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Introduction: Alveolar macrophages that regulate the inflammatory response in lungs are 
the main target cell for the treatment of inflammatory pulmonary pathologies, such as acute 
respiratory distress syndrome (ARDS). Yolk sac derived alveolar resident macrophages play 
an important role in the pulmonary inflammatory response. With regards to anti- 
inflammatory actions, lipoxin A4 (LXA4) has been identified as an inflammatory “braking 
signal”.
Methods: In vivo, LXA4 (0.1 µg/mouse) was injected intraperitoneally after intratracheal 
(1 mg/kg) lipopolysaccharide (LPS) administration; flow cytometry was used to measure 
peripheral blood monocyte derived recruited macrophage and neutrophil numbers; resident 
alveolar macrophage was depleted by liposome clodronate; CXCL2, CCL2, MMP9 level was 
detected by RT-PCR and ELISA. In vitro, sorted resident macrophages (1×106) were cultured 
with LPS (1 μg/mL) and LXA4 (100 nmol/mL) with or without BOC-2 (10 μM) for 24 h to 
gain a better understanding of the mechanisms of LXA4.
Results: LXA4 inhibited tumor necrosis factor-a (TNF-a) and interleukin-1β (IL-1β) pro
duction induced by LPS. LXA4 also mediated LPS-induced macrophage recruitment and 
showed that this was dependent on CCL2 secretion and release by resident macrophages. 
LXA4 protects lung tissue by inhibiting neutrophil recruitment, partly through the CXCL2/ 
MMP-9 signaling pathway. CXCL2 and MMP-9 are mainly expressed by resident macro
phages and neutrophils, respectively. Finally, LXA4’s beneficial effects were abrogated by 
BOC-2, an LXA4 receptor inhibitor.
Conclusion: These results suggest that LXA4 may be a promising therapy for preventing 
and treating ARDS.
Keywords: resident macrophage, recruited macrophage, neutrophil, lipoxin A4, 
lipopolysaccharide

Background
Alveolar macrophages are the front line of innate immune cells and play 
crucial roles in the response to pulmonary inflammation, such as that seen in 
acute respiratory distress syndrome (ARDS).1 There is a growing body of 
evidence suggesting that tissue resident macrophages, derived from the yolk 
sac, perform immune sentinel and homeostatic functions, especially in the 
pathogenesis of ARDS.2–4 Resident macrophages release chemokines to reg
ulate inflammatory cells, and are key orchestrators of the response to 
inflammation.5
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The chemokine C-C motif ligand 2 (CCL2) and C-X–C 
motif chemokine ligand 2 (CXCL2), which produced by 
multiple cell types,6,7 has been observed in response to 
a wide variety of inflammatory stimuli, including micro
bial infection and tissue damage.8–10 Matrix metalloprotei
nases (MMPs) play an important role in a variety of lung 
diseases.11–13 Previous study showed that MMP-9 expres
sion was increased in the lung and bronchoalveolar fluid in 
ARDS.14 MMP-9 released by neutrophils promotes neu
trophil transmembrane migration into the pulmonary 
alveoli in LPS-induced acute lung injury models.15,16

Lipoxins are arachidonic acid metabolites formed dur
ing inflammation and because of their anti-inflammatory 
actions, have been called inflammatory “braking signals”. 
One study showed that LXA4 limited leukocyte recruit
ment, induced neutrophils apoptosis, and enhanced 
efferocytosis.17 We have previously shown that in LPS- 
stimulated mice, LXA4 protects the lung,18 promotes 
alveolar fluid clearance,19 and accelerates lung epithelial 
repair after LPS administration.20 To date, no studies have 
examined LXA4’s effect on resident macrophages in LPS- 
induced lung injury.

We hypothesize that LXA4 attenuates LPS-induced 
lung injury via inhibiting resident macrophage-associated 
inflammatory cell recruitment. We also hypothesize that 
CCL2, CXCL2 and MMP-9, which released by resident 
macrophage and neutrophils, might be involved in regulat
ing inflammatory cell recruitment. Finally, we have been 
suggested that the LXA4’s response is ALX (LXA4 recep
tor) dependent.

Methods
Materials
LXA4 was obtained from Cayman Chemical Company 
(Ann Arbor, MI), and LPS (Escherichia coli serotype 
055:B5) from Sigma (St. Louis, MO). CCL2, CXCL2, 
MMP-9, TNF-α and IL-1β ELISA kits were obtained 
from R&D Systems (Minneapolis, MN). CCR2 inhibitor 
(CCR2i), CXCR2 inhibitor (CXCR2i), and MMP-9 inhi
bitor (MMP9i) were all from MedChem Express 
(Monmouth Junction, NJ). Anti-CXCL2, Anti-Goat IgG 
H&L (PE), anti-CCL2 PE-conjugated, anti-Ly6c APC- 
conjugated, anti-F4/80 PE-Cyanine7-conjugated, anti- 
Ly6G FITC-conjugated, anti-CD11b APC-conjugated and 
anti-CD11c PerCP-Cy5.5-conjugated antibodies were 
obtained from Invitrogen (Carlsbad, CA), Anti-CXCR2 
PE-conjugated and anti-CCR2 PE-conjugated were from 

BioLegend (San Diego, CA) and the anti-MMP–9 anti
body was purchased from Abcam (Cambridge, MA).

Animal Studies
C57BL/6 mice (20–25 g) were obtained from the Slac 
Laboratory Animal (Shanghai, China) and the experimen
tal protocols were approved by Wenzhou Medical 
University. Chinese guidelines for the welfare of the 
laboratory animals (GB/T 35823-2018), which was pub
lished by standardization administration of China, were 
followed in the present study.

Mice received LPS (atomization inhalation, 1 mg/kg) for 
2 h, 6 h, 12 h, 24 h, or 48 h to elicit peak inflammation. 
Then, for the LPS and LPS+LXA4 group, mice received 
LPS with or without LXA4 (0.1 µg/mouse). Moreover, mice 
received the 2 mg/kg CXCR2i (CXCR2 inhibitor), 30 mg/kg 
CCR2i (CCR2 inhibitor), 10 mg/kg MMP9i (MMP9 inhibi
tor) or 10 μM BOC-2 (ALX inhibitor) intraperitoneal injec
tion in the presence or absence of LXA4 after LPS 
administration. 24 h later, the bronchoalveolar lavage fluid 
(BALF) and lung tissue samples were collected.

Flow Cytometry
Anti-F4/80 PE-Cyanine7-conjugated and anti-Ly6c APC- 
conjugated antibodies, anti-Ly6G FITC-conjugated, anti- 
CD11b APC-conjugated and/or anti-CD11c PerCP-Cy5. 
5-conjugated antibodies were added to cell supernatant 
for 30 min then cells were incubated with fluorescence- 
activated cell sorting (FACS) solution for another 10 min, 
washed with PBS and analyzed by CytExpert 2.0 
(Beckman Coulter). Resident macrophages were identified 
as F4/80+Ly6C−CD11b−CD11c+, recruited macrophages 
identified as F4/80+Ly6c+CD11b+CD11c−, and neutrophils 
identified as F4/80−Ly6c+Ly6g+.21,22

Resident Macrophage Depletion
50 μL of clodronate liposome (5 mg/mL) was used to 
deplete resident macrophages by intratracheal 
administration.23 PBS liposome was used as control. 72 
h after depletion, mice were stimulated with 1 mg/kg LPS 
and/or 0.1 µg/mouse LXA4 for 24 h, after which the 
BALF was harvested.

Resident Macrophages Sorting
Resident macrophages were sorted using a 100 μm nozzle 
then cultured with LPS (1 μg/mL) in the presence or 
absence of LXA4 (100nM) for 24 h to measure CCL2 
and CXCL2 mRNA expression.
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Real-Time PCR
As previously described, total RNA was extracted from 
lung tissues with TRIzol reagent (Invitrogen, Carlsbad, 
CA), then reverse transcribed with the Super TaqMan 
OneStep RT-qPCR Kit (Life Technologies). qRT-PCR 
was performed on an Applied Biosystems 7500 real-time 
PCR system with the following cycling program: 40 cycles 
of incubation at 50 °C for 2 min and 95 °C for 10 min, 
followed by melting at 95°C for 15 s, then annealing at 
60°C for 1 min. Target gene expression levels were nor
malized to the housekeeping gene, GAPDH, and the fold 
change was calculated using the 2−ΔΔCt method.

The primers sequences were as follows: CCL2: 5- 
CCACTCACCTGCTGCTACTCA-TTC-3, 5-CTGCTG 
CTGGTGATCCTCTTGTAG-3; CXCL2: 5′-CCACTC 
ACCTGC-TGCTACTCATTC-3′ and reverse 5′-CTGC 
TGCTGGTGATCCTCTTGTAG-3′.

Western Blotting
After treatment, total protein from the BALF cells was 
extracted using RIPA lysis buffer and quantified using 
a BCA protein assay kit. Samples were separated by 
10% sodium-dodecyl sulfonate polyacrylamide gel elec
trophoresis (SDS-PAGE) and transferred to PVDF mem
branes. After incubation with primary (anti-MMP-9, 
1:1000) and secondary antibodies, protein was detected 
using the UVP gel imaging system (Upland, CA).

ELISA
TNF-α, IL-1β, CCL2, CXCL2, and MMP-9 levels in 
BALF were measured by ELISA kits.

Statistical Analysis
Data are shown as the mean ± SEM. Data were assessed 
by one-way ANOVA, followed by Tukey’s test for post 
hoc comparison. A value of p<0.05 was considered sig
nificant. Statistical analyses were performed using SPSS 
19.0 and Prism 6.0 software.

Results
LXA4 Inhibits LPS-Induced Accumulation 
of Inflammatory Cells
Resident macrophages were identified as F4/80+Ly6C−
CD11b−CD11c+, recruited macrophages as F4/80+Ly6c+
CD11b+CD11c−, and neutrophils as F4/80−Ly6c+Ly6g+ 

(Supplemental Figure 1). Intratracheal administration of 
1 mg/kg LPS induced an increase in neutrophils in 

a time dependent manner, rising to a peak at 24 h, then 
declined to nearly normal at 48 h (Figure 1A and B). 
Treatment with LXA4 (intraperitoneal injection, ip) 
reduced both neutrophil levels and recruited macrophage 
accumulation (p<0.05) (Figure 1C and D), but not resident 
macrophage levels (p>0.05) (Figure 1E), at 24 h after LPS 
stimulation. LXA4 treatment also decreased TNF-α and 
IL-1β concentrations in BALF (p<0.05) (Figure 1F and 
G). LXA4 alone had no effect on neutrophil (C), recruited 
macrophage (D) and resident macrophage numbers (E), 
TNF-α (F) and IL-1β (G) level compared with CTR 
group (p>0.05), indicating that LXA4 reduced LPS- 
induced accumulation of inflammatory cells and produc
tion of cytokines to promote the resolution of 
inflammation.

LXA4 Inhibition of LPS-Induced 
Inflammatory Cell Accumulation is 
Associated with Resident Macrophages
Intratracheal administration of 50 μL clodronate lipo
some (5 mg/mL) resulted in a depletion of resident 
macrophages in a time dependent manner, reaching the 
lowest level on the third day (Figure 2A, Supplemental 
Figure 2). As shown in Figure 2B, clodronate liposome 
depleted the majority of resident macrophages by day 3 
compared with PBS liposomes (p<0.05). In the PBS 
liposomes group, LXA4 treatment significantly 
decreased recruited macrophage and neutrophil numbers 
compared to the LPS group (p<0.05) (Figure 2C and D). 
However, after clodronate liposome intervention, LXA4 
treatment had no effect on the number of recruited 
macrophages and neutrophils (p>0.05) (Figure 2C and 
D), suggesting that LXA4 inhibiting LPS-induced 
inflammatory cells accumulation was associated with 
resident macrophages.

LXA4-Mediated Reduction of 
LPS-Induced Recruited Macrophage and 
Neutrophil Recruitment is Dependent on 
Resident Macrophage Secretion and 
Release of CCL2
As shown in Figure 3A, CCL2 was mainly expressed in 
resident macrophages. We saw that the LPS-mediated 
up-regulation of CCL2 mRNA in lung tissues (Figure 
3B) and resident macrophage (Figure 3C), CCL2 protein 
in the BALF (Figure 3D), respectively, was reduced 
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following LXA4 treatment. A significant decrease in 
macrophage recruitment was observed when mice were 
treated with LPS+LXA4+CCR2 inhibitor compared with 
LPS+LXA4 (p<0.05) (Figure 3E). LPS increased CCR2 

expression in recruited macrophages, but LXA4 had no 
effect on CCR2 expression (Figure 3F). These data 
demonstrate that LXA4 inhibited CCL2 secretion and 
release, but not CCR2, on resident macrophages to 

Figure 1 LXA4 reduces inflammatory cell infiltration to accelerate the resolution of LPS-induced pulmonary inflammation. Mice received 1 mg/kg LPS by intratracheal 
atomization then LXA4 (0.1 µg/mouse) by intraperitoneal injection. As assessed by flow cytometry, resident macrophages were F4/80+Ly6C−, recruited macrophages were 
F4/80+Ly6c+, and neutrophils were F4/80−Ly6c+ (A). LPS up-regulated neutrophil (B and C) and recruited macrophage (D) number, and increased TNF-α (F) and IL-1β (G) 
concentration in the BALF. LXA4 treatment markedly attenuated these effects. No changes in resident macrophage (E) numbers were seen in these groups. The data are 
presented as the mean ± SEM, n =6- 9. *p<0.05, **p<0.01,***p<0.001.
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reduce the accumulation of recruited macrophages 
in vivo.

LXA4-Mediated Reduction of 
LPS-Induced Neutrophil Recruitment is 
Dependent on CXCL2 Secretion and 
Release in Resident Macrophages
As shown in Figure 4A, CXCL2 was mainly expressed 
in resident macrophages. The LPS-mediated up- 
regulation of CXCL2 mRNA in lung tissues (Figure 
4B) and resident macrophage (Figure 4C), CXCL2 pro
tein levels in the BALF (Figure 4D), respectively, was 
reduced following LXA4 treatment (p<0.05). 
A significant decrease in neutrophil recruitment was 
seen in LPS+LXA4+CXCR2 inhibitor treated mice com
pared to LPS+LXA4 treatment (p<0.05) (Figure 4E). 
Moreover, while LPS increased CXCR2 expression, 
LXA4 had no effect on CCR2 expression (Figure 4F). 
These data show that LXA4 inhibited CXCL2 secretion 
and release, but not CCR2, in resident macrophages to 
reduce neutrophil accumulation in vivo.

LXA4-Mediated Reduction of 
LPS-Induced Neutrophil Transmigration is 
Associated with MMP-9 Expression
To examine whether MMP-9 was involved in the LXA4- 
mediated reduction of LPS-induced neutrophil transmigra
tion, mice were pretreated with MMP-9 inhibitor (10 mg/ 
kg) or CXCR2 inhibitor (2 mg/kg) 20 min prior to LPS 
(1 mg/kg) treatment with or without LXA4 (0.1 µg/ 
mouse) for 24 h. As expected, MMP-9 expression in the 
lung homogenate was much lower in the LPS+LXA4 
group compared to the LPS group (P< 0.05) (Figure 5A 
and B). MMP-9 concentration was lower in the LPS 
+LXA4+CXCR2i group compared to the LPS+LXA4 
group, (P< 0.05), and no difference was seen between 
the LPS+LXA4+CXCR2i and LPS+CXCR2i groups (P> 
0.05) (Figure 5B). As shown in Figure 5C, BALF neutro
phil numbers were much lower in the LPS+LXA4 
+MMP9i group compared to the LPS+MMP9i group (P< 
0.05). These data demonstrated that LXA4-mediated 
reduction of LPS-induced neutrophil transmigration is 
associated with MMP-9 levels. We also found that 

Figure 2 LXA4-mediated reduction in LPS-induced recruited macrophage and neutrophil infiltration depends on resident macrophages. Resident alveolar macrophages 
were depleted by intratracheal administration of 50 µL clodronate liposome (A). On day 3, when resident macrophages were most depleted (B), LXA4 (0.1 µg/mouse) was 
administered 10 min after LPS (1 mg/kg) stimulation and 24 hours later the numbers of recruited macrophage (C) and neutrophil (D) in the BAL fluid were measured by flow 
cytometry. The data are presented as the mean ± SEM, n =6- 9. *p<0.05, **p<0.01,***p<0.001.
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MMP-9 was mainly produced in F4/80− cells (almost 
80%) (Figure 5D).

LXA4’s Protective Effect in LPS-Induced 
Lung Injury is Negated by BOC-2
To further investigate LXA4’s ALX-dependent actions 
in vivo, we co-administered LXA4 (0.1 µg/mouse) and 
BOC-2 (an ALX inhibitor) (10 μM) by intraperitoneal 
injection after LPS (1 mg/kg) administration. Twenty 
four hours later, BALF was collected. As shown in 
Figure 6A, LXA4’s protective effect against morphologi
cal changes in lung tissues was abolished by BOC-2. The 
ALI score in the LPS+LXA4 group was lower than that of 
the LPS+LXA4+BOC-2 group (P<0.05) (Figure 6B). 
A decrease was also seen in CCL2, CXCL2, MMP-9, 
TNF-α, IL-1β levels and neutrophil numbers in the LPS 
+LXA4 group compared to the LPS+LXA4+BOC-2 group 
(P<0.05) (Figure 6C,E,G–J), indicating that LXA4’s pro
tective effect was abolished by BOC-2.

To further investigate LXA4’s ALX-dependent actions 
in vitro, resident macrophages were sorted and pretreated 

with BOC-2 (10 μM) 30 min before cultured with LPS (1 
μg/mL) in the presence or absence of LXA4 (100 nM) for 
24 h. As shown in Figure 6D and F, LXA4 induced CCL2 
and CXCL2 down-regulation in the primary resident 
macrophage was abrogated by BOC-2, suggesting that 
the effect of LXA4 might be mediated via an ALX-depen
dent pathway.

Discussion
In this study, we showed that inflammation peaked at 24h 
after LPS administration, and that LXA4 inhibited the pro- 
inflammatory cytokines TNF-α and IL-1β, and reduced the 
recruited macrophage and neutrophil accumulation 
induced by the expression and release of CCL2 and 
CXCL2 by resident macrophages. We also showed that 
MMP-9 levels in neutrophils are associated with neutro
phil transmembrane migration and that LXA4 inhibition of 
inflammatory cell infiltration was receptor dependent.

Acute lung injury is a devastating disease, character
ized by pulmonary edema and infiltration of excessive 
inflammatory cells and factors.24,25 Pulmonary infiltration 
is a hallmark of LPS-induced lung injury, and it is widely 

Figure 3 LXA4 down-regulated LPS-stimulated CCL2 secretion and release to reduce infiltration of recruited macrophages. Mice received 1 mg/kg LPS by intratracheal 
atomization then LXA4 (0.1 µg/mouse) by intraperitoneal injection. CCL2 was mainly expressed on resident macrophage (A). CCL2 mRNA (B) expression in lung tissue and 
CCL2 levels (D) in BALF were measured 24 h later. A CCR2 inhibitor was administered, and the number of recruited macrophage in the BAL fluid measured by flow 
cytometry (E). CCR2 expression by recruited macrophages was measured by flow cytometry (F). Resident macrophages were sorted and cultured with LPS (1 μg/mL) in the 
presence or absence of LXA4 (100 nM) for 24 h. CCL2 expression was measured by RT-PCR (C). The data are presented as the mean ± SEM, n =6- 9. *p<0.05, **p<0.01.
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accepted that resolution of alveolar infiltration is an essen
tial step in patient survival. Timely resolution of the 
uncontrolled inflammation is therefore a key to repair 
lung injury. Previous studies have shown that neutrophils 
and resident and recruited macrophages are involved in 
acute lung injury and that resident macrophages play cri
tical roles in this process.26,27 In this study we found that 
neutrophils were significantly recruited to the BALF from 
2 h after LPS-induced lung injury, peaked at 24 h, then 
returned to their original level at 48 h. This suggests that 
inflammation peaked at 24 h after LPS administration. 
LXA4 treatment reduced numbers of neutrophils and 
recruited macrophages 24 h after LPS stimulation, but 
resident macrophage numbers were unchanged, consistent 
with a previous study which showed that resident alveolar 
macrophage levels remained constant for 14 days in endo
toxin-induced lung injury.28 LXA4 treatment also inhibited 
TNF-α and IL-1β levels, but LXA4 alone has no effect on 
levels of inflammatory cells and factors, suggesting that 
resident macrophages play a crucial role in the resolution 
of inflammation.

We then investigated the mechanism by which LXA4 
inhibits inflammatory cell recruitment. Resident macro
phages play crucial role in the pathogenesis of lung injury. 
When resident macrophages were depleted by clodronate 
liposomes, we found that neutrophil and recruited macro
phage levels were also reduced, suggesting that inflamma
tory cell infiltration was associated with resident 
macrophages. In addition, LXA4 had no effect on inflam
matory cell numbers after resident macrophage depletion, 
indicating that its ability to reduce infiltration of inflam
matory cells requires resident macrophages.

Chemokines play a central role in inflammatory cell 
trafficking. CCL2 can regulate the migration and infiltration 
of monocytes and CXCL2 is able to control neutrophil 
recruitment during tissue inflammation.29,30 Therefore, we 
investigated the chemoattractant role of CCL2 and CXCL2 
in LPS-induced lung injury in vivo and in vitro. We showed 
that CCL2 and CXCL2 expression was rapidly induced in 
LPS-stimulated lung tissues, BALF and primary resident 
macrophage, but LXA4 treatment reduced their levels. 
This was consistent with previous studies showing that 
CCL2 was significantly elevated in BALF recovered from 

Figure 4 LXA4-mediated reduction of LPS-induced neutrophil recruitment is dependent on secretion and release of CXCL2 by resident macrophages. LXA4 (0.1 µg/ 
mouse) was administrated 10 min after LPS (1 mg/kg) stimulation. Twenty-four hours later, CXCL2 was measured by flow cytometry (A). CXCL2 mRNA (B) level on lung 
tissues and CXCL2 protein level (D) on the BALF were measured by real-time PCR and Elisa. Mice received a CXCR2 inhibitor (2 mg/kg) in the presence or absence of 
LXA4 via intraperitoneal injection 10 min after LPS administration. The number of neutrophils in the BALF and the mean fluorescence intensity (MFI) (E) of CXCR2 (F) 
were assessed by flow cytometry. Resident macrophages were sorted and cultured with LPS (1 μg/mL) in the presence or absence of LXA4 (100 nM) for 24 h. CXCL2 
expression was measured by RT-PCR (C). The data are presented as the mean ± SEM, n =6- 9. *p<0.05, **p<0.01,***p<0.001.
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LPS-challenged volunteers and patients with ARDS,31 and 
that LXA4 decreased the production of MIP-2/CXCL2 in 
mice.32 We also saw that the inhibitory effects of LXA4 on 
recruited macrophages and neutrophils were abolished by 
CCR2 and CXCR2 inhibitors, respectively, and that LXA4 
had no effect on CCR2 and CXCR2 expression in recruited 
macrophages and neutrophils. We also found that CCL2 and 
CXCL2 were mainly secreted by resident macrophages. 
These results, taken together, indicate that LXA4 reduced 
recruited macrophage and neutrophil accumulation via 
secretion and release CCL2 and CXCL2, respectively, by 
resident macrophages.

MMP-9 was recently found to play an important role in 
ALI/ARDS, by regulating neutrophil transmigration into 
the alveolar space.16 We found that LXA4 inhibited MMP- 

9 expression and reduced neutrophil accumulation directly, 
which was consistent with previous study that LXA4 inhi
bits MMP-9 mRNA and protein levels.33 MMP-9 expres
sion is known to be impacted by the activation of TNF-α. 
Previously, Ganguly et al reported that TNF-α, and IL-1β 
expressions were significantly associated with MMP-9 
transcriptions during gastric damage.34 We also found 
that LXA4 inhibited TNF-α level, which in turn reduced 
the up-regulation of MMP-9. In addition, MMP-9 is 
mainly produced by neutrophils and its levels can be 
reduced with a CXCR2 inhibitor. This shows that 
CXCL2/MMP-9 is involved in LPS-induced neutrophil 
infiltration, and LXA4 reducing neutrophil recruitment 
partly through CXCL2/MMP-9 signaling pathway to pro
tect lung tissues.

Figure 5 LXA4-mediated reduction in LPS-induced neutrophil transmigration was association with MMP-9 expression. Mice received MMP-9 (10 mg/kg) and CXCR2 
inhibitors (2 mg/kg) 20 min prior to LPS (1 mg/kg) administration with or without LXA4 (0.1 µg/mouse) for 24 h. MMP-9 protein expression in the lung homogenates was 
measured by Western blot (A) and MMP-9 concentration in the BALF was measured by Elisa (B). Neutrophil numbers in the BALF (C) and the percentage of MMP-9 
expression on the F4/80+ and F4/80− cells (D) was measured by flow cytometry. The data are presented as the mean ± SEM, n =6- 9. *p<0.05, **p<0.01.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                

Journal of Inflammation Research 2021:14 1382

Mei et al                                                                                                                                                               Dovepress

http://www.dovepress.com
http://www.dovepress.com


ALX was the first receptor being identified as a target 
of LXA4. In this study, we found that LXA4’s protective 
effect was abrogated by BOC-2, an ALX inhibitor. The 
LXA4-mediated reduction of CCL2, CXCL2, MMP-9, 
TNF-α, and IL-1β expression and neutrophil numbers 

was also abolished by BOC-2, indicating that LXA4’s 
response is ALX dependent.

There are some shortages to this study. First, there is no 
genetically-modified animal models used in the study, the 
mechanism conclusions were from chemical inhibitors. 

Figure 6 LXA4’s protective effect on LPS-induced lung injury was abrogated by BOC-2. Mice were intraperitoneally injected with BOC-2 (50 μg/kg) 2 h before LPS (1 mg/ 
kg) administration with or without of LXA4 (0.1 µg/mouse). The beneficial effects of LXA4 were abrogated by BOC-2, as assessed by histological analysis (A), acute lung 
injury score (B), CCL2 (C), CXCL2 (E), MMP-9 (G), TNF-α (H) and IL-1β (I) protein expression, and the number of neutrophils (J) in the BALF. Resident macrophages 
were sorted and pretreated with BOC-2 (10 μM) 30 min before cultured with LPS (1 μg/mL) in the presence or absence of LXA4 (100 nM) for 24 h. CCL2 (D) and CXCL2 
(F) mRNA level were measured by RT-PCR. The data are presented as the mean ± SEM, n =6- 9. *p<0.05, **p<0.01.
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Second, the resident macrophages were sorted by flow 
cytometry for in vitro experiments, which does not ade
quately represent the in vivo alveolar environment.

Conclusion
Our study demonstrates that LXA4 exerts protective effects 
on LPS-induced lung injury by inhibiting the accumulation 
of recruited macrophages and neutrophils induced by the 
secretion and release of CCL2 and CCL2, respectively, by 
resident macrophages. We also showed that MMP-9, which 
is mainly expressed in neutrophils, was associated with neu
trophil migration, and that LXA4 effects are ALX dependent. 
These results suggest that LXA4 may be a promising ther
apeutic for preventing and treating ARDS by directly target
ing resident macrophage actions.
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