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Summary

Background Allergic rhinitis (AR) is a typical type I allergic disease that occurs through the
induction of allergen-specific effector T cells. Once established, new effector T cells derive
mostly from memory T cells that are capable of surviving for extended periods, although the
mechanisms by which these memory functions are maintained have not yet been clarified.
In particular, the exact life-span of memory T cells is still not well understood.

Objective Pollinosis patients seemed to be suitable subjects to investigate because such
patients are exposed to antigens strongly for only a limited period once a year. We compared
the seasonal changes in memory T-helper type 2 (Th2) between pollinosis and perennial
allergic subjects.

Methods The clone sizes of the Japanese cedar pollen-specific memory Th cells were measured
by an ELISPOT assay using specific peptides from the patients with cedar pollinosis, and the
seasonal changes were noted. This study was performed for 2 years. The cedar-specific IgE
levels in the peripheral blood were also studied. Mite allergy patients were also enrolled in
the study.

Results The Japanese cedar-specific IL-4-producing Th2 cells were detected in all patients
examined, although the number of cells was low. These Th memory cells increased during the
pollen season and decreased during the off-season. However, more than 60% of the cedar-
specific memory Th2 cells survived up to 8 months after the pollen season. The cedar-specific
IgE levels exhibited changes similar to the cedar-specific Th cells. On the other hand, there
was no drifting of Th memory clone size with the mite allergics, and the IgE levels also did
not change.

Conclusions While pollen-specific Th cells decreased after pollen exposure, their memory
functions continued. Memory clone size maintenance therefore requires repetitive antigen
irritation.
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Introduction

chanisms involving the induction of pollen-specific T-
helper type 2 (Th2) effector cells from naive Tho cells [5].

In recent years, many countries have experienced an
increase in the prevalence of allergic rhinitis (AR) [1, 2].
In Japan, Japanese cedar (Cryptometria japonica) and
Japanese cypress (Chamaecyparis obtusa) pollens are
considered to be the major unique allergens and their
extent of dispersal is quite large, travelling more than
100 km and thus causing serious pollinosis [3, 4].
Pollinosis is thought to be an adaptive immune re-
sponse that manifests as a type I allergic reaction, and it
occurs as a consequence of fundamental allergenic me-

Most effector T cells are short-lived, but few effector
T cells become long-lived memory T cells. Once a memory
T cell is established, it retards the induction of new
effector T cells from naive ThO cells, according to the
principle of the ‘original antigenic sin’. Hence, most ef-
fector T cells are derived from memory T cells [6-10]. This
concept describes a phenomenon in which the antibody
response elicited in an individual after a secondary viral
infection reacts more strongly to the viral variant that
originally infected the individual. A similar phenomenon
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is likely to be observed in Th cell responses as they play
critical roles in promoting antibody responses.

Patients with type I allergy are thought to have aller-
gen-specific memory Th cell clones. Immune-therapeutic
intervention directed at diminishing the size of these
clone memory Th2 cells and shifting the cytokine type of
memory Th clones is thought to play a considerably
important role in finding a complete cure.

However, the mechanism by which the antigen-specific
Th memory clone is maintained in an allergic patient has
not yet been clarified. There are several reports describing
the peripheral blood to be re-stimulated by a specific
antigen, while the Th2 cytokine response was measured
both in season or/and out of season [11-13] as well as
before and after immunotherapy [14-16]. In those studies,
peripheral blood mononuclear cells (PBMCs) were stimu-
lated by an antigen, and measured Th2 cytokine or its
mRNA. However, those cytokine responses that were re-
stimulated by whole antigen reflected various kinds of
cells such as T cells, B cells, macrophages and antigen-
presenting cells and did not precisely reflect the function
or the exact number of antigen-specific Th cells. Because
the Th cell response is restricted in major hitocompat-
ibility complex class II, it is necessary to use the Th cell
epitope of class II restrictive to measure the reaction only
for Th cell clones respond to allergen. Our purpose is to
estimate the duration of life-span of allergen-specific
memory T cells. We therefore directly examined the
number of specific Th2 cells to respond to class II restric-
tive T cell epitope, which matched with Japanese human
leukocyte antigen (HLA) variation. These kinds of studies
have not yet been carried out. Pollinosis seemed to be a
suitable subject to investigate the life-span of Th memory
clones because patients are exposed to the antigen for
only a limited period. In the present study, we examined
the specific memory clone size, which is a population size
of memory T cells that recognizes the same specific HLA
restrictive epitope and produces isologous cytokine. We
tried to detect IL-4 productive cells using only seven T cell
epitopes; as a result, the total summation of these seven
kinds of clones is the clonal size.

The limited seasonal nature of antigen exposure is
useful for elucidating the mechanisms used in the main-
tenance of Th memory clone sizes. We examined the
Japanese cedar pollen-specific Th clone sizes and the
associated seasonal changes in patients with cedar polli-
nosis, while also comparing the yearly change in the clone
size due to pollinosis with that due to perennial mite
allergies that were detected by 14 T cell epitopes.

Materials and methods

A total of 41 patients with Japanese cedar pollinosis were
enrolled in this study. The ages of the 20 males and 21
females ranged from 20 to 51, with an average of 31.1

years. The diagnosis of Japanese cedar pollinosis was
based on the occurrence of typical nasal symptoms during
the cedar pollen season and the detection of Japanese
cedar-specific IgE by CAP-RAST (score: 2 or more). All
patients had symptoms for at least 3 years. None of the
patients received immunotherapy or immunosuppressive
drugs (including steroids) within 8 weeks before the start
of the study. The study received prior approval from the
Ethics Committee of the Chiba University (Chiba, Japan).
A written, witnessed informed consent was obtained from
all patients. The study design is shown in Table 1. From
2003 to 2004, 23 patients participated in this study, and
from 2004 to 2005, another 18 patients were enrolled.
Twenty-two patients with perennial AR due to mite were
also enrolled in this study. The ages of the 10 males and
11 females with perennial AR were from 20 to 48, with an
average of 28.8 years. The diagnosis of mite allergy was
based on the occurrence of typical nasal symptoms and
the detection of Der fIgE by CAP-RAST (score: 2 or more).

Ten healthy subjects were also enrolled as controls.
They were all negative for symptom episodes and allergen
IgE.

The blood samples were collected every 3 months after
July, and the PBMCs were obtained by the Ficoll-Hypaque
method from the patients. The samples were stored in
liquid nitrogen until analysis.

Clinical symptoms

The nasal symptoms were evaluated on a scale from O to 4
in accordance with the practical guidelines for the treat-
ment of AR [17], as follows: 0, no sensation; 1, mild; 2,
moderate; 3, severe; and 4, extremely severe. Daily
episodes of sneezing and nose blowing were rated O to 4,
as follows: 0, none; 1, 1-5 episodes; 2, 6-10 episodes; 3,
11-20 episodes; and 4, > 20 episodes. The medication was
also recorded according to drug characteristics and dura-
tion of usage, according to the guidelines, as follows: anti-
histamine, mast cell stabilizers and vasoconstrictor were
1, and topical ocular or nasal steroids were 2.

Reagents

Antibodies. The monoclonal antibodies (MoAb) used for
the ELISPOT assay were acquired from MABTECH (Stock-
holm, Sweden). For coating, MoAb 82-4 and MoAb 1-DIK
were used to coat human IL-4 and IFN-v, respectively. For
detection, MoAb 12-1 and 7B6-1 were used to detect
human IL-4 and IFN-vy, respectively. For the FACS analy-
sis, anti-human Cy5-conjugated CD4, FITC-conjugated
IFN-y and PE-conjugated IL-4 were purchased from Dako
(Tokyo, Japan).

Peptides. A recombinant hybrid peptide was used for the
ELISPOT assay. This peptide comprised of the seven CD4 T
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Table 1. Time schedule for examination

2003 2004
Pollen season Pollen season
May July October January May
Group 1 B 1 | | [
Run in Sampling Sampling Sampling
Sampling and
evaluation
2004 2005
Pollen season Pollen season
May July October January May
Group 2

| | | |
Run in Sampling Sampling Sampling

=+

Sampling and

evaluation

The Group 1 patients were recruited after the pollen season of 2003 and the Group 2 patients were recruited after pollen season of 2004. The blood

sampling was performed every 3 months starting in July. The last blood sampling was performed after the pollen season of May, and the samples were

analysed simultaneously.

cell determinants of Cry j 1 and Cry j 2, and the major
Japanese cedar pollen allergens. Almost all the patient
populations responded to this hybrid peptide, which is
comparable to the response to Cry j 1 and Cry j 2.
Moreover, because the seven peptides do not contain IgE-
binding residues of C. japonica allergens, the recombinant
peptide will not directly influence IgE-bearing cells such
as mast cells, basophils and B cells [18]. The recombinant
peptides for mite allergy were also prepared. This peptide
comprised of the 14 CD4 T cell determinants of Der f 1 [19]
and Der f 2 [20], and the major mite allergens. Almost all
the patient populations responded to these peptides,
which is comparable to the response to Der f 1 and Der
f 2. Those peptides were Class II restricted and recognized
Th cells only.

ELISPOT

The ELISPOT assay was performed according to the manu-
facturer’s instructions. Briefly, the anti-human IL-4 or
IFN-y MoAbs were diluted to a concentration of 15 pg/mL
in sterile, filtered (0.45 pm) PBS (pH 7.2), and 100 pL/well
was added onto nitro-cellulose plates (Millititre, Millipore
Corp., Bedford, MA, USA). The plates were incubated
overnight at 4°C and the unbound antibodies were
washed with filtered PBS thereafter. After the last wash,
the PBS was sucked through the membrane under vacuum

© 2007 The Authors

(Millipore Corp.). One hundred microlitres of the pre-
stimulated cell suspension was added to each well in
duplicate, and the plates were incubated for 10h at 37 °C.
The cells were subsequently washed before adding 100 pL
of the biotinylated MoAbs (1pg/mL), and were then
incubated for 2h at room temperature. The plates were
then washed and incubated for 90 min at room tempera-
ture with 100pL of streptavidin alkaline phosphatase
(Mabtech, Stockholm, Sweden) at a dilution of 1 :1000.
The unbound conjugate was removed by another series of
rinsing before 100 pL of BCIP/NBT substrate solution (Bio-
Rad, Richmond, CA, USA) was added, and the plates were
incubated at room temperature until dark spots emerged
(1h). The colour development was stopped by repeated
rinsing with tap water. After drying, the spots were
captured photo-electrically and counted by a computed
analysis to avoid any visual bias, using Auto Counter
(ImmunoScan, CTL, Gmiind, Germany).

Pollen counts
The combined annual cedar and cypress pollen counts
were measured using Durham pollen samplers.

Statistical analysis

Wilcoxon'’s paired rank sum tests were used to compare
the mean values. A Friedman two-way ANovA was used to

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-8
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analyse paired data. Peason’s tests were used to determine
the correlation coefficients.

Results

The cedar and cypress pollen counts determined using the
Durham samplers were 470 cm/season in 2004, which was
1/20 of the average for the last 10 years. In 2005, we
obtained 7852 cm/season, which was threefold higher
than that of the average for the last 10 years. The seasonal
symptoms were comparatively mild in 2004, and com-
paratively serious in 2005. The mean symptom-medica-
tion scores during the pollen season in 2004 and 2005
were 1.4 + 2.1 and 2.8 4 2.3 (mean + SD), respectively.
Before the study, we compared the peptide-specific Th2
clone size of the patients with that of healthy controls in
October, which is off pollen season. After stimulation with
10 nmol/L of cedar-specific peptides, the mean values of
the IL-4 spot from the healthy controls and patients with
cedar pollinosis that were obtained are shown in Fig. 1.
Positive spots were obtained only in the samples from the
pollinosis patients, but not from controls (A), although
spots were equally obtained in the samples from both
patients and controls when stimulated by Con A asapan T
cell stimulant (B). We also confirmed peptides for mite.
The IL-4 spots were obtained only in the samples from the
patients, but not from the controls (Fig. 2a), although
spots were equally obtained in the samples from both
patients and controls when stimulated by Con A asapan T
cell stimulant (Fig. 2b). Peptide-specific IL-4 spots were
detected in all samples examined. Approximately 10-100
peptide-specific IL-4 spots were observed in the wells

(a) P<0.01 (b) NS
60 1 1 400 - 1
® © 300 -
3 40 - g
o (=]
2 £
€ € 2001
L L
5 ks
& 20+ &
100
0 e 0
—pep +pep —pep +pep Healthy  Cedar
Healthy Cedar control pollinosis
control pollinosis

Fig. 1. The mean values of IL-4 spots in the samples from the healthy
control subjects and patients with cedar pollinosis are shown. (a) 1 x 10°
cells were stimulated by a peptide derived from Cry j 1 and Cry j 2. The
spots were obtained only in the samples from the pollinosis patients, but
not from the controls. (b) 1 x 10* cells were stimulated by Con A, a pan T
cell stimulant. The spots were equally obtained in the samples from both
the patients and the controls. NS, not significant.
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Fig. 2. The mean values of IL-4 spots in the samples from the healthy
control subjects and patients with cedar pollinosis are shown. (a) 1 x 10°
cells were stimulated by a peptide derived from Der f 1 and Der f 2. The
spots were obtained only in the samples from the pollinosis patients, but
not from the controls. (b) 1 x 10* cells were stimulated by Con A,apanT
cell stimulant. The spots were equally obtained in the samples from both
the patients and the controls. NS, not significant.

incubated with 10> PBMC based on the ELISPOT assay.
These spots were analysed in triplicate in each of the
experiments and exhibited good reproducibility.

We carried out a depletion assay in advance with whole
PBMC from three patients with Japanese cedar pollinosis
using an antibody-conjugate magnetic bead kit (MACS
system, Miltenyi Biotec GmbH, Tokyo, Japan). When CD4
was depleted, the spots of ELISPOT disappeared; however,
after the depletion of CD8, the number of spots was equal
to that with whole PBMC. The depletion of CD28 also
caused the spots to disappear. These results show that the
present ELISPOT assay using a hybrid peptide was CD4
restricted and the CD28 expression was indispensable for
the detection of the spots (data not shown).

The seasonal changes in peptide-specific IL-4 spots are
shown in Fig. 3. The IL-4 spots decreased after July, and
were at their lowest in January before the onset of the
cedar pollen season, which were almost 60% of those
observed in July. The IL-4 spots increased during the cedar
pollen season in 2004 despite the small amount of pollen
(Fig. 3a). The same trend in seasonal changes was obtained
during the 2005 season. The IL-4 spots decreased after
July, and were at their lowest in January before the onset
of the cedar pollen season, which were almost 60% of
those observed in July (Fig. 3b). Interestingly, the clone
size on May 2005 was 40% larger than that on July 2004.
This phenomenon was not seen during the 2004 season.

The seasonal changes in the cedar-specific IgE levels in
the serum of the patients are shown in Fig. 4. While the
cedar-specific IgE decreased after the pollen season in
2003, it did not increase during the cedar pollen season in

© 2007 The Authors
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Fig. 3. The samples of each time-point were analysed simultaneously. The Cry j 1 and 2 peptide-specific IL-4-producing cells were counted using the
ELISPOT technique. The rate of each spot count for the value in July is shown. (a) Twenty-three patients were enrolled during the 2004 season, which
was characterized by very little pollen scattering. (b) Eighteen patients were enrolled during the 2005 season, which was characterized by massive pollen

scattering. NS, not significant.
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Fig. 4. The samples of each time-point were analysed simultaneously. Cedar-specific IgE were analysed using the RAST technique. The rate of each IgE
for the value in July is shown. (a) Twenty-three patients were enrolled during the 2004 season, which was characterized by very little pollen scattering.
(b) Eighteen patients were enrolled during the 2005 season, which was characterized by massive pollen scattering. NS, not significant.

2004 (Fig. 4a). The specific IL-4 spots decreased during
the pollen season in some patients, and the cedar-specific
IgE levels decreased during the pollen season in all
patients. During the 2004-2005 season, the cedar-
specific IgE levels decreased after the pollen season in
2004, but increased fivefold during the pollen season in
2005 (Fig. 4b). The number of cedar-specific IL-4 spots
did not show a correlation with the cedar-specific IgE
levels.

The yearly changes in the mite-specific IgE levels and
Der f peptide-specific IL-4 spots were also examined in the
samples from 22 patients with mite allergy. The yearly
changes in mite-specific IgE and mite-specific memory
Th2 clone size could not be clearly obtained (Fig. 5).

© 2007 The Authors

The patients with mite AR had persistent nasal symp-
toms all year around. Although the symptom scores varied
among the patients as well as the seasons, the deviation
was occasionally large; overall, no significant difference
was observed. The pollinosis only demonstrated signifi-
cant symptoms during the pollen dispersal season; how-
ever, the patients’ nasal symptom scores during the pollen
season were higher than those of the mite AR patients as
shown in Fig. 6.

Discussion

We examined the Japanese cedar-specific IL-4-producing
memory T cells in the peripheral blood of patients with

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-8
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Fig. 5. The samples of each time-point were analysed simultaneously. Mite-specific IgE were analysed using the RAST technique (a). The Der f 1/2
peptide-specific IL-4-producing cells were counted using the ELISPOT technique (b). The rate of each value for the value in July is shown. NS, not

significant.
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Fig. 6. The mean monthly symptom scores (mean+ SD) from May 2004 to May 2005 are shown. (a) Mean nasal symptom scores of 22 patients with mite
allergy. (b) Mean nasal symptom scores of 18 patients with Japanese cedar pollinosis.

Japanese cedar pollinosis by an ELISPOT assay using
Japanese cedar-specific peptides. Although the number
of cedar peptide-specific IL-4 T cells was low, the samples
from all the patients examined had 10-100 spots/10°
PBMC. In contrast, the healthy subjects had no positive
IL-4 spot. These IL-4 T cells were thought to be cedar-
specific Th2. The cedar peptide-specific IFN-y T cells,
which were thought to be cedar-specific Th1 cells, were
detected in several patients. The cedar-specific peptides
used in the ELISPOT assay were hybrid peptides that
would only react with the T cells of those patients with
Japanese cedar pollinosis, but not with the T cells of
subjects not suffering from cedar pollinosis. Conse-
quently, these findings could explain the low incidence
and detection rates of cedar peptide-specific Th1 cells. The
number of cedar peptide-specific IL-4 T cells (Th2 cells)
did not correlate with the numbers of specific IFN-y T cells
(Th1 cells). More specifically, no relationship was ob-
served between the cell types, and the cell numbers

appeared to be independent of each other (although
cedar-specific serum IgE levels did not correlate with the
number of cedar-specific IL-4 T cells, the patients who had
specific IFN-y T cells had lower specific IgE levels than
those without specific IFN-y T cells).

IgE production is likely to be controlled by many
factors. IFN-y T cells inhibit IgE production independently
of the number of specific IL-4 T cells [21, 22]. Similarly,
pollen-specific IgE is known to exhibit seasonal changes
[23, 24], thus increasing during the pollen season and
decreasing during the off-season. However, the amounts
of cedar and cypress pollen in 2004 were extraordinarily
low and the pollen counts, which were less than 1/20 of
the annual average for the last 10 years, did not contribute
to the enhancement of IgE production in the patients
enrolled in this study. Conversely, the cedar peptide-
specific IL-4 T cells increased by 30% despite the low
levels of pollen exposure. The levels of Th2 clone size
increased to levels equivalent to that in July 2003.

© 2007 The Authors
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Although IL-4 is indispensable for IgE production, the
cedar peptide-specific Th cells are thought to be very
sensitive to exposure to cedar pollen.

In contrast, because the amount of pollen in 2005 was
large, the cedar-specific IgE levels increased to five times
after the pollen season. The specific Th2 clone size
increased considerably after the pollen season, too, and
the clone size increased by 70% after the pollen season.
The levels of clone size increased to 1.4 times more than
those observed in July 2004. A memory clone size might
be affected by allergen exposition considerably. While
cedar peptide-specific IL-4 Th2 cells decreased in number
during the off-season, 8 months after the cessation of the
pollen season, more than 60% of these memory Th2 cells
were still found. Such annual drifting was absent in the
perennial-allergic subjects. Therefore, pollinosis that un-
dergoes exposition for a very limited period is different
from mite perennial allergies.

Indeed, it is difficult to estimate the half-life of aller-
gen-specific Th2. Generally, memory T cells are thought to
have a long life-span, considering the duration of the
vaccine effect of viral infections. Almost all reports of
antigen-specific memory T cell have so far been about
infectious diseases, while only a few reports of memory
T cell are about type I allergy. The simple theory that an
antigen creates a pool of long-lived antigen-specific
memory T cells has been surprisingly difficult to prove
and it is also still not completely accepted. The issue of
longevity is much more controversial for CD4" than for
CD8™ T cells. Regarding CD4" memory T cells, lympho-
cytic choriomeningitis virus (LCMV)-specific CD4 " mem-
ory T cells [25] and Sendai virus-specific CD4" memory
T cells [26] at first disappeared dramatically, whereas
virus-specific CD8" T cells were fairly stable in numbers
over the same period. In humans, however, there have
been several reports of vaccinia virus-specific CD4"
memory T cells with a long life-span. These cells were
found to decline with a half-life of approximately 10
years, conferring long-term protection [27]. The question
remains, however, as to whether these memory Th cells are
maintained in the absence of an antigen or by contact with
a persistent antigen, bound in the immune complexes on
follicular dendritic cells, or by contact with other environ-
mental cross-reactive antigens. Based on our results on
memory Th2 cells from cedar pollinosis in comparison
with those from perennial mite allergy, the clone size
maintenance requires antigen irritation of repetition and
clonal mitosis by it. Therefore, the half-life of allergen-
specific Th2 might be estimated to be less than 1 year.

The mechanism wherein a daughter Th2 cell discharges
Th2 cytokines such as IL-4 in the same way after mitosis
from the original Th2 has not been well understood. The
opening and closing of chromatin helps to determine the
cellular characteristics. It is believed that acetylation and
methylation of the chromatin are very stable. Therefore, it

© 2007 The Authors

is thought that the characteristics of a parent cell are
transferred to the daughter cells after mitosis. However, a
splitting enzyme for the acetylation and methylation has
been discovered in a recent study, and it does not always
seem to be stable [28]. It has recently been proposed that
the opening and closing of chromatin is induced by an anti-
gen, and that this is due to the Th cells’ response [29, 30].
These changes in chromatin may therefore play an im-
portant role in retaining the memory functions of Th cells.
Further studies need to be conducted on memory retention
in order to clarify how these mechanisms could be applied
to the development of an effective and fundamental
solution for the treatment of allergic diseases.
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