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No successful therapies are available for pulmonary fibrosis, indicat-
ing the need for new treatments. Lipoxins and their 15-epimers,
aspirin-triggered lipoxins (ATL), present potent antiinflammatory
and proresolution effects (Martins et al., J Immunol 2009;182:5374–
5381). We show that ATLa, an ATL synthetic analog, therapeutically
reversed a well-established pulmonary fibrotic process induced by
bleomycin (BLM) inmice.We investigated themechanisms involved
in its effect and found that systemic treatment with ATLa 1 week after
BLM instillation considerably reversed the inflammatory response,
total collagen and collagen type 1 deposition, vascular endothelial
growth factor, and transforming growth factor (TGF)-b expression
in the lung and restored surfactant protein C expression levels. ATLa
also inhibited BLM-induced apoptosis and cellular accumulation
in bronchoalveolar lavage fluid and in the lung parenchyma as
evaluated by light microscopy and flow cytometry (Ly6G1, F4/801,
CD11c1, CD41, and B2201 cells) assays. Moreover, ATLa inhibited
the lung production of IL-1b, IL-17, TNF-a, and TGF-b induced by
BLM-challenged mice. ATLa restored the balance of inducible nitric
oxide synthase–positive and arginase-positive cells in the lungs, sug-
gestingaprevalenceofM2versusM1macrophages.Together, these
effects improved pulmonary mechanics because ATLa treatment
brought to normal levels lung resistance and elastance, which were
clearly altered at 7 days after BLM challenge. Our findings support
ATLa as a promising therapeutic agent to treat lung fibrosis.
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Pulmonary fibrosis is a devastating disease that has a prevalence
of 7 to 10:100,000 (increasing with age) and a mean survival of
3 to 4 years (decreasing with age) (1, 2) and is characterized
by diffuse chronic interstitial inflammation, increased fibroblast
proliferation, and enhanced extracellular matrix synthesis and
deposition (3–7). Fibrosis is an interstitial disorder of the pa-
renchyma that is a common end-stage condition of a number of
lung diseases, resulting in the disruption of lung architecture
that renders gas exchange difficult (3–5). Despite the increase in
knowledge about the mediators and the mechanisms involved in
fibrotic processes, especially in lung fibrosis (8), the basic ther-
apeutic strategy is still the use of corticosteroids, alone or in
combination with other immunosuppressive agents, with little

impact on long-term survival (1, 7, 9–11). In the present study,
we used a well-established mouse model of pulmonary fibrosis
induced by bleomycin (BLM) (12). BLM is an antibiotic agent
with antitumor activity that presents fibrosis as an important
side effect, depending on the dose and the age of the patient
(13, 14).

Lipoxins (LXs) are endogenous eicosanoids with potent anti-
inflammatory and proresolution biological activities (15–17).
These lipid mediators can be produced by different pathways.
The original pathways identified for LX formation were via
lipoxygenase–lipoxygenase interactions. Later, another pathway
for LX synthesis was described that involves aspirin-triggered
acetylation of cyclooxygenase-2, 5-lipoxygenase, resulting in the
formation of 15-epimer LX or aspirin-triggered LX (ATL) (18).
Data in the literature support the proposal that changes in LX
production can drive the evolution of several diseases, such as
asthma, fibrosis, cancer, atherosclerosis, and scleroderma intersti-
tial fibrotic lung disease (19, 20). In a murine model of asthma,
the administration of a stable analog of LXA4 blocked inflam-
mation and airway hyperresponsiveness (21). Furthermore,
diminished levels of LXA4 are detected in the sputum of
patients with severe asthma, of which the hallmark is the pres-
ence of irreversible airway remodeling, including increased
collagen deposition and smooth muscle proliferation in the
bronchial wall (22).

LXs, as trihydroxytetraene-containing products of arachi-
donic acid metabolism, act in an autocrine and/or a paracrine
manner and are rapidly enzymatically inactivated (23). The de-
velopment of metabolically stable synthetic analogs represents
useful tools to evaluate their potential pharmacological and ther-
apeutic activities on pathological processes (24, 25). Among the
current ATL analogs studied, 15-epi-16-(para-fluoro)-phenoxy-
LXA4 (ATLa) and related substances have been shown to be
active in vivo in a number of inflammatory models (26, 27),
including cystic fibrosis (28).

In the present study, we hypothesized thatATLamay revert the
established pulmonary fibrosis induced by BLM. Different from
our previous report (29), in this study we initiated ATLa treatment
after BLM challenge for 7 days and expanded the mechanisms of
action of ATLa, evaluating its effect on the inflammatory infiltra-
tion, cytokine production, the balance betweenM1 versusM2mac-
rophages, apoptosis, specific markers of fibrosis (e.g., collagen 1
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CLINICAL RELEVANCE

Our work demonstrates a new possible therapeutic ap-
proach for lung fibrosis. Aspirin-triggered lipoxin A4,
a synthetic analog of lipoxin A4, has an antifibrotic effect
and was able to reverse the lung fibrosis in a mouse model.
We believe that our research contributes significantly to
basic and clinical science.
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and transforming growth factor [TGF]-b expression), and markers
of tissue repair, surfactant protein C (SP-C), and vascular endo-
thelial growth factor (VEGF) expression.

MATERIALS AND METHODS

Fibrosis Model

C57BL/6 mice (8–10 wk of age) were provided by the Oswaldo Cruz
Foundation Breeding Unit (Rio de Janeiro, Brazil). Fibrosis was in-
duced by intratracheal instillation of BLM (0.06 U/mouse) (Sigma
Aldrich, Saint Louis, MO). The control group received sterile saline at
Day 0 and 0.2% ethanol (vehicle) at Days 7 and 10. ATLa (1 and 0.1
mg/mouse) was instilled intravenously 7 and 10 days after BLM injection.
BOC-2 (Phoenix Pharmaceuticals, Burlingame, CA) was coinjected (100
mg and 10 mg/mouse) with ATLa at the same time points. All experimen-
tal procedures were performed according to guidelines of the Committee
on Ethical Use of Laboratory Animals of the Federal University of Rio de
Janeiro (DFBCICB028).

Histological and Morphometric Analysis

Lungs were collected and fixed with buffered formalin (10%) at 18 to
22 cm H2O for 1 to 2 minutes. The tracheas were clamped at end-
expiration, and lungs were removed en bloc and immersed in buffered
formalin (10%) for 48 hours. The left lung was paraffin embedded and
stained with hematoxylin and eosin and Sirius red as previously de-
scribed (30).

Hydroxyproline Assay

Lung hydroxyproline levels were determined spectrophotometrically,
and results were expressed as nanograms of OH-proline/lung tissue (30).

Immunohistochemistry

Sections were immunostained with Vectastain ABC (Vector Laborato-
ries, Burlingame, CA). Antibodies for collagen 1A, TGF-b, arginase-1,
VEGF, and SP-C (Santa Cruz Biotechnology, Santa Cruz, CA); induc-
ible nitric oxide synthase (iNOS) (Cayman Chemical, Ann Arbor, MI);

Figure 1. Aspirin-triggered lipoxin A4 (ATLa) treatment reversed bleomycin (BLM)-induced lung damage and fibrosis. Lungs were removed from

animals on the Days 14 and 21 after treatment with saline (SAL), BLM (0.06 U/mouse), BLM plus ATLa late treatment (1 mg/mouse and boosted

0.1 mg/mouse on Days 7 and 10, respectively), or BLM plus BOC-2 with ATLa (100 mg/mouse and 10 mg/mouse of BOC-2 on Days 7 and 10,
respectively). Histological changes were demonstrated by hematoxylin and eosin and on Days 14 (A–C) and 21 (D–G) and by Sirius Red staining on Day 14

(H–K) on higher (340) and lower magnification (L–N) (–10), OH-proline quantification on Day 21 (O), and Sirius red staining on Day 21 (P–S) on higher

(340) and lower magnification (T–W) (310) as described in MATERIALS AND METHODS (n ¼ 6 for each experimental group). Pictures are representative of each
group. *P , 0.05 compared with saline group; #P , 0.05 compared with BLM group; xP , 0.05 compared with BLM1BOC-21ATLa group.
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and TUNEL KIT (Millipore, Billerica, MA) were used at 1/300 dilu-
tion in TBS/Tween buffer overnight at 48C (31).

Leukocyte Analysis

Mononuclear cells and neutrophils were quantified in Giemsa-stained
sections in 30 fields of 26,000 mm2 (10 random fields of three different
sections) in each lung (30).

Bronchoalveolar Lavage

Bronchoalveolar lavage was performed with PBS (3 3 1 ml) containing
EDTA (10 mM) and was analyzed as described elsewhere (32).

Flow Cytometry Analysis

Lungs were collected and digested with collagenase I (0.2% solution;
Sigma-Aldrich). Cells were stained with antibodies anti-Ly6G-FITC,
GR-1-PE, F4/80-FITC, CD11c-PE-Cy5, CD11b-PE, CD4-PE-Cy5, CD8-PE,
and B220-PerCP Cy5.5 (BD Biosciences Pharmingen, San Jose, CA) as de-
scribed elsewhere (1).

ELISA

IL-1b, IL-17, TNF-a, and TGF-b in lung samples were measured by
ELISA (Becton Dickinson, Piscataway, NJ and R&D Systems, Minne-
apolis, MN) (33).

Respiratory Mechanics

Animals were sedated with diazepam (1 mg/kg, intraperitoneally), anes-
thetized with thiopental sodium (20 mg/kg intraperitoneally), tracheo-
tomized, and paralyzed with vecuronium bromide (0.005 mg/kg,
intravenously). Airflow and transpulmonary pressure were recorded
with a pulmonary mechanics system (Buxco Electronics, Wilmington,
NC). Resistance (R) and dynamic elastance (Edyn) were measured (34)
at baseline (aerosolized PBS) and after increasing concentrations of meth-
acholine (3, 9, and 27 mg/m/ aerosolized for 5 min each).

Statistical Analysis

One-way ANOVA, followed by Bonferroni post hoc test, was used.
Mechanical data were evaluated using two-way ANOVA followed by
the Bonferroni post hoc test. Data were expressed as mean 6 SEM and
are representative of at least three separate experiments. GraphPad Prism
5 statistical software package (GraphPad Software, La Jolla, CA) was
used. A P value , 0.05 was considered significant.

RESULTS

ATLa Treatment Reverses BLM-Induced Lung Fibrosis

Figure 1 presents representative photomicrographs of slides stained
with hematoxylin and eosin on Days 14 (Figures 1A–1C) and 21
(Figures 1D–1G). The administration of ATLa 7 days after BLM

Figure 2. ATLa treatment ameliorates markers of tissue repair. Lungs were removed from animals on Days 14 and 21 after treatment with saline,

BLM (0.06 U/mouse), BLM plus ATLa late treatment (1 mg/mouse and boosted 0.1 mg/mouse on Days 7 and 10, respectively), or BLM plus BOC-2

with ATLa (100 mg/mouse and 10 mg/mouse of BOC-2 on Days 7 and 10). Immunolabeling for collagen 1 (A–C), TGF-b (D–G), SP-C (H–L, Day 14),

and SP-C on Day 21 (K–O) and vascular endothelial growth factor (P–R) as described in MATERIALS AND METHODS (n ¼ 6 for each experimental group).
Pictures are representative of each group. *P , 0.05 compared with saline group; #P , 0.05 compared with BLM group.
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challenge reduced lung cell infiltration and edema, and the effect was
completely reversed by the administration of BOC-2, an ALX re-
ceptor antagonist, suggesting that ATLa acts via an ALX receptor
(Figure 1G). BLM led to collagen deposition, observed by Sirius red
staining on Days 14 (Figures 1I and 1M) and 21 (Figures 1Q and
1U). After ATLa treatment, the amount of collagen fibers in the lung
was similar to the amount observed in saline-injected animals (Figure
1K) on Days 14 and 21 (Figures 1J and 1N and Figures 1R and 1V,
respectively), and treatment with BOC-2 prevented the action of
ATLa (Figures 1S and 1W). BLM induced an increase inOH-proline
content, whereas ATLa therapy reduced it to control levels (Figure
1O). Treatment with BOC-2 abolished the protective effect of ATLa
on collagen deposition, confirming ATLa’s dependence on the ALX
receptor (Figures 1O, 1S, and 1W) for these effects.

ATLa Treatment Ameliorates Tissue Repair Markers

Representative photomicrographs in Figure 2 show reduced col-
lagen 1 content after treatment with ATLa when compared with

BLM (Figures 2A–2C). Furthermore, BLM induced an increase
in TGF-b expression, which was reduced to control levels by
ATLa therapy (Figures 2D–2G). The protection conferred by
ATLa administration on BLM-induced lung fibrosis was con-
firmed by SP-C expression analysis, showing the restoration of
SP-C levels on Days 14 and 21 (Figures 2J and 2N, respectively)
to similar levels detected in the control group (Figures 2H and
2K); treatment with BOC-2 prevented this effect (Figure 2O).
The antiangiogenic effect of ATLa was also shown by the de-
crease in VEGF expression (Figure 2R) compared with BLM
(Figure 2Q).

ATLa Treatment Restores Cell Content in the Lungs after

BLM Challenge

We also investigated whether ATLa treatment was able to reverse
leukocyte infiltration evoked by BLM. For this purpose, lungmor-
phometry and the cells in BALF were analyzed. Figure 3 shows
that BLM injection induced the accumulation of leukocytes in

Figure 3. ATLa treatment reduced the BLM-induced inflammatory cell infiltration in lung tissue (A), bronchoalveolar lavage (BAL) (B), and apoptosis

(C and D). Leukocytes were quantified 14 days after the administration of saline, BLM (0.06 U/mouse), or BLM plus ATLa late treatment (added

on Days 7 and 10). Apoptosis was evaluated by TUNEL assay on Days 14 and 21 after saline, BLM, BLM plus ATLa, and BLM plus BOC-2 with ATLa

(100 mg/mouse and 10 mg/mouse of BOC-2 on Days 7 and 10, respectively) as described in MATERIALS AND METHODS. *P , 0.05 compared with saline
group; #P , 0.05 compared with BLM group; xP , 0.05 compared with BLM1BOC-21ATLa group (n ¼ 6 for each experimental group for lung

tissue cells, n ¼ 12 for each experimental group for BAL cells, and n ¼ 6 for each experimental group in the TUNEL staining). Each value represents

the mean 6 SE of two different experiments.
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Figure 4. ATLa treatment modulated the content of lung immune cells. Lungs removed from the animals on Day 14 after treatment with saline,

BLM (0.06 U/mouse), and BLM plus ATLa late treatment (administered on Days 7 and 10) were prepared as described in MATERIALS AND METHODS.

Lung cells were marked for Ly6G1/GR11 cells (A–D), F4/801 (E–H), CD11c1/CD11b1 (I–L), CD41 (M–P), and B2201 (Q–T). *P , 0.05 compared

with saline group; #P , 0.05 compared with BLM group (n ¼ 8 for each experimental group). Each value represents the mean 6 SE of two
different experiments.
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the lung parenchyma (Figure 3A) and in bronchoalveolar lavage
fluid (BALF) (Figure 3B). The administration of ATLa 7 days
after BLM-induced fibrosis decreased the number of total leuko-
cytes in parenchyma and BALF, resulting in an important reduc-
tion in the number of neutrophils in the alveolar septa and in
BALF and in a significant decrease in the mononuclear cells into
the BALF.

The presence of apoptotic cells was investigated by TUNEL
assay. The number of positive cells (apoptotic cells) after BLM
was higher on Day 14 (Figure 3C, panel b; Figure 3D) and 21
(Figure 3C, panel e; Figure 3D), and the treatment with ATLa
decreased cellular apoptosis at both time points (Figures 3C,
panel c; 3C, panel f; 3D). Treatment with BOC-2 blocked the
effect of ATLa (Figure 3C, panel g; Figure 3D).

In another set of experiments, lungs obtained 14 days after
saline, BLM, and BLM plus ATLa treatment were digested, and
lung total cell content was analyzed by flow cytometry. Under these
experimental conditions, there was an increase in the populations of
Ly6G1GR-11 (Figures 4A–4D), F4/801 (Figures 4E–4H), CD11c1

CD11b1 (Figures 4I–4L), and CD41 (Figures 4M–4P) cells and
a decrease in B2201 (Figures 4Q–4T) cells after BLM challenge.
ATLa treatment restored all the cell populations evaluated to levels
observed in saline-injected mice (Figure 4; control group).

Regulation of BLM-Induced Cytokine Production

by ATLa Treatment

We evaluated whether ATLa treatment could modulate the pro-
file of cytokine production induced by BLM challenge. BLM ad-
ministration enhanced the protein levels of IL-1b, IL-17, TNF-a,
and TGF-b in the lungs when compared with the values observed in
the control group as assessed by ELISA (Figure 5). Once again,
ATLa administration, even 7 days after the BLM injection, was able
to decrease cytokine production and reestablish the basal levels
observed in control groups (Figure 5), reinforcing the modulatory
capacity of this substance.

Restoration of M1 (iNOS1)/M2 (Arginase1) Macrophages

Balance by ATLa

The existence of different macrophages populations is well rec-
ognized. Macrophages play important roles in physiological and
pathophysiological processes (35). We demonstrated that BLM-
challenged mice presented an increase in the iNOS1 cells (Fig-
ures 6A–6D) and a reduction in arginase1 cells (Figures 6E–
6H) in lung parenchyma. However, when the animals were
treated with ATLa, this compound selectively decreased the
number of iNOS1 and increased the arginase1 cells to the same

Figure 5. ATLa reduced the production of cytokines related to fibrosis in lung tissue. Cytokines were measured using ELISA. The lungs were removed

14 days after treatment with saline, BLM (0.06 U/mouse), or BLM plus ATLa late treatment (added on Days 7 and 10), homogenized, and processed
as described in MATERIALS AND METHODS. *P , 0.05 compared with saline group; #P , 0.05 compared with BLM group (n ¼ 5 for each experimental

group). Data are representative of three different experiments.

Figure 6. ATLa restored the M1

(iNOS1) versus M2 (arginase1)

macrophage balance. Lungs
were removed from animals

on Day 14 after treatment with

saline, BLM (0.06 U/mouse), or

BLM plus ATLa late treatment
(1 mg/mouse and boosted

0.1 mg/mouse on Days 7 and 10,

respectively). Immunostaining
was performed for iNOS (A–D)

and arginase-1 (E–H) as described

in MATERIALS AND METHODS (n ¼ 6

for each experimental group).
Original magnification, 340. Pic-

tures are representative of each

group. *P , 0.05 compared with

saline group; #P, 0.05 compared
with BLM group.
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level observed in saline-injected mice, suggesting that ATLa
treatment modulates the macrophage subtypes in the lungs (Fig-
ure 6), favoring the resolution of the fibrotic process.

ATLa Treatment Promotes Lung Mechanics Improvement

Seven days after BLM administration, Edyn and R were higher
than in saline-injected mice (Figures 7A and 7C, respectively).
The increase in Edyn and R evoked by methacholine was signif-
icantly higher in BLM- than in saline-injected mice. At Day 14
(Figures 7B and 7D), the mechanical profile obtained was similar
to that observed at Day 7, in which BLM-injected mice showed an
increase in Edyn and R compared with the control group. At Day
7, when the animals injected with BLM already presented impair-
ment in lung function, two intravenous injections of ATLa, the
first at 7 days and a boost 10 days after BLM, reduced Edyn to
values comparable to those observed in the saline-injected control
group. The resistance observed was smaller than that noted in the
control group (Figures 7B and 7D).

DISCUSSION

The process of tissue healing after an injury involves several steps in
two distinct stages: 1) a regenerative phase, with the replacement
of injured cells), and 2) a fibrotic phase, in which connective tissue
replaces normal parenchyma (3, 9, 36). Depending on the intensity,
magnitude, time, and individual response to the injury, an inappro-
priate healing process can lead to the formation of scar tissue (3),
which can compromise the function of the organ. Regarding the
lung compartment, fibrotic diseases are characterized by tissue
destruction and dysfunction (37). The mechanisms involved in
these processes are complex and not fully understood, but it is well
recognized that fibroblast activation, alterations in the immune
response, and chronic inflammation underlie the process. The stim-
ulatory pathways are counteracted by natural regulatory mecha-
nisms, which limit inflammation and fibrotic responses. In this
view, there is evidence that chronic inflammation can result from
insufficient production of antiinflammatory and proresolving medi-
ators (38).

The therapeutic approach used to treat pulmonary fibrosis is
based on corticosteroids and immunosuppressive agents, which
are ineffective and have significant side effects. Although there
has been an increase in the past years in the knowledge of fibrosis
development and the need of new therapeutics for this condition,
no significant improvement in treatment options has occurred (39).
In this scenario, LXs emerge as powerful substances, capable of
regulating the inflammatory response and participating in the res-
olution of inflammation, preventing an overexuberant inflamma-
tory response, and limiting damage to the host (1, 16, 17).

LX production was reported to occur during a wide range of
respiratory illnesses, and in vitro and in vivo studies have shown
that LX and ATL display strong antiinflammatory actions in a va-
riety of respiratory diseases (40–42). Reduced levels of LX have
also been found in the airways of patients suffering from cystic
fibrosis, a condition in which these lipids appear to play a role (20,
27). In this study, we show that lung cell infiltration and edema
induced by BLM were significantly reduced by systemic ATLa
treatment (Figure 1). Furthermore, cellular analysis indicates that
the treatment with the analog can modulate the efflux of several
cells types from lung parenchyma and BAL, including Ly6G1GR-
11 (neutrophils), F4/801 (macrophages), CD11c1CD11b1, and
CD41 cells, and induce the influx of B2201 (Figures 3 and 4).
The mechanism by which ATLa decreases cellular infiltration
does not seem to occur by increasing cellular death though apo-
ptosis (Figures 2C, panel e; 2D). The analog could be working by
inhibiting the inflammatory influx and enhancing the efflux be-
cause all inflammatory cells analyzed in this report express ALX,
LX, and ATLa receptor (43). Other studies have demonstrated
that LX can modulate cytokine production in the kidney (39), and
our data corroborate these findings; in our study, ATLa treatment
reduced the levels of several proinflammatory cytokines, perhaps
as a consequence of the modulation of cellular infiltration or even
by a direct effect. Our data are insufficient to determine the
mechanism involved in such cytokine reduction, and further
experiments are necessary to clarify this point.

An excessive deposition of extracellular matrix, mainly colla-
gen, is a hallmark of fibrosis. Herein, we present evidence that

Figure 7. ATLa restored lung

function after BLM challenge.
Lung function was analyzed by

the use of methacholine dose–

response. The animals were ana-
lyzed 7 and 14 days after the

instillation of saline, BLM (0.06

U/mouse), or BLM plus ATLa late

treatment (added on Days 7 and
10, only to the animals analyzed

at Day 14). Graphics represent

the dynamic elastance (A and B)

and resistance (C and D), at 7
(A–C) and 14 days (B–D) after

BLM challenge, respectively.

*P , 0.05 compared with saline
group; #P, 0.05 compared with

BLM group (n ¼ 5 for each ex-

perimental group, representative

of three different experiments).

Guilherme, Xisto, Kunkel, et al.: Resolution of Lung Fibrosis by Lipoxin Analog ATLa 1035



ATLa posttreatment inhibited BLM-induced matrix protein and
collagen 1 deposition and decreased the levels of TGF-b, as ob-
served in situ and by ELISA. Among several mediators, TGF-b is
the major cytokine associated with pulmonary fibrosis, involved in
the transition of fibroblasts into myofibroblasts (44), the synthesis
of matrix proteins, and collagen degradation inhibition (45). This
result is in agreement with previously reported evidence that
LXA4 attenuates TGF-b–driven collagen synthesis in fibroblasts
in vitro (22, 39). Regarding the reduction of VEGF expression
observed after ATLa treatment, antiangiogenic effect could be
beneficial for the reversal of pulmonary fibrosis induced by BLM.
Our findings are in agreement with literature data, which demon-
strate that the angiogenesis is important for pulmonary fibrosis pro-
gression (46).

Alveolar type II epithelial cells produce and secrete surfac-
tant lipids and surfactant-associated proteins (i.e., SP-A, SP-B,
SP-C, and SP-D) that enhance alveolar compliance and host de-
fense. SP-C is selectively synthesized by type II epithelial cells in
the lung and is secreted into the airspace along with other sur-
factant lipids (47). After BLM instillation, it was observed that
the expression of SP-C was reduced (Figure 1) and that ATLa
treatment restored the hallmark of pneumocyte type II, showing
for the first time another reparative effect of ATLa.We believe that
ATLa effect on SP-C levels restoration is dependent on TGF-b
reduction because it has previously been demonstrated that pneu-
mocyte type II stimulated with TGF-b decreases SP-C production
and increases the extracellular matrix proteins deposited, such as
fibronectin (48).

In the past few years, a large body of evidence has emerged
pointing to the existence of a dichotomy in the macrophage pop-
ulation, M1 (classical activated macrophages) and M2 (antiin-
flammatory macrophages, now also subdivided into different
classes), whose balance can drive the fate of the inflammatory
reaction to a chronic state or to resolution (49). We observed
that BLM administration expanded the M1 population but de-
creased the M2 subtype, favoring an inflammatory milieu. On
the other hand, when the animals were treated with ATLa, a less
proinflammatory and proresolution environment was observed,
with the predominance of M2 subtype over M1 (Figure 5). More
experiments are necessary to better characterize the macro-
phage markers and the subpopulations modulated by LX. An-
other important cell type in the physiopathology of pulmonary
fibrosis is the myofibroblast. In a previous paper by our group,
we demonstrated that the increased number of myofibroblasts
induced by BLM was reduced by ATLa treatment 4 days after
fibrosis induction (1). In the present work, ATLa administered
at Day 7 inhibited the myofibroblast presence in the lung, rein-
forcing the antifibrotic effect of ATLa as therapeutic tool.

Because ATLa reversed several inflammatory and fibrotic
processes, we investigated whether ATLa treatment was also
able to restore BLM-induced pulmonary function impairment.
ATLa after treatment recovered an established BLM-induced
increase in dynamic elastance and resistance of the lung to nor-
mal values, reinforcing the promising therapeutic approach for
ATLa. The antiinflammatory and proresolution role of LXs in
lung diseases has already been shown (50), although not partic-
ularly in fibrosis.

The ATLa protective effect in all parameters evaluated was ob-
served with very low doses of the analog (1 mg with a booster of
0.1 mg). It will be interesting to learn the lowest dose of ATLa
capable of reverting the fibrotic process. Additional studies are
necessary to evaluate the potential protective action of ATLa
regarding dose–effect experimentation and to determine the
effect of ATLa in the chronic long-term pulmonary fibrosis
model, which is under investigation at the moment. However,
the availability limitation of the analog is the major concern.

In the present study, we showed that ATLa effects the improve-
ment of lung function in a model of pulmonary fibrosis, encouraging
future studies to better understand LX/ATL mechanisms. Using
a relevant in vivo model of lung fibrosis, the present results eluci-
date the antifibrotic effect of an aspirin-triggered LX. Furthermore,
the therapeutic effects of ATLa on the fibrotic processes of various
etiologies are apparent. These data have important implications for
future efforts in developing an efficient therapeutic strategy for the
treatment of lung fibrosis by targeting LX/ATL actions.

Author disclosures are available with the text of this article at www.atsjournals.org.
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