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Abstract. The present study investigated the preventive effects 
of microRNA (miR)‑146a against severe burn‑induced remote 
acute lung injury (ALI) in rats and the underlying mechanism. 
The surface area of the skin was immersed in 100˚C water for 
5‑10 sec on the dorsal surface. The expression level of miR‑146a 
was significantly downregulated in rats with burn‑induced 
ALI. Downregulation of miR‑146a increased inflammation, 
and inducible nitric oxide synthase (iNOS) and cyclooxy-
genase‑2 (COX‑2) expression in a model of ALI in vitro via 
the promotion of the Toll‑like receptor (TLR)4/nuclear factor 
(NF)‑κB signaling pathway. In addition, the overexpression 
of miR‑146a reduced inflammation, and iNOS and COX‑2 
protein expression in the model of ALI in  vitro via the 
suppression of the TLR4/NF‑κB signaling pathway. A TLR4 
inhibitor reduced the function of anti‑miR‑146a on inflam-
mation in the model of ALI. Collectively, the results of the 
present study demonstrated the preventive effects of miR‑146a 
against severe burn‑induced remote ALI in rats through the 
anti‑inflammatory‑regulated TLR4/NF‑κB signaling pathway.

Introduction

Severe burn‑induced remote acute lung injury (ALI) is a 
universal issue challenging clinical intensive treatment (1). 
Severe burns have been reported to induce marked altera-
tions to the organic internal environment. Factors including 
traumatic stress, direct injuries of heating power and hypo-
perfusion may induce the upregulation of expression levels 
of pro‑inflammatory cytokines (2). In addition, these factors 
may activate a variety of inflammatory cells, including 
mononuclear macrophages, neutrophil granulocytes, lympho-
cytes, platelets and endothelial cells  (3,4). Furthermore, 

adhesion molecules of vascular endothelial cells (VECs) 
and while blood cells (WBCs) have been reported to be 
upregulated (3,4). The activated WBCs may then induce a 
respiratory burst and degranulation as the adhesion intensi-
fies. As a result, metabolites and proinflammatory cytokines, 
including fibrinolysin, active oxygen and arachidonic acid, 
would be released. This then causes broader damage to VECs 
and other tissues (5).

Severe burn‑induced remote ALI is characterized by 
the pathological features of a uncontrolled inflammatory 
response, and it may broadly damage pulmonary VECs and 
alveolar epithelial cells (4). Severe‑burn induced remote ALI 
has been reported to exhibit morbidity and mortality rates of 
20‑40% (4). However, no treatments are currently available 
within intensive care units (4). Uncontrollable inflammatory 
mediators are closely associated with ALI (4). Macrophages 
were in patients with ALI to induce inflammation (6). In addi-
tion, numerous inflammatory cytokines are released, including 
interleukin (IL)‑6, IL‑18, tumor necrosis factor‑α (TNF‑α) 
and interferon‑γ. Furthermore, macrophages, neutrophils, 
granulocytes, lymphocytes and endothelial cells are activated; 
oxygen radicals, proteolytic enzymes and arachidonic acid 
are also released  (4). Inflammatory responses within the 
lungs may induce injury to the alveolar capillary membrane. 
Subsequently, the ALI is initiated and the inflammatory 
response is induced (7).

Alterations in microRNA (miR) expression have been 
associated with immune responses, the inflammatory signaling 
pathway and the pathogenesis of inflammatory pulmonary 
diseases, such as ALI (8). Therefore, miR may be promising 
novel therapeutic targets. miR‑induced alterations in the 
expression of associated genes are generally moderate (9); 
however, its results may affect the expression of several genes 
and numerous biological processes (10). Therefore, miR may 
be considered as a potential marker of ALI. The protective 
effects of miR‑146a on severe burn‑induced remote ALI in rats 
were examined in the present study. The results suggested that 
miR‑146a protected against severe burn‑induced ALI via the 
anti‑inflammatory pathway.

Materials and methods

Animals. All experimental protocols were undertaken in 
accordance with the Guide for the Care and Use of Laboratory 
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Animals by the National Institutes of Health (11), with the 
approval of the Animal Experimental Ethics Committee of the 
First Affiliated Hospital of Nanchang University (Nanchang, 
China). Healthy male Sprague‑Dawley rats (200‑250 g, n=12) 
were purchased from Laboratory Animal Center of the Medical 
Department of Nanchang University (Nanchang, China) and 
used in the present study. The animals were housed at 22‑24˚C, 
55‑60% humidity, 0.038% CO2, 12 h light/dark cycle and fed a 
standard animal diet with food and tap water ad libitum.

Experimental design and burn procedure. The rats were 
randomly divided into three groups, each containing 10 rats: 
Sham‑operated group, ALI group and oleuropein‑treated 
group. The rats of the ALI and oleuropein‑treated groups 
were anesthetized with 30 mg/kg of pentobarbital sodium 
Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany) and 
shaved on the dorsal and lateral surfaces. The surface area 
of the skin was immersed in 100˚C water for 5‑10 sec on the 
dorsal surface. The skin of all rats were quickly dried, total 
body surface area was 30% at all skin area. Sham‑operated 
rats were anesthetized with 30 mg/kg of pentobarbital and 
shaved on the dorsal and lateral surfaces.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
using TRIzol® (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) from lung tissue samples or cells and ~1 µg total RNA 
was then used to produce cDNA using TaqMan® MicroRNA 
Reverse Transcription kit (Thermo Fisher Scientific, Inc.) at 
37˚C for 60 min and 85˚C for 1 min by a TaqMan 7900 (ABI) 
real‑time PCR machine (Invitrogen; Thermo Fisher Scientific, 
Inc.). miR‑146a, inducible nitric oxide synthase (iNOS) and 
cyclooxygenase‑2 (COX‑2) mRNA expression levels were 
determined by RT‑qPCR using TransStartTM SYBR‑Green 
qPCR Supermix (Beijing Transgen Biotech Co., Ltd., Beijing, 
China). The following thermocycling conditions were used for 
the PCR: Initial denaturation at 95˚C for 10 min; 40 cycles 
of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. The 
primer sequences used were as follows: miR‑146a forward, 
5'‑TGA​GAA​CTG​AAT​TCC​ATG​GGT​T‑3' and reverse, 5'‑TCA​
CCC​GTA​GAA​CCG​ACC​TT‑3'; iNOS forward, 5'‑CCC​TTC​
CGA​AGT​TTC​TGG​CAG​CAG‑3' and reverse, 5'‑GGC​TGT​
CAG​AGC​CTC​GTG​GCT​TTG‑3'; COX‑2 forward, 5'‑ATG​
CTC​CTG​CTT​GAG​TAT​GT‑3' and reverse, 5'‑CAC​TAC​ATC​
CTG​ACC​CAC​TT‑3'; GAPDH forward, 5'‑AAC​TTT​GGC​ATT​
GTG​GAA​GG‑3' and reverse, 5'‑ACA​CAT​TGG​GGG​TAG​
GAA​CA‑3'; and U6 forward, 5'‑ATT​GGA​ACG​ATA​CAG​AGA​
AGA​TT‑3' and reverse, 5'‑GGA​ACG​CTT​CAC​GAA​TTT​G‑3'. 
The relative levels of the target genes were normalized using 
the 2‑ΔΔCq method (12).

Cell culture and transfection. 16HBE cells (human bronchial 
epithelial) were obtained from the Cell Bank of Type Culture 
Collection of Chinese Academy of Sciences (Shanghai, 
China) and maintained in RPMI‑1640 (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc.) in 5% CO2 and 
95% O2 at 37˚C. miR‑146a (5'‑UGA​GAA​CUG​AAU​UCC​AUG​
GGU​U‑3' and 5'‑CCC​AUG​GAA​UUC​AGU​UCU​CAU​U‑3'), 
anti‑miR‑146a (5'‑AAC​CCA​UGG​AAU​UCA​GUU​CUC​A‑3' and 

5'‑GCT​GTC​AAC​GAT​ACG​CTA​CGT​AAC​G‑3'), and negative 
mimics (5'‑CCC​CCC​CCC​CCC​C‑3' and 5'‑CCC​CCC​CCC​CC 
C​CC‑3') were obtained from Sangon Biotech Co., Ltd., 
(Shanghai, China). 16HBE cells were transfected with 
200 ng of miR‑146a, anti‑miR‑146a or negative mimics using 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). Following transfection for 48 h, ALI was 
induced within 16HBE cells using lipopolysaccharide (LPS; 
100  ng/ml; Beyotime Institute of Biotechnology, Nanjing, 
China) for 6 h. Control, 16HBE cells were transfected with nega-
tive control mimics for 48 h and treated with LPS (100 ng/ml) 
and TAK‑242 (2 nM; MedChemExpress, Monmouth Junction, 
NJ, USA) for 6 h.

Measurement of nuclear factor (NF)‑κB, IL‑6, IL‑10 and 
TNF‑α. Bronchoalveolar lavage samples were collected and 
centrifuged at 12,000 x g for 10 min at 4˚C. The supernatant 
fluids were used to measure NF‑κB (cat. no. H202), IL‑6 (cat. 
no. H007), IL‑10 (cat. no. H009) and TNF‑α (cat. no. H052) 
levels using ELISA kits (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China) according to the manufacturer's 
protocols.

Western blot analysis. Protein (50  µg) was excised from 
lung tissue using homogenated extraction buffer on ice and 
centrifuged at 12,000 x g for 10 min at 4˚C in radioimmu-
noprecipitation assay (Sangon Biotech Co., Ltd.). Protein 
concentrations were determined using a Bicinchoninic Acid 
protein assay reagent (Sangon Biotech Co., Ltd.). Protein 
extracts (50 µg) were separated via 10% SDS‑PAGE (Sangon 
Biotech Co., Ltd.) and electrotransferred onto a nitrocel-
lulose membrane. The membranes were blocked with 5% 
skimmed milk in TBS with 0.1% Tween‑20 for 1 h at 37˚C 
and immunoblotted with primary antibodies specific for 
NF‑κB (cat. no. sc‑109, 1:3,000; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA), Toll‑like receptor 4 (cat. no. sc‑10741, 
TLR4; 1:3,000; Santa Cruz Biotechnology, Inc.) and GAPDH 
(cat. no. sc‑25778, 1:4,000; Santa Cruz Biotechnology, Inc.) 
overnight at 4˚C. Following three washes with Tris‑buffered 
saline‑0.1% Tween‑20, the membrane was incubated with 
anti‑rabbit immunoglobulin G (H+L), Biotinylated secondary 
antibody (cat. no. 14708, 1:5,000; Cell Signaling Technology, 
Inc., Danvers, MA, USA) for 1 h at 37˚C and detected using an 
enhanced chemiluminescence plus detection kit (Amersham; 
GE Healthcare, Chicago, IL, USA) and exposed to film and 
analyzed using Image Lab 3.0 (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

Figure 1. Expression of miR‑146a is decreased in burn‑induced ALI. *P<0.01 
vs. control group. ALI, acute lung injury; miR, microRNA.
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Statistical analysis. All data were expressed as the 
mean ± standard error of the mean using SPSS 17.0 (SPSS, 
Inc., Chicago, IL, USA). The results were analyzed statistically 
using one‑way analysis of variance and Duncan's multiple 
range test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of miR‑146a in burn‑induced ALI rat. As presented 
in Fig. 1, the expression levels of miR‑146a were significantly 
downregulated in the rat model of burn‑induced ALI compared 
with the levels in the control group.

Downregulation of miR‑146a increases inflammation in a 
model of ALI in 16HBE cells. Subsequently, the function 
of miR‑146a in ALI was explored and miR‑146a expression 
was inhibited using anti‑miR‑146a mimics. Levels of NF‑κB, 
IL‑6, IL‑10 and TNF‑α were measured using ELISA kits. 
As demonstrated in Fig. 2, NF‑κB, IL‑6 and TNF‑α levels 
within the model of ALI were significantly higher in response 
to miR‑146a downregulation than those in the control group. 
IL‑10 expression levels within the ALI model were significantly 
reduced in response to miR‑146a downregulation compared 
with those in the control group.

Downregulation of miR‑146a increases iNOS and COX‑2 
mRNA expression levels in a model of ALI in 16HBE cells. 
Downregulation of miR‑146a significantly induced iNOS and 
COX‑2 mRNA expression within the model of ALI compared 
with the levels in the control group (Fig. 3). There results 
demonstrated that anti‑miR‑146a regulates iNOS and COX‑2 
expression to affect the development of ALI.

Downregulation of miR‑146a upregulates the TLR4/NF‑κB 
signaling pathway in a model of ALI in 16HBE cells. The 
mechanism of the effect of miR‑146a on inflammation within 
the model of ALI was investigated by analyzing TLR4 and 
NF‑κB protein expression levels. As presented in Fig. 4, the 

downregulation of miR‑146a significantly increased TLR4 
and NF‑κB protein expression levels within the ALI model 
compared with the levels in the control group.

Upregulation of miR‑146a decreases inflammation in a 
model of ALI in 16HBE cells. miR‑146a expression levels 
were upregulated to investigate the mechanism of miR‑146a 
on inflammation within the model of ALI. As demonstrated 
in Fig. 5, upregulation of miR‑146a significantly decreased 
NF‑κB, IL‑6 and TNF‑α expression levels, and increased 
IL‑10 expression levels within the model of ALI compared 
with the levels in the control group.

Upregulation of miR‑146a decreases iNOS and COX‑2 mRNA 
expression levels in an ALI model in 16HBE cells. iNOS 
and COX‑2 mRNA expression levels in the ALI model were 
significantly reduced by the increased expression of miR‑146a 
compared with the level in the control group (Fig. 6). Therefore, 
miR‑146a reduced the expression of iNOS and COX‑2 expres-
sion to ameliorate ALI.

Upregulation of miR‑146a suppresses the TLR4/NF‑κB 
signaling pathway within a model of ALI in 16HBE cells. 
TLR4 and NF‑κB protein expression levels were significantly 
suppressed within the model of ALI following miR‑146a upreg-
ulation compared with the levels in the control group (Fig. 7).

TLR4 inhibitor reduces the function of anti‑miR‑146a on the 
TLR4/NF‑κB signaling pathway within a model of ALI in 
16HBE cells. In order to confirm the role of the TLR4/NF‑κB 
signaling pathway in the effect of miR‑146a on ALI, TAK‑242 
inhibitor was employed to reduce TLR4 and NF‑κB protein 
expression. The TLR4 inhibitor suppressed TLR4 and NF‑κB 
protein expression levels within the model of ALI following 
anti‑miR‑146a treatment, compared with in the levels observed 
in the anti‑miR‑146a group (Fig. 8).

TLR4 inhibitor reduces the function of anti‑miR‑146a on 
inflammation in a model of ALI in 16HBE cells. The induction 

Figure 2. Downregulation of miR‑146a with anti‑miR‑146a increases inflammation in a model of acute lung injury. (A) NF‑κB, (B) TNF‑α, (C) IL‑10 and 
(D) IL‑6 expression levels. *P<0.01 vs. control group. miR, microRNA; NF‑κB, nuclear factor‑κB; TNF‑α, tumor necrosis factor‑α; IL, interleukin.

https://www.spandidos-publications.com/10.3892/mmr.2018.8877


LUO et al:  miR-146a AND ACUTE LUNG INJURY8380

of NF‑κB, IL‑6 and TNF‑α levels, and inhibition of IL‑10 levels 
within the model of ALI following anti‑miR‑146a treatment 

were significantly reversed by the inhibition of TLR4, compared 
with in the levels in the anti‑miR‑146a group (Fig. 9).

Figure 5. Upregulation of miR‑146a decreases inflammation in a model of acute lung injury. (A) NF‑κB, (B) TNF‑α, (C) IL‑10 and (D) IL‑6 protein expression 
levels. *P<0.01 vs. control group. miR, microRNA; NF‑κB, nuclear factor‑κB; TNF‑α, tumor necrosis factor‑α; IL, interleukin.

Figure 4. Downregulation of miR‑146a with anti‑miR‑146a induces the TLR4/NF‑κB signaling pathway in a model of acute lung injury. Quantified protein 
expression levels of (A) TLR4 and (B) NF‑κB. (C) Western blot analysis for TLR4 and NF‑κB protein expression. *P<0.01 vs. control group. miR, microRNA; 
TLR4, Toll‑like receptor 4; NF‑κB, nuclear factor‑κB.

Figure 3. Downregulation of miR‑146a with anti‑miR‑146a increases iNOS and COX‑2 mRNA expression in a model of acute lung injury. (A) iNOS and 
(B) COX‑2 mRNA expression levels. *P<0.01 vs. control group. miR, microRNA; iNOS, inducible nitric oxide synthase; COX‑2, cyclooxygenase‑2.
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Figure 7. Upregulation of miR‑146a suppresses the TLR4/NF‑κB signaling pathway in a model of acute lung injury. Quantified protein expression levels of 
(A) TLR4 and (B) NF‑κB. (C) Western blot analysis for TLR4 and NF‑κB protein expression. *P<0.01 vs. control group. miR, microRNA; TLR4, Toll‑like 
receptor 4; NF‑κB, nuclear factor‑κB.

Figure 6. Upregulation of miR‑146a decreases iNOS and COX‑2 mRNA expression in a model of acute lung injury. (A) iNOS and (B) COX‑2 mRNA expression 
levels. *P<0.01 vs. control group. miR, microRNA; iNOS, inducible nitric oxide synthase; COX‑2, cyclooxygenase‑2.

Figure 8. TLR4 inhibitor reduces the function of anti‑miR‑146a on the TLR4/NF‑κB signaling pathway in a model of acute lung injury. Quantified protein 
expression levels of (A) TLR4 and (B) NF‑κB. (C) Western blot analysis for TLR4 and NF‑κB protein expression. *P<0.01 vs. control group; #P<0.01 vs. 
anti‑miR‑146a group. miR, microRNA; TLR4, Toll‑like receptor 4; NF‑κB, nuclear factor‑κB.
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TLR4 inhibitor reduces the function of anti‑miR‑146a on 
iNOS and COX‑2 mRNA expression within a model of ALI in 
16HBE cells. The increase of iNOS and COX‑2 mRNA expres-
sion levels in the model of ALI induced by anti‑miR‑146a was 
significantly suppressed by the inhibition of TLR4, compared 
with the levels observed in the anti‑miR‑146a group (Fig. 10). 
MicroRNA‑146a/TLR4 signaling protects against severe 
burn‑induced remote ALI in rats via suppression of iNOS and 
COX‑2 expression.

Discussion

Various mechanisms are involved in severe burn‑induced remote 
ALI. Firstly, damage to inflammatory mediators, including 
proinflammatory cytokines and alexins, and lung tissues occurs. 
Secondly, the increase of cell adhesion molecule expression 
levels within neutrophils, granulocytes and endothelial cells 
following stimulation by proinflammatory cells occurs, and 
adhesive abilities increase (4). Subsequently, neutrophils and 
granulocytes invade the inflammatory lesions and, once acti-
vated, these cells undergo a respiratory burst, degranulation and 
release metabolites, including fibrinolysin, active oxygen and 
arachidonic acid. These molecules may damage VECs, tissues 
and other cells (13). Thirdly, the adhesion of WBCs and VECs, 
together with the accumulation of WBCs, may block capillaries, 

leading to thrombosis, thus resulting in reduced microcircula-
tory hemoperfusion (13). Consequently, a disproportional ratio 

Figure 11. miR‑146a/TLR4 signaling protects against severe burn‑induced 
remote acute lung injury in rats through anti‑inflammation. miR, microRNA; 
TLR4, Toll‑like receptor 4; NF‑κB, nuclear factor‑κB; iNOS, inducible nitric 
oxide synthase; COX‑2, cyclooxygenase‑2.

Figure 10. TLR4 inhibitor reduces the function of anti‑miR‑146a on iNOS and COX‑2 mRNA expression in a model of acute lung injury. (A) iNOS and 
(B) COX‑2 mRNA expression levels. *P<0.01 vs. control group; #P<0.01 vs. anti‑miR‑146a group. TLR4, Toll‑like receptor 4; miR, microRNA; iNOS, inducible 
nitric oxide synthase; COX‑2, cyclooxygenase‑2.

Figure 9. TLR4 inhibitor reduces the function of anti‑miR‑146a on inflammation in a model of acute lung injury. (A) NF‑κB, (B) TNF‑α, (C) IL‑10 and (D) IL‑6 
protein expression levels. *P<0.01 vs. control group; #P<0.01 vs. anti‑miR‑146a group. TLR4, Toll‑like receptor 4; miR, microRNA; NF‑κB, nuclear factor‑κB; 
TNF‑α, tumor necrosis factor‑α; IL, interleukin.
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of ventilation/blood flow may occur, inducing hypoxemia (14). 
In addition, the permeability of pulmonary vasculatures may 
increase, causing pulmonary edema. Fourth, the lung has the 
anatomical and physiological features of low tension, low resis-
tance and high flow, and so circulatory inflammatory mediators 
may easily accumulate within the lung (4). In the present study, 
the expression of miR‑146a was significantly downregulated in 
a burn‑induced rat model of ALI compared with the levels in 
the control group and downregulation of miR‑146a increased 
inflammation in a model of ALI. MiR‑146a downregulation may 
worsen inflammation within the ALI model. Chen et al (15) indi-
cated that miR‑146a may regulate glucose‑induced inflammation 
of the retina and kidney in diabetes or animal/in vitro models.

Endogenous nitric oxide (NO) is a free radical with high 
activity, and serves as a signaling molecule and a toxic molecule 
with diverse biological functions (4). Excessive or deficient 
endogenous NO may damage tissues and cells, and disrupt the 
equilibrium (4). It has been reported that iNOS itself possesses 
the activity of oxygen radicals to induce O2 production (16). 
NO levels may decrease once iNOS is inhibited, along with 
reduced O2 (4). In the present study, upregulated miR‑146a 
expression levels were associated with decreased iNOS mRNA 
expression within the model of ALI. Furthermore, Li et al (17). 
suggested that miR‑146a may reduce IL‑6, IL‑12, TNF‑α and 
iNOS levels in systemic juvenile idiopathic arthritis.

Expression of inflammatory factors may be initiated and 
regulated following NF‑κB activation (18). Epoxidase is an 
important rate‑limiting enzyme during the synthesis of prosta-
glandin and has two isozymes, COX‑1 and COX‑2 (4). NF‑κB 
activation may induce COX‑2 activity, resulting in increased 
levels of the immune‑suppressor prostaglandin (18), leading 
to immunosuppression following infection (19). Therefore, 
following immunosuppression, the incidence rates of infection 
and mortality are high (18). To the best of our knowledge, the 
present study is the first to reveal that upregulated miR‑146a 
may decrease COX‑2 mRNA expression levels in a model of 
ALI. Sato et al (20) reported that miR‑146a inhibition increased 
COX‑2 expression in chronic obstructive pulmonary disease.

Severe burn‑induced remote ALI is an infectious lung 
disease (21). It is predominantly caused by bacterial infec-
tion‑induced septicopyemia (4). LPS, the primary element of 
gram‑negative bacterium cytoderm, is the major pathogenic 
factor (4,22). LPS may activate the signal transduction system 
via an interaction with a corresponding receptor. In addi-
tion, it may give rise to the activation of NF‑κB, initiating 
genetic transcription  (4,23). However, proinflammatory 
factors are produced to exert toxic functions  (4,23). TLR 
has been considered to be a notable receptor that mediates 
LPS signal transduction (4). In the present study, miR‑146a 
notably suppressed TLR4/NF‑κB signaling within a model 
of ALI. Ye and Steinle (24) demonstrated that miR‑146a may 
attenuate inflammation via TLR4/NF‑κB and TNF‑α within 
high glucose‑induced primary human retinal microvascular 
endothelial cells. In the present study, TLR4/NF‑κB signaling 
was analyzed; therefore, further studies into the effects of 
miR‑146a on NF‑κB signaling in ALI must be conducted.

In summary, miR‑146a may protect against severe 
burn‑induced remote ALI in rats. Specifically, miR‑146a exerts 
anti‑inflammatory effects via the TLR4/NF‑κB signaling 
pathway and inhibits iNOS and COX‑2 expression (Fig. 11). 

However, further investigation of miR‑146 for the treatment of 
severe burn‑induced remote ALI is required.
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