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Abstract

v

Aerobic conditioning (AC) performed either
during or after sensitization reduces allergic
inflammation in mice; however, the effects of AC
performed before and during allergic sensitiza-
tion on airway inflammation are unknown. Mice
were divided into Control, AC, OVA, and AC+0OVA
groups. Mice were trained in a treadmill followed
by either ovalbumin (OVA) sensitization or saline
administration. Peribronchial inflammation,
OVA-specific IgE and IgG1 titers, the expression
of Th1 and Th2 cytokines, and airway remod-
eling were evaluated, as well as the expression

of Eotaxin, RANTES, ICAM-1, VCAM-1, TGF-$ and
VEGF. Aerobic conditioning performed before
and during allergic sensitization displayed an
inhibitory effect on the OVA-induced migration
of eosinophils and lymphocytes to the airways, a
reduction of IgE and IgG1 titers and an inhibition
of the expression of Th2 cytokines. The AC+OVA
group also demonstrated reduced expression of
ICAM-1, VCAM-1, RANTES, TGF-B and VEGF, as
well as decreased airway remodeling (p<0.05).
The effects of AC before and during the sensitiza-
tion process inhibit allergic airway inflammation
and reduce the production of Th2 cytokines and
allergen-specific IgE and IgG1.

Introduction

4

Allergic disorders classically represent an acute
response to allergens mediated by IgE and a late
response related to the migration of eosinophils
and lymphocytes to the inflammatory site. The
influx of inflammatory cells in the late response
appears to be orchestrated by the production of
Th2-type cytokines (e.g., IL-4, IL-5 and IL-13) in
experimental animal models [15,35] and also in
patients with allergic diseases [30]. In addition,
the recruitment and activation of inflammatory
cells depend on the expression of many classes of
inflammatory mediators, such as cytokines (IL-4,
IL-5 and IL-13), chemokines (eotaxin, RANTES)
and adhesion molecules (ICAM-1 and VCAM-1)
[15,31,35]. Chronically, non-resolving allergic
airway inflammation leads to remodeling, a proc-
ess associated with an imbalance between the
synthesis and degradation of extracellular matrix
components [10,41]. The remodeling process in
asthma is also related to an increased release of
growth factors, such as vascular endothelial
growth factor (VEGF) and transforming growth
factor (TGF-B), that is thought to play a pivotal
role in inflammation and remodeling in allergic
airway diseases [12].

Exercise can have both positive and negative
effects on immune function [6]. For example, the
relationship between exercise and susceptibility
to infection has been modeled in the form of a “J”
shaped curve [17,20,22] and suggests that exer-
cise training of moderate intensity increases the
anti-microbial capacity of neutrophils via an
increase in the Th1 cytokines [26]. On the other
hand, strenuous exercise can result in increased
risk for infections of the respiratory tract
[17,22,26,28]. Although the effect of acute and
chronic exercise on the incidence of infection has
been widely studied, the effect of acute and
chronic exercise on different allergic diseases has
not.

Allergic diseases most likely have a multifactorial
etiology, and there is a general agreement that a
westernized lifestyle contributes to its increased
prevalence; reduced physical fitness seems to
represent an important contributor [2,32]. On
the other hand, a recent study from our group
demonstrated for the first time that asthmatic
patients subjected to aerobic exercise training
had decreases in the number of eosinophils in
induced sputum [16]. In addition, another inter-
esting study has demonstrated that aerobic exer-
cise in asthmatic children reduces the levels of
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total and specific IgE, corroborating with the findings of our
study [18]. In corroboration with these findings in asthmatic
patients, several studies have demonstrated that low-to-moder-
ate intensity aerobic exercise demonstrates anti-inflammatory
effects in animal models of allergic airway inflammation. How-
ever, all of these studies were performed with the airway inflam-
mation preceding any exercise intervention [8,34,37-40]. To
our knowledge, the effect of aerobic conditioning beginning
prior to the development of an experimental allergic response
has never been investigated.

In the present study, we hypothesized that an improvement in
aerobic conditioning performed before and during allergen sen-
sitization could result in reduced allergic airway inflammation.
Additionally, we investigated whether the improvement of the
aerobic conditioning could affect the Th1/Th2 cytokine balance.

Materials and Methods

v

This study was approved by the review board for human and
animal studies of the School of Medicine of the University of Sao
Paulo (protocol 317/06). All animals received humane care in
compliance with the “Guide for care and use of laboratory ani-
mals” (NIH publication 85-23, revised 1996). In addition, the
study also meets the ethical standards of the journal [7].

Animals and experimental groups

32 male BALB/c mice (20-25g), 8-10 weeks old were divided
into 4 groups (n=8): Control (non-trained and non-sensitized);
AC (aerobic conditioning and non-sensitized); OVA (non-trained
and OVA-sensitized); and OVA+AC (aerobic conditioning and
OVA-sensitized). Animals were exposed to a 12h/12h light/
darkness cycle and received water and food ad libitum.

Exercise test and aerobic training

Animals were initially adapted to the treadmill for 5 days
(15min, 25% inclination and 0.2km/h). After that, a maximal
exercise capacity test was performed with a 5min warm-up
(25% inclination, 0.2 km/h) followed by an increase in treadmill
speed (0.1km/h every 2.5min) until animal exhaustion defined
as the inability to continue to run, even after 10 gentle mechan-
ical stimuli [34,37-40]. Maximal aerobic capacity was estab-
lished as the maximum speed reached by each animal. Mice
were trained at low exercise intensity (50% of maximum speed)
[34,37-40]. Exercise training was performed for 60 min per day,
5 days a week, for 8 weeks. After this initial 8 week period of
exercise training, OVA sensitization or saline administration
began and exercise training continued until animals were eutha-
nized.

OVA sensitization

BALB/c mice were sensitized with 2 intraperitoneal injections of
OVA (20pg) adsorbed with aluminum hydroxide [days 56 and 70
of the experimental protocol] followed by 4 inhalations of OVA
(1%) or saline solution on days 77, 79, 81 and 83.

Anesthesia and euthanasia of animals

48h after the last OVA inhalation, animals were anesthetized
with an intramuscular injection of ketamine (50mg/kg) and
xylazine (40mg/kg), tracheostomized, cannulated and exsan-
guinated.
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Total and differential cell counting in bronchoalveolar
lavage fluid (BALF)

The lungs were gently washed with 1.5ml of saline (3x0.5ml)
via the tracheal cannula. Total cell counts were performed auto-
matically (laser cell counter, JX]J-402; Shanghai Odin Science and
Technology, Shanghai, China). Differential counting was per-
formed with a Griin-Wald-Giemsa stain (300 cells per lamina)
[34,37-40].

Passive cutaneous anaphylaxis (PCA) to OVA-specific
IgE and IgG,

PCA was performed in Wistar rats and BALB/c mice for measure-
ments of titers of OVA-specific IgE and IgG;, respectively
[19,24,34,37]. The backs of the animals were shaved and
injected intradermally with different dilutions of blood plasma.
Animals were challenged intravenously with 0.5mg of OVA in
0.5% Evans Blue solution after a sensitization period of 18-24h
in Wistar rats for IgE or 2 h in BALB/c mice for IgG; titration. PCA
titer was expressed as the reciprocal of the highest dilution that
yielded a lesion greater than 5 mm in diameter in duplicate tests.
The detection threshold of this technique was established at a
1:5 dilution.

Lung histology, immunohistochemistry and
morphometric analysis

The lungs were fixed in 10% formalin and embedded in paraffin.
5 micrometer-thick sections were stained with hematoxylin and
eosin for lung structure analysis and with Luna staining for the
detection of eosinophils [13,34,37,38]. The sections were
deparaffinized and a 0.5% peroxidase in methanol solution was
applied for 10min to inhibit endogenous peroxidase activity.
Additionally, an avidin/biotin blocking system (Dako Deutsch-
land, Hamburg, GE) was used to avoid nonspecific antibody
binding. Antigen retrieval was performed with citrate solution
for 30 min. The sections were incubated with anti-IL-4, anti-IL-5,
anti-IL-13, anti-IFN-y, anti-IL-2, anti-eotaxin, anti-RANTES,
anti-ICAM-1, anti-VCAM-1 and anti-TGF-B antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA) by the biotin-streptavidin-
peroxidase method. Specific IgG-positive sera were used as neg-
ative controls in correspondence with the source species of the
primary antibodies.

With a 50-line and 100-point grid connected to the ocular lens
of a microscope with a known area (10000 pm? at 1000 * mag-
nification), we assessed the peribronchial density of eosinophils,
mononuclear cells, and cells positive for IL-4, IL-5, IL-13, IFN-y,
IL-2, eotaxin, RANTES, ICAM-1, VCAM-1, TGF-B and VEGF using
a point-counting technique [37]. Measurements were per-
formed in 5 airways per animal, and the area of interest was
determined as the number of points hitting the outer area of the
airway wall [located between the external limit of smooth mus-
cle layer and adventitia]. The density of positive inflammatory
cells was determined as the number of positive cells in each field
divided by the tissue area. Measurements are expressed as cells/
mm? [3,11,37].

Collagen and elastic fibers

Using an Eclipse E-200 microscope (Nikon®, Tokyo, Japan), a
Cool Snap digital camera (Photometrics®, Tokyo, Japan) and the
image analysis software Image Proplus 4.5 (Carlsbad, CA, USA),
we evaluated the deposition of collagen and elastic fibers. 5 air-
ways at 400x magnification were evaluated for each animal
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Table 1 Effects of aerobic exercise on physical performance and on immunoglobulins levels.

Exercise Test (min)

Groups Initial Pre-Sensitization
Control 38.8+3.6 39.2+£2.0
AC 39.9+2.8 48.0+4.1*
OVA 39.9+2.8 40.9+2.8
OVA+AC 38.9+3.2 48.5+5.8"

Immunoglobulins (Log)

Post-Sensitization IgE IgG1
40.1+1.8 1320 1.32+0
50.2+4.6* 1.32%0 1.32+0
39.7+3.1 5.32+2.6" 5.76+2.1*
49.5+4.0* 2.82£1.2 3.48+1.4

Data are expressed as mean + SD of aerobic treadmill performance (minutes on the treadmill) and titers of OVA-specific IgE and *p<0.05 compared with intra-group pre-

sensitization test
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Fig. 1 Box plots of eosinophil a and lymphocyte b counts in the bronchoalveolar lavage fluid [BALF]. Horizontal lines represent median values, boxes rep-
resent the interquartile range [25-75 %] and whiskers represent the 5-95 % range. In Figures a and b, *p<0.01 when compared with all groups and #p<0.01

when compared with the OVA group.

[34,37,39]. The airway deposition of collagen and elastic fibers
was quantified in the area between the airway epithelial basal
membrane and the adventitia. The positive areas of collagen and
elastic fibers were expressed as percentages of total airway wall
areas [1,37].

Statistical analysis

Parametric data were expressed as the means+SD or medi-
ans+95% confidence interval (95%Cl). Comparisons between
groups were performed by 2-way analysis of variance (ANOVA)
followed by Student-Newman-Keuls post-hoc test (parametric
data; © Table 1) or by 1-way analysis of variance on ranks fol-
lowed by Dunn'’s post-hoc test (non-parametric data; © Fig. 1-5);
significance level was adjusted to 5% (p<0.05).

Results

v

Experimental protocol

Aerobic physical conditioning was performed for 8 weeks before
the beginning of OVA sensitization and was continued thereaf-
ter. OVA sensitization and aerosol exposure were performed
during weeks 9-12. Euthanasia was performed 48 h after the last
aerosol exposure.

Aerobic exercise treadmill tests

Pre-sensitization and post-sensitization aerobic exercise tread-
mill tests are presented in © Table 1. There was no significant
difference between any groups in the initial test; however, ani-
mals subjected to aerobic conditioning in non-sensitized (AC)

and sensitized (OVA+AC) groups improved their exercise capac-
ity either in pre-sensitization or post-sensitization tests as com-
pared with the initial test (p<0.05).

Passive cutaneous anaphylaxis to OVA-specific IgE and
|gG1

Aerobic conditioning in non-sensitized animals did not change
the levels of IgE or IgG, as compared to the Control group. OVA
sensitization increased levels of IgE and IgG; when compared
with non-sensitized groups (p<0.01). AC prior to OVA sensitiza-
tion (OVA+AC group) inhibited the OVA-induced increases in
the IgE and IgG; levels (¢ Table 1; p<0.01).

Inflammatory cells in bronchoalveolar lavage fluid
(BALF)

AC did not change the influx of inflammatory cells into the air-
ways in non-sensitized animals, and the number of inflamma-
tory cells was similar to the Control group (© Fig. 1a, b,
respectively). OVA sensitization increased the numbers of eosi-
nophils and lymphocytes when compared with the Control and
AC groups (p<0.01) AC in sensitized mice reduced the eosi-
nophil and lymphocyte counts in the BALF as compared with the
OVA group (<0.01) (© Fig. 1a, b, respectively).

Peribronchial density of inflammatory cells

Eosinophils and mononuclear cells were also counted in the
peribronchial compartment. AC did not change the number of
eosinophils or mononuclear cells in the non-sensitized animals.
OVA sensitization increased peribronchial eosinophil (from
24.2+27.4 to 570.4+110.1 cells/mm?; p<0.001) and mononu-
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Fig. 2 Box plot of the density of peribronchial inflammatory cells expressing IL-4 a, IL-5 b and IL-13 c. In a, *p<0.01 when compared with all groups;

#p<0.05 when compared with the Control and AC groups.

clear cell (from 318.3+1389 to 718.8+165.5 cells/mm?;
p<0.001) counts as compared to the non-sensitized groups. AC
in sensitized animals (OVA+AC group) substantially inhibited
eosinophilic infiltration (364.2+123.6 cells/mm?; p<0.01) but
did not affect mononuclear cell migration (p>0.05).

Expression of Th2 Cytokine by inflammatory cells

The expression of IL-4, IL-5 and IL-13 by inflammatory cells was
analyzed in the peribronchial compartment (¢ Fig. 2a-c, respec-
tively). AC did not change the peribronchial density of cells posi-
tive for IL-4, IL-5 or IL-13 in non-sensitized animals. OVA
sensitization increased the peribronchial density of cells posi-
tive for the Th2 cytokines IL-4 (7-fold), IL-5 (5-fold) and IL-13
(around 50%) as compared to the non-sensitized groups
(p<0.01). The OVA+AC group demonstrated a lower expression
of all Th2 cytokines evaluated when compared with the OVA
group (p<0.01) (© Fig. 2a-c, respectively). © Fig. 3 shows repre-
sentative photomicrographs of IL-4 immunostaining for the
Control (A), OVA (B), AC (C) and AC+OVA (D) groups.

Expression of chemokines and adhesion molecules by
inflammatory cells

Neither AC nor OVA sensitization modified the expression of
eotaxin by inflammatory cells in the peribronchial compartment
(p>0.05) (© Fig. 4a). OVA sensitization increased the expression
of RANTES by inflammatory cells as compared to non-sensitized
groups (p<0.01) (© Fig. 4b). In addition, the OVA+AC group dis-
played a lower expression of RANTES when compared with the

Duarte AC et al. Exercise Inhibits Allergic Lung... Int | Sports Med

OVA group (p<0.05). The expression of VCAM-1 and ICAM-1 was
not modified by the AC in non-sensitized animals (© Fig. 4c, d,
respectively). OVA sensitization increased the expression of
VCAM-1 (around 50%) and ICAM-1 (2.5-fold) by inflammatory cells
when compared with non-sensitized groups (p<0.05). The OVA+AC
group showed lower expression levels of both VCAM-1 and ICAM-1
in comparison with the OVA group (p<0.05) (© Fig. 4c, d, respec-
tively).

Airway remodeling and expression of TGF- and VEGF
AC did not change either the deposition of collagen and elastic
fibers or the expression of TGF-B and VEGF in non-sensitized
animals (p>0.05). OVA sensitization increased the proportion of
collagen and elastic fibers. Improvement of AC in sensitized ani-
mals (OVA+AC group) inhibited the deposition of collagen and
elastic fibers when compared with the OVA group (© Fig. 5a, b,
respectively) (p<0.05). The expression of TGF- and VEGF was
also enhanced in the OVA group (p<0.01) and significantly
inhibited by aerobic conditioning (OVA+AC group) (© Fig. 5¢, d,
respectively).

Expression of Th1 cytokines

One possible mechanism of inhibition of Th2 cytokines was
evaluated: modulation of Th1 cytokines (IL-2 and IFN-y)
(© Fig. 6a, b, respectively). Our results show that neither AC nor
OVA sensitization modified the expression of IL-2 or IFN-y by
inflammatory cells in the peribronchial compartment.
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Discussion

v

We demonstrate for the first time that aerobic conditioning
beginning prior to sensitization and continued during a sensiti-
zation and allergen challenge period inhibited the development
of allergic sensitization and inflammation as demonstrated by

the reduction of the following: 1) production of OVA-specific
allergic immunoglobulins; 2) migration of eosinophils and lym-
phocytes into the airways; 3) expression of Th2 cytokines by
inflammatory cells; 4) expression of adhesion molecules; 5)
expression of chemokines; and 6) remodeling of airways.

Duarte AC et al. Exercise Inhibits Allergic Lung... Int] Sports Med

Downloaded by: Rodolfo de Paula Vieira. Copyrighted material.



a 6 -
“— *
2%, [
S 2
s Y
= | A
o35
a2 L
v U
g5 2 ==
S8 i I
0
Control AC OVA OVA+AC
€ 1000 =
*
-~ 750 A |
W
O~
EE
1]
£ £ 500 A
c»n
5% = el
o t;;;j
o 250 A L_r]

Control AC OVA OVA+AC

b 6
*
5 ——
EE) - |
23
o &=
&y
[T
ETC 2+
=) [}
S I S—
0
Control AC OVA OVA+AC
d 750+
*
[N
g N 500 4 |
_ E —X
£
2+
_g @ | - ) |
= 250 4 b / ]
g l (
0
Control AC OVA OVA+AC

Fig. 5 Box plots representing volume proportion [%] of collagen a and elastic b fibers in the airways and density of inflammatory cells expressing TGF-B ¢

and VEGF d. *p<0.05 when compared with all groups.

a 600
E
£
5 4004
g
N | |
= i
=
g 2004
o
5
g l | | |
0
Control AC OVA OVA+AC

Fig. 6 Box plot of density of peribronchial inflammatory cells expressing IL-2 a;

In our study, aerobic conditioning was performed before the
sensitization protocol, and the production of specific OVA-
induced IgE and IgG, was inhibited. While previous studies have
investigated the effects of aerobic conditioning on the produc-
tion of immunoglobulins by using animal models of asthma, the
data are controversial, and all of the studies evaluated the effects
of aerobic conditioning during or after sensitization. Vieira and
colleagues evaluated the effects of aerobic conditioning begin-
ning after the first OVA aerosol challenge, but they did not
observe any changes in the levels of OVA-specific IgE or IgG; [37].
On the contrary, Pastva and colleagues also evaluated the effects
of aerobic conditioning on IgE levels during the sensitization

Duarte AC et al. Exercise Inhibits Allergic Lung... Int | Sports Med
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process, and they demonstrated a reduction in the OVA-specific
IgE levels without changes of total IgE levels [25]. The discrepan-
cies between these studies could be at least partially explained
by the experimental protocols used because Vieira et al. began
the physical training after the sensitization protocol; in Pastva’s
study, the physical conditioning began simultaneously with OVA
sensitization. In any case, our study showed that improvement
in aerobic conditioning before and during sensitization reduces
the production of specific immunoglobulins; however, the
mechanisms underlying such effects remain to be elucidated.

The immune regulation of allergic responses seems to involve
homeostasis of Th1/Th2 activity [17,29,30]. We observed an
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inhibition of the expression of Th2 cytokines when animals
were subjected to aerobic conditioning. This inhibitory effect of
aerobic conditioning on the Th2 response was not followed by
any changes in the expression of Th1 cytokines. These results
reinforce the notion that the immune mechanisms underlying
allergic diseases might be more complex than a simple Th1/Th2
dichotomy. Cross-sectional and longitudinal studies have dem-
onstrated a strong association between an up-regulated Th2
immune response and atopic diseases; however, the relationship
between Th1-mediated immune responses and atopic diseases
is controversial [20]. Based on previous studies showing that
aerobic exercise might increase Th1 responses [17,22,27,28,36]
and to better understand the mechanisms involved in allergic
inflammation, we hypothesized that aerobic conditioning could
increase Th1 responses and thus cause a decrease in the expres-
sion of Th2 cytokines in this model of allergic airway inflamma-
tion.

However, our results show that aerobic conditioning did not
modify the expression of Th1 cytokines (IL-2 and IFN-gamma)
by inflammatory cells. Although we did not observe any change
in the expression of IFN-y and IL-2 by inflammatory cells, we
cannot exclude the possible role of exercise-induced expression
of Th1 cytokines other than those tested here (e.g., IFN-alpha)
that may be involved in the Th1/Th2 imbalance in asthma [9].
This hypothesis needs to be investigated in the near future.
Some studies showed that IL-4 and IL-5 act both directly and
indirectly to promote the differentiation, proliferation, recruit-
ment and survival of inflammatory cells at allergic sites [21,26].
In our animal model, large increases in the expression levels of
IL-4 and IL-5 by inflammatory cells in peribronchial lung com-
partments were observed. IL-4 is involved in the synthesis of
immunoglobulins by B lymphocytes, and this finding may sug-
gest that aerobic conditioning could have at least partially inhib-
ited IgE and IgG, production by reducing IL-4 expression. In this
study, we observed that exercise strongly reduces the expression
of Th2 cytokines (IL-4, IL-5 and IL-13) by inflammatory cells,
while decreasing eosinophil migration to the airways. IL-13 also
promotes the recruitment of eosinophils by promoting VCAM-1
expression in vascular endothelium. Based on our results, we
can then hypothesize that aerobic exercise reduced the eosi-
nophilic inflammation by reducing Th2 cytokine expression and
the expression of adhesion molecules (ICAM-1 and VCAM-1).
The OVA sensitization protocol employed in this study induced
airway remodeling characterized by the increased deposition of
collagen and elastic fibers. Airway remodeling has been gener-
ally considered as a consequence of persistent inflammation
because it can continue even after the effective treatment of air-
way inflammation. Adhesion molecules (e.g., ICAM-1 and
VCAM-1) and growth factors (e.g., TGF-B and VEGF) have impor-
tant roles in airway remodeling. VCAM-1 and ICAM-1 contribute
to airway eosinophilic inflammation [42,43], and during chronic
allergic lung inflammation, TGF-p promotes airway remodeling
[4,23]. VEGF can also mediate airway inflammation and remod-
eling in allergic airway disease. Our results show that aerobic
exercise inhibited the expression of ICAM-1 and VCAM-1 as well
as eosinophil migration and expression of TGF-B and VEGF.
Taken together, our results demonstrate that improvement in
aerobic conditioning inhibits airway inflammation and conse-
quent remodeling in our model of allergic airway inflammation,
probably by modulation of VCAM-1, ICAM-1, VEGF and TGF-p.
Our data suggest for the first time that aerobic conditioning per-
formed before and during the sensitization period has a preven-

tive role in the development of allergic inflammation. In addition,
these changes were followed by inhibition of the expression of
Th2 cytokines, eosinophilic and lymphocytic airway inflamma-
tion and remodeling and also by decreased IgE and IgG1 produc-
tion. Allergic reactions might occur with a higher intensity near
the 2 ends of human life (i.e., childhood and old-age) when the
immune system is biased toward Th2-like responses [5,33].
Interestingly, it is also near these 2 endpoints of life that humans
are likely to be more physically deconditioned [14].

We conclude that the improvement in physical conditioning
before and during the sensitization phase seems to have a pre-
ventive role in allergic airway inflammation and remodeling
that involves an inhibition of OVA-specific IgE and IgG1 produc-
tion and Th2 responses in mice.

Acknowledgements

v

This study was supported by the Fundacao de Amparo a Pesquisa
do Estado de Sao Paulo (FAPESP), Conselho Nacional de Pesquisa
(CNPQ) and Laboratérios de Investigacao Médica da Faculdade
de Medicina da USP (LIM-FMUSP).

References
1 Araujo BB, Dolhnikoff M, Silva LFF, Elliot ], Lindeman JHN, Ferreira A,
Ferreira DS, Mulder A, Gomes HA, Fernezlian SM, James A, Mauad T.
Extracellular matrix components and regulators within the airway
smooth muscle in asthma. Eur Respir ] 2008; 32: 61-69
2 Braun-Fahrldnder CH, Gassner M, Grize L, Neu U, Sennhauser FH, Varo-
nier HS, Vuille JC, Wiirthrich B. Prevalence of hay fever and allergic
sensitization in farmer’s children and their peers living in the same
rural community. Clin Exp Allergy 1999; 29: 28-34
3 de Magalhaes Simoes S, dos Santos MA, da Silva Oliveira M, Fontes ES,
Fernezlian S, Garippo AL, Castro I, Castro FF, de Arruda Martins M,
Saldiva PH, Mauad T, Dolhnikoff M. Inflammatory cell mapping of the
respiratory tract in fatal asthma. Clin Exp Allergy 2005; 35: 602-611
4 Elovic AE, Ohyama H, Sauty A, McBride ], Tsuji T, Nagai M, Weller PF,
Wong DT. IL-4-dependent regulation of TGF-alpha and TGF-beta 1
expression in human eosinophils. ] Immunol 1998; 160: 6121-6127
5 Fanelli A, Cabral AL, Neder JA, Martins MA, Carvalho CR. Exercise train-
ing on disease control and quality of life in asthmatic children. Med
Sci Sports Exerc 2007; 39: 1474-1480
6 Gleeson M. Immune function in sport and exercise. ] Appl Physiol
2007; 103: 693-699
7 Harriss DJ, Atkinson G. Update - Ethical Standards in Sport and Exer-
cise Science Research. Int ] Sports Med 2011; 32: 819-821
8 Hewitt M, Creel A, Estell K, Davis IC, Schwiebert LM. Acute exercise
decreases airway inflammation, but not responsiveness, in an allergic
asthma model. Am ] Resp Cell Mol Biol 2009; 40: 83-89
9 Huber JP, Ramos HJ, Gill MA, Farrar JD. Cutting edge: Type [ IFN reverses
human Th2 commitment and stability by suppressing GATA3. ]
Immunol 2010; 185: 813-817
10 James A. Airway remodeling in asthma. Curr Opin Pulm Med 2005;
11: 1-6
11 Lancas T, Kasahara DI, Prado CM, Tiberio IF, Martins MA, Dolhnikoff M.
Comparison of early and late responses to antigen of sensitized guinea
pigs parenchymal lung strips. ] Appl Physiol 2006; 100: 1610-1616
12 Lee KS, Park SJ, Kim SR, Min KH, Lee KY, Choe YH, Hong SH, Lee YR,
Kim JS, Hong §J, Lee YC. Inhibition of VEGF blocks TGF-betal produc-
tion through a PI3K/Akt signalling pathway. Eur Respir ] 2008; 31:
523-531
13 Luna LG (ed.). Manual of Histopathologic Staining Method of the AFIP.
New York: MCGraw Hill, 1968
14 Marcus BH, Williams DM, Dubbert PM, Sallis JF, King AC, Yancey AK,
Franklin BA, Buchner D, Daniels SR, Claytor RP. Physical Activity, and
Metabolism. Circulation 2006; 114: 2739-2752
15 Mauser PJ, Pitman AM, Fernandez X, Foran SK, Adams GR, Kreuter W,
Egan RW, Chapman RW. Effects of an antibody to interleukin-5 in a
monkey model of asthma. Am ] Respir Crit Care Med 1995; 152:
467-472

Duarte AC et al. Exercise Inhibits Allergic Lung... Int] Sports Med

Downloaded by: Rodolfo de Paula Vieira. Copyrighted material.



Immunology

16 Mendes FA, Almeida FM, Cukier A, Stelmach R, Jacob-Filho W, Martins
MA, Carvalho CR. Effects of aerobic training on airway inflammation
in asthmatic patients. Med Sci Sports Exerc 2011; 43: 197-203

17 Moldoveanu Al, Shepard RJ, Shek PN. The cytokine response to physical
activity and training. Sports Med 2001; 31: 115-144

18 Moreira A, Delgado L, Haahtela T, Fonseca ], Moreira P, Lopes C, Mota J,
Santos P, Rytild P, Castel-Branco MG. Physical training does not
increase allergic inflammation in asthmatic children. Eur Respir ]
2008; 32: 1570-1575

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

20 Nieman DC. Exercise, upper respiratory tract infection, and the
immune system. Med Sci Sports Exerc 1994; 26: 128-139

21 Ngoc PL, Gold DR, Tzianabos AO, Weiss ST, Celedon JC. Cytokines, allergy,
and asthma. Curr Opin Allergy Clin Immunol 2005; 5: 161-166

22 Nieman DC. Exercise, infection and immunity. Int J Sport Med 1994;
15: S131-S141

23 Ohkawara Y, Tamura G, Iwasaki T, Tanaka A, Kikuchi T, Shirato K. Acti-
vation and transforming growth factor beta production in eosinophils
by hyaluronan. Am ] Respir Cell Mol Biol 2000; 23: 444-451

24 Ovary Z (ed.). Passive Cutaneous Anaphylaxis. Oxford: Blackwell
Scientific Publications, 1964

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

26 Pedersen BK, Hoffman-Goetz L. Exercise and the immune system: regu-
lation, integration, and adaptation. Physiol Rev 2000; 80: 1055-1081

27 Pedersen BK, Steensberg A, Fischer C, Keller C, Ostrowski K, Schjerling P.
Exercise and cytokines with particular focus on muscle-derived IL-6.
Exerc Immunol Rev 2001; 7: 18-31

28 Petersen AMW, Pedersen BK. The antiinflammatory effect of exercise.
] Appl Physiol 2005; 98: 1154-1162

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

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

31 Robinson DS, Hamid Q, Ying S, Tsicopoulos A, Barkans J, Bentley AM,
Corrigan C, Durham SR, Kay AB. Predominant TH2-like bronchoalveo-
lar T lymphocyte population in atopic asthma. N Engl ] Med 1992;
326: 298-304

Duarte AC et al. Exercise Inhibits Allergic Lung... Int | Sports Med

32 Sepp E, Julge K, Vasar M, Naaber P, Bjorksten B, Mikelsaar M. Intestinal
microflora of Estonian and Swedish infants. Acta Paediatr 1997; 86:
956-961

33 Shearer GM, Chougnet C, Shearer M. Atopic disease and immunologic
response. Science 1997; 276: 17-18

34 Silva RA, Vieira RP, Duarte AC, Lopes FD, Perini A, Mauad T, Martins
MA, Carvalho CR. Aerobic training reverses airway inflammation and
remodeling in asthma murine model. Eur Respir ] 2010; 35: 994-1002

35 Stam WB, Van Oosterhout AJ, Nijkamp FP. Pharmacologic modulation
of Th1- and Th2-associated lymphokine production. Life Sci 1993;
53: 1921-1934

36 Suzuki K, Nakaji S, Yamada M, Totsuka M, Sato K, Sugawara K. Systemic
inflammatory response to exhaustive exercise. Exerc Immunol Rev
2002; 8: 6-48

37 Vieira RP, Claudino RC, Duarte ACS, Santos ABG, Perini A, Faria Neto
HCC, Mauad T, Martins MA, Dolhnikoff M, Carvalho CR. Aerobic exercise
decreases chronic allergic lung inflammation and airway remodeling
in mice. Am ] Respir Crit Care Med 2007; 176: 871-887

38 Vieira RP, de Andrade VF, Duarte AC, Dos Santos AB, Mauad T, Mar-
tins MA, Dolhnikoff M, Carvalho CR. Aerobic conditioning and aller-
gic pulmonary inflammation in mice II: effects on lung vascular and
parenchymal inflammation and remodeling. Am ] Physiol 2008; 295:
L670-L679

39 Vieira RP, Duarte AC, Santos AB, Medeiros MC, Mauad T, Martins MA,
Carvalho CR, Dolhnikoff M. Exercise reduces effects of creatine on lung.
Int ] Sports Med 2009; 30: 684-690

40 Vieira RP, Toledo AC, Ferreira SC, Santos ABG, Medeiros MC, Hage M,
Mauad T, Dolhnikoff M, Martins MA, Carvalho CRF. Airway epithelium
mediates the anti-inflammatory effects of exercise on asthma. Respir
Physiol Neurobiol 2011; 175: 383-389

41 Vignola AM, Mirabella F, Costanzo G, Giorgi R, Gjomarkaj M, Bellia V, Bon-
signiori G. Airway remodeling in asthma. Chest 2003; 123: 417-422

42 Wang S, Fan Y, Han X, Yang ], Bilenki L, Yang Xi. IL-12-dependent
vascular cell adhesion molecule-1 expression contributes to airway
eosinophilic inflammation in a mouse model of asthma-like reaction.
J Immunol 2001; 166: 2741-2749

43 Wolyniec WW, Sanctis GT, Nabozny G, Torcellini C, Haynes N, Joetham A,
Gelfand EW, Drazen JM, Noonan TC. Reduction of antigen-induced air-
way hyperreactivity and eosinophilia in ICAM-1-deficient mice. Am
] Respir Cell Mol Biol 1998; 18: 777-785

Downloaded by: Rodolfo de Paula Vieira. Copyrighted material.



