 B{EF cDNA < 4 7 a7 v 4 (Hitachi) T
T L7 7 — 2 B L ¢, M cEEEESR
3 286 & F % ¥ = & {5 F (discriminator
genes) I L THBH 2 7 X ¥ —f@H % FafT L 7=
[MS classification database(MSCD), Satoh et
al, Manuscript in preparation]. 286 EZEFIZ 5
7 A7 TR I~H5) I ES h, MS Baid s

AP OOBEER N, S5 47Vv—7(A, B, C,

D) s hiz, ABRBGEFRRE 07 4 —
VR EE NCEML, BEEER S ERINESE
WE L, TEDA VBEFOEWS T A5 DFB
VARVDE L, CRHEAMBRFELZET 28BE
BE L, DERXRLEDSS X a7REETH-
fo. 3 O ZEFHIMRE THEA L MS A B258513
% 58 BLF ZHht L7z, 1R 2 £ OESRE
£ - IVMP H#t - ABEH$ + EDSS 2 27 « MRI
T 2 EFHE GRS & BEWEE D & 1R EaT X
a7 2E8HTAE, VARYVY —ZARL BEE
KEBL T, VARYS—TIZ/ YV ARY
F—i B LT, MEMB®EG6H A O IRG
(ISG 15, IF127, MCP-1, TNFRp 75) %1~
VISR MRS hTnTe,

Z O MSCD 2 #r# 11 61 (2 Fl D iE &) MS,
4 BIOFEESNE MS, 2 #10D possible MS, 1D
RRHER, 2 BIOIEBIIES M SO MR B i 25 T4
BR) BHEEG IS L, 286 BIETF, 58 BETF2IE
BRECFLTIRENZ 7 A5 —fBTick Y, 3
B MS BefliRERRcsEs (@),
— 77 18 M 5% E 1 P B 1 % F 1 % 4 (chronic
inflammatory demyelinating polyneuropathy :
CIDP)i3 MS AB w48 & hi. MSCD %

58 (214)
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training set & L THfT L7z SVM 47T b Rk
DTN —THENRTRFENT (R D). BRI
BRI bhbh ORI FEHEIIE T 2 5
CHREEFPEE T 5 CIDP & iR #EHE R
X3 2 HORERELESE YT 2 MS ik T il
BEFREV NV TEUMES S 0, CIDP i3 DNA
YA 7T VAEREZITIEMS LEHTE R
WZERRET S,

EbYIc

BET7 VA BERAT RS ERO A TRRE
HIRNEE B O OY — N, EEEHRED
TROTFH, EYFIGECEIFERO T, B
ROHEZR CRINOCERGHABHF SN Tw 3,
bivbiZDNA~ A 7 a7 v 4 EfcMS»
THREGFRE S o7 —Vicb toX 48
KAE S, SFIEBREESN - wES - IFN-
BIRBRRIGHE L BEL I ERD 5 2 L 2HE L
72 (MS classification database : MSCD). 47
MSCD 2Bz L T7—7 A4 FNEEBE&SLIchE T
THREED L FETH 5.

B OB AR TEN LTS, IR - ke
> — IR SRR RS IR ek, H iR
ek, thygRsesmd, RBLHTrhd, LREERLE,
PRk, AL, RRFIESRE, B
UERR MR B O EI W « ik & B3 25
MO EFEK & OLEIPISE T &, TR 1TEEE
EFEBIETIRYRHID & 2 2 5 DBERNY GBETT
VA& B LT NHGE R R TR BT 2 5
FIHIT-C2Z5-0200 B LUV FRITEERE L L
ta—vr¥ 4 AMEHFEEDNAYAS 70
TV A& B R GEE O BB BT sk O ST B
T35 0 KH 21101) OFEBI 2213 7=,
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DNAY A 707 LAk 5L RHUBILEDTE &
Avy =720 ryR— Y ERCETFICETS7 V7 — MRE
(Questionnaires on the expediency of DNA microarray analysis for diagnosis
A of multiple sclerosis and prediction of therapeutic response to interferon-beta.)

BEKN ERE -
EREAER LM &

(Yusuke NANRI, M.D., Jun-ichi SATOH, M.D., Ph.D., Wakiro
SATO, M.D. & Takashi YAMAMURA, M.D., Ph.D.: BiZ %%
B Y v ¥ - WERIT AT T F0RE (2187-8502 FEAR
ANETR/N I #ET4-1-1) ; Department of Immunology, National
Institute of Neuroscience, NCNP, Kodaira, Tokyo 187-8502,
Japan)

20064 1 F17H

B %

Bk, S5 LE (multiple sclerosis : MS)
BERFAL L # 2 & M B clinically isolated syndrome
(CIS) T, BHfIcA > — 720 ~_—% (inter-
feron-beta : IFNB) 688 % Bfh§ 5 & definite MS
~OBITEAFTELRESLTOETY, L
L, I CiENEHT HEIMS (opticospinal MS :
OSMS) Stk EiZ V0T, BHAZHETIMcDonald
DRI CREEETH Y, FHHYZHED
BRI BPECT, F7:, IFNBOYESIRESRE
ERCHERATELWERDFEEL, BERLY
FHEOBUAFERELRFETY. RES /27
OYz PETIZLD & P&RETFEERTD
REsh, BEF7LI(DNATSI 0T LA
7212 Gene Chip L IFIEN 2) * AW T4 O#ifE
BT BYFRIET (¢ &RETFH30,000) DR
BHHRE OEN - AR 2> TB
NET. 0L LERNRBEAITCL DRER
DIFEFETIFLHL 2d o LBREFOMSHERE
BT ARESRAEL DI EN, BYRIGHE
DEAEFFHTEICR D 20d Y 99, Bk
AL, KM THEE~<A 797 LA BT
L OMSIZBIF BT R b — ¥ AHEBETFROR
HEEZHEL T,

REbIE, MBRBEMEEEHLT00ER T
B2, DNATA 2707 L4112 X 5MSHTEER

VR B EBREE S X UNIENBE BRI T 5B
BT L0127 vy — PRERITV, 319
POEEEHBT LA WERLTOI8HE (KM
1233 Byes/nok a4 Y MEA) 2 EAE T, Q1)
MS & BEBEOESHHIEIL % - LEAOERLSH
%, [QEoBaoDEE. [QIIMSLENE
BEOEMPMEI R o REFORRND S,
[Qa)#+0FE&nEiE. [QSIMSHELERIC
ERTL2EMNEZZRL TS, [Q6EINBITE
HaER. QT THR~A 707 VIBFICE
AMSHBIEZHTE I CBIRY D B, [Q8IHKREHMS
BEY. [QUIFNBREBEEEMY. [QLOJHE
ERICHRLTWAEEH. [QUI]IFNBIAHESD
CEWER 2 Tk kR o iR H B, [Q12]
FoME. [QI3]IFNB2 BRI IGFICEAT
3. [QulBEnEE,. [QIS]IFNBE% -
BERTFRHEREL AT S, (QIB]EENS
IFNBERFHADHREZTRE LTV EHIYSH
3. [Qu7]zn#EA. [QIB] THla~As17
L4 BB & BIFNBIAHENE - BUERTRE
BBENDH 5.

FOFER, 17T1METES & OEINHEBEL 2
D, TR TIRERPBITEATELL, &
7o, 180MEER RIS E L OEFISHEL 2D,
4 B CERIITESN TV E L, 10258 T
ENSWREENTEBRLTBY, 9 MR
SjogrenfiEfERE & OEINTER LTV L. IFNB
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