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Background: Acute respiratory distress syndrome (ARDS) is a common acute and severe disease in clinic. Recent studies in-
dicated that Cxc chemokine ligand 5 (CXCL5), an inflammatory chemokine, was associated with tumorigenesis.
The present study investigated the role of the CXCL5/Cxc chemokine receptor 2 (CXCR2) bio-axis in ARDS, and
explored the underlying molecular mechanism.

Material/Methods: The pathological morphology of lung tissue and degree of pulmonary edema were assessed by hematoxylin-eo-
sin staining and pulmonary edema score, respectively. Real-time PCR and Western blot analysis were performed
to detect the expression levels of CXCL5, CXCR2, Matrix metalloproteinases 2 (MMP2), and Matrix metallopro-
teinases 9 (MMP9) in lung tissues. Enzyme-linked immunosorbent assay (ELISA) was performed to determine
the expression levels of CXCL5 and inflammatory factors (IL-1, IL-6, TNF-a, and IL-10) in serum.

Results: The results demonstrated that diffuse alveolar damage and pulmonary edema appeared in lipopolysaccharide
(LPS)-induced ARDS and were positively correlated with the severity of ARDS. In addition, CXCL5 and its re-
ceptor CXCR2 were overexpressed by upregulation of MMP2 and MMP9 in lung tissues of ARDS. In addition,
CXCL5 neutralizing antibody effectively alleviated inflammatory response, diffuse alveolar damage, and pul-
monary edema, and decreased the expression levels of MMP2 and MMP9 compared to LPS-induced ARDS.

Conclusions: We found that CXCL5/CXCR2 accelerated the progression of ARDS, partly by upregulation of MMP2 and MMP9
in lung tissues with the release of inflammatory factors.

MeSH Keywords: Chemokine CXCL5 ¢ Inflammation ¢ Respiratory Distress Syndrome, Adult

Abbreviations: ARDS - acute respiratory distress syndrome; CXCL5 — Cxc chemokine ligand 5; CXCR2 — Cxc chemokine
receptor 2; MMP2 — matrix metalloproteinases 2; MMP9 — matrix metalloproteinases 9; LPS — lipopoly-
saccharide; UCC - uterine cervix cancer; H&E staining — hematoxylin-eosin staining; W/D — wet-to-dry;
ELISA assay — enzyme-linked immunosorbent assay; SDS-PAGE - sulfate polyacrylamide gel electropho-
resis; PVDF - polyvinylidene fluoride; TBST — tris-buffered saline plus 0.1% Tween 20
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Background

Acute respiratory distress syndrome (ARDS) is a disease char-
acterized by progressive dyspnea with refractory hypoxemia,
which results from abnormal synthesis of pulmonary surfac-
tant [1]. Obstinate hypoxemia and pulmonary edema in ARDS
are caused by injury, shock, and other factors [2]. The patholog-
ical process of ARDS can be divided into 3 stages: the exuda-
tive stage (early stage), the proliferative stage (middle stage),
and the fibrosis stage (late stage). At the exudative stage of
ARDS, many cytokines and chemokines promote the patho-
logical and physiological process of ARDS [3-5], showing that
inflammation is closely related to the development of ARDS.

Chemokines, a group of the cytokines superfamily, have been
divided into 4 conserved subfamilies (CXC, CX3C, CC, and C)
based on the structural cysteine motifs adjacent to the NH2
terminus [6]. There is growing evidence that chemokines play
an important role in tumorigenesis [7-9]. Cxc Chemokine
Ligand 5 (CXCL5) presents a surprisingly elevated profile in
bladder cancer cells, tissue, and urine of bladder cancer pa-
tients, and CXCL5 overexpression is critical for bladder cancer
growth and progression [10]. CXCL5, by binding to its cell-sur-
face receptor Cxc Chemokine Receptor 2 (CXCR2), plays an on-
cogenic role in many human cancers. The serum protein expres-
sion of CXCL5 is significantly increased in non-small cell lung
cancer (NSCLC) compared with that in healthy volunteers [11].
The expression of CXCL5 was significantly higher in lung can-
cer cell lines, and high CXCL5 was associated with high CXCR2
expression, which was significantly associated with poor dif-
ferentiation [12]. CXCL5/CXCR2 performs its roles in angiogen-
esis, immune response, and tumor progression [13,14]. CXCL5
is an inflammatory chemokine, which is a member of the same
family as CXCL10 [15]. CXCL10 can promote the development
of inflammation in ARDS [16]. However, the role of CXCL5 in
ARDS and its associated mechanisms are still unknown, as is
whether it participates in the inflammatory process of ARDS
by binding to its receptor CXCR2.

In the present study we investigated the role of the CXCL5/
CXCR2 bio-axis in ARDS and the underlying molecular mech-
anism involved to provide a theoretical basis for clinical tar-
geted gene therapy.

Material and Methods

Animals

Male C57BL/6 mice (male, 5-6 weeks, weighing 18-20 g) were
purchased from Chongging TengXin Biological Technology Co.
Prior to the experiments, 50 mice were maintained in an envi-
ronmentally controlled room (22°C+2°C, 12 h light-12 h dark
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cycle) with free access to food and water for 7 days to accli-
matize to the new environment. The animal protocol was ap-
proved by the Laboratory Animal Care and Use Committee
at Renmin Hospital of Wuhan University (IACUC Issue No.
20180506; Date: 20180507).

Mouse model of acute respiratory distress syndrome
(ARDS)

Fifty male mice were randomly divided into a normal saline
control group (n=5) and an LPS-induced group composed of
3 groups: the LPS-4h group, the LPS-8h group, and the LPS-
12h group, with 15 mice in each group. All mice were given ab-
dominal anaesthesia with sodium barbiturate. Mice in the LPS-
induced group were subjected to endotracheal instillation of
200 pg/kg LPS for 4 h, 8 h, and 12 h, respectively. Mice in the
normal saline control group were subjected to endotracheal in-
stillation of 200 pg/kg saline. After the best time point of LPS-
induced ARDS was obtained, another 10 mice in the best time
point of the LPS-induced group were randomly divided into
an LPS+anti-CXCL5 group (n=5) and an LPS+IgG group (n=>5).
The mice in the LPS+anti-CXCL5 group and LPS+IgG group were
intraperitoneally injected with 50 ug CXCL5 neutralizing antibody
or 50 pg IgG control, respectively, at 1 h after LPS induction.

Hematoxylin-eosin staining (HE staining)

The lung tissue was fixed in 4% paraformaldehyde for 12 h,
then embedded in paraffin. The paraffin-embedded lung tis-
sue was sliced into 5-pm-thick sections. The sections were
dewaxed for 30 min each time (xylene, repeated 3 times),
rehydrated for 5 min in gradient ethanol (non-water ethanol,
95% ethanol, 80% ethanol, 70% ethanol, and 50% ethanol),
washed with distilled water for 5 min, and stained with he-
matoxylin for 5 min. Then, distilled water was used to wash
off the excess hematoxylin, followed by dehydration using
gradient ethanol (50% ethanol, 70% ethanol, and 80% etha-
nol) and stained with eosin for 1 min. Finally, the slices were
dehydrated using alcohol and transparentized with xylene
for 5 min, which sealed with neutral balsam. The slides were
observed under an inverted fluorescence microscope (MF53;
Micro-shot Technology Co., Guangzhou, China).

Pulmonary edema score

After the foreign matter on the surface of the right lung middle
lobe was cleared, the wet weight of the right lung middle lobe
was immediately weighed. Then, the lung tissue was dried in
an oven at 80°C for 72 h and the dry weight was immediately
assessed. The wet-to-dry (W/D) ratio of lung tissue was cal-
culated for pulmonary edema score according to the lung in-
jury score. The degree of pulmonary edema was determined
by the pulmonary edema score according to wet/dry ratio.
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Enzyme-linked immunosorbent assay (ELISA assay)

Blood (0.5 mL) was taken from mice of each group through
eyeball extraction, and serum was separated by centrifuga-
tion at 4000 rpm for 10 min at 4°C and stored at —80°C. An
ELISA kit Shanghai Jianglai Biotechnology Co., Shanghai, China)
was used to measure CXCL5 expression and IL-1B, IL-6, TNF-c,
and IL-10 expressions (Shanghai Enzyme-Linked Biotech Co.,
Shanghai, China) following the manufacturer’s protocol. The 96-
well microplates were read using a microplate reader (Thermo,
Waltham, MA) at 450 nm.

Western blotting

Briefly, lung tissues were put on ice and cut into pieces us-
ing sterile scissors. We homogenized 50 mg lung tissue using
500 pL RIPA lysis buffer (Beyotime, Shanghai, China) placed on
ice to lyse for 30 min. Then, total protein of lung tissues was
collected after centrifugation (12 000 rpm, 4°C) which was as-
sessed using a BCA Protein Assay Kit (Pierce; Thermo Fisher
Scientific) to determine the concentration. Equal quantities
(30 pg) of proteins per lane were subjected to 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
gels and transferred to polyvinylidene fluoride (PVDF) mem-
branes (Merck Millipore, Billerica, MA). After transfer, 5% nonfat
milk in TBST (Tris-buffered saline plus 0.1% Tween 20) was ap-
plied to block the nonspecific binding sites on the membranes
for 1 h. Then, the membranes were incubated overnight at 4°C
with primary antibody against CXCL5 (ab9983; Cell Signaling
Technology, USA; dilution, 1: 1000), CXCR2 (ab14935; Cell
Signaling Technology, USA; dilution, 1: 500), MMP2 (ab92536;
Cell Signaling Technology, USA; dilution, 1: 1000), and MMP9
(ab38898; Cell Signaling Technology, USA; dilution, 1: 1000).
Subsequently, horseradish peroxidase-conjugated goat anti-
rabbit secondary antibody (Beyotime) was added and mem-
branes were incubated at room temperature for 2-3 h. Finally,
the results of protein bands were visualized with an enhanced
chemiluminescence detection system (Super Signal West Dura
Extended Duration Substrate; Thermo Fisher Scientific).

Real-time PCR

Briefly, lung tissues were quickly ground in a mortar with a small
amount of liquid nitrogen. The above process was repeated
3 times. We homogenized 50 mg lung tissue using 1 mL Trizol
with an electric homogenizer for 1-2 min. After centrifugation
at 12 000 rpm for 5 min, the supernatant was discarded and
200 pL chloroform was added into the centrifuge tube, which
was vibrated for 15 s and then allowed to stand for about 10 min
at room temperature. Then, after centrifugation at 12 000 rpm
for 15 min at 4°C, the upper water phase in the centrifuge tube
was transferred to a new centrifuge tube and mixed well with
0.6 ml isoamylol and allowed to stand for 5-10 min at room
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temperature. After centrifugation at 12 000 rpm for 15 min
at 4°C, the supernatant was discarded and 1 mL of 75% eth-
anol was added into the centrifuge tube, which was vibrated
gently, and the total RNA precipitate was suspended and then
dried at room temperature. Total RNA was isolated from the
lung tissue using a total RNA extraction kit (Beijing Tianenze
Gene Technology Co., Beijing, China) and we produced cDNA
using a RT-qPCR kit (Hangzhou Bioer Technology Co., Zhejiang,
China). The thermocycling conditions were as follows: Initial
denaturation at 95°C for 2 min; denaturation at 95°C for 30 s;
annealing at 59°C for 45 s; elongation at 72°C for 60 s for 30
cycles; and elongation at 72°C for 7 min. GAPDH was used as
the endogenous control for the expression levels of mRNA.
The primer sequences for gPCR were as follows:

GAPDH forward, 5’-TATGTCGTGGAGTCTACTGG-3’,

and reverse, 5’-AGTGATGGCATGGACTGTGG-3’;

CXCLS5 forward, 5’-CTCAGTCATAGCCGCAACCGAGC-3’,

and reverse, 5’-CGCTTCTTTCCACTGCGAGTGC-3’;

CXCR2 forward, 5’-TCTGCTCACAAACAGCGTCGTA-3’,

and reverse, 5-GAGTGGCATGGGACAGCATC-3’;

MMP2 forward, 5’-GACGCTGCCTTTAACTGGAGT-3’,

and reverse, 5’-TCCAGGTTATCAGGGATGGCA-3’;

MMP9 forward, 5’-CCTGGAACTCACACAACGTCT-3’;

and reverse, 5-GCAGGAGGTCATAGGTCACG-3'.

The relative quantification of gene expression was measured
by the method of 22Cq.

Statistical analysis

All experimental values are expressed as the mean + standard
deviation. Statistical analyses were performed using GraphPad
Prism 5 software. The t test was used to analyze difference be-
tween 2 groups and differences between the multiple groups
were analyzed by one-way ANOVA. P<0.05 was considered sta-
tistically significant.

Results

LPS induced physiological response, lung pathological
manifestations, and pulmonary edema in mice

Mice in the normal saline control group showed no abnormal
manifestations. In the LPS induced group, mice showed signif-
icantly increased respiratory rate and heart rate, obvious cy-
anosis of the lips and limbs, slow reaction, and decreased ac-
tivity with prolonged administration time.

To observe the pathological changes of the lung tissues, hema-
toxylin and eosin (HE) staining and pulmonary edema score were
used. As shown in Figure 1A, there was no obvious pathological
lung changes in the normal saline control group. Significantly
pathological manifestations in the lung were observed in the
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Figure 1. The changes in mice resulting from LPS treatment. (A) Lung pathological changes. (B) Wet-to-dry (W/D) ratio of lung tissue.
(€©) Lung pathological changes. (D) Level of CXCL5 in the blood. ** P<0.01 and *** P<0.001 vs. control group. LPS-4h group,
group treated with LPS for 4 h. LPS-8h group, group treated with LPS for 8 h. LPS-12h group, group treated with LPS for 12 h.
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Figure 2. The expression of CXCL5 and CXCR2 in lung tissues determined by Western blot and RT-qPCR. (A) Results of Western blot for
CXCL5 and CXCR2. (B) Results of RT-qPCR for CXCL5 and CXCR2. *** P<0.001 vs. control group. LPS-12h group, group treated

with LPS for 12 h.

LPS-induced groups, including alveolar congestion, hemorrhage,
edema, infiltration of inflammatory cell in the airspace, atelec-
tasis, and hyaline membrane formation. As shown in Figure 1B
and 1G, the lung tissue W/D and pulmonary edema scores were
both obviously increased by LPS intervention and gradually in-
creased with prolonged administration time.
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Expression of CXCL5 and CXCR2 in lung tissues of acute
respiratory distress mice induced by LPS

Blood was collected before the mice were killed, and the expres-
sion of CXCL5 in the blood was analyzed by ELISA. As shown in
Figure 1D, the expression of CXCL5 in the LPS-induced group
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Figure 3. Neutralization of CXCL5 can alleviate LPS induced ARDS. (A) Level of IL-1B in the blood. (B) Level of IL-6 in the blood. (C) Level
of TNF-ct in the blood. (D) Level of IL-10 in the blood. (E) Pulmonary edema score. (F) Lung pathological changes. * P<0.05 and
** P<0.01 and *** P<0.001 vs. control group. # P<0.05 and ** P<0.01 vs. LPS-12h group. LPS-12h group, group treated with LPS
for 12 h. LPS+anti-CXCL5 group, group treated with LPS and CXCL5. LPS+IgG group, group treated with LPS and CXCL5.

was higher than in the normal saline control group and in-
creased with the extension of the induction time (4, 8, and
12 h). Therefore, 12 h was selected as the induction time for
the following experiments.

To determine the expression of CXCL5 and CXCR2 in lung tis-
sues, Western blot and RT-qPCR analyses were performed.
As shown in Figure 2A and 2B, the expression of CXCL5 and
CXCR2 and CXCL5 and CXCR2 mRNAs in lung tissues were all
increased in the LPS-12h group compared with the normal sa-
line control group. The above results suggest that the role of
CXCL5 in ARDS may be mediated by CXCR2.

Neutralization of CXCL5 can alleviate LPS-induced ARDS

The changes of inflammatory factors (IL-1B, IL-6, TNF-o, and
IL-10) in the blood were determined by ELISA assay in the nor-
mal saline control group, the LPS-12h group, the LPS+CXCL5
group, and the LPS+IgG group. As shown in Figure 3A-3D,

compared with the LPS-12h group, the expressions of IL-1,
IL-6, and TNF-o were decreased in the LPS+CXCL5 group but
were higher than in the normal saline control group, and the
expression of IL-10 was higher than in the LPS+CXCL5 group
but lower than in the normal saline control group.

The changes of pulmonary edema were observed by calcu-
lating the wet-to-dry (W/D) ratio of lung tissue. As shown
in Figure 3E, compared with the LPS-12h group, pulmonary
edema in the LPS+CXCL5 group was alleviated, but it was
slightly more serious than in the normal saline control group.
Pulmonary edema in the LPS+IgG group was similar to that
in the LPS-12h group.

The lung pathological changes were detected by HE staining.
As shown in Figure 3F, compared with LPS-12h group, lung
pathological change in the LPS+CXCL5 group was attenuated,
but it was slightly greater than in the normal saline control
group. Additionally, no obvious difference in lung pathological
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Figure 4. CXCL5 and CXCR2 aggravate ARDS progression by promoting the expression of MMP2 and MMP9. The expression of MMP2
and MMP9 in lung tissues as determined by Western blot and RT-qPCR. * P<0.05 and ** P<0.01 and *** P<0.001 vs. control
group. # P<0.05 vs. LPS-12h group. LPS-12h group, group treated with LPS for 12 h. LPS+anti-CXCL5 group, group treated with
LPS and CXCL5. LPS+IgG group, group treated with LPS and CXCL5.

change was found between the normal saline control group
and the LPS+IgG group.

CXCL5 and CXCR2 aggravate ARDS progression by
promoting the expression of matrix metalloproteinase-2
(MMP2) and matrix metalloproteinase-9 (MMP9)

The expressions of MMP2 and MMP9 in lung tissues were de-
termined by Western blot and RT-gPCR analyses in the normal
saline control group, the LPS-12h group, the LPS+CXCL5 group,
and the LPS+IgG group. As shown in Figure 4, compared with
normal saline control group, the expression of MMP2 and MMP9
in lung tissues was higher in the LPS-12h group, while it was
lower than in the LPS+CXCL5 group. The expressions of MMP2
and MMP9 in lung tissues in the LPS+IgG group were similar
to those in the LPS-12h group. These results indicated that
MMP2 and MMP9 overexpression exacerbate ARDS progression.

Discussion

Here, we investigated the mechanism and function of the
CXCL5/CXCR2 bio-axis in mice with ARDS, showing that over-
expression of CXCL5 and CXCR2 can aggravate ARDS progres-
sion by promoting the expression of MMP2 and MMP9.

ARDS is a disease that can be caused by severe infection,
trauma, shock, surgery, or aspiration. The main pathological
feature of ARDS is that inflammation is resulted in increased
pulmonary microvascular permeability and protein-rich fluid
is exuded from the alveolar cavity, which leads to pulmonary
edema and transparent membrane formation, accompanied
by alveolar hemorrhage. Therefore, inflammation is an essen-
tial factor in the development of ARDS.

Chemokines are important for the construction of the tumor
microenvironment. CXC-chemokines, as the second subgroup

of chemokines, seem to be present in almost all processes of
tumor progression [17]. Many studies have demonstrated that
CXCL5 participates in the development of lung cancer [18,19].
In addition to their function in tumor progression, the CXC-
chemokines were reported to be related to the development
of ARDS, including CXCL8 [20], CXCL10 [21], and CXCL1 [22].
CXCL5 and the previously studied CXC-chemokines (CXCL8,
CXCL10, and CXCL1) all belong to the same family. A previ-
ous study showed that CXCL5 was involved in acute bacterial
pneumonia [23]. We predicted that CXCL5 also functioned in
ARDS. In the present study, we observed that the expression
of CXCL5 was obviously increased in LPS-induced ARDS and
gradually increased with disease progression. In addition, neu-
tralization of CXCL5 can decrease the release of inflammatory
factors, reduce pulmonary edema and pathological injury, thus
alleviating LPS-induced ARDS.

CXCR2 is a typical G-protein-coupled receptor (GPCR), and can
be bound and activated by CXCL5. CXCR2 is the main recep-
tor for the regulation of inflammatory neutrophil recruitment
in acute and chronic inflamed tissues [24]. CXCR2 was dem-
onstrated to be related to the pathogenesis and progress of
acute lung injury and ARDS [25]. Our results are consistent
with a previous report [26] that the expression of CXCR2 is
directly proportional to the severity of ARDS, and the role of
CXCL5 in ARDS may be mediated by CXCR2.

The activation of MMP2 and MMP9 is involved in alveolar mac-
rophages during acute lung injury, which can exacerbate pul-
monary inflammation [27]. Matrix metalloproteinases (MMPs)
are particularly potent in degrading basement membrane col-
lagen, which is associated with lung injury in inflammatory
processes [28]. We hypothesized that MMPs aggravated the
progression of acute lung injury and we demonstrated that
overexpression of MMP2 and MMP9 caused deterioration of
LPS-induced ARDS.
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Conclusions

We found that upregulation of CXCL5 promoted the progres-
sion of LPS-induced ARDS, which was mediated by correspond-
ingly increased CXCR2. CXCL5/CXCR?2 accelerated the progres-
sion of ARDS, partly by upregulation of MMP2 and MMP9 in
lung tissues with the release of inflammatory factors. To the
best of our knowledge, this is the first study to reveal the
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mechanism of CXCL5/CXCR2 and to elucidate the function of
MMP2 and MMP9 in ARDS, which could result in new thera-
peutic options against ARDS in the future.
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