Aerobic Exercise Decreases Chronic Allergic Lung
Inflammation and Airway Remodeling in Mice
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Rationale: Aerobic conditioning improves exercise capacity and
decreases symptoms in patients with asthma. However, its benefits
in the context of allergic airway inflammation are poorly under-
stood.

Objectives: To evaluate the effects of two intensities of aerobic
exercise on airway inflammation and remodeling in a model of
chronic allergic lung inflammation.

Methods: Mice were subjected to chronic ovalbumin (OVA) sensiti-
zation and to 4 weeks of low (OVA+Low) or moderate (OVA-+Mod)
exercise training in a treadmill. Airway inflammation and remodel-
ing and expression of helper T-cell type 1 and 2 cytokines were
evaluated.

Measurements and Main Results: OVA-induced allergic airway inflam-
mation and remodeling were characterized by an increase in
collagen (288%), elastic fiber (56%), smooth muscle (380%), and
epithelial (402%) contents (P < 0.001) when compared with the
control group. OVA+Low and OVA+Mod groups presented a de-
crease in bronchoalveolar lavage fluid eosinophils (respectively, 84
and 75%; P < 0.01) and airway walls (respectively, 94 and 58%; P <
0.001) when compared with the OVA group. OVA+Low and
OVA+Mod groups also presented a reduction in the number of
peribronchial inflammatory cells expressing IL-4 (respectively, 85
and 75%; P < 0.01) and IL-5 (respectively, 88 and 89%; P < 0.01)
when compared with the OVA group. Aerobic conditioning did not
change the expression of either IFN-y or IL-2 by inflammatory cells or
plasma levels of IgE or IgG1. OVA+Low and OVA+Mod groups
presented anincrease in the expression of IL-10 (P < 0.001). Low and
moderate aerobic conditioning also reduced airway remodeling in
OVA-sensitized mice when compared with the OVA group.
Conclusions: We concluded that low and moderate aerobic exercise
decreases airway inflammation and remodeling in a murine model of
asthma.
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The chronic airway inflammation present in asthma is a pre-
dominantly helper T-cell type 2 (Th2) response characterized by
high levels of total and allergen-specific IgE, bronchial eosino-
philia, CD4* T cell infiltrate in the airways, and Th2 cytokine
production (e.g., IL-4, IL-5, and IL-13) (1-5). A persistent Th2
response leads to airway remodeling, characterized by collagen
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AT A GLANCE COMMENTARY
Scientific Knowledge on the Subject

Aerobic conditioning improves exercise capacity and
decreases symptoms in patients with asthma. However, its
benefits in the context of allergic airway inflammation are
poorly understood.

What This Study Adds to the Field

Low and moderate aerobic exercise intensities reduced
allergic airway inflammation and remodeling and the
expression of Th2 cytokines by lung inflammatory cells.
These effects occurred independent of IgE/IgG1 produc-
tion as well as Thl cytokines.

and elastic fiber deposition, smooth muscle hypertrophy and
hyperplasia, hypertrophy of mucus-secreting glands, and in-
creased vascularity (6, 7). Airway remodeling has been related
to symptom severity and progression of asthma (6).

The role of aerobic exercise training in asthma pathophysiol-
ogy and disease control has gained considerable attention.
Patients with asthma have a unique response to physical activity.
On the one hand, exercise can provoke an increase in airway
resistance leading to exercise-induced asthma. On the other hand,
regular physical activity and participation in sports are considered
to be useful in asthma management (8). The benefits of physical
conditioning in patients with asthma are related to the improve-
ment of ventilatory capacity and lessening of asthma-related
symptoms (9). Physical conditioning has been shown to improve
physical fitness and work capacity and to decrease dyspnea,
exercise-induced bronchospasm, peak expiratory flow variability,
and daily use of inhaled steroids (9-15). However, the physiolog-
ical effects of aerobic training in patients with asthma remain to
be clearly delineated.

Aerobic physical training can modulate immune responses in
healthy individuals: low and moderate intensities of aerobic
training increase immune function and high-intensity aerobic
training decreases it (16-18). Despite the known effects of
physical exercise on healthy individuals, few studies have in-
vestigated the effect of physical training on allergic inflammatory
responses (19, 20). Pastva and coworkers showed that aerobic
exercise can decrease allergic lung inflammation in sensitized
mice and suggested that this reduction may occur by inhibition of
nuclear factor (NF)-«B activation; however, their model of
airway allergic inflammation was predominantly neutrophilic
(21). However, the effect of distinct exercise intensities on allergic
airway response as well as the role of aerobic conditioning in
airway remodeling remains unknown. In the present study we
aimed at investigating the effects of two distinct intensities of
aerobic exercise (low and moderate) on lung inflammation and
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airway remodeling. For this purpose, total and differential cells in
bronchoalveolar lavage fluid (BALF), serum levels of OVA-
specific IgE and IgG1, airway structural changes, and inflamma-
tory cells expressing Th2 cytokines (IL-4 and IL-5), Th1 cytokines
(TL-2 and IFN-y), and the immunoregulatory cytokine IL-10
were quantified in a model of chronic allergic lung inflammation
in mice.

Some of the results of this study have been previously
reported in the form of abstracts (22, 23).

METHODS

This study was approved by the review board for human and animal
studies of the School of Medicine of the University of Sdo Paulo (Sao
Paulo, Brazil). All animals in the study received humane care in
compliance with the Guide for the Care and Use of Laboratory Animals
(NIH publication 85-23, revised 1985).

Animals and Experimental Design

Forty-eight male BALB/c mice (20-25 g) were divided in six groups
(n = 8 each): nonsensitized and nontrained animals (control group);
nonsensitized and low-intensity aerobically trained animals (Low
group); nonsensitized and moderate-intensity aerobically trained ani-
mals (Mod group); ovalbumin (OVA)-sensitized and nontrained
animals (OVA group); OVA-sensitized and low-intensity aerobically
trained animals (OVA+Low group); and OV A-sensitized and moderate-
intensity aerobically trained animals (OVA+Mod group).

Antigen Sensitization

BALB/c mice were sensitized by intraperitoneal injection of OVA
(20 g per mouse) adsorbed with aluminum hydroxide on Days 0, 14,
28, and 42 or with saline (0.9% NaCl), the diluent of OVA. Twenty-one
days after the first intraperitoneal injection, the mice were challenged
with aerosolized OVA (1%) or with saline, three times per week until
Day 50. Challenging with aerosolized OVA (or saline) was performed
in an acrylic box (30 X 15 X 20 cm) coupled to an ultrasonic nebulizer.

Aerobic Exercise Treadmill Test and Exercise Conditioning

Animals were initially adapted to the treadmill for 3 days (15 min, 25%
inclination, 0.2 km/h). After that, a maximal exercise capacity test was
performed with a 5-minute warm-up (25% inclination, 0.2 km/h)
followed by an increase in treadmill speed (0.1 km/h every 2.5 min)
until animal exhaustion, that is, until they were not able to run even
after 10 mechanical stimuli. The test was repeated after 30 days (before
sacrificing). Maximal aerobic capacity (100%) was established as the
speed reached by each animal. Mice were trained at low- or moderate-
intensity exercise (respectively, 50 or 75% of maximal speed) for 60
minutes/day, 5 days/week. Aerobic conditioning began on Day 1 after
OVA or saline inhalation and continued until Day 50. Figure 1 shows
the time line of the experimental protocol.
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Figure 1. Time line of the experimental protocol. Mice received
intraperitoneal injections of either ovalbumin solution (20 wg per
animal) or vehicle on Days 0, 14, 28, and 42 (open triangles). Aerosol
challenges with either ovalbumin (1% solution) or vehicle were
performed three times per week starting on Day 21 (solid triangle)
until Day 51. A maximal exercise capacity test was performed on Days
18 and 51 (open circles). Physical training (five times per week) was
started on Day 22 (solid circle) and was performed until Day 50. Animals
were killed and studied on Day 53 (open square).

Anesthesia and Killing of Animals

Seventy-two hours after the last inhalation day, animals were anes-
thetized by intramuscular injection of ketamine (50 mg/kg) and
xylazine (40 mg/kg), and tracheostomized to collect BALF. Animals
were killed by exsanguination, and blood was collected through the ab-
dominal vein for the quantification of OV A-specific immunoglobulins.

Total and Differential Cell Counting in BALF

Lungs were gently lavaged with 1.5 ml of saline (administered as three
0.5-ml volumes) via the tracheal cannula. Total cell counts were
performed automatically (automatic laser blood cell counter, model
JXJ-402; Shanghai Odin Science and Technology, Shanghai, China).
Differential cell counts were performed with May-Griinwald-Giemsa
stain (300 cells per lamina) (24).

OVA-specific Passive Cutaneous Anaphylaxis to IgE and I1gG1

Blood serum was obtained and measurement of the titers of anaphy-
lactic IgE and IgG1l OVA-specific antibody was performed by the
passive cutaneous anaphylaxis (PCA) technique, as described by Ovary
(25) and modified by Mota and Perini (26). The PCA titers were taken
as being the highest dilution that presented a blue spot at least 10 mm
in diameter.

Lung Morphometry

Lungs were fixed in formalin and embedded in paraffin. Five-micrometer-
thick sections were stained with hematoxylin and eosin for lung
structure analysis, Weigert’s resorcin—fuchsin with oxidation for elastic
fibers, picrosirius for collagen fibers, and Luna staining for eosinophil
detection (27, 28). Immunohistochemistry was performed with anti-
IL-4, anti-IL-5, anti-IFN-y, and anti-IL-2 antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA), and with anti-IL-10 antibody (R&D
Systems, Minneapolis, MN), by the biotin-streptavidin—peroxidase
method. With a 50-line, 100-point grid connected to the ocular of the
microscope, we assessed the peribronchial density of eosinophils, mono-
nuclear cells, and cells positive for IL-4, IL-5, IFN-v, and IL-2, using
a point-counting technique (28, 29). Counting was performed in 25
fields of airway wall samples for each animal (5 airways per animal) at
X1,000 magnification. Results were expressed as cells per square
millimeter (28, 29). The bronchoconstriction index was assessed as
the numbers of intercepts between the lines of the grid and the basal
membrane divided by the square root of the number of points hitting
the airway lumen (30). Measurements were performed in five airways
per animal. The airway smooth muscle area and epithelial thickness
were assessed as the number of points hitting smooth muscle or
epithelial cells, respectively, divided by the number of intercepts be-
tween the lines of the grid and the basal membrane. Measurements were
performed in five airways from each animal at X400 magnification.

Statistical Analysis

Parametric and nonparametric data were expressed as means = SD
and as medians = 95% confidence interval (95% CI), respectively.
Comparisons among groups were performed by one-way analysis of
variance followed by the Student-Newman-Keuls post hoc test (para-
metric data) or by one-way analysis of variance on ranks followed by
Dunn’s post-hoc test (nonparametric data); the significance level was
adjusted to 5% (P < 0.05).

RESULTS

Cellular Changes in BALF after OVA Challenge and
Exercise Training

Chronic OVA exposure increased by sixfold the total cell
number in BALF compared with saline inhalation; aerobic
exercise training did not decrease it (Figure 2A). The increase
in total cell number was due mainly to eosinophils and mono-
nuclear cells (Figures 2B and 2D). As compared with the OVA
group, low and moderate exercise training decreased the
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eosinophil count in BALF but not the mononuclear cell count
(Figures 2B and 2D, respectively) (P < 0.01). OVA sensitiza-
tion and aerobic exercise training had no significant effect on
the number of neutrophils in BALF (Figure 2C).

Lung Tissue Inflammation

OVA sensitization increased peribronchial mononuclear cells
and eosinophil density compared with saline groups. (Figures
3A and 3B). Both low and moderate aerobic exercise training
substantially decreased eosinophil infiltration in airway walls,
with no effects on mononuclear cells (Figures 3A and 3B).

Effects of OVA Sensitization and Exercise Training on
Cytokine Expression

The peribronchial density of cells positive for Th2 cytokines
IL-4 and IL-5 was significantly increased in the OVA group
compared with the saline groups (Figures 4A and 4B and Fig-
ures SA and 5B). Both low and moderate aerobic exercise
training resulted in a significant decrease in the density of cells
positive for IL-4 and IL-5 (Figures 4C and 4D and Figures 5C
and 5D). The density of positive cells staining for Thl cytokines
IFN-vy and IL-2 was similar in all studied groups (Figures 4C
and 4D). The peribronchial density of cells positive for IL-10

was significantly increased in OVA+Low and OVA+Mod
groups compared with all other groups (Figure 6).

Effects of Chronic OVA Exposure and Exercise Training on
Anaphylactic Antibodies IgE and IgG1

Chronic OVA exposure significantly increased OV A-specific
IgE and IgGl1 levels (P < 0.001); however, exercise training did
not change OV A-induced immunoglobulin levels.

Effects of Chronic OVA Exposure and Exercise Training on
Volume Proportion of Collagen and Elastic Fibers, Airway
Smooth Muscle Area, and Airway Epithelial Thickness

Chronic OVA exposure significantly increased the volume
proportion of collagen and elastic fibers in airways. OVA +Low
and OVA +Maod groups presented a significant reduction in the
deposition of collagen and elastic fibers on airway walls (Figures
7A and 7B and Figures 8A-8D). The airway smooth muscle
area increased 380% in the OVA group as compared with the
control group. Both low and moderate aerobic exercise training
led to a significant reduction in airway smooth muscle enlarge-
ment (Figure 7C). The epithelial thickness was increased 402%
in the OVA group as compared with the control group. Both
low and moderate aerobic exercise training led to a significant
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reduction in airway epithelial thickness to control levels (Figure
7D). The bronchoconstriction index was significantly increased
in the OV A group as compared with the saline groups. Both low
and moderate aerobic exercise training were associated with
a reduction in the bronchoconstriction index to control levels
(Figure 7E).

DISCUSSION

In the present study, we showed that both low and moderate
exercise training inhibit OV A-induced eosinophil infiltration in
airway walls, as well as the expression of Th2 cytokines IL-4 and
IL-5. We also showed that both exercise intensities prevent
structural airway alterations induced by allergic inflammation.
These results suggest that exercise training programs might play
an important role as an adjunct therapeutic strategy in the

treatment of lung diseases with chronic allergic airway inflam-
mation such as asthma.

Our model of chronic allergic lung inflammation was char-
acterized by a persistent cellular infiltrate of eosinophils and
mononuclear cells in BALF and the peribronchial compart-
ment. A large number of previous studies showed that these
inflammatory cells play a pivotal role in asthmatic airway
inflammation, contributing to airway remodeling and the de-
velopment of airway obstruction (1-7). The increased expres-
sion of Th2 cytokines IL-4 and IL-5 by airway inflammatory
cells observed in our animal model is in agreement with
previous experimental and clinical studies, which showed that
these cytokines contribute either directly or indirectly to pro-
moting the differentiation, survival, and function of key allergic
effector cells (4, 31, 32). Interestingly, our OV A-sensitized mice
also presented features of airway remodeling, such as collagen

Figure 5. (A-D) Representative photomicrographs of air-
ways stained with anti-IL-4 in control, ovalbumin (OVA),
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OVA+Low, and OVA+Mod groups, respectively. Note
positive inflammatory cells in airway wall stained for IL-4.
=% Scale bars: 25 pm.
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Figure 6. Box plots of density of inflammatory cells expressing IL-10.
*Values significantly different from all other groups (P < 0.001).

and elastic fiber deposition and enlargement of the smooth
muscle layer and epithelial thickness, also documented in some
experimental models of chronic allergic lung inflammation.
These airway structural alterations are thought to be secondary
to chronic inflammation and are likely to explain the functional
abnormalities in experimental models of chronic allergic lung
inflammation (33-35). We are aware that animals do not de-
velop asthma, and understand the intrinsic limitations of animal
studies. However, in rodent models of allergic sensitization,
several studies have shown the development of structural air-
way alterations after 2, 4, or more weeks after the onset of OVA
sensitization (28, 30, 33-35). These alterations partially mimic
the remodeled airways in asthma, and therefore have been
extensively used, as in the present study, to better understand
disease pathogenesis and to assess therapeutic interventions in
a broad sense.

We observed that low and moderate exercise training
specifically inhibited eosinophil migration to the airways. Pastva
and coworkers showed that exercise reduced airway allergic
inflammation in a mouse model. Although these authors re-
ported that exercise reduced both lymphomononuclear and
polymorphonuclear cells in BALF, including eosinophils, their
model of allergic inflammation was predominantly neutrophilic.
Concerning the levels of IL-4 and IL-5 in BALF, Pastva and
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coworkers observed that exercise determined a reduction only
in IL-4 levels and not in IL-5, suggesting a decreased Th2
response by exercise (21). Our model of allergic lung inflam-
mation showed increased expression of IL-4 and IL-5 by
inflammatory cells and also that low and moderate aerobic
exercise decreased this expression. Because IL-4 and IL-5 have
been shown to mediate IgE production and airway eosinophilia
(35), we also evaluated the levels of OVA-specific IgE and
IgG1, which were not modified by aerobic exercise training.
This finding suggests that the effect of exercise on airway
allergic inflammation was not mediated by changes in the levels
of OV A-specific immunoglobulins.

It has been suggested that moderate exercise gears the
immune system toward a more Thl-type cytokine response,
whereas strenuous exercise induces an increase in Th2-type
cytokines (36, 37); however, exercise-induced changes in the
Th1-Th2 balance was not previously investigated in allergic
inflammation. We hypothesized that exercise-induced reduction
in Th2 cytokines in our experimental model could represent
a Th1-Th2 imbalance, with an increase in the expression of Thl
cytokines. On the basis of that, we also investigated the effect of
exercise on the expression of Thl cytokines IFN-y and IL-2 by
inflammatory cells (38, 39). We did not observe any changes in
Th1 cytokine expression, either by OV A sensitization or after
exercise. In addition, we also investigated the expression of the
antiinflammatory cytokine IL-10. It has been suggested that the
immunoregulatory effects of aerobic exercise are mediated by
increased release of IL-10 (40, 41). Activated skeletal muscle
releases increased amounts of IL-10 during aerobic training
sessions, underlying part of the antiinflammatory effects of
aerobic exercise in cardiovascular disease and type 2 diabetes
(42). IL-10 also presents antiinflammatory effects in experimen-
tal models of chronic allergic lung inflammation (43, 44). Our
results demonstrated that in sensitized animals, aerobic exercise
training increased the expression of IL-10 by inflammatory cells,
representing a possible mechanism of exercise-induced decrease
in allergic inflammation.

Airway remodeling is a term applied to describe the dynamic
process that leads to airway structural changes in asthma. These
structural changes are thought to be secondary to chronic in-
flammation and to result in an irreversible component of the
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Figure 8. (A to D) Representative photomicrographs of
collagen content in airways stained with Sirius red in

airway obstruction seen in patients with asthma, especially in
severe asthma (35, 45). We observed in the OVA group an
increase in airway collagen and elastic fiber content, as well as an
enlargement of the airway smooth muscle layer and an augmen-
tation in epithelium thickness. There is evidence suggesting that
IL-4 increases airway eosinophilia and the development of
subepithelial fibrosis and goblet cell hyperplasia in mice (35).
The same study also suggested that IL-5 is implicated in eosin-
ophilic inflammation, but it is not critical for the development of
airway dysfunction or some aspects of airway remodeling. We do
recognize that an analysis of the cytokine network that regulates
allergen-induced airway remodeling is complex and that our
study cannot explain mechanisms involved in airway remodeling.
However, we can speculate that the exercise-induced reduction in
IL-5 expression might decrease the ongoing sustained eosinophil
inflammation, and that the decrease in IL-4 expression might be
related to the reduction of some airway-remodeling features.
Previous clinical studies have evaluated the impact of exercise
in patients with asthma and a systematic review has shown that
physical training resulted in a significant increase in cardiorespi-
ratory fitness, work capacity, and dyspnea improvement (46).
These effects of aerobic physical conditioning on patients with
asthma have been related to the reduction in ventilatory thresh-
old. The effect of physical training intensity on patients with
asthma has never been evaluated, but there is evidence suggest-
ing that it may result in different responses in exercise-induced
bronchoconstriction. In fact, a decrease in exercise-induced
bronchoconstriction after training was more likely to be found
in studies with patients who were trained at moderate intensity
(15, 47-49), whereas patients who underwent low-intensity
exercises did not present changes in exercise-induced broncho-
constriction after training (13, 50). The effect of exercise training
on the pathophysiology of asthma remains to be elucidated. On
the basis of our findings, it is appealing to postulate that patients
with asthma, who are physically conditioned at both low and
moderate exercise intensity, would experience a beneficial effect,
with a reduction in airway inflammation and remodeling. How-
ever, the extent to which the results obtained in this murine model
of allergic airway inflammation can be transposed to patients with
asthma is unclear. Interestingly, decreased physical activity seems
to contribute to persistence of asthma because lower levels of
physical activity in asthmatic children are correlated with a history

control, ovalbumin (OVA), OVA-Low, and OVA-Mod
groups, respectively. Note collagen fibers in airway wall
(red). Scale bars: 25 pm.

of wheezing, diagnosis of asthma, and presentation to the
emergency room (51).

In conclusion, our results have suggested that exercise
aerobic training at low and moderate intensities presents similar
results and could provide a protective effect against allergic
lung inflammation and airway remodeling in a murine model of
asthma.

Conflict of Interest Statement: None of the authors has a financial relationship
with a commercial entity that has an interest in the subject of this manuscript.

References

1. Feleszko W, Jaworska J, Hamelmann E. Toll-like receptors: novel
targets in allergic airway disease (probiotics, friends and relatives).
Eur J Pharmacol 2006;533:308-318.

2. Georas SN, Guo J, De Fanis U, Casolaro V. T-helper cell type-2
regulation in allergic disease. Eur Respir J 2005;26:1119-1137.

3. Bryce PJ, Mathias CB, Harrison KL, Watanabe T, Geha RS, Oettgen
HC. The H1 histamine receptor regulates allergic lung responses.
J Clin Invest 2006;116:1624-1632.

4. Robinson DS, Hamid Q, Ying S, Tsicopoulos A, Barkans J, Bentley AM,
Corrigan C, Durham SR, Kay AB. Predominant Ty2-like bronchoal-
veolar T-lymphocyte population in atopic asthma. N Engl J Med
1992;326:298-304.

5. Robinson D, Hamid Q, Bentley A, Ying S, Kay AB, Durham SR.
Activation of CD4"% T cells, increased Ty2-type cytokine mRNA
expression, and eosinophil recruitment in bronchoalveolar lavage
after allergen inhalation challenge in patients with atopic asthma.
J Allergy Clin Immunol 1993;92:313-324.

6. Postma DS, Timens W. Remodeling in asthma and chronic obstructive
pulmonary disease. Proc Am Thorac Soc 2006;3:434-4309.

7. Muz MH, Deveci F, Bulut Y, Ilhan N, Yekeler H, Turgut T. The effects
of low dose leukotriene receptor antagonist therapy on airway
remodeling and cysteinyl leukotriene expression in a mouse asthma
model. Exp Mol Med 2006;38:109-118.

8. Orenstein DM. Asthma and sports. In: Bar-Or O, editor. The child and
the adolescent athlete. London: Blackwell; 1996. pp. 433-454.

9. Ram FS, Robinson SM, Black PN, Picot J. Physical training for asthma.
Cochrane Database Syst Rev 2005;4:CD001116.

10. Engstrom I, Fallstrom K, Karlberg E, Sten G, Bjure J. Psychological and
respiratory physiological effects of a physical exercise programme on
boys with severe asthma. Acta Paediatr Scand 1991;80:1058-1065.

11. Huang SW, Veiga R, Sila U, Reed E, Hines S. The effect of swimming in
asthmatic children: participants in a swimming program in the city of
Baltimore. J Asthma 1989;26:117-121.



Vieira, Claudino, Duarte, et al.: Exercise Decreases Allergic Lung Inflammation

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ramazanoglu YM, Kraemer R. Cardiorespiratory response to physical
conditioning in children with bronchial asthma. Pediatr Pulmonol
1985;1:272-2717.

Szentagothai K, Gyene I, Szocska M, Osvath P. Physical exercise
program for children with bronchial asthma. Pediatr Pulmonol 1987,
3:166-172.

Neder JA, Nery LE, Silva AC, Cabral ALB, Fernandes ALG. Short
term effects of aerobic training in the clinical management of
moderate to severe asthma in children. Thorax 1999;54:202-206.

Fanelli A, Cabral ALB, Neder JA, Martins MA, Carvalho CRF.
Exercise training on disease control and quality of life in asthmatics
children. Med Sci Sports Exerc 2007;39:1481-1486.

. Pedersen BK, Hoffman-Goetz L. Exercise and the immune system:

regulation, integration, and adaptation. Physiol Rev 2000;80:1055-
1081.

Woods JA, Lu Q, Ceddia MA, Lowder T. Exercise and neuroendocrine
modulation of macrophage function. Immunol Cell Biol 2000;78:545—
553.

Ceddia MA, Voss EW, Woods JA. Intracellular mechanisms are re-
sponsible for the exhaustive exercise-induced suppression of macro-
phage antigen presentation. J Appl Physiol 2000;88:804-810.

Zieker D, Zieker J, Dietzsch J, Burnet M, Northoff H, Fehrenbach E.
cDNA-microarray analysis as a research tool for expression profiling
in human peripheral blood following exercise. Exerc Immunol Rev
2005;11:86-96.

Lakier Smith L. Overtraining, excessive exercise, and altered immunity:
is this a T helper-1 versus T helper-2 lymphocyte response? Sports
Med 2003;33:347-364.

Pastva A, Estell K, Schoeb TR, Atkinson TP, Schwiebert LM. Aerobic
exercise attenuates airway inflammatory responses in a mouse model
of atopic asthma. J Immunol 2004;172:4520-4526.

Vieira RP, Claudino RC, Duarte ACS, Perini A, Mauad T, Martins MA,
Dolhnikoff M, Carvalho CRF. High intense aerobic conditioning has
benefficials effects on lung inflammation and airway remodeling in
chronically sensitized mice [abstract]. Eur Respir J 2006;28:591s.

Vieira RP, Claudino RC, Duarte ACS, Perini A, Mauad T, Martins MA,
Dolhnikoff M, Carvalho CRF. Moderate aerobic conditioning
decreases allergic airway inflammation and airway remodeling in
chronically sensitized mice [abstract]. Eur Respir J 2006;28:288s.

van Rijt LS, Kuipers H, Vos N, Hijdra D, Hoogsteden HC, Lambrecht
BN. A rapid flow cytometric method for determining the cellular
composition of bronchoalveolar lavage fluid cells in mouse models of
asthma. J Immunol Methods 2004;288:111-121.

Ovary Z. Passive cutaneous anaphylaxis. In: Ackroyd JF, editor.
Immunological methods. Oxford, UK: Blackwell Scientific Publica-
tions; 1964.

Mota I, Perini A. A heat labile mercaptoethanol susceptible homocyto-
tropic antibody in the guinea pig. Life Sci 1970;9:923-930.

Luna LG. AFIP manual of histologic staining methods. New York:
McGraw-Hill, 1986.

Lancas T, Kasahara DI, Prado CM, Tiberio IF, Martins MA, Dolhnikoff
M. Comparison of early and late responses to antigen of sensitized
guinea pig parenchymal lung strips. J Appl Physiol 2006;100:1610—
1616

de Magalhdes Simoes SM, Santos MA, Oliveira MS, Fontes ES,
Fernezlian S, Garippo AL, Castro I, Castro FF, Martins MA, Saldiva
PH, et al. Inflammatory cell mapping of the respiratory tract in fatal
asthma. Clin Exp Allergy 2005;35:602-611.

Tiberio IF, Turco GM, Leick-Maldonado EA, Sakae RS, Paiva SO, do
Patrocinio M, Warth TN, Lapa e Silva JR, Saldiva PH, Martins MA.
Effects of neurokinin depletion on airway inflammation induced by
chronic antigen exposure. Am J Respir Crit Care Med 1997;155:1739-
1747.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

877

Brusselle GG, Kips JC, Tavernier JH, van der Heyden JG, Cuvellier
CA, Pauwelss RA, Bluethmann H. Attenuation of allergic airway
inflammation in IL-4 deficient mice. Clin Exp Allergy 1994;24:73-80.

Webb DC, McKenzie AN, Koskinen AM, Yang M, Mattes J, Foster PS.
Integrated signals between IL-13, IL-4, and IL-5 regulate airways
hyperreactivity. J Immunol 2000;165:108-113.

Reinhardt AK, Bottoms SE, Laurent GK, and McAnulty RJ. Quanti-
fication of collagen and proteoglycan deposition in a murine model of
airway remodeling. Respir Res 2005;6:30.

Henderson WR Jr, Chiang GK, Tien YT, Chi EY. Reversal of allergen-
induced airway remodeling by CysLT1 receptor blockade. Am J
Respir Crit Care Med 2006;173:718-728.

Leigh R, Ellis R, Wattie JN, Hirota JA, Matthaei KI, Foster PS,
O’Byrne PM, Inman MD. Type 2 cytokines in the pathogenesis of
sustained dysfunction and airway remodeling in mice. Am J Respir
Crit Care Med 2004;169:860-867.

Pedersen BK, Toft AD. Effects of exercise on lymphocytes and
cytokines. Br J Sports Med 2000;34:246-251.

Ostrowski K, Rohde T, Asp S, Schjerling P, Pedersen BK. Pro- and anti-
inflammatory cytokine balance in strenuous exercise in humans.
J Physiol 1999;515:287-291.

Renz H, Blumer N, Virna S, Sel S, Garn H. The immunological basis of
the hygiene hypothesis. Chem Immunol Allergy 2006;91:30-48.

Racila DM, Kline JN. Perspectives in asthma: molecular use of microbial
products in asthma prevention and treatment. J Allergy Clin Immunol
2005;116:1202-1205.

Tilz GP, Domej W, Diez-Ruiz A, Weiss G, Brezinschek R, Brezinschek
HP, Huttl E, Pristautz H, Wachter H, Fuchs D. Increased immune
activation during and after physical exercise. Immunobiology
1993;188:194-202.

Moldoveanu Al, Shephard RJ, Shek PN. The cytokine response to
physical activity and training. Sports Med 2001;3:115-144.

Petersen AMW, Pedersen BK. The anti-inflammatory effect of exercise.
J Appl Physiol 2005;98:1154-1162.

Nakagome K, Dohi M, Okunishi K, Komagata Y, Nagatani K, Tanaka
R, Miyazaki J, Yamamoto K. In vivo IL-10 gene delivery suppresses
airway eosinophilia and hyperreactivity by down-regulating APC
functions and migration without impairing the antigen-specific sys-
temic immune response in a mouse model of allergic airway in-
flammation. J Immunol 2005;174:6955-6966.

Fu CL, Chuand YH, Chau LY, Chiang BL. Effects of adenovirus-
expressing IL-10 in alleviating airway inflammation in asthma. J Gene
Med 2006;8:1393-1399.

Fish JE, Peters S. Airway remodeling and persistent airway obstruction
in asthma. J Allergy Clin Immunol 1999;104:509-516.

Ram FSS, Robinson M, Black PN, Picot J. Physical training for asthma.
Cochrane Database Syst Rev 2005;4:CD001116.

Henriksen JM, Toftegaard NT. Effect of physical training on exercise-
induced bronchoconstriction. Acta Paediatr 1983;72:31-36.

Matsumoto IH, Araki K, Tsuda H, Odajima S, Nishima Y, Higaki H,
Tanaka M, Shindo M. Effects of swimming training on aerobic
capacity and exercise induced bronchoconstriction in children with
bronchial asthma. Thorax 1999;54:196-201.

Svenonius E, Arborelius MJ. Decrease of exercise-induced asthma after
physical training. Acta Paediatr 1983;72:23-30.

Nickerson BG, Bautista DB, Namey MA, Richards W, Keens TG.
Distance running improves fitness in asthmatic children without
pulmonary complications or changes in exercise-induced broncho-
spasm. Pediatrics 1983;71:147-152.

Firrincieli V, Keller A, Ehrensberger R, Platts-Mills J, Shufflebarger C,
Geldmaker B, Platts-Mills T. Decreased physical activity among
Head Start children with a history of wheezing: use of an accelerom-
eter to measure activity. Pediatr Pulmonol 2005;40:57-63.



