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‘Fig. 3. The numbers of total cells (a) and
eosinophils (b) in BALF. The open and
closed columns indicate the values of juve-
nile and adult animals, respectively. Values
are expressed as mean = SEM. ** p <0.01
vs. control animals with the corresponding
age. *p < 0.05 and #p < 0.01 between
groups (n = 8-10 mice for each group).

lation was observed between animals given 10 wg and
1,000 wg OVA (fig. 2a). The degree of the decrease in the
PC200 value showed a similar tendency in juvenile and
adult animals; that is, in both groups of animals, the val-
ues of PC200 in animals given 10 and 1,000 ng OVA were
4-fold and 2-fold less than the value in control animals,
respectively.

Number of Inflammatory Cells in BALF

In both adult and juvenile mice, the number of total
cells and eosinophils was markedly higher in animals giv-
en 10 pg than in those given 1,000 ug OVA (fig. 3a, b,
respectively). In juvenile animals given 1,000 pg OVA,
the increases in the number of total cells and eosinophils
were scarce compared with the other 3 groups of animals
given OVA,

Allergic Airway Inflammation of Juvenile
Mice )

Cellular infiltration score

0 10
OVA {ng)

1,000

Fig. 4. Cellular infiltration score. The open
and closed columns indicate the values of
juvenile and adult animals, respectively.
Values are expressed as mean £ SEM. * p
< 0.05 and ** p < 0.01 vs. control animals
with corresponding ages, respectively. # p <
0.05 between groups (n = 8-10 mice for
each group).

Histopathological Findings of the Lung

In both adult and juvenile mice, the cellular infiltra-
tion score was more prominent in animals given 10 pg
OVA (fig. 4). The degree was significantly greater in adult
mice than in juvenile ones given corresponding doses of
OVA.

GCM was found in all groups of animals sensitized
and challenged with OVA. Representative photographs
are shown in figure 5. The result of the mucus cell score
is shown in table 2. The degree of the increase was more
prominent in animals given 10 pg than in those given
1,000 wg OVA in both ages, although there was no statis-
tical difference between them. In contrast to the cellular
infiltration score, the mucus cell score in juvenile mice
was similar to that in adults given the corresponding
doses of OVA (table 2). The mucus cell score showed a
positive correlation with both BALF eosinophil counts
(r=0.482, p = 0.031) and the cellular infiltration score
(r=0.760, p = 0.0004), but not with serum IgE levels
(r=0.396, p = 0.104) in adult mice. In juvenile mice, the
mucus cell score positively correlated only to the cellular
infiltration score (r = 0.764, p = 0.0006), but neither to_
IgE levels (r=0.531, p = 0.0506) nor to eosinophil counts
(r=0.472,p=0.0755). '

The result of the mucus area in each group was shown
in table 2. The value was similar in the 4 groups exam-
ined.

Int Arch Allergy Immunol 2005;138:51-58 55

—259—



Fig. 5. Representative photomicrographs of 6-pm sections of
mouse lung (AB/PAS staining). The sections of control animals a:
juvenile; b: adult animals) and those of animals sensitized and chal-
lenged with 10 (e: juvenile; d: adult animals) and 1,000 pg of OVA
(e: juvenile; f: adult animals) are shown, In OVA-challenged mice,
goblet cell metaplasia (GCM) was prominent (e~f). Juvenile mice
showed a rather obvious GCM comparing to adult ones (magnifica-
tion x 100).

Table 2. The mucus cell score and the mucus area

Mucus cell score

Juvenile 0.3+0.1 3.5+0.8* 2.7+1.1%

Adult 0.1£0.1 2.7+0.3* 2.6+0.4*
Mucus area, %

Juvenile 33+1.0 42,9 +3.4* 36.4+43*

Adult 02201 40.1£4.8* 31.5%4.1*

Values are expressed as mean = SEM.
*p < 0.01 vs. the corresponding animals given vehicle for OVA
(control) (n = 8-10 mice for each group.)
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Relationship between BHR and Other Parameters

In adult mice, PC200 showed significant inverse cor-
relations to the degree of the cellular infiltration score
(r=0.554, p = 0.003), eosinophil count in BALF (r =
0.423, p = 0.013), and OVA-specific IgE levels (r =
0.547,p=10.007), but not with the mucus cell score. MaxR
showed significant positive correlations to the degree of
the mucus cell score (r = 0,458, p = 0.037), and IgE levels
(r = 0.600, p = 0.0024) in addition to the cellular infiltra-
tion score (r = 0.757, p < 0.0001) and BALF eosinophil
count (r = 0.401, p = 0.011). In juvenile mice, PC200
showed significant inverse correlations to the degree of
the cellular infiltration score (r = 0.557, p = 0.025), eo-
sinophil count in BALF (r = 0.367, p = 0.094), IgE levels
(r=0.480, p = 0.038), but not to the mucus cell score. By
contrast, MaxR in juvenile mice was positively correlated
with the cellular infiltration score (r = 0.513, p = 0.042)
and the mucus cell score (r = 0.556, p = 0.026), but not
with the BALF eosinophil count or IgE levels.

Discussion

In the present study, we have demonstrated that juve-.
nile mice, that were sensitized since 3 days after birth and,
then, repeatedly exposed to antigen, showed both system-
ic immune response and airway inflammation 3 weeks
after the first sensitization. Sensitization with 10, but not
1,000, wg OVA induced elevated IL-4 and decreased
IFN-y levels in BALF in both age groups, suggesting that
10 pg OVA induced Th2-dominant conditions whereas
1,000 pg did not. As a result, allergic airway inflamma-
tion, including BHR, eosinophilia in BALF, the cellular
infiltration, GCM, and the IgE antibody production, was
more prominent in mice sensitized with 10 g than in
those sensitized with 1,000 wg OVA in both juvenile and
adult animals. Among these responses, BALF IL-4 pro-
duction, GCM, and BHR were comparable between ju-
venile and adult mice, whereas other parameters such as
IgE production, eosinophilia in BALF, inflammatory cell
infiltration into airway tissues were more prominent in
adult than in juvenile animals, especially, in those given
1,000 wg OVA. It is reasonable to think that the results
of the present study reflect not only the age at sensitiza-
tion but also that at rechallenge with antigen.

Maturation of the immune system may be a critical
element in the development of childhood asthma [14].
The immune response in the perinatal and neonatal pe-
riod is thought not to be the same as that seen in mature
individuals. It was shown that most infants and young
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children who will go on to have persistent wheezing and
asthma show high IgE production and eosinophilic im-
mune responses at the time of their first viral lower respi-
ratory tract illness [15, 16]. Prescott et al. [17, 18] dem-
onstrated a continuation of fetal allergen-specific Th2 re-
sponse during infancy and a decreased capacity for the
production of the Thl cytokine, IFN-y, in those children
who subsequently had atopic diseases. In experimental
animals, neonatal mice are demonstrated to have Th2-
biased immune responses against antigen [19, 20]. In the
present study, sensitization with 10 wg OVA induced a
Th2-biased immune environment of a similar degree in
juvenile and adult animals, in view of the degree of ele-
vated IL-4 and decreased IFN-y levels in BALF. On the
other hand, sensitization with 1,000 pg induced a Th1-
biased environment compared to that with 10 ug OVA
in adult mice. In contrast to adult animals, even 1,000 g
OVA still induced a Th2-biased immune environment in
juvenile animals, although the degree was less than in
those given 10 wg OVA; that is, only a small but signifi-
cant increase in BALF IL-4 level was found, and 1gG2a
antibody was not produced. These results confirm previ-
ous observations that neonatal mice had Th2-dominant
immune responses against antigen. Previous reports in-
‘vestigating the effect of different sensitizing doses on the
immune response indicated that higher doses of sensitiz-
ing antigen induced Thi-dominant immune responses in
adult mice. In the present study, however, sensitization
of 1,000 wg OVA in adult animals showed immunological
features of both Thl and Th2 response, that is, significant
amounts of OV A-specific IgE as well as [gG2a antibodies
were produced in addition to a slight but significant in-
crease in eosinophils in BALF. We do not know the rea-
son for these results. It is possible that several factors,
such as the dose of antigen or the way of sensitization/
provocation procedures, were not enough to induce a Th1
response in adult animals. In addition, we do not know
whether the lower dose of antigen induces a Th2-deviated
response when we employ different mouse strains or dif-
ferent routes for sensitization, such as the intracutaneous
route. .

The specific IgE antibody level in the peripheral blood
was more prominent in adult and juvenile mice, whereas
IL-4 response in the BALF was similar or greater in juve-
nile animals. The results may indicate a functional im-
maturity of B lymphocytes or other cells that are respon-
sible for the immune system of juvenile animals, although
the details are to be elucidated. On the other hand, the
degrees of BHR and GCM were comparable in juvenile
and adult animals. MaxR, a parameter of BHR, was not

Allergic Airway Inflammation of Juvenile
Mice

significantly correlated to the IgE antibody level or eo-
sinophil counts in BALF in juvenile mice, while it was
correlated to them in the case of adult animals. In addi-
tion, the degree of GCM was correlated to neither IgE
levels nor eosinophil counts in juvenile mice. These re-
sults suggest a possibility that the development of BHR
and GCM was not totally dependent on IgE- and eosino-
phil-mediated allergic airway inflammation, especially in
the airways of juvenile animals. Recently, allergic sensi-
tization with OVA has been shown to cause GCM in ro-
dents {21], and the Th2 cytokines IL-4 and IL-13 have
been implicated to be involved in this process [22). In IL-
S-knockout mice, OVA sensitization no longer leads to
eosinophil recruitment after allergen exposure, but GCM
still occurs [23], suggesting that eosinophils were not es-
sential to GCM. Our present results confirm these previ-
ous observations that GCM, a feature of allergic airway
inflammation, develops independently of eosinophilic in-
flammation. We do not know the exact reason why the
degree of GCM was comparable between juvenile and
adult animals, even those given 1,000 wg OVA sensitiza-
tion. In guinea pigs, we have shown that the renewal of
epithelial cells was significantly more marked in juvenile
and adult animals than in old ones after repeated expo-
sure to antigen [24]. Thus, if this was the case for murine
epithelial cells, it would be possible that a greater degree
of epithelial cell renewal occurred in response to antigen
exposure in juvenile than in adult mice. Measurements .
of other cytokines might be informative to analyze the
reasons, Further experiments would be required to clari-
fy the mechanism.

In the present study, it was demonstrated that GCM
and, consequently, airway mucus hypersecretion might
be an important component of allergic airway inflamma-
tion in juvenile mice. If this was the case in humans, the
regulation of mucus hypersecretion would be beneficial
not only for the treatment but also for.the prevention of
asthma in younger children, especially in infants. Our ju-
venile murine model of allergic airway inflammation may
be helpful for the understanding of the pathophysiology
of infantile asthma.
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Abstract

Background: Disodium cromoglycate (DSCG) is known
to inhibit both immediate and late asthmatic responses
(IAR and LAR). However, its effect on mucus hypersecre-
tion is unknown. Using a murine model of asthma, we
aimed to determine whether mucus secretion increased
during IAR ‘and LAR. We also studied the potency of
DSCG in inhibiting mucus secretion and on airway eo-
sinophilia. Methods: Mice were subjected to initial intra-
peritoneal sensitization and airway challenge to ovalbu-
min (OVA) and then provoked by additional exposure to
OVA. Some mice were pretreated with aerosolized DSCG
(20 mg/ml) 1 h before the provocation with OVA. After
serial measurements of enhanced pause (Penh), an indi-
cator of airflow obstruction, serum samples and bron-
choalveolar lavage fluids (BALF) were collected. Then,
the lungs were excised and a morphometric analysis for
mucus hypersecretion was performed. Results: A bipha-
sic increase in Penh {IAR and LAR) was observed in
sensitized animals after provocation with OVA. Airway
eosinophilia was observed during both responses. Intra-
luminal mucus significantly increased during LAR, but
not during 1AR. DSCG significantly attenuated both |IAR
and LAR, and significantly inhibited the increase in intra-

luminal mucus during LAR, but had no effect on eosino-
philia in BALF. Conclusion: Our results suggest that air-
way hypersecretion may be involved as a component of
airflow obstruction during LAR, and that this is unlikely
during IAR. DSCG may be effective in reducing excessive
airway mucus caused by exposure to allergens.

Copyright © 2005 S. Karger AG, Basel

Introduction

Mucus hypersecretion from mucus-secreting cells is an
important component of airflow obstruction seen in air-
way diseases such as asthma. In a subgroup of asthma, al-
lergen provocation leads to biphasic bronchoconstrictive
responses, i.e. immediate asthmatic response (IAR), peak-
ing at 15-30 min and returning to baseline within 1-2 h,
and late asthmatic response (LAR), commencing 3-5 h
after provocation and peaking at 6-12 h [1, 2]. The mech-
anisms and the airway cells involved in JAR and LAR may
differ because the efficacy of each antiasthma drug differs
against each of these responses. It is likely that IAR main-
ly depends on airway smooth muscle contraction in view
of its rapid onset and prompt return to. the baseline level
in lung function. By contrast, mucus hypersecretion may,
at least in part, contribute to the development of LAR con-
sidering its slow and persistent airway obstruction.
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The mechanism of airway mucus secretion in respira-
tory diseases such as asthma has been studied mainly us-
ing morphometric analysis in humans and in experimen-
tal animals [3-5]. We showed that neurogenic inflamma-
tion induced airway goblet cell discharge in guinea pigs
by developing a method in which the mucus score was
measured as an index of secretion {3]. In humans, Aikawa
et al. [6] quantified intraluminal mucus and demonstrat-
ed that mucus hypersecretion could be an important com-
ponent of airway obstruction in chronic bronchitis. In
guinea pigs, Hashimoto et al. [5] showed that pretreat-
ment with diesel exhaust induced the formation of mucus
plugs in the airway lumen 15 min after allergen challenge
in sensitized animals. This finding indicates that mucus
hypersecretion may contribute to the airway responses
caused by allergen exposure in sensitized individuals.

Disodium cromoglycate (DSCG) is a widely used an-
tiasthma drug, especially for younger children with asth-
ma. DSCG has been shown to inhibit both JAR and LAR
in humans [7] and in experimental animals [8]. The main
mechanism of DSCG in inhibiting antiallergic action is
thought to be via the mast cell stabilizing effect, although

- other airway effects, such as sensory nerve inactivation
[9] and tachykinin antagonist activity {10], have been
proposed.

In the present study, we wanted to clarify whether mu-
cus secretion increased during airway obstruction caused
by allergen exposure. For this purpose, we employed a
murine model of asthma [8] in which the animals showed
both IAR and LAR after provocation with antigen. We
quantified intraluminal mucus, as well as airway eosino-
philia, during IAR and LAR, and evaluated the inhibi-
tory effects of DSCG against these responses.

Materials and Methods

Sensitization, Airway Challenge and Provocation with

Ovalbumin (OVA)

All of the experimental animals in this study were used in ac-
cordance with a protocol approved by the Institutional Animal
Care and Use Committee. .

Principally, the method reported by Cieslewicz et al. [8] was
employed for the sensitization and airway challenge of the animals.
In brief, BALB/C mice, 10~12 weeks of age, were sensitized on days
1 and 14 by intraperitoneal injection of 20 pg OVA (grade V; Sigma,
St. Louis, Mo., USA) emulsified in 2.25 mg aluminum hydroxide
(Wako, Tokyo, Japan) in a total volume of 100 pl. On days 28, 29
and 30, the mice were challenged daily with OVA (1% in saline) for
20 min via the airways using an ultrasonicnebulizer (NE-U12, Om-
ron, Tokyo, Japan)in a 4,5-liter inhalation box. On day 32, the mice
were provoked with OVA (5% in saline) or saline for 20 min, Fol-
lowing this, airway responsiveness was determined at 5, 15, 30 and
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60 min, and then at intervals of 30 min for the next 6 h using whole-
body barometric plethysmography. In another group of animals,
airway responsiveness was measured for 12 h after the provocation
to observe the time course of LAR.

Study Protocol

In a pilot study (study I) in which airway responsiveness was ob-
served for 12 h after provocation, mice were sensitized, challenged
with OVA and provoked with either OVA (n = 6) or saline(n = 5) to
confirm that both IAR and LAR appeared in the present model.

In a second study (study II), the degree of mucus secretion and
the number of eosinophils in BALF during IAR or LAR were mea-
sured and the inhibitory effects of DSCG on these responses were
examined. All of the animals were sensitized, challenged with OVA
and then treated with either DSCG (20 mg/ml diluted with saline)
or the vehicle (saline) 1 h before provocation. After provocation with
either OVA or the vehicle (saline), the animals were killed at 15 min
or at 6 h following the measurement of airway responsiveness. Thus,
there were six groups of animals: two groups pretreated with the ve-
hicle for DSCG 1 h before provocation with OVA and killed either
15 min (IAR) or 6 h (LAR) after provocation (n = 10 and n = 13,
respectively). Ten of the animals treated with DSCG before provoca-
tion with OVA were killed at 15 min and the remaining 16 animals
6 h after provocation, Control animals were treated with the vehicle
for DSCG prior to provocation with saline and were then killed at
the same time points (n = 10 and n = 10, respectively).

Determination of Airway Responsiveness

The time course of airway responsiveness after the antigen prov-
ocation was studied on unstrained, conscious mice as described
previously [11, 12]. Mice were placed in a barometric plethysmo-
graphic chamber (Buxco Electronics, Sharon, Conn., USA) and the-
pressure-time wave was continuously measured. The main indica-
tor of airflow obstruction, enhanced pause (Penh), was calculated.
It has recently been shown that Penh does not always correlate with
airway resistance [13], but we used Penh as the parameter because
this was suitable for the continuous measurement of the time course
of airflow obstruction.

Bronchoalveolar Lavage (BAL) Procedure

After the measurement of airway responsiveness, the animals
were killed with an overdose of pentobarbital {50 mg/animal i.p.)
in order to obtain serum samples. After taking the samples, a 18-
gauge cannula was introduced into the proximal portion of the tra-
chea, and the lungs were lavaged with 0.4 ml of phosphate-buffered
saline 3 times. The BAL fluids were centrifuged at 800 rpm for
5 min. Cell pellets were resuspended in 0.3 ml of RPMI-1640 me-
dium. Total cell counts were performed with a hemocytometer, and
differential cell counts were performed on cytospin preparations
stained with Diff-Quick (Kokusai-Shiyaku, Tokyo, Japan). A blind-
ed observer counted a minimum of 200 cells for each sample.

Tissue Preparation )

After the BAL procedure was completed, the lungs were inflated
to a pressure of 25 cm H,O. The trachea was clamped until fixation
was complete. Tissue specimens were cut into 6-pum-thick sections
at mid-sagittal slices in the mid-sagittal plane, embedded in paraf-
fin and stained with Alcian blue and periodic acid-Schiff (AB/PAS).
Slides were coded and graded in a blind fashion.
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Quantification of Intraluminal Mucus

The mucosubstance area in the airway lumen was quantified by
evaluating mucus areas coated in mucus morphometrically, In
brief, the stained slides were examined with a light microscope
(IX 70; Olympus, Tokyo, Japan) connected to a color chilled CCD
camera system (M 3204C; Olympus) and to a color digital graphic
tablet (Intuos GD-0608-R; Wacom, Saitama, Japan). Images of all
membranous airways in the slide were recorded. Analysis was per-
formed on a personal computer (PC 300 GL, IBM, New York, N.Y ,
USA) with images displayed on the color monitor using graphic
analysis software (Win ROOF version 3.41; Miitani, Fukui, Japan).
The length of the inner perimeter (Pi) of each airway lumen was
measured and the luminal size of each airway calculated, assuming
a circular airway [4, 6], in accordance with the formula: luminal
size (mm?) = Pi%/4 .

All peripheral airways that were cut vertically in section profile
with inner perimeters ranging from 0.79 to 3.5 mm were evaluated
for morphometrical analysis of intraluminal mucus. Preliminary
studies showed that there was no epithelial goblet cell metaplasia
in unsensitized animals or in airways smaller than 0.79 mm even
in sensitized animals. Therefore, airway lumens with Pi<0.79 mm
were not measured.

All areas of intraluminal mucus in each slide (areas stained pur-
ple by AB/PAS) were measured and added together. The mucus
areas in each animal were then defined using the formula:

Mucus area (mm?) = total area of intraluminal mucus/number
of airway lumens examined.

OVA-Specific IgE Antibody Determination

OVA-specific IgE levels were determined by ELISA, as de-
_scribed previously [14]. In brief, 96-well microtiter plates (Dynex,
Tokyo, Japan) were coated with 200 pg/ml of OVA (grade V; Sig-
ma) diluted in 0.1 M NaHCO; and incubated for2hat 37°C. After
washing and blocking with PBS-bovine serum albumin for 2 h at
37°C, serially diluted 100-pl serum samples were added and incu-
bated for 2 h at 37°C. After washing, 100 pl of 1:800-diluted rat
anti-mouse IgE monoclonal antibody (Biosource International, Ca-
marillo, Calif.,, USA) were added and incubated for 2 h at 37°C.
Then, the reaction chromogen was generated with FAST (Sigma),
and stopped with H,SO,. Plates were read in a multiplate reader
at 490 and 620 nm. Serum pooled from OVA-sensitized and air-
way-challenged adult mice was used as a positive control. The
OV A-specific IgE titer was determined to be the reciprocal of the
highest dilution giving a positive value (arbitrary unit: AU).

Statistical Analysis

All data were expressed as means = SEM. Non-parametric anal-
ysis of variance (the Kruskal-Wallis test for unmatched pairs) was
used to determine the significance of variance between groups. If a
significant variance was found, a Mann-Whitney U test was per-
formed to assess the significance of differences between groups. A
p value of less than 0.05 was considered to indicate statistical sig-
nificance, and a Bonferroni correction was performed when re-
quired. As for the level of significance of Penh during IAR and LAR,
the area under the curve during corresponding time points was
compared. Statistical analysis was performed utilizing Statview
version 4.5 (Avacus Concepts, Berkeley, Calif., USA).
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Fig. 1. The effect of DSCG on the increase in Penh up to 6 h after
the provocation. Penh was expressed as the ratio compared to the
baseline level before the provocation. The values are means at each
time point. DSCG significantly attenuated the increase in Penh
caused by OVA in both phases (' p<0.05). * p<0.05 compared to
control animals given vehicle for OVA,

Results

Airway Responsiveness afier Allergen Exposure
In study I, provocation with 5% OVA induced both
IAR and LAR. An increase in Penh was observed as ear-
ly as 5 min after provocation, peaking at 15 min, return-
ing to initial values by 90 min. The Penh at IAR was sta-
tistically significant compared to that in mice sensitized
and challenged with OVA and provoked with saline (p <
0.05). In mice provoked with antigen, a second increase
in Penh (LAR) started at around 2-3 h, and peaked at
8.25 h on average. Then, the value of Penh declined in all
animals. In 3 of these animals, the value declined to the
baseline level by 12 h after the provocation. However, it
was still higher than the baseline level in another 3 ani-
mals at the time point. As in IAR, Penh at LAR was sig-
nificantly greater than that in mice sensitized and chal-
lenged with OVA and provoked with saline (p < 0.05).
_In study II, provocation with OVA induced IAR and
LAR. The values in Penh at both IAR and LAR were sig-
nificantly higher than those in animals treated with the
vehicle for OVA (p < 0.05 at both IAR and LAR). DSCG-
sipnificantly attenuated both IAR and LAR (p < 0.05 at
both responses), whereas Penh during IAR (not during
LAR) in DSCG-treated animals was significantly higher
than that in control animals treated with the vehicle (p <
0.05; fig. 1). '

Int Arch Allergy Immunol 2005;138:189~196 191

—265—



20 A ® 20
4 15 15 A
.8 = sk
EE
2 a
c =
= § 10 1 10 4
ge *
7 X
& 54 5
0 0
a Saline  D{-} D{+) b Saline D{-) D{+}

8 q 8
*
6 6 -
© &
g E
o g
27 41 47
2o
S =
$x
2 2 A I:E’
0 o]
a Saline- D(-) Di+) b Saline D(-) D{+}

Fig. 2. The number of eosinophils in BALF during IAR (a) and
LAR (b). Values are means + SEM. D(-) and D(+) indicate OVA-
challenged animals without or with pretreatment of DSCG, respec-
tively. Saline = Control animals given vehicle for OVA and sacri-
ficed at the corresponding time points. A marked elevation in eo-
sinophil counts was observed both at IAR (a) and at LAR (b).
DSCG did not affect the number of eosinophils both at IAR and
LAR. * p < 0.05 compared to control animals given vehicle for
OVA.

Table 1. Mean value of the luminal size in each group

Luminal'si:

Group - ’ :
S, o x 107 mm?
IAR
Saline 10 108.3+24.0
D(-) , 10 135.0+£22.8
D(+) 10 112.9+22.8
LAR
Saline 10 102.4+£21.8
D(-) 13 124.5+£21.0
D(+) 16 102.5+5.6

Values are means + SEM. D(-) and D(+) indicate OVA-chal-
lenged animals without or with pretreatment of DSCG, respec-
tively. Saline means control animals given vehicle for OVA and
sacrificed at the corresponding time points. No significant differ-
ence in the size of airway lumina was observed among the six
groups.

Airway Eosinophilia

In animals not pretreated with DSCG, a marked eleva-
tion in the number of eosinophils in the BALF was ob-
served during both JAR and LAR (9.87 *+ 2.71 x 10*
and 5.59 + 1.28 x 10% cells/ml, respectively). These

192 Int Arch Allergy Immunol 2005;138:189-196

Fig. 3. The mucus area during IAR (a) and LAR (b). Values are
means * SEM. D(~) and D(+) indicate OVA-challenged animals
without or with the pretreatment of DSCG, respectively. Saline =
Control animals given vehicle for OVA and sacrificed at the cor-
responding time points. Mucus areas increased during LAR in
OVA-challenged animals. DSCG significantly inhibited the in-
crease during LAR: * p < 0.05 compared to control animals at the
corresponding time points. ' p < 0.05 compared to animals given
OVA without pretreatment of DSCG.

numbers were significantly higher than those in control
animals killed at corresponding time points (0.018 *
0.011 x 10*and 0.015 + 0.015 x 10* cells/ml, respec-
tively; p < 0.05 and p < 0.05, respectively). DSCG had no

- effect on the number of eosinophils during IAR or LAR

(fig. 2).

Intraluminal Mucus

The luminal size was not significantly different among
the six groups (table 1). Morphometric analysis revealed
that the mucus area in the airway lumen (X 1073 mm?)
was significantly greater at LAR (5.28 + 1.07, p<0.05)
but not at IAR (2.49 #+ 1.21) in animals provoked with
OVA than in those given the vehicle for OVA (1.93 *
0.58 and 1.70 % 0.51 at the time points of IAR and
LAR, respectively). In DSCG-treated animals, the mu-
cus areas at the time points of JAR and LAR were com-
parable with those in control animals (1.66 + 0.74 and
2.21 *+ 1.27, respectively). DSCG significantly inhibited
the increase in the mucus areas at LAR (p <0.03, fig. 3).
A photograph typical of each group is shown in figure 4,
Areas quantified for Pi measurement are marked in the
figure.

Koyama et al.
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Analysis of OVA-Specific IgE

The serum level of OVA-specific IgE was markedly
elevated in all groups of animals subjected to sensitiza-
tion and challenge (range: 80-20,480 AU). In the three
groups of animals examined at the time point of IAR, the
mean values of the IgE titer (AU) were 4,608 % 512,
10,752 * 3,999 and 15,360 % 3,238 in animals without
provocation, and those with provocation of OVA without
and with pretreatment of DSCG, respectively. In the
three groups of animals examined at the time point of
LAR, the mean values of the IgE titer (AU) were 12,288
+ 2,048, 8,192 + 1,254 and 8,288 * 4,977 in animals
without provocation, and those with provocation of OVA
without and with pretreatment of DSCG, respectively.
No significant difference in the IgE titer was found among
the six groups.

Discussion

In a murine model of asthma in which both IAR and
LAR were observed after antigen provocation, we dem-
onstrated that the quantity of mucus in the airway lumen
significantly increased during LAR, but not during IAR.
DSCG significantly attenuated the amount of intralumi-
nal mucus in LAR, but did not affect airway eosinophilia
during IAR or LAR. It is difficult to directly evaluate the
amount of degranulated intraluminal mucus. Thus, we
performed a morphometric analysis to quantify the
amount of mucus during antigen-induced airway re-
sponses. In the present study, we quantified the intralu-
minal mucus after performing the BAL procedure. It has
been shown that the recovery rates of substances in intra-
luminal fluids differ depending upon several conditions,
e.g. viscosity [15]. Thus, it is likely that mucus compo-
nents that are difficult to remove from the airways by
BAL may be responsible for the difference in the amount
of intraluminal mucus in the present study. Measuring
the content of mucins in the BALF would be useful to
determine the degree of secretion, but we did not do so
in the present study. '

In humans, even mild asthma is associated with goblet
cell hyperplasia and increased stored mucin in the airway
epithelium, whereas moderate asthma is associated with
increased stored mucin and secreted mucin [16]. These
findings suggest that acute degranulation from hyperplas-
tic goblet cells may be the cause of asthma exacerbations
in mild and moderate asthma, and that chronic degranu-
lation from goblet cells may contribute to chronic airway
narrowing in moderate asthma. In rodents, allergic sen-

Effect of DSCG on Mucus Secretion
during Late' Asthmatic Responses

sitization with OVA has been shown to cause goblet cell
metaplasia [17], and the Th2 cytokines IL-4 and IL-13
have been implicated in this process [18]. In the present
study, we demonstrated that mucus-secreting cells in sen-
sitized mice degranulated greater amounts of intralumi-
nal mucus during LAR, but not during IAR, indicating
that airway mucus hypersecretion may be a component
of airflow obstruction during LAR, but not during IAR.
However, we do not know the exact role of the excess
mucus during LAR. It has been shown that other events
such as increased plasma exudation and eosinophilic in-
flammation occur during LAR. Thus, a combination of
these events with mucus hypersecretion may be respon-
sible for long-lasting airflow obstruction, a characteristic
feature of LAR. In contrast to our results, several studies
in asthmatic subjects have shown that there might be no
degranulation of goblet cells after allergen challenge [19].
We can only surmise that this difference between results
may be due to a difference in species: further research is
required to clarify this matter.

In the present study, we could not clarify the mecha-
nism of mucus hypersecretion during LAR. Various kinds
of secretagogues causing the degranulation of airway mu-
cus have been proposed and include environmental stim-
uli such as smoke and ammonia, local release of neuro-
peptides or activation of cholinergic reflex pathways, and
inflammatory mediators such as neutrophil elastase, mast
cell chymase, leukotrienes, histamine and non-protease
neutrophil products [20]. Thus, one or more factors
among them may contribute to the degranulation after
antigen exposure. In the present study, DSCG had no ef-
fect on the number of eosinophils in BALF, during IAR
or during LAR, confirming previous reports in guinea
pigs [21] and in mice [22], whereas it significantly de-
creased the amounts of intraluminal mucus during LAR.
Our results may indicate that the activation of eosino-
phils is not required for the degranulation process of air-
way mucus after antigen exposure. In experimental ani-
mals, it has been shown that eosinophils are not required
for allergen-induced goblet cell metaplasia. Cohn et al.
[23] showed that airway mucus production did not de-
crease even when airway eosinophils are progressively
eliminated from thelung. Based on this finding, they spec-
ulated that the association between airway eosinophilia
and increased mucus production seen in mice merely re--
flects the association between eosinophils and activated
Th2 cells secreting IL-5. Further studies are required to
clarify the role of eosinophils in mucus degranulation.

A single application of DSCG is shown to be sufficient
to inhibit both IAR and LAR, not only in humans [7] but

Int Arch Allergy Immunol 2005;138:189-196 1'93
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also in experimental animals [8]. Our present study con-
firms previous observations. Also, we showed that DSCG
may be potent in inhibiting intraluminal degranulation
of airway mucus during LAR. As far as we know, there
has been no report that DSCG has any effect on mucus
production or mucus gene expression. We were not able
to clarify the exact mechanism by which DSCG inhibited
mucus hypersecretion. Because DSCG is known to have
a mast cell stabilizing effect, it is likely that it inhibits

mucus secretion secondary to inhibiting mast cell func-
tion. Mast cells are known to induce allergic airway in-
flammation via the release of various cytokines and che-
mokines such as IL-4, IL-13 and eotaxin; inflammatory
mediators such as histamine, cysteinyl leukotrienes and
platelet-activating factor; and free radicals such as the
superoxide anion. It has been suggested that several of
these substances may be the secretagogues causing de-
granulation of airway mucus. Thus, it is reasonable to

Fig. 4. Representative photomicrographs of 6-pm sections of mice lung (AB/PAS staining). The sections of the con-
trol animal sacrificed 15 min after the provocation with vehicle for OVA (a), those at IAR without or with DSCG (b,
¢, respectively), and those at LAR without or with DSCG (g, h, respectively) are shown. In mice during LAR (g),
remarkably greater amounts of mucus are observed. d—£, i, j Pi and mucus area (M) of the corresponding panels were
marked to show how to measure these parameters.

Effect of DSCG on Mucus Secretion
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assume that one or several factors generated from mast
cells may trigger mucus hypersecretion during LAR. Al-
ternatively, it is possible that DSCG has a direct stabiliz-

ing effect against airway epithelial cells, which are respon-
sible for airway mucus secretion, and consequently at-
tenuates the degranulation of these cells. Further studies
are required to examine this possibility.

asthma. DSCG may be effective in reducing excessive
airway mucus during asthmatic attacks in humans: fur-
ther studies are required to examine this possibility.

Acknowledgment

In conclusion, we have shown that airway mucus hy-
persecretion may be a component of airflow obstruction
during LAR, but not during IAR, in a murine model of

References

Cockeroft DW, Ruffin RE, Dolovich J, Har-
greave FE: Allergen-induced increase in non-
allergic bronchial reactivity. Clin Allergy 1977,
7:503-513.

Durham SR: The significance of late responses
in asthma. Clin Exp Allegy 1991;21:3-7.
Tokuyama K, Kuo H-P, Rohde JAL, Barnes
PJ, Rogers DF: Neural control of goblet cell
secretion in guinea pig airways. Am J Physiol
(Lung Cell Mol Physiol) 1990;259:.L108~
L115.

Shimura S, Andoh Y, Haraguchi M, Shirato K:
Continuity of airway goblet cells and intralu-
minal mucus in the airways of patients with
bronchial asthma. Eur Respir J 1996;9:1395-
1401,

Hashimoto K, Ishii Y, Uchida Y, Kimura T,
Masuyama K, Morishima Y, Hirano K, No-
mura A, Sakamoto T, Takano H, Sagai M,
Sekizawa K: Exposure to diesel exhaust exac-
erbates allergen-induced airway responses in
guinea pigs. Am J Respir Crit Care Med 2001;
164:1957-1963.

Aikawa T, Shimura S, Sasaki H, Takishima T,
Yaegashi H, Takahashi T: Morphometric anal-
ysis of intraluminal mucus in airways in chron-
ic obstructive pulmonary disease. Am Rev
Respir Dis 1989;140:477-482.

Cockeroft DW, Murdock KY: Comparative ef-
fects of inhaled salbutamol, sodium cromogly-
cate, and beclomethasone dipropionate on al-
lergen-induced early asthmatic responses, late
asthmatic responses, and increased bronchial
responsiveness to histamine, J Allergy Clin Im-
munol 1987;79:734-740. .

Cieslewicz G, Tomkinson A, Adler A, Dues C,
Schwarze J, Takeda K, Larson KA, Lee JJ, Ir-
vin CG, Gelfand EW: The late, but not early,
asthmatic response is dependent on IL-5 and
correlates with eosinophil infiltration. J Cli
Invest 1999;104:301-308. :

12

Dixon M, Jackson DM, Richards IM: The ef-
fect of sodium cromoglycate on lung irritant
receptors and left ventricular cardiac receptors
in the anesthetized dog. Br J Pharmacol 1979,
67:569-574.

Crossman DC, Dashwood MR, Tailor GW,
Wellings R, Fuller RW: Sodium cromoglycate:
evidence of tachykinin antagonist activity in
the human skin, J Appl Physiol 1993;75:167-
172.

Hamelmann E, Schwarze J, Takeda K, Oshiba
A, Larsen GL, Irvin CG, Gelfand EW: Nonin-
vasive measurement of airway responsiveness
in allergic mice using barometric plethysmog-
raphy. Am J Crit Care Med 1997;156:766-
715.

Ohki Y, Tokuyama K, Mayuzumi H, Sato A,
Koyama H, Takizawa T, Arakawa H, Mo-
chizuki H, Morikawa A: Characteristic fea-
tures of allergic airway inflammation in a mu-
rine model of infantile asthma. Int Arch
Allergy Immunol 2005;138:51-58.

Bates J, Irvin C, Brusasco V, Drazen J, Fred-
berg J, Loring S, Eidelman D, Ludwig M,
Macklem P, Martin J, Milic-EmiliJ, Hantos Z,
Hyatt R, Lai-Fook S, Leff A, Solway J, Lutchen
K, Suki B, Mitzner W, Pare P, Pride N, Sly P:
The use and misuse of Penh in animal models
of lung disease. Am J Respir Cell Mol-Biol
2004;31:373-374.

Hamada K, Goldsmith CA, Kobzik L: In-
creased airway hyperresponsiveness and in-
flammation in a juvenile mouse model of asth-
ma exposed to air-pollutant aerosol. J Toxicol
Environ Health A 1999;58:129-143,

Hosoe H, Kaise T, Ohmori K, Isohama Y, Kai
H, Takahama K, Miyata T: Mucolytic and an-
titussive effects of erdosteine. J Pharm Phar-
macol 1999;51:959-966.

196

Int Arch Allergy Immunol 2005;138:189-196

—270—

16

18

19

20

21

22

23

The authors wish to thank Ms. Tomoko Endo and Chinori [i-
jima for their technical assistance and care of the animals.

Ordoiiez CL, Khashayar R, Wong HH, Fer-
rando R, Wu R, Hyde DM, Hotchkiss JA,
Zyang Y, Novikov A, Dolganov G, Fahy JV:
Mild and moderate asthma is associated with
airway goblet cell hyperplasia and abnormali-
ties in mucin gene expression. AmJ Respir Crit
Care Med 2001;163:517-523.

Wills-Karp M: Immunologic basis of antigen-
induced airway hyperresponsiveness. Annu
Rev Immunol 1999;17:255-281.

Griinig G, Warnock M, Wakil AE, Venkayya
R, Brombacher F, Rennick DM, Sheppard D,
Mohrs M, Donaldson DD, Locksley RM, Cor-
ry DB; Requirement for IL-13 independently
of IL-4 in experimental asthma. Science 1998;
282:2261-2263. '
Hays SR, Woodruff PG, Khashayar R, Fer-
rando RE, LinJ, Fung P, Zhao CQ, Wong HH,
Fahy JV: Allergen challenge causes inflamma-
tion but not goblet cell degranulation in asth-
matic subjects. J Allergy Clin Immunol 2001,
108:784-790.

NHLBI: Global Initiative for Asthma. Global
strategy for asthma management and preven-
tion. Bethesda, National Institutes of Health,
2002, NIH Publication No. 02-3659.

Hutson PA, Holgate ST, Church MK: The ef-
fect of cromolyn sodium and albuterol on ear-
ly and late phase bronchoconstriction and air-
way leukocyte infiltration after allergen
challenge of nonanesthetized guinea pigs. Am
Rev Respir Dis 1988;138:1157-1163.
Nakajima H, Iwamoto I, Tomoe S, Mastumu-
raR, Tomioka H, Takatsu K, Yoshida S: CD4+
T-lymphocytes and interleukin-5 mediate an-
tigen-induced eosinophil infiltration into the
mouse trachea. Am Rev Respir Dis 1992;146:
374-377.

Cohn L, Homer RJ, MaclLeod H, Mohrs M,
Brombacher F, Bottomly K: Th2-induced air-
way mucus production is dependent on IL-
4Ra , but not on eosinophils. J Immunol 1999;
162:6178-6183,

Koyama et al,



BIEINY— &

FOSiEN

Vanety of onset and rtsk factors for chzldhood asthma

'“;qid§ﬂjm%v ﬁ§ J

< H zroshz Odajzma

liﬁh%ﬁﬁ%ﬁh %%wﬁ%ﬁ

= Summary

NEREETREFERICL-T, ZORE  BRET
PELBY, WHREICIE, RERLT7 LI —-FR,
A EDEFAORFOBEF K&V, 20E, 1B
BRTOMENKELE D, LL, BERFOALT
L BEREIERASEL S OETF P LRI
SEABMNTEN DD 2TV DB, PLLE-NFER%ED
DBEXBI AL BENBREATNHVLOTE, 4
CEBERTFICIRTIENULETHSE, 2LT, IR
RSB ARRETEMBEEDIC, HRLICHA LR
HEFOBEN BTV LT, BED BT
CRBSEPIL R O—LDAHICNRE . AROERD
VETHB, -

e Key words

| EREF, MNRREEWE,
CBME, BT LK, BIERATF

IR

ANREEEME (LT, WE) daE o Fm
Zdh, bhbhoWlBEARIIEORAE T, 10EH
[BTLABEMLT WA, 20N RERGER
AFRLETLIBELENTIE RV, T, HERES
NTVABEMERED GBS IR Ennl
HHEVENE Y

fa R E T 122 CGlobal Initiative for Asthma
(GINA) TR O X)L TBRREN TS
A5, ST, ERHICER - BREF LD WTH
N THA7zV,

ﬁ]m%m#@@%

r r e e R R TR

. BLIRHE

) BIERIER

GRIEMETBEBOBRLTE, EICRIKE:
WY Z WD, RIRBBHENIMCEOERTDH
STHOHENRERRFTHAI L ICHEN TR
Vo LL, CRREEZIIZXTOHTOR
WE L ThD, MEIRIHAERE LTUuAR
THEDNThHb, T2, BEOEFNETE

—271—



#£1. NREELHEORERETF (GINA2002)

1. SETIMBOSRE EECHLIERATF

1. AT
Q7L E¥—DFERE#IET
@R EBEHE
(€33

2. BIBETF
—RESSIWEREEICEALIBF—
Q7T
@YANREEID LB IFIRE SR
QBNATEE
@ERESEL
OREIIE

C @ARGHLIUEBRFNY
OEEhBL
®EHEBARER
(O)k 3
b2
DBLWVBIERRBEAMZ
\nELOL]

I. HAEFH - FERR - ALRBMOEF

INERELEED 2 AT ABASPOT LV F—

EREZLTHBIY, PUVEF—-FREDOLW AR LA

BT A LHALHEL AR oTWAEBVR L),
ARMOBERTFELTE, TTRERTHS,

EOWH, TR F0—FrbEThFIEH

ST BAREL LT 0

2) BF
ChEFNTHLTIREILIIDR WA, HE

LTI, PREBTRBFIERFONLIES W

TEREMEDTAHALNT VS, TOHBICEHLT

BT LOBEL, TRV,

3) BREE
BEASFMOPDTILVF—RKBELOLDT

13, 20 DIEBLT 7 UVF — R AL B

FELRT WV, SR, TUVF = —=FLWIRR

CABNBIIC, TIE—HEE LT LIV F— %
BRBEDTULNVF—EBED o7 Z IIMENE
FELRTWELTHONTWS, T TIZT LIV F—
REEDBHEIR, BCRERFICRE22T5
CEWEEL

- —272—

4) BREHIORAR

BEBACR % LIRS e 7 LV — RS B
BEMBRTELL TV, FBRASIERRICS
NazW-TwaHEBEHMFOIgENEL, ME%
RIELR TV,

5) HERORR

A AR T SR 50 B 1N BV I,
M BT LT WEHESNT VA, b
PROAROERZBTVED,

6) Mg

BHC Lo THADRERL LA S B
DELDPB|ESNTVE, LL, 2LBOBMED

B, AU ERSTRHEPLETH S, 7, RS

(respiratory syncytial) 74 VA BEEICRET S
ETREARELRT Vo FICTVVF—REDE
REDIBFEICIHELL T WIEBDP 0T
B SNICHELTE, WBORIKEDHLEFEIT,
BUIERELLRLTV, LEPFSTREROH 56
IR ECFICERSLETH 5,
7) KEHE
BIREEOREIITLTHELOBENHD,
COBIZOVTHNITTEERNHY, BTFLLH
S TRV,
8) RHROBE .
BHEOBRE L, MEOREERELLT, $-HE
R TOLDELTEETHA(F2)Y,
9) ZOfth
R, RESRTOABERRDHERRDOE
RERLDLBIRBOEZNRINT VD, H2F,
REEHME W, BCGEMEI W, 2 RETOHEY
BAoREDRE, LH»L, ARIZBAbhbhd
EEFEOHERILTLIINRE—F LTV,
SHOBRFTRETHEI, NHESLEBEWETFD,
SEWHTEE OTEMESIERE ShTVAI, Zh
HELDEREZEATWDHEE ZHN, SHOIRE
HETHL,

2. HTHA
IMBENRELIZBREEOY — XL FVADH
ROMBOHERLOBRVEERDOE, £330



. EHROBYE & tm 82 ORBR
R OBBEBTFIIRE
Vi

1. $EiR
O & BEHHBOMRE (2 RE0ICIHIRRERDFE?)
O A AR E R DN (5 Bk~ T AR OB D ATEE)
Q7 LN¥-NEHEY (B MIgEED LR)
@EHSMORENREBIE (SBLE, WA, B

2, HEH
OREBREEDEBE—IEIE, WMEOHERDIEM
1) ERE (EREEE, 7hE—HERAR) ICH 3 RERBIENHER
2) FEXRFICH I REBRBIEOEE
3) TREXBSERE
Q7 LILF¥—DiEE,
1) RfE2MIC(IgEL A 4 &)
2) BFFOBEE-REOSBAME
3)BIEESR— 2 RENCH DB ?
A EBEICHTAEROBR (BROBRER (2T
1) SEBREOTE
2) BEMBEDET
3. 20ft

O iFIZ
QF I FREBEEEBLYTY

#3. 3IMRTOBEOERKET

T SeoRy ]

L L 1000R

( VAOHEIXFERI~14%
BLCO v OBARKE | 8 3
(R 9 ~145)

BR>ZF(1.70)

S02(0.72)
FHERLAE (1.29) BERE - £ETT-&(0.93)
REIEE « AEARY (1.22)
~yhdt) (1.05)

BEOREH « REF (1.32)
Sk LY (1.12)

Sk - RS (1.04)
KADTUINE—BEHE (2.35)
B|OTLINX—BETE (1.94~2.16)

(BB R | TRIEERAGRCAIBRREY — IV ANERE. FH16E)

TLEHEHETH S,
1) BEOREE
BEOBREHICELTIE, B, &, REROIR
KREBOFEEIE V. ChIRBEOBERHS
TeHE AR INTV S,
2) R
WA CTH LY = DRI, COHPLE
BITHMT B0 COZEHRREBETLVEF—LLTD
WMEORELBETILEAOND, §=9, Nub,

CEBAY, A LB AL ENT B,

3) KRB
KEFBELROMBAOEEIL, HELORENDH LD

P, SEBTRE LSS CIERRENTEDS

NEVBEDZ V. LAL, WSEMICR-TA

NI BSRELOBERRDLN B,

4) BPLALE-DEH
BPUVF—O&HIHEHE T, WEBFIE
LRTnEsNTWw2, B4 TOHELTLD

—273—



£4, BPLILF-LEEEWREORE

1. BEEASD

DREEETORRDEH
MEDEHEE—MITIENNESOY, WEBEDS BT LNE %
AHULTVBY, BANREESH LTV IRIBBIEVICD Uy,
QLETEERIZETLTC, £ RIS ERET S,
BBTUIN¥—DH3ETIE, BVEICEARBEIRELL T,
@ETLNE—DHDE T, BEERFETHREARIENBOHON S,
OBETETLIN¥—DSH2E T, TABEIBEP T,
OWRETRAERDS3ETHNIREEEZLFERTS,
(AFICBAERONZAF O FE)

DB ICBIREREAMHLABEITEBEESHLY T,
(EIRREDHTHEH ML EVEDREN55,)

ARV BETHDIZE, TABHETHIEECIBBOAHENIENTS,

2. BEFRR»S :
DETFLILE-THENAHOAVE THAY UL, EAXILEEIIHLT
TEBMIEEF TS, :
QEPSOAEWARTEXEHEFERT S, ThIKKNBROBAREP
R RS TR EN B,

[ Qom |@m~#E] OFEH | @BHEM |

BEEREF
HENFEE
T hE-RF
REBEE
kD
RERT
Féy{* R T e A L
HE
FRhiEE
kﬁ/ﬁ% O S R S 0 AR PR RS
EE
SR TR S T
B2/
&8
ETLIVE—
=

1. FRHERET

—274—



7z 14)o

3. FEH~EBEH
ORI, BERo 2 o0RORETFICmZ,
DToZLEHRTFHPEET 5.
1) 582 R4
82 RUEMIIMBOBAERHTHLLERLN
TWh, SHidoutgrowlCHLTHEETH S, —
75T, #20% 0 H T SEROMWERALN S,
2) BEBEMEIEIE ’
LFCRAREREDBEEIZDLNDHE DA
bhBEIhb,
3) DROBE
BEPADL, CEEWMBOREKELTERT
Hbo TEPRANBRREL DA RN BFEIED
FREZ 5,
4) &ZJ/\1
BY i, PREOHI%, BRED25%DHE
BB L TWALOMENH L, BFTRENE
N1%, 10%Tdhb, BEILHEDHERFTH
AILRBEMEREINT VLB TH A,
5) EEFRMEE
BROGHICADE-ANBERELT, £H
B % ERT U, W EIBD0% B I EEN S
MEZ B, CNIRFEOEHICILHHER
ABFEREEZLATWS, £FOIIVVIL
FOMBPYBFRRFTH L. i, JSBIET
NISHRTHLRDON D, TOWFAITE, BETH
NEEBRIRZ § 222124525, ZRTIREND
%0, SHIEHFRBEVRINPL§% 5,
ZZT, WY FHAE (fH L DSCCDER
OWA, B4a b)) Ty ZBRGEHREORE L)
LY, FRILAALEE2RITHIET, BIDIZK
D, FRBEOBBEEILETIY,
6) Ty (FTRED )
EWICHLTR, THFMIF VOB TORE
MR ZERICHDOEND, 2721, TAEY Vi
BIXBEPUBEOLTFIE N,
7) BY
APICELTHE, BREEARCBmL Ty, 7V

LTIV RhLDOERE, BWEKILOHTY) - EIOK

TR7UVF—HEBEZERLTEZZLN TS,

M BOREIISORTFHEEETHLEEZD
hTwb, FRFIZ, BT LHFE—OREHER
BEREENTWBED TR R, BENRHED DS,
T, BIRETO—E0FewELTRL,
T, FOBBIIEFTEDEE N ELTRL,

X

1) BWHANR7LLVF MRS AREEAXEES WA
ANEREICBITAT UV —EBAEER - 10924 &
20024E D i . B/ANB 7LV ¥ — 45k 17 255-268,
2003

2)  MAAR—BR, NHIBE, FEHEZEE, i i, F—R
I DISEBOT LV F—EBOLEL. 7LLF—
48 . 435-442, 1999

3) Sibbald B, Horn ME, Gregg I A family study of the
genetic basis of asthma and wheezy bronchitis.
Arch Dis Child 55 : 354-357, 1980

4) Holgate ST :Genetic and environmental interaction
in allergy and asthma, ] Allergy Clin Immunol 104:
1139-1146, 1999

5) Kawano Y, Morikawa M, Odajima H, et al:Fetel
growth promotion in allergic children. Pediatr
Allergy Immunol 16 : 354-356, 2005

6) /NFHUGHE BE L AEWE. FREER 6:567-575,
2004

7)  Hopkin JM : Mechanisms of enhanced prevalence of
asthma and atopy in developed countries. Curr Opin
Immunol 9 788, 1997

8) Litonjua AA, Carey V], Weiss ST, et al'’Race,
socioeconomic factors, and area of residence are
associated with asthma prevalence. Pediatr
Pulmonol 28 : 394-401, 1999

9) Peat JK, Tovey E, Mellis CM, et al:Importance of
house dust mite and Alternaria allergens in
childhood asthma;an Epidemiplogical study in two
climatic regions of Australia, Clin Exp Allergy 23:
812-820, 1993

10) O'Hollaren MT, Yunginger JW, Offord KP, et al:
Exposure 'to an aeroallergen as a possible
precipitating factor in respiratory arrest in young
patients with asthma. N Engl J Med 324:359-363,
1991 -

11) Salvaggio J. Aukrust L Postgraduate course

—275—



12)

13)

14)

15)

i ]

presentations, Mold-induced asthma, J Allergy Clin
Immunol 68 :327-346, 1981

Koenig ]JQ: Air pollution and asthma. ] Allergy Clin
Immunol 104 717-722, 1999

ANEIBTE, KL, TS KRF AR (R
FRUE, ZBEER) LAEIMEREARKLOHR
&, 7L ¥ — 441160-169, 1995

ANEIBE BTV - R RIETRE B
B GHSESMR 761 125-131, 2004 .

SRR SUE W B ED), 2RAFILOWT, B
R7 Loy ¥ —&ik 151 263272, 2001

8 Vol.18 No.4 2005-10

—276—

16)

17)

Szczeklik A, Nizankowska E, Duplaga M Natural
history of aspirin-induced asthma. AIANE
Investigators. European Network on Aspirin-
Induced Asthma, Eur Repir J 16 432-436, 2000
Ellwood -P, Asher MI, Bjorksten B, et al:Diet and
asthma, allergic rhinoconjunctivitis and atopic
eczema symptom prevalence ; an Ecological analysis
of the international study of asthma and allergies in
childhood (ISAAC) data. ISAAC Phase One Study
Group, Eur Respir J 17 436-443, 2001



BA/NRT LA X —ask

1945 38237 ~ 246, 2005 237

B D S S BN DR E

AN

%

(B SRS 1B TR T

key words : bronchial asthma, bronchial response, lung function, maternal smoking, serum IgE

[EL&IZ

sEEE (LT, WA LK) IHENOEMICH
v, FOMEMITPBIZBNTELY. BRARTORE—
Mol [F—xt@AE, F—HETO 10 ERMEORE Tl
10FEMT1.41%, 20 T2EICEMLTWA, B

OERIZHA M TIEARWR, WEDRE, REOIBE
ERFEOEBREFDO12E LT, BEIEETHD.

BEEEOBERFONTHLROEENRELS L EX
bhALOO, FOERERITEIBHETITRV.

TITHE, ARl ROBERIZONWTEEDTH
VAR

1. IRROREE & BUHE

T OFERITEE O RIE & U D KB OBEE
EEZHLNTVWS., EROMEIZEITA2REOREE
fbd LTk, MARIEME, Mg, #ShmEn»so0R
B, bEROME, FEHOELR 0EHE, LRAHE
MR, BB =570 LR TikE (REERE)
RENEETE. ZROORE, WERICETIRED

BEIZR BT, BENICEEMTLATWVE LD
REWOFRSOEESRF IR TV A LD HH DD,
RERBA DERS DI,

bREOWERE, BFNEEEEOTTIEEL,
60% % B TV ENEFEIEO L, Bl hNEREEL L
T, BREBTOK20%, KFOK5%H E [ BWE
LTWBEWHEEZMOBRITIE G20, RES
WX B3BERBEFMALLHEETHE, XBEIFN40%
BeoTWa. L, BEE, BIurobdns
HEMLTWS (K1), BI/NEREE LTE, &
HEBFDHI20%, LFOM%NEREEL T1DH L
WHBEBREHMB TR G20,

2. BEQRE~NDEE (R

1) BEBREOEE
1 E K ,

M, AMOmEREEREE? Z LBRE
Eh, ERBEEIERESICLS, WEEETD
LOMEL, P Lo THBRELT S 2 & NHR
EEnTN5BEY,

8 | 108 |

9 | 109 |

10 | 116

11 | 102 |3

12 |1 100

13 | 104 §

14 | 107 |

&8t | 106 |

| OEME L e QUL
H1. FRUEEREARBEICLSIREORETOHOBRER

—277—



238 BUEDORE X BE~DEE

R1. WRICHT HREDHEY

1. REBHSUE 2. BE)RE
1) fER 1)ER
BEREOER APl
MRERE R (PRREIC) TRERR DR
- 2) itk HE MEEEROLE
iR E TS 3" EEC
3) SaE @t 2) ittt e
T BT
4) MG B FEE 3) Slm
REELNHLHE FRELOTL TOEE (BRI > /DRI
5)F# BuBE-EEY
- FREBL 4) W B SESE
CGARAORISAETL, BELSES £REMIRERTF
- FHEEO TR R DR GNIME GBS 5 5) ¥k
MORRICEER “PHRERIL
DT REE
- RGO B
BUEIZCOEN. BRMFRMHAOBERLLTEEE TS, " RiEIcLYkE
(2) hftstee, KEBHM 4 F 1%

RE I EAE OISR ET S, EEELE
LsE59, “oZ ik, METHLRBTHEY,

FRafk, BICEFED, BAMELERT IR,
Fi, BERIVDRVRKEORGHICSTLTE
BrE5E25. hid, WEAEOREOBEMEIHK
Wz THBHELHEREN TS, BERTENK
JEMEEZTLET AR ZIRREOREZR ST &
bHEEENTNDD. —F, BUERZRLNL-KE
OEBHEEPFETEZ LICL TR TS. F7-,
BUEORRE L [IEBBMEORE & OB, BEoHs
REERHREINTWVEY N, BERBIZR-THL
THEETAIZ LI > THEDVRTAETES Y
PBILLRESNTINDL0,

3) %

B3 IR R B ORER T & LTI U
PR, BN B RROBRE T TH B
EMREEEESATORNEOHELH S,

—HCRIRENR HBh, RIS EE, BBE
LTWENDBEITIEFOALRICLERTE R Z 3
AR B RS < B RE Lo L s
INTWNAHW

BEY - BEMNCB T 2 BYE I SRR ORI
B ofaREFEEZ LN, /NEHOMED 25 FE%
DFRICET DRFT THRIEILEREF & LTHE W
T3,

FHEBLEED 2 LIIBRICT ARG 2ET
SELHIETHBEEELITEAV I L LFA—LE
bbb,

BRI TOBEL, —MRHIC20~3B5HEOMIZH L
N5 FEVLDTEADEFFRHMEZEL T59, Zhid
— AN BIEOBHEE L L THLA TV A E
BETHEICHBEE RS, £, BEEMNLORE
THoTOLMORRICRIFLFEELEX 5,

KETORETI/NEMCHET, To%k, B
WEVEMPHER LTV AENBEORATHE
REDBRETBREREL T B HDIZHNW,

2) BEABUE

BWUEENBRICE 23752 0E (BIFE) 120E
BERAVRORALEL Y b, BET, BESKIRE
FERE~DORIBME LR, SENDFIEWE OB E K
B~ RS ZEREL/DRORBICEL T
ZOBENRH B, T TICI950EIZ N aDRED
Lo TR0 L EFEMNAREICR - T/ RBHINBRE ST

—278—



