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Recognition of T Cell Epitopes Unique
to Cha o 2, the Major Allergen in
Japanese Cypress Pollen, in Allergic
Patients Cross-Reactive to Japanese
Cedar and Japanese Cypress Pollen
Toshio Sone1, Kazuo Dairiki2, Keiko Morikubo2, Kimiko Shimizu2, Hajime Tsunoo2,
Takeshi Mori2 and Kohsuke Kino2

ABSTRACT
Background: Pollens from species of the Cupressaceae family are one of the most important causes of respi-
ratory allergies worldwide. Many patients with pollinosis have specific IgE to both allergens from Japanese ce-
dar and Japanese cypress pollen. We set out to identify T cell epitopes in Cha o 2, the second major allergen of
Japanese cypress pollen.
Methods: T cell lines (TCL) and T cell clones (TCC) specific to Cha o 2 were generated from allergic patients
cross-reactive to Japanese cedar and Japanese cypress pollen. T cell epitopes in Cha o 2 were identified by
responses of TCL stimulated with overlapping peptides. Abilities of IL-4�IFN-γ production by TCC were evalu-
ated using enzyme immunoassay.
Results: Using TCL, 11 dominant and subdominant T cell epitopes were identified in Cha o 2. The subsets of
TCC were predominantly of T helper 2-type. A T cell epitope p141―160 in Cha o 2 and corresponding peptide in
Cry j 2 showed high homology. Although TCC PC.205.159 responded to stimulation with p141―160 in Cha o 2,
it did not respond with corresponding peptide in Cry j 2, therefore, the T cell epitope was unique to Cha o 2.
Conclusions: Eleven T cell epitopes that were identified are unique to Cha o 2. Cha o 2 is a putative aero-
allergen that can potentially sensitize human T cells. We concluded that generation of T cells specific to Cha o
2 in allergic patients acts as one of the causes of continuous allergic symptoms in April.
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INTRODUCTION
Pollens from species of the Cupressaceae family are
one of the most significant causes of respiratory aller-
gies in various geographic areas of North America,
Australia, Africa, Japan and Mediterranean coun-
tries.1,2 Serum IgE from allergic patients with pollino-
sis can be widely cross-reactive to tree pollen proteins
in Cupressaceae and Taxodiaceae species.3,4

Pollinosis caused by Japanese cedar (Taxodiaceae

family, Cryptomeria japonica) pollen is one of the
most common allergic respiratory diseases in Japan.5
Even after the pollen season, which is March for Japa-
nese cedar, the symptoms of more than 70% of aller-
gic patients persist through April. The prolongation
of the symptoms of pollinosis is thought to be due to
the exposure to Japanese cypress (Cupressaceae fam-
ily, Chamaecyparis obtusa) pollen, since IgE in sera of
patients cross-reacts with the components of pollens
from Japanese cedar and Japanese cypress.6-8 Serum
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IgE titers for Cry j 1 and Cry j 2 are consistently
higher than Cha o 1 or Cha o 2, respectively.7-9

After purification of two major allergens, Cry j 1
and Cry j 2, from Japanese cedar pollen, as well as
Cha o 1 and Cha o 2 from Japanese cypress, cDNAs
encoding individual allergens have been cloned to
predict their primary structures.10-14 Several major T
cell epitopes in Cry j 1,15,16 Cry j 215-17 and Cha o 118

have already been identified. In our previous studies,
we have demonstrated that 4 dominant and subdomi-
nant T-cell epitopes are common to Cry j 1 and Cha o
1 and the presence of T cells reactive to those T-cell
epitopes in patients may play a role in cross-reactivity
between Cry j 1 and Cha o 1. However, little informa-
tion is available for human T cell epitopes in Cha o 2.
Since the deduced amino acid sequence of Cha o 2,
consisting of 464 residues, shows 74.3% identicality
with that of Cry j 2,14 it is expected to exist in both T
cells reactive to T cell epitopes unique to Cha o 2 and
common to both Cha o 2 and Cry j 2 in allergic pa-
tients.

In the present study, we examined the identifica-
tion of dominant and subdominant T-cell epitopes in
Cha o 2 using T cell lines (TCL) generated from pe-
ripheral blood mononuclear cells (PBMC) of allergic
patients sensitized with Japanese cedar and Japanese
cypress pollen by stimulation with overlapping pep-
tides covered with Cha o 2 sequence. T cell clones
(TCC) specific to Cha o 2 were also generated, and 3
were further examined to determine whether TCC
specific to individual T cell epitopes in Cha o 2 would
react to the stimulation with the corresponding posi-
tions of the peptides in Cry j 2. Based on these obser-
vations, we described how Cha o 2-specific CD4+ T
cells could be generated in allergic patients suffering
from Japanese cedar pollinosis in terms of antigen
presentation by B cells.

METHODS
SUBJECTS
Blood donors were recruited from the members of all
research institutes of Meiji Dairies Corporation, and
each gave informed consent. The Institutional Review
Board approved the use of the sera and PBMC from
all patients to pursue this study. All 19 donors (12
men and 7 women, aged 25―57 years) were patients
with allergies who were sensitized with Japanese ce-
dar and Japanese cypress pollen, as determined by di-
agnosis based on their case history and the presence
of allergen-specific IgE, as measured by the Ala-STAT
(Diagnostic Products, Los Angeles, CA, USA). All pa-
tients were on the panel for a study on the identifica-
tion of T cell epitopes in Cha o 1, therefore, Ala-STAT
scores for the patients have been described else-
where.18 PBMC from all subjects were reactive to the
stimulation with rCha o 2 resulting in establishment
of TCL specific to rCha o 2 as described below.

EXPRESSION OF rCha o 2 IN Escherichia Coli
The expression of rCha o 2 has been described else-
where in a previous study.14 All procedures were per-
formed according to the guidelines for biosafety is-
sued by the Ministry of Education, Culture, Sports,
Science and Technology in Japan. In brief, a Cha o 2
cDNA fragment (p∆Nchao2) was amplified from
pBSch2―5, which included full length Cha o 2 cDNA
(CHII-10), by polymerase chain reaction. The ampli-
fied Cha o 2 fragment was subcloned into pQE9 ex-
pression vector (Qiagen, Catsworth, CA, USA)
through its BamHI and Pst I sites. The plasmid was
introduced in the host E. coli, M15 (pREP4), for ex-
pression. Protein synthesis was induced by adding 2
mM isopropyl-1-thio-β-D-galactopyranoside for an ad-
ditional 4 hour culture. The His-tagged rCha o 2 was
purified using a Ni2+-NTA agarose. Purity of rCha o 2
was assessed at >90% as judged by sodium-dodecyl
sulfate polyacrylamide gel electrophoresis after stain-
ing with coomassie brilliant blue R-250 followed by
densitometry.

SYNTHESIS OF PEPTIDES
A panel of 46 overlapping peptides was synthesized
according to the primary structure14 of Cha o 2 using
a solid phase peptide synthesizer, PSSM-8 (Shimazu,
Kyoto, Japan), which uses the F-moc strategy. The
20-mer peptides were overlapped for 10 amino acids.
Purification of the peptides was performed as de-
scribed previously.15 Synthesis of the overlapping
peptides for Cry j 2 was described elsewhere.15

GENERATION OF Cha o 2-SPECIFIC TCL AND
TCC
Allergen-specific, short-term TCL were generated
from PBMC of 19 allergic patients. PBMC (4 × 106)
were stimulated with 10 μg�ml rCha o 2 in 2 ml me-
dium in each well of a 24-well flat-bottomed plate
(Corning, Corning, NY, USA) for 8 days. RPMI-1640
medium supplemented with 15% human AB serum
and antibiotics streptomycin and penicillin (Life Tech-
nologies, Grand Island, NY, USA) (complete me-
dium) was used throughout experiments. After rCha
o 2-stimulation, T cell blasts were further cultured in
the complete medium in the presence of 20 U�ml rIL-
2 (Bøehringer Manheim, Manheim, Germany) for an
additional 12―14 days. TCL showing stimulation in-
dex (SI) >2 were used for determining T cell epi-
topes.

In addition, TCC were generated from 3 patients
(PC, PV and PX) by the micromanipulation method
as described elsewhere.19 Culture medium contain-
ing T cell blasts after stimulation of PBMC with rCha
o 2 for 8 days was 100-fold diluted with a complete
medium and an aliquot of the cells were transferred
to a culture dish 10 cm in diameter. A T cell blast was
picked up using the tip of a micropipette microscopi-
cally and was transferred to 1 well of a 96-well round-
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bottomed plate to which 2 × 105 X-irradiated autolo-
gous Epstein-Barr virus transformed B cell lines
(EBV-B cells), as antigen presenting cells (APC) in
0.2 ml complete medium containing 5 μg�ml rCha o 2
and 20 U�ml rIL-2, had been previously placed. After
a 7-day cultivation of the cells, these were re-
stimulated under the same conditions. Growing TCC
appeared in about 40% of the wells and these were
transferred to a 24-well culture plate and further
stimulated twice with rCha o 2 in the presence of rIL-
2. An aliquot of the TCC was used for a proliferation
experiment in the absence of rIL-2. TCC showing SI
>5 were used for the following experiments. The phe-
notypes of TCC were determined by flow cytometry
using FACScan (Becton-Dickinson, Mountain View,
CA, USA) after staining them with fluorescein
isothiocyanate-conjugated anti-CD3, anti-CD4, anti-
CD8, anti-T cell receptor (TCR)-αβ-1 and anti-TCR-γδ-
1 monoclonal antibodies (BD Biosciences, San Jose,
CA, USA).

T CELL PROLIFERATIVE RESPONSE
Proliferation of TCL and TCC was assayed by co-
culturing the cells (2 × 104) with X-irradiated autolo-
gous EBV-B cells (5 × 104) as APC in 0.2 ml complete
medium in 96-well flat-bottomed plates (Corning).
rCha o 2 and synthetic peptides were added to each
well to a final concentration of 10 μg�ml and 0.5 μM,
corresponding to a 20 μg�ml rCha o 2 dose, respec-
tively, and cells were incubated for 72 hours. Incorpo-
ration of [3H]thymidine (Amersham Biosciences, Pis-
cataway, NJ, USA) into the cells was performed ac-
cording to the standard method as previously de-
scribed.15 All cultures were set up in triplicate (SEM
<10%). The value was converted to stimulation index
(SI) and was further expressed as positivity index
(PI), introduced by Counsell et al.,20 which is the
product of the mean SI and the frequency in the
population of SI�2. The PI was used to measure the
strength and frequency of responses of T cells to pep-
tides relative to the responses to the rCha o 2.

MEASUREMENT OF LYMPHOKINES
TCC (5 × 105) were co-cultured with 1 × 106 X-
irradiated autologous EBV-B cells in 1 ml of RPMI-
1640 supplemented with complete medium in the
presence of 0.5 μM, each peptide containing T cell
epitopes for 24 hours. After gentle centrifugation, cul-
ture supernatant was obtained. The amounts of IFN-γ
and IL-4 in the supernatant were measured using
sandwich-enzyme immunoassay (EIA) kits for IFN-γ
(�15 pg�ml, R&D Systems, Minneapolis, MN, USA)
and IL-4 (�3 pg�ml, Endogen, Cambridge, MA,
USA), respectively. TCC with a ratio of IFN-γ�IL-4 of
>10 were classified as T helper 1-type (Th1) cell.
Those with a ratio of 0.1―10 were classified as Th0
cells, and those with a ratio <0.1 were classified as
Th2 cells.

RESULTS
MAPPING OF T CELL EPITOPES
rCha o 2-specific TCL were generated from PBMC of
19 patients. Identification of T cell epitopes in rCha o
2 was examined by the reactivity of TCL to the stimu-
lation with a panel of overlapping peptides from the
sequence of Cha o 2 in the presence of autologous
EBV-B cells as APC. All TCL recognized rCha o 2 (SI
�2) (Fig. 1). These were also reactive to several re-
gions of the overlapping peptides except for p1―20,
p221―250, p331―350 and p381―464 located in the C-
terminal region of Cha o 2. As for the overlapping
peptides in Cha o 2, two peptides, p141―160 and
p361―380 were recognized by more than one-half of
the TCL. However, it was somewhat difficult to judge
the degree of importance of other T cell epitopes
which were identified. To evaluate the relative reac-
tivity of each overlapping peptides in comparison with
rCha o 2, PI was calculated to give scores to each
peptide according to the frequency of the positive re-
sponse as well as the magnitude of the positive re-
sponse.20 In this manner, the responses of 19 TCL to
each peptide could be compared with those to rCha o
2 (Fig. 2). The border values of PI for dominant and
subdominant T cell epitopes were >155 (50% SI × 50%
frequency) and >99 (40% SI × 40% frequency), respec-
tively. The ranking of peptides in descending order of
the PI was as follows: p361―380, p41―60, p141―160,
p371―390, p351―370 and p151―170 (6 dominant T-cell
epitopes) and p341―360, p91―110, p81―100, p131―150
and p191―210 (5 subdominant T-cell epitopes).

COMPARISON OF T CELL EPITOPES BETWEEN
Cha o 2 AND Cry j 2
The PI for Cry j 2 peptides was calculated from the
values of SI and the frequency of T cell epitopes in
the population of TCL as described elsewhere.15

Since 10 (PA-PQ) of the 19 allergic patients are the
same blood donors from which TCL specific to Cry j
2 have already been generated,15 their TCL re-
sponses to the T cell epitopes in Cha o 2 can be di-
rectly compared with those of Cry j 2 to determine
whether the identified T cell epitopes were unique to
Cha o 2 or common to Cha o 2 and Cry j 2. The domi-
nant and subdominant T cell epitopes identified in
Cha o 2 and Cry j 2 sequences were found to localize
in 4 limited regions, p81―100, p141―170, p191―210
and p341―370 (Fig. 3). Among them, at least 10 suc-
cessive amino acid residues at position p151―162
(LMNSPEFHLVFG) in Cha o 2 were identical among
Cha o 2 and Cry j 2, while the other 3 peptides were
different, accompanied with one or more residue sub-
stitution. It can therefore be said that the former pep-
tide is a candidate for T cell epitopes common to Cha
o 2 and Cry j 2 and the latter contains T cell epitopes
unique to either Cha o 2 or Cry j 2.

The presence of 3 linear IgE epitopes at positions
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Fig. 1 Mapping of T cell epitopes in Cha o 2. TCL from 19 
allergic patients were generated by stimulation with rCha o 
2. Proliferation of TCL was tested with denoted overlapping 
20-mer peptides in Cha o 2 in the presence of X-irradiated 
autologous EBV-B cells as APC. The values of incorporated 
[3H]thymidine into TCL were converted to SI. The values of 
SI are shown.

rCha o 2

1ー　20
11ー　30
21ー　40
31ー　50
41ー　60
51ー　70
61ー　80
71ー　90
81ー100
91ー110

101ー120
111ー130
121ー140
131ー150
141ー160
151ー170
161ー180
171ー190
181ー200
191ー210
201ー220
211ー230
221ー240
231ー250
241ー260
251ー270
261ー280
271ー290
281ー300
291ー310
301ー320
311ー330
321ー340
331ー350
341ー360
351ー370
361ー380
371ー390
381ー400

6.21

3.17
2.57
3.47
6.32
3.09
2.92
4.03
3.66
2.90
3.14
2.77
2.58
3.90
4.30
5.02
4.51
2.91
3.23
3.19
3.18
2.04

3.69
2.92
3.49
4.28
3.32
2.34
2.38
3.30
4.42

3.17
3.41
4.56
5.00

100.0

0.0
5.3

15.8
5.3

42.1
10.5

5.3
10.5
31.6
42.1
10.5
15.8
15.8
26.3
52.6
31.6
10.5

5.3
21.1
31.6
26.3

5.3
0.0
0.0

15.8
10.5

5.3
10.5
10.5
21.1
10.5

5.3
21.1

0.0
47.4
47.4
68.4
42.1

0.0

0 200 400 600

Peptide
position

Frequency
(%)

Positivity indices
(SI × % frequency)

Mean
SI

Fig. 2 A schematic representation of the positions of domi�
nant and subdominant T cell epitopes evaluated by Positiv�
ity Indices (PI). PI is the product of the mean SI and the 
frequency in the population showing SI ＞＿ 2, denoted in Fig. 
1. The solid and dotted lines indicate the threshold PI values 
of 155 (50% SI× 50% frequency) and 99 (40% SI× 40% 
frequency), respectively, to distinguish dominant and sub�
dominant T cell epitopes.

p115―123, p274―289 and p293―301 in Cry j 2 has been
reported.21 Amino acid sequences of 2 peptides,
p274―289 and p293―301, were found to be identical
among Cry j 2 and Cha o 2, respectively.

CHARACTERIZATION OF TCC WITH SPECIFIC-
ITY FOR Cha o 2
TCC specific to rCha o 2 were generated from PBMC
of 3 patients, PC, PV and PX. In total, 12 TCC specific
to rCha o 2 (SI >5) were used for the following experi-
ments. The phenotypes of all TCC determined by
flow cytometry were CD3+, CD4+, CD8−, Tαβ and Tγδ
(unpublished data).

Individual TCC were reactive to one or two neigh-
boring overlapping peptides of Cha o 2 and secreted
IFN-γ and IL-4 measured by EIA (Table 1). Among 12
TCC, 10 (83%) were classified as Th2 cells, 2 (17%)
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Fig. 3 Positions of dominant and subdominant T cell epitopes in Cha o 2 and Cry j 2. The asterisks indicate identical amino 
acid residues between Cha o 2 and Cry j 2. The solid and dotted underlines indicate the position of dominant and subdominant 
T cell epitopes, respectively. The PI for Cry j 2 peptides was calculated from the values of SI and the frequency in the population 
described elsewhere.15 Boxed sequences in Cry j 2 indicate the position of linear IgE epitopes previously reported.21
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were Th0 cells and none (0%) were Th1 cells.
Three TCC were further examined to determine

whether they could recognize T cell epitopes in the
sequence of Cry j 2 (Fig. 4). Two TCC, PV.202.5 and
PC.205.101, were reactive to Cha o 2 p41―60 and
p361―380, respectively, however these TCC could not
respond to the stimulation with the corresponding
overlapping peptides in Cry j 2. While a TCC
PC.205.159 could recognize Cha o 2 p141―160, it
showed no response to the stimulation with three
peptides, p136―150, p141―155 and p146―160 in Cry j
2. Therefore, although 3 TCC reacted to individual
peptides containing T cell epitopes in Cha o 2, they
did not react to corresponding peptides in Cry j 2.
These findings suggest that all dominant and sub-
dominant T cell epitopes identified by the reactivity of
TCL and TCC were unique to Cha o 2.

DISCUSSION
The explanation of the mechanism of cross-reactivity
of allergens at the T cell level was undertaken using
the relationship between birch pollen allergy and
food allergy. Patients with birch pollen allergy sensi-
tized with major allergen Bet v 1 frequently develop
hypersensitivity to foods containing Mal d 1, such as
apples,22 Api g 1 in celery23 and so on24 especially in
European countries. These reactions are caused by
the presence of Bet v 1-specific IgE which are capable
of binding to these food proteins, in addition to the
presence of T cells reactive to major T cell epitopes in
Bet v 1 and cross-reactive to homologous T cell epi-
topes in food allergens. Maintenance and�or genera-
tion of such T cells in patients with birch pollinosis by
stimulation with homologous T cell epitopes in food



Sone T et al.

242 Allergology International Vol 58, No2, 2009 www.jsaweb.jp�

Table 1　Characterization of Cha o 2-specific TCC

Th subsetIL-4（pg/ml）IFN-γ（pg/ml）Epitope positionName of TCC

Th013701070121―140PC.203.22
Th21990＜15141―160PC.205.159
Th2 973＜15151―170PC.205.134
Th0  32  77361―380PC.204.26
Th21010＜15361―380PC.205.101
Th21540＜1541―60PV.202.5
Th21200＜15151―170PV.204.11
Th21970＜15201―220PV.206.4
Th25450＜15201―220PX.201.30
Th2 802＜15321―340PX.201.47
Th21200＜15351―370PX.201.14
Th2 402＜15371―390PX.201.8

allergens are postulated to be relevant to the onset of
such food allergies.24

Almost all patients suffering from Japanese cedar
pollinosis have IgE in their sera with specificity to
Cry j 2 and Cha o 2.9 In the present study, we identi-
fied T cell epitopes in Cha o 2 to study the mecha-
nism of cross-reactivity between Japanese cedar polli-
nosis and Japanese cypress pollinosis at the T cell
level. Individual TCL specific to Cha o 2 recognized
multiple T cell epitopes in Cha o 2. Analysis of the re-
activity of TCL to the stimulation with each overlap-
ping peptide from sequences of Cha o 2 provided us
with information on the existence of 11 dominant and
subdominant T cell epitopes in Cha o 2. The C-
terminus of Cry j 2 is identified as sera at position
379, since the C-terminal region of the precursor pro-
tein undergoes processing during maturation.12 Si-
multaneously, Cha o 2 is thought to undergo the
same cleavage, resulting in difficulty in identifying T-
cell epitopes at position 381 to 464 in the C-terminal
region of the Cha o 2.

The length of the antigenic peptides containing T
cell epitope eluted from human leukocyte antigen
(HLA) class II-DR, -DQ, and -DP molecules needs at
least 10 amino acid residues.25,26 Crystallographic in-
vestigation of a human αβTCR complex and HLA-
class II molecule has clearly elucidated that the side
chains of P-1, P2, P3, P5, P7, and P8 in the antigenic
peptide are in contact with TCR and that the side
chains of P1, P4, P6, and P9 are the anchor residues
to binding HLA class II molecule.27 Therefore, it can
be said that most of the antigenic peptide are cer-
tainly important for specific presentation of the anti-
genic peptide by HLA-class II molecule and its recog-
nition by TCR in the HLA-class II�TCR complex. Sub-
stitution in the antigenic peptide at each of the posi-
tions contacted by the TCR at positions P-1, P2, P3,
P5, P7, and P8 created antagonist ligands.27-29 There-
fore, no substitution of the amino acids throughout
antigenic peptides may permit complete stimulation

of T cells reactive to the peptide.
According to the interpretation of complete activa-

tion of T cells via TCR and HLA-class II molecule�an-
tigenic peptide complex, 10 dominant and subdomi-
nant T cell epitopes identified in Cha o 2, except for
p151―162, are believed to be unique to Cha o 2. To
confirm whether p151―162 is a common or unique T
cell epitope between Cha o 2 and Cry j 2, we gener-
ated Cha o 2-specific TCC from 3 allergic patients. Fi-
nally, 12 TCC of which the majority belong to the Th2
subset judging from the production of IL4�IFN-γ ratio
were obtained. PC.205.159 alone recognized a pep-
tide p141―160 in Cha o 2. The TCC was reactive to
p141―160 in Cha o 2 but not to the stimulation with
corresponding peptides derived from Cry j 2 (Fig. 4).
Looking at these results, our study has shown that
the 11 dominant and subdominant T cell epitopes
which were identified are unique to Cha o 2.

The onset mechanism of Japanese cypress pollino-
sis still remains controversial. The incidence of aller-
gic patients sensitized with pollens from both Japa-
nese cedar and Japanese cypress, Japanese cedar
alone, and Japanese cypress alone, diagnosed by
RAST or skin test, have been 77%, 23% and 0%, respec-
tively.6 Therefore, none of the allergic patients sensi-
tized with cypress pollen alone exists. It is thought
that allergic patients are first sensitized with Japanese
cedar pollen and secondly with Japanese cypress pol-
len.

In a previous study, we clearly demonstrated the
presence of 4 common T cell epitopes at p11―30,
p211―230, p251―270 between Cha o 1 and Cry j 1.18 T
cells specific to common T cell epitopes maintain acti-
vated conditions during the cypress pollen season in
April. These may take part in the formation of other
activated T cells specific to Cha o 1.18 On the con-
trary, T cells specific to Cha o 2 can recognize T cell
epitopes which are unique to Cha o 2 and none are
common to Cha o 2 and Cry j 2. The mechanism of
the formation of Cha o 2-specific CD4+ T cells in aller-
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Fig. 4 Proliferative responses of TCC stimulated with peptides in Cha o 2 and Cry j 2. Proliferation of 3 TCC was tested with 
20-mer and 15-mer peptides from Cha o 2 and Cry j 2, respectively, in the presence of X-irradiated autologous EBV-B cells as 
APC. Proliferation assay of the TCC is described in the Methods section. Cultures are set up in triplicates and the mean value 
is indicated (SEM＜10%).
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gic patients who suffer from Japanese cedar pollinosis
remain unresolved. We propose the possibility that B
cells in allergic patients may possess a critical role for
the generation of CD4+ T cells unique to Cha o 2 in al-
lergic patients. The capacity of B cells to present anti-
gen to CD4+ T cells is well established.31,32 In addi-
tion, B cells are capable of participating in the prim-
ing of naïve T cells.33,34 Furthermore, B cells take up
IgE combined with its specific antigen or allergen via
low affinity receptor for IgE (CD23a), instead of via B
cell receptor, on its surface and efficiently presents
antigen to CD4+ T cells in mice in vivo35-37 and in hu-
mans in vitro using EBV-B cells bearing CD23a as
APC and allergen-specific TCC.38,39 Interestingly,
amino acid sequences of 2 linear IgE epitopes, p274―
289 and p293―301, identified21 in Cry j 2 are identical
to those in Cha o 2 at p278―293 and p197―305, respec-
tively (Fig. 3). After the Japanese cedar pollen season
in March, IgE specific to p274―289 or p293―301 in
Cry j 2 remains in the blood of allergic patients even
in April. The IgE can bind to linear IgE epitopes in

Cha o 2, resulting in the elevation of IgE uptake com-
bined with Cha o 2 by naïve B cells via CD23a. There-
after, naïve T cells specific to Cha o 2 may activate
and clonally expand toward the formation of Cha o 2-
specific CD4+ effector T cells by antigen presentation
via HLA-class II molecules on B cells after capturing
IgE-Cha o 2 complex.

In general, the induction of Japanese cypress polli-
nosis is relevant to several immunopathological fac-
tors such as: (1) allergic patients pre-sensitized with
Japanese cedar pollen, (2) the presence of T cells ca-
pable of reacting to common T cell epitopes in Cry j 1
and Cha o 1, (3) generation of IgE-producing B cells
capable of binding to linear common B cell epitopes
in Cry j 2 and Cha o 2, and (4) generation of CD4+ ef-
fector T cells with specificity to T cell epitopes spe-
cific to either Cha o 1 or Cha o 2.

In conclusion, our results clearly indicate that T
cell epitopes identified in our study are unique to Cha
o 2, but are not common to Cry j 2. It is apparent that
the generation of T cells specific to Cha o 2 in pa-
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tients sensitized with Japanese cedar as well as Japa-
nese cypress pollen directly plays a direct role in the
prolongation of allergic symptoms in April.
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