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Present Situation of Cedar Pollinosis
in Japan and its Immune Responses

Yoshitaka Okamoto!, Shigetoshi Horiguchil, Heizaburo Yamamoto!, Syuji Yonekural! and
Toyoyuki Hanazawa!

ABSTRACT

Recent observations have suggested significant worldwide increase in the prevalence of allergic rhinitis and ce-
dar pollinosis. In Japan, Japanese cedar (Cryptometria japonica) and Japanese cypress (Chamaecyparis ob-
tusa) pollens are considered to be the major unique allergens and their extent of dispersal is quite large, travel-
ling more than 100 km and thus causing serious pollinosis. Cedar pollinosis is a typical type 1 allergic disease
by an adaptive immune response that occurs through the induction of allergen-specific effector T cells from
naive T cells. We examined the number of Japanese cedar pollen specific memory Th cells in the peripheral
blood of the patients and found that the cedar pollen specific IL-4-producing Th2 memory cells increased during
the pollen season and decreased during the off-season. However, more than 60% of the cedar-specific mem-
ory Th2 cells survived up to 8 months after the pollen season. Natural killer T(NKT) cells represent a unique
lymphocyte subpopulation and their activity is not restricted to MHC antigens. NKT cells play an important role

in innate immunity, however, the participation in development of allergic rhinitis could not be clarified.
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CEDAR POLLEN

In recent years, many countries have experienced an
increase in the prevalence of allergic rhinitis.1.2 Dust
mite allergen is responsible for at least 90% of cases
of perennial allergic rhinitis, while arboreal pollen, in-
cluding that of cedar and Japanese cypress, is impor-
tant in Japan.34 Cedar forest covers nearly 18% of the
total land area of Japan, while Japanese cypress is
concentrated in the Kanto region and the western
part of the country. Both cedar and Japanese cypress
produce enormous amounts of pollen. In Japan, pol-
len counts are typically measured using the gravimet-
ric method with a Durham sampler, in contrast 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 Bur-
kard sampler was about 12 times greater than that
counted with a Durham sampler.> In addition, distinct
from grass pollen, which only spreads less than 100
meters, cedar and cypress pollen travel a long dis-
tance and reach major cities, including Tokyo and

Osaka, causing wide-spread pollinosis, although no
actual data describing the distance traveled was avail-
able. A detailed simulation study considering the re-
sults of real-time pollen distributing information was
conducted using large computers and Figure 1 shows
the source and areas from which the cedar pollen de-
tected at Chiba University Hospital had spread.
These dark spots indicate the areas where the cedar
pollen originated. Pollens blow to Chiba city from the
cedar planting areas of Boso Peninsula, as well as
from the north Kanto area, Nikko, Izu Peninsula and
Shizuoka Prefecture. This study suggests that cedar
pollen actually can travel more than 100 km and
cause pollinosis in a large area.

Cedar pollen dispersal precedes Japanese cypress
pollen dispersal, and approximately 70% of patients
with cedar pollinosis are also allergic to Japanese cy-
press pollen because of a common antigen.6 Disper-
sal of cedar and Japanese cypress pollen generally ex-
hibits an arch-shaped pattern with time: cedar pollen
dispersal starts in early February and reaches a peak
between late February and early March, and is fol-
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Fig. 1 The source areas from which the cedar pollen detected at Chiba University Hospital spread. This is the
computer simulation study done by Mr. Kunihiko Yokota et al., at Weather Service Co.,Ltd..

lowed by 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.”.8 The pollen dispersal season lasts for more
than 10 weeks in and around the Tokyo area.

PREVALENCE OF CEDAR POLLINOSIS IN
JAPAN

A survey based only on a questionnaire has the risk
of inclusion of a high rate of false-positive cases, be-
cause allergic rhinitis is sometimes difficult to distin-
guish from acute upper respiratory infection and even
normal healthy individuals may exhibit mild, non-
specific nasal symptoms, such as sneezing and nasal
secretion. In particular, cedar pollen dispersal season
is also high flu season. An allergen-specific IgE test is
necessary to avoid a high incidence of false positives,
but it has been difficult to conduct an epidemiological
study in Japan because of laws preventing use of per-
sonal information. In 2008, a questionnaire was posed
to the Otorhinolaryngologists nationwide to deter-
mine whether their families suffered from allergic
rhinitis. Although the rate of return of the question-
naire was low, i.e., 40% and the bias of the population
could not be ignored, an accurate diagnosis was ex-
pected.

According to the analysis of this questionnaire,?
the prevalence of perennial allergic rhinitis and of ce-
dar pollinosis was 23.4% and 26.5%, respectively. In
particular, the prevalence of cedar pollinosis in-
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creased more than 10% compared with that observed
in a similar questionnaire conducted in 1998. Al-
though the peak of cedar pollinosis is in those in their
thirties to forties, the age onset of pollinosis has been
decreasing (Fig. 2).

Figure 3 shows the annual amount of cedar pollen
dispersal in Japan, which we examined in 2005. The
darker brown parts indicate areas where cedar pollen
counts were high. We studied the influence of various
amounts of pollen exposure on the development of
pollinosis and mite allergic rhinitis in elementary
school students from schools in rural areas where the
movement of students out of or into the school was
uncommon. The annual amount of cedar and cypress
pollen differed among these five regions. The pollen
level was very high in southern Yamanashi: about
7,000/cm?2 on average for the last five years, as deter-
mined using Durham pollen samplers. In contrast,
the pollen level was low in northern Yamanashi and
inland Akita, at about 2,000/cm2, and very low in
coastal Akita, at about 500/cm2. The pollen level in
Chiba was about 4,000/cm2.

Figure 4 shows the detection rate of cedar- and
mite-specific IgE in students in these regions. The
positive rate for Japanese cedar was about 60%, ex-
cept for students in coastal Akita, who had a rate of
only 23%. The positive rate for mite IgE was about
50% in each region. These results suggest that the
sensitization rate for mite allergen is almost the same
nationwide, whereas that for cedar pollen is depend-
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Fig. 2 The prevalence rate of allergic rhinitis in Japan in 2008 (from reference 9).
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Fig. 3 Annual amount of cedar and cypress pollen dispersal in Japan in 2005.
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Fig. 4 The detection rate of cedar and cypress pollen-specific IgE in
all 4th and 5th grade students in the elementary schools.
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Fig. 5 The sensitization rate to the representative allergen and age distribution of cedar pollen-specific IgE
in the adult residents in the forties to seventies in the rural small town in South Chiba.

ent on pollen counts. A very low level of pollen results
in a low rate of detection and allergen avoidance is
undoubtedly important for prevention. However, a
high rate of allergic sensitization can be induced by a
relatively small amount of pollen, and it is likely to be
very difficult to reduce the amount of pollen exposure
to a level that will prevent sensitization. Furthermore,
tolerance was not easily induced in students in south-
ern Yamanashi who had been receiving high pollen
exposure every year since birth. Interestingly, the in-
cidence of mite allergic rhinitis and pollinosis in these
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sensitized students was almost the same; about 30 to
35% in each region, respectively.

We have also undertaken medical examination of
middle-aged adult residents in their forties to seven-
ties in a rural small town (Maruyama-cho) in South
Chiba every year since 1995.10 The examination in-
cludes responses to a questionnaire and testing for
specific IgE in serum using a CAP-RAST system. Fig-
ure 5 shows the sensitization rate to the representa-
tive allergens and the age distribution of cedar pollen-
specific IgE. Deterioration of cedar-specific IgE is ob-
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Fig. 6 The rate of change to negative over the last 13 years in cedar pollen-spe-
cific IgE in the residents who had tested positive for anti-cedar pollen specific IgE in
1995 and then had received examination every year.

served in elderly subjects. Figure 6 shows the rate of
change to negative over the last 13 years in cedar pol-
len IgE in residents who had tested positive for anti-
cedar pollen IgE in 1995. The IgE assays were per-
formed at the end of each cedar pollen season. It ap-
pears that the IgE titer is affected by the spread of
pollen each year. Interestingly, however, the negative
change for 13 years is not commonly observed even
in their forties to fifties. The rate of the cedar pollino-
sis determined by clinical symptoms in combination
with positive cedar pollen IgE has also not decreased
among these aged subjects.

THE LONG-TERM COURSE OF PATIENTS
WITH ALLERGIC RHINITIS

One hundred and seventy-seven patients who were
treated in our department from 1970 to 1995 con-
sented to undergo a detailed re-examination. A com-
parison between the recent symptoms and those ob-
served 10 to 30 years ago showed that 30% of adult pa-
tients exhibited some improvements and 10% had
resolution. However, only 20% of the pediatric pa-
tients exhibited mild improvement of symptoms,
whereas the remaining had the same or even worse
symptoms as those in childhood (data not shown: in
preparation for submitting). Regarding the allergen-
specific IgE, a change to negative was not observed
in any patients with cedar pollinosis and was seen in
only a few of the mite-allergic patients. Thus, natural
resolution is not commonly observed in allergic rhini-
tis and most pediatric patients grow to adulthood
without natural improvement of symptoms.
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CEDAR POLLEN SPECIFIC MEMORY T
CELLS

It has been suggested that dysregulation of cytokine
synthesis from Th1l and Th2 cells is fundamental to
the pathogenesis of allergic diseases. However, no
significant difference was observed between the two
groups in the Th1/Th2 cell profile in peripheral blood
CD4+ T cells from patients with perennial allergic
rhinitis and non-allergic rhinitis by FACS analysis.!!

Pollinosis is thought to be an adaptive immune re-
sponse that manifests as a type 1 allergic reaction,
and it occurs as a consequence of fundamental aller-
genic mechanisms involving the induction of pollen-
specific T helper type 2 (Th2) effector cells from
naive ThO cells. Most effector T cells are short-lived,
but few effector T cell become long-lived memory T
cells. We directly examined the number of allergen-
specific Th1/Th2 memory T cells in the peripheral
blood of patients of allergic rhinitis by an ELISPOT
assay using specific peptides.1?2 The Japanese cedar-
specific I1-4 producing Th2 cells were detected in all
patients examined and increased during the pollen
season and decreased during the off-season. How-
ever, more than 60% of the cedar-specific memory
Th2 cells survived up to 8 months after the pollen
season (Fig.7) .

Allergen-specific immunotherapy is the only cur-
rent treatment that can change the natural course of
allergic rhinitis with long-term effects. However, the
conventional immunotherapy with subcutaneous ad-
ministration is inconvenient because it requires fre-
quent visits to the doctor and also carries the risk of
anaphylactic shock.13 A recent review of randomized
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Fig. 8 The number of cedar-specific Th2 cells before and after sublingual immunotherapy.

controlled studies of sublingual immunotherapy sug-
gested that this might be effective as an alternative
method of administration.1416 To determine the effi-
cacy of sublingual immunotherapy for Japanese cedar
pollinosis, we conducted a blinded, randomized,
placebo-controlled trial over a period of 6 months
(from October 2005 to May 2006).17 Sixty-seven sub-
jects were enrolled and the nasal symptom scores
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during the cedar pollen season were evaluated using
a symptom diary.

The patients in the active treatment group exhib-
ited significantly lower symptom scores compared to
the placebo group. This result suggests that sublin-
gual immunotherapy may offer a safe approach to the
management of allergic rhinitis, although the in vivo
mechanisms of allergen-specific immunotherapy are
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unknown.

Figure 8 shows the numbers of cedar-specific Th2
cells before and after immunotherapy: the number of
Th2 memory cells increased in the placebo group af-
ter pollen exposure, but did not increase in the treat-
ment group. Therefore, allergen-specific immuno-
therapy inhibits an increase in the antigen-specific
Th2 memory cell count induced by allergen expo-
sure. Immune-therapeutic intervention might direct
at diminishing the size of the clone memory Th2 cells
and shifting the cytokine type of memory Th clones.

Natural killer T (NKT) cells represent a unique
lymphocyte subpopulation that is characterized by
the co-expression of T cells and natural Killer recep-
tors.1819 Their activity is not restricted to MHC anti-
gens. The relative frequency of NKT cells in the pe-
ripheral blood is generally quite low, usually less than
0.1% of PBMCs, and they are not detected in normal
peripheral lymph nodes. However, NKT cells play a
very important role in innate immunity. Recently, the
involvement of NKT cells in the development of air-
way hypersensitivity in mice and the detection NKT
cells in bronchoalveolar-lavage fluid samples from pa-
tients with moderate to severe asthma were reported.
However, we could not detect the NKT cells in the
nasal mucosa of the patients with allergic rhinitis by a
polymerase chain reaction. However, NKT cells were
detected to varying degrees in the sinus mucosa from
asthmatic choronic sinusitis (CS) patients.

These results suggest that NKT cells are not di-
rectly related to the development of allergy, but that
they may play important roles in the development of

Allergology International Vol 58, No2, 2009 www.jsaweb.jp/

respiratory mucosa. Eosinophil accumulation

sinus disease combined with asthma and in the en-
hanced Th2 cytokine expression and increased infil-
tration of Th2 cells and eosinophils observed in the
sinus mucosa from asthmatic CS patients via MHC-
independent mechanisms (Fig. 9).

SUMMARY

1. The prevalence of allergic rhinitis, in particularly
cedar pollinosis, is increasing.

2. Cedar pollen-specific Th1/Th2 dysregulation is
observed in patients with pollinosis.

3. Cedar pollen specific memory Th cells increased
during the pollen season and decreased during off
season, however, morethan 60% of the memory cells
survived up to 8 months after the pollen season.

4. NKT cells are not directly related to the develop-
ment of allergic rhinitis, including pollinosis.

5. Different mechanisms in the accumulation of
eosinophilia in the respiratory tract mucosa may ex-
ist.
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