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Abstract. – OBJECTIVE: To explore the regu-
latory effects of microRNA-218 on lung tissue of 
rats with acute lung injury (ALI) and its underly-
ing mechanism.  

MATERIALS AND METHODS: A total of 32 
Sprague Dawley (SD) rats were randomly di-
vided into control group, lung injury group and 
microRNA-218 treatment group. The in vitro 
lung injury model was established by injections 
of lipopolysaccharide (LPS), PGN (peptidogly-
can) and IgG IC (immune complex). Polymerase 
Chain Reaction (PCR) was performed to detect 
the expression of microRNA-218 in lung tissues 
of ALI rats. Enzyme-Linked Immunosorbent As-
say (ELISA) was used to measure the level of 
cytokine secretion in ALI rats. The activity and 
expression level of nuclear factor-kappa B (NF-
κB) in MH-S and RA264.7 cells were determined 
by Luciferase activity assay and Western blot, 
respectively. 

RESULTS: MicroRNA-218 was significantly 
down-regulated in bleomycin and IgG IC-in-
duced lung injury rat model, as well as in cells 
treated with LPS, PGN and IgG IC. Inflammatory 
factors, including TNF-α, IL-1b, and IL-6, also 
showed increased in vivo and in vitro expres-
sions. Besides, the overexpression of microR-
NA-218 inhibited the secretion of inflammatory 
factors. PCR analysis and Luciferase activity as-
say indicated that the expressions of RUNX2 and 
BIRC3 were down-regulated by microRNA-218 in 
MH-S and RA264.7 cells. Subsequent studies on 
mechanisms demonstrated that microRNA-218 
inhibited the activity of the NF-κB pathway.

CONCLUSIONS: The expression of microR-
NA-218 markedly decreased in lung tissue of 
ALI rats, while the expression of inflammatory 
cytokines showed a remarkable increase, which 
might be related to the activation of RUNX2 and 
NF-κB.
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Introduction

Sepsis is a systemic inflammatory response 
syndrome (SIRS) caused by infection. Sepsis has 
become the number one disease in the non-cardio-
vascular mortality in the ICU of United States1. 
Lung is the most vulnerable organ in sepsis, and 
sepsis-induced pulmonary dysfunction may ag-
gravate other organ dysfunction. Inflammatory 
cytokines, endotoxin, oxygen free radicals and 
other factors in the blood can induce apoptosis of 
lung epithelial cells and pulmonary vascular en-
dothelial cells, which in turn promotes the pro-
tein-rich edema leaking into the interstitial space 
and finally leads to acute respiratory distress 
syndrome (ALI/ARDS)2. Currently there is no 
complete theoretical system to explain the com-
plex pathogenesis of ALI. When SIRS occurs, 
systemic inflammatory mediators over-activate 
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the recruitment of a large number of macrophages 
and neutrophils in the lungs and promote the un-
controlled release of various pro-inflammatory 
cytokines in the lungs, which results in ARDS. 
The excessive activation of immune cells in the 
lung is considered to be a key factor in the de-
velopment of ARDS3,4. Therefore, new ideas for 
reducing the inflammatory response in the lungs 
will be necessary for the treatment of sepsis-in-
duced lung injury in the future.

MicroRNA is a group of endogenous, 
non-coding single-stranded RNA with about 22 
nt in length5. MicroRNAs play important roles 
in the post-transcriptional regulation by bind-
ing to the 3’ untranslated region (3’UTR) of 
their targeted mRNAs6. It has been found7,8 that 
more than 1/3 of human genes are regulated by 
microRNAs, indicating the potential role of mi-
croRNAs in multiple cellular processes such as 
proliferation, differentiation, apoptosis, and me-
tabolism. Studies9-11 have shown that microRNAs 
are involved in the regulation of inflammatory 
responses, such as miR-146a, miR-544 and miR-
155. For example, the miR-146a level is signifi-
cantly reduced in lipopolysaccharide (LPS)-in-
duced ARDS model in rat and LPS-induced 
NR8383 cells. Otherwise, upregulated miR-146a 
reduces the secretion of pro-inflammatory cyto-
kines, suggesting that miR-146a is involved in 
the regulation of intrapulmonary inflammatory 
response and has protective effects on ARDS9. 
It is also reported that microRNA-218 is an im-
portant tumor suppressor with abnormal expres-
sion in various solid tumors, such as prostate 
cancer, nasopharyngeal carcinoma, gastric can-
cer, lung cancer and cervical cancer12. A reduced 
or absent expression of microRNA-218 is also 
observed in cervical epithelial cell lines infect-
ed with serotype papillomavirus13. However, the 
role of microRNA-218 in ALI/ARDS still needs 
further investigations.

Materials and Methods

Experimental Animals
Totally 32 healthy male Sprague Dawley (SD) 

rats (8-9 weeks old, weighing 280±20 g) were 
provided by the Animal Department of Shandong 
University. All rats were fed according to the ex-
perimental animal manual. This experimental an-
imal operation has been approved by the Dongy-
ing People’s Hospital Animal Ethics Committee. 
The IgG IC lung injury model was established by 

intranasal injection of rabbit anti-bovine serum 
albumin (BSA) IgG immune complex (10 mg in 
20 mL phosphate-buffered saline (PBS) and fol-
lowed with an intravenous injection of 5 mg/kg 
BSA (dissolved in 200 mL PBS) into rats. Con-
trol rats received an intravenous injection of BSA 
in the absence of an intranasal dose of anti-BSA. 
The rats were sacrificed after 4 hours of injection. 
The bleomycin lung injury model was established 
via intratracheal injection of 2.5 U/kg bleomycin 
(dissolved in sterile PBS) under anesthesia. Lung 
tissues were harvested 1 day after bleomycin 
challenges.

Cell Culture
Mouse macrophage cell line (RAW264.7), al-

veolar macrophage cell line (MH-S) and human 
monocyte cell line (U937) were routinely cultured 
in Roswell Park Memorial Institute-1640 (RPMI-
1640; HyClone, South Logan, UT, USA) contain-
ing 10% fetal bovine serum (FBS; Gibco, Grand 
Island, NY, USA) at 37°C under 5% CO2. For the 
detection of cytokines, RAW264.7 and MH-S 
cells were treated with lipopolysaccharide (LPS) 
(5 mg/ml), peptidoglycan (PGN) (10 mg/mL) and 
IgG IC (100 mg/mL) for 4 h, and U937 cells were 
treated with propidium monoazide (PMA)(100 
nM) for 4 h. The supernatant was collected for 
further detection.

Cell Transfection
Digested cells were collected and transferred 

into 6-well plates. Transfection was conducted 
when the cell fusion reached approximately 90%. 
Totally 1 mL of complete medium was added to 
each well 0.5-1 hour before transfection. A total of 
20 nM microRNA-218 mimics or mimic controls 
was mixed with 2.4 μL of transfection reagent and 
incubated for 15 min at room temperature to form 
a transfection complex. The mixture was added 
in each well. The regular medium was replaced 
after 5 hours of transfection, and the cells were 
collected after another 24 or 48 hours incubation.

Luciferase Activity Assay
Both wild-type and mutant reporter plasmids 

were synthesized by Guangzhou Ribobio Bio-
technology Co., Ltd. (Guangzhou, China). The 
wild-type vector contains the full length of the 
microRNA-218 binding site in RUNX2 3’UTR. 
RAW264.7 and MH-S cells were seeded into 
6-well plates before transfection; the constructed 
RUNX2-WT and RUNX2-MUT plasmids were 
co-transfected with microRNA-218 mimics and 
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microRNA-218 NC into the cells, respectively. 
About 6 hours later, the transfection medium was 
replaced by RPMI-1640 medium containing 10% 
FBS. The activity of Luciferase was detected us-
ing a Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA) 48 h after trans-
fection. 

Nuclear Factor-Kappa B (NF-κB) 
Activity Determination

NF-κB Luciferase reporter containing NF-κB 
response elements in the promoter region for the 
firefly Luciferase gene, and a promoterless-null 
Renilla construct were provided by GenePhar-
ma Biotechnology Co., Ltd. (Shanghai, China). 
Constructs were co-transfected into MH-S cells 
with PolyJet transfection reagent following the 
manufacturer’s instructions. Luciferase and Re-
nilla measurements were taken using the Du-
al-Luciferase Reporter Assay System (Promega, 
Madison, WI, USA). Luciferase measurements 
for each sample were normalized to its Renilla 
measurement. Final results were normalized to 
control measurements for each experiment.

In Vivo Transfection
Rats in the control group and the lung injury 

group were injected with control adenovirus or 
microRNA-218 adenovirus through the tail vein 
48 h before surgery. The procedure was the fol-
lowing: after the rat was fixed in position, 1 ml of 
the diluted adenovirus was injected through the 
tail vein using a syringe. The syringe was then 
rinsed with 0.5 mL of physiological saline and the 
wash solution was also injected into the rat.

Enzyme-Linked Immunosorbent Assay 
(ELISA)

A standard curve was established according to 
the experimental instructions. The test samples 
were added to each well and incubated at 37°C 
for 2 h. The primary antibody was then added to 
each well and incubated at 37°C for 1 h. After the 
addition of the enzyme-labeled antibody, the cells 
were again maintained in a 37°C incubator. Af-
ter the luminescent substrate was added, the cells 
were placed in a 37°C incubator for 5-10 min, and 
then the reaction solution was added to each well. 
The absorbance (OD value) of each well was mea-
sured using a microplate reader.

Total RNA Extraction
Cells and tissues were collected and 1 ml of 

TRIzol (Invitrogen, Carlsbad, CA, USA) was 

added to lyse the cells. Totally 250 μL of chlo-
roform was then added to the lysate and shaken 
for 30 seconds before centrifugation at 4°C. The 
aqueous phase was collected and an equal volume 
of pre-chilled isopropanol was added. After cen-
trifugation, the precipitate was gently rinsed with 
75% ethanol. The precipitate was then dissolved 
in 20 μL of diethyl pyrocarbonate (DEPC) water. 
The RNA concentration was measured using a 
spectrophotometer and stored in a refrigerator at 
-80°C.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Reverse transcription reaction system was 
prepared on ice using the PrimeScript RT re-
agent Kit. MiRNA quantitative PCR procedures 
were performed according to the miScript SYBR 
Green PCR Kit instructions. The total reaction 
system was 10 μL. The PCR amplification con-
ditions were as follows: pre-denaturation at 94°C 
for 5 min, followed by 40 cycles at 94°C for 30 
s, 55°C for 30 s, and 72°C for 30 s. The primer 
used in this study was as follows: microRNA-218 
(F: 5’-GTGATAATGTAGCGAGATTTT-3’, R: 
5’-AAAATCTCGCTACATTATCAC-3’), RUNX2 
(F: 5’-GTCCAAGGGTAGCCAAGGATG-3’, R: 
5’-CATCCTTGGCTACCCTTGGAC-3’), BIRC3 
(F: 5’-AAGCTACCTCTCAGCCTACTTT-3’, R: 
5’-CCACTGTTTTCTGTACCCGGA-3’).

Western Blot
Total protein of cells and tissues was extract-

ed by RIPA protein lysate and then quantified by 
bicinchoninic acid (BCA) method (Pierce, Rock-
ford, IL, USA). After being electrophoresed in 
a 10% polyacrylamide gel, the protein samples 
were transferred to polyvinylidene difluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
USA) and blocked with 5% skim milk powder 
for 1 hour at room temperature. The membrane 
was then incubated with specific primary anti-
body at 4 °C overnight. Then, the membrane was 
washed with Tris-Buffered Saline and Tween 20 
(TBST). After that, the corresponding second-
ary antibody was used to incubate with the pro-
tein band for 1 hour at room temperature. Che-
miluminescence method was performed to color 
these bands. Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was selected as an internal 
reference. The relative expression of the target 
protein was calculated as follows: gray value of 
the target protein/gray value of the internal ref-
erence.
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Statistical Analysis
Experimental data were analyzed using Sta-

tistical Product and Service Solutions (SPSS) 
17.0 statistical software (SPSS Inc., Chicago, IL, 
USA). The data were expressed as mean ± stan-
dard deviation. The difference between the two 
samples was compared by t-test. p<0.05 was con-
sidered statistically significant.

Results

MicroRNA-218 Expression was 
Decreased in Injured Lung Tissues

To investigate the role of microRNA-218 in 
acute lung injury (ALI), we constructed a rat 
model of lung injury using bleomycin and IgG 
IC, followed by PCR detection of microRNA-218 
expression. We found microRNA-218 showed a 
remarkable decrease in both rat model described 
above (Figure 1A-1B). Then we used LPS to con-
struct a lung injury model in vitro, and the results 
showed that LPS treatment significantly reduced 
the expression of microRNA-218 in both MH-S 
and RAW264.7 cells (Figure 1C-1D). These re-
sults indicated that abnormally expressed mi-
croRNA-218 might be associated with the devel-
opment of ALI.

Overexpression of microRNA-218 
Inhibited the Expressions Inflammatory 
Cytokines In Vitro

The overexpression of inflammatory factors 
is considered closely related to the development 
of ALI9. Thus, we examined the expressions of 
inflammation-associated cytokines in a cell mod-
el constructed by LPS, PGN and IgG IC. The re-
sults showed that the overexpression of microR-
NA-218 markedly inhibited the expression levels 
of TNF-α, IL-1b, and IL-6 in MH-S cells treat-
ed with LPS, PGN and IgG IC compared with 
the control group (Figure 2A-2C). Besides, we 
found similar expression changes in RAW264.7 
cells treated with LPS, PGN and IgG IC (Fig-
ure 2D-2E). Further, the human monocyte cell 
line U937 was selected to verify the function of 
microRNA-218. The results showed that exoge-
nous microRNA-218 significantly attenuated the 
expression of TNF-α (Figure 2F). These results 
suggested that microRNA-218 might participate 
in ALI by regulating the secretion of cytokines.

MicroRNA-218 Inhibited RUNX2 
Expression

To further explore the underlying mechanisms 
of microRNA-218 in ALI, bioinformatics predic-
tion was performed and RUNX2 was identified as 
a potential target gene of microRNA-218. Exoge-

Figure 1. MicroRNA-218 
level decreased in injured 
lung tissues. A, The expres-
sion of microRNA-218 was 
detected by PCR in lung tis-
sues of rats injected with 2.5 
U/kg of bleomycin. B, The 
expression of microRNA-218 
was detected by PCR in lung 
tissues of rats injected with 
IgG IC. C, The expression of 
microRNA-218 was detected 
by PCR in MH-S cells treated 
with LPS. D, The expression 
of microRNA-218 was detect-
ed by PCR in RAW264.7 cells 
treated with LPS.
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nous overexpression of microRNA-218 also exhib-
ited an inhibitory effect on mRNA expression level 
of RUNX2 in MH-S and RA264.7 cells (Figure 
3A-3B). The similar results were also confirmed at 
the protein level of RUNX2 (Figure 3C). We then 
tried to verify the binding between microRNA-218 
and RUNX2 by constructing wild-type and mutant 
reporter plasmids (Figure 3D). The results showed 
that the overexpression of microRNA-218 inhibits 
the fluorescence intensity of the wild-type plasmid, 
while no significant effect is found on the mutant 
reporter plasmids in both MH-S and RA264.7 
cells (Figure 3E-3F). The above results suggested 
that microRNA-218 could bind to the 3’UTR of 
RUNX2 mRNA and inhibit its expression.

Overexpression of microRNA-218 
Attenuated Lung Inflammatory Response 
In Vivo

Based on the above results, we further upreg-
ulated microRNA-218 in vivo by tail vein injec-
tion to assess its regulation of the inflammatory 
response. The results showed that ectopic expres-

sion of microRNA-218 also inhibits the expres-
sion of TNF-α, IL-1b, and IL-6 in vivo induced 
by IgG (Figure 4A-4C). Previous studies14,15 have 
suggested that RUNX2 could regulate the ex-
pression of BIRC3, which is closely related to 
the activation of the NF-κB pathway. Therefore, 
we hypothesized that microRNA-218 regulated 
the expression of BIRC3 and NF-κB pathways 
by inhibiting RUNX2. As shown in Figure 4D, 
the overexpression of microRNA-218 marked-
ly enhanced the mRNA level of BIRC3. Subse-
quently, Luciferase reporter plasmids containing 
two tandem NF-κB responsive elements (NF-κB.
Luc) were transfected into the MH-S cells togeth-
er with microRNA-218 mimics or microRNA-218 
NC. The results showed that the activity of NF-
κB reporter gene is remarkably reduced after the 
overexpression of microRNA-218 (Figure 4E). 
Further, Western blot was performed to detect the 
effect of overexpression of microRNA-218 on the 
NF-κB pathway. MicroRNA-218 down-regulated 
the expression of IκBα, suggesting a significant 
inhibition of the NF-κB pathway (Figure 4F).

Figure 2. Overexpression of microRNA-218 inhibited the expression inflammatory cytokine in vitro. A-C, MH-S cells were 
transfected with microRNA-218 mimics or microRNA-218 NC, and followed by treatment of LPS, PGN and IgG IC for 4 
hours. The supernatants were collected and the expression level of TNF-α (A), IL-1b (B) and IL-6 (C) detected by ELISA. D-E, 
RAW264.7 cells were transfected with microRNA-218 mimics or microRNA-218 NC, and followed by treatment of LPS, PGN 
and IgG IC for 4 hours. The supernatants were collected and the expression level of TNF-α (D), IL-6 (E) detected by ELISA. F: 
U937 cells were transfected with microRNA-218 mimics or microRNA-218 NC, and then stimulated with PMA for 24 hours. 
The expression of TNF-α was detected by ELISA. 
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Discussion

The pathogenesis of ALI in sepsis is mainly 
related to the imbalance between pro-inflamma-
tory response and anti-inflammatory response, 
which is characterized by increased expressions 
of pro-inflammatory cytokines and decreased 
expressions of anti-inflammatory cytokines. Re-
searches on ALI in sepsis have focused on various 
aspects of the signaling pathway, while microR-
NAs in sepsis-induced lung injury are still less 
studied. In this work, we evaluated the expression 
and function of microRNA-218, the important tu-
mor suppressor, in ALI rats.

Several studies16,17 have shown that microR-
NA-218 plays an increasingly important role in 
tumor development, neuropathic pain and heart 
development. It is reported that microRNA-218 is 
down-regulated in a variety of tumors. Tie et al18 
found that microRNA-218 inhibits the invasion 
and metastasis of gastric cancer cells by targeting 
Robo1. Zhang et al19 pointed out that microRNA-218 
inhibits the proliferation, invasion and migration of 
colorectal cancer cells by targeting the PI3K/Akt/

mTOR pathway. In addition, microRNA-218 was 
also reported to increase the sensitivity of cervical 
cancer to chemoradiotherapy. Besides, microR-
NA-218 decreased the proliferation of HeLa cells 
and increased its sensitivity to platinum-based 
chemotherapy drugs by blocking the AKT-mTOR 
pathway20. In the study of chronic obstructive pul-
monary disease, microRNA-218 was highly ex-
pressed in human and mouse bronchial epithelial 
cells. Down-regulation of microRNA-218 aggra-
vated lung inflammation in mice exposed to cig-
arette smoke. GSEA analysis also found that there 
is a negative correlation between microRNA-218 
level with immune inflammatory responses and 
cytokine-receptor interaction pathways21. In this 
work, the expression of microRNA-218 showed a 
significant decrease in the in vitro and in vivo in-
flammatory models. We also found that microR-
NA-218 inhibited the inflammatory response in 
rat lung tissues. In addition, the overexpression of 
microRNA-218 reduced the expression levels of 
TNF-α, IL-1b, and IL-6, suggesting that microR-
NA-218 exerts a protective role in the pulmonary 
inflammatory injury.

Figure 3. MicroRNA-218 inhibited RUNX2 expression. A, The expression of RUNX2 was detected by PCR after overex-
pression of microRNA-218 in MH-S cells. B, The expression of RUNX2 was detected by PCR after overexpression of microR-
NA-218 in RAW264.7 cells. C, Expression of RUNX2 was detected by Western blot after overexpression of microRNA-218 
in MH-S and RAW264.7 cells. D, Binding sites of microRNA-218 and RUNX2. E, Detection of fluorescence intensity by 
in MH-S cells co-transfected with microRNA-218 mimics (or microRNA-218 NC) and RUNX2-WT (or RUNX2-MUT). F, 
Detection of fluorescence intensity by in RAW264.7 cells co-transfected with microRNA-218 mimics or microRNA-218 NC, 
RUNX2-WT or RUNX2-MUT.

A

D

B

E

C

F



M.-H. Zhou, L. Zhang, M.-J. Song, W.-J. Sun

8444

In the inflammatory response to sepsis, the 
expression of the key cytokine TNF-α rises rap-
idly and peaks at an early stage, thereby induc-
ing the production of inflammatory factors such 
as IL-6. These inflammatory cytokines trigger a 
series of inflammatory cascades through related 
signal transduction pathways, leading to alveo-
lar epithelial cells and capillary endothelial cell 
damage. The increased vascular permeability and 
released alveolar surfactant result in alveolar wall 
thickening, capillaries and alveolar hemorrhage, 
pulmonary capillary and alveolar hemorrhage. 
The above pathological changes further result in 
severe pulmonary edema, ventilation/blood flow 
imbalance, refractory hypoxemia and eventually 
lead to ALI/ARDS22. A study by Zhang et al23 on 
ALI in LPS-induced sepsis showed that TNF-α 
level markedly increases in bronchoalveolar la-
vage fluid (BALF) of experimental animals with 
sepsis. Animal and clinical studies have con-
firmed that plasma level of TNF-α is positively 

correlated with the development of ALI and the 
severity of prognosis in sepsis24. IL-6-mediated 
neutrophil activation and aggregation promote the 
release of a large number of elastase and oxygen 
free radicals, which causes damage to alveolar 
epithelial cells and extravascular matrix. Pulmo-
nary interstitial edema induced by increased pul-
monary vascular permeability is the main cause 
of ARDS25. Therefore, exploring the mechanism 
of abnormal secretion of inflammatory factors is 
of great significance for the prevention and treat-
ment of ALI.

NF-κB is a kind of nuclear protein factor which 
was first detected from B lymphocyte nucleus in 
1986 by Sen. It regulates the expressions of many 
early fast-response genes involved in immune re-
sponse, stress and inflammatory response26,27. Usu-
ally, NF-κB binds to its inhibitor I-κB in a non-co-
valent manner and exists in the cytoplasm in the 
form of an inactive NF-κB/I-κB complex. Activat-
ed NF-κB dissociates from the complex, enters the 

Figure 4. Overexpression of microRNA-218 attenuated lung inflammatory response in vivo.  A-C, The expression of TNF-α 
(A), IL-6 (B), and IL-1b (C) was detected by ELISA after adenovirus-microRNA-218 was injected into tail vein to overexpress 
microRNA-218. D, Expression of BIRC3 was detected by PCR after microRNA-218 was upregulated in MH-S cells. E, The 
fluorescence intensity was detected after co-transfection of with microRNA-218 mimics (or microRNA-218 NC) and NF-κB 
responsive elements (NF-kappa B.Luc) in MH-S cells. F, The expression of IκBα was detected by Western blot after microR-
NA-218 was upregulated in MH-S cells. 
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nucleus, and initiates the expression of a variety 
of inflammatory cytokines (IL-1, TNF-α, etc.), 
adhesion molecules (ICAM-1, VCAM-1, E-selec-
tin, etc.) and chemokines (IL-8, etc.). Besides, the 
products produced by NF-κB, such as IL-1β and 
TNF-α, further activate NF-κB, thus forming a 
complex positive feedback regulation loop, which 
amplifies and sustains inflammatory response28,29. 
It is reported that NF-κB can be activated by trau-
ma, infection, toxic substances, hemorrhage and 
shock in lung tissues and alveolar macrophages. 
The enhanced expression of many cytokines and 
chemokines induced by NF-κB promotes the ag-
gregation and infiltration of neutrophils, eventual-
ly leading to ALI. The role of activated NF-κB in 
the pathogenesis of ALI has also been preliminari-
ly verified in clinical trials. Previous evidence30,31 
found that the activation level of NF-κB in alve-
olar macrophages of ARDS patients is signifi-
cantly higher than that in the control group. Thus, 
excessive release of inflammatory cytokines after 
the activation of NF-κB is a key event in uncon-
trolled inflammatory response. In this study, our 
Luciferase activity assay and Western blot analysis 
demonstrated that the overexpression of microR-
NA-218 inhibits the activity of the NF-κB pathway, 
thus participating in the regulation of inflammato-
ry cytokines secretion.

Conclusions

We found that the expression of microR-
NA-218 was decreased in sepsis-induced lung 
injury. Down-regulated microRNA-128 promoted 
the secretion of inflammatory cytokines and ag-
gravated lung injury by regulating the RUNX2/
BIRC3/ NF-κB axis.
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