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times and the 50% inhibitory concentration (ICsy) was defi-
ned as the concentration of prednisolone that killed 50% of
the cells.

Western blot analysis

Cells were washed twice with PBS and sonicated in RIPA
buffer, which was PBS containing 1% NP40, 0.5% sodium
deoxycholate, 0.1% SDS, and protease inhibitors (10 mg/ml
Leupeptin, 10 mg/ml aprotinin, | mM phenylmethylsul-
phony! fluoride (PMSF), and 1.8 mg/ml iodoacetamide).
Lysates were boiled in SDS sample buffer for 3 min and
electrophoresed through 12.5% SDS-polyacrylamide gels
(30 ug per lane). The gels were transferred onto a nylon
membrane (pore size 0.2 pM; Perkin-Elmer, Tokyo, Japan).
After transfer, the nylon membrane was blocked with 5%
skimmed milk in PBS and probed with 1 pg/ml rabbit anti-
human Bax polyclonal antibody (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA). The blot was visualized with the
labeled streptavidin-biotin method (Dako), according to the
instructions of the manufacturer.

Analysis of apoptotic DNA fragmentation

Cells (5 x 10 were harvested and resuspended in 0.1 ml
of lysis buffer (1 M Tris—HCl, 0.5 M EDTA, at 10% Triton
X-100). After 10 min at 4°C, all tubes were centrifuged at
15,000 rpm for 20 min. Each supernatant was treated for
I 'h at 37°C with 0.4 mg/ml RNase A and for 1 h at 37°C
with 0.4 mg/m! proteinase K. DNA was extracted with
20 ul of 5M NaCl and 120 ul of isopropyl alcohol over-
night at —20°C and centrifuged at 15,000 rpm for 5 min.
The DNA pellet was resuspended in 20 pl of TE buffer. The
DNA was loaded onto a 5% acrylamide gel and electropho-
resed. The gel was stained with ethidium bromide and the
DNA fragments were visualized under ultraviolet light.

Statistical analysis

All in vitro determinations were made in triplicate, and the
results were expressed as the mean + SD (standard devia-
tion). The significance of differences in cell viability
between the absence and presence of prednisolone was

Fig. 1 Western blot analysis of Bax in nasal fibroblasts. Bax-NF was
ransiently transfected with hBaxpcDNA3. Neo-NF was transiently
transfected with native pcDNA3. Equal amounts of cell extract (30 pg

determined with the Mann-Whitney U test. The signifi-
cance of differences in cell viability among the three fibro-
blasts (Bax-NF, Neo-NF, and wt-NF) was determined by
repeated measures ANOVA using Stat View software
(Abacus Concepts, Berkeley, CA).

Results

Overexpression of Bax in transiently transfected human
nasal fibroblasts

Human nasal fibroblasts were transiently transfected with
the expression vector hBaxpcDNA3 (Bax-NF) or native
pcDNA3 (Neo-NF). The extent of transfected Bax protein
expression is as shown in Fig. 1. A 24-kDa band of exoge-
nously transfected tagged-Bax was observed in Bax-NF,
However, endogenous Bax protein was not detected in
Neo-NF (Fig. 1). After hBaxpcDNA3 or naive pcDNA3
was transfected, the viability and appearance of nasal fibro-
blasts did not differ from wild-type-nasal fibroblast (wt-NF)
(data not shown). There was no difference in the value of
OD among the three nasal fibroblasts after 72 h of culture
in the absence of prednisolone, suggesting that the speed of
proliferation in Bax-NF or Neo-NF is similar to that in wt-
NF (data not shown),

Sensitivity to prednisolone in transfectant

Three types of nasal fibroblasts were cultured in condition-
ing medium for 24 h after transfection. After that, both
transfectants (Bax-NF, Neo-NF) and wt-NF were treated
with concentration of prednisolone for 72 h. The optimal
culture period was determined as 72 h to show the apparent
significance of cell viability of Bax-NF in the presence of
prednisolone (data not shown).

The average 1C-50 values of prednisolone against Bax-
NF, Neo-NF, and wt-NF from 6 independent experiments
were 12, 117, and 180 pg/ml, respectively. The cytotoxicity
of prednisolone to Bax-NF was significantly higher than
that to Neo-NF or wt-NF (Fig. 2, p < 0.01, respectively).
Prednisolone at a concentration of 10 ng/ml decreased the
viability of Bax-NF compared to that of Bax-NF in the

P <€ tagged-Bax (24kDa)

of protein) were loaded in each lane and blotted with anti-human Bax
antibody. A band of Bax (24 kDa) was observed in Bax-NF
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Fig. 2 Effect of Bax expression on the sensitivity of nasaj fibroblasts
to prednisolone in vitro. Bax-NF, Neo-NF, and wi-NF (wild-type)
were incubated with various concentrations of prednisolone. Cell via-
bility was assessed by the MTT assay. *p <0.05, **p <0.01, com-
pared to cell viability in the absence of prednisolone. Bax-NF has
significantly higher sensitivity to prednisolone than Neo-NF/wt-NF

absence of prednisolone (66.8 + 2.5%, p < 0.01). However,
10 ng/mi of prednisolone had no effect on the cell viability
of Neo-NF and wt-NF (99.5 £4.5%, 112.3%3.5%,
respectively). Both Neo-NF and wt-NF were susceptible to
10 pg/ml of prednisolone (77.4 £ 4.9, 79.2 £ 5.1). Thus,
the susceptibility of Bax-NF to prednisolone was about
1,000 times that of Neo-NF or wt-NF,

Overexpression of bax mediated apoptosis
in prednisone-treated nasal fibroblasts

To confirm that the cell death caused by the treatment with
prednisolone is apoptosis, we loaded the DNA into an
acrylamide gel and electrophoresed it. Figure 3 shows the
electrophoretic patterns of DNA extracted from predniso-
lone-treated (1 ug/ml, 37°C, 72h) nasal fibroblasts,
A DNA ladder appeared only in the prednisolone-treated
Bax-NF (Fig. 3).

To quantify the extent of apoptosis occurring in nasal
fibroblasts exposed to prednisolone, we tried to determine the
fraction of cells expressing sub G1 DNA by using propidium
iodide. Flowcytometric data could not be obtained, since the
fowcytometer was affected by obstructions of the tube in the
machine due to the large cell size of nasal fibroblasts.

Discussion

In this study, we found that nasal polyp-derived fibroblasts
have no endogenous bax gene. The transfer of the bax gene
to human nasal fibroblasts was successful. The transfer
enhanced the induction of apoptosis by steroid-treatment.
Therefore, we suggest that exogenous Bax protein expres-
sion by gene might be a useful strategy for the treatment of
nasal polyps.

@ Springer

Neo — NF
prednisone

Beax— NF

Fig. 3 Acrylamide gel electrophoresis of DNA. Bax-NF and Neo-NF
were treated with prednisolone (1 pg/ml) for 72 h. A DNA ladder was
seen in the prednisolone-treated Bax-NF

The pathogenesis of nasal polyps is largely unknown,
but chronic inflammation of the nasal mucosa is thought to
be an important factor. Glucocorticoids exert potent anti-
inflammatory activity and are commonly used in the treat-
ment of allergic rhinitis and asthma. Topical steroids have
been administered to patients with allergic rhinitis and
nasal polyp. Several studies have shown topical corticoste-
roids to be effective in reducing the size of nasal polyps
[8,9]. However, we have experienced serious problems
including poor response or resistance to steroid therapy in
some cases of nasal polyposis. The transfer of genes into
tissues in order to increase sensitivity to drugs is an impor-
tant approach in human gene therapy. We demonstrated
previously that overexpression of Bax using gene technol-
ogy enhanced the sensitivity of cancer cells to an antiche-
motherapeutic agent [14]. Recently, gene therapy has
become a focus in the study of not only cancer but also life-
style-related diseases. It has been shown that dexametha-
sone and prednisone are able to induce apoptosis among
normal peripheral blood T-lymphocytes in a dose-depen-
dent manner [6, 7]. In our invitro study, prednisolone
(1 ug/ml) did not cause apoptosis of normal fibroblasts.
However, 40% Bax-NF was induced apoptosis with
prednisolone (1 pg/ml). These results demonstrated that a
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combination of bax and prednisone might be useful for
treating intractable nasal polyposis by promoting apoptosis.

Allergic rhinitis is apparently an IgE-mediated disease.
High levels of antigen-specific IgE were detected in nasal
lavage from patients with pollinosis [17]. An elevation of
the IgE concentration in non-allergic nasal polyps has been
described by several authors [18-20]. Notably, high levels
of IgE antibodies to Staphylococcus aureus enterotoxins
were detected in nasal polyps [21]. These results may point
to local IgE synthesis. We and Cameron et al. [22, 23] dem-
onstrated a local isotype switching to IgE in the nasal
mucosa using molecular technology at the same time. IgE
was produced by plasma cells that had differentiated from
IgE-positive B-cells. Interestingly, plasma cells undergoing
apoptosis were rescued by fibroblasts [24]. Fibroblasts are
also efficient at maintaining germinal center B-cell survival
[25]. Thus, induction of apoptosis in nasal fibroblasts might
contribute to the decrease of IgE production in the nasal
mucosa and polyps.

Although the Bax/Bcl2 balance is important in B-cells,
T-cells, dendritic cells, and epithelial cells, susceptibility to
the induction of apoptosis by corticosteroids may be cell-
specific. Treatment with dexomethasone in vitro did not
induce apoptosis in nasal epithelial cells {12]. No apoptosis
of epithelial cells was found following the oral administra-
tion of prednisolone in vivo [10], suggesting that nasal epi-
thelial cells may be resistant to corticosteroids. The
susceptibility to gene transfer varies. Since fibroblasts are
easily transfected with plasmid vectors, a number of labora-
tories prefer to use fibrablasts for experiments on gene
transfer. It is in general, difficult to transfect lymphocytes
with specific genes. When the bax gene is transferred
in vivo into the human nose, transfection might be success-
ful for only fibroblasts and epithelial cells. Although the
possible adverse effects of bax-gene transfer should be thor-
oughly investigated, we expect any such effects to be weak.
Continued development of replication-competent vectors
will likely determine the cell-specificity and efficacy of
gene transfer [26].

A potential phenotype of steroid-insensitivity is the
overexpression of a splice variant of the glucocorticoid
receptor (GR), designated GRbeta, in bronchial epithelial
cells [27]. An inverse correlation was reported between
baseline GRbeta expression and the anti-inflammatory
effects of steroids [28]. Another strategy of gene therapy for
nasal polyps is the use of antisense ologodeoxynucleotides
or RNAI of the grbera gene. Further studies are needed to
determine the syngenetic effect of bax-gene transfer, GRb-
eta gene-diminishment, and steroid administration,

While failures are inevitable, it is highly likely that gene
therapy approaches will be employed in the future treat-
ment of nasal polyps.

Acknowledgments We thank Ms. K. Uno (Department of Otorhino-
laryngology Head & Neck Surgery, University of Fukui) for the
excellent technical assistance. This work was supported in part by a
Grant-in Aid for Scientific Research (17390458} from the Japan
Society for the promotion of Science and (17220101) from Research
on Allergic Disease and Immunology of Ministry of Health, Labor and
Welfare in Japan.

References

1. Slavin RG (2002) Nasal polyps and sinusitis. Clin Allergy Immu-
nol 16:295-309
2. Buckley CD, Pilling D, Lord JM et al (2001) Fibroblasts regulate
the switch from acute resolving to chronic persistent inflammation.
Trends Immunol 22:199-204
3. Yamada T, Fujieda S, Yanagi S etal (2001) Protein-tyrosine
kinase Syk expressed in human nasal fibroblasts and its effect on
RANTES production. J Immunol 166:538-543
4. Takahashi N, Yamada T, Narita N et al (2006) Double-stranded
RNA induces production of RANTES and 1L-8 by human nasal
fibroblasts. Clin Immunol 118:51-58
5. Yamada T, Fujieda S, Mori S et al (2000) Macrolide treatment
decreased the size of nasal polyps and IL-8 levels in nasal lavage.
Am J Rhinol 14:143-148
6. Brunetti M, Martelli N, Colasante A et al (1995) Spontaneous and
glucocorticoid-induced apoptosis in human mature T lympho-
cytes. Blood 86:4199-4205
7. Lanza L, Scudeletti M, Puppo F et al (1996) Prednisone increases
apoptosis in in vitro activated human peripheral blood T lympho-
cytes. Clin Exp Immunol 103:482-490
8. Lildholdt T, Rundcrantz H, Bende M et al (1997) Glucocorticoid
treatment for nasal polyps. The use of topical budesonide powder,
intramuscular betamethasone, and surgical treatment. Arch Oto-
laryngol Head Neck Surg 123:595-600
9. Watanabe K. Shirasaki H, Kanaizumi E et al (2004) Effects of glu-
cocorticoids on infiltrating cells and epithelial cells of nasal pol-
yps. Ann Otol Rhino! Laryngol |13:465-473
10. Fan GK, ltoh T, Imanaka M et al (2000) Eosinophilic apoptosis in
sinus mucosa: relationship to tissue eosinophilia and its resolution
in allergic sinusitis. J Allergy Clin Immunol 106:551-558
11. Hirano S, Asano K, Namba M et al (2003} Induction of apoptosis
in nasal polyp fibroblasts by glucocorticoids in vitro. Acta Otolar-
yngol 123:1075-1079
12. Saunders MW, Wheatley AH. George SJ et al (1999) Do cortico-
steroids induce apoptosis in nasal polyp inflammatory cells?
In vivo and in vitro studies. Laryngoscope 109:785-790
13. Sugimoto C, Fujieda S, Seki M et al (1999) Apoptosis-promoting
gene (bax) transfer potentiates sensitivity of squamous ceil carci-
noma to cisplatin in vitro and in vivo. Int J Cancer 82:860-867
14, Usui K, Saijo Y, Narumi K et al (2003) N-terminal deletion aug-
ments the cell death-inducing activity of BAX in adenoviral gene
delivery to nansmall cell lung cancers. Oncogene 22:2655-2663
15. Oltvai ZN, Milliman CL, Korsmeyer SJ (1993) Bcl-2 heterodimer-
izes in vivo with a conserved homolog, Bax, that accelerates pro-
grammed cell death. Cell 74:609-619
16. Yamada T, Fujieda S, Yanagi S etal (2001) IL-1 induced
chemokine production through the association of Syk with TNF
receptor-associated factor-6 in nasal fibroblast lines, J Immunol
167:283-288
17. Diaz-Sanchez D, Dotson AR, Takenaka H etal (1994) Diesel
exhaust particles induce local 1gE production in vivo and alter the
pattern of IgE messenger RNA isoforms. J Clin Invest 94:1417~
1425

@ Springer
Large 405 1053 XXXX Dispatch: 15.7.09 No. of Pages: 6
Journal Article MS Code LE DO TYPESET (1 CP&  DISK

227

344
345
346
347
348
349
350

351

352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
3717
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404



Gy
o]
N
e
A
oS
=
c
=
=
o

405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

Eur Arch Otorhinolaryngol

18. Hamilos DL, Leung DY, Huston DP et al (1998) GM-CSF, IL-5 23. Cameron L, Durham SR, Jacobson MR et al (1998) Expression of
and RANTES immunoreactivity and mRNA expression in chronic 1L-4, Cepsilon RNA, and lepsilon RNA in the nasal mucosa of pa-
hyperplastic sinusitis with nasal polyposis. Clin Exp Allergy tients with seasonal rhinitis: effect of topical corticosteroids.
28:1145-1152 } Allergy Clin Immunol 101:330-336

19. Kramer MF, Ostertag P, Pfrogner E et al (2000) Nasal interleukin- 24. Levi-Schaffer F, Rubinchik E (1995) Activated mast cells are fibr-
5. immunoglobulin E, eosinophilic cationic protein, and soluble ogenic for 3T3 fibroblasts. J Invest Dermatol 104:999-1003
intercellular adhesion molecule-1 in chronic sinusitis, allergic rhi- 25. Merville P, Dechanet J, Desmouliere A et al (1996) Bcl-2+ tonsil-
nitis, and nasal polyposis. Laryngoscope 10:1056-1062 lar plasma cells are rescued from apoptosis by bone marrow fibro-

20. Hirschberg A, Jokuti A, Darvas A) et al (2003) The pathogenesis blasts. J Exp Med 183:227-236
of nasal polyposis by immunoglobulin E and interleukin-5 is com- 26. Wierdl M, Potier PM (2005) Update on gene therapy approaches
pleted by transforming growth factor-betal. Laryngoscope for cancer. Curr Hematol Rep 4:294-299
113:120-124 27. Sousa AR, Lane SJ, Cidlowski JA etal {2000) Glucocorticoid

21. Gevaert P, Holtappels G, Johansson SG et al (2005) Organiza- resistance in asthma is associated with elevated in vivo expression
tion of secondary lymphoid tissue and local IgE formation to of the glucocorticoid receptor beta-isoform. J Allergy Clin Immu-
Staphylococcus aureus enterotoxins in nasal polyp tissue. nol 105:943-950
Allergy 60:71-79 28. Hamilos DL, Leung DY, Muro S et al (2001) GRbeta expression

22. Fujieda S, Diaz-Sanchez D, Saxon A (1998) Combined nasal chal- in nasal polyp inflammatory cells and its relationship to the anti-
lenge with diesel exhaust particles and allergen induces in vivo inflammatory effects of intranasal fluticasone. J Allergy Clin
1gE isotype switching. Am J Respir Cell Mol Biol 19:507-512 immunol 108:59-68

@ Springer

w Large 405 1053 XXXX Dispatch: 15.7.09 No. of Pages: 6
Journal Article MS Code LE O TYPESET (1 CP®  DISK

228

424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442



Original Paper

nternatianat Archwes of

Allergy..
Immuno (%y

Int Arch Allergy Immunol 2010;151:255-261
DOI: 10.1159/000242363

Received: July 7, 2008
Accepted after revision: May 25, 2009
Published online: September 29, 2009

Prevalence of Allergic Rhinitis and
Sensitization to Common Aeroallergens

in a Japanese Population

Masafumi Sakashita®® Tomomitsu Hirota® Michishige Harada?

Reiichiro Nakamichi® Tatsuhiko Tsunoda? Yoko Osawa® Akihiro Kojima®
Masayuki Okamoto® Dai Suzuki® Seita Kubo® Yoshimasa Imoto®
Yusuke Nakamura® Mayumi Tamari? Shigeharu Fujieda®

aCenter for Genomic Medicine, RIKEN, Yokohama, and ®Division of Otorhinolaryngology - Head and Neck Surgery,
Department of Sensory and Locomotor Medicine, Facuity of Medical Science, University of Fukui, Matsuoka, Japan

Key Words
Aeroallergen - Allergic rhinitis - Dust mite - Specific
human IgE - Japanese cedar pollen

Abstract

Background: Allergic rhinitis (AR} is recognized as a major
health problem worldwide, and its prevalence depends on
the age range of the subjects. The aims of this study were to
determine the current prevalence of AR, effects of age on
the prevalence of IgE sensitization to inhalant allergens, and
serum total IgE levels in Japanese subjects. Methods: We
conducted a survey of 1,540 subjects between 20 and 49
years of age in 2006 and 2007 and examined the prevalence
of AR and sensitization to 7 common aeroaltergens. We mea-
sured serum total IgE and specific IgE to 7 aeroallergens. AR
was determined based on symptoms, predominantly in the
nose and eyes, caused by aeroallergens as mentioned in a
questionnaire and sensitization to any of the 7 aeroallergens
as assessed by measurement of serum specific IgE. Results:
The prevalence of AR was 44.2% (681 of the 1,540 subjects)
and there was no difference among age decades. Of the

1,540 subjects, 1,073 (69.7%) were sensitized to at least 1 of
the 7 aeroallergens. The most common allergen in AR was
Japanese cedar pollen (89.6%, 610 of the 681 with AR) in all
the age decades examined. The sensitization rate to mites
was significantly higher in the younger subjects. Conclu-
sion: Our data suggest that the prevalence of AR between
20 and 49 years of age has increased by nearly 10% during
the last 10 years. Cedar pollen and mites were predominant
allergen sources among the 7 aeroallergens in the Japanese
population. Copyright © 2009 S. Karger AG, Basel

Introduction

Allergic rhinitis (AR), the most common type of rhi-
nitis, is a heterogeneous disorder that significantly im-
pairs the patient’s quality of life, and its prevalence has
markedly increased in recent decades {1, 2]. Epidemio-
logic and serological studies have provided valuable in-
formation to develop effective strategies for the preven-
tion and treatment of the disease [3-6]. Japanese cedar
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pollinosis (JCP) is a common allergic disease, and the in-
crease in its prevalence is a major public health problem
in Japan [7]. Several epidemiologic studies have been con-
ducted on JCP [8-11]. Sakurai et al. [9] reported the prev-
alence and risk factors of AR and JCP among 2,307 Japa-
nese men; the prevalence rates of AR, seasonal rhinitis
and JCP were 35.5, 28.8 and 11.0%, respectively, in 1998.
Kaneko et al. {10] conducted a meta-regression analysis
of 38 population-based surveys in Japan. The prevalence
of JCP among adolescents in the general population was
estimated at 28.7% in metropolitan areas and 24.5% in
urban areas in the year 2004. The study also reported that
the prevalence of JCP increased 2.6-fold between 1980
and 2000. To monitor the prevalence of sensitization is
useful for understanding AR and developing preventive
measures.

In AR, an IgE-mediated response to allergens is trig-
gered and characterized by type-2-helper-T-cell-depen-
dent inflammation [12]. Allergen-specific IgE is a critical
factor in the mechanism of AR. Serum allergen-specific
IgE results closely correlate to those of skin tests and na-
sal challenges. Allergen-specific IgE tests are highly spe-
cific and sensitive. One of their advantages is that drugs
and skin diseases do not influence the measurement {1].

Sensitization is an important risk factor for developing
allergic disease [13]. Epidemiological investigation of AR
is important to clarify its etiology and develop appropri-
ate preventive and therapeutic techniques. There have
been few epidemiological studies on the age effect on the
prevalence of AR and IgE sensitization to inhalant aller-
gens, and serum total IgE levels in Japanese subjects.
Therefore, we conducted an epidemiological study on a
total of 1,540 subjects aged 20-49 years. The protocol
comprised a questionnaire, measurement of total serum
IgE antibodies and allergen-specific IgE antibodies
against 7 aeroallergens in 2006 and 2007. The major find-
ings of this study are the prevalence of allergic sensitiza-
tion and AR, the age effect on them, and total serum IgE
and AR, and the related age effect.

Material and Methods

Study Subjects

A total of 1,540 subjects were recruited from residents of Ei-
heiji-cho and the cities of Fukui, and Echizen in Fukui prefecture,
in the central Hokuriku area of Japan in May and June of both
2006 and 2007. In that area, Japanese cedar pollen counts are at
the average level of the islands of Honshu; Shikoku and Kyushu
[7). The 1,540 subjects were workers of 4 hospitals and students of
nursing and medical colleges in the University of Fukui. The
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number of females was higher than that of males (mean age, 32.1
years; range, 20-49 years; male:female ratio, 1.0:2.40; mean se-
rum IgE level, 233.8 IU/m}; median serum IgE level, 73.5 IU/ml).
The participants were recruited during their annual health check-
up in 2006 or 2007; 13 subjects did not agree to participate in this
survey. Reasons for nonparticipation were lack of interest or time.
All of the 1,540 participants agreed to measurement of serum to-
tal IgE and specific IgE to 7 aeroallergens and to answer a ques-
tionnaire. Blood collection and the questionnaire survey were
performed at the same time after informed consent was received.
We did not conduct a follow-up survey in this study. The diagno-
sis of AR was confirmed by seasonal or perennial symptoms of
rhinitis consisting of any combination of the following: nasal
itching, sneezing, discharge and stuffiness caused by inhalation
of aeroallergens, reported on a questionnaire. All of the subjects
with AR were also positive for serum-specific IgE to 1 or more of
the 7 aeroallergens. All individuals were unrelated Japanese indi-
viduals and gave written informed consent to participate in the
study according to the rules of the ethics committees of the Fac-
ulty of Medical Science, University of Fukui and the Institute of
Physical and Chemical Research (RIKEN).

Measurement of Serum Levels of Specific IgE Antibodies

Specific IgEs to 7 aeroallergens, Cryptomeria japonica, Der-
matophagoides pteronyssinus (Der p), Dermatophagoides farinae
(Der f), Dactylis glomerata, Ambrosia artemisiifolia, Candida al-
bicans and Aspergillus fumigatus were measured with a Pharma-
cia CAP System (Pharmacia CAP, Upsala, Sweden) (table 1). Al-
lergen sensitization was classified as positive if the allergen-spe-
cific serum IgE level was above 0.7 (CAP RAST score of 2).

Statistical Analysis

To clarify the age-specific prevalence of AR and sensitization
to the 7 aeroallergens examined, patients were divided into 3 age
groups, the 20s (20 to <30 years), 30s (30 to <40 years) and 40s (40
to <50 years). We then compared differences in frequencies of
sensitization to each of the 7 aeroallergens among these age groups
by using the Kruskal-Wallis test and then by individual testing
using the Mann-Whitney U test if significant. Serum total IgE
was analyzed at a quantitative level, and log-transformed indi-
vidual serum IgE levels were used in the figures. Correlations of
total IgE levels and age were analyzed by Spearman’s test. p < 0.05
was considered statistically significant. Logistic regression analy-
sis was implemented for the AR and sensitization to assess the
effects of gender, age and total serum IgE (SPSS 14.0], SPSS, Inc.,
Chicago, 111, USA).

Results

Prevalence of Allergic Sensitization and AR

Positive sensitization refers to an allergen-specific se-
rum IgE level >0.7 (CAP RAST score of 2). The preva-
lence of allergic sensitization to each allergen tested is
presented in table 1. Of the 1,540 subjects, 1,073 (69.7%)
exhibited positive sensitization to at least 1 aeroallergen
(fig. 1). A total of 467 of the 1,540 subjects (30.3%) showed
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Fig. 2. Age effects on the prevalence of AR )
and sensitization to Japanese cedar pol-
len.

no sensitization to any of the 7 aeroallergens examined
(fig. 1). Seven hundred subjects (45.3%) were sensitized to
C. japonica, (Japanese cedar, JC) pollen, thus accounting
for 65.3% of the 1,073 subjects with positive sensitization
to aeroallergens. Of the 1,073 subjects, 627 (58.5%) were
sensitized to mites. Thus, JC pollen and mites were the
two predominant aeroallergens among the 7 tested aero-
allergens (fig. 1).

Of the 1,540 participating subjects, 681 (44.2%) had
symptoms of AR at the time of the survey (fig. 2). The
prevalence of JCP was 36.7% (566 of the 1,540 subjects) in
this study (fig. 2). The positive rates for specific IgE anti-
bodies to Japanese cedar pollen were 89.6% (610 of 681)
in the AR group and 28.5% (245 of 859) in the no-symp-
tom group (fig. 3). Of the 681 AR subjects, 167 (24.5%)
were sensitized to only Japanese cedar pollen (fig. 3).

AR and Sensitization to Aeroallergens in
Japan
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Age Effect on the Prevalence of Allergic Sensitization

and AR

We found significant associations between the allergic
sensitization to the 7 aeroallergens and the age groups
(table 1) (p = 0.0019 by the Kruskal-Wallis test). More
subjects were sensitized to Japanese cedar pollen than to
any other of the 7 tested allergens in each age group (ta-
ble 1). The sensitization rates to Japanese cedar pollen
were 59% (421 of 711 subjects), 52% (226 of 435) and 53%
(208 of 394) for subjects in their 20s, 30s and 40s, respec-
tively. We found a significant association between sensi-
tization to Japanese cedar pollen and the age range of the
subjects (p = 0.015 by the Mann-Whitney U test) (table 2).
The sensitization rate against mites, Der p and/or Der f,
was higher for those in their 20s (50%, 355 of 711 sub-
jects), than for those in their 30s (41%, 179 of 435) and 40s
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Numbers of W JCP and other aeroallergens
subjects B Positive for any aeroallergens except JCP
1 Negative for all of the 7 aeroallergens
Subjects B
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72 173 147 467
(8.4%) (201%)  {17.1%) (54.4%)
Subjects
with AR
167 443 71
{24.5%) (65.1%) (10.49%)
Fig. 3. Prevalence of AR and sensitization 0 10 20 30 40 50 60 70 80 90 100 (%)
to Japanese cedar pollen.
Table 1. Prevalence of sensitization to 7 aeroallergens according to age group
 Total(n=1540) - 20s(n=711)  30s(n=435)  40s(n=394)
Cryptomeria japonica 855 (56) 421 (59) 226 (52) 208 (53)
Dermatophagoides pteronyssinus 625 (41) 345 (49) 174 (40) 106 (27)
Dermatophagoides farinae 622 (40) 342 (48) 168 (39) 112 (28)
Dactylis glomerata 352(23) 198 (28) 90 (21) 64 (16)
Ambrosia artemisiifolia 137 (9) 67 (9) 45 (10) 25 (6)
Candida albicans 82 (5) 43 (6) 24 (6) 15 (4)
Aspergillus fumigatus 34 (2) 25 (4) 8(2) 1(0.3)
Figures in parentheses are percentages.
Table 2. Age effects on sensitization to JCP, dust mites and Dactylis glomerata
Aecroallergen - Sensitization 208 (n=711) :’i_’:'y.’:,f)s (n=435)  40s (n=394) p yai;ie
Cryptomeria japonica positive 421 (59) 226 (52) 208 (53) 0.015
negative 290 (41) 209 (48) 186 (47)
Dust mites positive 355 (50) 179 (41) 115 (29) 39x 107!
negative 356 (50) 256 (59) 279 (71)
Dactylis glomerata positive 198 (28) 90 (21) 64 (16) 48x10°
negative 513(72) 345 (79) 330 (84)

Figures in parentheses are percentages. p value as obtained by the Mann-Whitney U test.

(29% 115 of 394), (p < 0.001 by the Mann-Whitney U test)
(table 2). The prevalence of sensitization to D. glomerata
was also higher in those in their 20s (28%, 198 of 711 sub-
jects) than in those in their 30s (21%, 90 of 435) and 40s
(16%, 64 of 394) (p < 0.001 by the Mann-Whitney U test)
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(table 2). AR was confirmed in 311 of the 711 subjects
(43.7%) in their 20s, 197 of the 435 (45.3%) in their 30s
and 173 of the 394 (43.9%) in their 40s (fig. 2). There was
no significant difference in the prevalence of AR among
the age groups.
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Fig. 5. Age effects on serum total IgE levels in subjects with AR
and non-AR,

Total Serum IgE and AR, Sensitization, and Age Effect

There were 304 subjects (19.7%) who had high total IgE
levels (=250 IU/ml), and the prevalence of AR in this
group was 60.2% (183 of the 304). However, the preva-
lence of AR of subjects with normal total IgE (<250 IU/
ml) was 40.3% (498 of 1,236) (fig. 4).

The serum total IgE level was analyzed at a quantita-
tive level (fig. 5). The means of log,o [total IgE (IU/ml)]
and standard deviations of all 1,540 subjects, subjects
without AR and subjects with AR were 1.87 [=logo (74.1
IU/ml)] * 0.65, 1.69 [= logyo (49.0 IU/ml)] * 0.67 and
2.09 [=logyo (123.0 IU/ml)] % 0.53, respectively.

We investigated the correlation between this level and
age using Spearman’s rank correlation coefficient (fig. 5).

AR and Sensitization to Aeroallergens in
Japan

the total IgE level and age in the AR group (rs = -0.21,
p < 0.01) (fig. 5). Total IgE levels were higher in younger
subjects than in older subjects in the AR group. The re-
sults of the stepwise logistic regression analysis for posi-
tive sensitization to 1 or more of the 7 aeroallergens
showed significant effects of total IgE (Wald statistic =
153,5, d.f. = 1, p < 0.001) and age (Wald statistic = 9.5,
d.f. = 1, p = 0.002), but no effect of gender. There was no
significant effect of age, gender, or total IgE on AR by lo-
gistic regression analysis.

Discussion

Estimates of the latest prevalence provide valuable in-
formation to develop effective strategies for the preven-
tion and treatment of disease. We conducted an epide-
miologic survey of AR and examined the sensitization
rates against 7 aeroallergens by measuring the serum-
specific IgE of 1,540 subjects aged between 20 and 49
years in a Japanese population in 2006 and 2007. The
population aged between 20 and 49 years represented
38.8% of the population of Japan in 2008 according to
current population estimates by the Ministry of Internal
Affairs and Communications (http://www.stat.go.jp/
english/data). We also examined the role of age effects on
the prevalence. In this study, 681 of the 1,540 subjects
(44.2%) were diagnosed as having AR. Increases in prev-
alence of AR and asthma have been reported by studies
of relatively large populations in the United States, Great
Britain, Australia and New Zealand, with cross-referenc-
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es to earlier relevant studies, and the recent AR preva-
lence in these studies ranged from 23 to 28% (14]. The
International Study of Asthma and Allergies in Child-
hood in 1997 reported that the prevalence of rhinocon-
junctivitis varied across centers from 0.8 to 14.9% in 6-to
7-year-olds and from 1.4 to 39.7% in 13- to 14-year-olds
(15]. In an Aberdeen population study on 3,537 subjects,
the prevalence of hay fever increased significantly from
1994 (13%) to 1999 (15%) [16]. In Japan, Sakurai et al. [9]
showed that the prevalence rates of AR, seasonal rhinitis
and JCP were 36, 29, and 11%, respectively, and age was a
negative risk factor for all allergic conditions. The sub-
jects of the study consisted of 2,307 male railway employ-
ees who underwent a health examination from February
to May 1995 (mean age, 41.4 years; range, 19-65 years).
In the study, AR was determined from self-reported AR
or from the seasonal nasal symptoms, and JCP was de-
fined as the presence of cedar-specific IgE positivity
among subjects with seasonal rhinitis. The prevalence of
AR in this study was 44.2% (681 of the 1,540 subjects),
which is higher than in previous reports. However, there
was no difference of prevalence between 20 and 49-year-
olds. Interestingly, the prevalence of AR in subjects aged
30-39 years was 42.7% in a study conducted in 1995 [9].
These subjects aged 30-39 years in 1995 were 40-49 years
old in 2005. The prevalence of AR in this study for sub-
jects from 40 to 49 years of age was 43.9%, and there was
no difference in the prevalence between the studies. The
prevalence among this age group did not markedly in-
crease during the last 10 years. Further etiological studies
in independent populations or those aged less than 20
years and elderly populations are needed to determine
the effects of age on the susceptibility to AR.

In the present study, a total of 859 subjects (859/1,540,
55.8%) had no symptoms of AR; however, among them,
392 subjects (392/859, 45.6%) were already sensitized to
one or more of the 7 test aeroallergens. It is generally rec-
ognized that sensitization to any allergen is an important
risk factor for developing allergic diseases; however, those
sensitized subjects had no symptoms of AR.

The present study has shown that a total of 167 of 681
subjects with AR (24.5%) were sensitized to JC pollen and
not to the other 6 test aeroallergens. Allergen-specificim-
munotherapy is established as an effective treatment for
patients with IgE-mediated reactions, and it has been
widely used as a desensitizing therapy for AR {17, 18]. Spe-
cific immunotherapy retrospectively reduces new sensi-
tization in monosensitized subjects suffering from AR
[19]. Subjects with monoallergen sensitization appear to
be good candidates for immunotherapy.
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Among the 681 subjects with AR, 451 (66.2%) were
sensitized to multiple (two or more) aeroallergens, and
385 (56.5%) were sensitized to dust mites. Although our
data strongly indicated an important role of JCP in AR, a
significantly higher prevalence of sensitization to dust
mites was observed in younger subjects. Dust mites, an
indoor allergen, have a predominant impact on asthma,
and a recent population-based study has shown that dust
mite sensitization is a significant risk factor for develop-
ing the disease [20]. Another recent study, a long-term
(23-year) follow-up study of university students, has
shown that sensitization to pollen leads to an increased
risk of developing asthma [21]. A limitation of our study
was the lack of longitudinal data. To clarify factors that
increased the risk of developing new AR or bronchial
asthma, further cohort analyses should be conducted re-
garding the involvement of the sensitized allergens in air-
way allergic inflammation.

A recent etiological study in an unselected rural Chi-
nese population tested sensitization to 14 allergens, in-
cluding 5 aeroallergens (dust mite, cockroach, Alternaria
tenuis, dog epithelia, and cat hair) by skin prick tests.
2,118 subjects whose ages ranged from 11 to 71 years were
tested (43.3% were children between 11 and 17 years old)
[22]. The study showed that 41.1% of the children were
sensitized to 1 or more aeroallergens, and 36.5% of the
adult subjects aged =18 years were sensitized [22]. The
most common sensitizing aeroallergen in the Chinese
study was dust mites (30.6%) [22]. In meta-analyses using
data from 12,687 subjects aged 20-44 years in the Euro-
pean Community Respiratory Health Survey conducted
in 2002, the highest prevalence of sensitization was found
for the house dust mite (20.2%) [23]. In the present study,
of the 1,540 subjects, 1,073 (69.7%) were sensitized to at
least 1 of the 7 aeroallergens, and 855 (55.5%) and 649
(42.1%) were sensitized to Japanese cedar pollen and dust
mites, respectively.

Severallimitations of this survey should be mentioned.
The survey is likely to be fraught with a certain recruit-
ment bias. In general, individuals affected by a specific
disease are more willing and interested in a study. How-
ever, only 13 subjects (0.84%) did not agree to participate
in this survey whereas 1,540 subjects agreed to assays of
serum total IgE and specific IgE for the 7 aeroallergens
and to answer the questionnaire in the present study.
Hospital workers, nursing and medical students might
not be representative of the general population and there
might have been a population selection bias with regard
to socioeconomic status and higher education. Previous
studies in various countries have reported an increased
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occurrence of asthma among specific groups of health-
care workers [24-26). Thus, selection bias might have had
an influence on the higher prevalence of sensitization to
1 or more aeroallergens (69.7%) and of AR (44.2%) in our
study.

Although a population selection bias might reduce the
generalizability of the study, we showed here that the
prevalence of AR has increased and that Japanese cedar
pollen and dust mites were the predominant allergen
sources among the 7 tested allergen sources in the Japa-
nese population. However, further study is needed using
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Introduction

Summary

Allergic rhinitis is a common airway disease characterized by hypersensitiv-
ity, exudation, hypersecretion, inflammatory cell infiltration and remodel-
ling. Intranasal glucocorticosteroids are the most effective drugs for
controlling the inflammation caused by allergic rhinitis. Glucocorticoster-
oids exert anti-inflammatory effects through at least two pathways: the
transactivation pathway and the transrepression pathway. Glucocorticoster-
oids also exert regulatory functions by inducing regulatory cytokines and
forkhead box P3 (FoxP3*) regulatory T cells. Evidence suggests that intra-
nasal glucocorticosteroids control not only nasal symptoms but also ocular
symptoms. In contrast to sedating H1 receptor antagonists, intranasal glu-
cocorticosteroids can improve impaired performance symptoms, such as
daytime sleepiness, associated with allergic rhinitis. Recent studies suggest
that intranasal glucocorticosteroids might also be useful for the prophylactic
treatment of pollinosis; this possibility is supported by the molecular
mechanism of the anti-inflammatory action of glucocorticosteroids. These
findings suggest that intranasal glucocorticosteroids might be positioned as
first-line drugs for the treatment of both perennial and seasonal allergic
rhinitis.

Keywords: impaired performance, intranasal glucocorticosteroids, ocular
symptoms, regulatory T cells

AR. We also discuss the usefulness and pitfalls of INS in the
clinical setting and assess the current status of INS for the

Allergic rhinitis (AR) is a common manifestation of allergic
diseases, affecting approximately 500 million people world-
wide [1]. AR is increasing in prevalence. For example, the
prevalence of AR in Japan increased from 29-8% in 1998 to
39:4% in 2008. The prevalence of pollinosis, the typical sea-
sonal AR, has been increased from 19-6% in 1998 to 29-8% in
2008 [2].

AR is a major chronic inflammatory condition in the
upper airway characterized by hypersensitivity, exudation,
hypersecretion, inflammatory cell infiltration and remodel-
ling [3]. Although glucocorticosteroids (GC) are highly
effective in mitigating inflammation, their potent action
often causes severe adverse effects {4,5). To decrease the
potential for adverse effects, intranasal glucocorticosteroid
(INS) formulations with low systemic availability have been
developed for the treatment of allergic rhinitis {6].

In this review, we discuss the pathophysiology of allergic
rhinitis and the mechanism of action of GC, including the
induction of regulatory T cells (T.), in the pathogenesis of
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treatment of AR,

Pathophysiology of AR

Pathogenesis of AR

Most causal antigens for AR are inhalant allergens. House
dust mite, animal dander and pollens are the principal
allergens. Many allergens, including the major house dust-
mite allergen, Der p 1, have protease activity that impairs
epithelial barrier function and facilitates the penetration of
allergens into nasal mucosa {7]. Following nasal exposure
to the inhalant allergens, professional antigen-presenting
cells in the nasal mucosa, such as dendritic cells (DC),
capture the allergens and provide two distinct signals, the
allergen-derived peptide/MHC complex and co-stimulatory
molecules such as CD80 and CD86, to naive T cells [8-10].
Allergen-specific T helper type 2 (Th2) cells are generated
in patients with AR, whereas allergen-specific Thl cells are
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generated in healthy individuals [11,12]. Early interleukin
(IL)-4 and thymic stromal lymphopoietin (TSLP) pro-
duced by basophils in response to allergens with protease
activity may contribute to Th2 differentiation [12]. Th2
cells produce I[L-4/1L-13 and express CD40L, which
promote the class-switching of B cells lo immunoglobulin
(Ig)E [13,14]. When sensitized subjects inhale antigens, the
antigens pass through the epithelial tight junctions in the
nasal mucosa to hind IgE on the surface of mast cells in the
epithelial layer of the nasal mucosa, inducing the release of
chemical mediators including histamine, prostaglandins
and cysLTs by aggregation of FceRI. Histamine regulates
tight junctions via the coupling of HI1 receptors and
increases paracellular permeability [15]. This increased per-
meability allows DC to penetrate epithelial tight junctions
easily and enhance antigen presentation to T cells [16]. The
early-phase response, which consists of sneezing, rhinor-
rhoea and nasal congestion, is caused by interactions
between chemical mediators and the sensory nerve termi-
nals and blood vessels in the nasal mucosa [17].

After the nasal exposure to allergen, infiltration of inflam-
matory cells, such as activated eosinophils and Th2 cells, into
the nasal mucosa is induced by cytokines, chemical media-
tors, chemokines and growth factors [ 18,19]. Cytokines such
as IL-5, IL-4, IL-13 and granulocyte-macrophage colony-
stimulating factor (GM-CSF) are produced mainly in Th2
cells and mast cells; however, eosinophils also have the poten-
tial to produce these cytokines [18,20,21]. Chemical media-
tors such as platelet-activating factor (PAF), leukotriene B4
(LTB,), cysteinyl leukotrienes (cysLTs) and thromboxane A;
(TXA.) are also released mainly from mast cells and eosino-
phils [17,20]. Chemokines such as eotaxin, regulated upon
activation normal T cell expressed and secreted (RANTES)
and thymus and activation regulated chemokine (TARC) are
produced mainly in fibroblasts, epithelial cells and vascular
endothelial cells [22]. Prointlammatory cytokines such as
tumour necrvosis factor (TNF)-o from mast cells and
eosinophil-derived granules such as eosinophil cationic pro-
teins are also produced and participate in allergic inflamma-
tion [23,24}. The sensitivity of the nasal niucosa to different
stimulants increases along with the progress of allergic
inflammation in the nasal mucosa; this increased sensitivity is
referred to as the priming effect [25]. The secondary reaction
with inflammatory cells and their mediators, especially the
cysLTs produced by eosinophils, causes oedema of the nasal
mucosa | 26}. This inflammation, which develops 6—10 h after
the allergen challenge, is referred to as the late-phase response
[17]. Management of allergic rhinitis should be determined
based on its mechanism (Fig. 1).

Onset of three major AR symptoms

Sneezinig, Sensory nerves containing substance P (SP) and
calcitonin gene-related peptide (CGRP) are distributed
throughout the epithelial and subepithelial layers of the nasal

Intranasal glucocorticosteroids

mucosa [27]. Sensory nerve terminals are located in the epi-
thelial junctions and subepithelial layers. In the guinea pig
model of allergic rhinitis, the sneezing reflex following aller-
gen challenge is inhibited significantly by pretreatment with
capsaicin, which depletes SP and CGRP from the nasal
mucosa [28]. When various chemical mediators are applied
to the nasal mucosa, histamine is the only mediator that
induces a significant sneezing reflex [28,29]. Therefore, the
sneezing reflex following allergen challenge is a respiratory
reflex induced by the interaction between histamine and the
H1 receptor at the sensory nerve terminals containing SP
and CGRP and might be a sensory stimulation response
amplified by hyperreactivity in the nasal mucosa [25].

Rhinorrhoea. Synchronously with the sneezing reflex,
sensory stimulation on the nasal mucosa induces excitation
reflexively in the parasympathetic centre. After allergen chal-
lenge on the hemilateral nasal mucosa of patients with aller-
gic rhinitis, the weight of rhinorrhoea induced in both sides
of nasal cavities is correlated with the number of sneezes. In
addition, the weight of rhinorrhoea in the nasal cavity with
allergen challenge is correlated with that on the opposite
side. Therefore, rhinorrhoea can be regarded as the secretion
from the mucous glands by parasympathetic stimulation
[30]. Furthermore, allergic inflammation induced by nasal
allergen exposure augments this ‘naso-nasal’ reflex {31]. Pos-
sible mechanisms for sensory nerve hyperresponsiveness
include the increased release of nerve growth factor during
allergic inflammation [32].

Chemical mediators including histamine, cysLTs, and PAF
induce plasma exudation directly from the blood vessels in
the nasal mucosa, which constitutes a part of rhinorrhoea.
However, only 4-15% of total rhinorrhoea is attributed to
plasma exudation, according to calculations based on the
albumin concentration in the rhinorrhoea induced by aller-
gen challenge {33].

Nusal congestion. The underlying causes of nasal congestion
in the early phase of allergic rhinitis are the relaxation of the
smooth muscle layer of capacitance vessels in the nasal
mucosa and the interstitial oedema induced by plasma exu-
dation. Swelling of the nasal turbinate is induced by the
parasympathetic reflex and the axon reflex through the nerve
centre and the direct effects of the chemical mediators on the
vascular system. Dilation of the capacitance vessels and
plasma exudation after excitation of the parasympathetic
centre are caused by the nitric oxide (NO) released from
parasympathetic terminals and vascular endothelial cells
[34). However, the participation of the nerve reflex in nasal
turbinate swelling after allergen challenge is minor compared
with the direct effects of chemical mediators, such as hista-
mine, cysLTs, PAF and prostaglandin D, (PGD,) and kinin, on
the vascular system in the nasal mucosa [35,36]. Nasal con-
gestion in the late phase is induced by the allergic inflamma-
tion, as described above.
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Fig. 1. Pathophysiology of allergic rhinitis as described in Practical Guideline for Management of Allergic Rhinitis in Japan (PG-MARJ). After
allergens arc inhaled into the nasal mucosa of sensitized subjects, they bind to immunoglobulin (Ig)E on the surface of mast cells, inducing the

release of chemical mediators including histamine, prostaglandins and cysteinyl leukotrienes (cysLTs) by aggregation of FeeRI. Histamine regulates

tight junctions by coupling the H1 receptor, which increases paracellular permeability. The early-phase response, which is characterized by sneezing,

vhinorrhoea and nasal congestion, is the response of the sensory nerve terminals and blood vessels on the nasal mucosa to these chemical
mediatars. After the nasal exposure to allergen, infiltration of inflammatory cells, such as activated eosinophils and T helper type 2 (Th2) cells, into
the nasal mucosa is induced by chemoattractant factors such as cytokines including interleukin (11)-5, chemical mediators including cysL'Ts and
chemokines including cotaxin. Oedema of the nasal mucosa develops as a secondary reaction with inflammatory cells. This inflammation, referred

to as the late-phase response, develops 6-10 h after allergen challenge and causes prolonged nasal congestion.

Mechanisms of glucocorticosteroid

Molecular level

At the molecular level, the effects of GC begin when GC
crosses the cell membrane and binds to the intracellular
glucocorticosteroid receptor {GR) [37]. Cytoplasmic GR is
maintained in an inactive form by heat shock protein
(hsp)90 and hsp70 [38,39]. Binding of GC dissociates the
hsps, allowing the GR complex to translocate into the
nucleus or interact with cytoplasmic transcriptional factors.
An alternative splicing variant, GRB, lacks the ability to bind
GC [40]. GRB forms heterodimers with the wild-type GR
(GRor) and may act as an inhibitor of GRat. Tn atopic nasal
tissue, staphylococcal enterotoxin induces GRP expression
and steroid resistance [41].

GC exerts its anti-inflammatory effects through at least
two pathways, transactivation and transrepression [42].
Transactivation occurs when the receptor complex binds to
the glucocorticasteroid-response elements (GRE) in the
promoter regions of glucocorticosteroid-responsive genes,
which encode anti-inflammatory genes such as annexin 1,
IxB and CD163 {43]. Alternatively, the GR complex represses

the transcription of proinflammatory genes by protein—
protein interactions such as GR-nuclear factor kappa B
(NFxB) and GR-activator protein 1 (AP-1) [44]. Evidence
for a co-activator competition model of transrepression
involving CBP/p300 was first provided for GR transrepres-
sion of AP-1 target genes [45].

Cellular level (Fig. 2)

GC inhibits the functions of infiltrating inflammatory cells
and their recruitment into the nasal mucosa. GC inhibits the
maturation, cytokine production, FceRl expression and
mediator release of mast cells {46,47]. GC inhibits histamine
release from basophils {48,49], induces apoptosis of eosino-
phils [50] and reduces the recruitment of antigen-presenting
cells such as Langerhans cells [51]. GC decreases the
numbers of GATA-3" Th2 cells and the production of Th2
cytokines, such as 1L-4, IL-5, TL-6 and IL-13, while having
little effect on T-bet* Thl cells and the production of Thi
cytokines such as IL-2, IL-12 and interferon (IFN)-y[52,53].
Although the inhibitory effect of GC on B cell recruitment is
limited, GC inhibits class-switching to IgE in the nasal
mucosa [51,54].
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GC also has anti-inflammatory effects on nasal constitu-
tive cells, such as epithelial cells, fibroblasts, vascular endo-
thelial cells and glands. GC inhibits intercellular adhesion
molecule 1 (ICAM-1) expression [49] and GM-CSF produc-
tion [55] by nasal epithelial cells. GC down-regulates nasal
fibroblast functions, including basic fibroblast growth factor
(bEGF)-induced proliferation, TNF-o-induced ICAM-1
expression, TNF-o- or 1L-4-stimulated eotaxin release {56},
TNF-o-induced matrix metalloproteinase production {57}
and TNF-o-induced vascular endothelial growth factor
(VEGF) and bFGF production [58]. GC inhibits TNF-o-- or
IL-1B-stimulated E-selectin expression on nasal vascular
endothelial cells [59]. The effect of GC on vascular cel adhe-
sion molecule 1 (VCAM-1) expression on nasal vascular
endothelial cells is controversial [60,61]. The effect of GC on
vascular permeability reflects the inhibition of cellular
inflammatory processes indirectly rather than the direct
effect on nasal vascular endothelial cells [62].

Induction of regulatory cytokines and T

Among the cells with regulatory functions such as CD8?,
CD4CD8 and ¥8 T cells, CD4'CD25*forkhead box P3
(FoxP3") Try cells play a central role in immune tolerance
and immune homeostasis [63]. Ti are derived from the
thymus and the periphery [64]. The suppressive effect of
T 15 associated with expression of the transcription factor
FoxP3, which is used as a T, marker [65]. In addition, Ty
express high-affinity 11-2 receptor (CD25), and 1L-2 is vital
for the development and survival of T [64]. T... regulate
effector cells by cell-to-cell contact, the production of
inhibitory cytokines such as IL-10 and transforming
growth factor {TGF)-B, cytotoxicity mediated by perforins
and granzymes, and competition for T cell growth factors,
especially IL-2 [66].

The impaired expression or function of T, is involved
in the pathogenesis of allergic rhinitis. For example, regu-
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latory CD4°CD25" T cells from patients with birch polli-
nosis but not healthy controls were defective in down-
regulating birch pollen-induced IL-13 and IL-5 production
by CD4°CD25 T cells during the pollen season, while their
capacity to suppress IFN-y production and proliferation
was retained [67]. The ratio of FoxP3'/GATA binding
protein 3 (GATA-3") cells in nasal mucosa was decreased
significantly in patients with pollinosis as compared with
healthy controls outside the pollen season, and the ratio
was decreased further during the pollen season in allergic
patients [53]. In addition, T are induced in both periph-
eral blood and nasal mucosa following allergen-specific
immunotherapy [68,69].

Treatment with GC induces Tey. FoxP3 mRNA expres-
sion in CD4' cells was increased significantly in adult asth-
matic patients receiving GC, and systemic GC treatment led
to an early increase in FoxP3 mRNA and T., expression
in patients with asthma [70]. Paediatric asthma patients
treated with GC also had an increased frequency of T, in
CD4* cells from peripheral blood and bronchoalveolar
lavage fluid (BALF). In addition, Te, in the BALF of asth-
matic patients failed to suppress proliferation and produc-
tion of Th2-associated cytokines by responder T cells,
which was restored after inhalation of GC [71]. FoxP3 and
IL-10 were down-regulated in nasal polyps compared with
control mucosa, and their expression was increased after
intranasal GC treatment [72]. We have demonstrated that
GC induced CD4" CD25" FoxP3' T, in dispersed nasal
polyp cells in the presence of IL-2, In fact, combined treat-
ment with GC and IL-2 expands T.. in vivo, and the
induced T. suppress the proliferation of responder
T cells in mice [73]. GC leads to the production of
glucocorticosteraid-induced leucine zipper (GILZ) by
dendritic cells; GILZ is critical for commitment of DCs to
differentiate into regulatory DCs and for the generation
of antigen-specific Ty [74]. The detailed mechanism by
which GC induces T, has not been elucidated.
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Practical Guideline for Management of Allergic
Rhinitis in Japan (PG-MAR))

To address the classification, epidemiology, pathophysiology
and management of allergic rhinitis in Japan, a practical
guideline for the management of this condition, PG-MAR],
was first released in 1993. Based on the latest basic and clini-
cal evidence, the sixth edition of PG-MAR] was published
in 2008 [2]. The following discussion summarizes the
PG-MAR] guidelines regarding the positioning of INS and
systemic GC for the management of allergic rhinitis.

INS are potent agents indicated for the treatment of aller-
gic rhinitis. In the treatment of type I allergy, INS are used as
anti-inflammatory drugs. INS exert anti-inflammatory
effects by the following mechanisms: inhibiting the local
infiltration of effector cells of allergic inflammation such as
mucosal-type mast cells, eosinophils and lymphocytes;
inhibiting the production and release of cytokines; inhibit-
ing vascular permeability and mucus gland secretion; and
down-regulating the production of leukotrienes and pros-
taglandins by inhibiting arachidonic acid cascades. INS are
not effective in controlling acute-phase allergic reactions but
are effective for late-phase allergic reactions. However, INS
are effective in controlling acute-phase allergic reactions
when administered continuously.

Beclomethasone propionate, fluticasone propionate,
mometasone furoate and fluticasone furoate are currently
available as nasal sprays in Japan. These INS have potent
local effects at small doses; they are not absorbed easily into
the systemic circulation and are metabolized rapidly when
absorbed [75]. Thus, the incidence of systemic adverse
effects is low, even in patients receiving these drugs for = 1
year, and reliable clinical effects can be expected with their
use {76,77]. In addition, INS with lower bioavailability are
believed to show fewer systemic adverse effects [78]. Because
these drugs are administered locally, mild nasal irritation,
dry nose and nasal bleeding may develop in winter when the
air is dry.

The onset of the effects of INS is rapid, with efficacy
observed in as little as 1 day [79]. Efficacy increases as the
treatment period is prolonged. These drugs are effective even
in patients with severe allergic rhinitis; their effects are
clearly observable, and many patients obtain excellent
results. INS are effective for the treatment of nasal obstruc-
tion that is unresponsive to Hi-receptor antagonists,
for aiding withdrawal from vasoconstrictive nose drops
(a-sympathetic stimulants) and for the treatment of vaso-
motor rhinitis [80].

Oral GC may be used in patients who do not respond to
INS (such as those with severe, very severe and intractable
allergic rhinitis). Celestamine® (a mixture of H,-receptor
antagonist d-chlorpheniramine maleate and betametha-
sone) is used relatively widely in Japan; however, no placebo-
controlled trials have been reported. In addition, evidence
regarding a suitable dosage of this drug is lacking. Among

oral GC, only methylprednisolone tablets are confirmed as
an effective treatment for allergic rhinitis by a placebo-
controlled trial; this trial showed that a daily dosage of 24 mg
of methylprednisolone was necessary to obtain a significant
improvement in all nasal symptoms [81]. Thus, the use of
oral GC corresponding to 20-30 mg of prednisolone should
be limited to a brief period of time (within 1 week) when
treating patients with allergic rhinitis. Caution is needed to
avoid adverse effects including adrenal cortical suppression
and difficulty in withdrawing GC following prolonged
administration (longer than 2 weeks) {82].

Although some physicians use intramuscular injection
with depot glucocorticosteroids for the treatment of polli-
nosis [83], these injections may induce systemic adverse
effects. Therefore, a careful examination including the serum
cortisol level and blood glucose level should be performed
both before and after treatrent. Because adverse effects such
as moon face, skin/skin appendage disorders, menstrual dis-
order, application site disorders, including atrophy, and
adrenal cortical hypofunction may develop, depot gluco-
corticosteroids are not recommended for patients with
pollinosis {84].

Based on the above observations, glucocorticosteroids are
recommended for patients with moderate-to-severe peren-
nial allergic rhinitis (Table 1) and mild-to-severe pollinosis,
except for prophylactic treatment (Table 2).

Effect of INS on ocular symptoms in patients with
allergic rhinitis

Regarding statements on the mechanisms and efficacy of
intranasal glucocorticosteroids, the Japanese guideline (PG-
MAR]) has many similarities with Allergic Rhinitis and its
Impact on Asthma (ARIA), the evidence-based international
guideline for allergic rhinitis [1]. However, there are differ-
ences between these two guidelines, such as different conclu-
sions regarding the efficacy of INS for ocular symptoms.
According to the PG-MAR]J, INS are effective only against
nasal symptoms [2]. However, the updated ARIA docu-
mented that INS are effective not only for nasal but also
ocular symptoms in patients with pollinosis,

Bernstein et al. performed a double-blind, double-
dummy, randomized study comparing fluticasone propi-
onate aqueous nasal spray 200 g once daily, oral loratadine
10 mg once daily or placebo for the treatment of seasonal
allergic rhinitis and found that fluticasone propionate
reduced ocular symptoms, especially ocular itching, tearing
and redness, compared with not only placebo but also
oral loratadine [85]. More recently, Fokkens etal. per-
formed a multi-centre, randomized, double-blind, placebo-
controlled, parallel group study of fluticasone furoate 110 pg
once daily nasal spray versus placebo for the treatment of
seasonal allergic rhinitis caused by grass pollen, and they
found that fluticasone furoate is significantly effective for
not only nasal symptoms and quality of life but also
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Table 1. Management for perennial allergic rhinitis in PG-MAR].

intranasal glucocorticosteroids

Moderate Severe
Grade type Mild Sneeze/discharge type Congestion typre“w égéeze/disc}{;rge type Conécstion type
Management @HIRA DHIRA OITRA HIS + H1 RA INS+ LT RA or
@ CMRI @ CMRI @ PGD/TXA: RA PGDL/TXA; RA
@ Th2CS @ Th2CS @ INS Topical decongestant for
Eithes O, @ or @ @ INS tither O, @.or @ 5-7 days at initial
Either O, @D @ or @ Combination of treatment if necessary
Combination of @ Qwith@Qor@
with(D,Qor @

Corrective surgery of nasal cavity

Allergen-spedific immunotherapy

Allergen avoidance/elimination

H1 RA, second generation HI receptor antagonists; CMRI, chemical mediator release inhibitors; LT RA, leukotriene receptor antagonists;
PGD,/TXA; RA, PGD/TXA: receptor antagonist (ramatroban); T helper type 2 (Th2) €, Th2 cywkine suppressor {suplatast); INS, intranasal

glucacorticosteroids.

ocular symptoms including eye itching/burning, eye tearing/
watering and eye redness {86]. The efficacy of fluticasone
furoate nasal spray against ocular symptoms was also con-
firmed in patients with ragweed allergy (87].

Although the precise mechanism remains unclear, several
explanations regarding the effectiveness of INS drugs for the
treatment of ocular symptoms have been proposed. Because
of low bioavailability, systemic absorption and circulation is
negligible among second-generation INS drugs [75). The
symptoms of itchy and watery eyes and bilateral ocular
secretion weights increase after ipsilateral nasal challenge
with allergen, suggesting that the ocular symptoms associ-
ated with allergic rhinitis arise, in part, from a naso-ocular
retlex [88]. The reduced nasal inflammation caused by INS

Table 2. Management for pollinosis in PG-MAR].

may lead to a normalization or modification of the naso-
ocular reflex. In addition, the reduced inflammation in the
nose may lessen the release of inflammatory mediators that
can cause inflammation in neighbouring tissues including
the conjunctiva. Reduction of oedema and inflammation
surrounding the opening of the nasolacrimal duct might also
reduce the retention of allergen in the conjunctiva.

Effect of INS on impaired performance

Allergic rhinitis itself impairs performance by causing
daytime sleepiness and disrupting cognitive functions such
as learning ability [89,90]. Nasal congestion due to allergic
reaction and inflammation scems to be the major causative

Moderate Severe
Sneeze/ Sneeze/
Grade type Prophylactic Mild discharge type  Congestion type discharge type Congestion type
Management (D) CMRI (O HI1 RA HI RA+INS LT RA+INS+ INS + HI RA INS+ LT RA+HI RA
@HIRA @ INS H1 RA Topical decongestant for
@LTRA Start with @ with 7-10 days at initial
@Th2Cs eye drops treatment if necessary
® PGDJ/TXA: RA AddQ il Short-term
Either O, 2. @\ necessary administration (4-7
@or® days) of oral

Eye drops of either Hl RA or CMRI

ghacocorticoids may
be chosen for patients
with extremely severe
congestion
Eye drops of cither H1 RA, CMRI or glucocerticoids
Corrective surgery of nasal cavity

Allergen-specific immunotherapy

Allergen avoidance/elimination

HI RA, sccond gencration M) receptor antagonists; CMRI, chemical mediator release inhibitors; LT RA, leukotriene veceptor antagonists;
PGD/TXA; RA, PGDY/TXA, receptor antagonist (ramatroban); T helper type 2 (Th2) CS, Th2 cytokine suppressor {suplatast); INS, intranasal

glucocorticosteroids,

© 2009 British Society for immunology, Clinical and Experimental Immunology, 158: 164-173 169

241



M. Okano

factor of daytime sleepiness, as this symptom can cause
obstructive sleep apnoea and microarousals during sleep
[91]. Symptomatic seasonal allergic rhinitis has been associ-
ated with significant detrimental effects on examination per-
formance in young people {90].

Treatment with sedating H,-receptor antagonists exacer-
bates impaired performance [90,92]; students taking these
medications on examination days exhibited a significant ten-
dency to unexpectedly drop a grade [90].

On the other hand, INS can improve impaired perfor-
mance in allergic rhinitis patients [93,94]. Craig et al. [93]
showed that intranasal budesonide 128 pg/day, flunisolide
200 pg/day and fluticasone 200 pg/day were each effective
in improving sleep and daytime fatigue and somnolence,
although significant changes in polysomnography did not
always occur. Moreover, treatment with intranasal fluticasone
propionate 200 pg once daily significantly improved not only
nasal symptoms and daytime sleepiness but also cognitive
performance, as measured by the test of variables of attention
(TOVA) in patients with seasonal allergic rhinitis [94].

Efficacy of INS for prophylactic (initial) treatment
of pollinosis

The PG-MAR] recommends that patients who experience
severe symptoms of pollinosis every year should receive
prophylactic treatment immediately after the start of pollen
release or the onset of symptoms [2,95]. Considering the
amount of pollen release expected during the season and
the type and severity of symptoms usually experienced by
patients during the peak pollen season, physicians should
determine the drug regimen for each individual patient
by selecting from among chemical mediator-release
inhibitors, second-generation H,-receptor antagonists,
leukotriene receptor antagonists, Th2 cytokine inhibitor
(suplatast) and PGD./TXA: receptor antagonist (rama-
troban) [2]. Patients with sneezing/rhinorrhoea-type rhini-
tis should receive chemical mediator—release inhibitors or
second-generation anti-histamines, whereas patients with
congestion-type disease should be treated with leukotriene
receptor antagonist, Th2 cytokine inhibitor or PGDJ/TXA;
receptor antagonist.

Several reports suggest that INS drugs are effective for the
prophylactic treatment of pollinosis. One study of prophy-
lactic treatment with mometasone furvate 200 pig once daily
aqueous nasal spray, beclomethasone dipropionate 168 jg
b.i.d. aqueous nasal spray or placebo was initiated in patients
with ragweed pollinosis 4 weeks before the estimated start of
pollen season. Both the proportion of minimal symptom
days from start of ragweed season and the number of days
from start of ragweed season to first non-minimal symptom
day were significantly higher in patients treated with either
mometasone furoate or beclomethasone dipropionate com-
pared with placebo [96]. Yokoo [97] compared the efficacy of
prophylactic treatment with intranasal fluticasone propi-

onate 200 ug twice daily versus the second-generation oral
H-antagonist olopatadine 10 mg twice daily in patients with
Japanese cedar pollinosis and found that fluticasone pro-
pionate delayed the onset of nasal symptoms significantly
compared with olopatadine. In addition, treatment with
fluticasone suppressed symptoms significantly during peak
pollen season, Okubo et al. [98] reported that initial treat-
ment with fluticasone propionate 100 pig h.i.d. prevented
exacerbation of nasal symptoms in paediatric patients with
seasonal allergic rhinitis. Indeed, nasal symptoms disap-
peared in 44:0% of patients who had mild symptoms at
initiation of treatment.

As described above, one of the pathways of the anti-
inflammatory effect of GC is the down-regulation of
proinflammatory genes by several mechanisins such as
protein—protein interactions that sequester protein kinase A
and cAMP enhancer binding protein (CREB)-binding
protein from NF-xB [44,45]. The interaction between
NF-xB, CREB and CREB-binding protein leads to the acety-
lation of chromatin and the subsequent transcription of
proinflammatory genes, such as genes encoding cytokines,
inflammatory enzymes, adhesion molecules and inflamma-
tory receptors {99]. Thus, GC may be more effective for
prophylactic treatment compared with post-onset treatment
because increased levels of NF-xB in the nose after the onset
of pollinosis can attenuate protein—protein interaction by
glucocarticosteroids.

Conclusions

In addition to the novel information that appeared in the
sixth edition of the PG-MAR] in 2008, considerable evidence
supports the use of GC against allergic rhinitis. GC can
induce regulatory cytokines and FoxP3* T, in the nose. The
appropriate use of INS may improve nasal symptoms, ocular
symptoms and impaired performance. Moreover, INS can be
used for the first-line prophylactic treatment of pollinosis.
These recent findings may provide additional information
for incorporation into fature editions of guidelines for aller-
gic rhinitis treatment, including the PG-MAR]. On the other
hand, several issues remain unsolved, For example, although
inhaled GC have not been incriminated as teratogens in
humans and are used commonly by pregnant women who
have asthma, there are no placebo-controlled, randomized,
double-blind studies of INS during the first trimester of
pregnancy.
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