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Previous studies have suggested that the asthmatic responses of
airway inflammation, remodeling, and hyperresponsiveness (AHR)
are interrelated; in this study, we used exercise to examine the
nature of this interrelationship. Mice were sensitized and challenged
with ovalbumin (OVA); mice were then exercised via running on
a motorized treadmill at a moderate intensity. Data indicate that,
within the lungs of OVA-treated mice, exercise attenuated the
production of inflammatory mediators, including chemokines KC,
RANTES, and MCP-1 and IL-12p40/p80. Coordinately, OVA-treated
and exercised mice displayed decreases in leukocyte infiltration,
including eosinophils, as compared with sedentary controls. Results
also show that a single bout of exercise significantly decreased
phosphorylation of the NFkB p65 subunit, which regulates the gene
expression of a wide variety of inflammatory mediators. In addition,
OVA-treated and exercised mice exhibited decreases in the levels of
Th2-derived cytokines IL-5 and IL-13 and the prostaglandin PGE,, as
compared with sedentary controls. In contrast, results show that
a single bout of exercise had no effect on AHR in OVA-treated mice
challenged with increasing doses of aerosolized methacholine (0-50
mg/ml) as compared with sedentary mice. Exercise also had no effect
on epithelial cell hypertrophy, mucus production, or airway wall
thickening in OVA-treated mice as compared with sedentary con-
trols. These findings suggest that a single bout of aerobic exercise at
amoderate intensity attenuates airway inflammation but not AHR or
airway remodeling in OVA-treated mice. The implication of these
findings for the interrelationship between airway inflammation,
airway remodeling, and AHR is discussed.
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Asthma is characterized by the clinical symptoms of wheezing,
chest tightness, dyspnea and cough, and by the presence of
reversible airway narrowing and/or airway hyperresponsiveness
(AHR) to a variety of inhaled bronchoconstrictor stimuli (1).
Although multifactorial in origin, asthma is considered an
inflammatory process that is the result of an inappropriate
and sustained immune response to innocuous antigens. This
response involves increased levels of chemokines, cytokines,
and prostaglandins that perpetuate tissue damage and airway
remodeling through the recruitment and activation of leuko-
cytes, including Th2 cells and eosinophils.

The interplay between the mechanisms that drive AHR,
airway remodeling, and airway inflammation has been exam-
ined extensively. Numerous studies have suggested a causal
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CLINICAL RELEVANCE

Using acute aerobic exercise of ovalbumin-treated mice, we
report that airway remodeling and airway hyperresponsive-
ness (AHR) persist in the absence of airway inflammation.
These findings indicate that airway inflammation is not
required for development of airway remodeling and AHR.

relationship between increases in cellular inflammation of the
airways and AHR (2). Likewise, increases in airway remodel-
ing, including goblet cell hyperplasia and airway wall thicken-
ing, have been implicated in the pathogenesis of AHR (2).
Because antiinflammatory therapy does not completely resolve
AHR in individuals with chronic asthma, the role of inflam-
mation in the initiation and exacerbation of AHR is in
question.

Previous reports have demonstrated that acute aerobic
exercise at a moderate intensity affects both immune responses
and lung function in healthy subjects (3, 4); therefore, we used
acute exercise as a tool to further examine the relationship
between airway inflammation, airway remodeling, and AHR.
Because lung function is compromised in individuals with
asthma, we hypothesized that acute aerobic exercise at moder-
ate intensity would attenuate airway inflammatory responses
but not airway remodeling or AHR in an ovalbumin (OVA)-
driven mouse model of allergic asthma. For this study, mice
were sensitized and challenged with OV A or control saline and
exercised for one bout at a moderate intensity on a motorized
treadmill. At the conclusion of the protocol, changes in
leukocyte infiltration, mediator production, airway remodeling,
and AHR were monitored. Results presented herein indicate
that a single bout of moderate-intensity aerobic exercise
attenuated airway inflammation, but not airway remodeling or
AHR.

MATERIALS AND METHODS

Animals

Female BALB/cJ mice (3-5 wk old; The Jackson Laboratory, Bar
Harbor, ME), a strain susceptible to OVA-induced IgE responses
(5, 6), were used. Mice were housed in a pathogen-free containment
facility and maintained in autoclaved Microisolator cages (Lab Prod-
ucts, Maywood, NJ). Mice were provided with food (Teklad, Madison,
WI) and water ad libitum. Mice were allowed to acclimate to housing
condition for 1 week before experimental manipulation. All animal
treatments were approved by the University of Alabama at Birming-
ham (UAB) Institutional Animal Care and Use Committee (IACUC)
and were in accordance with the National Institutes of Health recom-
mended guidelines.

OVA Treatment and Aerobic Exercise Protocol

At the start of the protocol, mice were assigned randomly into
sedentary and exercised groups. Sensitization (Days 0 and 14, in-
traperitoneally) and challenge (Days 21-25, Day 28 via aerosolization)
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with OVA (Sigma Chemical, St. Louis, MO) or saline was performed
as described previously (7, 8). Exercised mice underwent a single
bout of moderately intense aerobic exercise on a motorized treadmill
(Exer 6M; Columbus Instruments, Columbus, OH) for 45 minutes at
13.5 m/minute (0% grade) on Day 28 of the protocol. As noted in our
earlier study (7), previous reports have defined moderate intensity
aerobic exercise as brief (15-60 min) bouts of treadmill running at
50 to 75% maximum O, consumption or approximately 15 to 22
m/minute (9-12). The exercise bout included brief warm-up and cool-
down periods, so that the total treadmill time was approximately
60 minutes.

Lavage Cell and Protein Analyses

Twenty-four hours after completion of the OVA-treatment/exercise
protocol, mice were killed via intraperitoneal injection of ketamine (8.7
mg/kg)/xylazine (1.3 mg/kg) and prepared for bronchoalveolar lavage
(BAL) as described previously (7). Cell viability was determined via
trypan blue exclusion and cell types were differentiated on cytospin
preps using Wright-Giemsa stain. Cell differentials were determined
from at least 500 leukocytes using standard hematologic criteria. BAL
samples were analyzed for mediator expression via Mouse Multiplex
Assay (Bio-Rad Inc., Hercules, CA). PGE, was analyzed via enzyme-
linked immunosorbent assay (ELISA; Invitrogen, Carlsbad, CA).

NFkB p65 Phosphorylation Analysis

Twenty-four hours after completion of the OVA-treatment/exercise
protocol, lungs were harvested and protein extracts were prepared as
described previously (8). Equivalent amounts of protein from each
sample were analyzed for differences in total and phosphorylated
NF-kB p65 via ELISA according to the manufacturer’s instructions
(Millipore, Billerica, MA).

Airway Hyperresponsiveness Analysis

Mice were mechanically ventilated and challenged with increasing
concentrations of aerosolized methacholine as described previously
48 hours after the last OVA treatment/exercise bout (13, 14). This
time-point was chosen to be consistent with the current literature.
Briefly, mice were anesthetized with diazepam (17.5 mg/kg) and
ketamine (450 mg/kg) and a tracheotomy tube (18G) was inserted
and connected to the inspiratory and expiratory ports of a ventilator
(Flexivent; SCIREQ, Montreal, PQ, Canada). Mice were ventilated at
a rate of 160 breaths per minute at a tidal volume of 0.2 ml with
a positive end-expiratory pressure of 2 to 4 cm H,O. Increasing
concentrations of methacholine (0-50 mg/ml) were administered via
aerosolization. From 20 seconds up to 3 minutes after each aerosol
challenge, resistance (R) was recorded continuously; an average value
of R was taken to express changes in airway function.

Airway Remodeling Analysis

Lungs fixed in 70% alcoholic formalin and paraffin-embedded were
stained with Alcian blue—periodic acid-Schiff hematoxylin (PASH) as
described previously (7). After random coding, the degree of epithelial
cell hypertrophy and mucus production in the PASH analyses was
assessed subjectively; a semiquantitative rating scale ranged from
0 (none) to maximal (4). For direct measurements of airway wall
thickening (15), tissue sections were visualized under a light field
microscope at X200 magnification. Airways with a longitudinal di-
ameter between 150 and 200 pm were identified, and differences in
airway wall thickness were determined using the imaging program
Metamorph. A minimum of six independent airways per tissue section
were measured.

Statistical Analysis

Data were analyzed using SPSS Version 11.0. Results are reported as
group means = SD. A one-way ANOVA determined differences among
the group means, and the Bonferroni post hoc analysis determined which
group means differed significantly (at a level of P < 0.05).

RESULTS

Acute Aerobic Exercise Attenuates Chemoattractant
Production and Leukocyte Infiltration

Production of chemoattractants plays an important role in the
recruitment and subsequent activation of immune cells into the
bronchial mucosa during an inflammatory response. Elevated
levels of cytokines with chemoattractant properties, including
KC (CXCL8; murine homolog of human IL-8), RANTES
(CCL5), MCP-1 (CCL2), and IL-12p40/p80, have been impli-
cated in airway inflammation (16-19). Data shown in Figure 1
demonstrate that OVA treatment of sedentary mice increased
(between 6- and 35-fold) KC, RANTES, MCP-1, and IL-12p40/
p80 protein levels significantly as compared with saline-treated
controls. A single bout of exercise at moderate intensity
attenuated (= 50% decrease) significantly the production of
KC, RANTES, and MCP-1 in OV A-treated mice as compared
with sedentary controls (Figures 1A-1C). Exercise also de-
creased IL-12p40/p80 protein content (Figure 1D); however,
little or no detectable IL-12p70 protein was observed in either
control or experimental mice (data not shown). Sedentary and
exercised saline-treated controls expressed equivalent levels of
each mediator analyzed (Figure 1).

Concomitant with these results, findings presented in Figure
2 indicate that leukocyte infiltration was increased (~ 30-fold)
significantly in OV A-treated sedentary mice as compared with
saline-treated controls. OV A-treated mice that were exercised
for a single bout at a moderate intensity exhibited decreases in
leukocyte infiltration, including infiltration of macrophages,
eosinophils, and neutrophils, when compared with sedentary
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Figure 1. One bout of aerobic exercise at a moderate intensity

decreased chemokine production in ovalbumin (OVA)-treated mice.
Twenty-four hours after protocol completion, bronchoalveolar lavage
(BAL) was performed; resulting lavagates were analyzed for changes in
(A) KC, (B) RANTES, (C) MCP-1, and (D) IL-12p40/p80 via multiplex
assay. Results are reported as pg/ml of respective protein (fP < 0.006 as
compared with saline-treated, sedentary mice; *P < 0.04 as compared
with OVA-treated, sedentary mice; n = 4-8 mice per group). Open
bars, sedentary mice; solid bars, exercised mice.
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Figure 2. A single bout of moderate intensity aerobic
exercise decreased leukocyte infiltration in OVA-treated
mice. Twenty-four hours after protocol completion, BAL
was performed and resulting lavagates were analyzed for
changes in total cells and eosinophils. Results were are
reported as changes in cell number (TP < 0.03 as compared
with saline-treated, sedentary mice; *P < 0.04 as compared
with OVA-treated, sedentary mice; ND, none detected; n =
4 mice per group). Open bars, sedentary mice; solid bars,
exercised mice.
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controls (Figure 2). Sedentary and exercised saline-treated
controls exhibited equivalent levels of leukocyte infiltrate.

Acute Aerobic Exercise Decreases NFkB p65 Phosphorylation

The activated transcription factor NF-kB regulates the expres-
sion of a wide variety of genes that encode inflammatory
mediators, such as KC, MCP-1, and RANTES, and, therefore,
has been implicated directly in regulating asthmatic inflamma-
tory responses (20, 21). Phosphorylation of the NF-kB subunit
p65 is a modification associated with enhancement of p65
transactivation potential; as such, it is an indirect measure of
NF-kB activation. Results presented in Figure 3 show that
a single bout of exercise at a moderate intensity attenuated p65
phosphorylation in the OV A-treated lung by 50% as compared
with sedentary, OVA-treated mice. Saline-treated controls
exhibited levels of p65 phosphorylation that were equivalent
with exercised, OVA-treated mice (Figure 3).

Acute Aerobic Exercise Attenuates Th2-Derived
Cytokine Production

Atopic asthma is considered a Th2-driven disease (22); Th2 cells
express the cytokines IL-4, IL-5, and IL-13. Findings presented
in Figure 4 demonstrate that OVA treatment of sedentary mice
increased IL-5 and IL-13 significantly as compared with saline
controls; OV A-treatment had no affect on IL-4 levels (data not
shown). A single bout of moderate-intensity exercise attenuated
(= 50% decrease) the production of IL-5 and IL-13 protein
significantly in OV A-treated mice as compared with sedentary
controls (Figure 4). Saline-treated controls expressed equivalent
levels of each cytokine analyzed (Figure 4). It should be noted
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that the Thl-derived cytokines IL-2 and IFN-y were not
detected in any experimental or control group (data not shown).

Acute Aerobic Exercise Does Not Affect AHR
or Airway Remodeling

AHR to a variety of inhaled bronchoconstrictor stimuli is
a hallmark of the asthmatic response. To determine the effect
of a single bout of exercise on AHR in OV A-treated mice, mice
were mechanically ventilated and challenged with increasing
concentrations of methacholine (0-50 mg/ml). Results shown in
Figure 5 demonstrate that, at the highest methacholine dose (50
mg/ml), OVA treatment increased lung resistance (R) signifi-
cantly in sedentary mice as compared with saline-treated
controls. A single bout of exercise in OV A-treated mice had
no effect on this response (Figure 5).

Previous studies have suggested that airway remodeling is
causal to airway hyperresponsiveness (2). To analyze the effect
of a single bout of exercise on airway remodeling in OVA-
treated mice, lung tissue sections were coded randomly and
scored subjectively for assessment of hypertrophy/hyperplasia
of the mucosal epithelium, goblet cell, and mucin production;
overall airway wall thickening was measured using Metamorph
analysis. Representative micrographs shown in Figure 6 dem-
onstrate that OVA treatment in both sedentary and exercised
mice increased each of these parameters as compared with
saline-treated controls; however, no significant differences
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Figure 4. One bout of moderate-intensity aerobic exercise decreased
Th2-derived cytokine production in OVA-treated mice. Twenty-four
hours after protocol completion, BAL was performed and resulting
lavagates were analyzed for changes in (A) IL-5 and (B) IL-13 via
multiplex assay. Results are reported as pg/ml of respective protein (fP <
0.001 as compared with saline-treated, sedentary mice; *P < 0.001 as
compared with OVA-treated, sedentary mice; ND, none detected; n =
4-8 mice per group). Open bars, sedentary mice; solid bars, exercised
mice.
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Figure 5. A single bout of moderate-intensity aerobic exercise had no
effect on AHR in OVA-treated mice. Forty-eight hours after protocol
completion, mice were assessed for changes in AHR upon methacho-
line challenge at increasing concentrations via mechanical ventilation.
Results are reported as measurements of total lung resistance (R, cm
H,0/ml/s; TP < 0.04 as compared with saline-treated, sedentary mice;
n = 4-8 mice per group). Open squares, sedentary, saline-treated mice;
solid circles, exercised, saline-treated mice; open triangles, sedentary,
OVA-treated mice; solid triangles, exercised, OVA-treated mice.

between OV A-treated sedentary and OV A-treated exercised
mice were observed in scored or measured assessments (data
not shown).

Acute Aerobic Exercise Attenuates PGE, Levels

Within the asthmatic lung, the prostaglandin PGE, has been
implicated in the regulation of airway inflammation, Th2 cell
differentiation, and AHR (reviewed in Ref. 23). Data presented
in Figure 7 show that OVA treatment of sedentary mice
increased PGE, levels significantly as compared with saline-
treated controls. OVA-treated mice that underwent a single
bout of moderate exercise, however, displayed significantly
decreased (= 70%) PGE, levels as compared with sedentary
controls (Figure 7); these levels were equivalent to those
observed in saline-treated controls (Figure 7).

DISCUSSION

In this study, sedentary mice treated acutely with OVA
exhibited significant increases in asthma-related responses as
compared with saline controls; these responses included pro-
duction of the inflammation-related mediators KC, RANTES
and MCP-1, IL-12p40/p80, and PGE,; recruitment of leuko-
cytes, including eosinophils, into the airways; levels of Th2-
derived IL-5 and IL-13; activation of NF-«kB; airway remodel-
ing; and AHR. A single bout of aerobic exercise at moderate
intensity decreased significantly each of these responses with
the exceptions of airway remodeling and AHR. In exercised
mice, the observed increases in AHR were not a consequence of
exercise-induced bronchoconstriction; increases in resistance
were measured in response to methacholine challenge at 48
hours after OVA treatment and, therefore, reflect the persistent
AHR observed in individuals with chronic asthma (2). Collec-
tively, these findings suggest that airway inflammation is not
required for the development of airway remodeling and AHR.

Recent work suggests that AHR can be dissociated from
cellular inflammation while remaining linked with sustained
airway remodeling (24, 25). Specifically, Kariyawasam and
coworkers and Crimi and colleagues have each shown that
increases in cellular inflammation, including eosinophils, do not
positively correlate with increased AHR in patients with asthma
(24, 25); however, markers of airway remodeling remain
associated with AHR (24). Similarly, Leigh and coworkers have
shown that mice that undergo chronic allergen exposure exhibit
structural changes that are associated with AHR in the absence
of cellular inflammation (26). In contrast, Alcorn and coworkers
have indicated that attenuated airway remodeling does not
impact airway inflammatory responses or AHR (27). In partic-
ular, these authors reported that neutralization of TGF-B1
responses in the lungs of OV A-treated mice suppressed airway
fibrosis while increasing AHR; neutralization had no affect on
airway inflammation (27). Collectively, these studies demon-
strate that airway inflammation, remodeling, and hyperrespon-
siveness may not be directly interrelated.

Data in the current study support and extend these previous
observations. Because NF-«kB regulates the gene expression of
a wide variety of inflammatory mediators, including KC, MCP-
1, and RANTES, exercise-mediated attenuation of NF-kB
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activation likely led to the observed decreases in chemokine
production and subsequent leukocyte recruitment into the
OVA-treated lung. In addition, decreases in IL-12p40/p80,
which acts as a macrophage chemoattractant (19), as well as
Th2-derived IL-5 and IL-13, which promote eosinophilic in-
flammation (28), likely led to decreased cellular inflammation.
It should be noted that there is an apparent discordance
between the magnitude of exercise-mediated decreases in
Th2-derived cytokines and eosinophil infiltration; such discor-
dance suggests compensation by other cytokines and/or tempo-
ral differences in the attenuation of each of these targets. In
murine asthma models, IL-12 has also been implicated in the
regulation of Th1/Th2 responses (28); however, our results
indicate that exercise decreases Th2 responses in OV A-treated
mice via a manner that is independent of IL-12. Also, the lack of
detectable IL-12p70 in both control and experimental samples
may explain, in part, the lack of observed Thl responses in our
study; IL-12p70 promotes Thl responses, while IL-12p40/p80
antagonizes this action (29). Despite the reduction in inflam-
matory cells, mediators, and Th2-derived responses, increased
airway remodeling and AHR persisted in the lungs of exercised,
OVA-treated mice.

In addition to their roles in asthma-related airway inflamma-
tion, the cytokines IL-12 and IL-13 have been implicated directly in
AHR pathogenesis. Gavett and colleagues and Kips and cow-
orkers have both demonstrated that administration of IL-12 during
antigen challenge inhibits AHR in mice (30, 31). With regard to
IL-13, Grunig and coworkers and Wills-Karp and colleagues have
both shown that reconstitution of IL-13-deficient mice with
recombinant IL-13 triggered mucus hypersecretion and AHR
(32, 33); these studies also suggest that IL-13 can induce AHR in
the absence of inflammatory cell recruitment (32, 33). Our results
indicate decreases in IL-12 and IL-13 within the lung do not
correlate with reduced airway remodeling or AHR. The discrep-
ancy between our results and previous findings may be explained
by the differences in mouse model systems used. The previous
studies cited above used antigen-treated A/J or C57BL/6 mice,
whereas the current study used the BALB/cj strain. It is well
accepted that mouse strains differ in their inflammatory and
pulmonary responses upon exposure to antigen (5, 34). For
example, repeated antigen instillation results in increased eosino-
philic inflammation, collagen deposition, and airway wall thicken-
ing in A/J and BALB/cj mice as compared with C57B1/6 (34).
Likewise, A/J and BALB/cj display a greater degree of AHR as
compared with C57Bl/6 mice (5). Karp and colleagues demon-
strated that the complement factor 5 (C5) gene is expressed
differentially between mice that differed in their susceptibility to
the development of allergen-induced AHR (35). In light of these
strain differences, the interrelationship between airway inflamma-
tion, remodeling, and hyperresponsiveness may be regulated via
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differential mechanisms. Another possibility is that inflammation
primes the airway epithelium and ASM for a bronchoconstrictive
response; such priming may involve desensitization of (3,-adren-
ergicreceptors, which facilitate bronchodilation, via inflammatory-
mediated induction of GRK-2 (36). The temporal nature of the
inflammation allows it to resolve ahead of the resultant and
persistent effects on airway remodeling and AHR (24).

PGE; is considered a potent proinflammatory mediator that
plays a role in the pathogenesis of inflammatory diseases, such as
rheumatoid arthritis; within the lung and airways, however, it is
considered protective against asthma-related lung inflammation
and AHR (reviewed in Ref. 23). In particular, PGE,-mediated
protection against allergen-induced AHR appears to be second-
ary to reduced levels of cellular inflammation. For example,
administration of PGE, in vivo has been shown to decrease the
number of IL-4— and IL-5-producing (Th2) cells, eosinophils,
and metachromatic cells within the BALF of allergen-sensitized
subjects; these cell types have been implicated in the initiation
and exacerbation of AHR (reviewed in Ref. 23). In addition,
PGE, appears to play a role in T-lymphocyte trafficking and
differentiation within the allergen-sensitized airway (23). In
contrast, Liu and colleagues have reported that PGE, induces
AHR via a signaling pathway that is dependent upon Rho/
ROCK activation and Ca?* release (37). Results presented
herein suggest that increased PGE, levels in the lungs of
sedentary, OVA-treated mice do not protect against either
airway inflammation, including Th2 responses, or AHR. Such
conflicting results may be explained by the expression and use of
E prostanoid receptors (EP1-EP4) that mediate the effects of
PGE, within the lung and airways. E prostanoid receptors are
expressed on multiple cell types, including lymphocytes, airway
epithelial cells, and ASM cells; multiple E prostanoid receptor
subtypes may be expressed in a single cell. Activation of the EP1
and EP3 receptors elevate intracellular calcium levels and pro-
mote effector cell activation (23). Conversely, activation of the
EP2 and EP4 receptors increases intracellular cAMP concen-
trations, which inhibit effector cell functions (23). McGraw and
coworkers have reported that activation of the EP1 receptor on
ASM uncouples the B,-AR from its G-protein complex, resulting
in reduced B,-adrenergic receptor (B,-AR) desensitization (38).
Guo and colleagues have also shown that the EP2 receptor
regulates cytokine-mediated desensitization of the B,-AR on
ASM (39). Because multiple E prostanoid receptor subtypes may
be expressed in a single cell, it is possible that an ongoing
inflammatory response would cause a multiplicity of opposing
PGE,-mediated actions within the lung and airways.

In our previous studies, we observed that repeated bouts of
aerobic exercise at a moderate intensity attenuated both airway
inflammation and remodeling in mice that had been sensitized
and challenged with OVA for a total of 7 weeks (7, 8). In
addition, OV A-treated mice from our previous studies exhibited
a lesser eosinophlic response as compared with OVA-treated
mice in the current study. We believe that these seemingly
contrasting results between our collective studies are explained
by the differences in the length of the OVA treatment and
exercise protocols. In particular, the disparity in exercise-medi-
ated effects on airway remodeling is likely due to the difference
in the number of bouts of exercise. The effects of exercise on
physiologic responses are dependent upon several variables,
including the frequency of each bout and the total duration of
the exercise protocol (40-45); the mechanism that underlies this
disparity may involve changes in the levels of circulating hormones
(e.g., glucocorticoids, catecholamines) that are released from
the hypothalamic—pituitary axis during exercise. With regard to
differences in the extent of airway eosinophilia between these
studies, we hypothesize that the extended OVA exposure may



88 AMERICAN JOURNAL OF RESPIRATORY CELL AND MOLECULAR BIOLOGY VOL 40 2009

have had a tolerizing effect on the eosinophilic response reported
in our previous papers (7, 8). In support of this hypothesis, several
studies have demonstrated that prolonged allergen exposure
results in decreased inflammatory responses, including airway
eosinophilia (46, 34, 47-49).

Using aerobic exercise as tool to investigate the interrela-
tionship between airway inflammation, remodeling, and hyper-
responsiveness, we have shown that airway remodeling and
AHR persist in the absence of airway inflammation; this is the
first report to use exercise as a tool to study this interrelation-
ship. We believe that, with this novel approach, future studies
will elucidate the mechanisms that underlie this interrelation-
ship and its role in asthma pathogenesis.
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