HLA-mediated signaling regulates immune responses

Tween-20 in  Tris-buffered saline, the
membrane was incubated with the rabbit anti-
Syk Ab, washed extensively and subjected to
chemiluminescence detection with peroxidase-
conjugated anti-rabbit IgG Ab (Santa Cruz
Biotechnology, Inc.), using an ECL kit
(Amersham).

Anergy induction assay

SF36.16 T  cells were primarily
stimulated with soluble-form wild-type peptide
(1 uM BCGap84-100), immqbilized anti-DR
mAb, immobilized anti-CD3 mAb or irradiated
autologous PBMC prepulsed with the wild-type
peptide (5SpM BCGap84-100 for 5h at 37 °C) in
24-well flat-bottom culture plates. Seven days
later, these T cells were washed with culture
medium and co-cultured with irradiated
autologous PBMC in the presence of various
concentrations of wild-type BCGap84-100. The
T cells were cultured in a 96-well plate for 72

h, and subjected to [3H]thymidine incorporation
assay.

Fibroblasts

The human PDL used in this study was
isolated from two periodontally healthy donors
carrying DRB1*1501-DQB1*0602-DPB1*0501
!/ DRB1*0405-DQB1*0401-DPB1*1501, and
DRB1*1302-DQB1*0604-DPB1*0301 /
DRB1*0%01-DQB1*0303-DPB1*0401
haplotypes. PDL were maintained in a medium
consisting of Dulbecco's Modified Eagle's
Medium (DMEM; Life Technologies)
supplemented with 10% fetal bovine serum
(FBS; Irvine Scientific, Santa Ana, CA, USA), 2
mM glutamine, 50 pg/ml gentamicin, 0.2 mM
non-essential amino acids (all additives were
from Life Technologies) at 37°C in 95% air and
5% CO,. All experiments were carried out
while these cells were actively growing between
passages 3-8, The expression of HLA-II
molecules on fibroblasts treated with or without
IFN-y was evaluated using flow cytometry with
Epics (Beckman Coulter, Fullerton, CA).

RESULTS

Monokine production induced by anti-
HLA mAbs

We examined the monokine secretion
induced by cross-linking class II HLA
molecules, using solid-phase mAbs to class 11
HLA, by which involvement of cell-surface
molecules other than HLA is unlikely to occur.
As shown in Fig. 1A, the effect of the anti-DQ
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Figure 1. Monokine secretion induced by solid-phase
mAbs to HLA. (A) DT13.2 and BC20.7 were cultured in
the presence of Der f 1 peptide (for DT13.2) or BCGa
peptide (for BC20.7) and irradiated autologous PBMC,
with or without anti-class I HLA mAbs. (B) Adherent
cells were incubated at 6 x 10* cells/well where 10 pg/ml
of 1a3 (closed square) and mouse IgG2a (open square) are
immobilized, at 37 °C in a COQ; incubater. Culture
supernatants were collected at the indicated time points.
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mAb should be specific, because liquid-phase
1a3 (simple co-culture) did abrogate HLA-DQ-
restricted T-cell clonal responses (DT13.2), but
not HLA-DR-restricted responses (BC20.7).
However, solid-phase 1a3 markedly stimulated
monocytes to produce IL-1p, IL-6, IL-10, IL-
12 (p40 + p70), TNF-ox and GM-CSF, whereas
Ig subclass-matched control (mouse I1gG2a) did
not, as shown in Fig. 1B.

Activation of MAP kinases by anti-HLA
mAbs

We next examined the effects of various
inhibitors for signal transduction molecules. As
shown in Fig. 2A, PD98059 (MEK-1 inhibitor}
and SB203580 (p33 inhibitor} inhibited anti-
DR-induced IL-1P production from monocytes.
Genistein  exhibited  bi-phasic  effect and
inhibited  IL-1B  production at  high
concentrations (500 pM). We then studied the
phosphorylation of various kinases by cross-
linking class II HLLA, among which only MAP
kinases exhibited differential activation by anti-
DR, -DQ and -DP. We stimulated monocytes
directly with solid-phase anti-HLA mAbs, and
cell lysates were subjected to Western blot
analysis, using Abs to phosphorylated forms of
Erk, JNK and p38 (anti-pErk, anti-p]NK and
anti-pp38, respectively). As shown in Fig. 2B
and 2C, Erk, especially Erk2, was
phosphorylated only by anti-DR mAb (very
weak phosphorylation was detected by anti-DQ
or anti-DP, in the original film), whereas p38
was phosphorylated by anti-DR, anti-D(} and
anti-DP mAbs.

Induction of monokine secretion from
reptide-pulsed monocytes, using
emetine-treated T cells of various HLA-
restriction patterns

We wanted to determine if natural TCR-
peptide-HLA  interactions  would  induce
monokine secretion by signaling through class
IT HLA molecules. T cell clones of various
HLA-restriction patterns were treated with de
nove protein synthesis inhibitor emetine. This
is because it is highly likely that T-cell
membrane proteins or T-cell soluble factors
newly synthesized after activation, work in turn
on monocytes. As shown in Table 1, three

human ThO clones of distinct HLA' restriction
patterns, BC20.7 (BCGa-specific, DRI14-
restricted), DT13.2 (Der f I-specific. DQ6-
restricted) and OTL1 (p53-specific, DP5-
restricted), were used for emetine-treatment,
seven days after the last antigenic stimulation.
First, we determined the EDS0 of each clone to
be 0.008 pM, 0.18 uM and 0.10 puM, for
BC20.7, DT13.2 and OT1.1, respectively (not
shown). Monocytes were pulsed with peptides,
the concentrations of which were 625-fold as
much as the ED50 (5 pM, 112.5 pM and 62.5
pM, for BC20.7, DT13.2 and OTI.1,
respectively), followed by co-culture with
emetine-treated T cells. These peptide
concentrations induced plateau responses of
monokine. Peptide-pulsed monocytes co-
cultured with emetine-treated T cells, as shown
in Table 1, produced IL-1f, IL-6, IL-10, IL-12
(p40 + p70), GM-CSF and TNF-a.. It is
noteworthy that the DRI4-restricted clone,
BC20.7, tends to induce pro-inflammatory
monokines, such as IL-1f (105 pg/ml) and
TNF-c¢ (887 pg/ml) with the IL-10 / IL-1j
ratio being 1.6, whereas DQO6-restricted clone,
DT13.2, and DP5-restricted clone, OT1.1, tend
to induce anti-inflammatory monokine IL-10
(787 pg/ml and 725 pg/ml, respectively) with
the IL-10 / IL-1B ratio being 32.8 and 34.5 for
DT13.2 and OT1.1, respectively. Allogeneic
monocytes that do not share restriction HLA
molecules, exhibited marginal monokine
production in the presence of emetine-treated T
cells.

Effects of protein kinase inhibitors on
monokine productions

We co-cultured peptide-pulsed monocytes
and emetine-treated BC20.7 T cells in the
presence of several kinase inhibitors. These
inhibitors were dissolved in DMSO and added
to the culture medium at a final content of
0.5%, a content which did not inhibit DR-
mediated monokine production. All data (not
shown) collectively suggest that: (a) p38 is
involved i.. both IL-1B and IL-10 production
induced by ligating DR molecules expressed on
monocytes; (b) MEK-1-Erk pathway is only
partially invotved in IL-1J production, being
independent  from  p38-associated IL-1f
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Figure 2. Activation of MAP kinase by mAbs to class II HLA. (A) Monocytes were co-
cultured for 16 h on anti-class II coated plates, with the indicated inhibitors, at the
indicated concentrations, Culture supernatants were collected and stored in aliquots at
-80°C until determinations of cytokine concentrations. One hundred % IL-1p production
was 205 pg/ml. Viable cell contents were determined using trypan blue. (B) After 10
and 60 min of stimulation with solid-phase mAbs, monocytes were lysed in 50 pl of
lysing buffer, which were subjected to Western blot analysis either with Abs specific
for Erk and p38, or with activated form of Erk and p38. (C) Relative densities are
shown based on B.
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Table I. Monokine production from monocytes stimulated with emetine-treated T
cells + peptide.

T cell clones for stimulation
Monokine BC20.7 DT13.2 OTI.1
IL-18 105.0 {pg/ml) 24.0 21.0
L6 87.5 62.5 140.0
IL-10 1725 787.5 725.0
IL-18 «<15.0 <15.0 <15.0
IL-12 (p40 + p70) 145.0 75.0 20.5
GM-CSF 475.0 1150.0 887.5
TNF-o. 887.5 642.5 230.0
IL-10/IL-1B 1.6 32.8 34.5

Emetine-treated T cells (BC20.7, DT13.2 and OT1.1} were cultured with peptide-

prepulsed monocytes. The concentration of the peptides for each clonal responses was

625-fold as much as the ED50 (5 uM, 112.5 pM and 62.5 pM for BC20.7, DT13.2 and

OT1. 1, respectively). Culture supernatants after 16- {for IL-12), 24- (for IL-1§, IL-10,

IL-18, GM-CSF and TNF-o) and 48-h {for IL-6} incubation were collected, and

subjected to ELISA. Results are expressed as the mean value of triplicate determinations.

Standard error was less than 20%.

production; and (c¢) activation of Erk may
inhibit p38-mediated [L-10 production (Fig. 3).

Restriction molecules and cytokine-
production patterns of short-term T cell
lines

If the phenomenon observed earlier in
this study occurs in a local milieu of T cell
differentiation, lymphokine production patterns
of T cells would be affected by restriction HLA
molecules.  Then, we next examined the
production of IFN-yand IL-4 from the Der f-
specific T cell lines. As shown in Figure 4A,
DR-restricted T cell lines produced more IFN-y
than IL-4, but DP-restricted T cell lines did
more IL-4 than IFN-y (p = 0.02 and 0.04 in

donor MA and NI, respectively). MAbs used in
this study did not induce monokine secretion,
when used as a soluble form (not shown). HLA
types of MA (HLA-DRB1*1502-DRB5*0102-
DQA1*0103-DQB1*0601 / HLA-DRB1*1405-
DRB3*0202-DQA1*0101DQB1*0503) and NI
{(HLA-DRB1*0901-DRB4*0101-DGA1*0301-

(HLA-DRB1*0901-DRB4*0101-DQA1*0301-

DQB1*0303 / HLA-DRB1*1302-DRB3*0301-
DQA1*0102-DQB1*0605) were distinct. Then,
we examined the production of IFN-y and 1L-4
from the PPD-specific T cell lines (Fig. 4B).
DR-restricted T cell lines produced more IFN-y
than IL-4, but DQ-resricted lines did more 1L-4
than IFN-v (p = 0.04 in donor MA). We next
used X19 (random 19-mer peptide) to confirm
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Figure 3. Summary of class I HLA-mediated MAPK
activation. Note that other class II signaling elements that
can be additive or modify the signaling via MAP kinases
are not illustrated.

the phenomenon observed in earlier studies,
because: (a@) DQ-restricted / Der f-reactive and
DP-restricted / PPD-reactive T cells were not
readily established; and (b} X19 can stimulate

most CD4+ memory T cells to proliferate in the
presence of cytokines, under cloned conditions.
Indeed, DR-, DQ-, and DP-restricted T cell
lines were obtained, the cytokine profiles of
which again exhibited the similar results (Fig.
4C). Moreover, we titrated down the peptide
concentration for DR-restricted responses and
found that lower concentrations of X19 peptide
did not lead to DQ/DP-restricted patterns of
cytokines (not shown}, which was indeed the
case when emetine-treated BC20.7 T cells were
incubated with monocytes in the presence of
lower concentration of the antigenic peptide
(not shown). These data indicate that DR-
restricted and already activated peripheral
CD4t T cells carry Thl-prone phenotype,
compared with DQ- / DP-restricted T cells,
although the segregation pattern is incomplete.

Cross-linking HLA-DR molecules on B
cells induces increased production of
1gM without inducing B-cell
proliferation.

To test whether signals via class II HLA
molecules would affect production of Igs, we
first cross-linked class I HLA molecules on B
cells by making use of anti-DR mAb-coated
culture plates (21). The supernatant fluids of 5-
day cultures were assayed for Ig concentrations,
among which only IgM was markedly affected

p=002 pw004

PR DQ. DP
Restriction Restriction

Figure 4. Restriction molecules and cytokine-production
pattemns of short-term T cell lines. Der f (crude mite
antigen)-specific short-term T c¢ell lines (A), PPD-specific
short-term T-cell lines (B) and X19-reactive T cell clones
(C) of various restriction patterns were restimulated with
excess concentrations of antigens (A and B: 10 pg/ml, C:
500 pM), then after 48-h incubation, culture supernatants
were collected for measurements of IFN-y and IL-4
production by ELISA. One spot indicates one cell line.

by DR ligation. As shown in Fig. 5A, cross-
linking DR molecules with anti-DR mAbs
(L243 or HU4) on B cells induced IgM
production, whereas isotype-matched mouse
IgG did not do so, thereby indicating that
signals transmitted by FcR are not involved.
Similar results were obtained, using B cells

from another subject carrying
DRB1*1405/1502 (data not shown).
Cross-linking HLA-DR molecules

enhances both membrane-type and
secretory-type IgM heavy chain gene
expression.

To determine whether signals via DR
molecules up-regulate u chain mRNA, we
cross-linked DR molecules on peripheral B cells

(1 x 106y with either solid-phase anti-DR mAb
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Figure 5. Cross-linking HLA-DR molecules on B cells
induces increased preduction of IgM (4), without inducing
proliferation (B). Mouse IgG2a, anti-DR mAb HU4, anti-
DR mAb 1243, or BSA were coated onto 96-well flat-
bottomed culture plates at 10 pg / ml PBS. Purified
peripheral B cells were incubated at 5 x 10* cells/well
where mAbs are coated, at 37 °C in a CQOy incubator for 3
days (proliferation assay) or for 5 days (IgM
determination). HLA type of the B-cell donor was
DRB1*0101/1201. Mean cpm of friplicate responses + SD
is indicated.

(L243) or solid-phase mouse IgG. Due to
limitations in the number of purified B cells, we
could test only 3 samples at one time. At 0, 3
and 6 h (Fig. 6A), or 6, 12 and 24 h (Fig. 6B)
after the initiation of culture, B cells were
analyzed for mRNA expression for p chains,
using RT-PCR and Southern blot analysis.
Relative mRNA level was analyzed. When we
tested the kinetics, |\ chain mRNA increased in a
time-dependent fashion (Fig. 6A), and reached
maximum at 12 h (Fig. 6B). This increase was
not due to the enhanced recovery of mRNA, as
evidenced by the presence of an equal amount
of B-actin mRNA in each sample. The p chain
mRNA level induced by control mouse IgG at
3, 6, 12 and 24 h was practically the same as
that induced by anti-DR mAbs at 0 h (data not
shown).

To test whether the DR-generated signal

Figure 6. Cross-linking DR molecules enhances p chain
mRNA  expression. Purified peripheral B cells were
incubated in 24-well flat-bottomed culture plates at 1 x 10°
cells/well where mAbs are coated, at 37 °C in a CO;
incubator for 0, 3 and 6 h (4) or 6, 12 and 24h (B). As
described under experimental procedures, RT-PCR and
Southem blot analysis were done for membrane-type p
chains (pm; open columns), secretory-type p chains (ps;
closed columns), PRDI-BFI (hatched columns) and B
actins (shaded columns). mRNA expression levels were
quantified using NIH image and represented by relative
values compared with those from 0-h membranetype p
chain, 0-h. PRDI-BF1, or 0-h f-actin (A) and 6-h
membrane-type § chain, 6-h PRDI-BF], or 6-h p-actin
(B). HLA type of the B-cell donor was DRB1*0101/1201.

induced differentiation of B cells to plasma
cells, we analyzed PRDI-BF1 transcripts.
PRDI-BF1 is a human homologue of Blimp-1,
the expression of which is characteristic of late
B cells and plasma cells (22,23). However, as
shown in Fig. 6, DR-generated signals up-
regulated no mRNA for PRDI-BF1. The
presence of PRDI-BF1 transcripts is indicative
of the presence of plasma cells in this cell
preparation.  These data suggest that IgM
production induced by cross-linking of DR
molecules is regulated at the mRNA level, and
is not associated with B-cell differentiation to
plasma cells.
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Emetine-treated and HLA-DR-restricted
T cells are capable of inducing IgM
production by B cells

Although earlier observations strongly
suggest that the ligation of HLA-DR molecules
directly stimulates B cells to produce IgM, the
outcome of ligation by mAbs should be affected
by epitopes recognized by these mAbs and their
affinity,  Indeed, anti-HLA-DR mAb HU-4,
exerted weaker effects than did L243 (Fig. 5).
It is wunlikely that HLA-DRB4 molecules
recognized by L243 are transmitting the signals,
because the B-cell donor in Figures 5 and 6 did
not Carry DRB4-positive haplotypes.
Therefore, we next asked if a similar
phenomenon occurs, on natural TCR-peptide-
HLA interactions. An HLA-DR-restricted T
cell clone was treated with the de novo protein
synthesis inhibitor emetine, because it is highly
likely that T-cell membrane proteins or T-cell
soluble factors newly synthesized after
activation by peptide-pulsed B cells, work on B
cells. Under conditions where T cells are
treated with 90 pg / ml emetine for 1 h
followed by co-culture with peptide-pulsed B
cells bearing restriction HLA molecules, T cells
produced <25 pg / ml of IL-4, whereas non-
treated T cells produced 3580 pg / mi of 1L-4,
although cell-surface TCR remains practically

the same level (data not shown), indicating that
de novo protein synthesis of T cells is abrogated
by emetine. A T-cell clone BC20.7 (BCGa-
specific, DR14-restricted) and B celis purified
from PBMC of the donor of BC20.7, was used
in subsequent experiments. As shown in Tahle
2, levels of IgM, IgGl, IgG4, IgE, and IgA
were detected when mock-pulsed B cells were
co-cultured with emetine-treated T cells.
However, when B cells were pre-pulsed with
the antigenic peptide, marked enhancement of
IgM and marginal enhancement of IgA
production were observed and such was not the
case when peptide-pulsed B cells were cultured
in the absence of T cells (not shown).

Cross-linking DR molecules on B cells
up-regulates Syk kinase activity

To investigate possible protein tyrosine
phosphorylation associated with this event,
detergent lysates of peripheral B cells and
LD2B cells treated with anti-DR mAb or
control mouse IgG, were analyzed. Fig. 7
shows that protein-tyrosine phosphorylation was
enhanced by cross-linking of DR molecules on
peripheral B cells (Fig.7A, lane 2 vs 1, 3).
Bands corresponding to proteins with an
approximate molecular mass of 65, 70, 110 and

Table 2. Ig production from B cells induced by a DR-restricted T-cell clone.

peptide IgM IgGl IgG2 T1gG3 IgG4 IgE  IgA

ng/ml_

- 375 1245 <31 <3.1
+ 2235 96.0 <3.1 <3.1

3.13 312 480

212 980

B cells either mock-pulsed or pulsed with BC(Gap84-100 were cultured with an HLA-

DR 14 (DRB1*1405)-restricted and emetine-treated T cell clone BC20.7 for 5 days. B

cells were purified by, and the T-cell clone was established from a donor carrying

DRB1*1405/1502. Mean values of duplicate determinations are indicated. SDwas less

than 25%.
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Figure 7. Cross-linking DR up-regulates protein-tyrosine
phosphorylation of Syk. The peripheral B cells (4) and
LD2B B cells (B and C) were incubated with biotinylated
anti-DR mAb L243 or biotinylated mouse IgG followed
by avidin for 10 min (4 and B) or for 1 and 10 min (C),
then cells were lysed. Cell lysates were either
immunoprecipitated by anti-Syk Ab (C) or directly (4 and
B) resolved by 9 % SDS-PAGE, and then transferred to
nitrocellulose membranes. Protein-tyrosine
phosphorylation was  detected by using anti-
phosphotyrosine mAb (4G10) and ECL.

130 kDa  were reproducibly  hyper-
phosphorylated. Likewise, cross-linking of DR
molecules on LD2B induced tyrosine-
phosphorylation of 65 and 70 kDa proteins
(Fig. 7B, lane 2 vs 1, 3). Furthermore,
immunoprecipitation by anti-Syk Ab followed
by blotting with anti-phosphotyrosine mAb
4G10, exhibited anti-DR-induced tyrosine
phosphorylation of Syk molecules expressed in

LD2B cells (Fig. 7C).

To further confirm that Syk is activated
directly via HLA-DR, Syk kinase activity was
determined by in vitro kinase assay, using Syk
molecules immunoprecipitated with anti-Syk
Ab, and MBP as a substrate. Because a large
number of B cells are required for
immunoprecipitation followed by in vitro Syk
kinase assay, we used a B lymphoblastoid cell
line LD2B homozygous for DRB1*1501, which
secretes IgM in the absence of specific stimuli.
LD2B was selected among many B cell lines
because (a) anti-DR-induced phosphorylation
pattern of LD2B was similar to that of
peripheral B cells, including the
phosphor ylation of 70-kDa protein (Fig. 7); and
(&) LD2B B cells expressed IgM heavy chain
genes. Enhancement of IgM production from
LD2B B cells after cross-linking DR molecules
was only marginal, probably because LD2B
cells constitutively showed a 50- to 80-fold
higher IgM secretion than did peripheral B
cells, on a single cell basis (data not shown).
As shown in Fig. 8A, however, cross-linking
of DR molecules by biotinylated anti-DR mAb
plus avidin, induced marked phosphorylation of
MBP (lane 3), whereas incubation of LD2B
with biotinylated mouse IgG + avidin, only
marginally induced phosphorylation of MBP
(lane 2 vs 1). Because MBP is not a substrate
specific for Syk kinase, and it might be that
MBP was phosphorylated by certain kinases co-
precipitating with Syk, we also asked if the
effect of Syk on MBP would be inhibited
competitively by HSIp388-402 peptide, a
substrate specific for Syk. In vitro Syk kinase
assay with MBP (2 pgfsample; 0.11
nmol/sample) was done in the presence of either
a 250-fold molar excess of the HS1 peptide
(27.5 nmol/sample) or an irrelevant peptide
carrying two tyrosine residues
(EIKYNGEEYLIL: 27.5 nmol/sample).
Indeed, MBP phosphorylation was inhibited by
the HS1 peptide, but not by the irrelevant
peptide (lanes 4 and 5).

It is also important to note that Syk
molecules are associated with FcyR and i are
activated by cross-linking of the receptor
(24,25). It is therefore conceivable that the
increment in Syk kinase activity we observed
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Figure 8. Cross-linking DR up-regulates Syk kinase
activity. LD2B B cells were incubated with biotinylated
anti-DR. mAb L243 or biotinylated mouse IgG followed
by avidin for 10 min, then cells were lysed. Lysates were
immunoprecipitated with anti-Syk Ab. (4) An aliquot of
immunoprecipitated proteins were immunoblotted with
anti-Syk Ab. Residual Syk proteins on agarose beads were
used for in vitro immune complex kinase assay, using
MBP as a substrate. The HS1 peptide or an irrelevant
peptide was added to the assay. (B) LD2B B cells were
incubated with biotinylated F(ab')2 of anti-DR mAb L243,
or biotinylated F(ab")2 of control mouse IgG followed by
avidin for 10 min. Cells were lysed, immunoprecipitated,
and subjected to in vitro Syk kinase assay. MBP
phosphorylation levels were quantified wsing a bio-
imaging analyzer (BAS2000, Fuji Film, Tokyo), and
represented by relative values compared with those of 0
min {4} or 10 min (5) (unstimulated cells).

may be due to cross-reaction of mouse Ig with
human FcyR expressed on B cells. To exclude
this possibility, we prepared a biotinylated
F(ab')2 fragment of anti-DR mAb L243 or that
of control mouse Ig.  As shown in Fig. 8B,
cross-linking of F{ab')2 fragment of anti-DR
mAb L243 induced phosphorylation of MBP
(lane 3), whereas F(ab')2 fragment of mouse Ig
induced little phosphorylation of MBP (lane 2),
compared with a control (avidin only; lane 1).

This indicates that Syk phosphorylation is
induced by cross-linking DR but not FcyR.
These differences in phosphorylation patterns
were not due to the enhanced recovery of these
kinases, as evidenced by the presence of an
equal amount of Syk protein molecule in each
sample (Fig. 8A and 8B). These data are
consistent with results obtained using the Syk
inhibitor piceatannol on IgM production,
thereby collectively indicating that HLA-DR
molecules on B cells not only present antigenic
peptides to T cells, but also up-regulate IgM
production, in association with Syk activation
and without the involvement of Src kinases.

Kinetics of proliferation induced by
cross-linking HLA-DR molecules on

CD4+ T cells
We investigated kinetics of T-cell
proliferation when HLA-DR molecules on

CD4t+ T cell were cross-linked by solid-phase
mAbs (Fig. 9). Cross-linking by anti-HLA-DR
mAb L243 stimulated T cells to proliferate
while control Ab did not do so. The
proliferative response reached maximum at 24
br, as did the response induced by amti-CD3
mAb. T cells incubated with biotinylated anti-
DR + avidin proliferated as well (data not
shown). However, T cells stimulated by
biotinylated anti-DR alone did not do so (data
not shown). Thus not ¢only binding of anti-DR
mAb molecules but also their cross-linking is
necessary for T cells to proliferate (25).

T cell clonal anergy induced by a
soluble form of antigenic peptide, anti-
CD3 mAb and anti-HLA-DR mAbD

SF36.16 cells cultured with the soluble
form of antigenic peptide for 7 days resulted in
low responsiveness to irradiated PBMC in the
presence of the indicated concentration of
peptide (Fig. 10A). Thus, when these cells are
re-stimulated with 1 nM antigenic peptide and
irradiated autologous PBMC, there maybe only
marginal proliferation, whereas SF36.16 cells

. cultured for 7 days with irradiated autologous

PBMC prepulsed with 5 pM peptide did exhibit
marked proliferative responses when re-
stimulated with 1 nM peptide and irradiated
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Figure 9. Kinetics of proliferation induced by cross-
linking HLA-DR molecules on CD4" T cells. Kinetics of
T-cell proliferation was investigated when HLA-DR or
CD?3 molecules on CD4" T cell were cross-linked by solid-
phase mAbs (open circle, PBS; open triangle, control
mlgG; closed triangle, anti-HLA-DR mAb 1.243; cross,
anti-CD3 mAb OKT3; open square, L243 + OKT3). After
indicated incubation periods (0-168 hr), T cells were
cultured in the presence of 1 pCi/well [*H}thymidine
during the final 16-h period, and the incorporated
radioactivity was measured by scintillation counting. All
data are expressed as the mean value of duplicate
determinations + standard error. The experiment shown is
representative of two independent experiments.

autologous PBMC (Fig. 10A).

SF36.16 cells cultured in the presence of
solid-phase anti-CD3 mAb OKT3 for 7 days
also showed low responsiveness (Fig. 10B).
Interestingly, SF36.16 cells cultured in the
presence of solid-phase anti-HLA-DR mAb
L243 for 7 days also showed a low response
(Fig. 10C). Furthermore, when exogenous IL-
2 at 200 U/ml was added to re-stimulation the
culture, the responsiveness was restored (p =
0.0041), although human recombinant IL-2
only marginally exhibited an enhancing effect in
control cultures (p = 0.25; Fig. 10D). All these
observations indicate that L243-stimulated T
cells were rendered anergic. It is unlikely that

solid-phase L.243 blocked antigen presentation
to T cells in the re-stimulation culture, because
levels of responsiveness were the same, between
L243-stimulated and control cultures, in the
presence of IL-2 (p=0.11; Fig. 10D).

Expression of CDK inhibitors p21Cipl
and p27Kipl in anergic CD4+ T cells

As shown in Fig. 11, T cells with clonal
anergy induced by stimulation with the soluble
form of an antigenic peptide, expressed higher
level of CDK inhibitor p27Kip! on day7, than
did those cultured with irradiated autologous
PBMC prepulsed with 5 pM agonistic peptide.
Likewise, anergic T cells induced by cross-
linking its CD3 or HLA-DR, expressed higher
level of CDK inhibitor p27"Ki!3'1 . In contrast,
both expressed the same levels of CDK inhibitor
p2iCipl (Fig. 11), p15INK4b and p16INK4a
(data not shown). Neither T cells stimulated
with control IgG (Fig. 9) nor those stimulated
with  peptide-unpulsed PBMC showed
proliferative responses. Therefore, T cells
under such stimuli died on day 7, which did not
enable us to test protein expression.

Cytokine production from fibroblasts by
stimulus via HLA-IT molecules

Since we did not observe proliferative
responses of T cells when fibroblasts were used
as APC, we then considered the possibility that
HLA-DR molecules on fibroblasts may act as
receptor  molecules  (27). The cytokine
production from PDL was first evaluated by
determining  cytokine levels in  culture
supernatants, when fibroblasts were stimulated
via HLA-DR molecules by anti-HLA-DR mAbs.
The isotype-matched immunogloblin was used
as a control. As shown in Figure 12, stimulated
PDL produced larger amounts of IL-8, IL-6,
MCP-1 and RANTES compared with control
cells.

We then examined whether cytokine
production from fibroblasts actually occurred
when HLA-DR molecules on fibroblasts are
ligated by their natural ligands. To address this
issue, peptide pulsed fibroblasts were co-
cultured with emetine-treated T cells. Since
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Figure 10. T cell clonal anergy induced by a soluble form of the antigenic peptide (A),
anti-CD3 mAb (B} and anti-HLA-DR mAb (C, D). SF36.16 T cells were primarily
stimulated with irradiated autologous PBMC prepulsed with the wild-type peptide (5
pM BCGap84-100 for S h at 37 °C; closed circle or hatched bar), soluble wild-type
peptide (1 pM BCGap84-100; open circle), plastic immobilized anti-CD3 (OKT3; open
square) or plastic immobilized anti-DR (L243; open triangle or open bar). Seven days
after initiation of culture, T cells in these cultures were re-stimulated (secondary
stimulation) with various concentrations of wild-type BCGap84-100 plus irradiated
PBMC (A, B, C), or with 10 nM wild-type BCGap84-100 plus irradiated PBMC, in the
presence or absence of 200 U/ml of exogeneous human recombinant IL-2 (D). The T
cells were cultured on a 96-well plate for 72 h, and subjected to [*H]thymidine
incorporation assay. All data are expressed as the mean value of duplicate
determinations + standard error. Data are representative of two independent
experiments. (D) Proliferative response of T cells to exogeneous IL-2. Primary
stimulation, secondary stimulation and [*H]thymidine incorporation assay were done as
described above. Results are expressed as the means + SD of duplicate measurement.
Statistical significance was analyzed using Student’s f test.

emetine is a de novo protein synthesis inhibitor,
we first treated T cells with emetine to prevent
T cells from up-regulating cytokines or cell-
surface moleculés. As shown in Figure 13, IL-
8 IL-6, MCP-1 and RANTES were indeed
produced from peptide-pulsed PDL following

16 hr culture (1x10* cells/well) with emetine-
treated T cells, whereas no cytokines were
produced when the cells were merely pulsed
with peptide. Peptide-pulsed and IFN-y treated
PDL produced larger amounts of cytokines
including IL-8, IL-6, MCP-1 and RANTES
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Figure 11. Expression of CDK inhibitors. T cell clone
SF36. 16 were stimulated using a soluble form of
antigenic peptide (1uM BCGap84-100), immobilized anti-
CD3 (OKT3), immobilized anti-DR (L243) or irradiated
autologous PBMC prepulsed with the wild-type peptide (5
M BCGap84-100 for 5 h at 37 °C) at 37 °C. After 7 days
of incubation, the T cells were lysed. Cell lysates were
directly resolved on 13.5 % SDS-PAGE, transferred to
nitrocellulose membranes then blotted using Abs to CDK
inhibitor p27%¥P! and CDK inhibitor p21¢ip],
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Figure 12. Cytokine productivity of PDL by the stimulus with anti-HLA-DR (1.243)
mAb. IFN-y-treated or —untreated PDL (1x10° cells/well) were cultured with or without
L243 in the presence of goat anti-mouse IgG2a Ab. The supernatants were collected
following 16 hr culture of the cells, and concentrations of IL-18, [L-6, IL-8, MCP-1 and
RANTES were determined using ELISA kits as in “Materials and Methods".
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Figure 13, Cytokine productivity of PDL by stimulation via HLA-II molecules when -
PDL were co-cultured with emetine-treated T cells. PDL (1x10* cells/well) was pulsed
with or without antigenic peptide in the serum free medium for 24 hr following 72 hr
culture with or without IFN-y before the cells were cultured with emetine-treated T
cells. The supernatants were collected following 16 hr culture of the cells, and cytokine
concentrations were determined. Shaded and open bars indicate the results of IFN-
v-treated and —untreated PDL, respectively.
compared with non-treated and non-pulsed DISCUSSION
PDL. Moreover, PDL expressing HLA- _
DRB1*1501 molecules produced the large The observation that IFN-y / IL-4

amounts of IL-8, IL-6, MCP-1 and RANTES
when emetine-treated T cells (restricted by
DRB1*1501) was co-cultured with PDL. MCP-
1 and RANTES were produced only when
peptide-pulsed PDL was cultured with
restriction DR-shared T cells, whereas IL-6 and
IL.-8 were produced even when restriction DR-
unshared T cells were co-cultured. Although
RANTES and IL-6 productivity was relatively
higher in IFN-y treated, peptide-pulsed PDL
cultured with DR-restricted T cells, no
significant difference was found in IL-8 and
MCP-1 productivity between them.
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produced by T cells are associated with HLA
restriction molecules even in freshly isolated
short-term T-cell clonal responses to crude
protein antigens or randomized peptide
antigens, is evidence that the phenomenon is not
limited to three T-cell clones used in this study.
Thus, although not being complete as shown in
Fig. 3, HLA class II subregions may determine
T cell differentiation patterns or IFN-y / IL-4,
probably through  monocyte  responses.
However, one might speculate that DR-peptide
complex deliver strongest avidity between TCR,
leading to Thl-prone responses (28,29).
However, absence of DR-restricted T cell clones
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with low IFN-y / IL-4 rules out this possibility,
because  low-affinity DR-binding peptides
should exist, which should activate Th2-prone
responses, if the phenomenon is attributed to
avidity alone. Indeed, it is likely that such a
phenomenon is attributed to high IL-12
production through DR signaling (Table 1).

PKC and Syk are associated (30) and
involved in signaling through MHC molecules.
We observed a slight enhancement of monokine
production by PKC inhibitor GF109203X and
Syk inhibitor piceatannol. The precise
mechanisms are yet to be determined, but one
might speculate that they negatively regulate
monokine production induced by ligating class
IT HLA.

Because transmembrane and intracellular
domains are markedly different among o and B
chains of HLA-DR, -DQ and -DP, and MHC
molecules have no .immunoreceptor tyrosine-
based activation motif, it is reasonable to
speculate that HLA-DR, -DQ or -DP molecules
are associated with distinct signal transduction
molecules. Differential endosomal trafficking /
recycling (31), differential signaling in
monocyte subsets (32), including contaminated
dendritic cells, and even differential localization
in membrane microdomains would also need to
be considered. Study is currently underway, to
address these  questions, using various
monocytic cell lines and mass mapping
techniques.

IgM contributes to early defense against
microbial infections (33). When B cells are
exposed to non-self antigens, such as those of
microbial origin, B cells bearing surface IgM
specific for the Gantiges are capable of
concenirating the antigen and present it
effectively to T cells. We found that cross-
linking DR molecules up-regulates not only
secretory-type but also membrane-type u
chains, which may indicate that cross-linking
DR molecules leads to more effective antigen
presentation. It is also important to note that
CD40-generated signals arrest B-cell terminal
differentiation to produce Igs (34). Although
DR-mediated signals appear to up-regulate IgM
production in the absence of CD40-CDI154
interaction, further investigation is needed to
determine whether or not the generation of

— 166 —

signals via CD40 under physiological T-B
interactions interferes with IgM production
induced by DR-mediated signals. In this study,
ligation of DR molecules not only with specific
Abs (either solid-phase Abs or soluble Abs), but
also with HLA-peptide-TCR interaction,
induced 1gM production, suggesting that signals
via DR alone are capable of inducing up-
regulation of IgM, which may also occur in
physiological T-B interactions. In this relation,
DR-mismatched transplantation should be one
of rare cases, in which massive T-B interaction
via DR occurs in vivo. Indeed, when DNA
typing of HLA-DR was unavailable, graft-vs-
host disease was frequent, and such patients
reportedly had deposition of IgM at the dermo-
epidermal junction. (35).

BCR-Ag-complex is internalized to
supply T-cell epitopes, and subsequent DR-
peptide-TCR  interaction results in  class
switching, which eventually leads to decreased
IgM production (36). Indeed, our experimental
system did not allow BCR to interact with
protein antigens, and T cells were treated with
emetine (thereby bearing no class switch
pressure). Such a system might have up-
regulated IgM to be readily detected. However,
because the disappearance of surface IgM at
antigen presentation (before class switching) is
incomplete, one might speculate that signaling
through DR supplies new IgM molecules, for a
short and critical period of time for T-B
interaction before class switching is initiated.
Other factors should also be considered, because
even with thymus-independent antigens, IgM
production from B cells can be induced (37).

In case of the anergy induced by soluble
antigenic peptide, signals should be transmitted
to T cells not only via TCR but also via class I1
HLA because T cells express both TCR and
HLA-DR. Although anergy induced by the lack
of co-stimulation was rescued by signaling via
CD28, anergy induced by soluble antigenic
peptide was not rescued (38), which is also the
case in our present study {data not shown). It is
therefore likely that molecular mechanisms
differ between anergy induced by the lack of
co-stimulation and that induced by anti-DR,
even though the behavior of CDK inhibitors are
apparently the same.



HLA-mediated signaling regulates immurie responses

19

Fibroblasts are known to participate in the
immune system because of their expression of
several immunoregulatory molecules on their
cell surfaces, as well as many cytokine species.
It was reported that fibroblasts produce IL-8 by
the stimulus with several inflammatory
cytokines (IL-1B and TNF-¢; 39,40) and LPS
(41,42). A previous study demonstrated that
the engagement of MHC class 11 melecules by
the  superantigen including SEA  and
Mycoplasma arthritidis-derived  superantigen
induced the RANTES, MCP-1 and IL-8§ mRNA
expression in synovial fibroblasts (43). Herein,
we demonstrated that PDL- produced large
amounts of chemokines when cultured with
emetine-treated T cells, under restriction DR-
shared conditions. Thus, signaling via HLA-II
molecules into fibroblasts is not only induced by
the engagement of MHC class 1I molecules with
superantigens, but also by making the DR-
peptide-TCR complex.

REFERENCES

1. Matsuoka, T., Kohrogi, H., Ando, M.,
Nishimura, Y. and Matsushita, S. (1996) J.
Immunel, 157, 4837.

2. Cambier, J.C., Newell, M.K., Justement,
L.B., McGuire, J.C., Leach, K.L., and Chen,
Z.Z. (1987). Narure 327, 629.

3. Lane, P.J., McConnell, F.M., Schieven,
G.L., Clark, E.A., and Ledbetter, J.A. (1990).
J Immunol. 144, 3684.

4.  Mooney, N.A., Grillot-Courvalin, C.,
Hivroz, C., Ju, LY., and Charron, D. (1990). J
Immunol, 145, 2070,

5. Bishop, G.A. (1991). J Immunol. 147,
1107.

6. Kansas, G.S., and Tedder, T.F. (1991). /
Immunol. 147, 4094.

7. Truman, J.P., Ericson, M.L., Choqueux-
Seebold, C.J., Charron, D.J., and Mooney, N A,
(1994). int. Immunol. 6, 887.

8. Nabavi, N., Freeman, G.J., Gault, A.,
Godfrey, D., Nadler L.M. , and Glimcher,L.H.
{1992). Nature 360, 266.

9. Harton, J.A,, Van Hagen, A.E., and
Bishop,G.A. (1995). Immunity 3, 349.

= 167 —

10. Rich, T., Lawler, S.E., Lord, .M.,
Blancheteau, V.M., Charron, D.J,, and
Mooney,N.A. (1997). J. Immunel. 159, 3792,
11. Morio, T., Geha, R.S., and Chatila, T.A. .
(1994). Eur. J. Immunol. 24, 651.

12. Kanner, S.B., Grosmaire, L.S., Blake, ],
Schieven, G.L., Masewicz, S., Odum, N., and
Ledbetter J.A. (1995). Tissue Antigens 40,
145.

13. Mehindate, K., Thibodeau, J., Dohlsten,
M., Kalland T., Sekaly, R.P., and Mourad,
W., (1995). J. Exp. Med. 182, 1573.

14. Hirayama K., Matsushita, S., Kikuchi, 1.,
fuchi,M., Ohta, N., and Sasazuki, T.(1987).
Narure 327, 426,

15. Ikezawa Z., Nagy, Z.A., and Klein, J.
(1984). J. Immunol. 132, 1605,

16. Matsuoka, T., Tabata, H. and Matsushita,
S. (2001). J. Immunol. 166, 2202.

17. Matsushita, S., Kohsaka, H., and
Nishimura, Y. (1997). J. Immunol.158, 5685,
18. Fuyjita, H., Senju, S., Yokomizo, H., Saya,
H., Ogawa,M., Matsushita,S., and Nishimura,
Y. (1998). E. J. Immunol. 28, 305.

19.  Schmid-Alliana, A., Menou, L., Manie,
S., Schmid-Antomarchi, H., Millet, M.A.,
Giuriato, S., Ferrua, B. and Rossi, B. (1998). /.
Biol. Chem. 273, 3394.

20. Weaver, C.T., and Unanue, E.R. (1986).
J. Immunol. 137, 3868.

21. Tabata, H., Matsuoka, T., Endo, F.,
Nishimura, Y. and Matsushita, S. (2000}, J
Bial. Chem. 275, 34998.

22.  Turner, C. A., IJr., Mack, D. H., and
Davis, M. M., (1994) Cell 77, 297.

23. Huang, S. (1994} Cell 78, 9.

24. Agarwal, A, Salem, P., and Robbins, K.
C. (1993) J. Biol. Chem. 268, 15900.

25. Chacko, G. W., Duchemin, A. M.,
Coggeshall, K. M., Osbome, J. M.,

Brandt, I. T., and Anderson, C, L. (1994) J,
Biol. Chem. 269, 32435.

26. Kudo, H., Matsuoka, T., Mitsuya, H.,
Nishimura, Y. and Matsushita, S. (2002).
Immunol. Lett. 81, 149,

27. Ohyama, H., Nishimura, F., Meguro, M.,
Takashiba, S., Murayama, Y. and Matsushita, S.
(2002). Cytokine 17, 175.

28. Constant, S., Pfeiffer, C., Pasqualini, T.,



20

HLA-mediated signaling regulates immune responses

and Bottomly, K. (1995). J. Exp. Med. 182,
1591,

29. Hosken, N. A., Shibuya, K.A., Heath,

W., Murphy, K. M., and O'Garra, A., (1995).

J. Exp. Med. 182, 1579.

30. Xu, R, Seger, R,, and Pecht, L., (1999).
J. Immunol. 163, 1110,

31. Laufer, T.M., Smiley, S.T., Ranger, A.,
Clements, V.K., Ostrand-Rosenberg, S., and
Glimcher, L.H. (1997). J. Immunol. 159, 5914.
32. Loercher, A.E..-Nash, M.A., Kavanagh,
1.1, Platsoucas, C.D., and Freedman, R.S.
(1999). J. Immunol. 163, 6251.

33. Bcees, M., Prodeus, A. P., Schmidt, T.,
Carroll, M. C., and Chen, J. (1998) J. Exp.
Med. 188, 2381.

34. Randall, T. D., Heath, A. W, Santos-
Argumedo, L., Howard, M. C,,

Weissman, I. L., and Lund, F. E. (1998)
Immunity 8, 733.

315. Tsoi, M. S., Storb, R., Jones, E., Weiden,
P. L., Shulman, H., Witherspoon, R., Atkinson,
K., and Thomas, E. D. (1978) J.Immunol. 120,
1485.

— 168 —

36. Markowitz, J. S., Rogers, P. R., Grusby,
M. J., Parker, D. C., and Glimcher, L. H.
(1993) J. Immunol. 150, 1223,

37. Andersson, 1., Coutinho, A., Lernhardt,
W., and Melchers, F. (1977) Cell 10, 27.

38. LaSalle, J.M., Tolentino, P.1., Freeman,
G.]., Nadler, L.M. and Hafler, D.A. {1992) J
Exp. Med. 176, 177.

39. Strieter, R.M., Phan, S.H., Showell, H.I.,
Remick, D.G., Lynch, I.P., Genord, M,,
Raiford, C., Eskandari, M., Marks, R.M, and
Kunkel, S.L. (1989) J. Biol. Chem. 264, 10621.
40. Larsen, C.G., Anderson, A.O.,
Oppenheim, J.J., Matsushima, K. (1989)
Immunology 68, 31.

41. Xing, Z., Jordana, M., Braciak, T.,
Ohtoshi, T. and Gauldie, J, (1993) Am J Respir
Cell Mol Biol 9, 255.

42. Tamura, M., Tokuda, M., Nagaoka, S.,
Takada, H. (1992} Infect. Immun. 60, 4932.
43. Mehindate, K., al-Daccak, R., Schall, T.J.
and Mourad, W. (1994) J. Biol. Chem. 269,
32063.



I 7L —EEHR ORI

EH 22

NERENRREEE

Antigen-specific immunotherapy for allergy

MT HFoEsEnirErressrns)

Sho MArSUsHITA

Q’J‘Eﬁkﬁ”%ﬁﬁf’ﬁﬁﬁ%@ﬁibﬁﬁ FLAEF-v—F (T XERBICHLTAE, RETEETLE
ti‘fﬁb‘ﬁﬂi%tt%kﬁh‘((é EYDRTERBICHADZIZIEFASATVWS, FLLSFEHWERE
f’EwﬁﬂjuTiﬂﬂﬁ'c‘aﬁfo&b NETXEXETRICEE/BIRLAEAVTIZERLY, FOURREREICT
BIEFCEIREHEICEIIFF 745XV —0RERAR7 LAY F BRIV -7+ HBETE S
EIEBF, TORCEVNTH THEREBERIFENTES. HETOLOOEELSHCHHFERESFOR
R, BFPLAF L HEO T2 IR0 VEMOREDERENILOIESZTHES .

‘Egbjnmwtn7uw#—,d7is.ﬂﬂ¢.79:myr

HESENLBROBESARTVAY Y EQADT
PROERERBRERECH S, TOEABFCOL
TRV ERICERI A R o, IgG 7 7 A (IgG4
FR)oToy x It EE T MRS
IL-10 ZEAEE D regulatory T MIlE TRAICHA X
nardlhize, EEFFZOLORHMELL
TRAVARBEILHEAT, 20OBMRTHEA7FYF
FHOIEAR, OGRNEZTHB, Q7 F 7 4
T —REOREEAMEI DIz, @LE
Vo T—EFItKBZ2RETE3, CHEOHES
BWRICEH LRI I RERTE L, LA
3,

FRTRINSOEERNEZFICO>WT, EFH
ERLBMBOEHL T,

| I T EZOFERANDIES

e = TRl

HEBEE(7 LAY V) RAEETREEIC LY S
atrFEN, R7FFER E LT MHC class
IS FORBRSHEACEST Y, colat
¥ THRAEL € 77 —(TCR)Ic L > TS L
o THESEE LI W THREBEN BN
BUE3.

20, THRZY -7z THECE-T

778 | E¥OE®H Vol 208 No.9 2004, 2.28

FmshriFEo—&aThdh, BHEEIEF—
7k BHERIIC X o RSN G, ThbbiEk
tEETINEO—EaTHS, BMKIE F—
TRAEBREGLEEEAT 50, BRREAO
&, MNEREREE) LET3EAREITFET S
ZEiche B, iR, £{EEMRWAE, Bk
BEOLDZFENSLEIICHR S, MATH
FRARMOBMZ—REED AL 6, RSB
BELORLEZORERINZ I havs
b AREYE, PR, U UEMEEauv e bl TE
ZILMEMTHD, THICKHLT, Ty
F—7(MHC ¢ L BIZTCRIZE > THREN 2
A7+ FET RS T MEC O E~R7
FFNERICAZDITTHI2S, PR6TLY
KEFEETIHFREFET 204332 (= 1),
SEMEAX CREIhTH Xkt EE T2
ke, T X ICRERNRAL A~ T i
ENFHEINTHRCTHXG2EE T2 B
ENIERLEN LT TH B, T D MHC
EEBIEHTEX o7 I BESIE, HifEs
HBeta3X ko7 / BEFILREZLDEER
HoTn3,
Lo, PLAF Y ED THBEXZY -7

— 169 —



1 THRIYF-—E:BHERIVN—7
MHC & & bic THIBAMESZESIC L > THMm
ekt nimES7FF:2 THRZY =7
LR TNICHWLTBMRELY 7L, EER
fREEETES, NkLEEaTESL BAKIE, ~0
A= THHEOFEETIHEETLIRABTISAXSy
F, ENE oS R R ET, BEAKA~ L 21ET 5,
HERES BHMM A2 L, kENH L CHE
# BHElEMICERY AN THBETa I iz, iR
BTRoMRIEszE{ L3 #EEASTFOAE2
RFBEBELTHPNATVLEH, EBoXE2dfllA0
F~ETa0 1 ThH2, MHC OF T HIRESS
ik 1 JRAREE D 1 A~10 FoTRELTWS,

FEURTF PRI, BABIY —728%
v, HieREATCHTL—lThh, BEM
HFcelb b7y —27nrRY 7 oEhnkl
DEMHICED, BEERELTHL 7745 %
=% Y OBMERMSRI kI EA%n(E 2).

FHOIHEREI LKL, THEIY 728
_7FFEREFCEST S E, TSGR
FHCAE(Z AL ) SN MBMAMS T
32,

IO REBHEREL LI, Fo0B7L
W v (Fld 1 )DATF P2 EREOBRE
REEDHIL L o7, ZHELBCRAEZHRELT
THALE b —7OREMNTHON TSR, H
RALZDEZHEICTEDZDEIDICBEL T34
RERF-oIEI I (HLA B AFENAE W
DT, HETELRTF FOFED R 2Y; [ 3).
IORFEDOR S, WHro KRBICRELTL T
FT74 73 —0ugEENS L niEdBnilo
BRo7ara-VERTIENTELRILD
. McR7FEThB 0, BRAKENICE
ETHRIE—72I—FT2EI 7T
F2FFAVTELLFEBEVELIESRLD
34,
| SSEBRBERNTF REALBIRS

HFFA7F FLEo, BHic TCRICEZ2FEBIcH
PHE7I/BEREEEERLATIOSRTFF
&, MHC OFEOEHEFHIINT S THgr u—
YOIREERBITTAILICE D, THBOGZI
allornone RO L DTIEL L, TCROVHF Y FoD
SO HIGL TRMNS 5 IidEMNIc T
BZZEMHLMICENEY RTF FIR—BED
TEIC B0 EEMERICREET AER LD,
BREIW K> TMHC EMHEEMT 32, TCR &M
HEATONELS, —#iicvwoT, HLA &

peptide

Y Y

protein

P

® FeeRl @
o
signals
. mast cell

B2 1 {fONTFFESHENEQRTROILE

BSOS Vol 208 No: 9 2004.2.28 | 779

—170—



HE (%)

¢
DR DR9 DR4 DR2
DRB1* 0901 0405 1502

DR8 DR2 DR4 DR3 DR7
€803 1501 0401 0301 0701

BAAEA)

10 Bk E A

8B (%)

20

T“i

R 3 #ED HLA-DRBY i BEFORE
SMEROFALBEKAAETRIBLLRL S,

HEER T 2 RELBIRT % L EINEORINE
{bds, £/, TCR LHEERT2RELENRTS
LERIGEDENELSFEL IS T, HNE
LOREAELDIITCR Py T XL THB
M, TREAX—DFER, +4 AL rDEEEL,
THRBEOEGOELA L LRBEINBY,
BEESOWMETIE, THu /X7 F P T Hia
BE%2 TCREXRD Y 7V H A THEELH T 552K
LAz d, HLA T %2 ALy Ptk -TE
AL vOEEICEMMNERI N, FOEBREL
T THAMGENELT 200 BEI TV Y,
EE, TUAX—PERECABRERERIBLT,
YRR F FO7 o /25 T35 i
I WEFORIEL FID 2 IXEHT 2 HEIER
Haxhn, PWARBETLAED,
| i 2BEEaIF FERVRES
THIRSE L HEFENICERT 2R EE D
R GEPER RS OER TR I N TE RN,
HOREDR7LAF—ItBW TS, Thl iBEAD
7 ERIu—rEBEREARTR - AOFELHLE
BELTHEHS RO T3, HESEDER
KELTR—BEER7 0/ _7FFick 3Rk
BIGEDOEMBEE (CREINTWSY, HLA L
OREEEHET 2L TH, TCR LoEES%H
BT 2ILTYD, logA—F—0EiEi3& L, &
Ll ORENEEFN TV,

Hemmer & & combinatorial peptide library % H

780 | E¥OBH Vol 208 No. 9 2004. 2. 28

Wiz THIlgx & + — 7 ® positional scanning i &

h, BERRXZTFFIDD log A— 5 —THOEL
FH 85 2469 5 <7 F F{peptide superago-
nists) #F@AE L. THEF—FBEEZBERL-R7F
FTizhdl, 2REZERLEATFFTH-
7 EOH,BESRIDTHED I N —77 &
3 THRo—r2ROTRKROER LIRS
7228, “RIFFLEOHERC g ViZBOTHEE
JEERSERETICE (7 = BRERRE T RTOR
PravilHTAEATFFIE, dEoTLLA—
NR=F TR TRBEWIEMHARIC K> TE
#5310 ThiER7F FO#EREINTHET
HoT, FEOTN7 7 RFEORBEOEEA I
BEEDOTL7 7IREOABRAOEEGAICLEES
52506 THEM) koT, brir¥F xR
DF—AicBWTarvrao—¥3t 3 BEEARD
EIRT77O—HEEELSVLE, "B
7FFERETDZLIFEL Y,

F&eir ok, FE S 3 combinatorial peptide
library (2380 HPLC L HRS 2 AEHE S 2
Ltk h IORMEEERLAEY, FHizmErs
Hanwond) F7- BESIIRER, 0L
BAHERRAOT, REREESLD S T Ml
7a—rPBRBTETF FPERAETEHERZE

%Lf:m,ls)_
|87 OB EEITAVSES
BEHEALEA—R—7P =R LEDT, &

— 171 —



NETOT7 TR IRTF FREFBEDOTATT
i, BED TV 8=k ) —(70—r) 21T
KL bDTHof, A=r—F TR DS,
EDR70—vDHDEERHEETHILICEST
HLENRBRINIEEZ NS Y, REOERHR

ERoTwBREEEZIFIL LI T34

REEO TR o—y %#BHET 2207 Cl2
MRS BWVI EDIFINREhITE Y,
MDveHETL, $2o0—rHREMENE
BB I EHIB

EEZ, THRREREGECRIETZ v5uiEH0
_R7F FOEBEPEHEL THLY, 27, TXT
DRT v arii Cys MADT I 7 BER &L Xn X
7+ Fn=9, 11, 13, 15, 17, 19) &KL #-.
INHDRTF T PBMC ZEERML THIE
LA BRI E ENT, Wi X1I3 R X15 T
RS EnsEENH -, 22T, PPD, &=
R, RBEY v SREERIGMLR) & &£, PBMC
KHEI7n—rHEEETET LN msh
TLEIREREORFLR T2 RAT7FFo
TCR 7 v ¥ T AABEEBEI L7, @HWI L
I, SRR EXOTF F(X13 ® X15 TRA
B B TRERFEEOMHIBE S, =
D L% PPD K ¥ B E O RICHMN
LTATHIMBlEREEAS NI s, WA
HERFICE2MEICIEE BT 3L, 7,
DRB1*0405+peptide X % 22 % + % MLR %
DRB1*0405 O B MEK & < 7 F F(Kd=
TnM)PTHFIL X S L LTHiMfE At nw k
M5, X15 DEIEIE HLA-_ 7+ FoBE& T
BBBI LV THSE, ChoDEENS,
XIS I BIMEIE TCR 7 v T=Xalck 3 b
DCHD LR,

Bxo{, #70— %0 THRIGED 21D
MO THHEEIERHI 0—HREIC TCR
Py I=ZAPELTHERTELZN7F FdiXn
DEPICEENTVEILETHEIEEZI OGN
3. HEE THRZo—r#EMELTXI3D
X15 ZEH S TLIRBBE SR, HEMALA
T+ FPEROEGES, CERLLELE, Ly
bRODATF FRBALXTCR7 ¥ F=A b
Thots, TOEIEATFFPRERZEEOR

7FF2RET2 THESZ 0 —» O LM
THEILIRL, NABISELTLIDES
REKEA OGN, 2ED, RTF Fhidiky
IR ETHD L, CRRAZEL o N FEKinfl
BRITERVE)ERATF FE2SUEENE (L

b, ZRUCE T TCR 7 ¥ T =R F DEHFEH
HlR2boltBbhnr3,

R7F FON KRB DOE—~7 A —Ii& MHC &
DEBRLBOTEVANAERECH 5, N
oL LibDid MHC EDREEZ DL DT
Ehlh, TCR7P»¥I=A+TidHbh Ak
VRN LUT, CERE»SE Lz bDid, PT,
8, 9 DERENL A 2TH MHC L OfEAM I
BLTEDOY, ZORR, EH7F FdbE)
C—HREBEBICEATCR 7V T AMERLL
IR T T GEREINEDTHSLS, =
DEINTF VIR, BURESRTF F2ERT
Bitb bS53 TCRusage BEL B X H KT
MRV A=Y —ZHBEOTCR 72 =X b
e h 9B a6, FERRENDD TCR ERFR
MR EMFHEREELTVS, J0&)REn
A7F FOEFENTORRIZ 7 AD EAE €7
NTHEREN TV B,

|-EERETS FERRULTAVSES

HLA+ A7+ F# TCR L HEERZREIT L
THRMc ZF A2 h T HlasiEtkibEh s
D, Fo L i {Hshi-EECHLSE, —
7, THkE-RERFMIEEEERAIc L D EHE N
HERETHARfADY 7+ v B LT
CD40 Bk CHMenNTVEH, MHC 20 L0
YEBLBEAZES-TWE EWIEE TS L,
1990 £E/T{E D> 5 MHC class I D F it BIc BN H
FRRT X TREL, TCR-<7 4 F/MHC
HEEMBEER2E D UAFSIC MHC class 1147
Ty 7P AUBADFERFHEED EELEh
B o TERY, FHo 3, BEEYE
FEIAFRBLE TR 0— b Hi8
BT3ZLICXORMEMEREICRES 2 DR,
DQ, DP T2 5HF L 7:2Y, MAPK/Erk DiEtElL
12 DR 24+ L 2RI T O ABE X -5, MAPK/
p38 D iEMALIX DR, DQ, DP T AL /- %k

EPOBRPB  Vol. 208 No. 9 2004.2.28 | 781

—172—



