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ABSTRACT

Recent research has revealed that airway epithelial calcium-activated chloride channel-1
(CLCA1) is implicated in the inflammation of multiple human respiratory diseases, but the
specific role in acute respiratory distress syndrome (ARDS) remains unknown. To investigate
the role of CLCA1 in ARDS, 80 participants, including 26 ARDS patients, 26 patients with
community-acquired pneumonia (CAP) and 28 control subjects, were enrolled in this study.
As the result shows, the level of CLCA1 was significantly increased in ARDS patients and
positively correlated with neutrophil infiltration and the poor prognosis of ARDS. Then, the
level of CLCA1 also elevated in the LPS-induced ARDS mouse model, and the administration
of CLCA1 significantly regulated the phenotypes of ARDS in mice, such as lung injury score,
BALF protein concentration, neutrophils infiltration and the secretions of inflammatory factors.
Furthermore, administration of CLCA1 substantially altered the phosphorylation of p38 in the
ARDS mouse model, whereas repressing the expression of CLCA1 or inhibiting the activation
of p38 both alleviated the inflammatory response of ARDS. In summary, CLCA1 was notably
correlated with ARDS and exacerbated the ARDS phenotypes through the p38 MAPK pathway.

ARTICLE HISTORY
Received 14 August 2023
Accepted 19 March 2024

KEYWORDS

Acute respiratory distress
syndrome; airway epithelial
cells; airway inflammation;
CLCA1; p38 MAPK

Introduction

Acute respiratory distress syndrome (ARDS) is
an acute lung injury which is characterized by
decreased lung compliance, moderate to severe
oxygenation impairment, protein-rich pulmonary
edema and bilateral pulmonary infiltrates on
chest radiographs.! Pneumonia, mechanical aspi-
ration, and the more recent COVID-19 pandemic
are leading risk factors for the aggravated mor-
bidity of pulmonary ARDS.>> Over 3 million
people are affected by ARDS, and the mortality is
approximately 40%.* Moreover, the prevalence of
COVID-19 elevated the ICU mortality to 61.5%,
which would increase to 65.7%~94% if patients
received mechanical ventilation.®

Uncontrolled hyperinflammation, also known as
cytokine storm, is recognized as a central role in
the pathogenesis of ARDS, which is characterized

by overwhelmingly systemic inflammation, hyper-
ferritinemia, hemodynamic instability and multi-
organ failure.® This uncontrolled immune response
starts from a sudden acute increase in circulating
levels of different pro-inflammatory cytokines,
including IL-6, IL-1P, TNF- a, and interferon, and
orchestrates the influx of various immune cells
such as macrophages, neutrophils, and lymphocytes
from the circulation into the site of infection.” The
cytokine storm leads to ARDS aggravation and
widespread tissue damage, eventually resulting
in multi-organ failure and death.®® However, the
triggering factors and mechanism of cytokine
storm are still unclear, whereas the conventional
drugs, such as glucocorticoid, nitric oxide and
Sivelestat, failed to reduce the mortality of ARDS
or to shorten the duration of mechanical ventila-
tion.'>!* Therefore, revealing the mechanism of
ARDS and identifying the triggering variables and
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participating cells would provide theoretical sup-
port for the exploration of new drugs and clinical
treatments.

Airway epithelial cells, an essential subset of
pulmonary structural cells, not only serve as a
structure barrier against allergens, pathogens and
other environmental factors but are also involved
in the immune response by secreting multiple
cytokines and inflammatory mediators. Recent
researches believed that airway epithelial cells
play a triggering and exacerbating role in the
inflammatory  process of lung disease.!>!
Additionally, a recent study revealed a link that
the crosstalk between epithelial and immune cells
was associated with the severity of COVID-19
by using single-cell sequencing.'”> However, due
to the heterogeneity of cells and the complex
interaction with other cell subsets, the potential
functions of airway epithelial cells in inflammation-
mediated ARDS are still unclear. Our study
emphasized the airway epithelial and revealed the
clued of the ARDS mechanism.

CLCALl is the first human member of the fam-
ily of Ca2+-activated Cl-channel proteins and is
selectively expressed in goblet cells, mucosal epi-
thelia and other mucin-producing cells in the
mucus layer of airways. It is determined that the
soluble heterodimer form contains two protease
cleavage sites and can be degraded into a 75kDa
amino-terminal protein and a 35kDa carboxy-
terminal protein in the Golgi apparatus.'® Murine
CLCAl, also known as Gob-5 or mCLCA3, was
recently named in accordance with the human
CLCA nomenclature.'” It is believed that CLCA1
acted as a pivotal mediator for several respiratory
diseases, such as asthma, COPD, and cystic fibro-
sis.’®20 Meanwhile, intratracheal instillation of
N-CLCAL1 to the murine asthma model promoted
mucin secretion, airway hyperresponsiveness,
and inflammatory cell penetration into the
lungs.?! Additionally, the less neutrophilic infiltra-
tion and lower concentrations of BALF IL-17 and
CXCL-8 were demonstrated in the CLCA knock-
out pneumonia mouse model.??> However, the
functions of CLCAl in the pulmonary ARDS
are still unclear, and we aimed to discover the
role of key ion channel protein CLCA1 in ARDS
pathogenesis.

Materials and methods
Participates recruitment

All the participants were adults, and they were
recruited in Xijing hospital of Fourth Military
Medical University from January 2017 to June
2018, including clinical outpatients and hospital-
ized patients. The patients BALF was obtained
from clinical diagnosis and treatment. 26 pulmo-
nary ARDS patients, 26 community-acquired
pneumonia (CAP) patients and 28 control sub-
jects with isolated pulmonary nodules or mass
lesions on CT imaging were enrolled in this
study. According to the criteria of the Berlin
Guidelines, ARDS patients were administered at
ICU within 48h of onset, diagnosed as pulmo-
nary infection and received bedside tracheoscopy.
According to the diagnosis and treatment of CAP
in Chinese adults (2016), CAP patients were
diagnosed and received tracheoscopy within 48h
of onset. The control subjects were diagnosed as
isolated pulmonary noninfectious nodules on CT
imaging, bronchoscope and BALF analyses were
prescribed for further identification. Patients
with concomitant diseases of COPD, asthma,
bronchiectasis, hematological diseases and other
chronic diseases were excluded from this study.
Patients with long-term smoking history or using
systemic corticosteroids in 7days were also dis-
qualified. This study was approved by the ethics
committee of Xijing Hospital and the informed
consents were obtained from all patients or their
guardians.

Human BALF collection and neutrophils counting

The BALF samples of ARDS and CAP groups
were collected at sites of radiographic exudative
lesions, whereas the samples of control group
were obtained from sites of normal lobes. BALF
samples in CAP group and normal controls were
collected at baseline, and for ARDS patients,
samples were collected in the same lobe at base-
line and 7 days after treatment. 5 doses of sterile
saline (37°C) were injected into the broncho-
scope working channel, and the collecting rate
of lavage fluid was 40%-60%. Lavage solution
was filtered by double-layer gauze and then



centrifuged at 1200rpm for 10 min. The super-
natant of the centrifuged lavage was collected
and stored at —80°C for the inflammatory cyto-
kines analyses. The BALF cells were resuspended
at a density of 5x10°/L. 100puL cell suspension
was added to the slide and fixed in anhydrous
ethanol for 30 min of Reggie’s staining. 200 cells
were randomly counted under microscope and
the ratio of neutrophils in total cells was
calculated.

ARDS mice model and BALF collection

Male C57BL/6 mice (6~8 wk) were obtained
from the Experimental Animal Center of Air
Force Military Medical University and main-
tained under standard conditions with free access
to water and food. The mice were randomly sep-
arated into 4 groups and placed in the anesthesia
chamber with 5% isoflurane in the air for 5min
before the LPS treatment. And then, the anesthe-
tized mice were exposed to LPS (Sigma Aldrich,
St. Louis, MO, USA) intratracheally (0, 50, 100,
200pg in 50pL PBS) to construct the ARDS
model, the treated mice were grouped and named
by drug dose of 2.5mg/kg, 5mg/kg, 10mg/kg
LPS. The mice were treated by LPS to imitate
the inflammatory phenotype of ARDS, the
murine lung sections, the levels of inflammatory
cytokines, inflammatory cells infiltration and
wet/dry weight ratio were utilized to evaluate the
inflammatory level of mice model. Besides, to
elucidate the role of CLCA1 in ARDS, mice were
treated with 50uL N-CLCAIl at a concentration
of 100ng/mL (Sino Biological Inc., Beijing,
China) or 9pL CLCA1l blocking antibody
(abCLCA1, Abcam, Cambridge, UK) in 5mg/kg
LPS stimulated mice. Murine BALF samples were
retrieved 24h after these treatments, and BALF
protein concentration was assessed by BCA kit
(Sigma Andrich).

Lung wet weight to dry weigh ratio

Mice of each group were sacrificed at 24h after
LPS treatment. wet weight was recorded immedi-
ately, whereas dry weight was recorded after 72h
incubation at 60°C.
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Histological staining and lung injury score
measuring

The murine lung tissues were fixed in parafor-
maldehyde solution (4%) at room temperature for
24h. The lung sections were stained by HE.
Semi-quantitative scores of lung injury were cal-
culated according to the following index: alveolar
septum thickening, hemorrhage, alveolar hyper-
emia, and neutrophil infiltration. Each index was
graded from 0 to 5 points by two independent
investigators, and the total scores of the four
indices were recorded as lung injury scores.

CLCA1 immunohistochemical staining

Paraffin-embedded specimens were deparaftinized
in xylene, rehydrated through a decreasing etha-
nol gradient, and rinsed in PBS. The immunohis-
tochemistry staining for CLCA1 (1:100, Invitrogen,
CA, USA) was performed according to the pro-
cedures of the immunohistochemical staining kit
(Yeasen, Shanghai, China).

HBE cell culture and treatment

Human bronchial epithelial cell line 16HBE was
grown in DMEM medium with 10% fetal bovine
serum and 1% penicillin/streptomycin at 37°C in
a cell incubator with 5% CO,. Cells were plated in
48-well plates at a density of 2x10° cells/well, and
200nM siRNA/NC combined with Lipofectamine
3000 (Thermo Fisher, MA, USA) were transfected
into cells. CLCA1 siRNA: 5-AAG UUA GUG
AGG UAG GCU GGG AAC C-3; negative con-
trol: 5-GGU UCC CAG CCU ACC UCA CUA
ACU U-3". After 24h of incubation, the trans-
fected cells were incubated with 5pg/mL LPS for
24h. Meanwhile, the other groups of cells were
treated with recombinant N-CLCA1 (10ng/mL) or
p38 MAPK inhibitor SB203580 (50nM) plus LPS
(5pg/mL) for 24h as well. The expression of
CLCA1 was evaluated using western blot.

Enzyme linked immunosorbent assay (ELISA)

According to the manufacturer’s protocol, the
collected human and murine BALF samples
were centrifuged at 800g for 10min, and the
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supernatants were collected for ELISA analysis.
CLCAl in human BALF as well as CXCLI,
CXCL2, TNF-a, and IL-1f in 16HBE cell super-
natant, were measured using ELISA kits (Shanghai
Enzyme-linked Biotechnology Co Ltd, Shanghai,
China). Murine CXCL1, CXCL2, TNF-a, and
IL-1P were detected using ELISA kits purchased
from R&D System (Minneapolis, MN, USA).

Western blot

The protein samples were extracted from mouse
lung tissues and treated cells by lysis buffer, and
the concentration was measured by BCA Kkit.
Samples with equal amounts of protein were
loaded into 10% SDS polyacrylamide gels and
transferred to PVDF membranes (Millipore,
MA, USA). The membranes were blocked with
1% BSA in TBST for 1h at room temperature
and then incubated overnight at 4°C with 1:1000
dilutions of p38, p-p38 and GAPDH primary
antibodies (Abcam, Cambridge, UK) separately,
followed by the incubation with 1:3000 dilutions
of HRP-labeled secondary antibody for 30 min.
After washing in TBST three times, the mem-
branes were exposed to ECL solution (Bio-Rad,
CA, USA) and imaged by chemiluminescence.

Statistical analysis

Statistical analysis was performed using SPSS 22.0
(IBM Software, NY, USA). All continuous data
were presented as means+SD. One-way ANOVA
with LSD post hoc test was performed to com-
pare the multiple groups. P<0.05 is considered
significant.

Results

Increased CLCA1 is associated with the poor
prognosis of pulmonary ARDS

To investigate the role of CLCAl in ARDS, we
enrolled the patients with ARDS or CAP as well as
normal controls. The patients with ARDS had con-
siderably greater levels of CLCAl (5.03+
1.55ng/L  vs 50.01+20.72ng/L, P<0.05), while
the CAP participants also showed significantly
higher levels of CLCA1(22.35+11.85ng/L, P<0.05)

(Figure 1A). The central role of neutrophil in ARDS
pathology was verified by the BALF cell counting,
and the result showed that the ratio of neutrophils
in ARDS group was higher than CAP and control
group (Figure 1B). Furthermore, there was a signif-
icant correlation between the ratio of neutrophils
and the level of CLCA1 in patients BALF (r=0.724,
p<0.01) (Figure 1C), indicating CLCA1 was impli-
cated with the pathogenesis of ARDS. Additionally,
the results revealed that CLCAI was expressly cor-
related with the clinical mortality of ARDS (Figure
1D). According to the clinical outcomes, ARDS
patients were classified as survivors (n=14) and
non-survivors (n=12). The age, gender composition
and evaluating indices of disease severity, such as
PaO2/FiO2 ratio, APACHE and SOFA scores, both
were listed in Table 1. More importantly, signifi-
cantly higher levels of CLCA1 were shown in non-
survivors (38.12+16.27ng/L vs 52.29+17.46ng/L,
P<0.05). Meanwhile, at 7days after the onset, the
levels of CLCAl1 were decreased in survivors,
whereas it was elevated in non-survivors at the
same time. All the results elucidated the link
between the level of CLCA1 and the poor progno-
sis of ARDS.

The level of CLCAT1 is elevated in ARDS mouse
model

Since the level of CLCA1 was evidently correlated
with the progression of ARDS in patients’ sam-
ples, the level and function of CLCA1 were fur-
ther clarified in ARDS mouse models. Three
different LPS doses were utilized to construct the
mouse ARDS model. Over 90% of mice that
received 10mg/kg LPS was dead at 60h after
stimulation (Figure 2A). The results indicated
that LPS increased the mortality of mice in a
dose-dependent manner, and the 2.5mg/kg and
5.0mg/kg doses would be utilized in subsequent
studies. The doses of LPS at 2.5mg/kg and 5.0 mg/
kg both could effectively exacerbate the lung
injury and significantly elevate the indices of
inflammation in mice, including lung injury
score (Figure 2B), BALF protein (Figure 2C) and
the inflammatory cytokines TNF-a and IL-6
(Figure 2G). Furthermore, the 5.0mg/kg group
exhibited significantly increased inflammation
and thickened alveolar septum than the 2.5mg/kg



Figure 1. The level of CLCA1 is increased in ARDS patients.
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80 participates, including 26 patients with ARDS, 26 patients with CAP and 28 control subjects with isolated pulmonary nodules or mass lesions, were
enrolled in this research. A. The level of CLCA1 in human Bronchoalveolar lavage fluid (BALF) detected by ELISA, *P<0.05, compared with control; P <0.05,
compared with CAP. B. The ratio of neutrophils in human Bronchoalveolar lavage fluid (BALF) calculated by BALF cells counting, *P <0.05, compared with
control; #P<0.05, compared with CAP. C. Liner regression analysis for the ratio of neutrophils and the level of CLCA1. D. The level of CLCA1 in survivors
and non-survivors of ARDS detected by ELISA, *P<0.05, compared with survivors; ¥P<0.05, compared with the baseline of survivors.

Table 1. Clinical characteristics of the ARDS patients.

Parameters Survivors (n=14) Non-survivors (n=12) P-value
Gender (male %) 8 (57.14%) 7 (58.33%) P>0.05
Age (Year) 57.2+7.8 61.2+3.2 P>0.05
Pa0,/FiO, (mmHg) 142.5+20.1 133.6+155 P>0.05
APACHE 17.3+3.1 18.4+7.2 P>0.05
SOFA 6.5+1.4 72+25 P>0.05

APACHE: acute physiology and chronic health evaluation; SOFA: sequential
organ failure assessment.

group (Figure 2D-2E). But only the dose of LPS
at 5.0mg/kg could significantly aggravate the
W/D weight ratio of mouse model (Figure 2F).
Additionally, LPS  stimulation significantly
enhanced neutrophils recruitment and chemokine
release in mice (Figure 2H-21). Moreover, LPS
stimulation dramatically boosted the level of
CLCAl in mice at 6h after stimulation.
Subsequently, the level of CLCA1l gradually
decreased until 36h, when it was marginally
higher than the control (Figure 2J). The positive
immunohistochemical staining indicated the

notable expression of CLCAl in ARDS mouse
model (Figure 2K).

CLCAT1 is pivotal for the inflammatory response
and lung injury in ARDS mouse model

To investigate the role of CLCAL in the pathogenesis
of ARDS, the synthetic N-terminal CLCAl and
CLCA1 blocking antibody were intratracheally
administered to ARDS mice, and the mice were sac-
rificed at 24h after administration. The H&E-stained
sections indicated that N-CLCAl exacerbated
inflammatory cells infiltration and alveolar septum
thickness, whereas CLCA1 blocking antibody clearly
reduced the pulmonary abnormalities of ARDS
(Figure 3A). Similarly, the evaluating indices of
ARDS severity, including lung injury score, W/D
weight ratio and BALF protein, both were modu-
lated by N-CLCA1 and CLCALl blocking antibody
(Figure 3B-3D). Meanwhile, the inflammatory cells
and factors, such as neutrophils, IL-6, TNF-q,
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Figure 2. LPS stimulation elevates the level of CLCA1 in ARDS mouse model.

A. The survival rate of LPS-stimulated mice, mice were intratracheally administrated with different concentrations of LPS (0, 2.5, 5.0 and 10.0mg/kg), n=12.
B. The lung injury score of LPS-stimulated mice, n=6, *P<0.05, **P<0.01, compared with PBS group, *P<0.05, compared with LPS-2.5 group. C. The BALF
protein concentration of LPS-stimulated mice, n=6, *P<0.05, **P<0.01, compared with PBS group, #P<0.01, compared with LPS-2.5 group. D. The total
BALF cells of LPS-stimulated mice, n=6. ***P<0.001, compared with PBS group, ¥P<0.05, compared with LPS-2.5 group. E. H&E staining of murine lung
sections, scale bar 100pm. F. The lung W/D weight ratio of LPS-stimulated mice, n=6, *P<0.05, compared with PBS group. G. the level of TNF-a and IL-6
in LPS stimulated mice detected by ELISA, *P<0.05, **P<0.01, compared with PBS group; * P<0.01, compared with LPS-2.5 group. H. The number of
BALF neutrophils in LPS stimulated mice, n=6, **P<0.01. I. The level of CXCL1 and CXCL2 in LPS stimulated mice detected by ELISA, n=6, **P<0.01. J.
The level of CLCA1 in LPS stimulated mice detected by ELISA, n=6, **P<0.01, compared with PBS group. K. The murine lung sections were dyed by
immunohistochemistry stain, the brown area is specific staining of CLCA1, scale bar 100 um.

CXCL1 and CXCL2, were substantially induced by
N-CLCA1 and demonstrably decreased by CLCA1
blocking antibody (Figure 3E-3F). All the results
indicated that CLCAL1 is essential for the LPS-induced
ARDS phenotypes in mice.

CLCA1 exacerbates the inflammatory response via
p38 MAPK pathway

Since the p38 MAPK pathway is essential in the
progression and pathogenesis of ARDS,* the role
of p38 in CLCAl1 modulated inflammatory
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Figure 3. CLCAT Exacerbates pulmonary inflammation, lung injury and inflammatory cytokines release in ARDS mouse model.

A. H&E staining of murine lung sections, scale bar 100um. B. The lung injury score of ARDS mouse model, n=6, *P<0.05, compared with PBS group;
#P<0.05 compared with LPS group. C. The lung wet/dry weight ratio of ARDS mouse model, n=6, *P<0.05, compared with PBS group; *P<0.05 compared
with LPS group. D. The BALF protein concentration of ARDS mouse model, n=6, **P<0.01, compared with PBS group; #P<0.05, #P<0.01, compared with
LPS group. E. The number of BALF neutrophils in ARDS mouse model, n=6, **P<0.01, compared with PBS group; #P<0.05, *#p <0.01, compared with LPS
group. F. The level of inflammatory cytokines in ARDS mouse model detected by ELISA, including IL-6, TNF-a, CXCL1 and CXCL2, n=6, ** p<0.01, com-

pared with PBS group; #p<0.05, #p<0.01, compared with LPS group.

response was verified in mice and human bron-
chial epithelial cells. The expression of phosphor-
ylated and total p38 in ARDS mouse model was
evaluated by western blot, and the ratio of p-p38/
p38 was significantly increased in ARDS mouse
model. Similarly, the ratio of p-p38/p38 was sub-
stantially elevated by N-CLCA1l and notably
decreased by CLCA1 antibody (Figure 4A-4B). To
verify the regulating role of p38 in CLCA1 exac-
erbated ARDS phenotypes, the human bronchial
epithelial cells 16HBE were employed in subse-
quent studies. Corresponding to the results of
ARDS mouse model, the ratio of p-p38/p38 was
clearly elevated by N-CLCA1l and decreased by
siRNA of CLCA1 (Figure 4C-4D). Furthermore,

the inflammatory factors in 16 HBE cells, such as
IL-6, TNF-a, CXCL1 and CXCL2, were detected
by ELISA. The results confirmed the promoting
role of CLCA1 in the secretion of inflammatory
factors of ARDS. Conversely, repressing the
expression of CLCA1 or inhibiting the activation
of p38 both notably alleviated the inflammatory
response (Figure 4E-4F). The results indicated
that CLCAl exacerbates the inflammatory
response of ARDS via p38 MAPK pathway.

Discussion

This study demonstrated that CLCA1l notably
provoked pulmonary inflammatory responses and
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Figure 4. CLCAT Modulates the release of inflammatory factors via p38 MAPK activation.

A. P38 expression was detected by western blot in ARDS mouse model. B. The ratio of p38 expression western blot in ARDS mouse model, n=6, **P<0.01,
compared with PBS group; #p <0.05, compared with LPS group. C. P38 expression was detected by western blot in 16HBE cells. D. The ratio of p38 expres-
sion western blot in ARDS mouse model, n=6, *P<0.05, compared with PBS group; *P<0.05, compared with LPS group; P <0.05, compared with LPS +NC
group. E. The concentrations of TNF-a and IL-6 in 16HBE cells were detected by ELISA, n=6, **P<0.01, compared with PBS group; #P<0.05, compared
with LPS group; P <0.05, compared with LPS+NC group. F. The concentrations of CXCL1 and CXCL2 16HBE cells were detected by ELISA, n=6, *p<0.05,
**P<0.01, compared with PBS group; *P<0.05, compared with LPS group; P <0.05, compared with LPS+NC group.

associated with lung injury in ARDS, thereby
identified a promising therapeutic target of ARDS.
CLCAL is highly expressed in human and murine
mucosal epithelial cells and involved in chloride
current and mucin expression”’ and multiple
studies have highlighted the role of CLCA1 in
chronic respiratory diseases. Clinical research has
indicated the differentially methylation of CLCA1
was crucially implicated with childhood lung
function impairment, asthma, and COPD across
the life course.* Furthermore, CLCA1 was highly
correlated with IL-9 expression in the bronchial
biopsies of asthmatic patients,” and the overex-
pressed CLCA1 was closely associated with air-
way hyperresponsiveness and infiltration of
inflammatory cells in asthmatic mice.?! Recent
results of mRNA microarray revealed that mRNA
of CLCA1 was the most upregulated gene tran-
script (>100-fold) in the diisocyanate-exposed
asthmatic mouse model.?® Our previous findings
indicated that the DNA vaccine-induced CLCAL1
antibodies remarkably reduce the number of
eosinophils and mast cells in the BALF of

asthmatic mice.” According to the above evi-
dences, we assumed the level of CLCAL is closely
related to the inflammation in chronic lung
disease.

However, few researches focused on the role of
CLCAL in the pathogenesis of acute lung injury or
ARDS. Dietert K et al. reported that reduced neu-
trophilic infiltration and decreased level of IL-17
and CXCL-8 were detected in the CLCA1 knock-
out pneumonia mice induced by Staphylococcus
aureus.”” Additionally, LPS stimulation promoted
the expression of CLCA1 in human airway muco-
epidermoid cells.”® Meanwhile, the synthesized
CLCA1 induced the production of IL-1p, IL-6,
TNEF-a and IL-8 from airway macrophages.” These
researches suggested the close relationship between
CLCA and acute lung inflammation. In our
research, the result clearly indicated CLCA1 was
positively correlated with the neutrophil infiltra-
tion in pulmonary ARDS, which provide a proof
to demonstrate that CLCA1 was participated in
the development of ARDS. Furthermore, the
administration of CLCA1 significantly regulated



the LPS-stimulated phenotypes of mice. But the
detailed etiological factors and the mechanisms of
CLCA1 production in ARDS or CAP are still
under further investigation.

The airway epithelium is the first barrier of
the respiratory system to against the environmen-
tal factors by secreting airway mucus and
pro-inflammatory factors and recruiting inflam-
matory cells. This study uncovered a promising
target in airway epithelium to impede the cyto-
kine storm in ARDS. Additional N-CLCA1 treat-
ment amplified the production of inflammatory
factors induced by LPS, including IL-6, TNF-aq,
CXCL1 and CXCL2. But most importantly,
CXCL1 and CXCL2 are key chemokines to pro-
mote the motivation and migration of neutro-
phils, which demonstrated the regulating role of
CLCAl in the infiltration of immune cells. A
recent study revealed the link that the crosstalk
between epithelial and immune cells was associ-
ated with the severity of COVID-19 by using sin-
gle cell sequencing.'” Centeio et al. also found
that CLCA1 was elevated in IL-13-treated human
airway epithelial cells.?** CLCA1 activates airway
macrophages to secret multiple inflammatory
cytokines including IL-1B, IL-6, TNF-a and
IL-8.% Therefore, we supposed that the elevated
CLCA1 is an excessive response of the airway
epithelium to initiate or exacerbate inflammation
of ARDS, and CLCA1l knockout mice need to
be adopted to verify this hypothesis in further
research.

p38 MAPK plays a pivotal role in the release
of inflammatory mediators and the infiltration of
inflammatory cells, contributing to the acute
lung injury in ARDS. Previous studies revealed
that JNK and p38 MAPK participated in
sepsis-induced murine lung injury, and their
inhibitors improved lung permeability, attenuated
system inflammation, and further alleviated lung
injury.’! Besides, p38 MAPK is also involved in
the burn wound or pancreatitis induced acute
lung injury and pneumonia,®* and it was rec-
ognized that the p38 MAPK inhibitor has great
potential for clinical treatment.*® Alevy et al
reported that CLCA1 activated MAPKI13 cascade
to promote airway mucus production in human
airway epithelial and COPD mice.”>* This
study demonstrated that p-p38 expression was
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significantly elevated in N-CLCA1 treated in
ARDS mouse model and airway epithelial cells,
which indicated that p38 is the pivotal mediator
in CLCA1 promoted lung injury and inflamma-
tory response of ARDS. Nevertheless, this work
was limited to examining the levels of p38 in
mouse lung tissue, additional research is required
to completely investigate the precise mechanism
of the p38 MAPK pathway and the regulating
role of p38 in CLCAIl-mediated inflammations
of ARDS.

In conclusion, our study demonstrated that
CLCA1 was significantly upregulated in ARDS
patients and associated with neutrophil infiltra-
tion and poor prognosis of ARDS. Additional
N-CLCA1l aggravated murine lung injury and
pulmonary protein deposition, as well as the
production of inflammatory cytokines. Besides,
N-CLCA1 initiates inflammatory response in
human bronchial epithelial cells via the p38
MAPK signaling pathway. However, the mecha-
nism and mediators were mainly assessed in
lung tissue from LPS-induced ARDS mice
model, given the limited results from cells
model and patients’ samples, more research is
still required to completely comprehend the
detailed mechanism of CLCA1l activated p38
MAPK pathway.
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