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Bronchial asthma and allergic rhinitis often co-exist, and rhinitis is a
major risk factor for the development of asthma. However, the reported
incidence of allergic rhinitis in asthmatic children varies widely. The aim
of this study was to elucidate the incidence of allergic rhinitis, the onset
age of chronic upper and lower airway symptoms, and the correlation of
these two symptoms in asthmatic children. A cohort of 130 consecutive
children (ages 2-10) with asthma was evaluated. A questionnaire
regarding upper and lower airway symptoms was filled out by the
parents. Objective diagnosis of allergic rhinitis was also made on the
basis of rhinoscopy, nasal cytology, nasal challenge, and specific serum
IgE (CAP-RAST). Persistent nasal symptoms were present in 83.8% of
the asthmatic children. The incidence of allergic rhinitis was 77.7%
based on the objective findings. The mean onset age of asthma was
2.8 yr, and that of rhinitis was 2.9 yr. Nasal symptoms started as early
as the first year of life in 8.9% of the children. In children with
comorbid asthma and allergic rhinitis, rhinitis preceded in 33.7%,
asthma preceded in 31.7%, and both started in the same year in 26.7%.
In 7.9%, rhinitis was asymptomatic. Concomitant exacerbation of the
upper and lower airways occurred in 34.6% of the total 130 children.
These results demonstrate that allergic rhinitis manifested early in life in
the majority of the asthmatic children. Persistent nasal symptoms in
infancy may point to subsequent development of asthma and possible
early intervention.
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Prevalence of allergic diseases in children is
increasing (1, 2) and it is widely accepted that
allergic rhinitis and bronchial asthma commonly
occur together. However, the reported prevalence
of allergic rhinitis in patients with asthma, which
is mostly based on a questionnaire to the
patients, ranges from 6.2% to 95% (3). This
wide variability may be atiribuied to the fact that
there is no standardized questionnaire for the
diagnosis of rhinitis and that patients with
rhinitis and asthma often ‘ignore’ their upper
respiratory symptoms because of their more
prominent lower airway symptoms (3). Defining
‘allergic’ nasal symptoms in children is even more

difficult because of the high frequency of upper
respiratory infections in early childhood. In
addition, young children rarely complain of
nasal symptoms. To overcome the limitation of
the questionnaire method, we performed objec-
tive diagnosis of allergic rhinitis based on the
nasal endoscopy, nasal cytology, nasal provoca-
tion test, and serum specific IgE in a cohort of
children with asthma. This approach enabled us
to effectively utilize a questionnaire and to
identify true prevalence of allergic rhinitis in a
defined population of childhood asthma.

Here, we found that the majority of children
with asthma at a mean age of 5 yr also had
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allergic rhinitis and that the onset of allergic
rhinitis occurred relatively early in life, either
concurrently or prior to asthma, in 60% of the
patients,

Subjects and methods

We evaluated a cohort of children <10 yr of age
with atopic bronchial asthma who visited Mie
National Hospital's pediatric allergy clinic during
consecutive 12 months. We included only the
pre-pubertal children because natural outgrow of
asthma often seen in adolescent age may con-
found the analysis of the two comorbid disor-
ders. The diagnosis of atopic asthma was
confirmed on the basis of a history of recurrent
wheeze and dyspnea, reversible bronchoconstric-
tion, and sensitivity to at least one inhalant
allergen as evidenced by a positive CAP-RAST.
One-hundred and thirty children (86 boys, 44
girls, ages 2-10; mean: 5.3 yr) who consecutively
visited our clinic were enrolled in the study.
Classification of the cases according to the
international guideline (4) showed 77.9% as mild
persistent, 18.6% as moderate persistent, and
3.5% as severe persistent asthma. Informed
consent was obtained from the parents of the
patients. All the children were found to be
sensitized at least to house dust mite (HDM).

A questionnaire was filled out by the parents.
It included questions concerning nasal symp-
toms, onset ages of rhinitis and bronchial
asthma, correlation between nasal symptoms
and asthma symptoms, and family history of
allergic diseases. The parents were also asked
whether a physician had ever diagnosed the nasal
symptoms as being due to allergies. ‘Persistent
nasal symptoms’ was defined on the basis of a
positive answer to the following question: ‘Has
your child had a long-lasting runny or stufly nose
or episodes of sneezing, apart from colds?” Those
who answered ‘yes’ were asked about the age
when the problem started.

After the questionnaire, rhinoscopy, nasal
cytology, and allergen provocation tests were
performed. The diagnosis of HDM-sensitized
allergic rhinitis was based on (i) presence of
eosinophils in nasal smears; (ii) positive nasal
provocation test with a HDM allergen disc; and
(iii) positive specific serum IgE to HDM by CAP-
RAST. The children who had at least two
positive factors of the criteria were confirmed
as allergic rhinitis. Because HDM is the most
prevalent inhalant allergen and the majority of
patients with perennial allergic rhinitis are sensi-
tized to HDM in Japan (5, 6), the criteria covers
most of perennial allergic rhinitis in the country.

b3

Although Japanese cedar pollen (JCP) is the
major allergen to cause ‘seasonal’ allergic rhinitis
in Japan (7, 8), it does not relate to asthma
prevalence (9) and we focused on HDM, not
JCP, in this study.

The severity of rhinitis symptoms was deter-
mined according to the Japanese practice guide-
line for nasal allergy (10). In brief, the severity of
nasal congestion was classified into four grades,
l.e., no congestion was ‘none,’ congestion of one
side was ‘mild,” occasional congestion of both
sides was ‘moderate,” and complete congestion
was ‘severe.” The severity of rhinorrhea and
sneezing was also classified into four grades on
the basis of the number of nose blows and
sneezes per day, ie., <1 was ‘none,” 1-5 was
‘mild,” 6-10 was ‘moderate’ and > 10 was ‘severe.’
The severity of rhinitis was assigned to that of the
highest grade in any of the symptoms.

The chi-squared test was used to compare
proportions of the data in different groups.
A difference in percentages was considered
significant when the p-value was <0.05.

Results
Previous diagnosis of allergic rhinitis

The parents of 75 children (57.7%) answered that
their children had been diagnosed as having
allergic rhinitis by another physician. In addi-
tion, the parents of 11 children thought that their
children had had allergic rhinitis although a
definitive diagnosis had never been made.

Prevalence and severity of persistent nasal symptoms based
on the questionnaire

The replies to the questionnaire revealed that 109
children (83.8%) had had persistent nasal symp-
toms. The symptoms were mild in 26.9%, mod-
erate in 40.0% and severe in 16.9% of the
children. The combined ratio of ‘severe’ and
‘moderate’ symptoms was 50.4% for nasal con-
gestion, 23.1% for rhinorrhea and 10.7% for
sneezing. Concerning other symptoms, 22.3% of
the 130 children had recurrent epistaxis, 46.2%
had frequent sniffing, 30.0% had snoring, 40.8%
had a cough, and 32.3% had eye symptoms.

Prevalence of allergic rhinitis based on objective findings

Rhinoscopy and nasal cytology were performed
in all the children. Eosinophilia in nasal smears
was positive in 97 (74.6%) of them. Nasal
provocation tests were positive in 45 (84.9%) of
53 children who could be carried out the test.
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Seventy-seven children were unable to be per-
formed the test because they were too young. On
the basis of the diagnostic criteria, 101 children
(77.7%) were confirmed as allergic rhinitis. All
the children diagnosed as allergic rhinitis had
pale or red swollen mucosa and/or watery
discharge with rhinoscopy. Twenty-seven
(26.7% of 101 children) had mild, 42 (41.6%)
had moderate, and 20 (19.8%) had severe nasal
symptoms.

Table 1 summarizes the relationship between
prevalence of persistent nasal symptoms found
by the questionnaire and objective diagnosis of
allergic rhinitis. Positive predictive value for the
questionnaire was 81.7% and negative predictive
value was 42.9%. Actually, the parents of 12
(11.9% of total subjects) children had not
noticed any nasal symptoms in their children
despite the presence of typical mucosal findings
of allergic rhinitis. Twenty-nine (22.3% of total
subjects) children did not have objective findings
of allergic rhinitis, although the parents of 20
children complained of persistent nasal symp-
toms in their children. Six of those 20 children
were diagnosed as having sinusilis.

Age at onset of asthma and rhinitis symptoms

As presented in Fig. 1, the distributions of the
onset ages of asthma and rhinitis were similar.
The mean onset age of asthma in all the patients
was 2.8 + 1.9 yr. In 89 children with both
asthma and symptomatic allergic rhinitis, nasal
symptoms started at 2.9 + 1.7 yr of age. In
children with allergic rhinitis, nasal symptoms
started as early as the first year of life in 9.0% of
them and at 2 yr of age in 22.5%. In the patients
who were previously diagnosed as having allergic
rhinitis by other physicians, the mean age at the
diagnosis was 3.5 £ 1.7 yr.

Table 1. Prevalence of allergic rhinitic based on objective findings and
persistent nasal symptoms found by the guestionnaire

Persistent nasal symptoms found by
the guestionnaire

+ —

Allergic rhinitis
. aa* 12 101 (77.7%)
- 0t 9 79 (22.3%)
Total 109 (83.8%) 21 16.2%) 130

Positive predictive value and negative predictive value for the questionnaire
were 81.7% and 42.9%, respectively,

*Twenty-seven had mild, 42 had moderate, and 20 had severe nasal symp-
toms.

$5ix of them were diagnosed as hawving sinusitis.

Allergic rhinitis in childhood asthma

Number of patients
- -]
o —
|
]
p

5 6 7 8 9 10

Fig. 1. Distribution of the age at onset of asthma and rhi-
nitis symptoms. Closed bar: onset of bronchial asthma in
total children (n = 130, 2.8 £ 1.9 yr). Open bar: onset of
nasal symptoms in children with allergic rhinitis (n = 89,
29 £ 1.7 y1).

The children with asthma who also had allergic
rhinitis were further subdivided into four groups
according to which of the two illnesses started
first. Of the 101 children who were diagnosed as
having allergic rhinitis, the onset of asthma
preceded in 32 (31.7%), the onset of rhinitis
preceded in 34 (33.7%), and both discases
manifested at the same time in 27 (26.7%)
patients. Eight (7.9%) patients had asymptom-
atic rhinitis. Table 2 summarizes the patients’
current age and the age of onset of the illnesses.
It is of note that the initial symptoms occurred at
an age of 2 yr regardless of the airway site, and
that allergic rhinitis started at a young age, either
concurrently or prior to asthma, in 61 children
(60.4%).

The correlation between upper respiratory symptoms and
bronchial asthma

Concomitant exacerbation of the upper airways
with the bronchial asthma occurred in 34.6% of
the total 130 children. Concomitant exacerbation
was experienced in 33.7% of the children with
rhinitis. Interestingly, even in the case of children
without evidence of rhinitis, 37.9% experienced
nasal symptoms when their asthma exacerbated,
which may indicate that viral upper respiratory
infections had caused asthma exacerbation.
Alternate exacerbations of the upper and lower
airway symptoms were found only in one case
0.9%).

Family history of allergic diseases

The data on the family history of allergic diseases
are shown in Fig. 2. A family history of bron-
chial asthma was seen significantly more fre-
quently in children whose nasal symptoms
started early, before the onset of asthma or at
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Table 2. Cuwrent age and the onset age of bronchial asthma and nasal symptoms

Dnset age (mean+ 1 sd)

Group (n) Current age (mean = 1 sd) Sex (M/F) Bronchial asthma Nasal symptoms
Children without allergic rhinitis (asthma alone) (28] 42217 19/10 23:13 -
Children with asthma and allergic rhinitis {107)
Asthma preceded (32) 60+ 21 24/8 21415 3915
Nasal symptoms preceded (34) 56124 213 42+22 23216
Both symptoms occur at the same time (27) 48+23 18/12 23116 23216
Asymptomatic rhinitis (8) 56+ 25 m 20+13 =

s R
i \
i N
!i! %
i - X
Bronchial Atopic Allergic rhinitis
asthma dermatitis
Family history

Fig. 2. The prevalence of family history of allergic disease.
The patients were divided into the following groups on the
basis of comorbidity of rhinitis and relative precedence of
the onset: closed bar, asthma alone; Fine hatched bar,
asthma preceded; large hatched bar, rhinitis preceded; cross
striped bar, both symptoms occurred at the same time; open
bar, asthma and asymptomatic rhinitis. *p < 0.05,
**p < 0.01. A family history of asthma was significantly
more common in children whose nasal symptoms started
carly, before the onset of asthma or at the same time with
asthma than in those who had asthma alone or rhinitis of
later onset,

the same time as the asthma compared with in
those who had asthma alone or allergic rhinitis of
later onset. There were no statistically significant
differences in the prevalence of a family history
of atopic dermatitis and allergic rhinitis among
the groups.

In this study, we found a high incidence of
allergic rhinitis, about 80%, in children with
asthma at a mean age of 5 yr old. Because the
incidence in previous reports varies widely, we
employed direct examination to diagnose rhinitis
objectively in a cohort of 130 asthma patients
<10 yr of age, all of who visited our pediatric
allergy clinic consecutively within a certain
period.

It is of note that no nasal symptoms were
recognized by the parents of 11.9% of children

who had objective findings of rhinitis, which was
also evidenced by low negative predictive value,
42.9%, of the questionnaire. These findings
suggest that a certain population of asthmatic
children without nasal symptoms may have
allergic rhinitis. Nasal symptoms of young
infants may be unrecognized by the parents,
and careful examination is thus important; sev-
eral reports, although they deal with adults,
support this finding. Gaga et al. (11) reported
that cosinophil infiltration was present in the
nasal mucosa of asthmatic patients even in the
absence of rhinitis. Some of the asthmatic
patients who considered themselves free of nasal
symptoms were demonstrated to have evidence
of nasal airway disease (3).

Next, we found that the nasal symptoms in
asthmatic children started early in life. Nasal
symptoms occurred as early as in the first year of
life in 9.0% of asthmatic children with allergic
rhinitis, and the mean onset age of rhinitis was
2 yr. In addition, nasal symptoms preceded
bronchial asthma in 33.7% of the children, and
the two symptoms started at the same time in
26.7%. These results indicate that nasal symp-
toms start in infancy in a considerable number of
asthmatic children. An epidemiological study
(12) reported that children whose rhinitis began
in the first year of life were more likely to have
respiratory symptoms or asthma at age 6 than
those without. Leynaert et al. (13) indicated that
rhinitis that develops in the first year of life is an
early manifestation of an atopic pre-disposition
and a risk factor for asthma. A recent large
survey for allergic rhinitis in pre-school children
using ISAAC [The International Study of Asthma
and Allergies in Childhood (14)] written ques-
tionnaire also revealed that rhinitis has a strong
association with wheezing symptoms, asthma
(15).

The present study also showed that one-third
of asthmatic children experienced concomitant
exacerbation of upper and lower airway symp-
toms, even those without objective findings
of allergic rhinitis. ‘Exacerbation of nasal
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symptoms’ includes not only allergic inflamma-
tion but also viral or bacterial infections, such as
a common cold or sinusitis. This finding indicates
that any nasal symptoms can pre-dispose to
exacerbation of asthma.

The mechanisms that connect upper and lower
airway allergies are under active investigation.
Proposed pathogenetic mechanisms include a
nasobronchial reflex, mouth breathing caused
by nasal congestion, and pulmonary aspiration
of nasal contents (16). In school age children,
viruses were detected in 80% of reported epi-
sodes of asthma exacerbations (17). Upper
airway rhinovirus infection is an important risk
factor for asthma exacerbation through various
pathophysiologies to cause allergic inflammation
in the lower airway, such as ICAM-1 expression
(18). It has also been demonstrated that rhino-
virus could directly infect lower airways (19).
‘Spreading’ of allergic inflammation from the
upper airway to the lower airway may be induced
since local allergic sensitization causes systemic
production of allergen-specific IgE and T cells
are able to migrate from regional lymph nodes
and ‘home-in’ on other tissues (20).

The ‘Allergic Rhinitis and its Impact on
Asthma® WHO guideline stresses that asthma
and rhinitis should be considered to be ‘one
disease’ to achieve better control of the common
‘one airway' diseases (21). Accumulating evi-
dence suggests that treating allergic rhinitis in
patients with comorbid asthma reduces the
airway hyperresponsiveness and improves lung
functions (22-24). Recent studies have demon-
strated the efficacy of early intervention for
allergic rhinitis in asthmatic patients (25, 26).
Corren et al. (27) in a large scale case-control
study, showed that treatment of asthmatic
patients who had allergic rhinitis with either
nasal corticosteroids or second-generation anti-
histamines was associated with a significantly
lower risk of asthma-related emergency room
treatment and hospitalization.

In the present study, a family history of asthma
was more common in children who had comorbid
allergic rhinitis, especially in children who had
earlier onset of nasal symptoms. This finding
suggests that a genetic pre-disposition may have
some impact on the development of allergic
rhinitis in early childhood (28). One should also
be aware of possible environmental risks for early
onset of rhinitis since it has been reported that
environmental tobacco smoke was strongly asso-
ciated with an increased risk of developing
allergic rhinitis at age one (29). We could not,
however, found a positive correlation between
smoking of parents and onset age of persistent

Allergic rhinitis in childhood asthma

nasal symptoms probably because of small num-
ber of subjects. Particular attention should be
paid to coexistent lower airway symptoms in
young children with nasal symptoms. However,
the ideal time for early intervention and the most
effective treatment strategy remain unknown.

Possible shortcomings exist in this study. First,
evaluation of symptoms with questionnaire is
prone to recollection bias especially for the onset
age of nasal symptoms. This inherent problem in
questionnaire, however, may be less problematic
in this study because we included young children
with mean age of 5 yr and the parents of them
would have better memory of toddler ages than
those of adolescent or older counterparts would.
Second, our diagnostic criteria for ‘objective’
allergic rhinitis were based on sensitization to a
single allergen, HDM, and we may have missed
patients with perennial allergic rhinitis who may
have been sensitized to other inhalant allergen.
However, as described in Subjects and methods,
HDM is the most prevalent perennial allergen for
both allergic rhinitis and asthma in Japan and
sensitization to other allergens without HDM
sensitization is very rare except for seasonal
allergen, JCP (5, 6, 30).

In conclusion, we found that 77.7% of asth-
matic children had allergic rhinitis, and their
nasal symptoms started early in life. We reached
a diagnosis of allergic rhinitis in young children
based on the objective findings. As recognition of
rhinitis symptoms in infancy is difficult even for
mothers, our findings suggest the importance of
careful nasal examination in young children with
asthma. A correct diagnosis of allergic rhinitis
may be one of the clues for early intervention in
respiratory allergic disease in children.
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House Dust Mite Extract Induces
Interleukin-9 Expression in Human
Eosinophils
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ABSTRACT

Background: Eosinophils play a pivotal role in allergic inflammation. Recent evidence suggests that they not
only function as terminal effector cells but have potential to interact with allergen and initiate immune re-
sponses. We investigated cytokine production from eosinophils through direct interaction with a major allergen,
house dust mite (HDM) .

Methods: Purified eosinophils from HDM-sensitized or non-sensitized donors were cultured with HDM extract
or lipopolysaccharide (LPS) for 18 or 40 h. A panel of cytokine gene expression in eosinophils was examined
by means of real-time RT-PCR. Released cytokines in the culture supernatants were assessed with a specific
ELISA. In some experiments, HDM was pretreated with protease inhibitors, then added to the culture. Cytoki-
nes tested for gene expression were interleukin (IL)-2, 4, 6,7, 8, 9, 10, 11, 12, 13, 16,17, 18, TGF-$1 and GM-
CSF..

Results: LPS induced small enhancement of GM-CSF gene expression at 18 h. At 40 h, HDM induced about
60-fold enhancement of IL-9 gene expression. IL-9 protein was also detected in the culture supernatants at 60
h. Those reactions were observed regardless of HDM sensitization status of the donors. HDM-induced IL-9 ex-
pression was completely inhibited with a serine protease inhibitor, AEBSF, not with a cysteine protease inhibi-
tor, E-64.

Conclusions: Accumulated eosinophils in the airways in asthma may directly react with HDM and produce IL-
9 to further promote Th2-type immune responses. Protease-activated receptor 2, a ligand for serine proteases,
which contained in HDM, may be involved in the reaction.

KEY WORDS
allergens, eosinophils, house dust mites, interleukin-9, proteinase activated receptor 2

secretion, and promote airway inflammation.® Trans-

INTRODUCTION

Massive eosinophil infiltration in the airway mucosa
is a prominent feature of the pathology of bronchial
asthma and multiple evidence suggest that eosino-
phils are the major effector cells in the pathogenesis
of bronchial hyperresponsiveness and airway remod-
eling in asthma.! Among various mediators from
eosinophils, major basic protein (MBP) in specific
granules has pleiotropic functions to cause bronchial
epithelial cell damage,” airway hyperresponsivenss,?
and activation of other inflammatory cells.* Cysteinyl
leukotrienes cause acute bronchoconstriction, hyper-

forming growth factor § (TGF-B) from eosinophils®
has been shown to be involved in airway remodel-
ing.?

Conventional understanding of the role of eosino-
phils in asthma is the terminal effectors as described
above under control of Th2 cells,® natural killer T
cells,? mast cells,!” and monocytes.!! Recent evi-
dence, however, suggests that eosinophils not only
function as terminal effector cells but as immuno-
modulatory cells in innate immunity. Eosinophils in
the airways have a potential 1o traffic to regional
lymphnodes for antigen presentation to T cells 1213
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Eosinophil-derived neurotoxin (EDN), one of eosino-
phil granule proteins, induces dendritic cell migra-
tion.!4 Eosinophils also directly interacts with aller-
gens; house dust mite (HDM) and birch pollen aller-
gens induce chemotaxis and degranulation,’s pollen-
associated lipid mediators induce chemotaxis and
CD11b expression,!® and an environmental fungus Al-
ternaria protein product induces intracellular calcium
mobilization, cell surface expression of CD63 and
CD11b, and degranulation.!” These observations indi-
cate that eosinophils can initiate or modulate allergic
immune responses by interacting with exogenous
molecules such as allergens.

Thus, to further clarify the potential of eosinophils
as initiators of allergic inflammation, we investigated
a panel of cytokine production from eosinophils
through direct interaction with a major allergen,
HDM. Here, we found that eosinophils produce sig-
nificant amount of 119, one of the pivotal Th2-type cy-
tokines in the pathogenesis of asthma, in response to
HDM extract.

METHODS

REAGENTS

House dust mite (Dermatophagoides pteronyssinus)
extract was purchased from GREER Laboratories
(Lenoir, NC, USA). E-coli-derived lipopolysaccharide
(I.PS) was from Sigma (5t. Louis, MO, USA). Pro-
tease inhibitors, trans-epoxysuccinyl-l-leucylamido
(4-guanidino)-butane (E-64) and 4-(2-Aminoethyl)-
benzenesulfonyl fluoride (AEBSF) were also pur
chased from Sigma.

ISOLATION OF EOSINOPHILS

Heparinized peripheral blood was obtained from
HDM-sensitized or non-sensitized donors. The for-
mer subjects had mild allergic rhinitis and the latter
were healthy non-atopic individuals. Sensitization to
HDM was defined as CAP-RAST titer to Dermato-
phagoides pteronysmus 0.7 UA/'ml (Phadia, Tokyo,
Japan). Eosinophils were isolated by negative selec-
tion using anti-CD16 bound micromagnetic beads
(MACS™  Miltenyi Biotec GmbH, Bergisch Glad-
bach, Germany) as previously described.!® The purity
of eosinophils was more than 99%. This work was ap-
proved by the ethical committee of Mie National Hos-
pital and written informed consents were obtained
from all subjects.

QUANTITATIVE RT-PCR

Purified eosinophils at 1 = 105/ml in RMPI 1640 me-
dium (Sigma) were cultured with HDM extract at 100
pg/ml or LPS at 1 pg/'ml in the presence of 5% heat-
inactivated fetal bovine serum (FBS; Sigma) or 5%
non-processed FBS for 18 or 40 h. Total RNA was ex-
tracted from the cells and reverse transcribed. Real-
time PCR was carried out for 1L-2, 114, IL-6, 1L-7, IL-
8, 1L-9, 1L-10, IL-11, 1L-13, 1L-17, 1L-18, and GM-CSF
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on ABI Prism 7700 Sequence Detection System (Ap-
plied Biosystems, Foster City, CA, USA). Probe
primer sets for each cytokine were designed using
Primer Express software (Applied Biosytems). Rela-
tive gene expression was calculated with the 2-3aCT
method reported elsewhere.!® In some experiments,
HDM was incubated with a cysteine protease inhibi-
tor, E-64 or a serine protease inhibitor, AEBSF, at
37T for 30 min then added to the culture.

ELISAFORIL-9

Eosinophils at 1 = 105/ml in RMPI 1640 medium with
5% FBS in the presence or absence of HDM were cul-
tured for 60 h and the supernatants were tested for
IL-9 protein by a sandwich ELISA. Each well of a 96-
well microplate (Immuno Module F8 Maxisorp,
Nune, Roskilde, Denmark) was filled with 50 pl of
anti-human IL-9 monoclonal antibody (clone MHY9A4,
BioLegend, San Diego, CA, USA) at 5 pg 1 in carbon-
ate buffer (pH 9.6) and incubated for 18 h at 4T . Af-
ter removal of the antibody solution, the wells were
washed four times with phosphate-buffered saline
containing 0.5 ml/l Tween 20 (PBS-T). PBS contain-
ing 0.1% bovine serum albumin (BSA; Sigma) was
added to each well, then incubated for 1 h at 25T, Af-
ter aspiration. aliquots of human recombinant 1L-9
(PeproTech, New lersey, USA) standards or samples
(25 pl each) were added to the wells and incubated
for 16 h at 4T Each well was washed four times with
PBST, 50 ul of biotinconjugated anti-human I1-9
(clone MH9A3, BioLegend) was added and incubated
for 1 h at 25T. After washing with PBST, 100 ul of
streptoavidin-HRP (GIBCO Industries, Langley, OK,
USA) in PBS containing 0.1% BSA was added to each
well and incubated for 1 h at 25T, Following four
washing of the assay plates, the immunoreactivity
was visualized by addition of 100 pl'well of substrate
solution (TMB solution, Roche Diagnostics GmbH,
Mannheim, Germany) for 15 min at 25T . The reac-
tion was stopped by the addition of 50 pl of 1 g/l so-
dium dodecil sulfate to each well, and absorbance
was measured at 405 nm. The [L-9 levels were calcu-
lated based on the standard curve on each assay
plate.

STATISTICAL ANALYSIS

The data were expressed as mean + SEM of indicated
numbers of experiments and p values were deter-
mined with ANOVA for multiple groups with Bonfer-
roni post test.

RESULTS

CYTOKINE GENE EXPRESSION OF EOSINO-
PHILS BY HDM EXTRACT AND LPS

First, we tested whether HDM extract directly in-
duces cylokine gene expression from eosinophils,
Because HDM extract may contain LPS and LPS acti-
vates eosinophils via TLR-4 and CD14,20 which is not
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Fig. 1 Cytokine gene expression by HDM extract (open bar), LPS with heat-inactivated
FBS (horizontal hatched bar), and LPS with non-processed FBS (diagonal hatched bar).
A. 19 h culture B, 40 h culture. The data represent geometric means of fold changes in

gene expression. (n = 4-5). * p < 0.05

only expressed on the cell surface but present as sol-
uble form in the serum,?! we also cultured eosino-
phils with LPS in FBScontaining medium. In addi-
tion, to fully induce activation potential of LPS, FBS
with no heat inactivation process was also used since
complements may be involved in LPSinduced activa-
tion.22.23 At 18 h of incubation, HDM extract did not
induce more than 3-fold increase in gene expression
of a panel of cytokine tested (Fig. 1A). LPS in combi-
nation with non-processed serum induced significant
gene expression of GM-CSF (Fig. 1A). At 40 h, sur-
prisingly, HDM induced about 60-fold enhancement
of [L-9 gene expression while LPS did not cause sig-
nificant gene expression of any cytokine (Fig. 1B).
We also confirmed with a specific ELISA that HDM
extract, not LPS, induced significant 1L-9 protein pro-
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duction at 60 h of incubation (Fig. 2).

HDM EXTRACT INDUCED IL-8 PRODUCTION RE-
GARDLESS OF HDM SENSITIZATION STATUS
Since HDM is a major 1gE sensitizing allergen, we
sought the possible relationship between the pres-
ence of HDM-specific IgE antibody and HDM-
induced IL-9 gene expression in the subjects. There
was, however, no difference in [L-9 gene expression
between HDM-sensitized and non-sensitized donors
(Fig. 3).

SERINE PROTEASE INHIBITOR ABOLISHED
HDM-INDUCED IL-9 GENE EXPRESSION

Many allergens including HDM are found to be pro-
teases. We then examined the effect of protease in-
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Fig. 2 IL-9 protein concentrations in the supernatants of
eosinophils after 60 h of culture with HDM extract (open bar),
LPS with heat-inactivated FBS (horizontal hatched bar), and

LPS with non-processed FBS (diagonal hatched bar). The
data represent geometric means. (n = 3). *p < 0.05

hibitors to see whether the cytokine-inducing func-
tion of HDM is derived from its proteolytic activity for
protease-activated receptors (PARs) expressed on
eosinophils.2 Pretreatment of HDM with a serine
protease inhibitor, AEBSF, completely abolished the
subsequent 11-9 gene expression with HDM (Fig. 4).
On the other hand, a cysteine protease inhibitor, E-
64, did not have any effect on the reaction even at the
higher concentration. Because of known specificity of
proteases to PAR, it is suggested that eosinophils
may respond to HDM via PAR-2.

DISCUSSION

In the present study, we showed that eosinophils di-
rectly reacted with a major allergen, HDM, and pro-
duced significant amount of a pleiotropic Th2-type cy-
tokine, 1L-9. Since the stimulatory effect of HDM was
completely abolished by pretreatment with a serine
protease inhibitor, not with a cysteine protease inhibi-
tor, it is suggested that eosinophils responded to
HDM through PAR-2, at least in part.

1L-9 is classified as a Th2-type cytokine originally
identified in activated CD4+ T cells.? It promotes the
proliferation and differentiation of mast cells and he-
matopoietic progenitors, stimulates the proliferation
of activated T cells, and enhances the production of
immunoglobulins by B cells.? [n the context of Th2-
type inflammation, IL-9 was reported to induce eo-
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Fig. 3 HDM-induced IL-9 gene expression in HDM-sensi-
tized (HOM-IgE ( + )) and non-sensitized (HDM-IgE ( — ))
individuals. We compared the two groups by Man-Whitney
test. N.S.; not significant

taxin production from airway smooth muscle cells, IL-
5 receptor expression from eosinophils, 728 and gob-
let cell hyperplasia.2? Selective overexpression of the
IL9 gene within the lungs of transgenic mice resulted
in massive airways inflammation with eosinophils and
lymphocytes as predominant infiltrating cells.30
Blockade of [L9 inhibited the development of airway
inflammation in a mouse model of asthma3! In hu-
mans, a close association between the /L9 gene and
bronchial hyperresponsiveness has been sug-
gested.32 Collectively, 11-9 may play an important role
in the pathogenesis of asthma and the potential of
eosinophils to produce 11-9 adds another mechanism
that underlie exacerbating nature of Th2-type inflam-
mation.

Environmental allergens including house dust
mites, fungi, and pollens contain various kinds of pro-
teases and it has been demonstrated that these pro-
teases directly cause activation of epithelial cells and
inflammatory cells leading to inflammatory cytokine
production?! and degradation of epithelial tight junc-
tions facilitating further allergen entry33. Thus, the
proteolytic activities characterize the pathogenic na-
ture of the allergen molecules independent of their
IgE-binding epitopes. HDM, the most common aller-
gen in Japan and other area of the world with warm
and humid climate, contains cysteine proteases and
serine proteases as well as a number of other unchar-
acterized proteases. Der p 1 and Der f 1, the major al-
lergens in HDM, are cysteine proteases and Der p 3,
Der £3, Der p 9, and Der { 9 are serine proteases, 336
Proteases stimulate cells via PARs, 7-transmembrane
G proteincoupled receptors. They cleave the amino
acids at a specific site of the extracellular N-terminus
of the PARs to expose a new N-terminal ligand do-

Allergology International Vol 57, No2, 2008 www jsaweb.jp/

— 276 —



HDM Induces IL-9 from Eosinophils

100 < 1000 5
§ ] s [ |
T i
8 S 100 4
L] -]
@ o
| = =
g 10 4 &
< E £
§' ) %’ 10 =
E 1 E 3
[%] o
z ] 3
('8 1 w
1 L Ll 1 L] L] L
0 2 0 1 10 pg/ml
trans-epoxysuccinyl-L-leucylamido

4-(2-Aminoethyl)-benzenesullonyl fiuoride
(AEBSF)

Fig. 4

(4-guanidino)-butane (E-64)

IL-8 gene expression from eosinophils cultured with HDOM extract pretreated at

37°C for 30 min with AEBSF, a serine protease inhibitor, or E-64, a cysteine protease
inhibitor. The data represent geometric means of fold changes in gene expression. (n = 3).

main that binds to another site on the same molecule,
thereby activating the receptor. Four PARs have been
identified and amino acid sequences of each cleavage
site is specific for the particular PAR. Serine pro-
teases are PAR-2 agonists and we speculate that
HDM extract stimulated eosinophils to produce 11-9
via PAR-2 because a serine protease inhibitor, not a
cysteine protease inhibitor, blocked the reaction al-
though the results presented here were still insuffi-
cient to prove PAR-2-mediated I1-9 production.

We also examined the possibility that HDM-
induced IL9 production from eosinophils was IgE-
mediated. Eosinophils express low affinity IgE recep-
tors, CD23, and may express high affinity Fc epsilon
receptors?’3¥ as well. If the latter is the case, isolated
eosinophils from peripheral blood of HDM-sensitized
individuals have membrane-bound HDM-specific [gE
antibody and have potentials to be activated upon
binding of IgE (o the allergen. We found, however,
that HDM induced the activation was independent of
specific IgE to HDM. We also confirmed that that ef-
feet was not from contaminated LPS in HDM extract
because LPS did not induce 11-9 production even in
the presence of the serum.

In the present experiments, we employed the con-
centrations of HDM and LPS based on a previous
study in which the ability of various allergens to
cause eosinophil activation and chemotaxis in vitro
was investigated.1® One drawback of our study is that
the concentration of HDM used in the experiments
was rather high and we did not find significant pro-
duction of IL-9 on stimulation with lower concentra-
tions of HDM (data not shown) and the present find-
ings may not be relevant to clinical situations, How-
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ever, exposure levels of HDM vary widely® and ac-
tual concentrations found in the airways are not
known. Alternatively, our experimental model may
represent other PAR-2 and PAR-2 agonist interactions
such as tryptase from mast cells.24

In summary, we have shown that eosinophils are
capable of interacting with HDM and producing 11-9.
These findings suggest that eosinophils may play a
role in innate immunity. When eosinophils encounter
with an allergen that has serine-specific enzymaic ac-
tivity, they may promote Th2-type immune response
by producing 11-9.
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Abstract

Background: Recent evidence suggests that both neutro-
philic and eosinophilic inflammation persist in the airways
of patients with severe asthma. Mechanisms for interaction
between neutrophils and eosinophils are still to be under-
stood. Since eosinophils express protease-activated recep-
tor 2, neutrophil-derived serine proteases may activate eo-
sinophils. Objective: We investigated the effect of neutrophil
serine proteases on eosinophil effector functions. Methods:
Peripheral blood eosinophils were stimulated with elastase,
cathepsin G and proteinase 3. Superoxide generation was
quantitated with the cytochrome C reduction method. A
panel of cytokines and chemokines in the culture superna-
tants were measured with a multiplex beads array system.
Effects of an elastase inhibitor, sivelestat, and a serine prote-
ase inhibitor, PMSF, on the protease-induced reactions were
also tested. Results: Neutrophil proteases significantly in-
duced superoxide production from eosinophils. Elastase
was the most potent among them. Sivelestat and PMSF in-
hibited the reaction. The proteases induced production of
IL-6, IL-8, TNF-a and GRO-«, that have a possible connection
with neutrophilic inflammation. Conclusion: Neutrophil

proteases activate eosinophils to produce superoxide, pro-
inflaimmatory cytokines and neutrophilotactic chemokines
and may further aggravate airway inflammation in patients
with severe asthma. Copyright © 2008 S. Karger AG, Basel

Introduction

Eosinophilic airway inflammation is a central feature
of asthma. A predominant role of neutrophils, however,
has been implicated in severe/fatal asthma [1-3]. A recent
report from the European Network Study for Under-
standing Mechanisms of Severe Asthma (ENFUMOSA)
states that patients with severe asthma have greater spu-
tum neutrophilia and higher eosinophil-derived media-
tor concentrations, compared with patients with mild to
moderate asthma, suggesting that both neutrophilic and
eosinophilic inflammation persist in the airways of se-
vere asthma [4].

Recently, the mechanism for the colocalization of neu-
trophils and eosinophils in the airways has been studied.
Nagata et al. [5] reported that activated neutrophils pro-
mote eosinophil transbasement membrane migration
(TBM) through a combination of mediators secreted
from neutrophils such as leukotriene B4, matrix metal-
loproteinase 9 and tumor necrosis factor-a (TNF-a),
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In addition to the mentioned mediators, neutrophils
contain potent serine proteases such as neutrophil elas-
tase, cathepsin G and myeloblastin (proteinase 3, PR3),
which notonly cleave exogenous proteins such as bacteria
for host defense and endogenous structural proteins for
tissue damage and remodeling [6], but activate a variety
of cells through protease-activated receptors (PARs),
which are 7-transmembrane G protein-coupled recep-
tors. A specific protease cleaves the amino acids at a spe-
cific site of the extracellular N-terminus of the molecule
to expose a new N-terminal ligand domain that binds to
another site on the same molecule, thereby activating the
receptor. Eosinophils express PAR-2 [7] and have been
reported to be activated with serine proteases such as
trypsin [8]. We have also observed that house dust mite
extract induced IL-9 expression from eosinophils, pos-
sibly through PAR-2 [9]. Therefore, we hypothesized that
the neutrophil serine proteases may activate eosinophils
through PAR-2 in the context of possible neutrophil-eo-
sinophil interactions in severe asthma. Here, we demon-
strate that neutrophil serine proteases induce superoxide
generation and proinflammatory cytokine production
from eosinophils.

Materials and Methods

Reagents

Human neutrophil elastase was purchased from Athens Re-
search and Technology (Athens, Ga., USA), human neutrophil
cathepsin G from Calbiochem (San Diego, Calif., USA) and PR3
from Elstin Products Co. Inc. (Owensville, Mo., USA). Hanks’
balanced salt solution (HBSS), 4-(2-hydroxyethyl)piperazine-1-
ethanesulfonic acid (HEPES) buffer solution and fetal bovine se-
rum (FBS) were obtained from Life Technologies BRL (Grand Is-
land, N.Y., USA). Superoxide dismutase (SOD), gelatin, horse-
heart ferricytochrome C (type VI) and RPMI 1640 were obtained
from Sigma Chemical Co. (St. Louis, Mo., USA), Fluo 3-AM was
purchased from Dojin Chemical (Kumamoto, Japan). A serine
protease inhibitor, phenylmethylsulphonyl fluoride (PMSF), was
obtained from Sigma. Sivelestat sodium hydrate was a kind gift
from Ono Pharmaceutical Co. (Tokyo, Japan).

Eosinophil Isolation

Eosinophils were purified by negative selection using anti-
CDI16 bound micromagnetic beads (MACS™; Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany) as previously described
[10]. The purity of eosinophils was more than 97%. The contami-
nating cells were neutrophils, and no mononuclear cells or baso-
phils were present.

Superoxide Anion (03) Generation
Superoxide generation was measured with a cytochrome C re-
duction method [11]. In brief, freshly isolated eosinophils at 1.25

Neutrophil Proteases Activate
Eosinophils

% 10° cells/ml were resuspended in HBSS with 25 mM HEPES,
0.03% gelatin and 100 pM cytochrome C. The cell suspension (100
1) was dispensed onto the wells of 96-well tissue culture plates,
followed by the addition of various concentrations (0.1 and 1 pg/
ml) of elastase, cathepsin G, PR3 or medium alone. The reaction
mixture was incubated at 37°C and absorbance was measured at
550 nm over 3 h with a microplate autoreader (Wallac 1420 ARVO
MX; PerkinElmer, Waltham, Mass., USA). Each reaction condi-
tion was performed in duplicate and against an identical control
reaction containing 20 mg/ml of SOD. Due to the 1:1 stoichiom-
etry of cytochrome C reduction and O3 generation, the data were
calculated using an extinction coefficient of 21.1 M~* cm™! for cy-
tochrome C reduction and expressed as nanomoles of 03/10° cells
minus SOD control and spontaneous O3 generation. For inhibi-
tion experiments, elastase was premixed with PMSF at 0.1 mM or
sivelestat sodium hydrate at 10 pg/ml 30 min prior to incubation
with eosinophils and superoxide generation was measured as de-
scribed above.

Measurement of Intracellular Calcium

Cells were suspended in HBSS with Ca?*, Mg?* and 2% bovine
serum albumin (Sigma) ata cell density of 2 X 10%/ml. Fluo 3-AM
(Dojindo, Tokyo, Japan) was added at a final concentration of
2 M. After incubation for 20 min, cells were washed and sus-
pended in a buffer containing 119 mM NaCl, 5 mm KCI, 1 mM
CaCly, 1 mM MgCly, 0.03% human serum albumin and 25 mMm
HEPES, pH 7.4, at a concentration of 1.6 x 10° cells/ml Calcium
influx was measured using excitation at 340 and 380 nm with a
fluorescence spectrometer (Wallac 1420 ARVO MX; PerkinEl-
mer).

Production of Cytokines and Chemokines from Eosinophils

Eosinophils at 1 x 10%/ml in RMPI 1640 with 5% FBS were
cultured with elastase, cathepsin G or PR3 at 0.1, 1 and 10 pM at
37°C for 48 h. A panel of cytokines and chemokines in the super-
natants were measured by using Luminex multiplex kits (human
cytokine 10-plex for IL-1p, IL-2, IL-4, IL-5, IL-6,1L-8, [L-10, IFN-
¥, TNF-a and GM-CSF; human chemokine 10-plex for eotaxin,
GRO-a, IP-10, MCP-1, RANTES, MCP-2, MCP-3, MIP-1a, MIP-
1B and MIG; Invitrogen, Carlsbad, Calif., USA) ona Luminex 100
multiplex beads array system (Luminex Corp., Austin, Tex., USA)
[12].

Statistical Analysis

Data are expressed as means = SEM of indicated numbers of
experiments and p values were determined with two-way ANO-
VA for multiple groups with the Bonferroni post test.

Results

Superoxide Generation by Neutrophil Proteases

Elastase and cathepsin G significantly induced O3
generation from eosinophils, whereas PR3 had a minimal
effect (fig. 1). Elastase appeared to be most potent in the
reaction, since the O; reaction kinetics showed that low
levels of activation started at 60 min followed by signifi-
cant elevation at 90 min with elastase and 150 min with
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