
EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1278,  2021

Abstract. MicroRNAs (miRs) and inflammatory cytokines 
can induce acute lung injury (ALI), which can develop into 
acute respiratory distress syndrome in severe cases. Previous 
research has revealed that miR‑122‑5p participates in the devel‑
opment of ALI, and that its expression is positively associated 
with ALI. However, the mechanism by which miR‑122‑5p 
contributes to ALI remains to be determined. In the current 
study, TargetScan and dual luciferase reporter gene assays were 
used to confirm that IL‑1 receptor antagonist (IL1RN) was a 
target of miR‑122‑5p. Subsequently, by referring to previous 
literature, a lipopolysaccharide (LPS)‑induced ALI cell model 
was established. A549 cells were transfected with mimic 
control or miR‑122‑5p mimics for 24 h, and 10 µg LPS was 
used to treat the transfected cells for 12 h. The results revealed 
that miR‑122‑5p mimics decreased cell viability and promoted 
apoptosis. Lactate dehydrogenase (LDH) release assays indi‑
cated that miR‑122‑5p mimics increased LDH release. ELISA 
demonstrated that miR‑122‑5p mimics promoted TNF‑α, 
IL‑1β and IL‑6 expression levels. A549 cells were transfected 
with inhibitor control, miR‑122‑5p inhibitor, miR‑122‑5p 
inhibitor + control‑small interfering (si)RNA or miR‑122‑5p 
inhibitor + IL1RN‑siRNA for 24 h, after which the cells were 
treated with 10 µg LPS for 12 h. The results revealed that the 
effects of the miR‑122‑5p inhibitor were the opposite of those 
of the miR‑122‑5p mimic. All the effects of miR‑122‑5p inhib‑
itor on LPS‑treated A549 cells were significantly reversed by 
IL1RN‑siRNA. Overall, the results highlighted miR‑122‑5p as 
a potential novel target for the treatment of ALI.

Introduction

Acute lung injury (ALI) is caused by epithelial and capillary 
endothelial cell damage that is induced by various direct 
and indirect injurious factors, such as increased vascular 
permeability, overproduction of cytokines, leukocyte recruit‑
ment and dysfunction of surfactant, resulting in diffuse lung 
interstitial and alveolar edema and acute hypoxic respiratory 
insufficiency (1). ALI is a disease that can threaten an indi‑
vidual's life. In severe cases, it can lead to acute respiratory 
distress syndrome (ARDS) and respiratory failure, which has a 
mortality rate of >30% (2,3). The primary features of ALI and 
ARDS are rapid onset of respiratory failure, severe hypoxemia 
and reduced static respiratory system compliance; however, 
ALI and ARDS are primarily caused by uncontrolled acute 
inflammation (4,5). Previous studies have also demonstrated 
that the inhibition of inflammation and oxidative stress can 
prevent ALI (6,7).

Lipopolysaccharide (LPS) is an endotoxin and a constit‑
uent of the membrane of gram‑negative bacteria (8). When 
gram‑negative bacteria infect the lungs, LPS is the primary 
pathogenic factor that causes ALI (9). LPS can activate pattern 
recognition receptors, thereby activating downstream NF‑κB 
and MAPK signaling molecules, which in turn promote the 
synthesis and release of inflammatory factors, leading to 
excessive oxidative stress (8,9). When endothelial and epithe‑
lial cells are damaged, the endothelial barrier is destroyed, 
which increases capillary permeability and promotes alveolar 
edema  (10). Thus far, drug treatments for ALI have not 
produced favorable results. Therefore, novel methods to treat 
ALI using different approaches are required.

At present, an increasing body of evidence has revealed 
that microRNAs (miRNAs/miRs) serve an important role in 
various diseases (11), including cancer (12), atherosclerosis (13) 
and cardiovascular diseases (14). miRNAs are a general term 
for a class of small‑molecule non‑coding RNAs that are 20‑22 
nucleotides in length, as opposed to mRNA‑transcribed 
proteins. miRNAs do not encode proteins, but instead inhibit 
target gene expression  (15‑17). miR‑122‑5p is located at 
chr18q21.31, and it has been demonstrated to participate in the 
development of several diseases, including cancer (18), skeletal 
muscle myogenesis (19), drug‑induced liver injury (20) and 
radiation‑induced rectal injury (21). In addition, Lu et al (22) 
revealed that miR‑122‑5p was involved in ALI development; 
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miR‑122‑5p expression in ALI was notably upregulated, and it 
was demonstrated to regulate pulmonary microvascular endo‑
thelial cells by affecting the dual specificity phosphatase 4 
(DUSP4)/ERK signaling pathway to aggravate ALI  (22). 
However, its specific mechanism of action is yet to be fully 
elucidated.

IL‑1 receptor antagonist (IL1RN) is a member of the IL‑1 
family, which is an immune and pro‑inflammatory cytokine 
that competitively binds to IL1R1 and prevents it from binding 
to the co‑receptor IL‑1 receptor accessory protein  (23). 
Therefore, IL1RN suppresses IL‑1 activity, which regulates 
several immune and inflammatory responses associated with 
IL‑1 (24). It has been reported that IL1RN serves a protective 
role in numerous types of lung injuries (25,26). Preliminary 
bioinformatics analysis for the present study revealed that 
IL1RN is a target gene of miR‑122‑5p. Therefore, it was 
hypothesized that miR‑122‑5p may be involved in ALI through 
the modulation of IL1RN to regulate alveolar epithelial cell 
injury.

Materials and methods

Cell culture and LPS exposure. The A549 human pulmonary 
epithelial cell line was acquired from the American Type 
Culture Collection. Cells were cultured in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin‑strep‑
tomycin at 37˚C in a humidified incubator with 5% CO2. A549 
was induced using 0.1, 1, 10 and 100 µg LPS (Sigma‑Aldrich; 
Merck KGaA) for 12 h, or induced using 10 µg LPS (Sigma) for 
4, 8, 12 and 24 h. An ALI cell model was established through 
treatment with 10 µg LPS (Sigma‑Aldrich; Merck KGaA) for 
12 h (27).

Cell transfection. A549 cells were transfected with 50 nM 
miR‑122‑5p mimic (5'‑UGG​AGU​GUG​ACA​AUG​GUG​
UUU​G‑3') 50  nM mimic control (5'‑UUC​UCC​GAA​CGU​
GUC​ACG​UTT‑3'), 100 nM miR‑122‑5p inhibitor (miR‑122‑5p 
antagomir; 5'‑CAA​ACA​CCA​UUG​UCA​CAC​UCCA‑3') and 
100 nM inhibitor control (the negative control of miR‑122‑5p 
antagomir; 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA​A‑3'), 
0.2  µM scrambled control small interfering (si)RNA (cat 
no.  sc‑36869; Santa Cruz Biotechnology, Inc.), 0.2  µM 
IL1RN‑siRNA (cat no. sc‑39617; Santa Cruz Biotechnology, 
Inc.), 100 nM miR‑122‑5p inhibitor + 0.2 µM control‑siRNA, 
or 100 nM miR‑122‑5p inhibitor + 0.2 µM IL1RN‑siRNA 
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) 
at 37˚C for 24 h, according to the manufacturer's instructions. 
After 24 h, RT‑qPCR analysis was conducted to measure the 
efficiency of transfection.

Bioinformatics. TargetScan version 7.2 (http://www.targetscan.
org/vert_72/) was used to predict the potential targets of 
miR‑122‑5p.

Dual luciferase reporter assay. TargetScan was used to predict 
the potential targets of miR‑122‑5p. The results revealed that 
IL1RN was identified as a potential target of miR‑122‑5p. 
Therefore, the wild‑type (IL1RN‑WT; 5'‑UCC​AAG​CUC​
CAU​CUC​CAC​UCC​AG‑3') and mutant (IL1RN‑MUT; 

3'UCC​AAG​CUC​CAU​CUC​GUG​AGG​UG‑5') 3'untranslated 
regions (UTRs) of IL1RN, containing miR‑122‑5p‑binding 
elements, were generated by reverse transcription (RT). RT 
was conducted using a HiScript 1st Strand cDNA Synthesis 
kit (Vazyme Biotech Co., Ltd.) for 5 min at 25˚C followed by 
60 min at 42˚C from total RNA preparations extracted from 
A549 cells using TRIzol® reagent (Thermo Fisher Scientific, 
Inc.). Samples were then cloned into BamHI and AscI 
sites of the pmiRGLO vector (Promega Corporation). The 
recombinant plasmids were acquired by using an EndoFree 
Plasmid Maxi kit (Vazyme Biotech Co., Ltd.). Subsequently, 
293T cells (American Type Culture Collection) were seeded 
(5x104 cells/well) in 24‑well plates and co‑transfected with 
miR‑122‑5p mimics (5'‑UGG​AGU​GUG​ACA​AUG​GUG​UUU​
G‑3'; Guangzhou RiboBio Co., Ltd.) or mimic control (5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3'; Guangzhou RiboBio 
Co., Ltd.) and the indicated luciferase reporter constructs 
using Lipofectamine 2000® (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions at 37˚C for 48 h. 
After transfection for 48 h, luciferase activity was assessed 
using Dual Luciferase Reporter assay system (Promega 
Corporation) and normalized to Renilla luciferase activity.

RT‑quantitative (q)PCR assay. Total RNA was extracted 
from A549 cells using TRIzol® reagent (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
RNA concentration was detected using a NanoDrop™ 2000 
spectrophotometer (Thermo Fisher Scientific, Inc.). Total 
RNA was reverse transcribed into cDNA using a HiScript 
1st Strand cDNA Synthesis kit (Vazyme Biotech Co., Ltd.) 
according to the manufacturer's protocol. Subsequently, qPCR 
was performed using a SYBR® Green PCR kit (Vazyme 
Biotech Co., Ltd.) according to the manufacturer's protocol. 
The following thermocycling conditions were used for qPCR: 
Initial denaturation at 95˚C for 5 min; followed by 38 cycles 
of 15 sec at 95˚C, 1 min at 60˚C and 30 sec at 72˚C; and a 
final extension for 10  min at 72˚C. GAPDH (for IL1RN 
mRNA) or U6 (for miR‑122‑5p) were used as the endog‑
enous controls. Gene expression was calculated using the 
2‑ΔΔCq method (28). The primer sequences for qPCR were as 
follows: GAPDH Forward, 5'‑CTT​TGG​TAT​CGT​GGA​AGG​
ACT​C‑3', and reverse, 5'‑GTA​GAG​GCA​GGG​ATG​ATG​TTC​
T‑3'; U6 forward, 5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​
T‑3', and reverse, 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'; 
miR‑122‑5p forward 5'‑GTG​ACA​ATG​GTG​GAA​TGT​GG‑3', 
and reverse, 3'‑CAG​AAC​CGT​AGC​AAA​CGA​AA‑5'; IL1RN 
forward 5'‑AAC​AGA​AAG​CAG​GACA​AGC​G‑3', and reverse, 
5'‑CCT​TCG​TCA​GGC​ATA​TTG​GT‑3'.

Western blotting. Total protein was obtained from A549 cells 
using RIPA lysis buffer (Beijing Solarbio Science & Technology 
Co., Ltd.). A BCA assay kit (Thermo Fisher Scientific, Inc.) 
was used to quantify the total protein concentration. Equal 
amounts of proteins (40 µg per lane) were isolated using 12% 
SDS‑PAGE, and then transferred to PVDF membranes. The 
membranes were blocked with 5% non‑fat milk to prevent 
non‑specific binding at room temperature for 1.5  h, and 
then incubated with primary antibodies against anti‑IL1RN 
(cat. no. ab124962; 1:1,000; Abcam), cleaved‑caspase 3 (cat. 
no. ab32042; 1:1,000; Abcam), caspase 3 (cat. no. ab32351; 
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1:1,000; Abcam), and GAPDH (cat. no.  ab9485; 1:2,500; 
Abcam) at 4˚C overnight. The following day, membranes were 
incubated with goat anti‑rabbit IgG H&L (HRP)‑conjugated 
secondary antibody (1:5,000; cat. no. ab7090; Abcam) at room 
temperature for 2 h. Protein signals were visualized using 
an ECL reagent (Cytiva). ImageJ v.2.0 software (National 
Institutes of Health) was used to quantify band intensity.

ELISA. ELISA was performed to examine the levels of TNF‑α 
(cat. no. PT518), IL‑1β (cat. no. PI305) and IL‑6 (cat. no. PI330) 
in the supernatant of transfected A549 cells. Specific ELISA 
kits (Beyotime Institute of Biotechnology) were used to detect 
the expression of associated markers according to the manu‑
facturer's protocol.

Lactate dehydrogenase (LDH) release assay. LDH release was 
determined using an LDH Release Assay kit (cat. no. C0016; 
Beyotime Institute of Biotechnology) according to the manu‑
facturer's protocol. After treatment with LPS, 150 µl LDH 
release reagent was added to DMEM and cells were incubated 
at 37˚C for a total of 2 h. Subsequently, samples were centri‑
fuged at 4˚C and 500 x g for 5 min, and 120 µl supernatant from 
each well was used to measure the LDH release according to 
the requirements of the kit. Absorbance was measured at a 
wavelength of 490 nm using a microplate reader.

Flow cytometry. Transfected cells were processed using an 
Annexin‑V/PI Apoptosis Detection kit (BD Biosciences). 
After cell transfection, cells were induced with LPS for 
12 h, collected through centrifugation at 1,000 x g at 4˚C for 
5 min and then resuspended in 100 µl FITC‑binding buffer. 
Subsequently, ~5 µl ready‑to‑use Annexin V‑FITC and 5 µl PI 
were added to the buffer and incubated in the dark for 30 min 
at room temperature. Annexin V‑FITC and PI fluorescence 
were assessed using a BD FACSCalibur flow cytometer (BD 
Biosciences) and the results were analyzed using Kaluza 
Analysis software (v2.1.1.20653; Beckman Coulter, Inc.).

MTT assay. Transfected cells were treated with 10 µg LPS for 
12 h and then plated in a 96‑well plate and incubated at 37˚C 
for 24 h. Subsequently, 20 µl MTT (5 mg/ml; Sigma‑Aldrich; 
Merck KGaA) was added to each well, and the wells were 
further cultured at 37˚C for 4 h. The absorbance was measured 
at 570  nm using a multifunctional plate reader (BioTek 
Instruments, Inc.).

Statistical analysis. Results were analyzed using GraphPad Prism 
v6.0 (GraphPad Software, Inc.). Differences between two groups 
were compared using an unpaired Student's t‑test. The differ‑
ences among multiple groups were calculated using one‑way 
ANOVA followed by Tukey's post hoc test. Data are presented 
as the mean ± SD of three independent experiments. P<0.05 was 
considered to indicate a statistically significant difference.

Results

IL1RN is the direct target gene of miR‑122‑5p. The target gene 
downstream of miR‑122‑5p was searched using the bioin‑
formatics tool, TargetScan. TargetScan results revealed that 
there were thousands of target genes of miR‑122‑5p including 

IL1RN (Fig. 1A). Based on software prediction, miR‑122‑5p 
was partially complementary with the IL1RN 3'‑UTR. 
IL1RN is an antagonist of IL1, which is a pro‑inflammatory 
cytokine (24). It has been reported that IL1RN serves a protec‑
tive role in numerous types of lung injury (25,26). Thus, the 
present study hypothesized that miR‑122‑5p may be involved 
in ALI via the modulation of IL1RN expression. Therefore, 
IL1RN was selected for further study. Subsequently, 293T 
cells were co‑transfected with IL1RN‑WT or IL1RN‑MUT 
and miR‑122‑5p mimic or mimic control for 48 h, after which 
a dual‑luciferase reporter assay was performed to detect lucif‑
erase activity. Dual‑luciferase reporter assays indicated that 
miR‑122‑5p mimics could significantly inhibit the luciferase 
activity of IL1RN‑WT. However, miR‑122‑5p mimic did 
not inhibit the luciferase activity of IL1RN‑MUT (Fig. 1B). 
Overall, IL1RN was revealed to be a target gene of miR‑122‑5p.

Expression of IL1RN and miR‑122‑5p in the LPS‑induced ALI 
cell model. To detect the expression of IL1RN and miR‑122‑5p 
in the in vitro model of ALI, A549 cells were treated with 
LPS. A549 was induced using 0.1, 1, 10 and 100 µg LPS 
for 12 h. RT‑qPCR and western blotting were used to detect 
miR‑122‑5p and IL1RN expression. The results revealed that 
LPS dose‑dependently increased miR‑122‑5p expression in 
A549 cells (Fig. 2A), and reduced IL1RN expression at both 
the protein and mRNA levels (Fig. 2B and C); these results 
were significant at a dosage of ≥1 µg. The effects of treat‑
ment with LPS for different time periods were subsequently 
assessed. A549 cells were induced using 10 µg LPS for 4, 
8, 12 and 24 h. The results indicated that LPS significantly 
increased miR‑122‑5p expression in A549 cells (Fig.  2D) 
and significantly reduced the protein and mRNA expression 
levels of IL1RN in a time‑dependent manner (Fig. 2E and F). 
For subsequent experiments, A549 cells were induced with 
10 µg LPS for 12 h to establish the ALI cell model (27). The 

Figure 1. Relationship between IL1RN and miR‑122‑5p. (A) Interactions 
between miR‑122‑5p and the 3'UTR of IL1RN were predicted using 
TargetScan software. (B) A dual luciferase reporter gene assay was conducted 
for the verification of miR‑122‑5p and IL1RN interactions. **P<0.01 vs. mimic 
control. IL1RN, IL‑1 receptor antagonist; miR, microRNA; UTR, untrans‑
lated region; WT, wild‑type; MUT, mutant.
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successful establishment of the LPS‑induced ALI cell model 
was confirmed through the reduction of A549 cell viability, 
enhanced LDH activity, increased apoptosis and enhanced 
inflammatory cytokine levels.

Effects of miR‑122‑5p mimics on the LPS‑induced ALI cell 
model. To investigate the effects of miR‑122‑5p mimics on 
LPS‑induced ALI cells. A549 cells were transfected with 
mimic control or miR‑122‑5p mimic for 24 h. RT‑qPCR was 
performed to confirm the transfection efficiency. Compared 
with the mimic control group, miR‑122‑5p mimic significantly 
increased miR‑122‑5p expression in A549 cells (Fig. 3A). 
After 24 h, transfected cells were induced with 10 µg LPS 
for 12 h, and subsequent analysis was performed. RT‑qPCR 
analysis revealed that miR‑122‑5p expression levels were 
significantly increased in LPS‑induced cells compared with 
their respective control (Fig. 3B). By contrast, MTT analysis 
indicated that LPS significantly decreased cell viability in the 
LPS and LPS + miR‑122‑5p mimic groups compared with 
the control and LPS + mimic control, respectively (Fig. 3C). 
Additionally, LPS significantly promoted LDH release in these 
groups (Fig. 3D). Flow cytometry analysis indicated that LPS 
significantly increased the rate of apoptosis (Fig. 3E and F); 
similarly, western blotting revealed that cleaved‑caspase 3 
expression (Fig. 3G) and the cleaved‑caspase 3/caspase 3 ratio 
were significantly increased (Fig. 3H). All these changes were 
reinforced by miR‑122‑5p mimic.

Effect of miR‑122‑5p mimic on expression of inflammatory 
cytokines. ELISA was performed to detect the expression of 
inflammatory cytokines. The results revealed that TNF‑α, 
IL‑1β and IL‑6 levels were all significantly increased in the 

cell supernatant of the LPS‑treated group compared with the 
control. The miR‑122‑5p mimic further significantly increased 
the levels of TNF‑α (Fig. 4A), IL‑1β (Fig. 4B) and IL‑6 (Fig. 4C) 
compared with the LPS + mimic control. Western blotting 
and RT‑qPCR analysis were subsequently used to detect 
IL1RN expression. The results revealed that LPS significantly 
decreased IL1RN expression compared with the control group; 
while miR‑122‑5p mimics further significantly decreased 
IL1RN expression in LPS‑induced A549 cells compared with 
the LPS + mimic control group (Fig. 4D and E).

miR‑122‑5p negatively regulates IL1RN expression in A549 
cells. The effect of miR‑122‑5p inhibition on the LPS‑induced 
ALI cell model was assessed. A549 cells were transfected 
with inhibitor control, miR‑122‑5p inhibitor, control‑siRNA, 
IL1RN‑siRNA, miR‑122‑5p inhibitor + control‑siRNA or 
miR‑122‑5p inhibitor + IL1RN‑siRNA for 24 h, after which 
RT‑qPCR was performed to evaluate transfection efficiency. 
Compared with the inhibitor control group, the miR‑122‑5p 
inhibitor significantly reduced miR‑122‑5p expression in 
A549 cells (Fig.  5A). Compared with the control‑siRNA 
group, IL1RN‑siRNA significantly decreased IL1RN mRNA 
expression in A549 cells (Fig. 5B). In addition, the miR‑122‑5p 
inhibitor significantly increased IL1RN expression compared 
with the inhibitor control, and this increase was significantly 
reversed by IL1RN‑siRNA (Fig. 5C and D).

Effect of the miR‑122‑5p inhibitor on the LPS‑induced ALI 
cell model. A549 cells were transfected with inhibitor control, 
miR‑122‑5p inhibitor, miR‑122‑5p inhibitor + control‑siRNA 
or miR‑122‑5p inhibitor + IL1RN‑siRNA for 24 h, and then 
subsequently induced with 10 µg LPS for 12 h. MTT assays 

Figure 2. miR‑122‑5p expression is upregulated and IL1RN is downregulated in the LPS‑treated acute lung injury cell model. Different concentrations of LPS 
(0.1, 1, 10 or 100 µg) were used to induce A549 cells for 12 h. (A) RT‑qPCR analysis of miR‑122‑5p expression. (B) Western blotting of IL1RN expression. 
(C) RT‑qPCR analysis of IL1RN expression. (D) RT‑qPCR analysis of miR‑122‑5p expression when A549 cells were treated with 10 µg LPS for 4, 8, 12 or 24 h. 
(E) Protein and (F) mRNA expression analysis of IL1RN expression in A549 cells treated with 10 µg LPS for 4, 8, 12 or 24 h. *P<0.05 and **P<0.01 vs. control. 
miR, microRNA; IL1RN, IL‑1 receptor antagonist; LPS, lipopolysaccharide; RT‑qPCR, reverse transcription‑quantitative PCR.
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revealed that LPS significantly decreased cell viability 
compared with the control (Fig. 6A). The LDH release assay 
indicated that LDH release was significantly increased in the 
LPS group compared with the control (Fig. 6B). The results 
from the flow cytometry assays demonstrated that LPS 
significantly promoted apoptosis compared with the control 
(Fig. 6C and D). Western blotting revealed that LPS signifi‑
cantly increased cleaved‑caspase 3 expression (Fig. 6E) and the 
cleaved‑caspase 3/caspase 3 ratio compared with the control 
(Fig. 6F). When compared with the LPS + inhibitor control 
group, the cell viability of the LPS + miR‑122‑5p inhibitor 
group was significantly increased (Fig. 6A), LDH release was 
significantly reduced (Fig. 6B), apoptosis was significantly 
decreased (Fig.  6C and D), the cleaved‑caspase 3 protein 
expression was significantly decreased (Fig.  6E) and the 
cleaved‑caspase 3/caspase 3 ratio was significantly decreased 
in the LPS + miR‑122‑5p inhibitor group (Fig. 6F). All these 
changes were significantly reversed by IL1RN‑siRNA.

Effects of miR‑122‑5p inhibitor on the expression of inflam‑
matory cytokines. The effects of the miR‑122‑5p inhibitor 
on the expression of inflammatory cytokines were assessed. 
Compared with the control group, the secretion profiles of 
TNF‑α, IL‑1β and IL‑6 in the cell supernatant of the LPS group 
were significantly increased (Fig. 7A‑C), and the expression of 
IL1RN was significantly reduced (Fig. 7D and E). Compared 
with the LPS + inhibitor control group, the secretion profiles 
of TNF‑α, IL‑1β and IL‑6 were significantly reduced in the 
LPS + miR‑122‑5p inhibitor group (Fig. 7A‑C), and IL1RN 
expression was significantly increased (Fig. 7D and E). All of 
these changes were significantly reversed by IL1RN‑siRNA.

Discussion

ALI can lead to the development of ARDS, which severely 
impacts an individual's life (2,3). The primary feature of ALI 
is abnormal respiratory function (4,5). Although treatment 

Figure 3. miR‑122‑5p mimic further promotes LPS‑treated acute lung injury cell injury. (A) RT‑qPCR analysis of miR‑122‑5p expression in A549 cells 
transfected with mimic control or miR‑122‑5p mimic for 24 h. (B) RT‑qPCR analysis of miR‑122‑5p expression in A549 cells in the different groups. 
(C) MTT assay of cell viability in the different groups. (D) LDH release analysis in the different groups of cells. (E) Flow cytometry analysis of apoptosis 
and (F) the apoptotic ratio. (G) Western blotting of cleaved‑caspase 3 protein expression and the (H) cleaved‑caspase 3/caspase 3 ratio. **P<0.01 vs. mimic 
control; ##P<0.01 vs. control; &&P<0.01 vs. LPS + mimic control. miR, microRNA; LPS, lipopolysaccharide; RT‑qPCR, reverse transcription‑quantitative PCR; 
LDH, lactate dehydrogenase.
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Figure 4. miR‑122‑5p mimic further promotes the release of inflammatory cytokines in LPS‑treated A549 cells. ELISA assessment of (A) TNF‑α, (B) IL‑1β 
(C) and IL‑6 levels. (D) Western blotting of IL1RN expression. (E) Reverse transcription‑quantitative PCR analysis of IL1RN expression at the mRNA level. 
**P<0.01 vs. control; ##P<0.01 vs. LPS + mimic control. miR, microRNA; LPS, lipopolysaccharide.

Figure 5. Transfection efficiency of miR‑122‑5p inhibitor and IL1RN‑siRNA in A549 cells. (A) RT‑qPCR analysis of miR‑122‑5p expression following A549 
cell transfection with the inhibitor control or miR‑122‑5p inhibitor. (B) RT‑qPCR analysis of IL1RN expression of A549 cells following transfection with 
control‑siRNA or IL1RN‑siRNA. (C) Western blotting and (D) RT‑qPCR analysis of IL1RN expression in A549 cells following transfection with miR‑122‑5p 
inhibitor + control‑siRNA or miR‑122‑5p inhibitor + IL1RN‑siRNA. **P<0.01 vs. inhibitor control; ##P<0.01 vs. control‑siRNA; &&P<0.01 vs. miR‑122‑5p 
inhibitor + control‑siRNA. miR, microRNA; siRNA or si, small interfering RNA; IL1RN, IL‑1 receptor antagonist; RT‑qPCR, reverse transcription‑quanti‑
tative PCR.
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methods for ARDS are constantly improving, the mortality 
rate of patients with ARDS remains high at ~30%  (29). 
Recently, miRNAs have been demonstrated to serve a notable 

role in the development of several types of diseases and have 
attracted significant attention. Yang and Zhao (30) revealed that 
miR‑490‑3p upregulation suppressed LPS‑induced ALI via 

Figure 6. miR‑122‑5p inhibitor protects A549 cells from LPS‑induced injury by targeting IL1RN. (A) MTT assay of cell viability. (B) LDH release assay. (C) Flow 
cytometry analysis of apoptosis and (D) the apoptotic ratio. (E) Western blotting of cleaved‑caspase 3 expression and (F) the cleaved‑caspase 3/caspase 3 ratio. 
**P<0.01 vs. control; ##P<0.01 vs. LPS + inhibitor control; &&P<0.01 vs. LPS + miR‑122‑5p inhibitor + control‑siRNA. miR, microRNA; LDH, lactate dehydro‑
genase; LPS, lipopolysaccharide; IL1RN, IL‑1 receptor antagonist; si, small interfering RNA.
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the IL‑1 receptor‑associated kinase 1/TNF receptor‑associated 
factor 6 pathway. Furthermore, Li et al (31) demonstrated that 
miR‑150 expression was downregulated in an LPS‑induced 
ALI cell model, and that miR‑150‑overexpression inhibited 
LPS‑induced ALI. Suo et al (32) demonstrated that miR‑1246 
inhibited ALI‑induced inflammation via the NF‑κB and 
Wnt/β‑catenin signaling pathways. Results of a previous study 
indicated that miR‑122‑5p participates in the development of 
ALI via the DUSP4/ERK signaling axis (22). In the present 
study, another potential regulatory mechanism involving 
miR‑122‑5p in the development of ALI was assessed.

Several studies have demonstrated that miR‑122‑5p 
participates in the development of various diseases (19,20,33). 
Ma et al (33) revealed that miR‑122‑5p inhibited osteosarcoma 
cell proliferation. Ding et al (19) demonstrated that miR‑122‑5p 
promoted skeletal muscle myogenesis via transforming 
growth factor β receptor 2. Yang et al (20) demonstrated that 
miR‑122‑5p downregulation can protect against acetamino‑
phen‑mediated liver damage by upregulating NDRG family 
member 3 expression. The results of the present study indicated 
that the target gene downstream of miR‑122‑5p was IL1RN, and 
that there was a direct interaction between IL1RN mRNA and 
miR‑122‑5p. However, to validate IL1RN as the direct target 
gene of miR‑122‑5p, further investigations into the effects of an 
miR‑122‑5p inhibitor on the luciferase activity of IL1RN‑WT 
are required. This was a limitation of the current study.

The IL‑1 family consists of three members, IL‑1α, IL‑1β 
and IL1RN (34). IL1RN is an anti‑inflammatory molecule that 
exhibits homology with IL‑1α and IL‑1β. IL1RN participates 
in the development of several types of cancer, such as prostate 
cancer (34), non‑cardia gastric carcinoma (35), glioma (36) and 
bladder cancer (37). miRNAs are endogenous, non‑coding, 
single‑stranded small RNAs, which negatively regulate gene 
expression by interacting with the 3'‑UTRs of target mRNAs at 
the posttranscriptional or translational level (38). The present 
study revealed that miR‑122‑5p negatively regulated IL1RN 
expression in A549 cells.

ALI is characterized by an inflammatory process that is 
associated with the upregulation of chemokines and inflam‑
matory cytokines (39). Niu et al (40) indicated that when the 
lungs are infected, LPS binds to molecules on the surface of 
endothelial cells, thereby promoting the expression of various 
inflammatory cytokines, including IL‑1β, IL‑6, IL‑8 and 
TNF‑α. Overproduction of pro‑inflammatory cytokines leads 
to severe lung damage, and the abnormal apoptosis of pulmo‑
nary cells is a pathophysiological feature of ALI (41,42). In the 
present study, miR‑122‑5p mimics promoted the expression of 
inflammatory cytokines. However, the miR‑122‑5p inhibitor 
suppressed TNF‑α, IL‑1β and IL‑6 levels in LPS‑treated A549 
cells. Furthermore, miR‑122‑5p mimic suppressed cell viability 
and promoted apoptosis in LPS‑treated A549 cells, with the 
miR‑122‑5p inhibitor demonstrating the opposite effect.

Figure 7. miR‑122‑5p inhibitor decreases inflammatory cytokine expression in the LPS‑induced acute lung injury cell model. ELISA of (A) TNF‑α, (B) IL‑1β 
(C) and IL‑6 levels. (D) Western blotting of IL1RN expression. (E) Reverse transcription‑quantitative PCR analysis of IL1RN expression at the mRNA level. 
**P<0.01 vs. control; ##P<0.01 vs. LPS + inhibitor control; &&P<0.01 vs. LPS + miR‑122‑5p inhibitor + control‑siRNA. miR, microRNA; IL1RN, IL‑1 receptor 
antagonist; LPS, lipopolysaccharide; si, small interfering RNA.
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Caspase  3, a member of the caspase family (key 
effector molecules of apoptosis), is considered to serve an 
important role in the cascade of apoptosis and is regarded 
as an executor and terminator of multiple apoptotic path‑
ways  (43). After cleaved activation (cleaved‑caspase  3), 
caspase 3 exerts a pro‑apoptotic effect, and the increase 
of the cleaved‑caspase 3/caspase 3 ratio reflects the activa‑
tion of caspase 3 (43,44). The present study also analyzed 
caspase 3, and the data indicated that miR‑122‑5p mimic 
increased cleaved‑caspase  3 protein expression and the 
cleaved‑caspase 3/caspase 3 ratio in LPS‑treated A549 cells, 
while the miR‑122‑5p inhibitor had the opposite effect.

In conclusion, downregulation of miR‑122‑5p reduced 
LPS‑induced ALI by targeting IL1RN. However, the present 
study was only a preliminary in vitro study of the effect of 
miR‑122‑5p on an LPS‑induced ALI cell model. In order 
to make the role of miR‑122‑5p in ALI more convincing, 
more in‑depth research is required. For example, the role of 
miR‑122‑5p and IL1RN alone in A549 cells in the absence of 
LPS should be clarified, and the effect of miR‑122‑5p/IL1RN 
in an animal model of ALI should be explored. Moreover, the 
expression of miR‑122‑5p/IL1RN in patients with ALI and its 
association with the clinicopathological parameters of patients 
with ALI should be further studied.
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