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Abstract

Background: The pathophysiology of infantile asthma
may differ from that in older children or in adults, partly
because of the different immune response depending
upon maturation. In adult mice, the sensitizing dose of
antigen is known to be critical to the polarized develop-
ment of helper T cell subsets and allergic airway inflam-
mation. We wanted to know the characteristics of allergic
airway inflammation of infantile asthma by developing
amurine model. Methods: BALB/C mice at different stag-
es of maturation (juvenile: 3 days after birth; adult: 8
weeks of age) were sensitized with 10 or 1,000 p.g oval-
bumin (OVA) or vehicle. The animals were then chal-
lenged with aerosolized OVA or saline once a day during
6 consecutive days. After the final challenge, bronchial
hyperresponsiveness (BHR), bronchoalveolar lavage flu-
id (BALF), histological changes in the airways and im-
munological status were examined. Results: In both ju-
venile and adult animals, sensitization with 10 n.g OVA
induced the T helper 2 response (elevated IL-4 and de-
creased IFN-y levels). BHR, airway eosinophilia, the in-
flammatory cellinfiltration, gobletcell metaplasia (GCM),
and IgE antibody production were more prominent in
animals given this dose than 1,000 png OVA. Among

these responses, GCM as well as BALF IL-4, and BHR
were comparable between juvenile and adult animals,
whereas other parameters were lower in juvenile ani-
mals, especially in those given 1,000 png OVA. Conclu-
sion: GCM and, consequently, airway mucus hyperse-
cretion may be an important component of allergic
airway inflammation in infantile asthma.

Copyright © 2005 S. Karger AG, Basel

Introduction

Recently, asthma is believed to be a chronic inflam-
matory airway disease, mainly based on findings of adult
patients [1]. However, longitudinal studies indicate that
about 50% of all asthmatic children are virtually free from
symptoms from 10 to 20 years [2], whereas this is the case
in only about 10% of asthmatic adults [3]. These studies
support the hypothesis that the pathophysiology of asth-
ma may differ depending on age. In the Global Initiative
for Asthma (GINA) 2002 [1], it is recommended that the
diagnosis and the management of asthma in children
must be considered in their own right, and not merely
extrapolated from experience with adults.

In asthma during childhood, asthma in infants (so-
called infantile asthma) deserves unique clinical remarks.
First, acute asthma in infants tends to exacerbate rapidly,
partly because of anatomical and physiological character-
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istics. Second, bronchodilators are less effective against
acute exacerbations in infants compared to older children
[4]. Thus, the symptoms of infantile asthma are often dif-
ficult to control. In view of this point, it is important to
know the specificities of the pathophysiology of infantile
asthma for its proper management. Lung function testing
and examination of sputum contents may be helpful for
analyzing the pathophysiology. However, this is unlikely,
because it is difficult to get cooperation from infants.
Thus, an animal model may be a useful tool to understand
infantile asthma.

Most patients with infantile asthma are known to be
atopic. The pathophysiology of atopic asthma is charac-
terized by airway eosinophilia, an elevated serum IgE
level, and bronchial hyperresponsiveness (BHR). In ad-
dition, so-called T helper 2 (Th2) cytokines, such as in-
terleukin (IL)-4, 5, and 13 produced by this helper T cell
subset, are thought to play a pivotal role in this process
[5, 6]. The Th2 deviation has been reported to be induced
by several factors, including the genetic background, the
doses of antigen for sensitization, and the cytokines pres-
ent during early T cell activation [6]. The dose of antigen
1s assumed to be one of the important factors in Th2 cell
development and the development of airway allergic in-
flammation in the adult mouse [7].

Clinically, each infant may be sensitized by different
amounts of antigens. This may partly determine the di-
rection of the development of allergic airway inflamma-
tion in each patient. Thus, we wanted to know whether
characteristic features of allergic airway inflammation in
juvenile animals, a model of infantile asthma, might dif-
fer from those in adult animals under a different sensiti-
zation process.

Materials and Methods

Animals

BALB/C mice at different stages of maturation (juvenile mouse:
3 days after birth, and adult mouse: 8 weeks of age) were utilized
in this study. Eight-week-old adult mice and pregnant mice were
obtained from Charles River Japan (Shizuoka, Japan). After deliv-
ery of newborn mice, each mother and her litter were housed sepa-
rately. All experimental animals used in this study were treated
according to a protocol approved by the institutional animal care
and use committee.

Sensitization and Airway Challenge Protocol

Adult and juvenile mice were randomly divided into OVA
group and control group. Mice were immunized intraperitoneally
with 10 or 1,000 wg OVA (grade V, Sigma, USA) in 20 mg of alum
(AIOH3) on day 0 and boosted on days 7 and 14 as described previ-
ously [8]. Thereafter, they were challenged with aerosolized 2.5%
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OVA solution using an ultrasonic nebulizer (NE-U12, Omron, To-
kyo, Japan) in a 4.5-liter inhalation box for 30 min a day on 6 con-
secutive days (from day 15 to day 20). Nonimmunized control mice
received 3 injections of alum alone and were repeatedly challenged
with vehicle (saline) under the same schedule. Therefore, 6 experi-
mental groups: [0 (control), 10 and 1,000 g OV A-sensitized juve-
nile or adult mice] were constituted (n = 8-10 for each group). The
measurement of BHR, the number of cells in BALF, and histolog-
ical studies were conducted 48 h after the final inhalation chal-
lenge.

Determination of BHR

BHR to increasing concentrations of aerosolized methacholine
(Mch) was studied on unstrained conscious mice as described pre-
viously [9]. The mice were placed in a barometric plethysmograph-
ic chamber (Buxco electronics, Sharon, Conn., USA), and the pres-
sure-time wave was continuously measured. The main indicator of
airflow obstruction, enhanced pause (Pe,,), which shows a strong
correlation with airway resistance, was calculated. The mice were
challenged with Mch (3.13, 6.25, 12.50, and 25.00 mg/ml) aerosol
generated by an ultrasonic nebulizer (NE-U12, Omron, Tokyo, Ja-
pan). Respiratory mechanics were measured for 3 min after each
aerosol inhalation and averaged. BHR was evaluated utilizing 3
parameters, (1) Mch concentration required for 100% Py, increase
from the baseline value referred to as PC200, (2) the leftward shift
of the dose-response curve, (3) the absolute value of Py, corre-
sponding to the maximum Mch concentration (25.00 mg/ml) re-
ferred to as maximum reactivity (MaxR).

The Sampling Procedure of Blood and BALF

After assessment of BHR, the animals were killed with an over-
dose of pentobarbital (50 mg/animal i.p.) to obtain serum samples.
After getting the samples, a 24-gauge cannula was introduced into
the proximal portion of the trachea, and the lungs were lavaged
3 times with phosphate-buffered saline (PBS, 0.4 ml for adult and
0.3 ml for juvenile mice). The BALFs were centrifuged at 800 rpm
for 5 min. The supernatant was preserved for measurement of cy-
tokine levels at =70°C. The cell pellet was resuspended in 0.3 ml of
RPMI-1640 medium (Sigma). The total cell counts were performed
with a hemocytometer, and the differential cell counts were per-
formed on cytospin preparations stained with Diff-Quick (Koku-
sai-Siyaku, Tokyo, Japan). A blinded observer counted a minimum
of 200 cells for each sample.

Tissue Preparation

After getting BALFs, the lungs were inflated at 25 cm H,O pres-
sure. The trachea was clamped until fixation was completed. Tissue
specimens were cut into 6-pum-thick sections of a mid-sagittal slice
and embedded in paraffin and stained with hematoxylin and eosin
(HE) and Alcian blue/periodic acid-Schiff (AB/PAS). The slides
were coded and graded in a blind fashion, and the degrees of the
inflammatory cell infiltration and goblet cell metaplasia (GCM)
were examined.

Evaluation of the Inflammatory Cell Infiltration

The inflammatory cell infiltration into the lung was evaluated
with a modification of a reproducible scoring system described pre-
viously [10]. A value from 0 to 3 per criterion was adjudged to each
tissue section scored. Three criteria were scored to document the
pulmonary inflammation: peribronchial inflammation, perivascu-
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lar inflammation, and alveolar inflammation. For peribronchial
and perivascular lesions, a value of 0 was adjudged when no inflam-
mation was detectable, a value of 1 for occasional cuffing with in-
flammatory cells, a value of 2 when most bronchi or vessels were
surrounded by a thin layer (1-5 cells thick) of inflammatory cells
and a value of 3 when most bronchi or vessels were surrounded by
a thick layer (>5 cells) of inflammatory cells. For assessing alveolar
wall inflammation, a value of 1 was adjudged for increased numbers
of inflammatory cells in alveolar walls, a value of 2 for 1-3 foci per
section showing cellular alveolar exudate and atelectasis, and a val-
ue of 3 when more than 3 foci per section showing cellular alveolar
exudate and atelectasis were observed additionally. The total score
(the cellular infiltration score) was evaluated as the sum of these
three subscores. Therefore, it ranged from 0 to 9.

Evaluation of GCM

The degree of GCM was evaluated by 2 different methods using
either a semi-quantitative technique, in which the degree of GCM
was analyzed, or a quantitative one, in which the proportion of
mucus areas in the epithelial layer was evaluated.

(1) A semi-quantitative S-point scale (mucus cell score): the
slides stained by AB/PAS were examined with a light microscope
(IX 70, Olympus Co., Tokyo, Japan). A semi-quantitative 5-point
scale was performed by a previously described method [11], i.e.
grade 0 = 0%, grade 1 = 0-25%, grade 2 = 25-50%, grade 3 = 50—
75%, and grade 4 = 75-100% of epithelial cells positively stained
by AB/PAS, respectively. The mean of the grade in the main bron-
chus and the large membranous airways was scored separately in
each animal. The average of both points was referred to as the mu-
cus cell score.

(2) A quantitative measure of the mucous substance area in the
epithelium (mucus area): The percent mucosubstance area in the
epithelium was determined as described previously [12]. In brief,
images of the membranous airways were recorded through a light
microscope (IX 70, Olympus Co.) that was connected to a color
chilled CCD camera system (M 3204C, Olympus). Ten random
points on the area of AB/PAS-stained mucosubstance within the
epithelium were selected. Thereafter the color data of selected pix-
els were divided into 3 color components (hue, saturation, and in-
tensity). The total area with same color threshold was measured
automatically by the graphic analysis software (Win ROOF
vers. 3.41, Mitani Co., Fukui, Japan). The data were expressed as
the mucus area, which was calculated according to the following
formula:

Mucus area (%) = (mucus area/total epithelial area) x 100

Determination of OVA-Specific Antibodies

OV A-specific IgE and IgG2a levels were determined by ELISA
as described previously [8]. Ninety-six-well microtiter plates were
coated with 200 pg/ml of OVA (grade V, Sigma, USA) diluted in
0.1 MNaHCOs;. After 2 h of incubation at 37°C, plates were washed
with washing buffer (Sigma) and blocked with PBS-BSA for 2 h at
37°C. After washing with the buffer 5 times, serially diluted 100-p.1
serum samples were added and incubated for 2 h at 37°C. Plates
were washed 5 times with 300 pl of the washing buffer. Then
100 pl of 1:800 diluted rat anti-mouse IgE monoclonal antibody
(Biosource International, Calif., USA) or rat anti-mouse IgG2a
monoclonal antibody (Biosource International) were added. After
2 h of incubation at 37°C, plates were washed 5 times with 300 .l
of the washing buffer. After 2 h of incubation at 37°C, the reaction
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chromogen was generated with FAST (Sigma). After the reaction
was stopped with H,SOy, plates were read in a multiplate reader at
490 and 620 nm. The serum pooled from adult mice that were sen-
sitized and challenged with OVA was used as a positive control.
The OV A-specific IgE titer was determined and expressed as the
reciprocal of the highest dilution giving a positive value. The OVA-
specific IgG2a antibody titer was normalized relative to the absor-
bance of positive control serum and expressed as percent of positive
control serum.

Measurement of BALF Cytokines

In order to examine Th1/Th2 balance in the airways of 6 groups
studied, BALF were collected 24 h after the final challenge in se-
lected animals of each group (n = 4~6), and IL-4 and IFN-y levels
were measured by commercially available ELISA kits (Endogen,
Boston, Mass., USA). The detection limit was 15 pg/ml for both
cytokines. We have selected this time point to evaluate BALF cy-
tokine levels according to the report by Ohkawara et al [13], in
which the time course of their levels were examined.

Statistical analysis

All data were expressed as mean = SEM unless otherwise spec-
ified. A non-parametric analysis of variance (Kruskal-Wallis test
for unmatched pairs) was used to determine the significance of the
variance between groups. If a variance was found to be significant,
a Mann-Whitney U-test was performed to assess the significance of
differences between groups. A p value of less than 0.05 was consid-
ered to indicate statistical significance. In the case of multiple com-
parisons, a Bonferroni correction was applied. The statistical anal-
ysis was performed utilizing Statview version 4.5 (Abacus Con-
cepts, Inc., Berkeley, Calif., USA).

Results

Six experimental groups were constituted (n = 8-10
mice for each group), and no mouse died during the study
period.

BALF Cytokine Levels

In both juvenile and adult mice, a significant increase
in IL-4 level was found in animals given 10 pg OVA. In
animals given 1,000 pg OV A, only a slight but significant
increase was seen in juvenile animals, although no in-
crease was observed in adult animals (table 1). IFN-y lev-
el decreased in both juvenile and adult animals given
10 ng OVA, with a significant difference in the latter com-
pared to control animals. In animals given 1,000 pg OVA,
no difference was found compared to control animals of
the corresponding ages.

Analysis of OVA-Specific Antibodies

In adult animals, OV A-specific IgE level was signifi-
cantly elevated in both groups given 10 and 1,000 pg
OVA for sensitization, with a significantly greater degree
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Fig. 1. OVA-specific IgE (a) and IgG2a levels (b). 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 of the corresponding ages, respec-
tively. # p < 0.01 between groups (n = 8—10 mice for each group).

in the former than the latter group (fig. 1a). This was also
the case in juvenile animals. Significantly higher IgE lev-
els were observed in adult mice than in juvenile ones
given corresponding doses of the antigen (fig. 1a). OVA-
specific IgG2a levels were significantly elevated only in
adult mice given 1,000 pg OVA compared to control an-
imals given vehicle for OVA (fig. 1b).

Bronchial Responsiveness to Mch

Figure 2 shows the results of bronchial responsiveness
to Mch in adult and juvenile mice. In adult animals, a
marked leftward shift of the dose-response curve, a de-
crease in PC200, and an increase in MaxR were observed
in those given 10 pg OVA. The degree of these changes
in adult animals given 1,000 pg was milder than in those
given 10 pg OVA (fig. 2b). In juvenile mice, a similar re-
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Fig. 2. Bronchial responsiveness to aerosolized methacholine in
juvenile (a) and adult mice (b). Dose-response curves in animals
given 10 and 1,000 pg OVA and vehicle (control) are shown. Values
are expressed as mean *+ SEM. ¥ p <0.05 and * p < 0.01 between
groups. * Indicates PC200 for each group of animals (n = 8—10 mice
for each group).

Table 1. IL-4 and IFN-y levels in BALF

Mice OVA dose, ug
0 10 1,000

IL-4, ng/ml BALF

Juvenile 0.0£0.0 121.6%£62.1* 18.8+6.8*

Adult 8.6+5.6 88.5+38.8* 14.6+8.3
IFN-y, ng/ml BALF

Juvenile 75.5+32.5 50.8+33.1 86.2+26.2

Adult 120.6£29.8 13.5+x13.5% 77.7£36.0

Values are expressed as mean = SEM.
*p <0.05 vs. the corresponding animals given vehicle for OVA
(control) (n = 4-6 mice for each group.)
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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 pg and
1,000 pg 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 pg 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 pg 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.
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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
1s shown in table 2. The degree of the increase was more
prominent in animals given 10 pg than in those given
1,000 pg 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.
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Fig. 5. Representative photomicrographs of 6-um 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 OV A-challenged mice,
goblet cell metaplasia (GCM) was prominent (c—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

Mice OVA dose, ug
0 10 1,000

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 3.3%x1.0 42,9 +£3.4* 36.4+4.3*

Adult 0.2+0.1 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 = 0.005), eosinophil count in BALF (r =
0.423, p = 0.013), and OVA-specific IgE levels (r =
0.547,p =0.007), 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, g 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 wg than in
those sensitized with 1,000 g 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 pg 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 Th1 cytokine, IFN-vy, 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 pg 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 Thl-
biased environment compared to that with 10 ug OVA
in adult mice. In contrast to adult animals, even 1,000 pg
OVA still induced a Th2-biased immune environment in
juvenile animals, although the degree was less than in
those given 10 pg OVA; that is, only a small but signifi-
cant increase in BALF IL-4 level was found, and I1gG2a
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 Th1-dominant immune responses in
adult mice. In the present study, however, sensitization
of 1,000 pg OV A in adult animals showed immunological
features of both Th1 and Th2 response, that is, significant
amounts of OV A-specific IgE as well as IgGG2a 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
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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-
5-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 pg 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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