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Table 1 Nasal finding score
Score
Nasal Findings 3 1 0]
Inferior nasal Middle turbinate not Intermediate To centre of middle None
turbinate mucosal seen between (3} and (1) turbinate
swelling
Nasal discharge Filled Intermediate Smali amount None

between (3) and (1)

adhered to the skin

gen provocation tests,” and QOL surveys.8 The anti-
gen nasal provocation test is a test in which the anti-
gen is applied directly to the nasal mucosa to elicit na-
sal symptoms from such a stimulation.?® Since this is a
quaniitative clinical study, where a fixed amount of
antigen is applied, it is possible to reproducibly elicit
the allergy reactions and allows the evaluation of
drugs for their treatment effect of nasal symptoms.

In this study, we examined patients with Japanese
cedar pollinosis using Japanese cedar antigen discs to
" conduct the nasal provocation test and evaluated two
second-generation antihistamines, epinastine hydro-
chloride tablets and fexofenadine hydrochloride tab-
lets, for efficacy compared with placebo in a cross-
over clinical study.

METHODS

SUBJECTS
This study was conducted between August 14 and
October 2, 2004. The subjects were male and female
volunteers with Japanese cedar pollinosis who were
20 years old or older. The inclusion criteria required
that the subjects have a CAP-RAST score for Japa-
nese cedar of 2 or greater, show a positive nasal
provocation reaction to the Japanese cedar antigen
disc (more than two symptoms by the nasal provoca-
tion test from among nasal itching, sneezing, rhinor-
rhea and nasal congestion), and provide written con-
sent to participate in this study.tC

The following subjects were excluded.

* Subjects with a history of hypersensitivity to the
components of the study drugs

* Subjects who were unable to stop smoking on the
days of the clinical study
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* Subjects who had used steroids within one month
of the start day of the clinical study

* Subjects who within one week of the start day of
the clinical study used drugs that may affect the re-
sults of the clinical study (antihistamines, antiallergic
drugs, vasoconstrictors)

* Subjects undergoing desensitization therapy

* Subjects with nasal diseases that affect the assess-
ment of the nasal provocation reaction, such as
acute / chronic rhinitis, nasal polyps, hypertrophic
rhinitis, deviated septum or sinusitis

* Subjects who were reactive to multiple antigens
including pollens other than Japanese cedar (rag-
weed, mugwort), and had worsening of nasal symp-
toms when the nasal provocation test was conducted
during the season of dispersion of the pollen

STUDY DRUGS, STUDY DESIGN

Study drugs were epinastine hydrochloride 20 mg
tablets (epinastine), fexofenadine hydrochloride 60
mg tablets {fexofenadine), and placebo indistinguish-
able from epinastine (provided by Nippon Boehringer
Ingelheim Co., Ltd., Hyogo, Japan with fees paid).

The clinical study consisted of four visits, Visit 1
consisted of screening tests, and visits 2, 3 and 4 in-
volved nasal provocation tests using Japanese cedar
antigen discs.

In the study design, the three study drugs were ad-
ministered to subjects as a single dose on the days of
the three nasal provocation tests in an open 3-way
crossover method in the order assigned by the ran-
domization (Fig. 1). A study drug administrator who
was neither the physician nor the clinical study col-
laborator conducted the randomization, and the study
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@: Observed endpoints at 5 minutes after antigen provocation
Nasal symptoms for 5 minutes (number of sneezing attacks, quantity of
nasal discharge)
Rhinoscope examination (swelling and color of the inferior turbinate
mucosa, quantlty of water discharge)
Nasal airway resistance
Anterior rhinoscope (VTR recording)

®: Blood sampling_ (histamine release rate measuremsnis)

antigen disc administration

Y —

4

60

<

30 min prior to drug After 30 After After 180 After 300
administration min min min min
(control) D 0.6 ® ® @@
Fig. 2 Observed endpoints
Table 2 Characteristics of subjects
male 5
Sex _ female 4
Age (years} mean + S.E. 23.56 + 0.57
Age at onset (years) mean * S.E. 16.67 = 1.16
. sneezing, rhinorrhea 8
Disease type o
nasal airway closure 1
house dust 2.22 +082
mites 2.33 + 0.89
C(S’T\CF;}Z)AST Japanese cedar 3.22 + 0.31
mugwort 0.44 = 0.38
ragweed 0.56 &= 0.43
no 1
yes 8
Co-existing illesses chronic allergic rhinitis 5
seasonal allergic conjunctivitis 2
allergic conjunctivitis 2
] . no 9
Allergy prior history yes o
Prior therapy no 9
(desensitization, surgery) yes 0

drug administrator performed the drug administra-
tion in a way that could not be identified by the physi-
cian nor the clinical study collaborator.

OBSERVED ENDPOINTS
Efficacy
During the 5 minutes after provocation, the nasal
symptoms were observed, including the number of
sneezing attacks and quantity of nasal discharge
(weight of tissues used).

At 5 minutes after provocation, a rhinoscope exami-
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nation was conducted to examine and rate the swel-
ling and color of the mucosa of the inferior nasal tur-
binates and nasal discharge. The rating was con-
ducted according to the nasal finding classification of
The Practical Guideline for Management of Allergic
Rhinitis.* The extent of the inferior nasal turbinate
mucosal swelling and nasal discharge were scored (3
points, 2 points, 1 point, none; Table 1), and the
changes in the nasal finding score over time were de-
termined for each drug.10

In addition, nasal airway resistance measurements,
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Fig. 3 Change in the number of sneezing attacks
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Fig. 4 Change In the quantity of nasal discharge {weight of tissues used)

VTR recording by anterior rhinoscopy for a one-
minute period immediately after provocation and for
a one-minute period beginning at 5 minutes after
provocation, and histamine release rate (HRT
Shionogi, Osaka, Japan) after first nasal provocation
(30 minutes before drug administration) and at the
end of the last nasal provocaticn (300 minutes after
drug administration) were also observed.

Safety

At each visit, the physician conducted an examination
at 30 minutes prior to drug administration before the
nasal provocation and at 300 minutes after drug ad-
ministration after the completion of the nasal provoca-
tion.

Patient-reported Evaluation
After completion of all clinical studies, subjects were
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Fig. 5 Change in the inferior nasal turbinate mucosal swelling (nasal find-

ing score)
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Wilcoxon rank-sum test

#:<<0.05 {vs placebo}

#:<0.05 (vs fexofenadine)
##:<0.01 (vs fexofenadine)

Fig. 6 Change in the nasal discharge (nasal finding score)

surveyed using questionnaires for their impressions
on the efficacy of the study drugs to determine pa-
tients’ opinions.

STUDY METHODS

The nasal provocation was done using Japanese ce-
dar antigen discs containing 50 ng of Cry j1 (kindly
provided by National Hospital Organization Sagami-
hara National Hospital, Kanagawa, Japan), and were
applied to the anterior portion of both inferior nasal
turbinates for 5 minutes. The procedures for each ob-
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servation day are indicated below.

Day of Screening Tests (Visit 1)

Subjects were given an explanation regarding their
participation in this clinical study and provided writ-
ten consent,

The subjects underwent a physical examination,
laboratory tests (hematology, blood chemistry, uri-
nalysis) and the nasal provocation test. The subject’s
background, past medical history and co-existing ill-
nesses, and concomitant drugs were surveyed to con-
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Fig. 7 The appearance of nasal mucosa by rhinoscope

firm inclusion criteria and exclusion criteria.

Days of Nasal Provocation Tests (Visits 2, 3, 4;
Fig. 2)

The study drugs were administered at the three vis-
its, and at each visit, a study drug was given as a sin-
gle dose. There was a drug-free period of 14 days be-
tween visits.

The first nasal provocation was conducted at 30
minutes prior to any study drug administration, after
which the study drug was administered. Then, subse-
quent nasal provocation was conducted at 30 minutes,
60 minutes, 180 minutes, and 300 minutes after drug
administration (a total of five times). At each time
point, the respective observations were conducted.

Statistical Analysis

The results were evaluated as the rate of change in
the value after antigen provocation prior to drug ad-
ministration compared with those after drug admini-
stration, and the value was expressed as a mean =
standard error. Comparison between study drugs was
performed using the Wilcoxon rank-sum test.

This clinical study was conducted at the Tokyo
Clinical Research Organization for Medicine Clinic
(ToCROM). Prior to conducting the study, the study
was reviewed by the Independent Ethics Committee
of the Osaka Pharmacology Research Clinic and was
approved by the clinic director.
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RESULTS

There were nine subjects (5 men, 4 women), mean
age 23.56 + 0.57 years. The details of subjects’ demo-
graphics are in Table 2. None of the subjects experi-
enced safety problems during the study. One subject
did not return for visits 3 and 4, while one subject did
not return for visit 3. Thus, 7 subjects received all
study drugs.

EFFICACY
Nasal Symptoms
Changes in the number of sneezing attacks and
changes in the quantity of nasal discharge (weight of
tissues used) are shown in Figures 3, 4. The number
of sneezing attacks was maintained below baseline
for up to 300 minutes after administration of epinas-
tine. On the other hand, with fexofenadine and with
placebo, the number of sneezing attacks increased
during the 60 minutes after study drug administra-
tion, followed by a decrease. However, the number of
attacks did not drop below baseline. Epinastine
showed a significant difference against placebo from
30 minutes to 300 minutes after drug administration
and against fexofenadine from 30 minutes to 180 min-
utes after drug administration.

The changes in the quantity of nasal discharge
showed a trend that was similar to that of the number
of sneezing attacks. Epinastine showed values below
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Table 3 Subject impressions

effective neither effective nor ineffective ineffective
Epinastine 3 1 42.86% 2 28.57% 2
Fexofenadine 2 28.57% 4 57.14% 1
Placebo 0 0.00% 3 42.86% 4

baseline continuously to 300 minutes after admini-
stration. The changes in the quantity of nasal dis-
charge increased for 30 minutes after administration
of fexofenadine and for 60 minutes after the admini-
stration of placebo, followed by a decrease. Epinas-
tine showed significant differences in the changes in
the quantity of nasal discharge compared with pla-
cebo from 30 minutes to 180 minutes after admini-
stration.

Nasal Findings

Figures 5, 6 show the changes over time in the swel-
ling of the inferior nasal turbinate mucosa and nasal
discharge expressed as the nasal finding score. The
nasal finding score for swelling increased for 60 min-
utes after drug administration for all three study
drugs. There were no significant differences among
the study drugs.

The nasal finding score for the nasal discharge in-
creased for 60 minutes after the administration of
fexofenadine and placebo and was higher than base-
line to 300 minutes after administration, while at no
time point did epinastine show values above baseline.
Epinastine showed significant differences compared
with placebo at 30 minutes after administration and
with fexofenadine at 30 minutes and 60 minutes after
administration.

Nasal Airway Resistance
There were no significant differences among the

study drugs.

VTR Recording By Anterior Rhinoscopy

Figure 7 shows examples of intranasal images at each
measurement time point before and after nasal provo-
cation.

The swelling of the inferior nasal turbinate mucosa
was inhibited from 30 minutes after administration of
epinastine and from 180 minutes after administration
of fexofenadine.

Histamine Release Rates

The meanzstandard error at 30 minutes before and
300 minutes after administration were 53.24 + 15.67%
and 50.16 + 9.24% for epinastine, 43.00 = 11.01% and
40.17 x 10.25% for fexofenadine, and 49.56 + 14.24%
and 35.44 + 11.06% for placebo, respectively, showing
decreases with all three study drugs. There were no
significant differences among the study drugs.
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SAFETY

None of the subjects experienced any adverse events.

PATIENT-REPORTED EVALUATION

Table 3 shows the subjects’ impressions concerning
the study drugs after the completion of the clinical
study. 3 of 7 subjects given epinastine (42.86%), 2 of 7
subjects given fexofenadine (28.57%) and 0O of 7 sub-
jects given placebo reported that the “study drug was
effective.”

DISCUSSION

The nasal provocation test exposes a fixed amount of
the antigen directly to the nasal mucosa and deter-
mines the changes in the extent of nasal allergy
symptoms. Thus, it is a simple method for objectively
evaluating the efficacy and duration of effect of antial-
lergic agents.”.9.21 Usui ¢f al. have studied the efficacy
of Ketotifen oral agent and nasal agent by the nasal
provocation test using house dust antigens.12 Konno
and Yoshida ef al. have also repeated antigen nasal
provocation using the Japanese cedar antigen and
have reported that even during non-dispersion sea-
sons, nasal symptoms seen in the field can be repro-
duced.!314 When there is no pollen dispersion, the
specific IgE in the nasal mucosa is decreased, but
when antigen in an amount sufficient to elicit the de-
velopment of allergic symptoms is applied, then the
disease becomes apparent. In recent years, many
studies have also been conducted to observe nasal al-
lergy symptoms and conduct drug efficacy evaluation
in pollen (antigen) exposure chambers,6 but from the
standpoint of being able to expose all subjects to a
fixed amount of antigen, the antigen provocation test
is superior for evaluation of nasal symptoms. On the
other hand, in terms of being able to reproduce
symptoms of pollinosis during a pollen-dispersion
season, exposure tests in pollen exposure chambers
are superior to the antigen provocation test. This is
because exposure chambers are closer to the expo-
sure to pollen in the field and can elicit symptoms
that do not arise in antigen provocation tests, such as
symptoms in the eye and throat. However, studies
like the present clinical study involving a small num-
ber of subjects, particularly studies that include de-
tailed assessments such as rhinoscope examination,
require exposure to a fixed amount of antigen. Thus,
we adopted the antigen provocation test. In addition,
repeated provocation reaction was used to reproduce
repeated antigen exposure similar to the repeated ex-
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posure in the field occurring during a pollen-
dispersion season. In a simple one-time antigen expo-
sure, the pollen is in a non-dispersion state and the al-
lergy reaction that occurs is the pure immediate
phase reaction followed by the late phase reaction.”
However, in the actual clinical setting, since there is
repeated exposure to large quantities of dispersed
pollen, it may be important to determine the efficacy
of drugs under conditions with immediate phase and
late phase occurring simultaneocusly.

It was thought that repeated antigen provocation
reactions can lead to better reproduction of the actual
pollinosis symptoms, and that increasing the number
of exposures may lead to an increase in reactivity.
However, the reaction including nasal mucosal swel-
ling after placebo administration increased to a cer-
tain point after antigen provocation but showed a
trend towards a decrease beyond one hour, and by 5
hours the reactivity was at the level prior to drug ad-
ministration with the first provocation. This may be
because the current clinical study was started in a
pollen-free state. Specific IgE in the nasal mucosa be-
gins to increase at the time of the year when the pol-
len dispersion is starting,!® and it has been shown in
clinical studies in Japanese cedar pollinosis in Japan
that at that time of the year, the hypersensitivity in-
creases gradually.13.14 For this reason, in this clinical
study, the hypersensitivity becomes apparent for a
short period of titne, and thereafter, possibly because
of the low level of specific IgE, the decreased reactiv-
ity of mast cells results in decreased production and
release of histamine and decreased nasal discharge
after four or five antigen provocation reactions.

The study drugs used here, epinastine hydrochlo-
ride and fexofenadine hydrochloride, are popular
second-generation antihistamines in Japan. Fexofena-
dine hydrochloride in the pollen-dispersion season
showed clinical efficacy starting around day 2 of ad-
ministration, and improved QOL early in treatment.8
There are no similar data for epinastine hydrochlo-
ride, but a rapid response has been reported in a
clinical study involving the skin.16 In this study, a
comparison of these two agents and placebo was con-
ducted under conditions close to polien exposure in
the field using repeated antigen provocations. The re-
sults indicated that epinastine hydrochloride showed
the features characteristic of second-generation anti-
histamines, in which the number of sneezing attacks
and quantity of nasal discharge decreased after anti-
gen provocation at 30 minutes after administration.
The single dose administration inhibited these symp-
toms for at least 3 hours, while the number of sneez-
ing attacks was inhibited for 5 hours. Fexofenadine
hydrochloride also showed a trend towards inhibition
of these symptoms, but the effect was not signifi-
cantly different from placebo. There are actual effi-
cacy data for fexofenadine hydrochloride with respect
to QOL in pollinosis,8 and it is expected that the dif

ferences would become significant with a larger sam-
ple size, but no significant difference was observed in
this study, possibly because the dose in this clinical
study of once a day differs from the usual dosage
used in clinical practice. The anti-histamine effect was
not caused by only a single dose, but also by one-day
dosage. If we add the second tablets of fexofenadine
hydrochloride, the result of 300 minutes would be
changed. Further work in the future is needed to de-
termine whether significant differences can be seen
using identical experimental methods in a larger
number of subjects. On the other hand, it was evident
that epinastine hydrochloride showed significant dif
ferences, and thus its rapid efficacy and usefulness
need to be confirmed.

‘The observation that neither of the drugs showed
significant differences compared with -placebo with
respect to efficacy measures such as the inferior na-
sa] turbinate mucosal swelling score and nasal airway
resistance may be explained by the fact that this
study involved a single dose administration. The his-
tamine release assay results may also be explained by
this observation.

Based on the results of this clinical study, the effi-
cacy of epinastine hydrochloride in the early phase of
pollinosis treatment was demonstrated by the obser-
vation that a single dose administration led to the
suppression of the nasal mucosal reaction elicited by
repeated provocation, One may consider these data
1o be one line of evidence for pollinosis treatment in
the early phase of pollen dispersion or when there is
rapid increase in the quantity of pollen dispersed.
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Expression of membrane-bound CD23 in nasal
mucosal B cells from patients with perennial
allergic rhinitis

Shigetoshi Horiguchi, MD, PhD; Yoshitaka Okamoto, MD, PhD; Hideaki Chazono, MD;
Dajju Sakurai, MD; and Kouichi Kobayashi, MD

Background: CD23 is the low-affinity receptor for IgE on B cells and is thought to play an important role in regulation of
IgE production. )

Objective: To measure the expression of membrane-bound CD23 in nasal B cells and examine its correlation with CD4
subtypes or serum IgE levels in patients with perennial allergic rhinitis.

Method: We used flow cytometric analysis with double, direct immunofluorescence staining of the mucosal-infiltrating
lymphocytes to examine the expression of CD23 in nasal mucosal B cells of patients with perennial allergic rhinitis, The
expression of CD23 in nasal B cells of patients with nonatopic rhinosinusitis served as a control.

Result: The ratio of CD23* B cells to total B cells in patients with perennial allergic rhinitis was significantly higher than in
nonatopic controls, whereas that of B cells to total lymphocytes was unchanged. The ratio of CCR4+ CD4 cells to total CD4 cells
in allergic patients was significantly higher than in nonatopic controls, whereas the ratio of CXCR3* CD4 cells to total CD4 cells
was unchanged. There was no significant correlation between the percentages of CD23* B cells and CCR4* CD4 cells. In
addition, the percentage of CD23* B cells did not correlate with the total IgE level or with the specific IgE level.

Conclusions: Our results indicate that nasal mucosal CD23-bearing B cells, as well as T2 cells, increase in patients with
perennial allergic rhinitis. However, the expression of CD23 did not directly correlate with the number of Ty2 cells in the nasal
Mucosa, :

INTRODUCTION

Allergic rhinitis (AR) occurs through fundamental mecha-
nisms that involve induction of allergen-specific IgE antibod-
tes. Allergen-specific T-cell-B-cell interactions are indis-
pensable for the induction of human IgE synthesis, and it has
recently been reported that interleukin 4 (IL-4) and other
cytokines released from CD4 helper cells (T2 cells) affect
T-cell-B-cell interactions and play a role in the induction of
IgE synthesis in B cells.!?

Human CD23 exists in 2 isoforms (CD23a and CD23b),
which differ only in 6 or 7 amino acids at the N terminus.
CD23 has the potential to associate with HLA-DR at the
surface of B cells and in doing so may help to stabilize
T-cell-B-cell interactions, which in turn contribute to T-cell
activation.” The membrane-bound CD23 on B cells is thought
to enhance IgBE-dependent antigen presentation to T cells and
also to influence IgE synthesis in the B cells. However, CD23
expression on B cells in the nasal mucosa and its possible
correlation with relevant Ty2 cells in patients with allergic
diseases have yet to be clarified. In the present study, we
measured the expression of membrane-bound CD23 in nasal
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B cells and examined its correlation with CD4 subtypes or |
serum IgE levels in patients with perennial allergic rhinitis.

MATERIALS AND METHODS

Patients

Japanese patients with serious perennial AR due to Dermato-
phagoides pteronyssinus were enrolled in this study. The
diagnosis of AR was made based on the criteria of Okuda et
al,* including a positive CAP radioallergosorbent test result
(greater than class 2; SRL, Tokyo, Japan) against D pteromnys-
sinus. None of the patients received immunotherapy or immu-
nosuppressive drugs (including steroids) during the study. Jap-
anese patients with nonatopic rhinosinusitis were enrolled as
controls. Informed consent for participation in the study was
obtained from each participant.

Tissue Samples

Inferior turbinate mucosa or paranasal mucosa was obtained
by endonasal sinus surgery. After the mucosa was cut into
small pieces (approximately 2 mm), tissue-infiltrating lym-
phocyies were collected with a cell strainer (Falcon, Discov-
ery Labware, BD Biosciences, Bedford, MA), using the Fi-
coll-Hypaque separation technique (lymphocyte separation
solution, Nacalai Tesque Inc, Tokyo, Japan). The tissue-
infiltrating lymphocytes were washed twice with phosphate-
buffered saline (PBS) and resuspended in a freezing solution
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(Cell Banker, Nihon Zenyaku, Fukushima, Japan). The cells
were stored at —80°C until examination.

Antibodies

Anti-human CD4, CDI19, CD23, and CXCR3 monoclonal
antibodies were purchased from Dako Corporation (Tokyo,
Japan). Anti-human CCR4 monoclonal antibody was ob-
tajined from Genzyme (Boston, MA).

Flow Cytometric Analysis

The frozen cells were rapidly thawed and diluted 10 times
with PBS that contained 1% bovine serum albumin (BSA).
After 2 washes with PBS in 1% BSA, the cells were stained
with an fluorescein isothiocyanate (FITC)-conjugated mono-
clonal anti-CD19 antibody combined with a R-phycoerythrin
(RPE)-conjugated anti-CD23 antibody or with a FITC- or
RPE-conjugated negative control antibody, according to the
manufacturer’s protocol. The cells were also stained with an
FITC-conjugated anti-CD4 antibody combined with RPE-
conjugated anti-CXCR3 or anti-CCR4 antibodies.

Cells were subjected to flow cytometric analysis using a
flow cytometer (FACScan, Becton, Dickinson and Company,
Franklin Lakes, NI). A lymphocyte gate was set based on the
pattern of forward and side scatter. A minimum of 5 X 10*
cells in the gate was analyzed on the same day. B lympho-
cytes were identified as CD19* lymphocytes, and Ty cells
were identified as CD4* lymphocytes. Cell viability was
demonstrated by negative staining with 7-aminoactinomycin
D (Sigma-Aldrich, St Louis, MO), which showed that at least
98% of the cells were viable.

A control

cD23

10
FL1-Height
cD19

Statistical Analysis

Statistical analysis was performed using a Wilcoxon rank
sum test or a Wilcoxon signed rank test for paired and
unpaired data. Statistical analysis was also performed using a
Spearman rank correlation test for correlation between the
data. P < .05 was considered statistically significant. Data
are presented as mean * SD.

RESULTS

Patients

Eleven Japanese patients- (mean = SD age, 41.1 = 187
years; age range, 23-69 years; 5 men and 6 women) with
serious perennial AR due to Dermatophagoides pteronyssi-
nus were enrolled in the study as study patients. Eleven
Japanese patients (mean * 5D age, 50.4 * 14.3 years; age
range, 2471 years old; 7 men and 4 women) with nonatopic
rhinosinusitis were enrolled as controls.

Dot Plots for CDI9 FITC and CD23 RPE

Typical dot plots for CD19 FITC and CD23 RPE staining are
shown for the control group and the AR group in Figure 1.
Only CD19* cells expressed CD23 on mucosal lymphocytes,
and CD23 expression on B cells from AR mucosa was higher
than that of controls. The dot plot pattern of CD23 expression
on nasal B cells suggested that this was not an all or nothing
effect for a given cell but rather that B cells expressed various
levels of CD23. Therefore, we measured the percent positive
and mean fluorescence intensity (MFI) of CD23 on B cells,
where the percent positive value indicates the relative amount
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Figure 1. Representative dot plots for fluorescein isothiocyanate~conjugated anti-CD19 (FL1) and R-phycoerythrin-conjugated anti-CD23 (FL2) antibodies
for the control group (A) and the allergic rhinitis (AR) group (B). The proportion of CD23-bearing B cells was measured by flow cytometry as CD19 and CD23

double-positive plots.
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Figure 2. CD23 expression on B cells. A, Percent positive values for CD23 on B cells from patients with allergic rhinitis (AR) were significantly higher than
for the control group. B, A similar tendency was seen in the mean fluorescence intensity {(MFT) of CD23 expression on B cells, which was significantly increased
for patients with AR compared with controls. C, Correlation plot between percent positive values for CD23 on B cells and MFI of CD23 expression on B cells.
The percent positive values for CD23 on B cells was significantly correlated with the MFI of CD23 expression on B cells for the control group and the AR group.
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Figure 3. Percent positive values for chemokine recepior expression on mucosal CD4 T cells. A, Data for the CXCR3 subtype, assumed to be Tyl cells. B,
Data for the CCR4 subtype, assumed to be T\;2 cells. There is no significant difference in percent positive values for CXCR3 on CD4 cells from patients with
allergic thinitis (AR) and controls (A), whereas the percent positive values for CCR4 on mucosal CD4 cells from patients with AR were significantly higher than

in controls,

of CD23+ B cells to total B cells, and the MFI indicates the
mean level of CD23 expression per B cell. '
Expression of CD23 on Mucosal B Cells

The percent positive value for CD23 on mucosal B cells in
the AR group (43.9% = 5.8%) was significantly higher than

in the control group (19.9% * 9.0%, P < .001) (Fig 2A),

whereas that of B cells to total lymphocytes was unchanged
{data not shown). The MFI of CD23 on mucosal B cells in the
AR group (40.76 % 20.62) was also significantly higher than
in the control group (16.9 * 4.68, P = .004) (Fig 2B). The
percent positive value and the MFI for CD23 were signifi-
cantly correlated, with the correlation coefficients for control
subjects and AR patients being 0.71 (P = .03) and 0.99 (P =
.008), respectively (Fig 2C).

Expression of Chemokine Receptors on Mucosal CD4 Cells
CXCR3 and CCR4 were used as Tyl and Ty2 markers,
respectively.” There was no difference between the percent
positive value for CXCR3 on mucosal CD4 cells in the AR
group (16.3% * 8.1%) and in the control group (18.8% =
13.8%, P = .67) (Fig 3A), whereas the percent positive value
for CCR4 on mucosal CD4 cells in the AR group (7.5% *
5.7%) was significantly higher than in the control group
(1.3% * 2.5%, P = .02) (Fig 3B).

Correlation Between Percent Positive Values for CD23 on
B Cells and CCR4 on CD4 Cells

No significant correlation was observed between the percent
positive values for CD23 on mucosal B cells and CCR4 on
CDA4 cells from the same mucosa. The correlation coefficients
for control subjects and AR patients were 0.21 (P = .25) and
0.26 (P = .17), respectively (Fig 4); hence, there was no
significant correlation in either group.

Correlation Between the Percent Positive Value for CD23
on B Cells and the Serum IgE Level

The correlation between the percent positive values for CD23
on mucosal B cells and total serum IgE levels is shown in
Figure 5. No significant correlation was observed between
these values or between the percent positive values for CD23
on B cells and specific IgE levels (data not shown).

DISCUSSION

The role of CD23 in IgE synthesis is still controversial and
remains to be elucidated. The binding of the antigen-IgB
complex to CD23-bearing B cells has been shown to augment
IgE-mediated responses.® In addition, CD23 is the enhance-
ment of IgE-dependent antigen presentation to T cells.>”® In
clinical studies, the cell surface expression in peripheral
blood B lymphocytes has shown increased CD23 expression
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Figure 4. Correlation plot for percent positive values for CD23 on
mucosal B cells and percent positive values for CCR4 on mucosal CD4 cells,
There is no significant correlation between these data in the control group
(P = .25) or the allergic rhinitis (AR) group (P = .17).

n allergic children and adults, including patients with AR
compared with nonallergic controls,”!? and has further shown
that CD23 expression decreased after successful hyposensi-
tization.'"'? Furthermore, since IgE levels in serum were
evaluated as an atopy marker, significant correlations were
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Figure 5. Cosrelation plot for percent positive values for CD23 on
mucosal B cells and the total IgE level. There is no significant correlation
between these data in the contro] group (P = .21) or the allezgic rhinitis (AR)
group (P = .66).

reported between the levels of the soluble form of CD23 and
the levels of IgE in serum in patients with atopy.!2

In the present study, we examined the expression of CD23
on mucosal B cells and found higher percentages of CD23-
bearing B cells in patients with perennial AR compared with
those in nonallergic patients. In addition, we investigated Ty1
and Ty2 cells in the nasal mucosa by staining for expression
of CXCR3 and CCR4 chemokine receptors, respectively. The
results showed that the T2/CD4 ratio in patients with peren-
nial AR was indeed higher than in nonallergic controls,
whereas the Ty1/CD4 ratio was unchanged. However, no
significant correlation was found between the T;2/CD4 ratio
and the CD23/B-cell ratio. Furthermore, no significant cor-
relation was found between the CD23/B-cell ratio in the nasal
mucosa and the total IgE level or specific IgE level in serum
(data not shown).

The T-cell-B-cell interaction must play an important roll in
allergic inflammation. IL-4 and IL-13 are known to promote
the switching of B cells from IgM to IgE production and
expression of CD23,' whereas interferon-v, IL-10, and IL-12
inhibit this effect.’>-'7 Other than T2 cells, various kinds of
cells in the nasal mucosa, such as mast cells, basophils, and
CD8 cells, have been shown to produce IL-4 and JL-13.819
The lack of a significant correlation between the ratio of
Ty2/CD4 T cells with CD23/B cells may suggest that the total
amount of IL-4 and/or IL-13 produced from not only T2
cells but other cells influences CD23 expression in nasal
mucosal B cells. In this study, T2 cells were shown to make
up approximately 7.15% of the infiltrating CD4 T cells in the
nasal mucosa of patients with AR. However, only a small
portion of these T2 cells could recognize the house dust mite
allergen. An enzyme-linked immunosorbent spot-forming
cell assay study has shown a low frequency population of
allergen-specific IL-4— or TL-13-producing Ty cells, which
represented approximately 1 spot per 10,000 to 100,000 pe-
ripheral CD4 T cells.?®? Tyl/T2 cytokine dysregulation is
thought to be a fundamental pathogenesis of AR, but only a
few T and B cells are allergen specific. The major source of
IL-4 and IL-13 production in the effector phase in the nasal
mucosa of patients with AR may be mast cells or basophils
and not T2 cells.? The role of Ty2 cytokines from mast cells
remains to be clarified, but a recent study showed that Ty2
cytokines from mast cells are induced by antigen stimula-
tion? and influence not only the differentiation of naive T
cells toward T2 cells? but also B-cell activation.®® In addj-
tion, the lack of correlation between the number of nasal B
cells and the serum IgE level observed in this study may
suggest that the nasal mucosa could synthesize IgE indepen-
dently from peripheral blood.?

Overall, the results of this study suggest that enhanced
expression of CD23 on nasal mucosal B cells occurs in
patients with AR. However, further analysis is required re-
garding the significance of CD23 in pasal mucosa at the site
of the allergic reaction.
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Influence of viral infection on the development of nasal hypersensitivity
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Summary

Background The underlying relationship between viral infections and allergic diseases of the upper
respiratory tract has not been well clarified.

Methods  In order to clarify the relationship between viral infection and nasal hypersensitivity, mice
were sensitized with ovalbumin (OVA) and then infected intranasally with respiratory syncytial virus
(RSYV), after which their nasal sensitivity to histamine or antigen was examined.

Results  Non-sensitized mice showed transient mild nasal hypersensitivity following nasal
administration of histamine after intranasal RSV inoculation. In mice sensitized with OVA, RSV
infection significantly exaggerated their nasal hypersensitivity to histamine and OVA. Treatment of
these mice with a neurokinin (NK)-1/NK-2 receptor antagonist, but not with anti-IL-5 antibodies,
reduced their hypersensitivity. The infiltration of nasal mucosa with eosinophils was temporarily
associated with accelerated rate of RSV elimination in these animals.

Conclusion RSV infection induced transient nasal hypersensitivity. Several mechanisms, including
impairment of nasal epithelial cells are thought to mediate this effect. In allergen-sensitized mice,
RSV inoculation strongly enhanced nasal hypersensitivity.

Keywords histamine, nasal hypersensitivity, RSV
Submitted 15 April 2004; revised 24 September 2004; accepted 23 November 2004

Introduction

Recent epidemiological evidence has suggested that acute
respiratory viral infections exacerbate the symptoms of pre-
exisling reactive airway diseases and is the most important
trigger of acute asthmatic atltacks [1-4]. Viruses, rather than
bacteria, cause most acute respiratory tract infections, and
asthma attacks in children are often preceded by viral
infection [5-7].

The nasal cavity is often the first target of invading viruses,

because it is the point of entry into the respiratory tract. The

common cold is the most widespread viral infectious
condition and is usually caused by viruses such as rhino-
viruses, parainfluenza viruses, influenza viruses, adenoviruses
and respiratory syncytial virus (RSV) [8, 9]. However, the
relationship between viral infections and allergic diseases in
the upper respiratory tract has not been well defined. The
results from studies that have examined the influence of atopy
on the development of the symptom after viral infections are
controversial [10~13). Bardin et al. [11] observed more.severe
cold symptoms in atopic subjects than in non-atopic subjects
after experimental rhinovirus infection. However, in another
study, augmented nasal allergic inflammation induced by

Correspondence: Yoshitaka Okamoto, Department of Otolaryngology,
Graduate School of Medicine, Chiba University, [-§-1 Inohana, Chuo-ku,
Chiba 260-8670, Japan.

E-mail: yoka-chiba@k4.dion.ne.jp

© 2005 Blackwell Publishing Ltd

antigen provocation before viral inoculation did not result in
a worsening of cold symptoms [12]. The effects of the
common cold on nasal hypersensitivity or allergic rhinitis
have not been clearly established.

Nasal responses to viral infection are thought to differ
depending on the viral species. Although rhinoviruses causes
little damage to epithelial cells in the respiratory tract, RSV
induces marked cytopathic effects [13]. RSV is an RNA virus
infection which usually results in common cold symptoms,
although progression to lower respiratory tract symptoms,
the most common being bronchiolitis, frequently occurs in
infants. RSV causes about 60% of the bronchitis cases in
children [14, 15]. In prospective studies, as many as 75-90%
of infants with a clinical diagnosis of bronchiolitis subse-
quently developed recurrent episodes of wheezing suggestive
of childhood asthma and experienced airway histamine or
methacholine hypersensitivity which persisted for several
years {16-22].

In the present study, we have shown that RSV infection
contributes to the exacerbation of nasal hypersensitivity in an
allergic rhinitis mouse model. .

Matertals and Methods

Animals

Eight-week-old male CS7BL/6 mice (Nippon Clea, Shizuoka,
Japan) that were raised on ovalbumin (OVA)-free chow were
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used in this study. Hartley strain guinea-pigs (Nippon Clea)
were also used to measure passive cutaneous anaphylaxis
{PCA). The use of these laboratory animals was approved by
the local Animal Ethics Committee (Yamanashi Medical
University) and the experiments were conducted in confor-
mity with the guidelines of the committee.

Experimental infection with respiratory syncytial virus

The long strain of RSV (prototype RSV group A strain) was
grown in HEp-2 cells in minimal essential medium (MEM)
supplemented with 2% fetal calf serum (FCS), 2mMm
L-glutamine and antibiotics. RSV was partially purified by
polyethylene glycol precipitation, followed by centrifugation
in a 35-65% discontinuous sucrose gradient, as described
elsewhere [23]. RSV (1 x 10° plaque-forming units (PFUY)
in a volume of 20uL was administered intranasally to
mice. Uninfected Hep-2 cells were processed similarly and
used as controls.

Virus assay

Lungs and nasal tissues were collected and homogenized in
MEM containing 2% FCS and were stored at — 70 °C until
they were assayed. RSV was assayed by the plaque method
using HEp-2 cells in 24-well microplates. The overlay for the
plaque assay consisted of MEM supplemented with 2% FCS,
antibiotics and 1% methylcellulose. Plates were incubated for
7 days at 37 °C. After the methylcellulose was removed, the
plaques were fixed with 10% formaldehyde and stained with
0.1% crystal violet.

Evaluation of sensitivity to histamine in nasal mucosa

One microlitre of various concentrations of histamine, diluted
in phosphate-buffered saline (PBS), was administered into
each nostril of the experimental mice. The number of nasal
rubbing attacks that occurred during the ensuing 10min was
then counted.

Experimental protocol for sensitization with ovalbumin

Mice were immunized with 10ug OVA (grade V, Sigma
Chemical Co., St Louis, MO, USA) intraperitoneally with
alum once a week for 4 weeks. Heat-killed bordetella pertussis
(1 x 10® bacterial units) was used as an adjuvant in the first
immunization. Five days after the last immunization, the mice
were either inoculated with RSV or sham-infected with
sonicated non-RSV-infected HEp-2 cells. Two micrograms
OVA in 2pL PBS was administered intranasally for 5
consecutive days after the inoculation. Sensitized mice were
divided into the following experimental groups and treated as
follows. Group 1 consisted of 30 mice treated with a
neutralizing IL-5 antibody or a neurokinin (NK)-1/NK-2
antagonist. A rat neutralizing monoclonal antibody (mAb)
directed against mouse IL-5 (PharMingen, San Diego, CA,
USA) and a control isotype mouse JgGI mAb (PharMingen)
were used. Antibodies were injected intraperitoneally twice a
week at a dose of 0.1 mg for 1 week before RSV inoculation,
and were administered intranasally for 5 consecutive days
after inoculation. Group 2 consisted of 10 OVA-sensitized
mice who received 0.04 ug of the NK-1/NK-2 antagonist [24]

FK224 (Fujisawa Co Ltd, Osaka, Japan) intranasally for 5
consecutive days after RSV inoculation. On the day following
the last nasal administration of OVA, the nasal rubbing
attacks were counted for 10 min. The sensitivity of the mice to
histamine was examined 24 h later in a similar manner.

Treatment of ovalbumin-sensitized mice with a
neutralizing anti-interferon-y monoclonal antibody or with
interferon-y

OVA-sensitized mice received 0.1 mg of anti-IFN-y neutraliz-
ing mAb (PharMingen) or control mAb intraperitoneally
twice a week and then intranasally for 5 consecutive days
before nasal provocation with OVA. Other OVA-sensitized
mice were administered 1pg of [FN-y (PharMingen) intra-
nasally for 5 consecutive days before provocation with OVA.

Detection of ovalbumin-specific immunoglobulin E
antibody

OVA-specific IgE antibodies were detected by PCA [25].
Briefly, 100pL of undiluted and twofold  diluted serum
samples were injected intradermally into the dorsal skin of
shaved guinea-pigs. Three days later, the animals were
challenged intravenously with 1mg OVA together with 1%
Evans blue. A blue lesion of a diameter greater than 5mm, as
determined 30min after the challenge, was considered 1o be
positive. PCA titres were expressed as the reciprocal of the
highest dilution giving a positive reaction.

Histological examination

On the 4th day after RSV inoculation the mice were killed by
CO; overdose. The heads of the mice were detached along the
line between the upper and lower jaws, and they were then
fixed in formalin and decalcified. The section of the nasal
cavity anterior to the eyeball was examined and processed for
paraffin sectioning. Tissue sections were stained with PAS
and the number of infiltrating eosinophils in the whole nasal
septum mucosa of each section was determined.

Fluorescence-activated cell sorting analysis

Nasal mucosal tissue from the above mice was cut into small
pieces, which were then teased gently through a nylon mesh
using frost glass slides. The disrupted mucosa was then
suspended in RPMI-1640 containing 10% FCS, penicillin
(100 units/mL} and streptomyein (100 ug/mL). After washing
twice with medium, CD3™ T cells were purified in 0.2mL of
RPMI-1640 using magnetic beads (Dynal, Great Neck, NY,
USA). Following purification, the medium was supplemented
with 10% FCS. 10° nasal CD3"% T cells collected from seven
RSV-infected OVA-sensitized mice or from non-infected
OVA-sensitized mice were stained with fluorescein-conju-
gated anti-CD4 antibody (PharMingen) and fixed overnight
with 4% paraformaldehyde (Sigma Chemical Co). The fixed
cells were permeabilized by incubation in PBS with 1%
bovine serum albumin and 2% saponin (Sigma Chemical Co)
for 10min. A phycoerythrin-conjugated anti-IFN-y antibody
(PharMingen) or an anti-IL-5 antibody (PharMingen),
diluted to 20 pg/mL in PBS, was then added. After a 30 min
incubation, the cells were washed with PBS and were
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analyzed using & FACScan (Becton Dickinson, Fullerton,
CA, USA).

Statistical analysis

Comparisons between groups were evaluated using Student’s
¢ test and Wilcoxon’s test.

Results
Viral replication and nasal histamine sensitivity

After nasal inoculation with 10°PFU of RSV, mild replica-
tion of RSV in the respiratory tract was observed with peak
levels occurring in the lung on day 4 and the levels then
declined until day 7 as shown previously [26]. RSV was
recovered from the nasal mucosa for 12 days after inocula-
tion.

Non-specific stimulation of the nasal mucosa of mice also
resulted in nasal rubbings. The number of nasal rubbing
attacks observed in 20 normal mice following nasal installa-
tion of 2pul. PBS was 9.4 4 2.9 (mean = SD). Thus, the
lowest histamine concentration administered intranasally in a
volume of 2 uL. that was needed to induce more than 20 nasal
rubbing attacks was defined as the threshold level of nasal
histamine hypersensitivity. After RSV inoculation, the thresh-
old decreased and reached its lowest on day 4. It returned to
normal by day 14 (Fig. 1(a)).

Influence of respiratory syncytial virus infection on
ovalbumin-sensitized mice

The threshold of nasal hypersensitivity to histamine decreased
in OVA-sensitized mice and RSV infection in OV A-sensitized
mice induced a dramatic enhancement of nasal sensitivity to

histamine (Fig. 1(b)). The threshold of nasal hypersensitivity
to histamine observed in RSV-infected mice increased
gradually after the last nasal administration of OVA and 14
days later, it was the same as that of non-infected mice (data
not shown). Fluorescence-activated cell sorting analysis of
nasal mucosal T Iymphocytes in the RSV-infected OVA-
sensitized mice not only revealed an increased expression of
IFN-y, but also of IL-5 (Table I). Anti-IL-5 treatment of
RSV-infected OVA-sensitized mice using neutralizing anti-
bodies reduced the histamine sensitivity in some degree
(P<0.05) and the treatment with an NK-1/INK-2 antagonist
resulted in a marked reduction (P<0.001) of the sensitivity
(Fig. 1(b)).

After OVA nasal provocation the frequency of nasal rubb-
ing attacks dramatically increased in RSV-infected OVA-
sensitized mice, compared with non-infected sensitized mice
(Fig. 2). However, anti-IL-5 treatment of RSV-infected OVA-
sensitized mice did not significantly improve nasal symptoms
after OVA administration. On the other hand, an NK-1/NK-
2 antagonist resulted in a significant improvement (Fig. 2).

The number of eosinophils in the nasal mucosa was mark-
edly increased in RSV-infected OVA-sensitized mice com-
pared with those in non-infected OVA-sensitized mice (Fig.
3). The PCA titre, on the other hand, was not significantly
different between the two groups (mean & SD; 21.1 £21.0in
infected sensitized mice, 16.6 &= 11.4 in non-infected sensitized
mice). Anti-IL-S treatment of RSV-infected OVA-sensitized
mice significantly reduced the number of infiltrated eosino-
phils, however, the treatment with an NK-1/NK-2 antagonist
had no effect on eosinophil infiltration.

The nasal administration of IFN-y to OV A-sensitized mice
increased the number of nasal eosinophils, but had no effect
on nasal symptoms (Fig. 4). Treatment with anti-IFN-y
neutralizing antibodies did not affect nasal symptoms or
cosinophil infiltration (Fig. 4).

Threshold histamine concentration to induce nasal rubbing attacks

NS

(b)

—
D
N’

Histamine threshold (- logjy M)
Histamine threshold (—log; M)

7

Pre 3 14 day

Post-RSV infection

P <0.001
P<0.001 P<0.05
P<0.001

OVA-
sensitized

Control

Anti-IL-5 NK-1,2 antagonist

Fig. 1. Threshold histamine concentration needed to induce nasal rubbing attacks in respiratory syncytial virus (RSV)-infected non-sensitized mice () and
in ovalbumin (OVA)-sensitized mice (b). After RSV inoculation, the threshold decreased transiently and reached its lowest on day 4, Although the threshold
decreased in OVA-sensitized mice, RSV infection in OVA-sensitized mice induced a dramatic reduction of the threshold. The treatment with neurokinin
(NK)-1/NK-2 receptor antagonist but not with anti-IL-5 neutralizing antibodies improved the reduction. Non-OVA-sensitized mice were used as contrals,
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