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Acute lung injury (ALI) and/or acute respiratory distress syndrome (ARDS) are life-threatening critical syn-
dromes characterized by the infiltration of a large number of inflammatory cells that lead to an excessive in-
flammatory response. Resolvin D1 (RvD1), an endogenous lipid mediator, is believed to have anti-inflammatory
and proresolving effects. In the present study, we examined the impact of RvD1 on the pulmonary inflammatory
response, neutrophil influx, and lung damage in a murine model of lipopolysaccharide (LPS)-induced ALIL
Treatment with RvD1 protected mice against LPS-induced ALI, and compared to untreated mice, RvD1-treated
mice exhibited significantly ameliorated lung pathological changes, decreased tumor necrosis factor-a (TNF-a)
concentrations and attenuated neutrophil infiltration. In addition, treatment with RvD1 attenuated LPS-induced
neutrophil infiltration via the downregulation of CXCL2 expression on resident alveolar macrophages. Finally,
BOC-2, which inhibits the RvD1 receptor lipoxin A4 receptor/formyl peptide receptor 2 (ALX/FPR2), reversed
the protective effects of RvD1. These data demonstrate that RvD1 ameliorates LPS-induced ALI via the sup-
pression of neutrophil infiltration by an ALX/FPR2-dependent reduction in CXCL2 expression on resident al-
veolar macrophages.

1. Introduction

Acute lung injury (ALI) and/or acute respiratory distress syndrome
(ARDS) are characterized by an uncontrolled alveolar inflammatory
response, the hallmark of which is the excessive infiltration of in-
flammatory cells, especially neutrophils [1,2]. A previous study showed
that macrophages are necessary for the resolution of lung inflammation
[3]. Two populations of alveolar macrophages coexist in the inflamed
lung: resident alveolar macrophages populate the lung during embry-
ogenesis and self-renew throughout the whole life cycle [4,5], and re-
cruited macrophages that originate postnatally from circulating
monocytes [6]. Previous study showed that resident alveolar macro-
phages were governed by increased tricarboxylic acid cycle and amino
acid metabolism [6]. Another study showed that resident alveolar

macrophages could suppress allergic lung inflammation in murine
models of asthma [7]. According to results from various experimental
models [8-11], resident alveolar macrophages depletion showed a
protective effect against ALI/ARDS at an early stage, while it ex-
acerbated lung injury at a later stage. Conversely, recruited macro-
phages could produce inflammatory cytokines in association with in-
creased glycolytic and arginine metabolism [6].

CXCL2, also known as macrophage inflammatory protein 2-a, is a
small secreted cytokine that belongs to the CXC chemokine family
[12,13]. The principal role of CXCL2 involves the chemotaxis of neu-
trophils into inflamed tissues, where they bind to the chemokine re-
ceptor CXCR2. CXCL2 is mainly expressed on macrophages, endothelial
cells, and glial cells [14,15].

Resolvin D1 (7S,8R,17S-trihydroxy-4Z,8E,10Z,12E,14E,19Z-
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Fig. 1. RvD1 attenuated LPS-induced lung tissue damage and neutrophil infiltration. Mice received 1 mg/kg LPS by intratracheal atomization and then RvD1 (0.1 ug/
mouse) by intraperitoneal injection. Lung histological changes were assessed 24 h later. Representative images of lung tissue sections stained for CTR, LPS, LPS +
RvD1 and RvD1 with hematoxylin and eosin are shown and indicate that treatment with RvD1 strongly ameliorates LPS-induced lung edema, hemorrhage and
alveolar collapse (A), and acute lung injury score (B). The aerosol inhalation of LPS significantly increased the TNF-a concentration in lung tissue homogenates and
BAL fluid neutrophil counts; these effects were markedly attenuated by RvD1 treatment. Data are presented as the mean + SEM. n = 6-8. *p < 0.05, **p < 0.01,

#*4p < 0.001.

Docosaheaenoic acid) (RvD1) is a lipid mediator derived from both
eicosapentaenoic acid and docosahexaenoic acid that decreases ex-
cessive polymorphonuclear neutrophil (PMN) infiltration and transmi-
gration [16,17]. A recent study showed that RvD1 improves the sur-
vival rate and attenuates lung inflammation [18]. Furthermore, RvD1
was recently shown to inhibit cytokine release at sites of inflammation.
RvD1 directly binds to lipoxin A4 receptor/formyl peptide receptor 2
(ALX/FPR2) with high affinity and activates it [19].

The present study tested the hypothesis that RvD1 administration
protects against liposaccharide (LPS)-induced lung injury and inhibits
neutrophil infiltration. Our secondary hypothesis was that neutrophil
infiltration associated with resident alveolar macrophage CXCL2 ex-
pression. Finally, we determined the effect of the RvD1 receptor on
CXCL2 expression in resident alveolar macrophages to gain a better
understanding of the mechanisms of RvD1.

2. Materials and methods
2.1. Materials

RvD1 was obtained from Cayman Chemical Company (Ann Arbor,
MI). BOC-2 (ALX inhibitor) was obtained from Biomol-Enzo Life
Sciences (Farmingdale, NY). Tumor necrosis factor-a (TNF-a), Golgi-
Plug and a CXCL2 ELISA kit were purchased from R&D Systems
(Minneapolis, MN). LPS (Escherichia coli serotype 055:B5) was pur-
chased from Sigma (St. Louis, MO). Mouse BD Fc Block (anti-mouse
CD16/CD32) was purchased from BD Pharmingen(San Diego, CA). A
CXCL2 inhibitor, CXCR2i was purchased from MedChem Express
(Monmouth Junction, NJ). Antibodies against CXCL2 (clone 40605 and
polyclonal goat anti-mouse antibody, R&D Systems), Ly6C-FITC, F4/80-
PE-Cyanine7, CD11c-PerCP-Cyanine5.5, CD11b-APC, and Siglec F-PE
were purchased from Invitrogen (Carlsbad, CA). CXCR2-PE was pur-
chased from BioLegend (San Diego, CA). An RT-PCR kit was obtained
from Thermo Scientific (Rockford, IL). SYBR Green Real-time PCR
Master Mix was obtained from Toyobo (Osaka, Japan).

2.2. Animal preparation

Specific pathogen-free adult C57BL/6 mice weighing 20-25 g were
obtained from Slac Laboratory Animal (Shanghai, China). The mice
were housed under controlled temperature and humidity with a stan-
dard day-night cycle and had free access to food and water. All pro-
cedures were conducted in accordance with the Guide for the Care and
Use of Laboratory Animals. This study was approved by the Animal
Studies Ethics Committee of Wenzhou Medical University.

Mice were randomized into eight groups (n = 6-8): the control
(CTR) group, LPS group, RvD1l group, LPS + RvD1l group,
LPS + RvD1 + CXCR2 inhibitor (CXCR2i) group, LPS + CXCR2i group,
LPS + RvD1 + BOC-2 group, and LPS + BOC-2 group. An LPS-induced
lung injury model was created by atomization inhalation of 1 mg/kg
LPS. Mice in the RvD1 group and the CTR group received RvD1 (0.1 pg/
mouse) or an equivalent volume of saline via intraperitoneal injection.
Mice in the LPS + RvD1 group received RvD1 via intraperitoneal in-
jection 10min after LPS administration. Mice in the
LPS + RvD1 + CXCR2i and LPS + CXCR2i groups received CXCR2 in-
hibitor (2mg/kg) in the presence or absence of RvD1l via in-
traperitoneal injection 10 min after LPS administration. Mice in the
LPS + RvD1 + BOC-2 and LPS + BOC-2 groups received BOC-2 (50 pug/
kg) via intraperitoneal injection 2h before LPS administration in the
presence or absence of RvD1. Twenty-four hours later, the mice were
anesthetized, and bronchoalveolar lavage (BAL) fluid and lung tissues
were collected.

2.3. Histology

The lung lobes were harvested, fixed in 4% paraformaldehyde for
24 h, embedded in paraffin and stained with hematoxylin and eosin (H
&E) for light microscopy. A semiquantitative scoring system that took
into account alveolar congestion, alveolar hemorrhage, neutrophil in-
filtration or aggregation in the airspace or vessel wall, alveolar wall/
hyaline membrane thickness and inflammatory cell infiltration was
adopted to evaluate lung injury. The pathological scoring system used
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Fig. 2. Inhibition of LPS-induced neutrophil infiltration by RvD1 was dependent on resident alveolar macrophages. Resident alveolar macrophages in the BAL fluid
were determined by flow cytometry 24 h after LPS (1 mg/kg) inhalation. F4/80*Ly6C~CD11c*Siglec F*CD11b ™~ cells were defined as resident alveolar macro-
phages (A). Resident alveolar macrophages were depleted in lung 24 h after the intratracheal administration of 50 pL clodronate liposome for 72 h in the normal
control mice (B, C) and in the LPS-stimulated lung (D). Then, the RvD1 (0.1 pg/mouse) was administration 10 min after LPS (1 mg/kg) stimulation, the numbers of
resident alveolar macrophages (E) and neutrophils (F) in the BAL fluid were measured by flow cytometry. The data are presented as the mean + SEM. n = 6-8.

**p < 0.01.

for light microscopy was as follows: 0 = no injury; 1 = slight injury
(25%); 2 = moderate injury (50%); 3 = severe injury (75%); and
4 = very severe injury (almost 100%). Each item was scored from 0 to
4, as described previously. The four scores were summed to determine
the lung injury score (total score: 0-16).

2.4. Flow cytometry

Single-cell suspensions were generated by digestion with 1 mg/mL
collagenase IV (Sigma) and 100 mg/mL DNasel (Sigma) in FCS-con-
taining RPMI for 30 min at 37 °C under mild stirring. Freshly collected
and isolated cells were incubated with antibodies against F4/80-PE-
Cyanine7, Ly6C-FITC, CD11b-APC, CD11c-PerCP-Cyanine5.5 as ap-
propriate for 30 min. Afterwards, fluorescence-activated cell sorting

(FACS) lysis solution (BD Biosciences, Heidelberg, Germany) was
added, and the cells were incubated for another 10 min. Cells were
centrifuged for 5min (400 xg) and washed with phosphate-buffered
saline (PBS). Finally, the cells were resuspended in PBS and analyzed on
a FACS Calibur using CytExpert 2.0 (Beckman Coulter).

For intracellular staining, cells were cultured for 4 h with 1 pL/mL
Golgi-Plug, treated with Fc Block for 20 min, fixed for 10 min with 4%
paraformaldehyde and then permeabilized with BD Perm/wash. Cells
were then incubated with titrated antibodies. A FITC-labeled secondary
goat anti-mouse antibody was used to detect CXCL2.

2.5. Depletion of resident alveolar macrophages

Alveolar macrophages were depleted by the intratracheal
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Fig. 3. RvD1 downregulated LPS-stimulated CXCL2 expression and release to inhibit neutrophil infiltration. Mice received 1 mg/kg LPS by intratracheal atomization
and then RvD1 (0.1 pg/mouse) by intraperitoneal injection. CXCL2 mRNA expression in lung tissue homogenates (A) and CXCL2 levels in BAL fluid (B) were
measured 24 h later. Remarkably, treatment with RvD1 downregulated LPS-stimulated expression of the chemokine CXCL2 in lung tissue homogenates and atte-
nuated its release into the BAL. A CXCR2 inhibitor was administered, and the number neutrophils in the BAL fluid was measured by flow cytometry. The CXCR2
expression on lung tissue homogenates was measured by RT-PCR(D), and the CXCR2 level on BAL fluid neutrophils was measured by flow cytometry (E).
CXCR2i = CXCR2 inhibitor. Data are presented as the mean = SEM. n = 6-8. *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 4. RvD1 inhibited LPS-stimulated CXCL2 expression on resident alveolar macrophages without altering TLR4 expression. The percentage of CXCL2 expression on
the F4/807 cells and F4/80 cells was measured by flow cytometry (A). Then, mice received 1 mg/kg LPS by intratracheal atomization and then RvD1 (0.1 ug/
mouse) by intraperitoneal injection. Single-cell suspensions from lung homogenates was collected 24 h later. CXCL2 expression was assessed by flow cytometry and
expressed as mean fluorescence intensity (MFI) (A). CXCL2 was mainly expressed on resident alveolar macrophages, which was strongly downregulated by RvD1 (A,
C). TLR4 surface expression was determined by flow cytometry and expressed as mean fluorescence intensity (MFI) (B). Data are presented as the mean + SEM.
n = 6-8. *p < 0.05, **p < 0.01, ***p < 0.001.

instillation of 50 pL liposome clodronate (5 mg/mL). Control mice re- 2.6. Cell sorting by flow cytometry
ceived empty (saline-containing) liposomes. Then, 3 days later, the
mice were administered LPS (1 mg/kg) via aerosol inhalation and RvD1
(0.1 pg/mouse) via intraperitoneal administration. BAL fluid was col-

lected 24 h later.

Cells were sorted by MoFlo XDP (Beckman Coulter, Miami, FL)with
a 100 um nozzle directly into 5 mL tubes containing 3 mL RPMI. Cells
(100,000-300,000) of each population of interest were sorted at a
speed of 10,000 cells/s. The sorted resident macrophages (1 x 10°)
were cultured into four groups (n = 6-8): LPS group, LPS + RvD1
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Fig. 5. RvD1 attenuated LPS-stimulated CXCL2 ex-
pression on resident macrophages by BOC-2. Sorted
resident alveolar macrophages were incubated with
LPS (1pg/mL), LPS + RvD1 (100 nmol/mL),
LPS + RvD1 + BOC-2 (10uM), and LPS + BOC-2.
CXCL2 mRNA (A) and protein levels of CXCL2 (B)
were assessed by PCR and ELISA, respectively. RvD1
strongly downregulated LPS-stimulated CXCL2 ex-
pression on resident alveolar macrophages at the
mRNA and protein levels in the supernate; this effect
was abrogated by BOC-2, which inhibits the RvD1
receptor ALX/FPR2. The data are presented as the
mean *= SEM. n = 6-8. *p < 0.05, **p < 0.01.
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Fig. 6. The beneficial effects of RvD1 on LPS-induced ALI were abrogated by BOC-2.

Mice were intraperitoneally injected with BOC-2 (50 pg/kg) 2 h before LPS (1 mg/kg) administration in the presence or absence of RvD1 (0.1 ug/mouse). Lung tissues
and BAL fluid were collected 24 h later respectively. The beneficial effects of RvD1 on LPS-induced ALI were abrogated by BOC-2, as assessed by (A) histological
analysis of hematoxylin and eosin stained sections, (B) acute lung injury score, (C) TNF-a protein expression in lung tissue homogenates, and (D) the number of
neutrophils in BAL fluid. Data are presented as the mean + SEM. n = 6-8. *p < 0.05, **p < 0.01, ***p < 0.001.

group, LPS + RvD1 + BOC-2 and LPS + BOC-2 group. Cells in the LPS
and LPS + RvD1 groups were incubated with LPS (1 pg/mL) in the
presence or absence of RvD1 (100 nmol/mL) for 24h. Cells in the
LPS + RvD1 + BOC-2 and LPS + BOC-2 groups were pretreated with
BOC-2 (10 uM) 30 min before incubation with LPS in the presence or
absence of RvD1 for 24 h.

2.7. Quantitative real-time RT-PCR

Briefly, total RNA was isolated from lung tissues and resident al-
veolar macrophages using TRIzol reagent (Invitrogen, Carlsbad, CA)
followed by phenol-chloroform extraction and ethanol precipitation
(Fisher Scientific, Houston, TX). Purified RNA sample concentrations
were determined on a NanoDrop 1000 (Thermo Scientific). RNA sam-
ples were reverse-transcribed into cDNA using an RT-PCR kit, according
to the manufacturer's instructions. Gene expression was assessed uti-
lizing Taq-Man Gene Expression Assays-On-Demand primer/probe sets

and TagMan Universal Master Mix (Life Technologies) on the Applied
Biosystems 7500 real-time PCR system complete with SDS software.
Twenty-microliter PCR reactions were performed using 1 uL of cDNA,
3.6 UL of primer/probe set, 10 uL. of master mix, and 5.4 uL. of DEPC-
treated water by initially heating the samples to 50 °C for 2 min and
95 °C for 10 min, followed by 40 cycles of heating to 95 °C for 15s and
60 °C for 1 min. Target gene expression levels were normalized to the
housekeeping gene GAPDH and the fold change was calculated using
the 2~ AACt method.

The primers used for the detection of the CXCL2 gene were forward
5’-CCACTCACCTGCTGCTACTCATTC-3’ and reverse 5-CTGCTGCTGGT
GATCCTCTTGTAG-3’. The primers used for the detection of the CXCR2
gene were forward 5-GACAAGCACTTAGACCAGGCCATG-3’ and re-
verse 5-AGCTCACTCGATCTGCTGTCTCC-3".
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2.8. ELISA

Protein levels of CXCL2, from the supernatants of the sorted mac-
rophage populations or BAL supernatant, and TNF-a, from lung tissue
homogenates, were measured with commercially available ELISA Kkits
(R&D Systems Inc., Minneapolis, MN) according to the manufacturers'
instructions.

2.9. Statistical analysis

The data represent the mean + SEM. All data were analyzed by
one-way ANOVA followed by Tukey's post hoc test for multiple com-
parisons. All tests were two-sided, and significance was determined at
the p < 0.05 level. Statistical analyses were performed using Prism 6.0
software (GraphPad Software, San Diego, CA).

3. Results

3.1. RvD1 attenuated neutrophil infiltration in the lung and ameliorated
lung tissue damage during LPS-induced ALI

First, we evaluated the effect of RvD1 on LPS-induced ALIL The lung
tissues from the CTR group exhibited normal pulmonary histology, but
those from the LPS group were significantly damaged and exhibited
interstitial edema, hemorrhage, thickening of the alveolar wall, and
infiltration of inflammatory cells into the interstitium and alveolar
spaces. All the morphologic changes observed in the LPS group were
less pronounced in the LPS + RvD1 group (Fig. 1A). ALI scores were
quantified in parallel with pathophysiological changes (Fig. 1B). The
TNF-a concentration in lung tissue homogenate and the number of
neutrophils in the BAL were significantly higher in the LPS group than
in the CTR group (p < 0.01), but substantially lower in the
LPS + RvD1 group than in the LPS group (p < 0.05) (Fig. 1C, D).
However, there was no significant difference in these parameters be-
tween the CTR and RvD1 groups (P > 0.05).

3.2. RvD1 inhibited neutrophil infiltration in ALI via resident alveolar
macrophages

As resident alveolar macrophages play an important role in neu-
trophil infiltration, we were interested to know whether resident al-
veolar macrophages contribute to RvD1-mediated ALI resolution. We
separated F4/80"Ly6C~CD11c*Siglec F*CD11b™~ resident alveolar
macrophages from BAL fluid (Fig. 2A) as previously described [20].
Resident alveolar macrophages were depleted by clodronate liposome
administration in the normal control mice, and we found the number of
resident alveolar macrophages was decreased in the clodronate lipo-
some group compared with the PBS liposome group (P < 0.05)
(Fig. 2B, C). In addition, there were fewer resident alveolar macrophage
in the LPS + RvD1 + clodronate liposome group than in the
LPS + RvD1 + PBS liposome group (P < 0.05) (Fig. 2D, E). The
number of neutrophils decreased after clodronate liposome adminis-
tration in the presence or absence of LPS stimulation (P < 0.05)
(Fig. 2F), but there was no significant difference in the number of
neutrophils between the LPS + RvD1 group and LPS group after clo-
dronate liposome administration (P > 0.05) (Fig. 2F).

3.3. RvD1 downregulated CXCL2 expression and release during LPS-
induced ALI

Chemokine CXCL2 mRNA levels were significantly higher in LPS-
treated lung tissue homogenates than in the homogenates of normal,
untreated lungs (P < 0.05) (Fig. 3A). Moreover, LPS inhalation sub-
stantially increased CXCL2 levels in the BAL fluid compared with those
of the BAL fluid of the CTR group (P < 0.05) (Fig. 3B). Treatment with
RvD1 markedly attenuated LPS-stimulated CXCL2 expression in lung

International Immunopharmacology 76 (2019) 105877

tissue homogenates and BAL fluid compared with CXCL2 expression in
the LPS group (P < 0.05) (Fig. 3A, B).

In addition, there were fewer neutrophils in the BAL fluid of the
LPS + RvD1 + CXCR2i group than in the BAL fluid of the LPS + RvD1
group (P < 0.05) (Fig. 3C), but there was no significant difference in
neutrophil numbers between the LPS + RvD1 + CXCR2i group and the
LPS + CXCR2i group (P > 0.05) (Fig. 3C).

The CXCR2 expression on lung tissue homogenates and BAL fluid
neutrophils were significantly higher in LPS group than in the normal,
untreated lungs (P < 0.05) (Fig. 3D, E). However, there was no sig-
nificant difference between the LPS group and the LPS + RvD1 group
(P > 0.05) (Fig. 3D, E).

3.4. RvD1 attenuated LPS-induced neutrophil infiltration via
downregulation of CXCL2 expression on resident alveolar macrophages
without altering TLR4 expression

In addition to macrophages, other cells, such as lung epithelial cells
and endothelial cells also express CXCL2 during the course of lung in-
jury. Therefore, F4/80 was used to label macrophages, and we found
CXCL2 was mainly expressed on F4/80" cells (> 70%) (Fig. 4A). Next,
we examined the mean fluorescence intensity (MFI) for CXCL2 in cells
by flow cytometry. As shown in Fig. 4B, CXCL2 was mostly expressed
on resident alveolar macrophages. The MFI for CXCL2 in the LPS group
was higher than that in the CTR group (P < 0.05); moreover, the LPS-
induced upregulation of CXCL2 was also substantially inhibited by
RvD1 (P < 0.05) (Fig. 4B, D). In order to eliminate the effect of RvD1
on pathogen recognition, the expression of TLR4 on cell surface was
also detected by flow cytometry. There was no significant difference in
the expression of TLR4 on the cells of these groups (P > 0.05)
(Fig. 4C).

3.5. RvD1 inhibited LPS-stimulated CXCL2 expression on resident alveolar
macrophages through ALX/FPR2

The sorted resident alveolar macrophages were cultured to measure
the CXCL2 level. As shown in Fig. 5A, CXCL2 mRNA expression on the
resident cells and protein levels of CXCL2 in the supernate were sig-
nificantly decreased in the LPS + RvD1 group compared with the LPS
group (P < 0.05) (Fig. 5A, B). However, this decrease in the CXCL2
mRNA expression and protein levels was abrogated by BOC-2, which
inhibits the RvD1 receptor ALX/FPR2 (P < 0.05) (Fig. 5A, B). How-
ever, there was no significantly different between the LPS and
LPS + BOC-2 groups (P > 0.05).

3.6. The protective effect of RvD1 on lung tissues was abrogated by an ALX/
FPR2 inhibitor

The protective effect of RvD1 against morphologic changes in lung
tissues was abrogated by BOC-2, an ALX/FPR2 inhibitor (Fig. 6A). The
ALI score in the LPS + RvD1 + BOC-2 group was higher than that in
the LPS + RvD1 group (P < 0.05) (Fig. 6B). Moreover, the TNF-a
protein concentration and number of BAL neutrophils were higher in
lung tissue homogenate from the LPS + RvD1 + BOC-2 group than in
that from the LPS + RvD1 group (P < 0.05) (Fig. 6C).

4. Discussion

In the present study, we investigated the impact of RvD1 on the
pulmonary inflammatory response, neutrophil influx into the lung, and
lung tissue damage in a murine model of LPS-induced ALI. RvD1 ef-
fectively protected mice against LPS-induced lung injury and sig-
nificantly ameliorated lung pathological changes, decreased lung TNF-
a expression, and attenuated pulmonary neutrophil infiltration. We
further demonstrated that RvD1 significantly inhibited the LPS-stimu-
lated overexpression and release of CXCL2 on resident alveolar
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macrophages. Moreover, BOC-2 blocked the LPS-induced increase in
CXCL2 expression on resident alveolar macrophages.

Neutrophils are frequently the first inflammatory cells to enter an
inflamed or infected tissue site [21,22]. However, the exuberant in-
filtration and accumulation of neutrophils in the lung is one of the most
important pathological hallmarks of ALI [23-25]. Although an appro-
priate influx of neutrophils to sites of inflammation and infection is
essential to clear microbial pathogens and debris, the excessive and
persistent sequestration of neutrophils may cause additional injury by
their release of several toxic mediators, including reactive oxygen
species (ROS), proteases and proinflammatory cytokines [24,26,27].
Neutrophil depletion in an LPS-induced ALI model was reported to
ameliorate lung injury via reducing endothelial-epithelial damage and
capillary-alveolar permeability [28,29]. In the present study, the
aerosol inhalation of LPS in mice led to tissue damage and increased
TNF-a levels and neutrophil infiltration in the lung. Treatment with
RvD1 significantly attenuated the LPS-induced increase in TNF-a levels
and the influx of neutrophils into the lung, thus ameliorating lung in-
jury, which is consistent with the results of our previous report, in
which RvD1 had a potential protective effect on LPS-induced lung in-
jury [30].

Next, we investigated the underlying mechanisms by which RvD1
attenuates LPS-induced neutrophil infiltration and accumulation in the
lung. Previous studies have suggested that macrophages play an im-
portant role in the initiation of neutrophil infiltration in peritoneal and
dermal inflammation [31,32]. In rat models of peritonitis, resident
peritoneal macrophages were also suggested to orchestrat neutrophil
recruitment [33-35]. In the present study, resident alveolar macro-
phages (F4/80*Ly6C~CD11c*Siglec F*CD11b™) in the BAL fluid
were depleted by clodronate liposomes. The number of neutrophils was
decreased in the absence of resident alveolar macrophages, indicating
that resident alveolar macrophages are directly correlated with neu-
trophil influx. Treatment with RvD1 did not reduce neutrophil in-
filtration after the depletion of resident alveolar macrophages following
LPS-induced lung injury, indicating that the inhibition of neutrophil
infiltration by RvD1 is dependent on resident alveolar macrophages.

The chemoattractant CXCL2 plays an important role in neutrophil
recruitment, and BAL fluid obtained from ARDS patients is highly
chemotactic for human neutrophils [36,37]. In the present study, RvD1
treatment significantly inhibited the LPS-stimulated upregulation of
CXCL2 mRNA expression in lung tissue homogenates and the CXCL2
concentration in BAL fluid, however, there was no effect of RvD1 on the
CXCR2 mRNA expression in lung tissue homogenates and the MIF of
CXCL2 on BAL fluid neutrophils, suggesting that treatment with RvD1
inhibits CXCL2 expression and release, but not CXCR2. In addition, the
inhibitory effects of RvD1 on neutrophils were abrogated by a CXCR2
inhibitor in vivo, indicating that RvD1 inhibits neutrophil infiltration
through CXCL2.

Macrophages are a potent source of chemokines and cytokines [38].
CXCL2 was the first major chemokine shown to be produced by LPS-
treated macrophages. We investigated CXCL2 expression on cells in
Single-cell suspensions from lung homogenates and found that CXCL2
was mainly expressed on resident alveolar macrophages. Treatment
with RvD1 decreased CXCL2 expression, suggesting that RvD1 can in-
hibit CXCL2 expression on resident alveolar macrophages to inhibit
neutrophil infiltration.

ALX/FPR2 was the first receptor identified as a GPCR for RvD1 with
demonstrated cell type specific signaling pathways. RvD1 potently
regulates human PMN recruitment and lipid mediator biosynthesis
enhances the clearance of zymosan via binding to ALX/FPR2 [19]. In
this study, the inhibitory effects of RvD1 on CXCL2 mRNA expression
and protein level in resident alveolar macrophages, and the number of
BAL neutrophils were abrogated by an ALX/FPR2 antagonist (BOC-2),
indicating that RvD1 binds with ALX. Furthermore, BOC-2, the in vivo
anti-inflammatory effects of which were recently identified via medical
chemistry screening [39], also abolished the beneficial effects of RvD1

International Immunopharmacology 76 (2019) 105877

on lung injury and TNF-a levels in vivo. This is consistent with a pre-
vious report where RvD1 attenuated LPS-induced ALI in mice with
protective mechanisms that might be related to its selective reaction
with ALX/FPR2 [40]. Taken together, these results suggest that the
RvD1 response is ALX/FPR2 dependent.

In conclusion, these data demonstrate that RvD1 strongly attenuates
lung injury and neutrophil infiltration partially through the inhibition
of CXCL2 expression and release on resident alveolar macrophages via
activating ALX/FPR2 in LPS-induced ALI without affecting normal lung
tissues. Our findings reveal a novel mechanism for neutrophil infiltra-
tion and that RvD1 may be a new therapeutic target for ALI/ARDS.
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