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Abstract
Background/Aims: The present study addressed the potential involvement of microRNAs in 
acute respiratory distress syndrome (ARDS)-related inflammation and elucidates the underlying 
molecular mechanism. Methods: ARDS rat model was established by lipopolysaccharide, 
with compromised gas exchange capacity and lung edema. The inflammatory cells from 
bronchoalveolar lavage fluid (BALF) were profiled with automatic blood cell analyzer. The 
relative fluorescence intensity of BALF-derived macrophages was analyzed by flow cytometry. 
The relative microRNA expression was determined using microarray and Taqman assay. The 
secretory interleukin (IL)-10 was measured by enzyme-linked immunosorbent assay. Luciferase 
reporter assay was performed to determine the regulatory effects of miR-211 and NF-κB 
on IL-10 and miR-211 expressions, respectively. Chromatin immunoprecipitation (ChIP) was 
conducted to detect the direct binding of NK-κB on miR-211 promoter. The protein level was 
determined by Western blot. Results: The provoked acute inflammation was characterized 
with increased total cells, macrophages, neutrophils and lymphocytes. The relative expression 
of miR-211 was aberrantly up-regulated in BALF-derived macrophages from ARDS rats, which 
was accompanied with reduction of secretory IL-10. We further demonstrated that miR-211 
inhibited IL-10 expression by binding to its 3’-UTR. The expression of miR-211 was modulated 
by NF-κB. Conclusion: Here we elucidated a crucial role of NF-κB/miR-211/IL-10 signaling 
axis in ARDS-related inflammation.

S. Wang and Z. Li contributed equally to this work.
Wenfang Li
and Zhaofen Lin

Department of Emergency and Critical Care Medicine, Changzheng Hospital
Second Military Medical University, 415 Fengyang Road, Shanghai (China)
E-Mail chzhedlwf@smmu.edu.cn, linzhaofen@smmu.edu.cn

http://dx.doi.org/10.1159%2F000486814


Cell Physiol Biochem 2018;45:332-342
DOI: 10.1159/000486814
Published online: January 24, 2018 333

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Wang et al.: NF-kB/MiR-211/IL-10 Signaling in ARDS-Related Inflammation

Introduction

The acute respiratory distress syndrome (ARDS) refers to the critical medical condition 
characterized by serious inflammatory reaction in the lung, which may be caused by a range 
of diseases such as trauma, pneumonia and sepsis [1]. The clinical manifestations of ARDS 
include diffuse injury to the alveolar barrier cells, surfactant dysfunction, active innate 
immune response and unusual coagulation, which consequently and convergently result 
in the impairment of gas exchange function in the alveoli [2]. ARDS is associated with an 
extremely poor prognosis and a mortality of 20%~50% worldwide [3]. At the molecular 
level, inflammation reaction triggered by the acute lung injury and the chemical signals and 
inflammatory mediators subsequently secreted by the epithelial and endothelial cells are the 
hallmarks of ARDS [4]. Neutrophils and some of the lymphocytes recruited via chemotaxis 
further exacerbate this phenomenon [5]. Despite tremendous advance in our understanding 
of the ARDS pathology in the past decades, the detailed regulatory network underlying 
the inflammation response in this disease is still elusive. Here we set out to investigate the 
potential involvement of microRNAs in the pathogenesis of ARDS in lipopolysaccharide 
(LPS)-induced rat model and to further elucidate its associated molecular events.

MicroRNAs (miRNAs, miRs) are a class of small non-coding RNA molecules with an average 
length of 22 nucleotides and widely exist in plants, virus and animals [6]. The considerable 
range of critical physiological functions of miRNAs have been disclosed, most of which greatly 
rely on its fine-tuned gene regulation via either mRNA degradation or translation blockade 
[7]. Theoretically, a single miRNA simultaneously modulates expressions of hundreds of 
genes in a synergistic or antagonistic way with other miRNAs. All these modes of actions 
constitute a complicated, multi-node and multi-layer regulatory network. In addition to its 
normal functions, assembling evidences suggest that miRNA are also involved in various 
pathological conditions such as cardiomyopathies [8], atherosclerosis [9], obesity [10] and 
cancer [11]. Most importantly, emerging evidences suggest that miRNAs play crucial roles in 
inflammation responses [12], as well as in acute lung injury and ARDS [13].

In this study, we employed the well-acknowledged protocol to establish ARDS model via 
intratracheal instillation of cytotoxic LPS [14], which elicited acute inflammatory reaction in 
the lung tissues and well recapitulated the pathological progress of ARDS. LPS administration 
provoked severe respiratory distress indicated by the declined air exchange capacity and 
lung edema. The ARDS associated inflammatory reactions were extremely stimulated with 
overt shift in immune cell profiles. Noteworthily, we focused our mechanistic investigations 
on ARDS-derived macrophages, which are the key mediator in inflammatory environment. 
The miRNA microarray technology was employed in this study to identify candidate miRNAs 
involved in the pathological process of ARDS-associated inflammation, and subsequent 
customized miRNA assay for confirmation. Both the upstream and downstream molecular 
events were extendedly elucidated along the miR-211 axis. Therefore, we proposed a critical 
role of NF-κB/miR-211/interleukin (IL)-10 signaling pathway in ARDS-related inflammation, 
which provided further understanding of the molecular mechanism underlying the disease.

Materials and Methods

ARDS rat model LPS-induced ARDS model in rats
5-week old male Wistar rats with body weight range of 200±15 g were obtained from the Shanghai 

Laboratory Animal Center (SLAC) and maintained in pathogen-free environment. The ARDS model was 
established following the well-established protocol [14]. Briefly, n=12 rats were included in each LPS 
treatment group and control group, in three independent repeats. The rats were anesthetized with 3% 
sodium pentobarbital and LPS (Escherichia coli O111:B4 dissolved in saline; Sigma, St. Louis, MO, USA) 
was administrated by intratracheal instillation at the dose of 2 mg/kg. The rats were positioned upright to 
ensure evenly distribution of LPS (LPS treatment group) or saline (control group) in bilateral lung tissues. 
The blood samples were collected from abdominal aorta at 2, 6 and 12 hours after administration. All animal 
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experiments were conducted in strict accordance with protocol approved by the Institutional Committee of 
Animal Care and Use of Changzheng Hospital, Second Military Medical University.

Arterial blood gas analysis and lung wet-dry ratio
The arterial blood samples were collected at the indicated time point and PaO2, PaCO2 were measured 

with the automatic blood gas Analyzer ABL800 flex (Radiometer). The alveolar-arterial oxygen tension 
difference [P(A-a) O2] was calculated with the standard alveolar gas equation assuming respiratory quotient 
of 1.0. The oxygenation index was expressed as ratio between PaO2 and FiO2. The lung was excised and 
weighed immediately after the mice were sacrificed. The dry weight of lung was re-measured after 72 hours 
of dehydration in 60°C oven. The wet-dry ratio was calculated.

Analysis of lung inflammatory cells
The total and differential counts of leukocytes were measured with automatic blood cell analyzer 

(Sysmex). The results represented three independent repeats. The relative fluorescence intensity of 
macrophages was analyzed with flow cytometry. Totally, 10, 000 viable cells were scored for each 
measurement. All cell debris and dead cells were excluded by threshold gating. The fluorescence intensity 
(FI) and side scatter (SS) were recorded.

Isolation of macrophages from BALF
4 days after LPS treatment, BAL was performed using 2 ml of saline at ambient temperature. The 

saline was retrieved into a 4 ml polystyrene vacuum-bottle (Busse Hospital Disposable). The sample 
was immediately diluted with 3 volumes of phosphate-buffered saline (PBS) and transferred to 15 ml 
polypropylene tube. After brief chilling, the single-cell suspension was passed through a 110 μm cell strainer. 
The alveolar mononuclear leukocytes were then isolated with commercial kit (Genmed Scientifics)

Macrophage culturing
The freshly prepared BALF macrophage was washed with ice-cold PBS and resuspended in RPMI-

1640 (Gibco, Grand Island, NY, USA) to final density of 1×106 cells/ml. The complete medium contained 
10% normal rat serum and 1% PSG (penicillin-streptavidin-glutamine). Cells were maintained in 37°C 
humidified incubator supplied with 5 % CO2.

MiRNA microarray
Total RNA was extracted from BALF macrophages using Trizol (Invitrogen, Carlsbad, CA, USA) and 

the quantity and quality was first determined by BioAnalyzer 2100 (Agilent, Santa Clara, CA). Reverse 
transcription was performed with the SuperScript II Reverse Transcriptase (ThermoFisher) and biotin 
labeling was performed with the BioArray High Yield RNA Transcript Labeling kit (Enzo). The hybridization 
steps were performed on the hybridization station (Tecan) followed by an indirect detection of streptavidin-
Alexa647 conjugate (ThermoFisher Scientific, S21374, USA). The image was analyzed by GenePix pro 
(Molecular Devices, Sunnyvale, CA, USA). The U6 small RNA was employed as reference. Approximately 400 
miRNAs were represented in the microarray. The expression of candidate miRs were further confirmed with 
customized mature miR microarray.

MiRNA assays
Expression of miR-211-5p was analyzed using Taqman Advanced miRNA assay kit (478507_mir) from 

ThermoFisher Scientific (Waltham, MA USA). The MISSION Lenti miR-211-5p mimic (HLMIR0374) from 
Sigma-Aldrich (St. Louis, MO, USA) was used for stable expression in cells following manufacturer’s manuals.

Enzyme-linked immunosorbent assay (ELISA)
The secretory interleukin (IL)-10 in BALF macrophage culture medium was determined by ELISA 

(BMS629, ThermoFisher, USA) in accordance with the manufacturer’s instruction.

Luciferase assay
The wild-type or putative target site mutated 3’UTR of IL-10 was cloned into the luciferase reporter 

plasmid. Both miR-211 mimic and luciferase reporter plasmid were co-transfected into BALF macrophage. 
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The relative luciferase activity was determined 24-hour post-transfection with the Dual Luciferase Assay 
System (Promega, Madison, WI, USA).

Chromatin immunoprecipitation (ChIP)
The exponential BALF macrophages were cross-linked with 4 % formaldehyde for one hour, followed 

by ultrasonication on ice. The DNA fragments immunoprecipitated with p65 antibody were recovered by 
denaturing. The primer sequences used for ChIP assay were available upon request. Binding efficiency 
(Bound/RPII%) was calculated as the amplification efficiency ratio between p65 and polymerase RNA II.

Western blot
Cell lysates were prepared in lysis buffer. Protein concentration was determined using bicinchoninic 

acid protein assay (ThermoFisher, USA). Equal amount of proteins was resolved by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis and transferred onto polyvinylidene difluoride (PVDF) membrane in 
ice-bath. Blocking was performed with 5 % skim milk in Tris-buffered saline with0.05 % Tween-20 (TBST) 
for one hour at room temperature. The PVDF membrane was incubated with indicated primary antibodies 
(IκBα, CST #4814, 1:1, 000; Phospho-IκBα (Ser32), CST #5209, 1:1, 000; NF-κB p65 (D14E12), CST#8242, 
1:1, 000; β-Actin (8H10D10), CST#3700, 1:1, 000) at 4℃ overnight. After rigorous wash with TBST for 6×5 
min, the membrane was subjected to secondary antibody (HRP-conjugated Anti-rabbit IgG, 1:3, 000; HRP-
conjugated Anti-mouse IgG, 1:3, 000) hybridization. The unbound antibodies were completely washed off 
and protein bands were visualized by enhanced chemiluminescence method (Millipore, Billerica, MA, USA). 
β-actin was employed as loading control.

Statistical analysis
The statistical analysis in this study was performed using SPSS 23.0. All results were obtained from at 

least three independent repeats and presented as mean ± standard deviation (SD). T-test was employed for 
pairwise comparison and p value was calculated with p < 0.05 considered as statistically different.

Results

Establishment of the ARDS model by LPS induction
We have established ARDS rat model by LPS induction in accordance with the well-

established protocol [14]. To further evaluate the success of our system, here we first set out 
to examine the pulmonary functions by measuring [P(A-a) O2] and PaO2/FiO2 ratio at 4 hour 
post-administration of LPS. Our results demonstrated a remarkable increase in [P(A-a) O2] in 
the LPS group compared to the control group (Fig. 1A), and PaO2/FiO2 ratio was significantly 
decreased in response to LPS treatment (Fig. 1B). Moreover, the weight ratio between wet 
and dry lung excised from the same rat was notably higher in the LPS group (Fig. 1C), which 

Fig. 1. Establishing the ARDS rat model. LPS-induced lung impairments in experimental rats, as characterized 
by P(A-a)O2 (A), PaO2/FiO2 ratio (B), lung wet/dry ratio (C) and protein contents in BALF (D). Data were 
shown as mean±SD (n=12 each group). * p<0.05, ** p<0.01, compared to control.
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Figure 1
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indicated apparent pulmonary 
edema. This observation was 
further consolidated by the 
increase of protein concentration 
in BALF from the LPS-treated 
rats (Fig. 1D). Taken together, 
here we confirmed our success in 
recapitulating ARDS symptoms in 
the ARDS rat model.

Inflammatory cell profiles in 
BALF of LPS-induced ARDS 
rats
To further characterize 

the immune cell profile and 
inflammation response in 
LPS-induced ARDS, here we 
analyzed the total and indicated 
inflammatory cell levels 4 days 
after LPS treatment. Numbers of 
total cells (Fig. 2A), macrophages 
(Fig. 2B), neutrophils (Fig. 2C) 
and lymphocytes (Fig. 2D) were 
significantly enriched in BALF 
from LPS-induced ARDS rats. 
Notably, the influx of neutrophils 
was extremely higher in ARDS 
model in comparison with the 
control group. Our data suggested 
severe pulmonary inflammatory 
reaction in the established ARDS 
model.

Flow cytometry profiles of 
monocytes and macrophages 
isolated from BALF of 
experimental rats
Next, we focused on 

macrophages due to its well-
acknowledged roles in acute 
inflammatory response [15]. As 
shown in Fig. 2B, the number 
of macrophages manifested 
approximate 5-fold increase in 
LPS-induced ARDS rats. Both 
monocytes and macrophages 
were isolated from BALF of 
either LPS or control rats. The 
fluorescence intensity and side 
scatter were quantitatively 
measured and compared between macrophages and monocytes. As illustrated in Fig. 2E, 
the spontaneous fluorescence signal was markedly higher in macrophages than monocytes. 
Similarly, macrophages displayed a higher level of side scatter, which indicated more complex 
composition of macrophages in this setting.

Fig. 2. Immune cell profiles in BALF of ARDS rats. BALF was 
collected 24 h post LPS treatment. Immune cell profiles were 
analyzed by the numbers of total cells (A), macrophages (B), 
neutrophils (C) and lymphocytes (D). Data were shown as 
mean±SD (n=12 each group). ** p<0.01, compared to control. 
(E) Flow cytometry profiles of monocytes and macrophages 
isolated from BALF of experimental rats, analyzed by flow 
cytometry based on differences in relative fluorescence 
intensity (log scale; left panel) and relative side scatter (log 
scale; right panel).
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MiRNA expression profile in isolated BALF macrophages
Our earlier data validated the ARDS rat model and characterized the corresponding 

inflammatory reactions in the lung tissues. Next, we sought to identify the candidate 
miRNA mechanistically involving in macrophage-mediated ARDS. For this purpose, we 
first interrogated the miRNA expression profiles in the macrophages isolated from both 
experimental groups of rats. In our comparative study, a number of miRNAs, including miR-
211-5p, miR-137, miR-154, miR-204, miR-218, miR-317, miR-374, miR-488, miR-520, miR-
1343 and miR-3073, showed consistent up-regulation (Fig. 3A). The preliminary results were 
further validated by the mature miRNA assays against the potential candidates. Although our 

Fig. 3. MicroRNA expression profile in isolated BALF macrophages. (A) Macrophages isolated from BALF of 
control and ARDS rats, respectively, were subjected to miRNA microarray analysis, and miRNAs upregulated 
in ARDS compared to control were listed. (B) Expressions of miR-211-5p were analyzed by mature miRNA 
assay in macrophages isolated from BALF of control and ARDS rats, respectively. (A) IL-10 secretion from 
the macrophages isolated from BALF of control and ARDS rats, respectively, were analyzed by ELISA assay. 
Data were shown as mean±SD from at least three independent experiments. ** p<0.01, compared to control.

4 
 

Figure 3

Fig. 4. MiR-211-5p directly targets 3’-UTR of IL-10 mRNA to inhibit its secretion from BALF-derived 
macrophages. (A) Predicted miR-211-5p targeting site (capitalized) on the 3’-UTR of IL-10 mRNA. (B) 
Wild type (Wt) and mutated version (Mut, mutated nucleotides were underlined) of miR-211-5p targeting 
sequence on IL-10 mRNA 3’-UTR were cloned to the downstream of a luciferase reporter gene (Luci), 
respectively. (C) Expressions of miR-211-5p were analyzed by mature miRNA assay in macrophages 
expressing either control miR or miR-211-5p mimic. (D) Luciferase activities of Luci-Wt and Luci-Mut 
constructs were assessed in macrophages expressing either control miR or miR-211-5p mimic. (E) IL-10 
secretion from the macrophages expressing either control miR or miR-211-5p mimic, respectively, were 
analyzed by ELISA assay. Data were shown as mean±SD from at least three independent experiments. ** 
p<0.01, * p<0.05, ns p>0.05, compared to control.
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Figure 4
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expression profiling data suggested several miRNAs were significantly up-regulated in our 
ARDS model, we decided to focus on miR-211-5p in view of its critical roles in inflammation 
[16-18]. Mature miRNA assay demonstrated a nearly 3-fold increase of miR-211-5p in ARDS 
rats in comparison with control group (Fig. 3B). Meanwhile, the secretory cytokines from 
BALF-isolated macrophages were interrogated with ELISA. As shown in Fig. 3C, IL-10 was 
dramatically inhibited in macrophages from ARDS rats compared to control rats, which 
prompted us to clarify whether miR-211-5p post-transcriptionally regulated IL-10.

MiR-211-5p directly targets 3’-UTR of IL-10 mRNA to inhibit its secretion from BALF-
derived macrophages
We first set out to analyze the potential regulatory role of miR-211-5p on IL-10 

expression using the miRanda algorithm [19]. As illustrated in Fig. 4A, we have identified 
putative targeting sequence of miR-211-5p in the 3’UTR region of IL-10. This regulatory 
effect was further experimentally confirmed by luciferase reporter assay. Either wild-type 
or the putative-sequence-mutated 3’UTR of IL-10 was cloned downstream into luciferase 
plasmid (Fig. 4B) and co-expressed with miR-211-5p. The exogenous introduction of miR-
211-5p (Fig. 4C) markedly inhibited the luciferase activity with wild-type 3’UTR of IL-10 
(Fig. 4D), this effect was further and directly confirmed by the reduction of secretory IL-10 
in response to miR-211-5p expression in macrophages (Fig. 5E). However, mutation located 
in the putative target region severely impaired miR-211-5p mediated suppression on IL-10 
expression and secretion (Fig. 4E). Our data provided evidence that IL-10 was a target gene 
of miR-211-5p in this setting.

7 
 

Fig. 5. NF-кB was activated in macrophages of ARDS rats, which was required for upregulating miR-211-5p 
expression and inhibiting IL-10 secretion. (A) Protein expressions of related proteins of NF-κB pathway in 
macrophages isolated from BALF of control and ARDS rats, respectively, were analyzed by Western blot. (B) 
Protein expressions of NF-кB subunit p65 were analyzed following its siRNA knockdown. (C) Expression of 
miR-211-5p was analyzed by mature miRNA assay following p65 siRNA knockdown. (D) IL-10 secretion was 
analyzed by ELISA assay following p65 siRNA knockdown. Data were shown as mean±SD from at least three 
independent experiments. ** p<0.01, * p<0.05, compared to control.
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NF-кB is activated in macrophages of ARDS rats and required for upregulating miR-211-
5p expression and inhibiting IL-10 secretion
Next, we sought to understand how miR-211-5p was regulated in BALF-derived 

macrophages. Since NF-κB is a crucial pathway in modulation of inflammatory reaction 
[20-22], here we first analyzed activation of NF-κB. Phosphorylated IκBα is the active form 
and was significantly induced in BALF-derived macrophages from ARDS rats, whereas the 
un-phosphorylated form was correspondingly decreased (Fig. 5A). Next, the effector of NF-
κB pathway, p65, was specifically silenced by two independent siRNAs with satisfactory 
efficiency (Fig. 5B). Consequently, the endogenous expression of miR-211-5p was greatly 
suppressed by p65 knockdown (Fig. 5C). Moreover, the secreted IL-10 in the culture medium 
was markedly increased more than 3 times (Fig. 5D). Our data suggested that NF-κB signaling 
was aberrantly over-activated in BALF-derived macrophages from ARDS rats, which in 
turn stimulated miR-211-5p expression and consequently inhibited IL-10 expression and 
secretion.

NF-κB induces miR-211 expression by directly binding to its promoter regions
Our previous results demonstrated that siRNA mediated silencing of NF-κB significantly 

inhibited miR-211 expression. In view of its intrinsic property as a transcription factor, here 
we further investigated whether NF-κB directly bound to and transcriptionally stimulated 
miR-211 expression. Close inspection of miR-211 promoter region identified three putative 
NF-κB binding sites with the consensus sequence: GGRNNYYC (R-purine, Y-pyrimidine and 
N-any base) (Fig. 6A). We further demonstrated that NF-κB directly bound to motif C by ChIP 
assay with around 8-fold enrichment (Fig. 6B). The full-length miR-211 promoter-driven 
luciferase displayed around 9-times higher expression in BALF-derived macrophages from 

Fig. 6. NF-κB induced miR-211 expression by directly binding to its promoter region. (A) Promoter region 
of miR-211 contains three putative binding sites for p65, which were selectively cloned, as indicated, to the 
of upstream of a luciferase reporter open reading frame (Luci), (B) Binding of p65 to the each of the three 
sites on miR-211 promoter in macrophages was analyzed by ChIP assay, using control IgG and p65 antibody, 
respectively. (C) Luciferase activities of ABC-Luci, BC-Luci, C-Luci and Luci, as illustrated in panel (A), were 
analyzed in macrophages isolated from BALF of control and ARDS rats, respectively. Data were shown as 
mean±SD from at least three independent experiments. ** p<0.01, ns p>0.05, compared to control.
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Figure 6

 

http://dx.doi.org/10.1159%2F000486814


Cell Physiol Biochem 2018;45:332-342
DOI: 10.1159/000486814
Published online: January 24, 2018 340

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Wang et al.: NF-kB/MiR-211/IL-10 Signaling in ARDS-Related Inflammation

ARDS than control rats. Consistent with our ChIP result, deletion in either A motif only or both 
A and B motifs in miR-211 promoter showed little impact on luciferase activity, respectively 
(Fig. 6C). Taken together, our data demonstrated the direct binding of NF-κB on the motif C 
within miR-211 promoter, which in turn activated its transcription.

Discussion

The acute respiratory distress is a severe clinical complication potentially provoked by 
many diseases, which pathologically manifests as intensive inflammation [23]. However, the 
fundamental mechanism underlying the inflammatory response triggered and regulated 
during the course of disease is still elusive. Here we employed in vivo model to address this 
question. We first established the ARDS disease model in rats following the well-established 
protocol via intratracheal instillation of the cytotoxic LPS [14]. The dosed rat displayed 
apparent respiratory distress with declined gas exchange rate. Lung edema was induced upon 
LPS instillation as indicated by the wet/dry ratio of the lung tissues. We collected the BALF 
for further characterization and found significantly elevated protein contents, which was the 
distinct sign of pulmonary inflammation. Next, we have clarified the immune cell composition 
in the inflammatory situation. Total cells, macrophages, neutrophils and lymphocytes were 
remarkably enriched in the BALF from ARDS model rats, which consolidated the acute and 
intensive inflammatory response in LPS-stimulated animals. The macrophages are important 
mediator in both acute and chronic inflammation [15], here we selected this population of 
immune cells for further investigations. As miRNAs have been reported to serve as novel 
therapeutic targets in acute lung injury and ARDS [13], we adopted the strategy of miRNA 
microarray to interrogate the expression profile in ARDS-related inflammatory setting. The 
comparative study has identified multiple differentially expressed candidate miRNAs in 
ARDS vs control groups. The subsequent confirmatory phase validated the up-regulation of 
miR-211-5p in BALF-derived macrophages.

MiR-211 has been reported to play diverse roles in various physiological and pathological 
processes. For example, Mazar et al. demonstrated that miR-211 functioned as a metabolic 
switch in human melanoma cells [24]. In a case-control study, Sumbul et al. reported that 
miR-211 was up-regulated and associated with the poor prognosis in colorectal cancers 
[25]. MiR-211 has also been suggested as a tumor suppressor miRNA via inhibiting cell 
proliferation and invasion of gastric cancer by down-regulating SOX4 [26]. Intriguingly, 
IL-10Rα expression was demonstrated to be post-transcriptionally regulated by miR-211 
along with the other two miRNAs in melanoma [16]. Most notably, several previous studies 
implicated the mechanistic involvement of miR-211 in inflammatory response. Li et al. 
proposed that miR-211/204 downregulation contributed to candidemia-induced kidney 
injury via derepressing Hmx1 expression [17]. Chen et al. identified a functional variant in the 
3’UTR of angiopoietin-1 associated with the reduced risk of stroke due to partially impaired 
binding with miR-211 [18]. In agreement with these observations, our data demonstrated 
aberrantly up-regulated miR-211-5p in ARDS-related inflammation, which was also reversely 
correlated with declined secretion of IL-10 for the first time in LPS-induced animal model of 
ARDS to our best knowledge.

Like many well-defined miRNAs, the diverse target genes of miR-211 have been identified 
and characterized, including PP2Cm [18], Cyclin D1, CDK6 [27], SATB2 [28], CDC25B [29], 
NUAK1 [30], TGFβR II [31], CHD5 [32] and BRN2 [33]. Based on our preliminary finding, we 
employed the miRanda algorithm [19] to analyze the potential regulatory effect of miR-211-
5p on IL-10. Combining algorithm prediction and experimental validation, we demonstrated 
that IL-10 was a novel target gene of miR-211-5p in ARDS-related macrophages, and over-
expressed miR-211-5p suppressed expression and secretion of IL-10. Although we uncovered 
this regulatory mechanism in our ARDS pathological setting, it is possible that this miR-211-
5p/IL-10 regulation may exist in other physiological conditions such as development.

IL-10 is the most important agent in the resolution of inflammation in airway via 
inhibiting the production of IFN-γ, IL-2 and nitric oxide [34]. Previous studies have indicated 
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the fundamental function of IL-10 in ARDS. For instance, Aisiku et al. reported that plasma 
IL-10, IL-6 and IL-8 were associated with development of ARDS in patients with severe 
traumatic brain injury [35]. Contradictorily, Parsons et al. reported that circulating IL-1ra and 
IL-10 levels were increased but not related to the development of ARDS in at-risk patients 
[36]. In contrast to the high level of peripheral IL-10, the secretory IL-10 from BALF-derived 
macrophages was significantly repressed due to up-regulation of miR-211-5p, therefore the 
resolution of the local inflammation was seriously delayed.

It’s increasingly acknowledged that over-activated NF-κB pathway fundamentally 
underlies the pathogenesis of ARDS. For example, Li et al. characterized that he receptor 
for advanced glycation end products/NF-κB signaling mediated LPS-induced acute lung 
injury in neonate rat model [20], while angiotensin-converting enzyme 2 prevented LPS-
induced rat lung injury via suppressing the ERK1/2 and NF-κB signaling pathways [21]. 
Song et al. demonstrated that recombinant human brain natriuretic peptide attenuated 
LPS-induced cellular injury in human fetal lung fibroblasts via inhibiting MAPK and NF-κB 
pathway activation [22]. In line with these observations, our study suggested that NF-κB 
pathway was aberrantly activated in BALF-derived macrophages in the ARDS rat model, 
which subsequently stimulated miR-211-5p expression and inhibited IL-10 expression and 
secretion, and consequently contributed to pathogenesis of ARDS. Our results highlighted 
the essential role of NF-κB /miR-211-5p/IL-10 signaling axis in ARDS-related inflammation, 
which might provide further understanding of the molecular mechanism underlying the 
disease.
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