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The immunodominant regions of the Japanese cedar pollen allergen Cry j 2
for T-cell immunity were determined with whole peripheral blood
lymphocytes (PBL) derived from seven allergic patients and three
nonallergic subjects. Cry j 2-stimulated T-cell proliferation was inhibited by
anti-HLA-DR, but not by anti-HLA-DQ antibody, indicating that the
responding T cells recognized the allergen peptides associated with HLA-
DR molecules. It was found that seven regions of Cry j 2. i.e., regions
corresponding to amino acid numbers 1-26, 70-84, 151-167, 187-203. 252~
279, 283-314, and 345-362, were immunodominant for T-cell proliferation.
Thus, Cry j 2 bears a limited number of immunodominant regions despite
polymorphic features of HLA-DR in the immune system. This suggests the
possibility of molecularly designing Cry j 2 antagonists that could
downregulate allergic reactions to Japanese cedar pollen.
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Allergic responses to Japanese cedar (Cryptomeria
japonica) pollen are to a very large extent directed
toward two components, the Cry j 1 and Cry j 2
allergens, as measured by IgE reactions. These two
major allergens have been isolated (1, 2), and the
primary amino acid sequences have recently been
clarified by molecular cloning (3, 4).

Recent studies have demonstrated that partial
alteration of the amino acid sequence of T-cell
epitopes induced a stimulatory signal that was
qualitatively different (5-8). It is conceivable that
immunotherapy using peptides representing domi-
nant T-cell epitopes could modulate the T-cell
response of allergic patients and therefore prevent
the production of IgE antibodies at the earliest
stage.

In this study, we determined the T-cell epitopes
of Cry j 2 by using enzyme-digested Cry | 2
fragments, and then chemically synthesizing the
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oligopeptides. Peripheral blood lymphocytes
(PBL) derived from patients with pollinosis and
from healthy donors were used in this system to
investigate the response of bulk populations of
CD4" T cells in comparison with that of a selected
number of antigen-specific T-cell clones. This could
provide important information for developing
immunotherapy using allergen peptides.

Here we demonstrate first that both allergic and
nonallergic subjects display T-cell reactivity toward
a limited number of T-cell epitopes of the allergy
protein Cry j 2, and, second, that seven regions are
prominent in the immunologic potency of Cry j 2
in spite of HLA-DR polymorphism. This may be
attributed to the combined effects of amino acids
in immunodominant epitopes which are responsi-
ble for binding to HLA class II molecules and T-
cell receptors in the bulk population of T cells in
the periphery (7, 8).
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Thus, a limited number of immunodominant Cry
J 2 epitopes may lead to a molecular design of the
Cry j 2 antagonist that could downregulate the
allergic reaction to Japanese cedar pollen.

Material and methods

Patients and controls

Nine pollinosis patients and three nonallergic
donors were studied during the allergy season
(February-May). These donors were selected on
the basis of clinical examination, routine skin prick
tests, nasal provocation tests, and eosinophil stain-
ing of nasal smears. HLA class I (A, B, C) and class
[I (DR) antigens were typed by the microcytotox-
icity test using defined anti-HLA antisera, as pre-
viously described (9). For the terminology of the
HLA-DR, DQ alleles were used according to the
WHO Nomenclature Committee (10). HLA class
[T alleles were genotyped by the SMITEST system
(Sumitomo Metal Industries, Tokyo, Japan) based
on the polymerase chain reaction — restriction
fragment length polymorphism (PCR-RFLP)
method (11, 12). Briefly, high-molecular-weight
genomic DNAs from PBL were prepared by pro-
teinase K digestion and phenol/chloroform extrac-
tion, as previously described (13). The second
exons of the DRBI1 and DOBI genes were selec-
tively amplified by PCR with group-specific prim-
ers for 30-35 cycles consisting of 1 min at 94°C,
I min at 55-62°C, and 1 min at 72°C. A volume of
10 pnl of the PCR products was digested with a set
of allele-specific restriction endonucleases and was
subjected to electrophoresis in 10% polyacryla-
mide gels to determine the RFLP patterns of the
HLA class II alleles. The results of the HLA typing
are shown in Table 1.

Purification of Cry j 2 and enzyme-digested Cry j 2

Cry j 2 protein was 1solated from a Japanese cedar
pollen extract by affinity chromatography using a
monoclonal antibody specific for Cry j 2, mAb N26.
Partial digestion with V8 protease (from Staphylo-
coccus; Sigma, St Louis, MO, USA) or lysylendo-
peptidase (from Acromobactor, Seikagaku Co.,
Tokyo, Japan), and high-performance liquid chro-
matography (HPLC) purification of peptide frag-
ments were performed (Fig. 1), as previously
described (3). The amino acid sequence was deter-
mined on a protein sequencer (model 473A,
Applied Biosystems, Foster City, CA, USA).
Regarding the peptide fraction, the purity of the
amino acid sequence was estimated at about 90%
unless otherwise described. In the amino acid
sequence described by Namba et al. (3), no. 51 is
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Table 1. HLA donor types

Serology DNA typing
Subjects DR DRB1* DQB1*
Allergic Tl 6/9 0901/1403 0301/03032
F N. 4/8 0405/0803 0401/0601
EY. 4/6 0405/1302 0401/0604
M. H. 4/- 0405/- 0401/-
T H. ND 0101/1302 0501/0604
T M. 4/6 0405/1405 0401/0531
J. & ND 0101/1406 0301/0501
Nonallergic S.H. 4/6 0406/1301 0303/0603
H. A. 8/9 0803/0901 03032/0601
N. T 4/6 0406/1301 0302/0603

ND: not determined.

labeled serine. In this study, that serine has been
designated as no. 1.

Peptide synthesis and characterization

A set of 94 overlapping 14-mer peptides spanning
the entire length of Cry j 2 was synthesized on
polyethylene rods (pins) by the multipin technique
(Chiron Mimotopes Pty. Ltd, Victoria, Australia),
as previously described (14). The peptides over-
lapped each other by 10 residues. Reverse-phase
HPLC and amino acid composition analyses
showed the purity of the preparation to be 60-70%.
Several immunodominant peptides were synthe-
sized with Peptide Synthesizer, 9050-plus (Milli-
pore, Bedford, MA, USA) and purified by reverse-
phase HPLC using a C18 column (19x150 mm, w
Bondasphere, 5 p C18 100A, Waters chromatogra-
phy, Marlboro, MA, USA) under a 10-80% gradi-
ent of acetonitrile in 0.1% trifluoroacetic acid in
water, at a flow rate of 10 ml/min, as described by
us previously (3. 15). The amino acid sequence was
verified on a model 473A protein sequencer
(Applied Biosystems, Foster City, CA, USA).

I-cell proliferation assay

To examine T-cell proliferation, PBL (6x10 well)
were cultured in triplicate in 96-well, round-bot-
tomed plates (Corning, Inc, Corning, NY, USA) in
200 pl RPMI-1640 medium (ICN Biomedicals, Inc,
Costa Mesa, CA, USA) supplemented with 7.5%
heat-inactivated AB human serum (Biocell, Car-
son, CA, USA), 100 U/ml penicillin, and 100 pg/
ml streptomycin and 2-mercaptoethanol (4x107> M)
and were stimulated with Cryj 1, Cryj 2 (0.1 uM),
or PPD (0.3 pg/ml, Nippon BCG, Tokyo, Japan).
Cell proliferation was monitored by the addition
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Fig. 1. Reverse-phase HPLC purification of enzyme-digested Cry j 2. A) Lysylendopeptidase-digested Cry j 2. B) V8 protease-

digested Cry j 2.

of *H-thymidine (0.5 p.Ci per well, Amersham, St
Louis, MO, USA) during the last 18 h of incuba-
tion, and its incorporation was measured on a
liquid scintillation counter. Anti-HLA-DR (Hu-4:
anti-HLA-DR framework mAb) and anti-HLA-
DQ (mixture of three monoclonal antibodies: Hu-
11, anti-HLA-DQ1 mAb; Hu-18, anti-HLA-DQ3
mADb; and Hu-46, anti-HLA-DQ4 mAb) antibodies
(ascites) were used to examine the MHC restriction
of the response (16).

Flow cytometry analysis

Cytofluorographic analysis was done on an EPICS
XL (Coulter, Hialeah, FL, USA) using phycoeryth-
rin-conjugated CD8 (Nippon Becton-Dickinson,

Tokyo, Japan) and fluorescein-conjugated CD4
antibodies (Coulter Immunology, Tokyo, Japan).

Enrichment of CD4" T cells

Briefly, PBL were resuspended in phosphate-
buffered saline (PBS) containing 10% fetal calf
serum (FCS) (107 cells per 80 pl of PBS/FCS),
mixed with 107 cells/20 ul of anti-CD8 antibody
Microbeads (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany) and were incubated on ice
for 30 min. The labeled cells were washed once
with PBS/FCS and resuspended in 0.5 ml PBS/
FCS before application to a MACS column
(Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany). The CD8-negative fraction containing
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Fig. 2. T-cell proliferation in response to Japanese cedar pollen allergen Cry j 2. PBL were stimulated with varying doses of affinity-
purified Cry j 2. T-cell proliferation was monitored each day by pulsing cells with *H-labeled thymidine, as described in Material

and methods section.
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Fig. 3. CD4" T-cell response to Cry j 2. B: 6X10° PBL, &: 6x10* CD4" cells, [0: 2x10* CD8" cells in presence or absence of 10
Gy-irradiated 4x10* PBL. Cells were stimulated with Cry j 2 or concanavalin A (2.0 wg/ml). Number above solid bar indicates

mean value (dpm) of triplicate cultures.

the non-CD8" T-cells was collected. This step was
repeated twice to ensure complete CD8" T-
cell depletion. Yields of the CDS8"-depleted,
CD4"-enriched cell population were consistently
45-55% of the starting PBL. This is referred to as
the CD4" cell population which contains less than
2.0% CDS8" cells.
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Results

T-cell proliferation in response to Cry j 2

To characterize the T-cell response to Cry j 2, PBL
were stimulated with varying doses of HPLC-
purified Cry j 2, ranging from 0.003 uM (0.1 pg)
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Fig. 4. HLA-DR restriction of Cry j 2-specific T-cell proliferation. A) PBL from allergic patient M. H. (DRB1*0405/-); B) PBL
from allergic patient J. T. (DRB1*0101/1406). PBL were stimulated with 0.3 pg/ml PPD, 0.1 pM Cry j 2 in presence or absence
of 1:200 diluted monoclonal antibodies, control normal mouse serum, anti-DQ (mixture of Hu-11, Hu-18, and Hu-46), and anti-
DR (Hu-4) (Ref. 16). Vertical bars indicate standard error (SE) of triplicate cultures. Numbers above solid bars indicate mean
values of disintegrations per minute (dpm) for triplicate cultures of responses.

to 0.3 uM (10 pg). As shown in Fig. 2, the optimal
concentration of allergens was 0.1 puM (3 pg/ml)
(Fig. 2a). The proliferative responses were meas-
ured by day 5 (Fig. 2b). Thereafter, the responses
were assayed on day 5. To determine the lym-
phocyte subsets responding to Cry j 2, CD8" cells
were depleted from PBL by the magnetic separa-
tion method. CD8" cell-depleted PBL contains
40% CD4" cells and less than 2% CDS8" cells by
flow-cytometry analysis. The CD8" cell fraction
contains 98% CDS8" cells and less than 2% CD4"*
cells. We tested one nonallergic and two allergic
donors. A representative result is presented in Fig.
3. CD4" cells responded to Cry j 2 as well as PPD.
In contrast, CD8" cells showed no proliferative
response even in the presence of antigen-
presenting cells (APC). The APC supported the
mitogenic response of CD8" cells to ConA, indi-
cating their ability of antigen presentation. The
magnitude of the response of CD8" cell-depleted
cells was almost the same as that of whole PBL
stimulated with Cry j 2. The response to Cry J 1
also showed the identical features (data not
shown). When the HLA restriction was examined
in the seven allergic patients, these T-cell prolif-
erative responses were inhibited more than 90%
by the addition of anti-HLA-DR antibody, but not
by anti-HLA-DQ antibodies. Two representative
patients, M. H. and J. T. in Fig. 4, indicated that
the responses were restricted by HLA-DR mole-
cules.

T-cell response to enzyme-digested Cry j 2
fragments

Cry j 2 was partially digested with lysylendo-
peptidase (L) or V8 protease (V), in which 33 or
30 fractions, respectively, were separated and tested
for T-cell stimulatory activity (Fig. 1). We examined
seven patients and two of the three nonallergic
donors for anti-Cry j 2 T-cell response by stimulat-
ing each fraction at a concentration of 6.5 pM. The
amino acid sequences of all immunogenic fractions
were also determined. It was noted that there were
only a few fractions with prominent immunodom-
inance and that the magnitude of responses was
generally smaller than that of the intact Cry j 2
allergen (Fig. 5). We found five patients in whom
one or two fractions showed prominent stimulatory
effects (S. H., M. D.,, M. H,, E. Y,, and H. A. in
Fig. 5). Table 2 summarizes these results. We ten-
tatively defined a positive response as being at least
threefold higher than a nonstimulated response.
Potentially immunodominant fractions were fur-
ther examined for their activities by dose-response
analysis. As shown in Fig. 6, the optimal concen-
tration ranged from 1.8 to 10 uM which was 10-
100 times higher than required for stimulation with
intact Cry j 2 (0.1 uM). With lysylendopeptidase-
digested Cry j 2, positive responses were obtained
in L1, L23, and L25. Responses were hardly
detected in any fractions in the other patients
tested. In the cases of V8 protease-digested Cry j 2,
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Fig. 5. Immunodominant fragments of enzyme-digested Cry j 2 in allergic and nonallergic subjects. S. H. and H. A. are nonallergic
donors without allergic symptoms. M. D., M. H., E. Y., E N, and M. Y. are allergic patients. Lysyl: lysylendopeptidase-digested
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Table 2. T-cell proliferation in response to HPLC-purified enzyme-digested Cry j 2 fragments

Cry j 2 allergen T-cell epitopes

HLA-DR
Donor Experiment Serology DNA typing (M) Sequence? % Response® Si
Allergic
M. H. 1 DR4/- 0405/- L25 6.5 151-167 41 6.8
Cryj2 0.1 100 15.2
PPD (21023+1720)° 115.5
None 0 (182+58) 1.0
2 V19 6.5 ND 38 78
V20 6.5 265-279 25 5.5
V21 6.5 283-293 31 6.5
V23 6.5 5-9, 1-125 24 5.2
V26 6.5 283-314 26 5.7
V27 6.5 348-383 49 9.8
Cryj2 0.1 100 8.9
PPD (35 489+9836) 116.4
None 0 (305+22) 1.0
F N. 1 DR4/DR8 0405/0803 V23 6.5 5-9, 1-12 46 5.9
Cryj2 0.1 100 116
PPD (20 637+1444) 59.5
None 0 (347+49) 1.0
M. D. 1 DR6/- ND 123 6.5 70-84 51 2.8
Cryj2 0.1 100 46
PPD (11 174+760) 8.9
None 0 (1260+516) 1.0
M. Y. 1 DR8/- ND V15 6.5 252-264 23 19
V21 6.5 283-293 19 6.7
V23 6.5 59, 1-12 32 10.4
V24 6.5 4-12 25 8.3
V25 6.5 ND 19 6.5
2 V26 6.5 283-314 20 6.8
V28 6.5 ND 32 10.4
V29 6.5 ND 20 7.0
Cryj2 0.1 100 306
PPD (36 284+5154) 60.2
None 0 (603+109) 1.0
E. Y. 1 DR4/DR6 0405/1302 L25 6.5 151-167 17 34
Cryj2 0.1 100 14.1
PPD (47 340+5154) 101.8
None 0 (465+47) 1.0
Nonallergic
H. A. 1 DR8/DR9 0901/0803 L1 6.5 352-356 23 5.2
Cryj2 0.1 100 19.4
PPD (38 754+1795) 56.4
None 0 (687+149) 1.0
2 V15 1.8 252-264 86 3.0
Cryj2 0.1 100 34
PPD (37 868+4857) 82.1
None 0 (461+166) 1.0
3 V18 1.8 348-353 87 3.4
Cryj2 0.1 100 37
PPD (3971945013) 21.7
None 0 (1282+268) 1.0
S.H. 1 DR4/DR6 0406/1301 123 6.5 70-84 81 5.8
Cryj2 0.1 100 6.9
PPD (39 719+1830) 49.2

Table cont. next page.
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Table 2 cont. T-cell proliferation in response to HPLC-purified enzyme-digested Cry j 2 fragments

HLA-DR Stimulants'
Donor Experiment Serology DNA typing (uM) Sequence’ % Response® St
None 0 (807+109) 1.0
2 6.5 193-198 42 33
Cryj2 0.1 100 65
PPD (51357+5665) 53.8
None 0 (955+59) 1.0

ND: not determined.

! Lysylendopeptidase- and V8 protease-digested fragments are abbreviated as L and V, respectively. Cry j 2 indicates intact Cry j 2. PPD was used at 0.3 wg/ml.

Z Position number of Cry j 2 amino acid sequence (3).

¥ Percent response = (mean value of dpm of experimental group — mean value of dpm of nonstimulated group)/mean value of dpm of intact Cry j 2 — stimulated

group — mean value of dpm of nonstimulated group) x100.

* Sl =mean value of dpm of experimental group/mean value of dpm of nonstimulated group. Responses were confirmed independently by dose-response

experiments.
5 Number in parentheses indicates dpm+SD of triplicate experiments.
8 Mixture of two fragments.
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Fig. 6. Dose response of intact Cry j 2 and Cry j 2 peptide.
Response to synthetic peptide (187-203) is shown. PBL were
derived from patient S. H. PPD-induced response was
4748411902 dpm.

the response patterns were relatively more com-
plex than those with lysylendopeptidase. V23 (1-
12/5-9) was positive in allergic donors E N.
(DRB1*0405/0803) and M. Y. (DRS8/-). L.23 (70-84)
was positive in allergic patients J. T. (DRB1*0101/
1406) and M. D. (DR6/-) and in the nonallergic
donor S. H. (DRB1*0406/1301). L.25 (151-167) was
positive in allergic patients M. H. (DRB1*0405/-)
and E. Y. (DRB1*0405/1302), but negative in aller-
gic patient E. N. (DRB1*0405/0803). L9 (193-198)
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was positive in nonallergic donor S. H.
(DRB1*0406/1301). V15 (252-264) was positive in
allergic donor M. Y. (DRS/-). V20 (265-279) was
positive in allergic donor, M. H. (0405/-). V21 (283-
293) was positive in allergic donors M. H.
(DRB1*0405/-) and M. Y. (DRS&/-), who also
showed responses to V26 (283-314). V27 (348-
383) was positive in allergic patient M. H. (DRB1*
0405/-). L1 (352-356) and V18 (348-353) were
positive in nonallergic donor H. A. (DRB1*0803/
0901), but negative in the other allergic patients
tested. Fig. 7 shows the dose responses induced
with the 1-12/5-9, 151-168, 252-279, 283-314, or
348-356 peptides. The amino acid sequences of
V19, V25, V28, and V29 could not be determined
due to their impurity. Both S. H. and N. T. were
DRB1*0406/1301 and nonallergic donors, but S. H.
showed a response to three fractions while N. T.
showed no T-cell proliferative response even to
intact Cry j 2 (data not shown).

Thus, there does not appear to be any correlation
between the immunodominant fraction and the
particular MHC class Il type. Furthermore, there
were cases in which both allergic and nonallergic
subjects responded to the same fraction, suggesting
the nonexistence of particular diselated fragments.
There may, however, be a few disease-unrelated
fragments such as L1 (352-356), L9 (193-198), and
V18 (348-353). These results show that active
fractions vary in each individual. However, rela-
tively restricted fractions exhibited T-cell stimula-
tory activities.

T-cell response to synthetic Cry j 2 polypeptide

In parallel with the experiments using enzyme-
digested Cry j 2, PBL was stimulated with a set
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of multipin synthesized 14-mer oligopeptides
covering the entire Cry j 2 sequence (Fig. 8). A
positive fraction was tentatively selected when
the neighboring fractions induced proliferation,
although a single positive fraction could have
been excluded. Allergic patient J. T. exhibited a
prominent immuno-dominance in fraction 73-86.
Several other fractions showed weaker responses
in the regions of 129-186 and 245-262. Nonaller-
gic donor S. H. responded to three fractions, 13-
26, 73-86, and 193-206. The stimulatory activity
of the 345-358 or 349-362 multipin peptides is
shown in Fig. 9a. Since fractions prepared by the
multipin method were about 60% pure by HPLC,
these results were confirmed by dose-response
experiments using reversed phase-HPLC-
purified polypeptide preparations synthesized on
a Millipore peptide synthesizer (over 98%
purity). The proliferative responses induced with
the 187-203 or 69-85 peptides are shown in Fig.
9b. These results were consistent with those of
enzyme-digested Cry j 2 fragments (Table 2 and
Fig. 9). Table 3 shows the immunodominant
regions of Cry j 2 and the amino acid sequence,
respectively.

Discussion

To investigate the response pattern of bulk pop-
ulations of CD4" T cells in comparison with a
selected number of allergen-specific T-cell clones
to the major allergen of Japanese cedar pollen
(Cryj2), PBL from allergic or nonallergic subjects
were stimulated with a series of Cry j 2 peptide
fragments to measure T-cell proliferation in vitro.
Not only pollinosis patients but also two nonal-
lergic subjects with no pollinosis symptoms
showed remarkable T-cell proliferation in
response to Cry j 2. All subjects were tested for
Cry j 1- and Cry j 2-specific IgE antibody titers in
serum by ELISA (17). These antibodies were not
detected in non-allergic subjects (data not shown).
The responding T cells were CD4", but not CD8"
(Fig. 3), suggesting that T cells activated by Cry j
1 or Cry j 2 in either allergic or nonallergic
subjects might be distinct and dose not simply
correlated with allergic status.

Seven allergic patients and one of the three
nonallergic donors were tested for MHC
restriction. The anti-Cry j 2 T-cell responses in
these cases were inhibited by the addition of anti-

629



Hashiguchi et al.

30

L

Fig. 8. Immunodominant Cry j 2 peptides (14 mer) synthesized by multipin method Cry j 2 sequence number: see Ref. 3. PBL
were stimulated with 1-2.5 pM (1), 2.5-5 pM (), 5-7.5 pM (&), or 7.5-10 uM ([O) of each peptide because yield of each
fraction varied after synthesis by multipin method. Percent response: see Table 2 footnotes. Arrows indicate positive responses
confirmed by dose-response experiments. Cry j 2-induced or nonstimulated response, 47261295 or 1300+14 dpm in J. T. and
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Table 3. Immunodominant regions of Cry j 2 for T-cell response

Cry j 2 allergen T-cell epitopes

Positive sequence (serology or DNA typing)

Regions Cry j 2 sequences Enzyme digests Multipin Peptide synthesizer
1 1-26 1-12, 5-9 (0405/0803)
1-12, 5-9 (0405/-) 13-26 (0406/1301) 13-26 (0406/1301)
1-12, 5-9 (DR8/-)
13-16 (0406/1301)
2 70-84 70-84 (0406/1301) 73-86 (0406/1301) 69-85 (0406/1301)
73-86 (0101/1406) 69-85 (0101/1406)
3 151-167 151-167 (0405/-)
151-167 (DR4/6) ND ND
4 187-203 193-198 (0406/1301) 193-206 (0406/1301) 187-203 (0406/1301)
5 252-279 252-264 (0803/0901)
252-264 (DR8/-) ND ND
265-279 (0405/-)
6 283-314 283-293 (0405/-)
283-314 (0405/-) ND ND
283-314 (DR8/-)
7 345-362 348-353 (0803/0901) 345-358 (0803/0901)
352-356 (0803/0910) 349-362 (0803/0901) ND
ND: not done.

DR antibody, but not by anti-DQ antibody, indi-
cating their HLA-DR restriction (Fig. 4).

We demonstrated that all subjects with respon-
siveness to Cry j 2, including allergic and nonaller-
gic donors, responded to very restricted regions of
the allergen polypeptide regardless of HLA-DR
haplotypes (Fig. 5). Furthermore, we did not find
any disease-related T-cell epitopes. L1, L9, and
V18, which were identified as positive fragments in
nonallergic subjects, were pentamer/hexamers
which appeared to be of minimum size in binding
to the HLA-DR complex (18). These responses
were confirmed by dose-response experiments. It
is unlikely that the contaminating peptides in these
fractions induced the positive responses because
the final allergen concentrations in the in vitro
assay were estimated to be extremely low. L1 (352~
356) and V18 (348-353) are included in a 14-mer
synthetic peptide (345-358) which gave positive
responses in H. A. (Fig. 9). Similarly, the L9 (193~
198) sequence was included in a 14-mer synthetic
peptide (187-203) which induced a positive
response in S. H. (Fig. 9). There were also cases in
which allergic and nonallergic subjects responded
to the same or overlapping peptide fragments (Table
2). This was determined with both enzyme-digested
peptide fragments and chemically synthesized oligo-
peptides with over 98% purity. This phenomenon
was previously reported in a study of the major birch
pollen allergen Bet v 1, and in a study of the house-
dust mite allergen Der p 1 (19, 20).

Thus, taking the results of the enzyme-digested
fragments and the synthetic Cry j 2 peptides collec-
tively, seven major T-cell epitopes were identified in

the Cry j 2 primary structure: 1-26, 70-84, 151-168,
187-203, 252-279, 283-314, and 345-362 (Table 3).
Since M. H. showed a positive response to V27 (348
383), but not to V18 (348-353), there might be an
additional sequence in the C-terminal region.

The proliferation of T cells is determined in two
stages, i.e., the binding of T-cell epitopes to partic-
ular MHC class II molecules, and the generation
of T-cell clones to bind the presented peptide. The
“wobbling” in epitope specificity is permitted in
both stages at the clonal T cell level. Thus, the
response of the bulk population of T cells appears
to reflect the mixed epitope specificities by the
limited number of major T-cell epitopes.

Intact Cry j 2 required 0.1 pM to reach the
maximal response, whereas the synthetic peptide
fragment (6-17-mer) required a 10-100-fold con-
centration (1-10 wM). Furthermore, the magnitude
of the response induced with the peptide fragment
was relatively small. The variation of the triplicate
responses was larger than that of intact Cry j 2 in
PBL. These results imply not only a low frequency
of anti-Cry j 2-specific T-cell clones, but also that
there are other minor epitopes in addition to the
major epitopes demonstrated in this study. These
results suggest the sequential activation of Cry j 2-
specific T-cell clones with different epitope speci-
ficities, a process referred to as epitope spreading
(21). The utilization of APC expressing a higher
level of MHC molecules (MHC gene-transfected
cells or Epstein-Barr virus-transformed cells) may
help to expand these minor T-cell populations in
vitro, although their physiologic significance in the
causation of allergy is uncertain.
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A recent study showed that T-cell proliferation
does not necessarily correlate with the magnitude
of interleukin (IL)-4 gene expression that is
directly involved in IgE antibody production (22).
Since we surveyed T-cell proliferation in this study,
there might be Cry j 2 peptides with low levels of
activity for T-cell proliferation but showing immuno-
dominance for IL-4 production. However, in a
study on allergen Fel d I from Felis domesticas,
peripheral T-cell tolerance to the entire molecule
of Fel d I chain 1 was attained in vivo by subcuta-
neous injection of two 27-mer synthetic peptides
which did not contain all the T-cell epitopes of Fel
d 1 (23).

Altering the TCR ligand with a peptide analog
on functional APC sends a signal to T-cell clones,
resulting in anergy (5, 6). Prevention or mitigation
of the allergic reaction might be attained by the
inactivation of major epitope-recognizing T-cell
populations in the early phase of the allergy. As
Cry j 2 bears a limited number of immunodominant
regions, this feature might lead to the molecular
design of a Cry j 2 antagonist that could down-
regulate the allergic reaction to Japanese cedar
pollen and make practical immunotherapy feasible.
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