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Abstract. The present study aimed to investigate the role
of microRNA (miR)-15a-5p in the pathogenesis of acute
lung injury induced by traumatic hemorrhagic shock (THS),
and to explore the underlying molecular mechanism. The
expression level of miR-15a-5p was detected using reverse
transcription-quantitative (RT-qPCR) and the association
between miR-15a-5p and TNFAIP3-interacting protein 2
(TNIP2) was revealed using TargetScan and dual luciferase
reporter assays. To investigate the effect of miR-15a-5p on
THS-induced acute lung injury, a THS rat model was estab-
lished. Lung capillary permeability and lung edema were
then determined. Moreover, proinflammatory factors in the
bronchoalveolar lavage fluid (BALF) and serum of the THS
rat model were detected using ELISA. In addition, protein
levels in the current study were measured via western blotting.
It was revealed that miR-15a-5p was significantly upregulated
in both patients with THS and samples from the THS rat
model. TNIP2 represents a direct target of miR-15a-5p, and
it was downregulated in both patients with THS and the THS
rat model. Further analyses indicated that downregulation of
miR-15a-5p significantly relieved acute lung injury induced by
THS, evidenced by a decreased ratio of Evan's blue dye (EBD)
in the BALF to EBD in plasma of THS rats, decreased lung
permeability index and reduced lung wet/dry ratio. Inhibition
of miR-15a-5p also decreased THS-induced upregulation of
pro-inflammatory factors. Furthermore, the data revealed that
THS-induced NF-«B activation in the lung tissues of rats was
inhibited by miR-15a-5p knockdown. Moreover, it was demon-
strated that all the effects of miR-15a-5p on THS rats were
ablated following TNIP2 silencing. Taken together, the data
of the current study indicate that miR-15a-5p downregulation
serves a protective role in THS-induced acute lung injury via
directly targeting TNIP2.
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Introduction

Traumatic hemorrhagic shock (THS) has a high mortality rate
of up to 40% (1,2). The pathophysiological process of THS
is complex, involving systemic inflammatory responses and
pathological changes, such as microcirculatory disorders,
hypovolemia, hypoxemia and oxidative stress (3). The most
common complications of THS include systemic inflamma-
tory response syndrome, sepsis, multiple organ dysfunction
syndrome and acute lung injury (ALI), which are the primary
causes of high mortality (4,5). ALI is characterized by pulmo-
nary edema and micropulmonary nodules, caused by diffuse
alveolar capillary injury and resulting in acute, progressive
hypoxic respiratory failure (6). Currently, the characteristics
of ALI are believed to be the result of extensive destruction of
pulmonary vascular endothelial cells and alveolar epithelial
cells due to excessive inflammation in the body (7). Patients
with ALI exhibit significant morbidity and mortality, poor
treatment outcomes and the disease represents a risk factor
for clinically critical illness at all ages (8). A key factor in
THS-induced injury is the inflammatory response (9,10).
Therefore, the majority of studies have focused on the
regulation of pro-inflammatory mediators (11,12), and
anti-inflammatory agents are a treatment for lung injury
induced by THS.

MicroRNAs (miRNAs), a class of small (~22 nucleotides),
non-coding, single-stranded and highly-conserved RNAs,
negatively regulate the expression of target genes during
various cellular events, including proliferation, apoptosis and
differentiation, via binding the 3'UTR of target genes (13-16).
MiRNAs have been identified to be involved in various disease
types, including cancer, and cardiovascular, nervous system
and metabolic diseases, as well as numerous diseases caused
by trauma (16-21). In addition, the role of miRNAs in lung
injury has been extensively studied (22). However, the role of
miRNAs in THS-induced acute lung injury is poorly studied
and further research is needed.

MiR-15a-5p has not previously been well characterized.
Wang et al (23) reported that miR-15a-5p inhibits endome-
trial cancer cell growth via regulating the Wnt/f-catenin
signaling pathway. Chen et al (24) reported that miR-15a-5p
regulates cell survival and metastasis of chronic myeloid
leukemia by targeting CXCL10. Long et al (25) demonstrated
that miR-15a-5p prevents cell proliferation and division
in human hepatocellular carcinoma via targeting BDNF.
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Moreover, miR-15a-5p has been revealed as a prognostic
biomarker for recurrent colorectal adenocarcinoma (26). In the
present study, bioinformatics software analysis revealed that
TNFAIP3-interacting protein 2 (TNIP2) was a potential target
of miR-15a-5p. The TNIP2 gene encodes a protein identified as
asuppressor of NF-«B activation (27). TNIP2 has been revealed
to serve important roles in myocardial injury induced by acute
pancreatitis via regulating the inflammatory response (28). It is
generally believed that TNIP2 serves an important regulatory
role in the NF-«xB signaling pathway (28,29), and NF-«kB has
been reported to serve notable roles in the development of lung
injury (30,31). These data indicate that miR-15a-5p/TNIP2
may serve critical roles in acute lung injury.

Therefore, the purpose of the present study was to investi-
gate the expression of miR-15a-5p in THS induced acute lung
injury and the molecular mechanism underlying its role.

Materials and methods

Clinical samples. A total of 30 peripheral blood samples
(5 ml per individual) from 30 patients (median age, 38.2;
age range, 24-59 years; 25 male; 5 female) with acute lung
injury induced by trauma-hemorrhagic shock (THS), as well
as 30 peripheral blood samples from 30 healthy volunteers
(median age, 37.1; age range, 21-58 years old; 25 male; 5 female)
were collected at Affiliated Hospital of Jiangsu University
(Zhenjiang, China) between June 2015 and June 2017. Blood
samples were collected from patients 24 h after traumatic
hemorrhagic shock and stored at -80°C. Informed consent was
signed for each patient participating in the study. The present
study was approved by the Ethics Committee of Affiliated
Hospital of Jiangsu University.

Cell culture. 293T cells were purchased from American Type
Culture Collection. Cells were grown in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1%
streptomycin-penicillin solution and incubated at 37°C with
5% CO,.

Animals and THS model establishment. A total of 50 male
Sprague-Dawley rats (10-14 weeks old; 360-400 g) were
obtained from Vital River Company (Beijing, China). Rats
were housed at 25+5°C, 50% humidity and 12 h dark/light
cycle conditions. All rats had free access to food and water.
The present experiments were conducted following the
Recommended Guideline for the Care and Use of Laboratory
Animals issued by Chinese Council on Animal Research. The
current study was approved by Animal Ethics Committee of
the Affiliated Hospital of Jiangsu University.

The rat model of THS was conducted according to a
previous study (32). Rats were randomly assigned into five
groups: Control (Sham; rats underwent the same anesthetic and
surgical procedures, but trauma/hemorrhage was not induced),
THS, THS + inhibitor control (intraperitoneal injection),
THS + miR-15a-5p inhibitor (intraperitoneal injection), THS +
miR-15a-5p inhibitor + TNIP2-siRNA (intraperitoneal injec-
tion). Rats were intraperitoneally injected with inhibitor control
(80 mg/kg/day; 5'-CAGUACUUUUGUGUAGUACAA-3';
Shanghai GenePharma Co., Ltd.), miR-15a-5p inhibitor

(80 mg/kg/day; 5'-CACUGGUACAAGGGUUGGGAGA-3";
Shanghai GenePharma Co., Ltd.) or miR-15a-5p inhibitor
(80 mg/kg/day) + TNIP2-siRNA (80 mg/kg/day; cat.
no. sc-44638; Santa Cruz Biotechnology, Inc.) prior to surgery
using in vivo transfection reagent (EntransterTM-in vivo;
Engreen Biosystem Co., Ltd.). Rats in the Sham and THS
groups were given saline (0.9% NacCl) solution intraperitone-
ally. All rats were anesthetized with 30 mg/kg pentobarbital
and handled 24 h after TSH induction. After the specified
treatments, following experiments were conducted.

Evan's blue dye (EBD). EBD was performed to evaluate the
lung permeability according to a previous study (33). In brief,
1 ml of 1% EBD solution was injected into rats from different
groups via the jugular vein. Then, 1.5 ml blood sample was
collected from the femoral artery catheter. After 20 min,
the rats were sacrificed and the lungs were removed before
being washed three times with 5 ml of physiological saline
to collect bronchoalveolar lavage fluid (BALF). The super-
natant was collected via centrifugation (1,000 x g for 10 min
at 4°C). The concentration of EBD in plasma and BALF was
detected via measuring the absorbance value at 620 nm using
a micro-plate reader (E1x800; BioTek Instruments, Inc.).
Finally, the ratio of EBD in the BALF to EBD in plasma was
calculated.

Lung permeability index. To calculate the lung permeability
index, the ratio of the BALF protein concentration to the
serum protein concentration was measured, according to a
previous study (34). Briefly, 1 ul of sample supernatant was
mixed with 4 ul normal saline and 250 ul Coomassie brilliant
blue G250 at room temperature for 5 min. The absorbance
at 595 nm was measured using a micro-plate reader (BioTek
Instruments, Inc.). Calculation of protein concentration in
BALF and plasma was based on a standard curve of bovine
serum albumin (BSA).

Lung edema evaluation. Lung edema was assessed by
measuring lung wet/dry weight ratio (W/D) of the rats. The
rats were anesthetized with 3% isoflurane. Then the lungs from
rats in different groups were removed and the wet weight (W)
of rats were measured. After drying for 72 h at 100°C, the dry
weight (D) of the lungs from rats in different groups was also
detected. Finally, the ratio of W/D was calculated.

Measurement of proinflammatory factors. Peripheral blood
samples were centrifuged at 1,000 x g for 10 min at 4°C and
the serum was collected. Bronchoalveolar lavage fluid (BALF)
was collected by intratracheal instillation of lungs with sterile
PBS three times, and then the BALF supernatant was harvested
via centrifugation at 800 x g for 10 min at 4°C. ELISA kits were
then used to measure the levels of pro-inflammatory factors
including tumor necrosis factor (TNF)-a (cat. no. PT516;
Beyotime Institute of Biotechnology) and interleukin (IL)-6
(cat. no. PI328; Beyotime Institute of Biotechnology), in serum
or BALF, according to the manufacturer's instructions of
each kit.

Nitric oxide (NO) detection. The lung tissues from rats of
different groups were homogenized, freeze-thawed with liquid
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nitrogen three times and then centrifuged (10,000 x g; 10 min;
4°C) to collect supernatants. Bicinchoninic Acid Protein Assay
kit was used to detect protein concentrations, according to
the manufacturer's instructions. Then, proteins were diluted
to 2 ug/ul in PBS. Finally, total Nitric Oxide Assay kit (cat.
no. S0023; Beyotime Institute of Biotechnology) was used to
measure the concentration of NO, following the manufacturer's
instructions.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA from tissues or blood samples was isolated using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and
reversely transcribed into cDNA with the PrimeScript™ RT
reagent kit (Takara Bio, Inc.) as per the manufacture's protocol.
SYBR® Premix Ex Taq™ II (Takara Bio Inc.) was used for
gPCR analysis. Amplification conditions for qPCR were as
follows: 10 min at 95°C, followed by 35 cycles of 15 sec at
95°C and 40 sec at 55°C. U6 for miRNA (24) and GAPDH
for mRNA (28) were used as the endogenous controls. The
primer sequences were as follows: miR-15a-5p forward, 5'-GG
GTAGCAGCACATAATGGTTTGTG-3' and reverse, 5'-CAG
TGCGTGTCGTGGAGT-3"; U6 forward, 5'-GCTTCGGCA
GCACATATACTAAAAT-3' and reverse, 5-CGCTTCACG
AATTTGCGTGTCAT-3"; GAPDH forward, 5-CTTTGG
TATCGTGGAAGGACTC-3' and reverse, 5'-GTAGAGGCA
GGGATGATGTTCT-3"; TNIP2 forward, 5'-CTAAAGAGG
CGGCAGGTCCCTC-3' and reverse, 5'-CAAGATGACCTT
CCAGTGAC-3"; iNOS forward, 5“TCTCCGACCACCACT
ACAGCAA-3' and reverse: 5-GGGGAACTGGGCAGA
CTCAA-3'. Relative gene expression was quantified using the
2-44C method (35).

Western blot assay. Total proteins from tissues/blood samples
were extracted using RIPA lysis buffer (50 mM Tris (pH 7.4),
150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate)
supplemented with PMSF at a final concentration of 1 mM.
BCA protein assay kit was used to detect the concentrations
of proteins. Protein samples (25 ug per lane) were separated
using 12% SDS-PAGE, transferred onto PVDF membranes
(EMD Millipore), and blocked using 5% skimmed milk
at room temperature for 1 h. Then, the membranes were
incubated with primary antibodies: TNIP2, phosphorylated
(p-)NF-kB (p-p65), inducible nitric oxide synthase (iNOS)
and B-actin (1:1,000; Cell Signaling Technology, Inc.) at 4°C
overnight. Subsequently, the membranes were incubated
with the anti-rabbit IgG HRP-linked antibody (cat. no. 7074;
1:5,000; Cell Signaling Technology, Inc.) at room tempera-
ture for 2 h. Finally, ECL reagents (EMD Millipore) were
used to visualize the corresponding protein bands. The band
densities of p-p65 was analyzed using Gel-Pro-Analyzer
software (Version 6.3; Media Cybernetics, Inc.), and the
relative protein level of p-p65 was presented as fold of the
control group.

Dual luciferase reporter assay. In the current study,
TargetScan bioinformatics software version 7.1 (www.
targetscan.org/vert_71) was used to predict the targets of
miR-15a-5p, and it was revealed that TNIP2 was a potential
target of miR-15a-5p. To confirm the binding sites between
miR-15a-5p and TNIP2, the wild type (WT-TNIP2) and

mutant (MUT-TNIP2) 3'UTR of TNIP2 were cloned into a
pmiR-RB-ReportTM dual luciferase reporter gene plasmid
vector (Guangzhou RiboBio Co., Ltd). Subsequently,
293T cells were cotransfected with WT-TNIP2 or
MUT-TNIP2 and miR-15a-5p mimic or mimic control using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), as per the manufacturer's protocols. After 48 h of cell
transfection, luciferase activity was determined using the
dualluciferase assay system (Promega Corporation) in line
with the manufacturer's protocol. Luciferase activity was
normalized to Renilla luciferase activity.

Statistical analysis. Data obtained from the current study was
displayed as the mean + SD. SPSS 16.0 statistical software
(SPSS, Inc.) was used for all statistical analyses. Unpaired
Student's t-tests and one-way ANOVA followed by Tukey's post
hoc test were performed to analyze the differences between
groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

miR-15a-5p is significantly upregulated in patients with THS
and rats. To detect the level of miR-15a-5p in the blood of
patients with THS, RT-qPCR was performed. As revealed
in Fig. 1A, compared with the healthy control, the level of
miR-15a-5p was significantly increased in the blood samples
of patients with THS. The findings indicated that miR-15a-5p
may influence the development of THS.

Subsequently, the levels of miR-15a-5p were detected in the
blood and the lung tissues of THS rats, and the results showed
that miR-15a-5p was significantly upregulated in the blood and
the lung tissues of THS rats (Fig. 1B and C).

TNIP2 is a target of miR-15a-5p. To investigate the
target genes of miR-15a-5p, we firstly predicted the target
gene of miR-15a-5p using TargetScan (www.targetscan.
org/vert_71). The results indicated that miR-15a-5p has
hundreds of potential target genes, including TNIP2. The
role of TNIP2 in THS-induced lung injury is yet to be fully
elucidated. Therefore, TNIP2 was selected for further study.
Subsequently, to reveal whether miR-15a-5p directly binds
TNIP2, a dual luciferase reporter assay was performed.
The miR-15a-5p-TNIP2-WT or miR-15a-5p-TNIP2-MUT
reporter plasmid were co-transfected into 293T cells with
miR-15a-5p mimic or mimic control and it was revealed
that the luciferase activity was significantly decreased
in the 293T cells co-transfected with miR-15a-5p
mimic with miR-15a-5p-TNIP2-WT, but not with
miR-15a-5p-TNIP2-MUT (Fig. 2). The data suggested that
TNIP2 represents a target gene of miR-15a-5p.

TNIP2 is significantly downregulated in patients with THS
and rats. To detect the expression of TNIP2 in the blood of
patients with THS and rats, RT-qPCR and western blot assay
were performed. As indicated in Fig. 3A and B, compared with
the healthy control, the mRNA and protein levels of TNIP2
significantly decreased in the blood samples of patients with
THS. Then the mRNA and protein levels of TNIP2 were
detected in the blood and the pulmonary tissues of rats with
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Figure 1. Expression level of miR-15a-5p in patients with THS and the rat model. (A) Expression level of miR-15a-5p in the blood of patients with THS was
detected using RT-qPCR. The level of miR-15a-5p in the (B) blood and (C) lung tissues of THS rats was detected using RT-qPCR. Data were expressed as
mean = SD. “P<0.01 vs. control group. miR, microRNA; THS, traumatic hemorrhagic shock; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 2. TNIP2 is a direct target of miR-15a-5p. (A) Interaction between miR-15a-5p and 3'UTR of TNIP2 was predicted using TargetScan. (B) Luciferase
activity of a reporter containing a wild-type TNIP2 3'UTR or a mutant TNIP2 3' UTR are presented. TNIP2-MUT indicates the TNIP2 3' UTR with a muta-
tion in the miR-15a-5p binding site. All data are presented as the mean + SD of three independent experiments. “P<0.01 vs. mimic control. miR, microRNA;
UTR, untranslated region; THS, traumatic hemorrhagic shock; WT, wild type; TNIP2, TNFAIP3-interacting protein 2.

THS, and the results revealed that TNIP2 was significantly
downregulated in the blood and the pulmonary tissues of THS
rats (Fig. 3C-E).

miR-15a-5p inhibitor alleviates lung injury in THS rats. To
investigate the effect of miR-15a-5p on THS rats, rats were
intraperitoneally injected with inhibitor control or miR-15a-5p
inhibitor, prior to THS induction. After 24 h, it was revealed

that the miR-15a-5p inhibitor significantly decreased the
level of miR-15a-5p in the blood and lung tissues of THS
rats (Fig. 4A and B). Moreover, TNIP2-siRNA significantly
decreased the mRNA level of TNIP2 in the blood and lung
tissues of THS rats (Fig. 4C and D). The miR-15a-5p inhibitor
significantly increased both the mRNA and protein levels
of TNIP2 in the blood and the lung tissues of THS rats
(Fig. 4E-H).
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Figure 3. Expression level of TNIP2 in patients with THS and rats. (A) mRNA and (B) protein level of TNIP2 in the blood of patients with THS was detected
using RT-qPCR and western blotting (C1, C2: Healthy control; T1-T4: Patients with THS). (C) mRNA and (D) protein level of TNIP2 in the blood of THS rats
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western blotting. Data were expressed as mean = SD. “"P<0.01 vs. control group. THS, traumatic hemorrhagic shock; TNIP2, TNFAIP3-interacting protein 2;

RT-qPCR, reverse transcription-quantitative PCR.

The effects of miR-15a-5p on THS-induced lung injury
were subsequently investigated. The ratio of EBD in the
BALF to EBD in plasma of THS rats, and the lung perme-
ability index (ratio of the BALF protein concentration to the
serum protein concentration) were measured to determine

lung capillary permeability. The results demonstrated that
these two indicators were significantly increased after THS
but were decreased by miR-15a-5p inhibitor treatment.
However, the ratio of EBD in the BALF to EBD in plasma of
THS rats and the lung permeability index were significantly
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Figure 4. Effect of miR-15a-5p on TNIP2 expression in THS rats. Rats were intraperitoneally injected with inhibitor control, or miR-15a-5p inhibitor prior
to THS induction. After 24 h, the level of miR-15a-5p and TNIP2 in the blood and lung tissues of THS rats was determined. The level of miR-15a-5p in
the (A) blood and (B) lung tissue of THS rats was detected using RT-qPCR. The TNIP2 mRNA level in the (C) blood and (D) lung tissue of THS rats was
detected using RT-qPCR: The mRNA and protein level of TNIP2 in the blood of THS rats was detected using (E) RT-qPCR and (F) western blotting.
The mRNA and protein level of TNIP2 in the lung tissues of THS rats was detected using (G) RT-qPCR and (H) western blotting. Data were expressed as
mean + SD. “P<0.01 vs. control group. miR, microRNA; THS, traumatic hemorrhagic shock; TNIP2, TNFAIP3-interacting protein 2; RT-qPCR, reverse

transcription-quantitative PCR.

enhanced by transfection with TNIP2-siRNA compared with
the miR-15a-5p inhibitor treatment group (Fig. 5A and B).
Moreover, the lung W/D ratio was calculated to determine
the lung edema in current study, and it was revealed that the
increased lung wet/dry ratio induced by THS was decreased
by miR-15a-5p inhibitor treatment, and this reduction was
eliminated by TNIP2-siRNA (Fig. 5C). Taken together, the
data indicated that miR-15a-5p inhibitor alleviated lung
injury in THS rats.

miR-15a-5p inhibitor prevents inflammatory response in THS
rats. It was determined whether the miR-15a-5p inhibitor
had anti-inflammatory effects. As depicted in Fig. 6, the
increased levels of TNF-a and IL-6 in BALF and serum of
THS rats were significantly decreased following miR-15a-5p
inhibitor treatment, and these reductions were eliminated by
TNIP2-siRNA.

miR-15a-5p inhibitor decreases the expression of NO and
iNOS in THS rats. Overproduction of NO by iNOS influences

the pathogenesis of THS-induced lung injury (36). Thus,
the present study detected the concentration of NO in the
lungs of THS rats and the mRNA and protein levels of iNOS
were determined. It was demonstrated that the concentra-
tion of NO and protein and mRNA levels of iNOS in THS
rats significantly increased compared with the sham group.
However, the miR-15a-5p inhibitor notably decreased the
expression of NO and iNOS in the lung tissues of THS
rats, and these decreases were attenuated by TNIP2-siRNA
(Fig. 7).

miR-15a-5p inhibitor decreases NF-kB activation in THS
rats. Finally, to investigate the mechanism of the effect of
miR-15a-5p inhibitor on THS rats, the NF-«xB pathway was
analyzed by determining p-p65 protein expression and the
ratio of p-p65/p65 expression. It was revealed that the enhanced
p-p65 protein level (Fig. 8A) and increased p-p65/p65 ratio
(Fig. 8B) in lung tissues of THS rats was decreased following
treatment with the miR-15a-5p inhibitor, and this reduction
was alleviated by TNIP2-siRNA (Fig. 8).
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IL, interleukin; TNF-a, tumor necrosis factor-a; siRNA, small interfering RNA.

Discussion

The present study demonstrated that miR-15a-5p was
significantly upregulated in patients and rats with acute lung
injury induced by THS. TNIP2 was revealed as a target of
miR-15a-5p, and it was downregulated in patients and rats
with THS. Further analyses indicated that downregulation

of miR-15a-5p significantly relieved THS-induced acute lung
injury and inhibited the inflammatory response in a rat model
of THS via targeting TNIP2. Moreover, it was revealed that
THS-induced NO production, iNOS expression and NF-kB
pathway activation in lung tissues were all repressed following
miR-15a-5p inhibition via targeting TNIP2, indicating that
these pathways may be a part of the mechanisms responsible
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Figure 7. Effect of miR-15a-5p on NO release and iNOS expression in THS rats. (A) Lung NO concentrations were detected using a commercial kit. The mRNA
and protein level of iNOS in lung tissues of rats was detected using (B) reverse transcription-quantitative PCR and (C) western blotting, respectively. Data
were expressed as mean + SD. “P<0.01 vs. control group; “P<0.01 vs. THS group; ¥P<0.05 vs. inhibitor group. NO, nitric oxide; iNOS, inducible nitric oxide
synthase; THS, traumatic hemorrhagic shock; siRNA, small interfering RNA; miRNA, microRNA.
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Figure 8. Effect of miR-15a-5p on NF-«kB activation in THS rats. The protein level of p-p65 and p65 was measured using (A) western blot assay and (B) the ratio

of p-p65/p65 was calculated and presented (B). Data were expressed as mean + S

D. “P<0.01 vs. control group; "P<0.01 vs. THS group; ¥¢P<0.01 vs. inhibitor

group. miRNA, microRNA; p-, phosphorylated; THS, traumatic hemorrhagic shock; siRNA, small interfering RNA.

for the protective effects of miR-15a-5p downregulation on
lungs in THS rats.

THS has a very high mortality rate, and acute lung injury
is one of the major complications of THS (1,2,5). Since the
molecular mechanisms underlying acute lung injury after
THS are very complicated, there is still no effective method
for treating THS-induced acute lung injury. Previous studies
on miRNAs have provided new directions for the diagnosis
and treatment of various diseases (16-22). However, there
have been few studies on miRNAs in THS-induced acute lung
injury. The present study investigated the functional role of
miR-15a-5p in THS-induced acute lung injury and explored
the underlying molecular mechanism.

miR-15a-5p had not been well characterized but has been
studied in several cancer types, including endometrial cancer,
chronic myeloid leukemia, colorectal adenocarcinoma and
hepatocellular carcinoma (23-26). The present study investi-
gated whether miR-15a-5p was involved in THS induced acute
lung injury. Firstly, the level of miR-15a-5p was determined in
the blood of patients with THS and in the blood and the lung
tissues of THS rats, and the results revealed that miR-15a-5p

was highly expressed in both the blood of patients with
THS and the blood and lung tissues of THS rats, indicating
the involvement of miR-15a-5p in THS-induced acute lung
injury. Then, to explore the potential roles of miR-15a-5p in
THS-induced acute lung injury, the targets of miR-15a-5p
were predicted, and it was revealed that TNFAIP3-interacting
protein 2 (TNIP2) was a direct target of miR-15a-5p and it was
downregulated in patients with THS and rats.

The protein encoded by the TNIP2 gene inhibits the
activation of the NF-kB pathway (27). It is generally believed
that TNIP2 serves an important regulatory role in the NF-xB
signaling pathway (28,29). NF-«B is an important transcription
factor involved in the regulation of survival, immune, oxidative
stress, and inflammatory reaction (37-39). Therefore, it was
hypothesized that miR-15a-5p may serve arole in THS-induced
acute lung injury by regulating the TNIP2/NF-«B signaling
pathway and thereby regulating the inflammatory response. As
expected, the findings of current study indicated that down-
regulation of miR-15a-5p significantly relieved THS induced
lung injury, inhibited inflammatory response in lung tissues of
THS rats by targeting TNIP2. Besides, miR-15a-5p inhibitor
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significantly reduced the protein level of p-p65 and the ratio of
p-p65/p65 in the lung tissue of THS rats, indicating the inhibi-
tion of NF-«B signaling pathway, and this effect was reversed
by TNIP2-siRNA. Overproduction of NO by iNOS is involved
in the pathogenesis of THS-induced lung injury (37). The
current study also revealed the inhibitory effect of miR-15a-5p
inhibitor on NO production and iNOS expression in the lung
tissues of THS rats. However, a group of miR-15a-5p inhib-
itor + control-siRNA was not set up in our experiments, and
this may represent a limitation of the present study.

Taken together, the current results demonstrated that
miR-15a-5p was upregulated in THS-induced acute lung
injury, and its inhibition served a protective role in via
repressing the inflammatory response by regulating the
TNIP2/NF-«kB signaling pathway. miR-15a-5p may represent
a potential diagnostic marker and therapeutic target for
the treatment of THS-induced acute lung injury. However,
the current study was a preliminary study of the role of
miR-15a-5p in the pathogenesis of acute lung injury induced
by THS, and this topic requires extensive research. It would
be beneficial to determine the correlation of miR-15a-5p
expression with the clinical characteristics and prognosis of
patients with THS in order to elucidate the role of miR-15a-5p
in THS-induced lung injury. Furthermore, there is a need to
demonstrate the role of TNIP2 in THS-induced lung injury
in future studies.
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