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Objective: Airway cyclooxygenase-2 (COX-2) is induced by cytokine-mediated inflammation such
as occurs in asthma. However, the role of COX-2 in the pathophysiology of asthma is not fully
understood.
Methods: Allergic inflammation, airway responsiveness to methacholine and mucous cell meta-
plasia after ovalbumin sensitization in the airways of COX-2 deficient (–/–) mice, COX-2 (+/+) mice
and C57BL/6J mice treated with a selective COX-2 inhibitor, nimesulide were assessed. Histology, cell
analysis, measurements of arachidonic acid metabolites and Th2 cytokine levels in bronchoalveolar
lavage fluid (BALF), and measurement of serum IgE were performed.
Results: Eosinophil infiltration into the airway wall, and the number of eosinophils in BALF were
greater in sensitized COX-2 (–/–) mice than in sensitized COX-2 (+/+) mice. The levels of cysteinyl
leukotrienes (LTC4/D4/E4), prostaglandin E2 (PGE2) and interleukin (IL)-13 as well as airway respon-
siveness did not differ in COX-2 (–/–) mice and COX-2 (+/+) mice. However, sensitized COX-2 (–/–)
mice  had  higher  LTC4/D4/E4  and  lower  PGE2  concentrations  compared  with  non-sensitized  COX-
2  (–/–) mice. The number of PAS/alcian blue-positive airway epithelial cells and serum IgE were ele-
vated in COX-2 (–/–) mice. Nimesulide-treated mice showed augmented eosinophilic inflammation,
LTC4/D4/E4 concentrations and mucous cell metaplasia.
Conclusion: These data indicate that COX-2 deficiency augments allergic inflammation and
mucous cell metaplasia.

Key words: cysteinyl leukotrienes, eosinophils, IgE, mucous cell metaplasia, nimesulide, prostag-
landin E2. 

INTRODUCTION

There is ample evidence that arachidonic acid metab-
olites including  leukotrienes  (LT)  and  prostanoids
are involved in the pathogenesis of asthma; 5-
Lipoxygenase (5-LO) products produce airway
inflammation, bronchoconstriction, microvascular
leakage and mucus secretion. Inhibitors of 5-LO and

antagonists of LT receptors prevent bronchoconstric-
tion and airway inflammation and are thus, widely
used for the treatment of asthma.1–3 In contrast, pros-
tanoids possess both beneficial and adverse effects,
and the source of prostanoids is different in various
cell types. Mast cells release PGD2 which induces
bronchoconstriction and is involved in the immedi-
ate response of allergic asthma.4 Airway epithelial
cells release PGE2, which relaxes bronchial smooth
muscle as an epithelial-derived relaxing factor.5,6

Prostanoids are produced by cyclooxygenases that
consist of two isoforms; one is a constitutive isoform,
cyclooxygenase 1 (COX-1), and the other is an induc-
ible isoform, cyclooxygenase 2 (COX-2).7 COX-1 is a
housekeeping enzyme, and COX-2 is induced by
cytokine-mediated inflammation and is inhibited by
glucocorticoids. Recently, COX-2 mRNA was reported
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to be down-regulated in nasal polyps of patients with
aspirin-intolerant  asthma.8  However,  the  role  of
COX-2 in the pathophysiology of asthma is not fully
understood. Furthermore, COX-2 is constitutively
expressed even in normal airway epithelium and res-
ident inflammatory cells, but the role of COX-2 in nor-
mal airways also remains unclear.9

Gavett et al. reported that eosinophilic inflamma-
tion after ovalbumin (OVA) sensitization and chal-
lenge was augmented in both COX-1 (–/–) mice and
COX-2 (–/–) mice compared with COX-2 (+/+) mice.10

However, lower PGE2 levels and higher LT levels in
bronchoalveolar lavage fluid (BALF) as well as airway
hyperresponsiveness were found in COX-1 (–/–) mice
but not in COX-2 (–/–) mice. Recently, Carey et al.
reported that accentuated Th2 cytokines after OVA
challenge were observed in COX-1 (–/–) mice but not
COX-2 (–/–) mice.11 In contrast, Peebles et al. reported
that treatment with a COX-2 inhibitor as well as a
COX-1 inhibitor increased airway hyperresponsive-
ness and interleukin (IL)-13 in lung supernatants in
BALB/c mice.12 In the present study, we aimed to elu-
cidate the role of COX-2 in the allergic model by using
COX-2 (–/–) mice and C57BL/6J mice treated with a
COX-2 inhibitor. To simplify the experiment, we used
a single antigen challenge after sensitization, whereas
Gavett et al. used multiple antigen challenges.10

Furthermore, we assessed the relationship between
mucous cell metaplasia and COX-2-deficiency,
because arachidonic acid metabolites are associated
not only with mucus secretion but also with mucous
cell metaplasia, an important feature of asthma.13–15

METHODS

Mice

Mice that were homozygous mutants for COX-2
(COX-2 (–/–)) and wild-type mice (COX-2 (+/+)), aged

9–10 weeks and weighing 19–23 g, were used. The ani-
mal care and experimental protocol were reviewed
and approved by the Institutional Animal Care and
Use Committee of Tokyo Women’s Medical University.
Mice deficient in the COX-2 gene were generated
from a 129/Sv ¥ C57BL/6J cross followed by 10 back-
crossings with C57BL/6J mice, and COX-2 (–/–) mice
were obtained from Jackson Laboratories (Bar Har-
bor, ME).16,17 To ensure the genotype of the offspring,
mating was generally performed between one male
heterozygous (COX-2 (+/–)) mouse and one female
COX-2 (+/–) mouse to obtain COX-2 (–/–) and COX-2
(+/+) offspring. The genotype of the mating pairs was
confirmed by polymerase chain reaction on DNA
extracted from mice tails. Animals were allowed free
access to food and water in an animal room with a
12:12 h light:dark cycle. For the COX-2 inhibitor
experiment, we separately purchased C57BL/6J mice
having a close genetic background to the COX-2 (–/–)
mice and COX-2 (+/+) mice.

Experimental protocols

The experimental protocol is shown in Fig. 1. In the
OVA-sensitized group, mice were sensitized intraperi-
toneally with 10 mg OVA (Sigma-Aldrich, St. Louis,
MO) and 0.2 mL aluminium hydroxide on day 0 and
day 14. In the non-sensitized group, mice were
injected with only aluminium hydroxide. On day 21,
all mice were challenged with inhalation of OVA for
20 min. Five to 10 mice were placed in an acrylic box
and exposed to aerosols of 5% OVA diluted in sterile
saline, using an ultrasonic nebulizer (Pulmo-Sonic
model 25, De Vilbiss Co., PA). On day 25, all mice were
euthanized to assess inflammatory indices as detailed
below. C57BL/6J mice were pretreated with the selec-
tive COX-2 inhibitor, nimesulide (10 mg/kg, Sigma),18

which was dissolved in carboxymethyl cellulose and
administered orally via sonde coude 1 h before sensi-
tization and challenge (Fig. 1).

Figure 1 Experimental protocol. In
ovalbumin (OVA)-sensitized groups,
mice were sensitized intraperitoneally
with 10 mg OVA and 0.2 mL aluminium
hydroxide (Alum) on day 0 and day 14.
In non-sensitized groups, mice were
injected with only Alum. On day 21, all
mice were challenged with inhalation
of  50 mg/mL  OVA  for  20 min.  On
day 25, all mice were euthanized for
assessment. Nimesulide (10 mg/kg)
was given orally 1 h before sensitiza-
tion and challenge.
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Assessments of bronchoalveolar lavage fluid

Mice were anaesthetized with pentobarbiturate
(50 mg/kg, ip) and tracheotomized using a custom-
built cannula. The lungs were lavaged with three 1-
mL aliquots of saline. BALF was centrifuged at 360 ¥g
for 10 min at 4∞C, and the supernatants were stored at
-80∞C for the measurement of eicosanoids. Cells were
resuspended in 1 mL saline and counted. Cytospin
slides of BALF cells were prepared, stained with May–
Grünwald–Giemsa, and a differential count was per-
formed on at least 500 cells per sample. PGE2 levels
were determined by RIA (Amersham Bioscience,
Piscataway, NJ), and cysteinyl LT (LTC4/D4/E4) levels
were determined by enzyme-linked immunosorbent
assay (ELISA; Amersham Bioscience). IL-4 and IL-13
levels in BALF were measured by ELISA (Biosource
International, CA) according to the manufacturer’s
protocol.

Lung histology

The lungs were fixed with 10% formalin and embed-
ded in paraffin. Sections were stained with haematox-
ylin and eosin, or periodic acid-Schiff (PAS)/alcian
blue. For the assessment of mucous cell metaplasia,
the number of PAS/alcian blue-positive cells as per-
centages of total epithelial cells in all tangential bron-
chi in randomly selected sections were calculated.

Serum IgE

Serum IgE concentration was measured by ELISA
(Yamasa Co. Choshi, Chiba, Japan). Values that were
too low to be interpolated from the standard curve
were assigned the lowest detectable value for the
assay (250 ng/mL).

Measurement of airway responsiveness

Airway responsiveness to methacholine (from 0.063
to 2%) was assessed by analysing enhanced pause
(Penh) using a whole-body barometric plethysmo-

graphic chamber (Buxco, BioSystem XA, Troy, NY) as
described previously.19 Penh was calculated as (expi-
ratory time/relaxation time -1) ¥ (peak expiratory
flow/peak inspiratory flow) according to the manu-
facturer’s protocol.

Statistical analysis

Results are expressed as means ± SEM. Data were
analysed by anova with Fisher’s least significant dif-
ference as a post-hoc analysis. Differences were con-
sidered significant if P < 0.05.

RESULTS

Bronchoalveolar lavage fluid cell analysis and 
lung histology

As shown in Table 1, the number of total cells in sen-
sitized COX-2 (–/–) mice was significantly higher than
that in sensitized COX-2 (+/+) mice (P < 0.05). The
percentage of BALF eosinophils in sensitized COX-2
(–/–) mice was significantly higher than that in sensi-
tized COX-2  (+/+)  mice  (n = 6,  P < 0.05).  Similarly,
the  percentage of eosinophils in BALF in sensitized
nimesulide-treated mice was higher than that in sen-
sitized COX-2 (+/+) mice (n = 6, P < 0.05). Histologi-
cally, there were few inflammatory cells in the airways
of non-sensitized COX-2 (+/+) mice and non-
sensitized COX-2 (–/–) mice (Fig. 2a,b). The lung
tissue in sensitized COX-2 (–/–) mice showed
pronounced inflammatory cells, especially eosino-
phils, in the submucosa of bronchi (Fig. 2d) when
compared to sensitized COX-2 (+/+) mice (Fig. 2c).
Sensitized, nimesulide-treated mice also showed an
increase in eosinophilic inflammation in the submu-
cosa (data not shown).

Mucous cell metaplasia

There were few PAS/alcian blue-positive mucous cells
in non-sensitized COX-2 (+/+) mice (Fig. 3a).

Table 1 Total cell number and percentage of inflammatory cells in bronchoalveolar lavage fluid from cyclooxygenase
(COX)-2 (+/+) mice, COX-2 (–/–) mice and nimesulide-treated mice

Non-sensitized Sensitized 
COX-2 (+/+) COX-2 (–/–) Nimesulide COX-2 (+/+) COX-2 (–/–) Nimesulide

Total cells (¥ 105) 2.3 ± 0.4 9.9 ± 2.3 1.4 ± 0.2 7.6 ± 2.3 25.7 ± 11.2* 4.3 ± 2.2
Macrophages 94.5 ± 1.4 80.2 ± 2.0 82.0 ± 6.8 58.1 ± 8.7 17.3 ± 9.0* 39.1 ± 10.8
Eosinophils 0.9 ± 0.4 6.1 ± 1.5 8.9 ± 5.7 27.5 ± 6.2 69.8 ± 12.5* 52.4 ± 10.2*
Neutrophils 0.9 ± 0.1 6.1 ± 0.2* 1.4 ± 0.8 2.9 ± 0.9 3.2 ± 1.2 0.5 ± 0.3
Lymphocytes 3.6 ± 0.8 7.7 ± 2.3 0.5 ± 0.3 11.6 ± 2.3 9.7 ± 2.3 7.5 ± 2.4

n = 6. Data show mean ± SEM.
*P < 0.05 versus corresponding cyclooxygenase-2 (+/+) mice.
COX, cyclooxygenase.
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However, in non-sensitized COX-2 (–/–) mice, a mod-
erate increase in mucous cells was noted (Fig. 3b). As
shown in Fig. 4, the number of mucous cells in non-
sensitized COX-2 (–/–) mice was similar to that in
sensitized COX-2 (+/+) mice. In non-sensitized, nime-
sulide-treated mice, mucous cell metaplasia was also
noted, and the number of mucous cells was signifi-
cantly higher than in non-sensitized COX-2 (+/+)
mice (n = 6, P < 0.05). Sensitized COX-2 (–/–) mice
showed remarkable mucous cell metaplasia (Fig. 3d),
but the number of mucous cells was not significantly
different in sensitized mice in the three groups
(Figs 3c,d and 4).

Arachidonic acid metabolites in bronchoalveolar 
lavage fluid

LTC4/D4/E4 and PGE2 concentrations in BALF super-
natants are shown in Fig. 5. PGE2 concentrations in
non-sensitized mice or sensitized mice were not
significantly different in the three groups. In con-
trast, LTC4/D4/E4 concentrations in non-sensitized
and sensitized nimesulide-treated mice were signif-
icantly higher than those in corresponding COX-2
(+/+) mice (n = 6, P < 0.05). Next, we compared
PGE2 and LTC4/D4/E4 concentrations in non-
sensitized mice and sensitized mice. LTC4/D4/E4

concentrations were significantly higher and PGE2

concentrations were significantly lower in sensi-
tized COX-2  (–/–)  mice  than  in  non-sensitized
COX-2 (–/–) mice (n = 6, P < 0.05). However, these
concentrations were not significantly different
between sensitized COX-2 (+/+) mice and non-
sensitized COX-2 (+/+) mice, or between sensitized
nimesulide-treated mice and non-sensitized
nimesulide-treated mice.

Interleukin-4 and interleukin-13 concentrations 
in bronchoalveolar lavage fluid

IL-4 and IL-13 concentrations in BALF supernatants
are shown in Fig. 6. IL-4 and IL-13 concentrations in
sensitized mice were not significantly different in the
three groups (n = 4). However, IL-4 concentrations in
non-sensitized COX-2 (–/–) mice were higher than
those in non-sensitized COX-2 (+/+) mice (n = 4,
P < 0.05). IL-13 concentrations in sensitized mice
were higher than those in non-sensitized mice (n = 4,
P < 0.05).

Serum IgE

As shown in Fig. 7, serum IgE concentrations in non-
sensitized COX-2 (–/–) mice were significantly higher
than those in non-sensitized COX-2 (+/+) and

Figure 2 Light micrographs of bronchi stained with haematoxylin and eosin. (a) Non-sensitized cyclooxygenase (COX)-2
(+/+) mice, (b) non-sensitized COX-2 (–/–) mice, (c) sensitized COX-2 (+/+) mice, and (d) sensitized COX-2 (–/–) mice. Intense
eosinophilic infiltration is observed in (d) sensitized COX-2 (–/–) mice compared with (c) sensitized COX-2 (+/+) mice. Non-
sensitized mice did not show eosinophilic infiltration (a, b). Scale bar = 100 mm.
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nimesulide-treated mice (n = 6, P < 0.05). IgE concen-
trations in sensitized COX-2 (–/–) mice were also high,
but the differences were not statistically significant.
IgE concentrations in nimesulide-treated mice were
not different from those in COX-2 (+/+) mice.

Airway responsiveness

Penh values after methacholine challenge in sensi-
tized mice are shown in Fig. 8. Penh values were
not significantly different in the three groups
(n = 7–8).

DISCUSSION

In this study, we have demonstrated that eosinophilic
airway inflammation induced by OVA sensitization
was augmented in COX-2 (–/–) mice and mice treated
with a COX-2 inhibitor. The percentage of eosinophils
in BALF was similar between COX-2 (–/–) mice and
mice treated with a COX-2 inhibitor. However, the
total number of cells increased in COX-2 (–/–) mice
but not in the mice treated with a COX-2 inhibitor.
This difference might be explained by the genetic
defect in COX-2 (–/–) mice compared with acute inhi-
bition of COX-2 occurring only at the time of allergen
sensitization and challenge in mice treated with the

Figure 3 Light micrographs of bronchi stained with periodic acid-Schiff/alcian blue. (a) Non-sensitized cyclooxygenase
(COX)-2 (+/+) mice, (b) non-sensitized COX-2 (–/–) mice, (c) sensitized COX-2 (+/+) mice, and (d) sensitized COX-2 (–/–)
mice. Mucous cell metaplasia in (d) sensitized COX-2 (–/–) mice is more prominent than in (c) sensitized COX-2 (+/+) mice.
Moderate mucous cell metaplasia is observed in (b) non-sensitized COX-2 (–/–) mice, whereas no mucous cell metaplasia is
observed in (a) non-sensitized COX-2 (+/+) mice. Scale bar = 50 mm.

Figure 4 Percentage of mucous cells. The percentage of
mucous cells was not significantly different in sensitized
mice in the three groups. It was higher in sensitized cycloox-
ygenase (COX)-2  (+/+)  mice  than  in  non-sensitized
COX-2 (+/+) mice. Non-sensitized COX-2 (–/–) mice and
nimesulide-treated mice show more mucous cells than
non-sensitized  COX-2  (+/+)  mice  (P < 0.05).  Open  bar,
non-sensitized group (NS); hatched bar, sensitized group
(S).  Data  are  presented  as  mean ± SEM,  n = 6  for  each
group. *P < 0.05 versus corresponding COX-2 (+/+) mice.
†P < 0.01 versus non-sensitized COX-2 (+/+) mice.
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COX-2 inhibitor. Various chemoattractants for eosi-
nophils such as LTB4, IL-5 and eotaxin are involved in
the pathophysiology of asthma. Gavett et al. demon-
strated that after sensitization and challenge, LTB4, as
well as cysteinyl LT in BALF, were increased in COX-1
(–/–) mice but not in COX-2 (–/–) mice relative to
COX-2 (+/+) mice.10 A more recent study showed that
IL-5 and eotaxin levels in BALF after sensitization and
challenge were increased in COX-1 (–/–) mice but not

in COX-2 (–/–) mice, although COX-2 (–/–) mice had
increased eosinophils, with similar levels to those
seen in COX-1 (–/–) mice.11 The investigators specu-
lated that different and/or additional mechanisms of
eosinophil recruitment are active in COX-2 (–/–)
mice. Our data demonstrated that LT predominated
over PGE2 in both COX-2 (–/–) mice and mice treated
with a COX-2 inhibitor. It is quite feasible that these
changes in arachidonic acid metabolism may be

Figure 5 Concentrations of PGE2 and cysteinyl leukotrienes in bronchoalveolar lavage fluid. PGE2 concentrations in non-
sensitized mice or sensitized mice are not significantly different in the three groups. LTC4/D4/E4 concentrations in non-
sensitized and sensitized nimesulide-treated mice were higher than those in corresponding cyclooxygenase (COX)-2 (+/+)
mice (P < 0.05). LTC4/D4/E4 concentrations were higher and PGE2 concentrations were lower in sensitized COX-2 (–/–) mice
than in non-sensitized COX-2 (–/–) mice (P < 0.05). Open bar, non-sensitized group (NS); hatched bar, sensitized group (S).
Data are presented as mean ± SEM, n = 6. *P < 0.05 versus corresponding COX-2 (+/+) mice. **P < 0.05 versus non-sensitized
mice.

Figure 6 Concentrations of interleukin (IL)-4 and IL-13 in bronchoalveolar lavage fluid. IL-4 and IL-13 concentrations in
sensitized mice were not significantly different in the three groups. However, IL-4 concentrations in non-sensitized cycloox-
ygenase (COX)-2 (–/–) mice were higher than those in non-sensitized COX-2 (+/+) mice (P < 0.05). IL-13 concentrations in
sensitized mice were higher than those in non-sensitized mice (P < 0.05). Open bar, non-sensitized group (NS); hatched bar,
sensitized group (S). Data are presented as mean ± SEM, n = 4. *P < 0.05 versus corresponding COX-2 (+/+) mice. †P < 0.05 ver-
sus non-sensitized mice.
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associated with the augmented eosinophilic inflam-
mation that was observed.

In the present study, nimesulide-treated mice
showed higher BALF LTC4/D4/E4 concentrations as
compared with COX-2 (+/+) mice. This suggests that
acute COX-2 inhibition may stimulate the 5-LO path-

way. However, LT concentrations in sensitized COX-2
(–/–) mice were not different from those in sensitized
COX-2 (+/+) mice. Furthermore, PGE2 concentrations
were not different in sensitized mice in the three
groups.  Therefore,  we  asked  whether  arachidonic
acid metabolism was changed by sensitization, and
attempted to compare PGE2 and LTC4/D4/E4 con-
centrations in sensitized mice with those in non-
sensitized  mice.  As  shown  in  Fig. 5,  LTC4/D4/E4

concentrations were higher, whereas PGE2 concentra-
tions were lower in sensitized COX-2 (–/–) mice than
in non-sensitized COX-2 (–/–) mice. Inhibition of COX
could increase cyteinyl LT by shunting arachidonate
into the 5-LO pathway in allergic models.20 Because
COX-2 up-regulation is not possible after antigen
challenge in COX-2 (–/–) mice, the observed increase
in LT and decrease in PGE2 might result from shunting
of arachidonate into the 5-LO pathway. This concept
has been proposed for a long time to explain aspirin-
intolerant asthma, and this asthma phenotype is
characterized by COX-1 inhibitor-induced asthma
attacks. Recent evidence shows that patients with
aspirin-intolerant asthma have decreased activity of
COX-2 and lower production of PGE2 in the upper air-
way and peripheral blood cells.21 However, the mech-
anism of aspirin-intolerant asthma remains unclear.
Although extrapolation of murine results to the
human system is hazardous, intrinsic COX-2 defi-
ciency might induce severe asthma attacks triggered
by inhibition of COX-1 that is a critical pathway for
PGE2 production.

In spite of augmented eosinophilic airway inflam-
mation in sensitized COX-2 (–/–) mice and COX-2
inhibitor-treated mice, we could not demonstrate
augmentation of airway responsiveness to metha-
choline or increased IL-13 concentrations in BALF. As
IL-13 is a central mediator of airway hyperresponsive-
ness,22 this may explain our data. These data are sim-
ilar to previous reports that COX-2 (–/–) mice do not
show any augmentation of methacholine responsive-
ness and IL-13 levels in BALF, despite COX-2 (–/–)
mice having increased eosinophils similar to that
seen in COX-1 (–/–) mice.10,11 In contrast, Peebles et al.
reported that treatment with a COX-2 inhibitor as well
as a COX-1 inhibitor increased airway hyperrespon-
siveness and IL-13 levels in lung supernatants in
BALB/c mice that had the genetic characteristics of a
Th2 dominant response.12,23 In the present study, we
used C57BL/6J mice, and the different results might
reflect differences in genetic background. Thus, air-
way responsiveness and cytokine production may be
profoundly affected by the strain of mice used.23

Mucous cell metaplasia is another prominent
feature  of  asthma.  Our  data  showed  that  mucous
cell metaplasia was induced by OVA sensitization.
Interestingly, moderate mucous cell metaplasia was
observed in COX-2 (–/–) mice and nimesulide-treated
mice even without sensitization (Figs 3b and 4). COX-
2 is constitutively expressed in normal airway epithe-
lium and resident inflammatory cells,9 and as such
constitutive COX-2 expression may be protecting
against mucous cell metaplasia or mucin production.
It is known that cysteinyl LT are involved in mucous
cell metaplasia as well as mucus secretion in

Figure 7 Serum IgE concentrations. IgE concentrations in
non-sensitized cyclooxygenase (COX)-2 (–/–) mice were sig-
nificantly higher than those in non-sensitized COX-2 (+/+)
and nimesulide-treated mice (P < 0.05). IgE concentrations
in sensitized COX-2 (–/–) mice were also high, but differ-
ences were not statistically significant. IgE concentrations
in nimesulide-treated mice were not different from those in
COX-2 (+/+) mice. Data are presented as mean ± SEM, n = 6.
*P < 0.05 versus corresponding COX-2 (+/+) mice.

Figure 8 Airway responsiveness to methacholine. Penh
was measured with gradually increasing doses of metha-
choline (0.063–2%) in sensitized mice. All mice demon-
strated increased Penh, and there were no significant
differences in the three groups. Data are presented as
mean ± SEM (n = 7–8).
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asthma.14,15  In  our  experiment,  an  increase  in  BALF
LT was observed in non-sensitized, nimesulide-
treated mice, suggesting that elevated LT may induce
mucous cell metaplasia. However, cysteinyl LT levels
were not increased in non-sensitized COX-2 (–/–)
mice relative to COX-2 (+/+) mice. Our data showed
that serum IgE level as well as mucous metaplasia
were increased in non-sensitized COX-2 (–/–) mice.
The lack of COX-2 during development is reported to
affect T cell differentiation and the immune system in
COX-2 (–/–) mice.24,25 In fact, our data showed higher
IL-4 concentrations in BALF in non-sensitized COX-2
(–/–) mice compared with those in non-sensitized
COX-2 (+/+) mice. An increase in IL-4 through devel-
opment might induce mucous cell metaplasia and
IgE synthesis in COX-2 (–/–) mice even without
sensitization.

In conclusion, COX-2 (–/–) mice and mice treated
with a COX-2 inhibitor demonstrated augmented
eosinophilic inflammation and mucous cell metapla-
sia. These results suggest that COX-2 may play a pro-
tective role in allergic inflammation and mucous cell
metaplasia.
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