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Abstract

Background: Allergic rhinitis involves inflammation of the
nasal passages. The use of nasal steroids is generally very ef-
fective in providing significant symptom relief. However,
compliance for their use is sometimes poor. Methods: To ex-
amine the efficacy of early intervention (before pollen dis-
persal) with oral cysteinyl leukotriene receptor antagonists
(LTRA) on pollinosis in patients with allergy to cedarand Jap-
anese cypress pollens, groups of subjects were treated with
LTRA or a placebo for 4 weeks at the beginning of the cedar
pollen dispersal season. Subsequently, all patients received
nasal steroid therapy concomitantly with LTRA throughout
the remaining period of the pollen dispersal season. The ef-
fects of such early treatment with LTRA on pollinosis were
investigated using symptom scores from an allergy diary
and quality of life (QOL) scores. Results: Sneezing and nasal
congestion scores were significantly lower in the LTRA-pre-
treated subjects than observed in the placebo-pretreated
patients between weeks 4 and 6 and weeks 3 and 5, respec-
tively. QOL scores improved significantly in all domains after

concomitant therapy with nasal steroids. The percent im-
provement in the nasal congestion score after the concomi-
tant therapy was significantly higher in the LTRA group (69%)
than in the placebo group 41%). Conclusion: Significant dif-
ferences observed in symptoms and in QOL effects between
LTRA- and placebo-pretreated patients and the absence of
major adverse effects noted in these studies suggest that
early intervention with LTRA is beneficial and safe and shouid
be considered in the management of pollinosis-associated
allergic rhinitis. Copyright € 2009 S. Karger AG, Basel

Introduction

Allergic rhinitis is a type I allergic disease mediated by
specific IgE antibody responses. The disease develops as
inflammation associated with early infiltration with eo-
sinophils and other pro-inflammatory cells into the nasal
mucosa. The pathogenesis of later phases of allergic rhi-
nitis exhibits many characteristics similar to bronchial
asthma [1, 2]. Dust mite allergens are responsible for at
least 90% of cases of perennial allergic rhinitis. Arboreal
pollens, including that of cedar and Japanese cypress, are
also important causes of rhinitis, especially in Japan [3-
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5]. Cedar forests cover nearly 18% of the total land area of
Japan, while Japanese cypress is concentrated in the Kan-
to region and the western part of the country. Both cedar
and Japanese cypress produce enormous amounts of pol-
len which is dispersed over many kilometers and reaches
major cities, including Tokyo and Osaka, causing wide-
spread pollinosis. Cedar pollen dispersal precedes Japa-
nese cypress pollen dispersal, and approximately 70% of
patients with cedar pollinosis are also allergic to Japanese
cypress pollen. Cedar pollen dispersal startsin early Feb-
ruary and reaches a peak between late February and ear-
ly March, and this is followed by the dispersal of Japanese
cypress pollen, which reaches a peak from late March to
early April, with some variation due to changes in the
climate each year [6]. The pollen dispersal season lasts for
more than 10 weeks in and around the area of Chiba.

Outside the pollen dispersal season, patients with ce-
dar and Japanese cypress pollinosis who do not have rhi-
nitis caused by other allergens in general exhibit normal
nasal mucosa with few or no symptoms. Repeated expo-
sure to pollen induces allergic inflammation and increas-
es hypersensitivity of the nasal mucosa, and early inter-
vention against mild pollinosis just after the start of the
pollen dispersal season may have a significant effect on
the severity of symptoms when pollen dispersal is at its
peak. In Japan, the Ministry of the Environment makes
a detailed prediction of the date around which cedar pol-
len dispersal is likely to start, making it easy to assess the
effects of early intervention in patients with pollinosis
due to cedar and Japanese cypress.

Leukotriene receptor antagonists (LTRA) have been
shown to be effective in controlling nasal inflammation
7, 8] by their ability to inhibit eosinophil secretion in the
airway [9, 10]. Recent studies have shown that LTRA are
as effective as antihistamines but less effective than nasal
steroids [11-13]. Nasal steroids reduce sneezing, nasal se-
cretion as well as nasal obstruction. However, the compli-
ance for use of nasal steroids is sometimes poor [14] and
their market share is much smaller than that for other
oral anti-allergic medications in Japan, because patients
seem to prefer such non-sensory attribute, painless route
of administration {15, 16].

LTRA do not exert any central nervous system depres-
sion or adrenal suppressive effects and may be more suit-
able for early interventional use especially in patients
with milder symptoms. In order to determine the effects
of early intervention with LTRA on cedar and Japanese
cypress pollinosis, we conducted a double-blind, place-
bo-controlled trial in subjects allergic to both pollens. Ei-
ther LTRA or placebo was administered to subjects im-
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mediately before the start of the pollen dispersal season
and continued throughout the pollen season. All subjects
received nasal steroids after the initial treatment with
LTRA. Symptom and quality of life (QOL) scores were
monitored during the pollen and before the dispersal sea-
son and after concomitant therapy with nasal steroids
and LTRA.

Subjects and Methods

Subjects

The study population comprised 60 subjects (30 males and 30
females), ranging in age from 20 to 65 years, who were otherwise
healthy, but who had a clinical history of moderate/severe Japa-
nese cedar and cypress pollinosis for at least 3 consecutive cedar
and cypress pollen seasons. The subjects lived in and around Chi-
ba City where the pollen spread would be expected to be consis-
tent. The diagnosis of cedar and cypress pollinosis was based on
clinical history, positive allergen-specific skin tests (wheal diam-
eter =10 mm) to a standardized cedar pollen extract (Torii Phar-
maceutical Co., Tokyo, Japan), and a serum cedar and cypress
pollen-specific IgE level score =2 by a CAP radioallergosorbent
test (SRL Inc., Tokyo, Japan). Exclusion criteria were complication
of moderate/severe perennial allergic rhinitis with a need for
treatment, a history of severe asthma, use of anti-allergic drugs
within 4 weeks, and a prior history of any allergen-specific im-
munotherapy, including for cedar pollen. Pregnant women or
those at risk of pregnancy were also excluded. The study was con-
ducted at Chiba University Hospital in compliance with the Eth-
ical Guidelines for Clinical Studies and Good Clinical Practice
and the Declaration of Helsinki (2000 revision). The Ethics Com-
mittee of Chiba University approved the protocol, and written
informed consent was obtained from each subject prior to his or
her participation in the study.

Methods

Capsules containing 112.5 mg of pranlukast hydrate or placebo
were used in the study. The study schedule is shown in figure 1.
Prior to the study, patients were interviewed regarding their med-
ical history and underwent the skin test for cedar pollen extract
and a CAP radioallergosorbent testinlate January 2007 to measure
specific serum antibodies against cedar and Japanese cypress pol-
len. Administration of LTRA or placebo was initiated before the
start of the cedar pollen dispersal season, which had been forecast
to be in early February. Two capsules were administered orally
twice a day after breakfast and dinner for 4 weeks (hereafter re-
ferred to as ‘pretreatment’ period). During the latter 2 weeks of this
period, subjects were allowed to use an antihistamine (loratadine,
1 capsule per day), other nasal vasoconstriction drops (tetrahydro-
zoline hydrochloride, maximum 2 drops to each nasal cavity per
day and less than 7 days successively), or disodium cromoglycate
eye drops {maximum 4 drops to each eye) at their own discretion,
based on the severity of symptoms. Subsequently, all subjects tock
nasal steroids (fluticasone propionate) and LTRA for 4 weeks
(main dispersal treatment period) in accordance with ARIA [2]
and the Practical Guidelines for the Management of Allergic Rhi-
nitis in Japan [4], again based on the severity of symptoms.
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Fig. 1. Study schedule. b.i.d. = Twice daily.

Table 1. Severity of nasal symptoms

Parameter Severity

o +++ ++ + -
Paroxysmal sneezing, times/day 221 11-21 6-10 1-5 0
Runny nose (nose blowing frequency) 221 11-21 6-10 1-5 0
times/day
Nasal congestion complete con-  very severe nasal con- severe nasal conges- no oral breathing none

gestion, all day

gestion with frequent
oral breathing

tion with occasional  but nasal congestion

oral breathing

Adapted from the Practical Guideline for the Management of Allergic Rhinitis in Japan, 2005 [5].

Some subjects (n = 30) received LTRA throughout the study
period (LTRA group). However, a group of other subjects (n = 30)
received placebo during the pretreatment period and LTRA dur-
ing the main treatment period (placebo group). The sample size
was determined based on previous studies of LTR A on the change
and variance of clinical symptoms [17]. A nasal allergy diary was
written daily, and Japan Rhinoconjunctivitis Quality of Life
Questionnaire (JRQLQ) survey sheets [18, 19] were completed ev-
ery 2 weeks until completion of the study. For assignment of sub-
jects to groups, limited randomization was performed in sub-
groups of 6 age- and sex-matched subjects each, of whom 3 were
assigned to the LTRA group and 3 were assigned to the placebo
group. A controller who was not directly involved in the study was
responsible for group allocation. A group allocation number was
given to each subject. This information was closely guarded by the
controller and by 1 member of the ethical committee not directly
involved in the study.
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During the study period, all study subjects recorded their use
(dose and frequency) of permitted concomitant medications (list-
ed above) in a nasal allergy diary. Use of other drugs considered
unlikely to affect the study was also allowed.

Cedar and Japanese cypress pollen dispersal was measured
with a Durham sampler installed on the roof top of one of the
buildings in the School of Medicine, Chiba University.

Nasal symptoms, eye symptoms, symptom scores, medication
scores and symptom-medication scores were evaluated from the
nasal allergy diary using the following criteria. For nasal symp-
toms, the severity of paroxysmal sneezing (number of sneezes per
day), runny nose (number of times of blowing the nose per day),
nasal congestion, and the degree of interference with daily life
were evaluated on a 5-point scale (0-4) using a modified Okuda
classification [4, 20] {table 1). Symptom scores for classification of
the severity of nasal symptoms were calculated using the same
classification. The daily total nasal symptom score was expressed

Sasaki et al.
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Measurements were made with a Durham sampler

Fig. 2. Dispersal of cedar and Japanese cypress pollen in 2007 and study schedule.

as the highest sore of nasal symptoms, For eye symptoms, iiching
and watering were evaluated using a 4-point scale. The use of oth-
er medications was also scored and recorded according to the
characteristics of the drug and the duration of usage, based on the
following guidelines: anti-histamines, mast cell stabilizers and
vasoconstrictors scored as 1, topical nasalsteroids scored as 2,and
the symptom-medication score was determined by adding the
symptom score and the medication score. The score for each QOL
item was also evaluated on a 5-point scale (0-4). In addition, the
percent improvement in nasal symptoms was analyzed and ex-
pressed as the ratio of the patients who had improved nasal symp-
toms =1 in week 8 at the end of the study compared with week 4
before the concomitant therapy with nasal steroids. The symp-
tom-medication score was used as the primary outcome param-
eter and other items were used as secondary parameters.

Statistical Analysis

After completion of the study (clinical and laboratory), a bio-
statistician who had not been involved in carrying out the clinical
trial, analyzed the data. After completing the analysis, the alloca-
tion identification numbers for the active and placebo groups were
accessed. Data comparisons were performed using 2-tailed tests at
a significance level of 5%, using a X test, the Fisher exact test, the
Mann-Whitney U test, a 2-sample t test, a paired t test, and the
Wilcoxon test in SAS version 8.02 (SAS Inc,, Cary, N.C.,, USA).
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Results

Dispersal of Cedar and Japanese Cypress Pollen

Measurements with a Durham sampler (fig. 2) indi-
cated that 6 February was the start of the cedar pollen
dispersal season, based on a pollen count of =1/cm?*/day.
After 19 February, a pollen count =20/cm?*/day was ob-
tained on most days, which dropped to <10/cm?/day after
10 March, marking the end of the dispersal season. Japa-
nese cypress pollen was observed in the middle of March
and reached a count of >20/cm?/day on most days after
19 March until dispersal ended in early April.

Subjects

Four subjects withdrew from the study for personal
reasons, and not because of any adverse effects. All other
subjects exhibited full compliance with the study proto-
col. Thus, a total of 56 subjects were included for com-
plete evaluation. The LTRA group comprised 29 subjects
(mean age 36.1 years and cedar pollen RAST score 3.9).
The placebo group comprised 27 subjects (mean age 33

Int Arch Allergy Immunol 2009;149:350-358 353
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{vs. placebo group; 2-sample t tests)

Fig. 3. Mean weekly score for each nasal symptom.

years and cedar pollen RAST score 3.5). There were no
significant differences between the 2 study groups for age
at disease onset, disease duration, or any subsequent
complications.

Treatment Effects

The mean nasal symptom scores for each week of the
pollen season are shown in figure 3. In both groups,
symptoms worsened as cedar pollen dispersal increased
and then improved after week 5, after the start of nasal
steroid drops. In the LTRA group, nasal symptoms were
mild from week 3 until the end of the study, and sneezing
and nasal congestion scores were significantly lower in
the LTRA group than in the placebo group between weeks
4 and 6 and weeks 3 and 5, respectively.

The total nasal symptom score increased in both
groups from the start of the cedar pollen dispersal season
and decreased in week 5, after the use of nasal steroids at
the peak of the cedar dispersal season (fig. 4). Mean
symptom scores were significantly lower in the LTRA
group than in the placebo group in weeks 4 and 5 (fig. 4).
Medication and symptom-medication scores also in-
creased following the start of cedar pollen dispersal and
decreased in week 5, after the start of nasal steroid ther-
apy. These scores were lower in the LTRA group than in
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the placebo group during the pretreatment period, al-
though the differences were not significant (data not
shown). There were no significant differences in eye itch-
ing or watering scores between the groups (data not
shown).

The degree of interference with daily life increased in
both groups following the onset of cedar pollen dispersal
and decreased in week 5 following the start of nasal ste-
roid therapy. The score in the LTRA group was signifi-
cantly lower than that in the placebo group in week 4
(fig. 4).

A comparative analysis of the improvement in nasal
symptom score in week 8 (at the end of the study) and in
week 4 (before the concomitant therapy with nasal ste-
roids) is shown in table 2. The percent improvement in
nasal congestion was significantly higher in LTRA-pre-
treated patients (69.0%) than in placebo-pretreated pa-
tients (40.7%).

JRQLQ Scores

For 17 QOL items, each mean QOL score generally in-
creased by =0.5 points after pollen dispersal (data not
shown) and improved for all items after the start of con-
comitant therapy at week 5 with nasal steroid drops
(fig. 5). Although scores for all items in the LTRA group

Sasaki et al.
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tiredness; (xiii) = fatigue; (xiv) = frustra- & (i) (xii) {xiii) {xiv) {(xv) (xvi) {xvi)
tion; (xv) = irritability; (xvi) = depression;
(xvii) = unhappiness.

did not increase by 0.5 points at week 8 compared with
week 0 (before pollen dispersal), scores for 7 items (inter-
ference with study, work and housework; poor concentra-
tion; interference with going out; malaise; fatigue; frus-
tration; depressed feeling) in the placebo group still in-
creased by =0.5 points at week 8.
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These 17 QOL items were categorized into 6 domains
(daily life; outdoor activities; social life; physical exercise;
mental life; sleep) and scores were compared among do-
mains (table 3). Mean QOL scores generally increased
with cedar pollen dispersal when compared between
week 4 and week 0, and scores increased by =0.5 points

Int Arch Allergy Immunol 2009;149:350-358 355



Table 2. Improvement in nasal symptom score at week 8 com-
pared with week 4

Improved Improved ¥ test!
=1 point <1 point
Runny nose
Pranlukast 16 (55.2) 13 (44.8) 0.977
Placebo 15 (55.6) 12 (44.4)
Sneezing
Pranlukast 16 (55.2) 13 (44.8) 0.803
Placebo 14 (51.9) 13 (48.1)
Nasal congestion
Pranlukast 20 {69.0) 9 (31.0) 0.034
Placebe 11 (40.7) 16 (59.3)

Data are number of patients, with percentages in parenthe-
ses.

! The number of the patients who had an improved score of 21
pointin the pranlukast-pretreated group was compared with that
in the placebo-pretreated group.

for 5 of the 6 domains excluding sleeping problem in the
LTRA group and for 5 domains excluding social func-
tioning in the placebo group. After the start of nasal ste-
roid therapy at week 5, scores in all 5 domains which had
increased by =0.5 points at week 4 exhibited significant
improvement at week 8 in the LTR A-treated group. The
sleep problem and social functioning domains were not
significantly aggravated at week 8 under Japanese cypress
pollen dispersal when compared with week 0.

In contrast, in the placebo group, scores for 4 domains
(social functioning; sleep problem; physical problems;
emotional function) did not manifest significant im-
provement when evaluated during week 8 when com-
pared with the scores observed at week 4 (before nasal
steroid therapy). All domains exhibited a still significant
increase at week 8 when compared with the scores ob-
served at the beginning of the study (week 0).

Overall QOL condition scores also increased after pol-
len dispersal in both LTRA- and placebo-treated groups.
After the use of nasal steroids, significant improvement
was observed at week 8 in the LTRA-treated group but
not in the placebo group compared with the scores at
week 4.

Use of Concomitant Medications and Safety

Antihistamines and nasal vasoconstrictor drugs were
used less frequently by the subjectsin the LTRA group in
the latter 2 weeks of the pretreatment period than in the

356 Int Arch Allergy Immunol 2009;149:350-358
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Table 3. QOL score by JRQLQ (domains)

Week Pranlukast Placebo
mean + SE mean * SE

Versus week 0
Usual daily activities 0 0.25+0.08 0.13+0.06

4 0.97 £ 0.15%*¥ 0.87 £ 0.14%**

8 0.48%£0.,10% 0.56+0.14%
Outdoor activities 0 0.14£0.05 0.19£0.07

4 1.02 & 0,19%*x 1.20 3 0,19%%*

8 0.53 + 0.14%* 0.74 = 0.18%*
Social functioning 0 0.10£0.04 0.0640.03

4 0.69 £ 0.14%¥% 0.53 + (.13%%¥

8 0.28 +0.09 0.380.11%*
Sleep problem 0 0.17%0.07 0.19£0.09

4 0.59 £ 0.14%* 0.81 £ 0.15%%*

8 0.38+0.10 0.52%0.13*
General physical 0 0.21£0.08 0.13%£0.07
function 4 1.00 £ 0.16%*x 0.96 £ 0.20%%%

8 0.52+0.12% 0.69 £0.18%
Emotional function 0 0.14%£0.05 0.06 +0.04

4 0.78 £ 0.16%*¥ 0.74 £ 0.15%**

8 0.05%0.14% 0.55 % (,15%*
Qverall QOL 0 1.07£0.19 0.81+0.13
condition 4 2.48 £ (.15%%* 2,261 0,19%%*

8 1.45+0.17 1.41+0.16%
Versus week 4
Usual daily activities 4 0.97+0.15 0.87+0.14

8 0.48 £ 0.10%** 0.56 £0.14%
Outdoor activities 4 1.02%0.19 1.20%+0.19

8 0.53£0.14%* 0.74 £ 0.18**
Social functioning 4 0.69+0.14 0.53+0.13

8 0.28 £ 0.09%** 0.38+0.11
Sleep problem 4 0.59%0.14 0.81+0.15

8 0.38+0.10 0.52+0.13
General physical 4 1.00x0.16 0.96+£0.20
function 8 0.52 £ 0,12%%% 0.69+0.18
Emotional function 4 0.78+0.16 0.74+0.15

8 0.05+0.14% 0.55%0.15

*p < 0.05, % p <0.01, ¥** p < 0.001 2-sample t test).

placebo group; however, the differences were not signifi-
cant (data not shown). The compliance for the use of
LTRA and nasal steroids during the whole study period
did not differ between the groups. However, an adverse
event was reported by 1 patient in the LTRA group who
experienced abdominal pain on day 16, but this resolved
2 days later and did not prevent continuation of study
drug administration.

Sasaki et al.



Discussion

In the present studies, the symptoms of allergic rhini-
tis increased predictably in the placebo group of subjects.
However, many JRQLQ scores also worsened even in the
LTRA group at the height of the pollen dispersal season.
Therefore, pretreatment with LTRA alone did not appear
to result in significant relief of nasal symptoms, and ad-
ditional nasal steroid therapy in accordance with the
standard guidelines was required to induce significant
symptom relief [2, 4]. During the later phases of the cedar
pollen dispersal season, symptoms and QOL scores ex-
hibited improvement following the initiation of nasal ste-
roid therapy in both LTRA and placebo-pretreated
groups. However, differences between the groups in
scores for sneezing and nasal congestion were still statis-
tically significant. Subsequently, the symptoms in both
groups improved and there were no significant differenc-
esin scores between the 2 groups. These findings are con-
sidered to reflect the effects of nasal steroid therapy.
However, the degree of improvement in nasal congestion
scores in week 8 at the end of the study compared with
week 4 just before the concomitant therapy with nasal
steroids was significantly higher in the LTR A-pretreated
group than in the placebo-pretreated group.

QOL scores are considered to be more sensitive mark-
ers of clinical improvement than symptom scores derived
from an allergy diary [21-23]. All QOL scores improved
significantly in the LTRA group after the initiation of
concomitant therapy with nasal steroids. The QOL items
were categorized into 6 domains (daily life; outdoor ac-
tivities; social life; physical exercise; mental life; sleep).
Scores for the first 5 domains and the overall condition
were significantly improved in the LTRA group after the
initiation of concomitant nasal steroid therapy. Sleep was
not significantly affected in the Japanese cypress pollen
dispersal season. In contrast, in the placebo group, do-
main scores for social life, physical exercise, mental life
and sleep (which was disturbed in the Japanese cypress
pollen dispersal season in the placebo group) did notim-
prove even after concomitant therapy with nasal steroid,
and daily life and overall condition scores demonstrated
delayed improvement compared with the LTRA group.

In Japan, pollen counts are typically measured using
the gravimetric method with a Durham sampler, in con-
trast to Western countries in which a Burkard sampler is
typically used. In a study in Chiba Prefecture in 2005, the
amount of air-borne pollen counted with a Burkard sam-
pler was about 12 times greater than that counted with a
Durham sampler [24]. For Durham sampler measure-
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ments, a count of 1-10/cm?/day is defined as low dispersal
and >20/cm?/day is considered high dispersal. In this
study (2007), cedar pollen dispersal was detected by a Dur-
ham sampler at the beginning of February. The count was
>20/cm?/day on many days after 19 February and then re-
turned to <10/cm?/day after 10 March, after which disper-
sal ended. Japanese cypress pollen was detected at the end
of February, had a count of >20/cm?/day on many days
after 19 March, with dispersal ending in early April.

Symptoms of allergic rhinitis are generally mild imme-
diately after the start of the pollen dispersal season, but hy-
persensitivity-induced inflammation of the nasal mucosa
is produced by repeated exposure to pollen. Such exposure
results in enhanced expression of adhesion molecules, in-
creased infiltration of the nasal mucosa by inflammatory
cells, hyperpermeability of epithelial cells, and an increased
neural sensory response [1, 2, 25]. Even in the LTRA group,
many JRQLQ scores increased by =0.5 points at the height
of the pollen dispersal season. With standard therapy using
nasal steroids for severely affected patients, the QOL scores
in the LTRA group were still lower than those in the pla-
cebo group. In the placebo group, nasal steroid therapy pro-
duced a smaller improvement in QOL scores.

The observations reported here and other earlier stud-
ies have suggested that LTRA are extremely safe and do
not result in any major adverse effects, such as anticholin-
ergic activity, local irritation or adrenal suppression. In
this study, mild abdominal pain wasreported by 1 patient,
but no causal relationship with LTRA was detected.

Nasal steroids are generally very effective and provide
a significant resolution of symptoms. Nasal steroids might
be advantageous for early intervention; however, the com-
pliance is sometimes poor, since many patients prefer to
use oral medication, particularly in Japan [14, 15].

Although the number of patients enrolled in the study
was limited and a comparative study with LTRA and ste-
roids in a large scale will be needed to evaluate the effec-
tiveness, based on the information summarized here, itis
proposed that the use of LTRA is safe and might be ap-
propriate for pretreatment before the appearance and es-
tablishment of clinical symptoms early in the course of
the cedar pollen season.
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Summary

Clinical and
Experimental
Allergy

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
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irritation.

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

Keywords allergic rhinitis, clone size, IgE, memory T cell, Th2
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Introduction

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-

27

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



406 S. Horiguchi et ol

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 I, 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 Q 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 0 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-y, 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
Run in I I Sampling l Sampling Sampling
Sampling and
evaluation
2004 2005
Polien season Pollen season
May July October January May
Group 2 = & 'I/ \r_
Runin 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 Il 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
[FN-y MoAbs were diluted to a concentration of 15 ug/mL
in sterile, filtered (0.45 um) 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 uL
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 100 pL 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 Alfergy, 38 : 405-412
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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 AasapanT
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 asapanT
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
60T ‘ 400 -
@ P 300 |- T
T 40+ 9
hd j=2]
2 £
§ 5 200 |
7 2
& 20 &
100
0 — — 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, apan T
cell stimulant. The spots were equally obtained in the samples from both
the patients and the controls. NS, not significant.

(a) P<0.01 (b) NS

150 400
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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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P<0.05
(a) (k) : |
NS P<0.01 P<0.01
NS f |
! P<0.01 P<001 | —
1.5
! P<0.05
5 S 15}
£ S
= m p=3
28 1 g &
[+ f; 5 %
- a -
g3 23 '
5 ©
e §3
@ 2 5 8
= B 05 o >
5 > 2 % o5t
é Pollen season o Pollen season
o , 0 . . . N
July 2003 October January 2004 May July 2004 Qtober January 2005 May

{time) (time)

Fig. 3. The samples of each time-point were analysed simultaneously. The Cry j 1 and 2 peptide-specific [L-4-producing cells were counted using the
ELISPOT techuique. 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) Fighteen 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
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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 posiive
IL-4 spot. These IL-4 T cells were thought to be cedar-
specific Th2. The cedar peptide-specific IEN-y T cells,
which were thought to be cedar-specific Thi 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 [FN-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 300% 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 1 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 [L-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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