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Abstract: Infection-associated inflammation and coagulation are critical pathologies in sepsis-induced acute lung 
injury (ALI). This study aimed to investigate the effects of microRNA-363-3p (miR-363-3p) on sepsis-induced ALI 
and explore the underlying mechanisms. A cecal ligation and puncture-induced septic mouse model was established. 
The results of this study suggested that miR-363-3p was highly expressed in lung tissues of septic mice. Knockdown 
of miR-363-3p attenuated sepsis-induced histopathological damage, the inflammation response and oxidative 
stress in lung tissues. Furthermore, knockdown of miR-363-3p reduced the formation of platelet-derived microparticles 
and thrombin generation in blood samples of septic mice. Downregulation of miR-363-3p suppressed sphingosine-
1-phosphate receptor 1 (S1PR1) expression in lung tissues and subsequently inactivated the nuclear factor kappa-B 
ligand (NF-κB) signaling. A luciferase reporter assay confirmed that miR-363-3p directly targeted the 3’-untranslated 
region of the mouse S1pr1 mRNA. Collectively, our study suggests that inactivation of NF-κB signaling is involved 
in the miR-363-3p/S1PR1 axis-mediated protective effect on septic ALI.
Key words: acute lung injury, inflammation, microRNA-363-3p (miR-363-3p)/sphingosine-1-phosphate receptor 1 
(S1PR1) axis, nuclear factor kappa-B ligand (NF-κB) signaling, sepsis

Introduction

Sepsis is a clinical syndrome defined as a systemic 
inflammation in response to infection, which often 
causes life-threatening multiple organ dysfunction [1]. 
The lung is the organ most susceptible to sepsis, and 
more than 50% of patients with sepsis develop acute lung 
injury (ALI) [2]. During sepsis, disseminated intravas-
cular coagulation and microvascular thrombosis aggra-
vate clinical outcomes in patients with abdominal sepsis 
and eventually leads to a rise in mortality [3]. Despite 
the development of clinical practices for the treatment 

of abdominal sepsis, septic patients continue to have 
high mortality rate and poor prognosis [4]. It is necessary 
to understand the precise mechanisms of sepsis-induced 
ALI to improve survival in patients.

MicroRNAs (miRs) are small and conserved non-
coding RNAs that negatively modulate gene expression 
by targeting the specific 3’-untranslated region (UTR) of 
messenger RNAs (mRNAs) [5]. As an abnormal expres-
sion of miRNAs is always observed in sepsis-induced 
ALI, subsets of miRNAs have been determined to be 
crucial regulators or biomarkers of septic ALI [6]. Fur-
thermore, sepsis-induced coagulation dysfunction is cor-

(Received 17 September 2021 / Accepted 5 January 2022 / Published online in J-STAGE 16 February 2022)
Corresponding author: M. Zhao. email: 201701159@hrbmu.edu.cn.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives 
(by-nc-nd) License <http://creativecommons.org/licenses/by-nc-nd/4.0/>.

Exp. Anim. 71(3), 305–315, 2022

©2022 Japanese Association for Laboratory Animal Science

https://pubmed.ncbi.nlm.nih.gov/33101593/


S. MENG, ET AL.

306 | doi: 10.1538/expanim.21-0160

related with some miRNAs [7, 8]. High expression of 
serum miR-122 aggravates coagulation disorder in sepsis 
patients [8]. MiR-126 overexpression inhibits septic in-
flammation and the thrombin-induced the increase of 
permeability via the AKT/Rac1 signaling pathway, 
thereby ameliorating the prognosis of septic mice [9]. 
Recent evidence reveals that downregulation of miR-363-
3p ameliorates propofol-induced neurotoxicity via the 
inhibition of oxidative stress and apoptosis [10], implying 
potential negative effects of miR-363-3p. However, the 
functional and molecular mechanisms of miR-363-3p in 
sepsis-induced ALI remain poorly understood.

Sphingosine-1-phosphate (S1P) is produced via phos-
phorylation of sphingosine by an enzyme family consist-
ing of two isoenzymes, which are named sphingosine 
kinase (SPHK) 1 and 2 [11]. The SPHK/S1P/S1P-recep-
tor (S1PR) signaling axis in macrophages has been re-
ported to be involved in the pathogenesis of inflamma-
tory diseases, such as atherosclerosis, asthma, rheumatoid 
arthritis, and cancer [12]. As a downstream molecule 
bound with S1P, S1PR1 triggers a series of responses, 
including cell proliferation, migration, apoptosis and 
angiogenesis [13, 14]. A study has shown that macro-
phage S1PR1 deletion aggravates early inflammation in 
a mouse model of imiquimod-induced psoriasis [15]. 
The selective S1PR1 agonist CYM5442 protects against 
pulmonary injury induced by the 2009 influenza A H1N1 
virus [16]. It has been proposed by Feng et al. that S1P 
and its receptor S1PR1 are potential therapeutic targets 
and biomarkers for sepsis [17]. Apolipoprotein M allevi-
ates lipopolysaccharide (LPS)-induced ALI through the 
activation of S1P/S1PR1 signaling [18]. However, the 
effects of S1PR1 on sepsis are still unknown. A previous 
study suggests that there is a binding site of miR-363-3p 
within the 3’-UTR of human S1PR1 mRNA [19]. It has 
also been reported that miR-363-3p upregulation de-
creases the SPHK2 level in colorectal cancer cells [20]. 
Considering the above findings, we speculate that the 
miR-363-3p/S1PR1 axis may exert a crucial role in 
sepsis-induced aLi.

The current study aimed to elucidate the functional 
mechanisms of the miR-363-3p/S1PR1 axis in cecal liga-
tion and puncture (CLP)-induced septic mice.

Materials and Methods

CLP-induced murine sepsis model
Male 8-week-old C57BL/6 mice were purchased from 

ChangSheng Biotech (Benxi, China). All the procedures 
in animal experiments followed the Guide for the Care 
and Use of Laboratory Animals, and this study was ap-
proved by the First Affiliated Hospital of Harbin Medical 

University (approval ID: YJSKYCX2018-46HYD). 
Mice were maintained under standard conditions (22 ± 
1°C, 45–55% humidity, and 12-h day-night cycle) and 
had food and water available ad libitum. Following adap-
tion, all mice were randomly assigned to i) a sham group, 
ii) a CLP group, iii) a CLP+antagomir NC group, and 
iv) a CLP+antagomir-363-3p group. The CLP procedure 
was performed to induce midgrade sepsis as previously 
described [21]. Under anesthesia with 50 mg/kg pento-
barbital sodium, a 1 cm incision was made in the middle 
of the abdomen of the mice to expose the cecum. A 4-0 
braided silk suture was passed through the midpoint 
between the colon root and cecum terminal to ligate the 
cecum. The ligated cecum was then punctured twice with 
a 21-gauge needle. Finally, the cecum was repositioned, 
and the incision was closed. Sham mice underwent the 
same surgical procedures except for the CLP.

MiR-363-3p antagomir injection
MiR-363-3p antagomir (antagomir-363-3p) and its 

negative control (NC) were synthesized and bought from 
GenePharma (Shanghai, China). Mice received tail vein 
intravenous injections of antagomir-363-3p or its NC at 
a dose of 60 µg/g body weight, as described in previous 
studies but with slight modification [22–24], 24 h before 
the CLP procedure. The sham and CLP groups only ob-
tained equal volume of normal saline.

Survival analysis
Mice were monitored for survival status daily for 7 

days after the CLP procedure. Except for those used for 
the survival analysis, mice were euthanized using 150 
mg/kg pentobarbital sodium 24 h after the CLP proce-
dure. The lung tissues and blood samples were harvest-
ed for subsequent experiments.

Hematoxylin and eosin (H&E) staining
Lung tissues of each mouse were fixed, dehydrated, 

embedded in paraffin, sliced into 5-µm sections, and 
deparaffinized. The sections were then stained with H&E 
for histological analysis. Representative histological im-
ages were acquired under BX53 light microscopy (Olym-
pus, Tokyo, Japan) at 200× magnification. The degree 
of lung injury was determined using a semi-quantitative 
scoring system as described previously [21].

Pulmonary edema assessment
Pulmonary edema was evaluated by lung wet/dry 

weight ratio (W/D ratio) according to a previous study 
[21]. The lung tissues of each mouse were weighed and 
then dried at 65°C to obtain the W/D ratio: (wet weight/
dry weight) ×100%.
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Oxidative stress analysis
The lung tissues were homogenized in normal saline 

(weight:volume=1:9). The levels of oxidative stress-
related markers, including reactive oxygen species 
(ROS), malondialdehyde (MDA), superoxide dismutase 
(SOD), and reduced glutathione (GSH), were detected 
in the tissue homogenates with the commercial kits (Ji-
ancheng Bioengineering Institute, Nanjing, China) in 
accordance with the correspondingly manufacturer’s 
instructions.

Bronchoalveolar lavage and isolation
Bronchoalveolar lavage fluid (BALF) was collected 

24 h after the CLP procedure as previously reported [25]. 
A total of 1.5 ml phosphate buffer solution (PBS) was 
injected into the lungs via the trachea to obtain BALF. 
Total cells, macrophages, and neutrophils were counted 
in BALF using a hemacytometer. The cells were then 
stained with Wright-Giemsa (D010, Jiancheng Bioengi-
neering Institute) and observed at ×200 magnification.

ELISA assay
The levels of myeloperoxidase (MPO), interleukin-1β 

(IL-1β), and tumor necrosis factor-α (TNF-α) in the lung 
tissue homogenates were detected by using commercial 
ELISA kits according to the manufacturer’s instructions 
(Multiscience (Lianke) Biotech, Hangzhou, China).

Platelet-derived microparticles (PMPs) formation
Blood samples were lysed using RBC lysis buffer 

(420301, BioLegend, San Diego, CA, USA) and centri-
fuged at 350 g for 5 min. The pellets were resuspended 
in PBS buffer. Subsequently, 106 cells were incubated 
with the PE-anti-mouse CD41 antibody (133905, Bio-
Legend) at 4°C for 20 min in the dark. PMP production 
was monitored using flow cytometry (NovoCyte) and 
analyzed by NovoExpress 1.2.5 (ACEA Biosciences, 
Inc., San Diego, CA, USA).

Thrombin generation (TG) assay
Thrombin activity was detected in blood samples us-

ing a Thrombin Activity Fluorometric Assay Kit (K373, 
Biovision, Milpitas, CA, USA) as recommended by the 
manufacturer.

Real-time polymerase chain reaction (RT-PCR)
Lung tissues were homogenized and total RNAs were 

isolated using TRIpure reagent (RP1201, BioTeke Corp., 
Beijing, China). Total RNA was reverse transcribed to 
cDNA using M-MLV Transcriptase (BioTeke Corp.). 
Subsequently, RT-PCR amplification was performed us-
ing a SYBR Green PCR Kit (Solarbio, Beijing, China). 

The primers used for PCR were as follows:, 5’-AATT-
GCACGGTATCCATCTGTA-3’ (forward) and 5’-GTG-
CAGGGTCCGAGGT-3’ (reverse) for miR-363-3p and 
5’-CGCAAGAACATCTCCAAG-3’ (forward) and 
5’-CAGCACAGCCAGAACCAG-3’ (reverse) for 
S1PR1. Relative mRNA expression was determined with 
the 2-ΔΔCT method [26] and normalized to β-actin or U6.

Western blotting
Lung tissues were homogenized and protein was iso-

lated using the RIPA lysis solution (P0013B, Beyotime, 
Shanghai, China). Protein concentration was determined 
with a Bradford protein assay kit (P0009, Beyotime). A 
total of 15–30 µg protein per lane was separated on 10% 
SDS polyacrylamide gel and transferred onto a polyvi-
nylidene fluoride membrane (Thermo Fisher Scientific, 
Waltham, MA, USA). Following blocking in TBST (TBS 
with 0.1% Tween-20) for 1 h, the membrane was incu-
bated with anti-S1PR1 (1:500; A12935, ABclonal, Wu-
han, China), anti-nuclear factor kappa-B (NF-κB) ligand 
p65 (1:1,000; A19653, ABclonal), anti-phospho-inhibi-
tor of NF-κB (p-IκB)-α (Ser32/36; 1:500; AF2002, Af-
finity Biosciences, Changzhou, China), anti-IκB-α 
(1:1,000; AF5002, Affinity), anti-p-IκB kinase (IKK; 
Ser180/Ser181; 1:500; AF3013, Affinity, China), anti-
IKK (1:1,000; AF6014, Affinity) and anti-Histone H3 
(1:500; 17168-1-AP, Proteintech, Wuhan, China), and 
anti-β-actin (1:2,000; 60008-1-Ig, Proteintech) antibod-
ies at 4°C overnight. Membranes were incubated with 
the secondary antibodies at 37°C for 40 min. The relative 
intensity of proteins was visualized using electrochemi-
luminescence reagents (Shanghai 7sea biotech Co., Ltd.) 
and quantified using Gel-Pro Analyzer 4.0 (Media Cy-
bernetics, Rockville, MD, USA).

Immunofluorescence
Deparaffinized lung tissues were blocked in goat serum 

(SL038, Solarbio) for 15 min at room temperature. Pri-
mary antibodies for S1PR1 (1: 200; Ab11424, Abcam, 
Cambridge, UK ) and F4/80 (1: 50; Sc-377009, Santa 
Cruz Biotechnology, Dallas, TX, USA) were used to treat 
tissue samples overnight at 4°C. Tissue samples were 
stained with corresponding secondary antibodies for 90 
min at room temperature. Nuclei were visualized with 4’, 
6-diamidino-2-phenylindole (DAPI; C1002, Beyotime). 
After cells were treated with antifade mounting medium, 
representative images were acquired under fluorescence 
microscopy (BX53, Olympus) at ×400 magnification.

Dual-luciferase reporter assay
RAW264.7 cells were obtained from Procell Life Sci-

ence & Technology (Wuhan, China) and cultured in 
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Dulbecco’s Modified Eagle’s Medium (12100-46, Gibco, 
Thermo Fisher Scientific, Waltham, MA, USA) contain-
ing 10% fetal bovine serum at 37°C with 5% CO2. At 
70% confluence, cells were seeded in 12-well plates and 
serum-starved for 1 h. Cells were transfected with a 
pmirGLO luciferase expression construct containing the 
wild-type (wt) or mutant (mut) 3’-UTR of S1pr1, and 
miR-363-3p mimic or negative control (NC) mimic us-
ing Lipofectamine 3000 (L3000 008, Invitrogen, Thermo 
Fisher Scientific, Waltham, MA, USA). At 48 h after 
transfection, luciferase activities were detected using a 
dual-luciferase reporter assay kit (KGAF040, KeyGEN 
BioTECH, Nanjing, China) and normalized to Renilla 
luciferase activity.

Statistical Analysis
Results were expressed as the mean ± SD and analyzed 

using the GraphPad Prism 8.0 software. Student’s t-test 
was used to compare differences between two groups, 
while one-way ANOVA followed by Tukey’s was used 
for multiple comparisons. For survival analysis, the sur-
vival curves were compared using the log-rank test. P 
less than 0.05 was considered statistically significant.

Results

Upregulated miR-363-3p and downregulated 
S1PR1 were observed in lung tissues of septic mice

As shown in Fig. 1a, the mRNA level of miR-363-3p 
in the CLP group was remarkably higher than that in the 
sham group (P<0.05), whereas the S1pr1 level was 
greatly lower in the CLP group (Fig. 1b, P<0.05). The 
results of the immunofluorescence analysis revealed that 
the fluorescence intensity of S1PR1 in the CLP group 

Fig. 1. Upregulation of miR-363-3p and downregulation of S1PR1 are observed 
in lung tissues of septic mice. (a) Relative mRNA levels of miR-363-3p in 
lung tissues of mice in different groups. (b) Relative mRNA levels of S1pr1 
in lung tissues of mice in different groups. (c) Representative images of 
immunofluorescence staining with S1PR1 in lung tissues of mice in differ-
ent groups. Bars=50 µm. (d) Representative images of H&E staining and 
pathological scores in lung tissues of mice in different groups. Bars=100 
µm. N=6 mice per group. Results are expressed as means ± SD. *P<0.05.
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was greatly decreased relative to the sham group (Fig. 
1c). H&E staining confirmed that there were obvious 
histopathological injuries in lung tissues of the CLP 
mice, which exhibited more inflammatory cell infiltration 
and alveolar structure damage (Fig. 1d, P<0.05).

Knockdown of miR-363-3p alleviated pathological 
injuries in lung tissues of septic mice

To elucidate the effect of miR-363-3p on sepsis-in-
duced ALI, antagomir-363-3p or its control (antagomir 
NC) was administered to mice by tail vein intravenous 
injection before the CLP procedure. As shown in Fig. 
2a, the injection of antagomir-363-3p into CLP-treated 
mice significantly decreased the level of miR-363-3p 

compared with the administration of antagomir NC 
(P<0.05). At the end of the 7 day follow-up period, the 
survival rate of the sham mice was 100%, while sur-
vival rate of the CLP mice decreased significantly to 0% 
on day 6 after the procedure (Fig. 2b). However, admin-
istration of antagomir-363-3p efficiently increased the 
survival rate after the surgery (Fig. 2b). The results of 
H&E staining suggested that a majority of the alveolar 
cavity in the CLP and CLP+antagomir NC groups ex-
hibited exudation, edema, and inflammatory cell infiltra-
tion and that the alveolar septal walls were thickened. 
Importantly, inhibition of miR-363-3p ameliorated CLP-
induced lung tissue inflammation, edema, and hemor-
rhage (Fig. 2c). The pathological scores for lung injury 

Fig. 2. Knockdown of miR-363-3p alleviates pathological injury in lung tissues of septic mice. (a) 
Relative mRNA levels of miR-363-3p in lung tissues of mice in different groups. (b) Sur-
vival rates of mice within 7 consecutive days following the CLP procedure. (c) Representa-
tive images of H&E staining and pathological scores in lung tissues of mice in different 
groups. Bars=100 µm. (d) The W/D ratios of lung tissues of mice in different groups. N=6 
mice per group. Results are expressed as means ± SD. *P<0.05, vs. the sham group. #P<0.05, 
vs. the CLP group. &P<0.05, vs. the CLP+antagomir NC group.
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confirmed that the downregulation of miR-363-3p dra-
matically alleviated pathological damage in lung tissues 
of mice after the CLP procedure (Fig. 2c, P<0.05). Fur-
thermore, knockdown of miR-363-3p dramatically de-
creased the degree of pulmonary edema in mice after the 
CLP operation (Fig. 2d, P<0.05).

Knockdown of miR-363-3p relieved oxidative stress 
in lung tissues of septic mice

The effect of miR-363-3p on oxidative stress in lung 
tissues of septic mice was evaluated. The results sug-
gested that the levels of the antioxidant enzymes SOD 
and GSH were obviously reduced in the CLP group 
compared with the sham group, while the ROS and MDA 
levels were greatly enhanced (Fig. 3a–d, P<0.05). Injec-
tion of antagomir-363-3p significantly decreased the 
MDA and ROS levels but increased the activities of the 
antioxidant enzymes SOD and GSH compared with the 
CLP+antagomir NC group (Fig. 3a–d, P<0.05).

Knockdown of miR-363-3p inhibited the CLP-
induced inflammatory response in lung tissues of 
mice

The effect of miR-363-3p on inflammation was further 
investigated. The BALF protein concentration in the CLP 
group was significantly increased compared with that in 
the sham group, but it was inhibited after knockdown of 
miR-363-3p (Fig. 4a, P<0.05). The results of Wright-
Giemsa staining revealed excessive numbers of total 

cells, macrophages, and neutrophils in the BALF of the 
CLP group, and these cell numbers were decreased after 
injection of antagomir-363-3p (Fig. 4b and c, P<0.05). 
Similarly, knockdown of miR-363-3p evidently curbed 
the CLP-induced increase of lung MPO activity (Fig. 4d, 
P<0.05) as well as the production of the pro-inflamma-
tory cytokines TNF-α and IL-1β (Fig. 4e and f, P<0.05).

Knockdown of miR-363-3p decreased CLP-induced 
PMP formation and TG in mice

We next investigated the role of miR-363-3p on PMP 
formation and TG in response to CLP. As shown in Fig. 
5a and b, CLP increased the levels of PMPs by nearly 
three-fold compared with the sham operation (P<0.05). 
However, knockdown of miR-363-3p abolished the CLP-
induced formation of PMPs. In addition, TG was de-
tected using a commercial kit. The results showed that 
TG was weakly decreased in plasma harvested from the 
CLP+antagomir-363-3p groups relative to the CLP and 
CLP+antagomir NC groups (Fig. 5c).

Knockdown of miR-363-3p blocked the NF-κB 
activation by targeting S1PR1

A previous study showed that S1PR1 was the target 
of hsa-miR-363 [19]. To understand the underlying 
mechanisms of miR-363-3p in CLP-induced septic mice, 
we further detected the level of S1PR1 by RT-PCR and 
western blotting. As shown in Fig. 6a and b, knockdown 
of miR-363-3p markedly upregulated S1PR1 mRNA and 

Fig. 3. Downregulation of miR-363-3p relieves oxidative stress in lung tissues of septic 
mice. (a) ROS fluorescence intensity, (b) MDA content, (c) SOD activity, and (d) 
GSH activity were detected using commercial kits. N=6 mice per group. Results 
are expressed as means ± SD. *P<0.05.
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Fig. 4. Knockdown of miR-363-3p inhibits CLP-induced inflammatory responses in lung tissues of mice. (a) BALF protein concentra-
tions in different groups. (b) Representative images of Wright-Giemsa staining in BALF of mice in different groups. (c) The 
total cell, macrophage, and neutrophil counts in BALF of different groups. (d) Lung MPO activities in different groups. (e) Lung 
IL-1β levels in different groups. (f) Lung TNF-α levels in different groups. N=6 mice per group. Results are expressed as means 
± SD. *P<0.05.

Fig. 5. Knockdown of miR-363-3p decreases CLP-induced PMP formation and TG in mice. (a) Representative dot plots in the blood 
of different groups by flow cytometry. (b) The numbers of PMPs in the blood of different groups. (c) Levels of total TG in the 
plasma of different groups. N=6 mice per group. Results are expressed as means ± SD. *P<0.05.
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Fig. 6. Knockdown of miR-363-3p blocks the NF-κB activation by targeting S1PR1. (a) Relative mRNA levels of S1pr1 in lung tissues 
of mice in different groups. (b) Relative protein levels of S1PR1 in lung tissues of mice in different groups. (c) Relative protein 
levels of NF-κB p65 (cytoplasm), NF-κB p65 (nucleus), p-IKK Ser180/Ser181, IKK, p-IκB-α Ser32/36, and IκB-α in lung tissues of 
mice in different groups. (d) Representative images of dual immunofluorescence staining with S1PR1 and F4/80 in lung tissues 
of mice in different groups. (e) A luciferase reporter assay was used to measure the relative luciferase activities of S1PR1-3’-
UTR wt and mut in RAW264.7 cells. Results were expressed as means ± SD, *P<0.05.
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protein expression in the CLP-induced septic mice 
(P<0.05). Furthermore, knockdown of miR-363-3p 
blocked NF-κB p65 translocation from the cytoplasm to 
the nucleus after the CLP operation (Fig. 6c, P<0.05). 
Knockdown of miR-363-3p also downregulated the ex-
pression of p-IKK/IKK and p-IκB-α/IκB-α (Fig. 6c, 
P<0.05). The results of dual immunofluorescence sug-
gested that knockdown of miR-363-3p prevented mac-
rophage S1PR1 deletion (Fig. 6d). The TargetScan online 
database predicted that S1PR1 was a potential target 
gene of mmu-miR-363-3p (http://www.targetscan.org/
vert_72/). The results of the luciferase activity assay 
revealed that the relative luciferase activity of S1PR1-
3’-UTR-wt in RAW264.7 cells in the miR-363-3p 
mimic group was significantly decreased compared with 
the NC mimic group (Fig. 6e, P<0.05), but there was no 
significant difference in the luciferase activity of S1PR1-
3’-UTR-mut between the miR-363-3p mimic group and 
the NC mimic group.

Discussion

Sepsis is a severe infective complication characterized 
by dysregulated immune responses, vascular occlusion, 
and subsequent multiple organ failure, and it has become 
the main etiology of ALI [27]. Despite the implementa-
tion of many lung-protective strategies, ALI remains a 
major clinical problem due to significant morbidity and 
mortality [28]. Therefore, the discovery of novel thera-
peutic targets contributes to the management of sepsis-
induced ALI. The present study suggested that miR-363-
3p was highly expressed in the lung tissues of septic 
mice. Knockdown of miR-363-3p protected septic mice 
from ALI by targeting S1PR1, which was implicated in 
the inactivation of NF-κB signaling. These data highlight 
the potential therapeutic role of the miR-363-3p/S1PR1/
NF-κB axis in septic ALI (Fig. 7).

The essence of ALI is deemed to be an excessive and 
uncontrolled inflammatory response [29]. Massive lung 
inflammation destroys the basement membrane and en-
hances the alveolar-capillary membrane permeability 
[29]. In this study, we found that CLP induced pulmonary 
edema, inflammatory cell infiltration, and thickening of 
alveolar septal walls. CLP also caused the increases in 
the MPO activity in lung tissues and the inflammatory 
cell numbers in BALF. The expression of pro-inflamma-
tory cytokines, including TNF-α and IL-1β, was remark-
ably increased after the CLP operation. However, the 
above CLP-induced effects were inhibited by miR-363-
3p silencing. Furthermore, serious oxidative stress is 
known to exert a crucial role in the pathogenesis of ALI 
[30]. ROS generation aggravates lung inflammation, and 

inflammatory cells in turn lead to the overproduction of 
ROS, which creates a vicious cycle of worsening ALI 
[30]. A previous study has demonstrated that inhibition 
of miR-363-3p provides protection against propofol-
induced neurotoxicity by inhibiting oxidative stress [10], 
indicating that miR-363-3p is a key regulator of oxida-
tive stress. In this study, we observed that CLP induced 
the production of MDA and ROS and inhibited SOD and 
GSH activities in the lung tissues of mice, which was 
reversed by miR-363-3p knockdown. Our data demon-
strate the anti-inflammatory and antioxidant roles of 
miR-363-3p suppression in sepsis-induced aLi.

It is well-known that inflammation and coagulation 
play important roles in the pathogenesis of sepsis and 
promote each other mutually [31]. Enormous studies 
have confirmed that the pro-inflammatory factors IL-1β 
and TNF-α function as mediators of the procoagulant 
process [32], and contribute to inflammatory responses 
and tissue injury [33]. As a key factor in sepsis, platelet 
activation facilitates the neutrophil infiltration in the lung 
tissues and contributes to blood coagulation via the for-
mation of PMPs [34]. Wang et al. found that upregulation 
of miR-126 markedly inhibited the increased permeabil-
ity and inflammation induced by thrombin in septic mice 
[9]. Furthermore, inhibition of Rac1 activity alleviated 
dysfunctional coagulation in abdominal sepsis via regu-
lation of the formation of PMPs and TG [35]. Here, we 
determined the role of miR-363-3p in PMP formation 
and TG in sepsis-induced ALI. Our results revealed that 
silencing of miR-363-3p decreased the formation of 
PMPs and TG in septic mice. These findings suggest that 
inhibition of miR-363-3p could be a useful target to in-
hibit dysfunctional coagulation in sepsis-induced ALI.

As responsive cells, macrophages play key roles in 
inflammation and coagulative function during sepsis 
[36]. A previous study suggested that macrophage S1PR1 
deletion enhanced angiogenesis and inflammation in a 
mouse model of imiquimod-induced psoriasis [15]. an-

Fig. 7. The functional mechanism of miR-363-3p in septic ALI. 
The inactivation of NF-κB signaling is implicated in the 
miR-363-3p/S1PR1 axis-mediated protective effects on 
septic ALI.
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other study revealed that platelet aggregation is enhanced 
by S1PR1 activation [37]. In this study, upregulation of 
macrophage S1PR1 expression was found in lung tissues 
of septic mice after miR-363-3p knockdown. Therefore, 
inflammation and oxidative stress triggered by miR-363-
3p upregulation may be associated with a reduced S1PR1 
level. The inhibitory effect of miR-363-3p knockdown 
on coagulation disorders may be caused by regulating 
other genes. The mechanism related to coagulation dis-
orders caused by miR-363-3p still needs to be further 
explored. Additionally, NF-κB signaling is an important 
signaling pathway in tissue inflammatory and immune 
response, as it transcriptionally modulates the expression 
of genes [38]. The NF-κB signaling pathway was found 
to be involved in the ALI mediated by S1PR1 [16]. The 
selective S1PR1 agonist CYM5442 suppressed innate 
immune responses in H1N1-infected mice via inactiva-
tion of the NF-κB signaling pathways [16]. Here, we 
assessed the expression of the p65 in the cytoplasm, p65 
in the nucleus, IKK, p-IKK, IκB-α, and p-IκB-α, which 
is necessary for the activation and translocation of NF-
κB signaling. IκB-α is destroyed by the IKK, and sub-
sequently, the p65 subunit is released and translocated 
from the cytoplasm to the nucleus, where it induces 
downstream inflammatory cytokines [39]. In the current 
study, activation of IκB/NF-κB signaling was observed 
in lung tissues of septic mice and blocked after miR-
363-3p knockdown. Mechanistically, our study vali-
dated in vivo that the miR-363-3p/S1PR1 axis might 
ameliorate sepsis-induced ALI via inactivation of the 
NF-κB signaling pathway.

In summary, our data elucidate the protective role of 
miR-363-3p inhibition in lung tissues of septic mice. We 
determine that knockdown of miR-363-3p alleviates the 
inflammatory response and oxidative stress by nega-
tively regulating S1PR1, which is associated with the 
inactivation of NF-κB signaling. Our results show that 
targeting the miR-363-3p/S1PR1/NF-κB axis may be a 
useful therapeutic method for sepsis-induced ALI.
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