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ABSTRACT

Background: Vascular endothelial growth factor (VEGF), a pleiotropic polypeptide that mediates endothelial cell-specific responses such
as induction of angiogenesis and vascular leakage, is hyperproduced in a variety of inflammatory disorders. In asthma, VEGF hyperpro-
duction promotes mucosal edema by enhancing vascular leakage. However, in allergic rhinitis, details of the pathophysiological importance
remain unclear. This study was designed to investigate and discuss the pathophysiological significance of VEGF in nasal secretions from
perennial allergic rhinitis sufferers.

Methods: Seven allergic rhinitis patients sensitized with house-dust mites and 12 chronic rhinosinusitis patients were enrolled. Nasal
secretion VEGF was quantified and compared between groups. In allergic rhinitis cases, nasal lavage VEGF was estimated before and after
the antigen provocation, Nasal gland VEGF was immunohistochemically investigated. VEGF messenger RNA (mRNA) levels in serous and
mucous acini were analyzed by laser microdissection and light cycler-polymerase chain reaction.

Results: VEGF levels in nasal secretions and nasal lavage from allergic rhinitis were higher than in nonallergic rhinosinusitis, after rather
than before antigen provocation. VEGF mRNA expression was higher in serous versus mucous acini. These results are consistent with the
immunohistochemistry results.

Conclusion: In allergic rhinitis, there was significant VEGF production in serous acini, which was hypersecreted after antigen
provocation. VEGF may play an important role in pathophysiology of allergic rhinitis.

(Am J Rhinol 22, 365-370, 2008; doi: 10.2500/ajr.2008.22.3190)
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ascular endothelial growth factor (VEGF) is a pleiotropic  toxin, and inflammatory cytokines in paranasal sinuses, dur-
polypeptide that mediates endothelial cell-specific re-  ing upper respiratory tract inflammation.'14
sponses, such as induction of angiogenesis and vascular leak- To date, there are only a few reports of VEGF in allergic
age in tumor growth, as well as chronic inflammation.’=*  rhinitis, in which increased VEGF production has been iden-
Recently, isoforms of VEGF and its receptors (VEGFRs), along  tified in nasal mucosa or in secretions from seasonal allergic
with their mutual specific binding patterns, have been clari-  rhinitis cases.'%¢ Its source and pathophysiological impor-
fied. The biclogically predominant isoforms of VEGF are able  tance in allergic rhinitis are unclear.

to bind to VEGF-specific tyrosine-kinase receptors (VEGFR- To study the pathophysiological importance of VEGF in
1/f1t-1 and VEGFR-2/KDR) and induce angiogenesis and vas-  allergic rhinitis, we compared VEGF levels in the nasal secre-
cular leakage.*s tions of perennial allergic rhinitis and nonallergic rhinosinus-

VEGEF is hyperproduced in a variety of inflammatory dis-  itis. Additionally, increased VEGF levels in nasal lavage were
orders, including arthritis and retinopathy *7 In upper and  confirmed after antigen provocation in perennial allergic rhi-
lower respiratory tract inflammation, increased secretory lev-  nitis. Subsequently, VEGF was studied immunohistochemi-
els of VEGF are reportedly present.!! In individuals with  cally in nasal mucosa, and its production was quantitatively
asthma, VEGF overproduction promotes not only mucosal  analyzed in serous and mucous acini by enzyme-linked im-
edema but also antigen sensitization and type 2 helper T  munosorbent assay (ELISA), and at the messenger level in-
cell-associated inflammatory response.'* We found increased  cluding VEGF isoforms by reverse transcriptase-polymerase
VEGF levels in the effusion of paranasal sinuses in chronic  chain reaction (RT-PCR).
rhinosinusitis (CRS), which indicates VEGF hyperproduction

in the sinus mucosa is in response to hypoxia, bacterial endo-  NMATERIALS AND METHODS

Froms The Department of Otolargngology. Head and Neck Surgery, Feld of Semory T AtiENES
Organology, Graduate School of Medical and Dental Sciences, Kagoshima University, Subjects, enrolled at random from the outpatients clinic of
Kagouhima, Japan Kagoshima University Hospital, consisted of 12 CRS patients
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ment of Otolaryngology, Field of Sensary Organology, Graduate School of Medical and  Without complicating CRS or asthma, and 8 cases free from
Dental Sciences, Kagoshima University, 8-35-1 Sakuragaoke, Kagoshima §90-8520, allergic rhinitis or CRS used as controls. Control cases were
E*P“"‘m T eventually diagnosed as moderate acute or chronic rhinitis
L ress. ;M LHfTh A h’ - a.ac e : . .
Copyright © 2008, OceanSide Publications, Inc., ULS.A without type 1 allergic etiology (Table 1).
CRS was diagnosed based on clinical symptoms, such as
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Table 1 Demographic characters of patients and
controls

Characteristic CRS  Allergic Control
Rhinitis
No. of subjects 12 7 8
Age Average = SD (yr) 39x31 28=25 4735
Sex (No.)
male 6 4 5
female 6 3 3
Duration of illness >5yr =5 yr Unknown
Diseases (No.)
Bronchial asthma 0 0 0
Allergic rhinitis 0 7 0
Paranasal sinusitis 12 0 0
Positive subjects (No.)
After provocation by 0 7 0
H.D.
Medication
Topical steroids 0 2 0
Immunotherapy 0 0 0
Macrolides 7 2 2
Other antibiotics 2 0 2
Antihistamine 0 3 4

CRS = chronic rhinosinusitis.

nasal discharge, postnasal drip, headache, hyposmia and na-
sal obstruction, endonasal findings of mucopurulent secre-
tions, and nasal polyps with paranasal sinus shadow ob-
served by CT examination. Perennial allergic rhinitis
sensitized with house-dust mites was diagnosed based on
clinical symptoms such as sneezing, watery nasal discharge,
and nasal obstruction and verified as house-dust mite-specific
IgE followed by the antigen provocation test by the commer-
cial paper disk (Torii Pharmacy, Tokyo, Japan) based on the
Practical Guidelines for the Management of Allergic Rhinitis in
Japan.'?

Duration of illness was clarified by interviewing each pa-
tient at his/her first visit to our clinic. Some patients did not
remember the precise duration of illness, but all of the pa-
tients suffered from CRS or allergic rhinitis for a minimum 5
years. The duration of acute or chronic rhinitis in control cases
was unclear, With regards to medication history, some pa-
tients had been prescribed at least one of the following: mac-
rolides, other antibiotics, topical steroids, and/or antihista-
mines, at other ear, nose, and throat clinics. However, each
had quit their medication at least 2 weeks before visiting our
clinic. The precise duration of each medication in each case
was unclear.

Nasal mucosa was harvested from surgical cases on the
partial resection of the inferior turbinate mucosa with/with-
out septoplasty, to reduce severe nasal obstruction, after ob-
taining informed consent in accordance with the policies of
the Review Board of Kagoshima University, Graduate School
of Medical and Dental Sciences.
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VEGF Analysis in Nasal Secretions from Patients
with Allergic Rhinitis and Paranasal Sinusitis by
ELISA

Nasal secretions (200 pL) from the middle meatus of the
nasal cavity were collected by JUHN TYM-TUP (Medtronic
Xomed, Inc., Jacksonville, FL) from CRS and allergic rhinitis
patients as well as control cases in the outpatients clinic of
Kagoshima University Hospital. Collected nasal secretions
were diluted with 2 mL phosphate-buffered saline (PBS) and
centrifuged at 350 % g for 10 minutes. The supernatant was
then harvested. In addition, peripheral blood samples were
taken from allergic rhinitis patients. All of the prepared sam-
ples were stored at —80°C, and VEGF levels in the harvested
supernatants and peripheral blood were measured by ELISA
(BioSource, Camarillo, CA). The minimum detectable dose of
VEGF by this commercial kit is <5 pg/mlL.

VEGF Analysis in Nasal Lavage from Patients with
Allergic Rhinitis before and after the Antigen
Provocation Test

All of the cases enrolled in this study underwent the prov-
ocation test by house-dust mites. No positive symptomatic
reactions were confirmed by 15 minutes in CRS and control
cases. In the seven allergic rhinitis cases, nasal lavage was
obtained before and after intranasal provocation by the sen-
sitized antigen, a commercial paper disk of house-dust mites
(Torii Pharmacy). In every case, before the provocation by
house-dust mites, it was confirmed that the symptomatic
changes such as increasing nasal discharge, nasal obstruction,
and sneezing were not observed after the control paper disk
was inserted into the nasal cavity. In reference to a similar
study on inflammatory cytokines in nasal secretions,'® nasal
lavage samples were collected before and 15 minutes after the
provocation as follows: 5 mL of normal saline was delivered
into each nostril and wash fluid from the nasal cavity was
collected 10 seconds later. After centrifugation at 350 x g for
10 minutes, supernatants were transferred to other tubes and
stored at —20°C. VEGF levels were then measured by ELISA.

Immunohistochemistry of VEGF in Nasal Glands
Inferior turbinate mucosa of allergic rhinitis patients was
obtained from surgical cases with informed consent. The mu-
cosa was fixed in formalin and embedded in paraffin blocks
for preparation of 4-pum sections. These sections were immu-
nohistochemically stained with VEGF polyclonal antibody
(Santa Cruz Biotechnology, Santa Cruz, CA) using commer-
cial ABC kits (Vector Laboratories, Inc., Burlingame, CA).

Laser Microdissection (LMD) for Harvesting of
Total RNA from Mucous or Serous Acini of Inferior
Turbinate Mucosa

Inferior turbinate mucosa obtained from surgical cases was
embedded in OCT compound (Sakura Finetech, Tokyo, Ja-
pan) and stored at —20°C until sectioning. Cryosections (5
pm) were cut with a cryostat and placed on glass slides
designed for the LMD microscope (Leica Microsystems, Ja-
pan, Tokyo)."” Twenty sections were necessary to obtain suf-
ficient RNA for ana[vﬂls, Samples were briefly rinsed with
RNase-free water, stained with hematoxylin, air-dried, and
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cut for LMD to obtain mucous or serous acini of the inferior
turbinate mucosa, followed by purification of total RNA from
each type of acini using commercial kits (High Pure RNA
Isolation Kit; Roche Diagnostics GmbH, Mannheim, Ger-
many). Under light microscopy, serous acini were distin-
guished from mucous acini in histology sections stained with
hematoxylin, based on the morphological features as de-
scribed in a basic histology textbook.?®

Light Cycler-PCR Conditions

The cDNA used for light cycler-PCR was produced using a
First-Strand cDNA Synthesis Kit (Roche Diagnostics GmbH),
according to the manufacturer’s protocol.?' The same RNA
was reverse transcribed with 2 uL of 10X reaction buffer, 4 pL
of 25-mM MgCl,, 2 ul of deoxynucleotide mix, 2 uL of Rando
PrimerP(dN)6, 1 uL of RNase inhibitor, 0.8 pL of avian my-
eloblastosis virus RT and 0.4 pL of gelatin in a total volume of
20 pl. The reaction mixture was incubated at 25°C for 10
minutes and then at 42°C for 60 minutes. After the 42°C
incubation, avian myeloblastosis virus RT was denatured by
incubating the reaction mixture at 99°C for 5 minutes, fol-
lowed by cooling to 4°C for 5 minutes. VEGF and B-actin were
analyzed by real-time PCR using the Light Cycler Human
VEGF and Human p-actin kits (Roche Diagnostics GmbH),
according to the manufacturer’s instructions. Denaturation at
95°C was followed by 35 cycles of denaturation at 95°C for 10
seconds, annealing at 68°C for 10 seconds, and extension at
72°C for 10 seconds. Light Cycler version 3.5 software (Roche
Molecular Biochemicals, Mannhaim, Germany) was used
throughout this study.

Reverse Transcriptase-Polymerase Chain Reaction

Total RNA from glandular cells was extracted using a High
Pure RNA Isolation Kit (Roche Diagnostics GmbH) according
to the manufacturer’s protocol. Total RNA (1 ug) was reverse
transcribed with 200 U of RT (SuperScript II; Invitrogen Corp.,
Carlsbad, CA), 500 pg of oligo(dT), 0.5 M of 2'-deoxyribo-
nucleoside-5'-triphosphates (Pharmacia, Piscataway, NJ), and
10 mM dichlorodiphenyltrichloroethane in a total volume of
20 pL according to the manufacturer’s instructions. Reverse
transcription was performed at 42°C for 50 minutes and ter-
minated by heating at 70°C for 15 minutes. cDNA was am-
plified using the Accupower PCR PreMix kit (Bioneer Corp.,
Chungbuk, Korea) containing 1 U of Taq polymerase, 250 uM
of 2'-deoxyribonucleoside-5"-triphosphates, 10 mM of Tris-
HCI (pH 9.0), 40 mM of KCl, and 1.5 mM of MgCl, with 1.25
M of oligomer primers in a reaction volume of 20 pL. Ampli-
fication was performed as follows: 25 cycles of denaturation at
94°C for 30 seconds, annealing at 60°C for 30 seconds, and
extension at 72°C for 1 minute in an automatic thermocycler
(Perkin-Elmer Cetus, Scientific Support, Inc., Hayward, CA).
The PCR products were resolved by electrophoresis on 2%
agarose gels and visualized with ethidium bromide. The in-
ternal control was B-actin. Primer sequences were VEGF sub-
type forward, 5-GTCTATCAGCGCAGCTACTG-3"; VEGF
subtype reverse, 5-CCGCCTCGGCTTGTCACA-3'; B-actin
sense, 5'-GTCGCGGCGCCCCAGGCACCA-3", B-actin anti-
sense, 5'-CTCCTTAATGTCACGCACGATTTC-3" 1314
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Statistics

For the analysis and comparison between groups consisting
of a small number of samples, the Mann-Whitney LI test was
used to calculate the differences among clinical samples (Figs.
1 and 2) and experimental groups (see Fig. 4). A value of p <
0.05 was considered statistically significant.

RESULTS

VEGF Analysis in Nasal Secretions, Nasal Lavage,
and Peripheral Blood by ELISA

VEGF levels were significantly higher in nasal secretions
(average = SD; 14.20 = 1.34 pg/mL) than in peripheral blood
(1.31 = 1.29 pg/mL) of perennial allergic rhinitis patients. In
addition, VEGF levels in nasal secretions were significantly
higher in perennial allergic rhinitis than in CRS (5.65 = 2.61
pg/mL) or control (1.39 = 130 pg/mL) subjects (Fig. 1),
showing VEGF production is increased pathologically in al-
lergic rhinitis more so than CRS without type 1 allergic etiol-
ogy. VEGF levels were significantly higher in nasal lavage
before (5.26 = 4.91 pg/mL) rather than after (78.94 = 17.54
pg/mL) the antigen provocation test with the house-dust mite
allergen (Fig. 2), showing that VEGF production was in-
creased in the acute phase of a type 1 allergic reaction.

Immunohistochemistry of VEGF in Nasal Glands

Nasal glands were mixed-type glands consisting of serous
and mucous glandular components, as previously de-
scribed.?” Distinction between serous and mucous acini was
easily viewed morphologically under the light microscope
after immunohistochemistry with the counter stain by hema-
toxylin; nuclei were rounded and located near the apex of
cells in serous acini cells, while nuclei of mucous acini cells
were flattened and located near the base of the cells.*? VEGF
staining was strongly positive in serous acini in the nasal
inferior turbinate mucosa of allergic rhinitis. In contrast,

.
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Figure 1. Vascular endothelial growth factor (VEGF) levels are
significantly higher in nasal secretions than peripheral blood n
allergic rhinitis patients. Additionally, VEGF levels in nasal secre-
tions are significantly higher in allergic rhinitis than in control or
chronic rhinosinusitis patients. Results represent the average + SD.
**p < 0.01. AR, allergic rhimitis, Cont., nasal secretions from
control cases.
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Figure 2. Vascular endothelial growth factor (VEGF) levels are
significantly higher in nasal lavage after the provocation test with
house dust. Results represent the average = SD. **p < 0.01. After,
after provocation test; Before, before provocation test.

VEGF staining was very faint in the cytoplasm in mucous
acini of the same mucosa (Fig. 3).

LMD and PCR

Under the light microscope, serous and mucous acini were
confirmed clearly in cryosections of the inferior turbinate
mucosa of allergic rhinitis after staining by hematoxylin, as
seen by the immunohistochemistry results. With laser beam
sectioning, serous and mucous acini cells could be collected
separately to harvest each messenger RNA (mRNA). By Light
Cycler-PCR, it was confirmed that total VEGF mRNA levels
(expressed as VEGF/ B-actin) were significantly higher in se-
rous (1.56 = 0.21) rather than mucous (0.85 = 0.10) acini (Fig.
4). The pattern of VEGF isoforms was similar in serous and
mucous acini, and the major isoforms were VEGF121 and
VEGF165 (Fig. 5).

DISCUSSION

Nasal secretion VEGF levels are significantly higher in
allergic rhinitis than in control or CRS. It is well known that a
remarkable increase in watery nasal discharge in the acute
phase of allergic rhinitis originates from increased glandular
secretions and increased exudates from mucosal microvascu-
lar leakage > However, because peripheral blood VEGF is
quite low, as shown in Fig. 1, the source of increased nasal
secretion VEGF is thought to be mainly from nasal mucosal
components, including nasal glands, and not from systemic
circulation exudates.®® We have previously reported VEGF
production from nasal fibroblasts in a culture,’® but there has
been no report of VEGF production in nasal mucosa in vivo to
date. This is the first study where nasal glands, especially
serous acini, have been established as potential key sources of
hypersecreted VEGF in nasal secretion of allergic rhinitis suf-
ferers.

Although there are previous reports on VEGF production
in seasonal allergic rhinitis,'*® this is the first showing more
VEGF hyperproduction in allergic rhinitis versus nonallergic
rhinosinusitis. Nasal lavage VEGF levels significantly in-
creased after provocation in pollinosis cases, in a prior study
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Figure 3. (a) Representative immunohistological vascular endothe-
lial growth factor (VEGF) section is shown. VEGF is positively
stained in serous (arrow head) but negative in mucous (arrow) acini
of mucosal glands in nasal inferior turbinate mucosa of an allergic
rhinitis patient. (b) Control without primary antibody (> 200).

by Benson et al.'® In the present study, such an increase of
VEGF was confirmed not only in pollinosis but also in peren-
nial allergic rhinitis. VEGF is thought to be hypersecreted in
the acute phase of type 1 allergic reaction irrespective of
seasonal or perennial allergic rhinitis. Before analyzing VEGF
production in serous and mucous acini at the messenger level,
including the isoform patterns, it was imperative to confirm
the increase in nasal lavage VEGF after provocation in peren-
nial allergic rhinitis.

Based on the characteristic findings of nuclei and cyto-
plasm of serous and mucous acini stained by hematoxylin as
seen in a standard histology textbook,® VEGF* cells were
predominantly found immunohistochemically in serous acini
in nasal glands and not in mucous nasal glands. LMDs of
cryosections enabled us to harvest mRNA of serous or mu-
cous acini, separately. VEGF mRNA was detected more quan-
titatively in serous than mucous acini by the analysis of the
light cycler technique. This is the first study to show the
importance of serous acini as the source of VEGF in nasal
secretion of allergic rhinitis. In the present immunohistochem-
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Figure 4. Light Cycler-PCR confirms total vascular endothelial
growth factor (VEGF) mRNA levels (expressed as VEGF/B-actin) is
significantly higher in serous versus mucous glands in nasal infe-
rior turbinate mucosa of allergic rhinitis patients. Resulls represent
the average + SD, *p < 0.05.
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Figure 5. Vascular endothelial growth factor (VEGF) isoform dis-
tribution is similar in serous and mucous acini of mucosal glands.
The major VEGF subtypes are VEGF121 and VEGF165.

—* VEGF165
~* VEGF189

ical study, unremarkable VEGF" stain was diffused from
serous acini toward the surrounding periglandular tissue. As
a functional role of VEGF in serous acini, however, further
study of VEGF produced in serous acini may elicit its effect on
periglandular tissue and other mucosal components including
microvessels on vasodilation.

Chemical mediators from mast cells, such as histamine, are
known to induce watery nasal secretion from nasal glands via
irritating sensory nerves in nasal mucosa followed by activat-
ing parasympathetic nerves*® VEGF produced and stored in
serous acini of nasal glands is released into the nasal cavity as
a component of this watery nasal secretion in the acute phase
of type 1 allergic reaction. Additionally, major isoforms of the
increased VEGF in nasal secretion were shown to be two,
VEGF121 and VEGFI165, of the five potential isoforms. Five
human VEGF mRNA species encoding VEGF isoforms of 121,
145, 165, 189, and 206 amino acids (VEGF121-206) are pro-
duced by alternative splicing of the VEGF mRNA. An impor-
tant biological property that distinguishes the different VEGF
isoforms is their heparin and heparan-sulfate binding ability.
Although the three secreted VEGF splice forms, VEGF121,
VECF145, and VEGF165, induce physiological activities
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among five VEGF isoforms, VEGF121 and VEGF165 usually
predominate, VEGF145 production is quite restricted and ex-
pressed in cells derived from the reproductive organs.
VEGFI189 contains the peptides inducing a higher affinity to
heparin and heparan-sulfate than VEGF145 or VEGF165 and
is sequestered on heparan-sulfate proteoglycans of cell sur-
faces and in the extracellular matrix without secretion into the
medium of VEGF189-producing cells. Among the five VEGF
isoforms, VEGF121 and VEGF165 are the dominant secretary
forms and are known to have the strongest biological activity
in the field of inflammation and tumor growth in litera-
ture.¥2* Because there was no difference in VEGF isoforms
between serous and mucous acini cells, the functional rolls of
mucous acini VEGF are thought to be same as in the serous
acini.

Although functional roles of this increased VEGF in nasal
secretion in allergic rhinitis remain unclear, secreted VEGF in
the bronchial lumen of asthma reportedly activated mucosal
epithelium via VEGFRs on the epithelium and induced VEGF
and other cytokine production diffusing into subepithelial
layer. In addition, in the research field of asthma, VEGF
produced from the activated mucosal epithelium is under-
stood to induce inflammatory and immunologic events under
the epithelial layer including vasodilation via VEGFRs ex-
pressed on vascular endothelial cells.'* VEGF released into
nasal secretion in the acute phase is likely to stimulate nasal
epithelium via VEGFRs and induce VEGF production in epi-
thelium and other mucosal components such as fibroblasts,
secondarily, in the positive feedback manner in the late-phase
allergic reaction, although the distribution of VEGFRs have
not been analyzed in nasal mucosa to date. VEGF in nasal
secretion is finally supposed to elevate VEGF levels in muco-
sal lamina propria around the microvasculature and increase
the mucosal vascular permeability and edematous change in
allergic rhinitis. Additional studies are necessary to under-
stand the effects of VEGF on the mucosal epithelium in aller-
gic rhinitis.

It is true that histamine causes albumin leak via plasma
extravasation and this leak is blocked 100% by H,-receptor
antagonists in the acute allergic reaction. * However, nasal
obstruction in allergic rhinitis is not always resolved clinically
only by H,-receptor antagonists. According to the assessment
by guinea pig skin, VEGF increases vascular permeability
>50,000 times as strong as histamine on a molar basis. ** This
very powerful vasodilator VEGF hypersecreted in the acute
phase is supposed to cause persistent nasal obstruction in the
late-phase allergic reaction.

Histamine and other mediators stimulate afferent neurons
that recruit central, parasympathetic cholinergic reflexes. The
reflex-mediated glandular secretion is blocked 100% by atro-
pine. However, because the positive feedback cycle of VEGF
hyperproduction from mucosal components such as epithe-
lium, fibroblasts, and infiltrating cells cannot be stopped by
H,-receptor antagonists or atropine, anti-VEGF or anti-
VEGFR antibodies or blocking intracellular signaling down-
stream to the coupling of VEGF and VEGFR at the effecter
sites are deemed necessary to inhibit the effects of VEGF. By
further elucidating the pathophysiological roles of VEGF in
allergic rhinitis, regulation of VEGF production may prove to
be a new type of pharmacologic therapy, which proves quite
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effective as a therapeutic strategy on allergic rhinitis as dis-
cussed in the field of asthma.?®
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A Randomized Double-Blind
Comparative Study of Sublingual
Immunotherapy for Cedar Pollinosis
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ABSTRACT

Background: Seasonal allergic rhinitis (SAR) induced by Japanese cedar pollen is a substantial problem in
Japan. Sublingual immuno-therapy (SLIT) is safer than conventional antigen-specific immunotherapy, the only
treatment modality by which complete cure of the disease can be expected. We investigated the safety and effi-
cacy of SLIT in the treatment of cedar pollinosis patients compared to placebo.

Methods: A randomized, placebo-controlled, double-blind study was conducted in 81 cedar pollinosis pa-
tients. Increasing doses of standardized Japanese cedar extract or placebo were administered sublingually in
intervals ranging from daily to once a week after six weeks. The primary efficacy variable was the mean of the
daily total symptom scores (TSS) during the pollen dispersing period. Secondary efficacy variables included the
QOL scores and related variables.

Results: Primary efficacy variable scores were significantly lower for some days in the SLIT group than in the
placebo group (P < .01 or P < .05). Secondary efficacy for the QOL score in SLIT group was almost of half of
placebo group. There was no significant difference in the overall incidence of side effects between the SLIT

group and the placebo group.

Conclusions: SLIT was effective and safe in the treatment of cedar pollinosis.

KEY WORDS

Japanese cedar, placebo-controlled study, QOL, seasonal allergic rhinitis

INTRODUCTION

In agreement with the results of worldwide epidemi-
ological assessments, the number of patients with al-
lergic rhinitis such as Japanese cedar (JC) pollinosis
in Japan is increasing.! Okuda considers that the cur-
rent prevalence of allergic rhinitis is 16%, but many
researchers predict that the rate will still increase.”
Pollinosis is a typical type I allergy in which allergic
conjunctivitis and allergic rhinitis develop. In spite of
its refractory nature, pollinosis deteriorates patient
QOL only in severe cases; however, it greatly affects
the patient’s life in general in that they must keep

working even if the condition is severe.3 Many of the
patients with cedar pollinosis have also been sensi-
tized to cypress pollen which disperses after cedar
pollen. Consequently, symptoms of cedar pollinosis
are followed by those of cypress pollinosis; patient
symptoms last, though they are seasonal, for as long
as 4 months (from February to May).
Pharmacological therapy prescribed by general
practitioners is common for the treatment of the dis-
ease. Both oral medications and topical medication,
however, are symptomatic treatment; they do not
cure the disease or remain effective until the follow-
ing year.! Antigen-specific subcutaneous immuno-
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therapy (SCIT) is the only treatment modality by
which complete cure of the disease can be expected.®
WHO position paper stipulates the use of standard-
ized antigen and the concentration of the antigen to
be maintained.® The efficacy of the therapy has been
proven in placebo-controlled, double-blind compara-
tive studies using pollen, house dust mite, and animal
protein.®7 In Japan, it is customary to start the ad-
ministration of causative antigen extract by subcuta-
neous injection at the threshold of skin reaction or its
10fold diluted concentration, and to increase the
dose gradually 4 Treatment with SCIT requires spe-
cial attention because it may cause, as a side effect,
anaphylactic shock, which prevents the therapy from
becoming popular in Japan.® In order to reduce the
possibility of this side effect, immunotherapy is ad-
ministered by other routes (sublingual, intranasal,
oral, and transbronchial) in Europe and the United
States, and has achieved desired outcomes. 11 Espe-
cially, sublingual immunotherapy (SLIT) has become
popular in Europe considerably, and there are many
reports supporting the effectiveness of the therapy.!"
13 As for side effects due to SLIT, there are no reports
of anaphylactic shock, but oral itching, skin reaction
(such as urticaria), and mild asthma-like attacks have
been reported.!’? Since cedar pollinosis greatly dete-
riorates patient QOL, many physicians and patients
will opt for immunotherapy if it is proven to be safe.
We conducted a randomized, placebo-controlled
double-blind comparative study to investigate
whether SLIT reported in Europe and the United
States is effective for the treatment of JC pollinosis
and whether it can be performed safely.

STUDY DESIGN

This multi-centre, double-blind, randomized, placebo-
controlled, parallel-group study was conducted in six
centers across Japan between October 2004 and April
2005. The study protocol was approved by the appro-
priate local ethics committees, and the study was con-
ducted in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines. All patients
provided written informed consent prior to participa-
tion.

SUBJECTS

Patients with JC pollinosis were enrolled in this study
if they had a RAST score of 2 against JC or above and
pollinosis symptoms during the cedar pollen disper-
sal period at least in the past 2 years and if they had
visited any of the following medical institutions: De-
partment of Otorhinolaryngology, Nippon Medical
School; Department of Otorhinolaryngology, Univer-
sity of Fukui; Department of Otorhinolaryngology,
Head and Neck Surgery, Okayama University; De-
partment of Otorhinolaryngology, Dokkyo University
School of Medicine; Department of Otorhinolaryngol-
ogy, University of Yamanashi; and Department of
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Otorhinolaryngology, Head and Neck Surgery, Chiba
University. Patients who had nose diseases (peren-
nial allergic rhinitis, nasal septum deviation, or sinusi-
tis) which may interfere with accurate symptom as-
sessment were excluded from the study. Patients re-
ceiving treatment for conditions such as severe car-
diac disease and malignant tumor were also ex-
cluded. As a result, a total of 61 patients were blindly
randomized either to the active group or the placebo
group in the ratio of 2 active to 1 placebo.

METHODS

The study was initiated in October, 2004. Patients
were assigned and randomized to either the active
group or the placebo group. Cedar antigen extract
(active group) at concentrations of 2 to 2000 JAU/ml
diluted with diluent (made by Torii Pharmaceutical
Co., Lid.) and diluent alone (placebo group) were
used in eye drop containers (made by Hirakata Plas-
tic).

Administration of the antigen extract was started at
2 JAU/ml, which is considered a sufficiently safe
level, and was increased to the final maintenance con-
centration of 2000 JAU 'ml. Active drug was adminis-
tered as follows: 1 drop (about 50 upl) to 20 drops
(about 1 ml) of prepared extract was dropped onto
bits of bread (about 1.5 cm = 1.5 cm = 1.5 em), which
were held sublingually for 2 minutes and then expec-
torated. The treatment schedule was as follows: anti-
gen extract was administered sublingually daily from
Week 1 to Week 4; 20 drops of the antigen extract
2000 JAU ‘ml were administered two days per week
in Week 5, once per week in Week 6 and thereafter
throughout the season (Table 1).

Patients experiencing pollinosis symptoms in cedar
and cypress pollen dispersal periods received symp-
tomatic treatment with medications such as antihista-
mines on an as needed basis; such patients were
asked to record the date of treatment in their allergy
diary.

ENDPOINTS

The patients were instructed to fill in their allergy di-
ary from February 22, 2005 to April 6, 2005, the pe-
riod when cedar and cypress pollen dispersed in
2005, and they were also asked to fill in QOL ques-
tionnaire once a month during the same period.
Symptoms recorded in the allergy diary (sneezing,
runny nose, nasal congestion, and interference with
daily life), the total nasal symptom scores calculated
based on each symptom, sneezing, runny nose, nasal
congestion (none; 0, mild; 1, moderate; 2, severe; 3),
and symptom medication scores (antihistamine; I,
topical steroid; 2, general steroid; 3) were calculated.
The Japanese Allergic Rhinitis QOL Standard Ques-
tionnaire No.1 (JRQLQ Nol) was used for the assess-
ment of the QOL of patients with allergic rhinitis
(Fig. 1). Nasal and Ocular symptom scores, QOL-
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Table 1 Allergen administration schedule (Increasing dosing)

Week 1 Week 2 Week 3 Week 4 Week 5
(2 JAU/mI) (20 JAU/ml) (200 JAU/mI) (2000 JAU/mI) (2000 JAU/mI)

Day 1 1 drop 1 drop 1 drop 1 drop 20 drops
Day 2 2 drops 2 drops 2 drops 2 drops
Day 3 3 drops 3 drops 3 drops 4 drops
Day 4 4 drops 4 drops 4 drops B drops
Day 5 6 drops 6 drops 6 drops 12 drops 20 drops
Day 6 B drops 8 drops 8 drops 18 drops
Day 7 10 drops 10 drops 10 drops 20 drops

Initial dose of SLIT for JC pollinosis was 1 drop of 2 JAU/mI of standardized JC allergen, and the administrating dose is mamd up lo

20 drops of 2000 JAU/mI at 4™ week, the maintenance dose.

Japanese Rhina-conjunctivitis Quality of Life Questionnaire
(JRQLQ No.1)

To patients with allergic rhinitis (including poliinosis)
mmnmd&unwuuw»?mw

patients & quality is
fo defermine to what exten! your -uw:mw'n’ﬂu
mlwmwnrmnwdmm
the information you provide in this survey will remain sirictly confidential.
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to answer, but just answer to the best of your ability.
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o O
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£ B
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Watery eyes
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[ {nose, eyes), mu\eresmnoecbnabmlummmmrm
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Do not fill out the following

To be completed by physician

Patients name;  Medical recordto:  Age: yr SexM F

Name of medical Physician's name: Date:

institution:

Diagnosis:

SAR (Antigen) Treatment tion,drug.mmunology.therapy. operation]

PAR (Antigen) Ti [prevention,drug.immunology, therapy,operation]

- Disease; () Treatment: ()

mﬁ:mo Mild 1, Moderate 2 , Severe 3, Very severe 4

Total

Score by QOL category 1-5 points lite 6-7 points out-door

" 8- 1opohusw 11 points sleep

12-13 points body 14— 1?pu|mspsyoo~lrfa

Please write the names of drugs used it possible

Score: None: 0 points Mild: 1 point Moderate: 2 points
Severe: 3 points Very Severe: 4 points

Fig. 1 Japanese Allergic Rhinitis QOL Standard Questionnaire No.1 (JRQLQ No1).

related questionnaire scores, and the overall face
scale were calculated and statistically analyzed. In
other words, the QOL deterioration score was calcu-
lated by subtracting QOL-related questionnaire
scores recorded in February (i.e. at baseline) from
the scores recorded in the middle of March to April,
when the largest amount of pollen dispersal was ob-
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served.

STATISTICAL ANALYSIS

Symptom scores, total symptom scores, and symp-
tom medication scores calculated from the allergy di-
ary in the placebo group and the active group were
analyzed by non-paired t-test and the Chi-squared test
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Table 2 The background of the subjects

Pla Acti
Items . 2321320 n f__’g p value (*)
Age 40.14%15.30 40.65%+15.14 0.901
Sex
Male 7 (31.8%) 18 (48.6%)
Female 15 (68.2%) 19 (51.4%)
Nasal and eye symptoms 0.62+0.54 0.43+0.35 0,168
QOL-related questionnaire 0.25+0.29 0212025 0.568
Usual daily activities 0.13%x0.25 0.11+0.32 0.762
Outdoor activities 0.14+£0.48 0.21+0.46 0.630
Social functioning 0.05+0.22 0.08+0.23 0.648
Sleep disturbance 0.14+0.36 0.09x0.29 0.537
Physical problems 0.17+0.33 0.24+0.46 0.510
Emotional function 0.12+0.23 0.11+0.32 0.953
Overall face scale . 1.14+073 1094074 om0
500
o L
E
:
°
i L
| A ' 1 il ' 1 'l ' ' i L L L L Il i i L L i 'l i 'l L i ' N — 0
NESNEERANR3855882 5 rer e RANRANERRREESYY
Fig. 2 The changing the number of cedar and cypress pollen dispersals in 2005.
using SPSS 11.0]. QOL-related questionnaire score of active group and 21 patients in the placebo group
the 2 groups were compared using analysis of covari- were analyzed.
ance (ANCOVA). As shown in Table 2, no difference was observed
between the two groups in terms of patient character-
RESULTS istics (sex was analyzed by the Chi-squared test, and
Of the 61 randomized patients, there were 2 dropouts other items were analyzed by t-test).
for those whose treatment was unknown; there were In 2005, the number of cedar and cypress pollen
37 patients in the active group and 22 patients in the dispersals observed was the largest during the 10-
placebo group. In the analysis of allergic symptoms, 2 year period since 1995, According to the data of the
patients whose outcome was available only in the Chiyoda ward—the area nearest to the Nippon Medi-
form of a diary were excluded, and the results of 36 cal School—announced by the Tokyo Metropolitan
patients in the active group and 21 patients in the pla- Government, the first pollen dispersal was observed
cebo group were analyzed. In the analysis of QOL, 3 on February 22, which was about the same time as in
patients were excluded because baseline assessment the past years, and an average of 10,625 pollens per
was unavailable, and the results of 35 patients in the square centimeter by the Durham method were ob-
268 Allergology International Vol 57, No3, 2008 www.jsaweb.jp/
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served during the season (Fig. 2). The number of the
cedar and cypress pollens by the same method ob-
served in each institution was 3424, 2383, 16002, 5859
and 7752 for University of Fukui, Okayama Univer-
sity, Dokkyo University, University of Yamanashi and
Chiba University respectively, and these pollen num-
bers were also largest dispersing during the last ten
years at any place.

Symptom scores for sneezing (Fig. 3A) and runny
nose (Fig. 3B) in the active group were significantly
better than those in the placebo group on 4 days and
2 days, respectively, but no difference was observed
between the active group and the placebo group in

terms of nasal congestion (Fig. 3C). Between the 2
groups, there was no difference in the number of
medications used during the season (Fig. 3D).

The active group had a significantly lower total
symptom score (Fig. 4A) and symptom medication
score (Fig. 4B) on 4 days during the season. Overall,
better outcomes were observed in the active group
during the latter half of the season (i.e. from the end
of March to the beginning of April), which roughly
overlaps the period when the largest amount of cedar
and cypress pollen was dispersed.

In the placebo group, the nasal and ocular symp-
tom score was 1.15, the QOL-related questionnaire

A) Mean changes in sneezing
2.50
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180 / W/\/\ 2~
A T W ey
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O.MW
e e e A o= = M P A ol S T B
QRIS 858508388888555555555588 §§S§§§3§§ SFEEE
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B) Mean changes in runny nose
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- WAV
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) Lt s e
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C) Mean changes in nasal congestion
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Fig. 3 The mean changes in each symptom in the season of 2005, A) Mean changes in sneezing. B) Mean changes in runny
nose. C) Mean changes in nasal congestion. D) Mean changes in medication score. The open square indicates the placebo
group, the filled square indicates the active group. Significant difference was evaluated as * p < 0.05; ** p < 0.01.

score was 1.10, and the overall face scale score was
1.24; in the active group, the nasal and ocular symp-
tom score was 092, the QOlL-related questionnaire
score was (.58, and the overall face scale score was
1.03: the deterioration score in the QOL-related ques-
tionnaire in the active group was only about half the
score in the placebo group (Fig. 5A). In each domain
of QOL question items, deterioration in usual daily

270

activities, outdoor activities, social functioning, sleep
problems, general physical problems, and emotional
function in the active group was only about half the
score in the placebo group as well. The pvalues for
the above domains were 0.089, 0.086, 0.067, 0.060,
0.083 and 0.046; a significant difference was observed
only in emotional function (Fig. 5B).
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Fig. 4 The mean changes in A) the total symptom score (TSS) and B) symptom medication score in the season of 2005. Sig-
nificant difference was evaluated as * p < 0.05; ** p < 0.01.

SIDE EFFECTS
No systemic side effect occurred during SLIT. Local

side effects occurred in six volunteers in the active
group. Mild mouth itching was exhibited in all six vol-
unteers in increasing dose up to 2000 JAU 1 ml, how-
ever this itching was diminished for two or three
times just after allergen administration. All six volun-

Allergology International Vol 57, No3, 2008 www.jsaweb.jp/

111

teers finished this study totally without any change of
this protocol.
DISCUSSION

Approximately 16% of the Japanese population are af-
fected by Japanese cedar pollinosis® and the propor-
tion of severe status patients is higher than with
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Fig. 5 The mean changes of A) QOL scores (nasal and eye symptoms, QOL related question-
naire, overall face scale) and B) each domain of QOL question tems deterioration (in usual daily
activities, outdoor activities, social functioning, sleep problems, general physical problems, and
emotional function) from baseline data of February to peak data of peak pollen scattering period.
Difference between placebo and active indicates * p < 0.05 (analysis of covariance, ANCOVA).

Placebo: n = 21, Active: n = 35.

grass or ragweed pollinosis, which are the represen-
tative conditions in other countries, and the symp-
toms persist for about 3 months, becoming a social is-
sue. When the amount of pollen increases, patients
show more severe symptoms, and the number of se-
vere status patients is greatest in mid-March (late
season) when the pollen count reaches its peak. Sub-

stantial antigen exposure enhances the antigen-
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antibody reaction in the airways (airway hypersensi-
tivity), which is the mechanism involved in severe
pollinosis, and SCIT may control the exacerbation of
the symptoms in the latter half of the cedar pollen
season by inhibiting antigen-related enhancement of
nasal mucosal hypersensitivity.

As shown in the WHO position paper, the effects of
immunotherapy in the treatment of pollinosis have

Allargology International Vol 57, No3, 2008 www.jsaweb.jp/
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been substantiated in many double-blind comparative
studies.® However, the therapy tends to be avoided in
Japan because of factors such as the current high
cost, the complicated procedure involved, and possi-
ble side effects. In Japan, owing to these disadvan-
tages and the fact that the department of allergy has
not been widely established in medical institutions,
pharmacological therapy is the mainstream modality
for the treatment of pollinosis. Still, immunotherapy
is an important modality for the complete cure of al-
lergic diseases.

The efficacy of our SLIT was not demonstrated
based on patient allergy diaries. However, the quality
of life (QOL) score was approximately 1/2 of that in
the placebo group, with a significant difference. In ad-
dition, a Pvalue corresponding to a significant differ-
ence was obtained in each QOL domain. In the men-
tal health domain, there was a significant difference.
Assessment using the Japanese guidelines differs
from that in other countries; even a single sneeze is
regarded as (+). In other countries, 4 grades (none,
mild, moderate, and severe) are employed for assess-
ment, and the presence or absence of symptoms is
not evaluated, For this reason, the usefulness of SLIT
may not have been demonstrated based on diaries.
However, the QOL is evaluated via self-assessment,
which is consistent with the system for the self-
reporting of symptoms in other countries (none to se-
vere). Therefore, QOL assessment of SLIT was favor-
able, and was consistent with the reduction rates in
other countries. According to the JRQLQ criteria, the
reduction rate for nasal/ocular symptoms was 22%,
consistent with the evaluation of SLIT in other coun-
tries. In the future, the JRQLQ criteria, which were
designed in reference to overseas self-assessment,
may be essential for evaluating drug efficacy and
such a novel treatment. This finding is suggestive of
the fact that the QOL questionnaire developed in Ja-
pan is of good quality,!* and that SLIT is effective for
preventing QOL deterioration in patients with pollino-
sis rather than for lowering their symptom score. Pla-
cebo effects of SLIT may be present. However, it was
evaluated in 2005, when the amount of scattered pol-
len was highest over the past 10 years. In addition,
considering that the study involved a placebo-
controlled design, we can conclude that SLIT was ef-
fective for cedar pollinosis in Japan, In evaluating the
treatment response, we cannot rule out the influence
of Japanese cypress pollen scattering. However, in a
study excluding Japanese cypress pollen-positive re-
acting patients, the efficacy of SLIT and reduction
rate for symptoms were also similar (unpublished
data). This maybe caused by the combination of a
large amount of JC and a small amount of cypress
that was dispersed in 2005. These types of pollinosis
should be regarded as JC/ Japanese cypress pollino-
sis, as their seasons are sequential in the near future.
In addition, a Japanese cypress pollen antigen for im-
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munotherapy must be prepared. It should be consid-
ered that symptoms of cedar Japanese cypress polli-
nosis in April are associated with cedar pollen
scattering-related nasal mucosal conjunctival inflam-
mation, not with Japanese cypress pollen scattering
alone.

Less side effects including problematic anaphylaxis
are noted in SLIT although the side effects observed
cannot be theoretically complete anaphylactic shock
when comparing the therapy administered via injec-
tion with sublingual route.’® Similar to the oral al-
lergy syndrome (QAS), which is the focus of public
attention, the development of symptoms such as
strange feelings, oral itching, and swelling were
feared because the antigen remains in the oral cavity;
however, itching was the only reaction observed so
far. The results obtained from the study of tentative
SLIT, which was performed exclusively in the Depart-
ment of Otorhinolaryngology, Nippon Medical
School, were roughly consistent with the results of
similar studies conducted every year thereafter, in-
cluding the results of the study in 2005,1% In our
study of SLIT for the treatment of cedar pollinosis,
symptom medication score was consistently lower
than that of the pharmacological therapy group
throughout the pollen dispersal season. The finding
indicates that patients receiving SLIT tend to use
fewer drugs, which is consistent with the results of a
double-blind comparative study using a placebo,?
SLIT, which is as effective as pharmacological ther-
apy and decreases the amount of drug use, is consid-
ered advantageous also in the current medical econ-
omy in Japan.

The mechanism of action for SLIT, or for conven-
tional SCIT, is still unclear, but for SCIT, reduction of
effector cells!®19 and blocking antibody?*% have
been the conventional theories. Recently, however, it
has become widely accepted that immunotherapy
may modify the T cell response to natural allergen be-
cause of T cell anergy and, 'or immune deviation. 2427
For SLIT in particular, allergen administered to the
oral mucosa accumulates in the submandibular
lymph node, in which the immune response occurs?®
and peaks at approximately 2 hours after administra-
tion.2? In our investigation, an increase in the Stimula-
tory Index in PBMC during the early phase of SLIT
conducted in 1999 shows at least that systemic im-
mune induction was caused by sublingually adminis-
tered antigen.® In SLIT, it is intended to cause fewer
side effects than SCIT injection by decreasing sys-
temic effects. However, it has become clear that the
therapy also leads to systemic immune induction,
which is greatly different from conventional topical
immunotherapy administered intranasally or orally.

In the present study, SLIT both inhibited the exac-
erbation of symptoms in the latter half of the season
and reduced their severity throughout the season.
Furthermore, there were neither local nor systemic
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side effects, as reported elsewhere for other antigens.
SLIT for cedar pollinosis is a new therapy and in the
future SLIT may by indicated for patients with nasal
allergy caused by other allergens such as house dust
mites or animal dander through improvement of the
administration schedule and establishing the dose at
which the most potent effects are achieved. This
study may contribute to the methodology for the fu-
ture immunotherapy in Japan.

The development of this SLIT in Japan is in pro-
gress as a multi-center study conducted as part of the
research project on the prevention and treatment
of immunological and allergic diseases (H17-
immunology-common-001) entitled “Evaluation re-
search of the relationship between the number of dis-
persed pollen observed by realtime monitoring and
QOL achieved by the current treatment modalities,
and the development of definitive treatment for polli-
nosis”, which is supported by Health and Labour Sci-
ences Research Grants from the Ministry of Health,
Labour and Welfare.
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Mast cell regulation of epithelial TSLP expression plays
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an important role in the development of allergic rhinitis 5
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Epithelial cell-derived thymic stromal lymphopoietin (TSLP) is a master switch for asthma
or atopic dermatitis by inducing a dendritic cell-mediated Th2-type allergic inflammation.
Allergic rhinitis is also pathologically characterized by Th2-type allergic inflammation. This
study demonstrates that mast cells regulate the epithelial TSLP expression in allergic
rhinitis. TSLP expression was found to be up-regulated predominantly in the nasal T
epithelium in the ovalbumin (OVA)-sensitized and -nasally challenged mouse model of L
allergic rhinitis, which was abolished in mast cell-deficient WBB6F1-W/W" in comparison :
with control WBB6F1-+/+ mice. Similarly, the epithelial TSLP expression was reduced in Fc

receptor y chain (FeyR)-deficient mice, where the high-affinity IgE receptor (FceRI) is not

expressed on mast cells, in comparison with control C57BL/6 mice. Furthermore, the

administration of neutralizing TSLP antibody during the challenge phase of OVA inhibited

the development of allergic rhinitis. These results suggest that the direct stimulation of

epithelial cells by antigens alone may not be sufficient to induce TSLP expression in the

nasal epithelium, and that mast cell regulation of epithelial TSLP expression, possibly via

FceRI, plays an important role in the development of allergic rhinits.

Key words: Allergic rhinitis - Epithelial cells - Mast cells - TSLP

Introduction key role in the development of allergic diseases such as asthma or o
atopic dermatitis [1, 2, 4]. For instance, transgenic mice iy

Thymic stromal lymphopoietin (TSLP) is an IL-7-like cytokine, expressing TSLP in keratinocytes or in lung epithelial cells have

which binds to a TSLP receptor (TSLPR) consisting of the IL-7  been shown to develop atopic dermatitis- or asthma-like

receptor a-chain (IL-7Ra) and a common y receptor-like chain  inflammation in the skin or the lung, respectively, while TSLPR

(TSLPR-y) [1, 2]. TSLP was originally identified as a factor derived  null mice failed to develop an inflammatory lung response to

from a thymic stromal cell line that could support the growthof a  inhaled antigen[5-7]. In humans, TSLP has been shown to be

mouse B cell line[3]. However, recently, TSLP, derived from  expressed by keratinocytes in atopic dermatitis and by bronchial

epithelial cells, has been shown to be capable of activating CD11c®  epithelial cells in asthmatic airways[8, 9].

myeloid DC to up-regularte costimulatory molecules, leading to the In contrast to the pro-allergic action of TSLP, regulation of

differentiation of CD4" T cells into Th2 cells. Therefore, it playsa  TSLP expression in epithelial cells has not been fully elucidated.

Previous studies suggest that TSLP expression in mouse keratino-

cytes is regulated by vitamin D and retinoic acid signaling [10].

Most recently, TNF-a, IL-1f, and ligands for Toll-like receptors
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such as LPS were shown to up-regulate TSLP expression via NF-xB
pathway in cultured human bronchial epithelial cells and
keratinocytes[11-13].

Mast cells play a critical role in allergic inflammation including
asthma and allergic rhinitis via multiple mechanisms [14-16].
Mast cells in patients with allergic rhinitis and asthma produce
Th2-type cytokines, induce IgE synthesis in B cells, and can
autoactivate themselves via the mast cell-IgE-high affinity receptor
(FceRl) cascade [17]. In addition, mast cells up-regulate the
production of a variety of cytokines/chemokines in epithelial cells
and fibroblasts, and induce the recruitment of basophils, T cells,
and eosinophils into sites of allergic inflammation as well as their
own intraepithelial accumulation. However, it remains unclear
whether mast cells contribute to the epithelial TSLP expression at
the site of allergic inflammation.

In this study, a direct assessment of the roles of mast cells on
epithelial TSLP expression was conducted using a mouse model of
allergic rhinitis and two types of genetically mast cell-deficient
mice (WBB6F,-KitW/W-v mice and C57BL/6-KitW-sh/W-sh mice).

Results and discussion

TSLP expression in nasal epithelium requires mast
cells and FcyR in a mouse model of allergic rhinitis

WBB6F1-+/+ mice with a mutation of c-kit are deficient for mast
cells [18] and FcyR-deficient mice showed no expression of FcR
(FeyRl, FeyRIll, and FceRI) [19] because the expression of FcR
requires a homodimer of the subunit FeyR for surface expression
and signal transduction in the mouse [20]. C57BL/6 and WBB6F1-
+/+ mice challenged with OVA showed an infiltration of
leukocytes in the nasal submucosa, whereas WBB6F1-W/W" mice
and FcyR-deficient mice challenged with OVA did not show any
infiltration of leukocytes into the nasal submucosa, as previously
described [21, 22] (data not shown). Immunohistochemical
staining with anti-TSLP antibody revealed little positive immuno-
reactivity of TSLP in the nasal mucosa obtained from the PBS-
challenged C57BL/6 mice, but the positive immunoreactivity of
TSLP increased predominantly in the nasal epithelium after the
induction of allergic rhinitis in C57BL/6 and WBB6F1-+/+ mice
(Fig. 1 and 2). In contrast, the increase of TSLP-positive cells in the
nasal epithelium after the induction of allergic rhinitis was absent
in WBB6F1-W/W" mice and FcyR-deficient mice (Fig. 2).
Immunohistochemical staining with control 1gG antibody showed
negative staining in the nasal mucosa after the induction of allergic
rhinitis in C57BL/6 mice (Fig. 1). Therefore, TSLP expression is
induced in the nasal epithelium in a mouse model of allergic
rhinitis and the presence of mast cells and FcyR is necessary for the
allergen-induced epithelial TSLP expression.

To further clarify the roles of mast cells and FeyR in mast cells
in epithelial TSLP expression in a mouse model of allergic rhinitis,
mast cell-deficient C57BL/6-KitW-sh/W-sh mice [23, 24] were
reconstituted with BM-derived mast cells (BMMC) derived from
wild-type C57BL/6 mice or FcyR-deficient mice with CS7BL/6
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genetic background. As shown in Fig. 2, an increase in the number
of TSLP-positive cells in the nasal epithelium after the induction of
allergic rhinitis was observed in the C57BL/6-KitW-sh/W-sh mice
reconstituted with wild-type BMMC, but not with FeyR-deficient
BMMC. Therefore, mast cells and FeyR in mast cells plays a critical
role in the epithelial TSLP expression in a mouse model of allergic
rhinitis.

TSLP is critical for the development of allergic rhinitis

To determine whether TSLP, expressed in the nasal epithelium,
plays a critical role for the development of the mouse model of
allergic rhinitis, the effects of TSLP neutralizing antibody on the
development of allergic rhinitis were clinically and pathologically
evaluated by periodic acid-Schiff (PAS) staining to demonstrate
goblet cells.

CS7BL/6 mice treated with control IgG antibody during the

challenge phase with OVA showed a significant increase in the
nasal rub counts (Fig. 3). The mice also showed an infiltration o
leukocytes in the nasal submucosa, and the number of PAS
positive cells in the nasal epithelium (gobler cells) and submucos
(gland cells) also increased in these mice (Fig, 3 and data nc
shown). In contrast, the mice treated with anti-TSLP neutralizin
antibody showed a significant reduction in the frequency of nas:
rubs with little infiltration of leukocytes in the nasal submucos.
and a decreased number of PAS-positive cells in the nas
epithelium and submuosa (Fig. 3 and data not shown
Interestingly, immunohistochemical staining revealed the TSI
levels in the nasal epithelium to be relatively up-regulated aft
treatment with anti-TSLP antibody (Fig. 3). To exclude t
possibility that a trivial deposition of anti-TSLP antibody on t
tissue may affect the TSLP staining, the nasal mucosa specime
obtained from C57BL/6 mice treated with anti-TSLP antibo
during PBS challenge were stained with anti-TSLP antibody a
only slight immunoreactivity for TSLP was confirmed in th
tissue specimens (data not shown). These results indicared that
blockade of TSLP activity inhibited the development of the mo
model of allergic rhinitis.

The current results suggest that the direct stimulation
epithelial cells by antigens alone may not be sufficient to ind
TSLP expression in the nasal epithelium because the deficienc
mast cells and FeyR in mast cells abolished epithelial T
expression regardless of the stimulation with the antigen (OVA
the nose. This is consistent with recent in vitro studies, w
suggest that TSLP expression in epithelial cells requires pr
flammatory cytokines such as TNF-a [11-13). Therefore,
possible that mast cell-derived inflammatory cytokines inclu
TNF-u generated at the site of allergic rhinitis may pla
important role for the induction of TSLP expression in the 1
epithelium. Because the mast cell release of TNF-a or ¢
proinflammatory cytokines can occur immediately followin
antigen stimulation in the nose of patients with allergic rh
[25] and FeyR was also shown to be critical for the epithelial
expression (Fig. 2), we therefore speculate that mast cells (po
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anti-TSLP Ab

tiguie 1 Repeated nasal exposure to OVA in OVA-sensitized C57BL/6 mice induces TSLP expression in the nasal epithelium. (A) Representative
{4 tures of TSLP expression in the nasal mucosa of OVA-sensitized C57BL/6 mice repeatedly challenged with OVA (OVA) or control PBS (PBS) are
“liswiy e curved lines indicate positive staining area. (B) Representative pictures of the nasal mucosa specimens stained with control IgG antibody
{=ustinl Ali) or anti-TSLP antibody (anti-TSLP Ab) after the induction of allergic rhinits.
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