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ABSTRACT

Angiotensin-(1-7) [Ang-(1-7)]/Mas receptor pathway is currently recognized as a
counterbalancing mechanism of the renin-angiotensin system in different
pathophysiological conditions. We have previously described that treatment with Ang-(1-7)
attenuates lung inflammation and remodeling in an experimental model of asthma. In the
present study, we investigated whether lack of Mas receptor could alter the inflammatory
response in a model of chronic allergic lung inflammation induced by ovalbumin (OVA).
MasWT and MasKO mice were subjected to 4 doses of OVA (20ug/mice, i.p.) with 14 days
interval. At the 21% day, nebulization with OVA (1%) was started, 3 times/week until the
46"™ day. Control groups received saline (0.9%, i.p.) and were nebulized with saline (0.9%).
MasWT-OVA developed a modest inflammatory response and minor pulmonary
remodeling to OVA challenge. Strikingly, MasKO-OVA presented a significant increase in
inflammatory cell infiltrate, extracellular matrix deposition, increase in thickening of the
alveolar parenchyma, increase in thickening of the smooth muscle layer of the pulmonary
arterioles, increase in pro-inflammatory cytokine and chemokines levels in the lungs,
characteristic of chronic asthma. Additionally, MasKO-OVA presented an increase in
ERK1/2 phosphorylation in comparison to MasWT-OVA. Furthermore, MasKO-OVA
showed a worse performance in a test of maximum physical exercise in comparison to
MasWT-OVA. Our study shows that effects triggered by Mas receptor are important to
attenuate the inflammatory and remodeling processes in a model of allergic lung
inflammation in mice. Our data indicate that impairment of Ang-(1-7)/Mas receptor

pathway may lead to worsening of the pathophysiological changes of asthma.

Keywords: asthma; airway remodeling, pulmonary remodeling, Mas receptor and

Angiotensin-(1-7)
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INTRODUCTION

Angiotensin-(1-7) [Ang-(1-7)] presents an essential role not only in the homeostasis
of the blood pressure, but also in counterbalancing the effects induced by Ang II in different
pathophysiology processes (25, 29). Ang-(1-7) is produced in the circulation and in
different tissues mainly by the action of angiotensin converting enzyme 2 (ACE2) (5, 30)
and the majority of its biological actions are mediated through the G-coupled Mas receptor
(26). At the present, the activation of the Ang-(1-7)/Mas receptor pathway is associated
with anti-inflammatory and anti-remodeling effects in different experimental pathological
conditions, such as cardiovascular disease (2, 18, 25, 29), arthritis (4), brain stroke (10, 22)
and lung fibrosis (19, 28). Recently, we (17, 24) and others (6) showed that Ang-(1-7)
treatment can attenuate inflammation and lung remodeling in a murine model of asthma.

Asthma is characterized by airway hyperresponsiveness and pulmonary remodeling,
in which immune, inflammatory and structural cells play important pathophysiological role
(7). Experimental models of allergic asthma are characterized by the predominance of
eosinophils, increased secretion of Th2 cytokines, such as IL-4, IL-5, IL-13, TNFa
chemokines, such as CCL2/MCP1 and CCL5/RANTES and, more adverse, remodeling in
large and small airways in the lung parenchyma and in the pulmonary arteries (17, 24, 31,
32). The alarming increase in the incidence of asthma is a major global health problem, not
only in the occidental world, but also in developing countries (23). Globally, approximately
300 million people have asthma, with 250,000 annual deaths attributed to the disease.
Recent studies suggest there will be a further increase of 100 million asthmatics by 2025
(23).

Two recent studies performed in our lab showed that treatment with Ang-(1-7) (17)
or the Mas receptor agonist, AVE 0991 (24), in an experimental model of chronic allergic

asthma could prevent leucocytes migration to the lung and significantly attenuate the levels
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of different cytokines (IL-4, IL-5, TNFa) and chemokines (CCL2, CCL5, GMCSF) in the
lung. In addition, these treatments attenuated the thickness of alveolar parenchyma,
pulmonary arterioles and airway, decreased collagen deposition and airway
hyperresponsiveness (17). Furthermore, results from these studies suggested that the
protective effect of Ang-(1-7) in chronic allergic lung inflammation and remodeling can be
dependent on a reduction in the phosphorylation of ERK1/2 (17). These data are in keeping
with those of El-Hashim et al (6) which showed, in a short-term model of allergic lung
inflammation, Ang-(1-7) attenuated the increase in the total inflammatory cells infiltration
in the lung, decreased lung fibrosis and attenuated the phosphorylation of ERK1/2 and 1kB-
a in the lung. Additionally these authors showed that the MAS receptor antagonist, A779,
reversed these effects (6).

The effects mediated by Ang-(1-7) in the prevention and treatment of asthma in
mice are promising and may lead to new pharmacological strategies to suppress the Th2
inflammatory response. However, more experimental studies are needed to identify the key
mechanisms triggered by Ang-(1-7) leading to anti-inflammatory and anti-fibrotic effects in
asthma. In the present study, we investigated whether lack of receptor Mas could alter
inflammation and lung remodeling in a model of chronic allergic lung inflammation in

mice.

MATERIALS AND METHODS

Animals. FVB/N wild type (WT) and Mas receptor knockout (MasKO) mice were
separated in aleatory manner into different groups: Control MasKO (MasKO-CTRL; n=16);
MasKO, sensitized with OVA (MasKO-OVA; n=16); WT control mice (MasWT-CTRL;
n=16) and WT sensitized with OVA (MasWT-OVA; n=16). The animals were housed

under a 12-h light-dark cycle (light: 6 a.m. to 6 p.m.) with free access to standard chow and
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water. All groups were performed at the same time. Animals were obtained from the
transgenic animal facility of the Laboratory of Hypertension, Federal University of Minas
Gerais, Brazil. The present study was approved by the Ethics Committee for Animal
Experimentation (CEUA) of the Federal University of Minas Gerais, Belo Horizonte, MG,
Brazil (protocol #309/2013).

Ovalbumin immunization and challenge. Sensitization was made by 4 injections of
OVA (20 pg/ mouse, i.p., Sigma, St. Louis, MO, USA) at 14 days intervals (Days 0, 14, 28
and 42™). Beginning on the 21% day, sensitized mice received OVA challenge by
nebulization (1% OVA, during 30 min, 3 times/ week for 4 weeks). Nebulization was
performed in an acrylic box (30 cm x 15 cm x 20 c¢cm) coupled to an ultrasonic nebulizer
(Soniclear; Sao Paulo, SP, Brazil) in groups of 5 animals for 4 weeks. The CTRL groups
received saline (NaCl 0.9%; 0.5 ml/ mouse. i.p.) and were challenged with saline at the
same time points. OVA was diluted in sterile isotonic saline and no adjuvant was used
(17,24).

Incremental Exercise Test. In order to assess the animal performance for physical
exercise, on the 47™ day of the protocol, animals were subjected to an evaluation of their
functional capacity by a swimming incremental exercise test, as described by Almeida et al
(1). Briefly, all animals were adapted to a water pool (20 cm deep and water temperature
kept approximately at 28°C with a thermostat), for 5 minutes per day, for 5 consecutive days
with no overload (41%" to 46" day). On the day of the test, mice were placed to swim with a
progressive load, which consisted in weights corresponding to 2% of body weight that were
added every 3 minutes to the mouse tail until maximal voluntary fatigue was achieved.
Maximal voluntary fatigue was considered when mice failed to rise to the surface of the

water to breathe within a seven-seconds period (1).
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At the 49™ day of the protocol, mice (n=10) were anesthetized with a mixture of
ketamine (0.5 mg.Kg™", i.p.) and xylazine (0.43 mg.Kg", i.p.) and subjected to a midline
incision in the neck, in order to expose and isolate the trachea. The carotid artery was cut
and after the cardiorespiratory arrest, the trachea was then immediately clamped and the
lungs were collected in functional residual capacity. In some animals, the left lung and right
ventricle were collected for morphometric analysis and the right lung was removed, quickly
snapped frozen in dry ice and kept at -80°C until assayed, as previously described (17, 24).

Bronchoalveolar lavage (BAL). In different groups of animals (n=6 each), on the
49" day of the protocol, mice (MasKO-CTRL; MasKO-OVA; MasWT-CTRL and MasWT-
OVA) were killed by anesthetic overdose and the trachea of each animal was exposed and
cannulated with a polypropylene catheter of 1.7 mm. Airways were washed with 2 ml of
ice-cold PBS, BAL was collected and centrifuged. The pellet was ressuspended in PBS/
BSA 3%. The trachea was clamped and the lungs were collected in functional residual
capacity, snapped frozen in dry ice and kept at —80°C until assayed. Total number of
leukocytes were counted using a Neubauer chamber after cells being stained with Turk’s
solution. Differential leukocyte counts were performed on cytocentrifuge preparations
(Shandon Cytospin III, ), stained with May—Griinwald—Giemsa using standard
morphological criteria to identify cell types.

Morphometric analysis. The lung was fixed in formalin and embedded in paraffin.
Sections (4 um) were stained with hematoxylin and eosin for measurement of thickness of
alveolar parenchyma, airway epithelial wall and peribronchial arterial wall. Adjacent
sections were stained with Gomori’s trichrome to evaluate extracellular matrix deposition in
the lungs. The method used for these measurements was detailed in previous studies (17,
24). For morphological analysis, both the experimenter and the reader/ interpreter were

blinded to the groups.
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Interleukin measurements in the lung. Kits for multiple cytokines (Multiplex
cytokine analysis technology; Luminex®, Austin, TX, USA) were used for evaluation of
IL-13, TNF-a, CCL2/MCP-1 and CCLS5/RANTES, following the instructions of the
manufacturer.

ERK1/2 protein measurement by Western blotting. Total protein was extracted from
lung tissue (n=4 from each group), and 50ug of total protein were applied to polyacrylamide
gel/SDS 10% and transferred to nitrocellulose membranes. The membranes were incubated
with primary antibody for the total or phosphorylated ERK1/2 [rabbit p44/42 Mark
(ERK1/2), 1:500; Cell Signaling (6)] followed by a fluorescent secondary antibody
[IRDye® 680 conjugated goat (polyclonal) anti-rabbit IgG (H+L), 1:10,000; Li-Color
Biosciences]. Levels were normalized to B-actin in the same sample. The ratio phospho-
ERK1/2 to total-ERK1/2 was made in each sample. Staining was visualized and quantified
on a LI-COR Odyssey Scanner (Lincoln, NE, USA).

Satistical analyses. All results are expressed as mean = SEM. Comparisons among
groups were performed by two-way ANOVA followed by the Bonferroni post-hoc test. All
analysis and graphics were made with the GraphPad Prism software (version 5.0; GraphPad

Software, Inc., La Jolla, CA, USA). The level of significance was set at p< 0.05.

RESULTS

Aerobic Exercise Capacity. It is well known that changes in pulmonary function
may influence the functional capacity and exercise tolerance in patients with asthma or
animals subjected to a model of allergic lung injury (33). In the Figure 1, we observe that
OVA-challenge significantly reduced aerobic exercise capacity in MasWT mice (570 £ 6 s
Vs 666 + 13 s, in MasWT-CTRL) and in MasKO mice (438 + 22 s vS695 £ 23 s, in MasKO-

CTRL). In addition, mice with deletion of Mas receptor sensitized/challenged with OVA
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had a worse performance compared with the wild type mice challenged with OVA. These
results suggest that chronic OVA sensitization might have induced inspiratory muscle
weakness culminating with inability to maintain adequate respiratory function during
physical stress test. This alteration is further exacerbated in animals with deletion of the
Mas receptor.

Total inflammatory cells infiltration in the lung. The increase in eosinophils
infiltration in the lung of asthmatic patients or experimental models of asthma are associated
with epithelial damage, goblet cell hyperplasia, smooth muscle hypertrophy and airway
hyperresponsiveness (7, 32). Here, we investigated the effect of genetic deletion of Mas
receptor on eosinophilic inflammation in the lung of mice subjected the model of chronic
asthma. First, pulmonary inflammation was assessed by quantification of total cells (Fig.
2A) and differential cells (Fig. 2B and 2C) in the BAL. The challenge with OVA induced
an increase in the number of total cells in BAL in MasWT and MasKO mice compared to
their respective controls (Fig. 2A). However, while in MasKO-OVA 62% of the total
leukocytes were eosinophils, in MasWT-OVA only 16% were eosinophils (Fig. 2B),
showing marked difference in the allergic response of these mice.

It has been shown that inflammation in asthmatic mice is not restricted to the large
airways, extending to the small airways, parenchyma and pulmonary vessels (11, 24).
Challenge with OVA in MasWT and MasKO groups increased total inflammatory cells in
the lung compared with the respective control groups (Fig. 3). However, animals MasKO-
OVA presented significant greater score of inflammatory cells infiltrate in comparison to
the MasWT-OVA group.

Cytokines concentrations in the lung. Figure 4 shows the concentration of
interleukin IL-13, TNFa, CCL2/MCP-1 and CCL5/RANTES in the lung. OVA challenge

did not significantly alter interleukin (IL-13 and TNFa) or CCL5/RANTES in Mas WT
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mice compared to the MasWT-CTRL. On the other hand, OVA challenge in MasKO mice
induced a significant increase in IL-13, TNFa, CCL2/MCP-1 and CCL5/RANTES in
comparison to the MasKO-CTRL and a significant increase in IL-13, CCL2/MCP-1 and
CCLS/RANTES in comparison to the MasWT-OVA.

Evaluation of lung remodeling. There was no significant difference between
MasWT-CTRL and MasWT-OVA with respect of thickness of alveolar parenchyma (Fig.
5A, 5B and 5E). The lungs of animals with deletion of the Mas receptor showed greater
thickening of the alveolar parenchyma. In addition, the MasKO-OVA group exhibited a
large interalveolar interstitial thickening, resulting mainly from the accumulation of
inflammatory cells (Fig. 5D and 5E). These results suggest that OVA challenge in mice
with deletion of the Mas receptor produces increase in inflammatory cells infiltration and
increase in alveolar wall thickness in mice with a background that seems to be less effective
to induce asthma.

MasWT mice challenged with OVA showed no significant difference in the
proportion of peribronchiolar extracellular matrix deposition and epithelial thickness
compared to control mice (Fig. 5A, 5B, 5F and 5G). However, sensitization with OVA, in
MasKO group, increased the epithelial thickness and peribronchiolar extracellular matrix
deposition in comparison to other groups (Fig. 5D, 5F and 5G). Again, FVB/N mice, seems
to be less sensitive to develop of asthma, at least using the protocol of the present study.
However, lack of the Mas receptor resulted in intense increase in extracellular matrix
deposition and thickness of the bronchioles epithelial. In addition, chronic OVA exposure
significantly increased smooth muscle layer in vessels around airway wall, in both MasWT
and MasKO groups in comparison with their respective controls (Fig. 5 A-D and 5H).

However, in mice with deletion of the Mas receptor exposed to OVA,



225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

hyperplasia/hypertrophy of vascular smooth muscle were greater than that observed in with
WT mice (Fig. 5B, 5D and 5H).

ERKL/2 inthelung. In evaluating the degree of phosphorylation of ERK1/2 in mice
subjected to experimental model of asthma, we observed that the ratio of phospho to total
ERK1/2 in MasWT-OVA group was not different from MasWT-CTRL group. However,
MasKO-OVA mice presented an increase in the ratio of phospho to total ERK1/2 in the

lung in comparison to MasKO-CTRL (Fig. 6).

DISCUSSION

In the present study, we showed that Mas is an important receptor to trigger anti-
inflammatory mechanisms in a murine model of asthma. This study indicates that
impairment in Ang-(1-7)/receptor pathway may lead to deterioration of the
pathophysiologic progress of asthma. We showed that FVB/N mice with genetic deletion of
the receptor Mas subjected to a model chronic allergic lung inflammation presented a worse
tolerance towards physical exercise. Additionally, MasKO-OVA mice presented a
significant increase in the number of eosinophils in BAL and inflammatory cell infiltrate in
the lung, an increased deposition of the extracellular matrix in the airways, an increased
thickening of the alveolar parenchyma and smooth muscle layer of the pulmonary arterioles.
Furthermore, in MasKO-OVA there was an increase in ERK1/2 phosphorylation and an
increase in pro-inflammatory cytokine (IL13) and chemokines (CCL2/MCP-1 and CCLS5/
RANTES) in the lungs. The majority of these effects were greater in MasKO-OVA than
those observed in MasWT-OVA.

Ang-(1-7) acting through Mas receptor has been described as an important pathway
of the renin-angiotensin system (RAS) involved in attenuating inflammation and fibrosis, in

different pathophysiological conditions (4, 13, 19, 28, 29). Recently, we (17, 24) and others
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(6) have shown that administration of Ang-(1-7) promotes attenuation of the pulmonary
inflammation and tissue remodeling. The present work advanced these results by showing
that lack of Mas receptor resulted in an intense degree of lung inflammation and remodeling
in a mice strain (FVB/N) less sensitive to experimental model of asthma. Indeed, FVB/N-
WT mice presented an attenuated response to OVA challenge compared to the response
observed in Balb/C mice subjected to the same protocol in a previous study in our
laboratory (17). For example, asthmatic Balb/C mice presented increased index of
peribronchiolar matrix deposition (5.64 = 0.76) and an increased score of inflammatory cell
infiltrate (2.275 + 0.18) compared to the control group (1.33 + 0.17 and 0.15 + 0.07,
respectively). However, the index of matrix deposition (1.92 + 0.15) and the score of cell
infiltrate (1.78 £ 0,18) were lower in asthmatic FVB/N-WT, although significantly different
from CTRL-FVB/N-WT. These data indicate that FVB/N background is less susceptible to
the protocol used to induce asthma in the present study (3, 11). Strikingly, however, lack of
Mas resulted in an intense inflammatory response. Asthmatic FVB/N-MasKO mice
presented a higher score of cell infiltration (2.76 + 0.06) in comparison with asthmatic
Balb/C or FVB/N-WT and not significantly different from the peribronchiolar matrix
deposition index (3.78 +£0.24) of Balb/C mice. Therefore, deletion of Mas receptor induces
worsening of the development of chronic allergic lung inflammation in mice.

In previous studies, we showed that treatment with Ang-(1-7) or AVE0991, a Mas
receptor agonist, decreased inflammatory cell infiltration, collagen deposition and
remodeling in the lung parenchyma of OVA-sensitized and challenged Balb/C mice (17,
24). In addition, Ang-(1-7) or AVE 0991 inhibited the vascular remodeling and right
ventricular hypertrophy (17, 24). Furthermore, the results in these studies suggested that
Ang-(1-7) protective effects in the lung could be mediated by bronchial cells and are

dependent on the reduction in the phosphorylation of ERK1/2 and a decrease in the levels of
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cytokines and chemokines in the lung (17). Other studies are in keeping with these
observations and, indicate that Ang-(1-7) protection against pulmonary fibrosis (19) and
asthma (6) can be mediated by down-regulation of the MAPK/NF-kB pathway.

In the present study, we showed a significant increase in phospho-ERK1/2, 1L-13,
CCL2/MCP-1 and CCL5/ RANTES in the lung of MasKO-OVA mice, associated with
intense pulmonary inflammatory cell infiltration and remodeling. A large number of studies
have demonstrated that IL-13 is implicated in the pathogenesis of lung inflammation and
airway remodeling, which are characteristic of asthma (9, 15, 16, 21, 36). These studies
demonstrated that IL-13 is a potent stimulator of eosinophils, lymphocytes and macrophage
migration to the site of injury and stimulates chemokines, such CCL2/MCP-1 and
CCL5/RANTES (9, 12, 15, 16). Consequently, the increased level of IL-13 induces mucus
production, lung remodeling and airway hyperresponsiveness (12, 15, 16, 29). Lee et al.
(12) demonstrated that activation of ERK1/2 MAPK pathway plays a critical role in
mediating IL-13—-induced inflammation, stimulation of chemokines (MIP-10/CCL-3, MIP-
1B/CCL-4, MIP-2/CXCL1 and RANTES/CCLS) and lung remodeling. In addition, Zhu et
al (36) suggested that MCP-1 mediated signaling via CCR2 plays a key role in lung
inflammation and fibrosis induced by IL-13. These data suggest that these inflammatory
mediators are important targets for further investigation designed to identify new agents,
which can block the increase in IL-13, CCL2/MCP-1 and CCL5/RANTES and the
phosphorylation of ERK1/2.

The treatment with Ang-(1-7) decreased phospho-ERK1/2 in short (6) or long-term
models the asthma (17). Additionally, Ang-(1-7) decreased the expression of chemokines,
CCL2/MCP-1 and CCLS5/RANTES, in the lung of OVA-challenged mice (17). These
results were associated with reduced lung inflammation and remodeling (17). Interestingly,

our data showing that OV A-challenged MasKO mice presented increased levels of IL-13,
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CCL2/MCP-1, CCL5/RANTES, p-ERK1/2 and inflammatory cell infiltration and airway
remodeling are in agreement with these previous results. Altogether, these data suggest that
Ang-(1-7)/Mas receptor pathway is an important target for modulating the release of
inflammatory mediators involved in the pathogenesis of asthma. We cannot rule out,
however, that other intracellular mechanisms, cytokines and chemokines are involved in
mediating the anti-inflammatory effects of Ang-(1-7) in asthma.

The bronchial epithelial cells are the first barrier of defense against antigens and are
also a source of inflammatory mediators which are responsible for neutralizing antigen
invasion (14, 34). During allergic pulmonary inflammation, bronchial epithelial cells
produce a variety of inflammatory mediators and proteins of the extracellular matrix which
contribute to the induction of the inflammation and, later on, with lung remodeling, which
are the key feature of asthma (14, 34). In addition to IL-13, the chemokines, eotaxin-
CCL11, MCP-1, IL-4, IL-5, IL-8, IL-17 are examples of mediators produced by epithelial
cells and leukocytes in chronic allergic asthma (8). In our previous study, we showed that
Ang-(1-7) treatment prevents the increase in IL5, GM-CSF, CCL2/MCP-1, CCL5/RANTES
in OVA-challenged mice (17) and these alterations in cytokines/chemokines were
accompanied with attenuation of inflammation in the lung. On the other hand, in asthmatic
patients, IL-8 is an important protein for the activation and chemo-attraction of neutrophils
during airway inflammation in severe asthma (35). Patients with severe asthma exhibit
increased IL-8 in the sputum correlated with the increase in neutrophils in the lung (35). In
addition, neutrophils and IL-8 are inflammatory components that differentiate between
controlled and uncontrolled asthma (8, 35). IL-8, however, is not expressed in mice (20).
Therefore, further studies are needed to investigate whether the effect of Ang-(1-7)/Mas

receptor in the production of pro-inflammatory mediators by human lung cells, eosinophils
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and neutrophils and their intracellular mechanisms are comparable to those described in
mice.

In the present study, we showed the importance of Mas receptor on an
immunological response caused by chronic challenge with ovalbumin. Interestingly,
FVB/N-WT mice challenged with OVA showed a modest inflammatory response, while,
genetic deletion of the Mas receptor removed this protection. Indeed, chronic allergic
pulmonary inflammation is aggravated in Mas receptor KO mice. These animals presented
increased infiltration of inflammatory cells, increased levels of IL-13, CCL2/MCP-1, and
CCLS/RANTES, greater deposition of extracellular matrix in the lung, possibly by the
activation of ERK1/2 signaling by IL-13. In addition, these lung alterations were associated
with worsening tolerance to exercise. These data indicate that pulmonary inflammation and
remodeling caused by OVA challenge in mice with genetic deletion of the Mas receptor
promotes deterioration of lung function and consequently worsening tolerance to aerobic

capacity.

In conclusion, our findings show that Mas receptor-induced effects are important
counterbalancing mechanisms of the RAS for attenuating the inflammatory process in
asthma. Moreover, impairment of the Ang-(1-7)/Mas receptor pathway may lead to the

deterioration of the pathophysiology of asthma.
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FIGURE LEGENDS

Figure 1. Aerobic exercise capacity measured by the total time (sec) spent in the swimming
incremental test. OV A challenge significantly reduced aerobic exercise capacity in MasWT
and MasKO. MasKO-OVA mice, however, showed a worse performance compared with
MasWT-OVA mice (n=6 each group). *p< 0.05 compared to respective control and #p<

0.05 compared to MasWT-OVA group (2-way ANOVA followed by Bonferroni test).

Figure 2. Quantification of inflammatory cells in the bronchoalveolar lavage (BAL).
Number of total cells (A), mononuclear cells (B) and eosinophils (C) 72 hours after the last
challenge with OVA (n=6 each group). *p< 0.05 compared to respective control; #p <0.05

compared to MasWT-OVA (2-way ANOVA followed by Bonferroni test).

Figure 3. Histological score of total inflammatory cell infiltrate in different areas of the
lung (n=5 each group). OVA challenge significantly increased total inflammatory cells in
the lung of WT and KO mice. However, MasKO-OV A mice presented significant higher
total cell infiltration in comparison with MasWT-OVA in all areas. *p< 0.05 compared to
respective control and #p< 0.05 compared to MasWT-OVA group (2-way ANOVA

followed by Bonferroni test).

Figure 4. Concentration of cytokines IL-13, TNFa, CCL2/MCP-1 and CCL5/RANTES in
the lung (pg/mg of protein; n=4-5) measured by ELISA assay. MasKO-OVA mice
presented higher levels of cytokines in comparison to MasWT-OVA mice. *p< 0.05
compared to respective control and #p< 0.05 compared to MasWT-OVA group (2-way

ANOVA followed by Bonferroni test).
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Figure 5. Parameters of lung remodeling. Panels A-D present representative
photomicrographs of the lung of MasWT-CTRL (A), MasWT-OVA (B), MasKO-CTRL (C)
and MasKO-OVA (D) mice showing interalveolar interstitial space (asterisks), airway
epithelial thickness and extracellular matrix deposition (arrow). Panels E-H present
alveolar thickness (E; mm), indexes of airway epithelial thickness (F) and airway
extracellular matrix deposition (G) and vascular wall thickness (H; arrowhead; pm).
MasKO-OVA mice presented higher parameters of lung remodeling in comparison to
MasWT-OVA. *p< 0.05 compared to respective control and #p< 0.05 compared to

MasWT-OVA (2-way ANOVA followed by Bonferroni test).

Figure 6. ERKI1/2 protein levels in the lungs. Densitometric quantification (n=4) by
Western blotting, on the left, and representative blots from 2 mice are shown on the right.
MasKO-OVA mice presented increased ratio of p-ERK1/2 to t-ERK1/2 in comparison with
MAS-KO-CTRL. No change in WT mice was observed. *p< 0.05 compared to respective

control (2-way ANOVA followed by Bonferroni test).
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