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A B S T R A C T   

In recent years, many studies have reported that microRNAs play an important role in the pathogenesis of a 
variety of diseases, and the aim of this paper is to explore the role and mechanism of miR-346 in acute respiratory 
distress syndrome (ARDS). A mouse model of ARDS was constructed by LPS induction, and RT-qPCR assay was 
used to verify that the expression level of miR-346 in lung tissue was significantly increased, and was negatively 
correlated with oxygenation index. Inhibiting the expression of miR-346 in mice and HPMECs by miR-346 in-
hibitor confirmed that decreased miR-346 expression could lead to increased oxygenation index, decreased lung 
index, lung water content and NO content to reduce lung injury in mice, while lung inflammation was alleviated 
and apoptosis was reduced in mice. The same results were obtained in cells. BCL6 was predicted to be a target of 
miR-346 by targetscan and miRDB; when miR-346 was inhibited, BCL6 expression was increased, and if miR-346 
and BCL6 expression were inhibited at the same time, it could aggravate lung injury and reduce the proliferation 
of HPMECs and increase their apoptosis and inflammation in mice. This shows that miR-346 inhibits the 
migration of HPMECs by regulating BCL6 expression, which in turn promotes the apoptosis of HPMECs, leading 
to inflammation and inducing ARDS.   

1. Introduction 

Acute respiratory distress syndrome (ARDS) is an acute hypoxemic 
respiratory failure syndrome, mainly an inflammatory change of acute 
diffuse lung injury, resulting in increased pulmonary vascular perme-
ability and increased pulmonary endothelial and epithelial cell perme-
ability [1]. Direct or indirect factors such as lung infection and sepsis can 
contribute to ARDS [2]. The treatment of ARDS is also evolving, such as 
mechanical ventilation therapy [3], stem cell therapy [1], and drug 
therapy [4]. Because of its high morbidity and mortality (10%–90%) 
[5], which poses a serious threat to patients [6], exploring the patho-
genesis and treatment of ARDS is a key issue to be solved urgently at 
present. Pulmonary capillary endothelial cell dysfunction leads to 
endothelial cell barrier disruption, a marker of ARDS, and is also one of 
the causes of clinical protein-rich pulmonary edema. The apoptosis of 
lung endothelial cells is widespread in ARDS patients [7]. It was previ-
ously demonstrated that microvascular endothelial cells promote 
angiogenesis through a paracrine mechanism [8], whereas in pulmonary 

microvascular endothelial cells, LPS can increase neovascularization in 
Matrigel [9]. 

MicroRNAs (miRNAs) are a class of single-stranded non-coding RNA 
molecules mainly involved in gene regulation at the post-transcriptional 
level, which play an important role in the regulation of cell growth and 
development, immunity and inflammation. Aberrant expression of miR- 
346 is associated with related diseases such as cervical cancer [10] and 
osteogenic differentiation [11]. MiR-346 has recently been shown to be 
associated with inflammatory diseases, such as miR-346 overexpression 
can reduce myocardial injury and reduce the infarct size by inhibiting 
myocardial apoptosis [12], suggesting that miR-346 plays an important 
role in inflammatory signal transduction. In recent years, many studies 
have shown that microRNAs are involved in ARDS, such as 
down-regulation of miR-34a expression is able to reduce LPS-induced 
acute lung injury [13]. miR-155-5p is able to promote the progression 
of ARDS by inhibiting the expression levels of proteins in the WNT 
signaling pathway [14]. It has also been shown that miR-346-3p is able 
to participate in programmed cell necrosis and infection by regulating 
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RIPK1, which in turn leads to tuberculosis [15]. Although bioinformatics 
has shown that miR-346 expression is upregulated and targets multiple 
mRNAs in rat ARDS [16], current studies on the mechanism of action of 
miR-346 in ARDS remain rarely reported. 

In this study, ARDS models were constructed by LPS-induced mice to 
observe the effects of lung sections and miR-346 on the inflammatory 
and apoptotic responses of ARDS, in order to explore the regulatory 
mechanism of miR-346 on ARDS and provide new insights and refer-
ences for the prevention and treatment of ARDS. 

2. Materials and methods 

2.1. Animal experiments 

Sixty mice were provided by Jinan Pengyue Laboratory Animal Co., 
Ltd (China). All animal experimental procedures were performed ac-
cording to the guidelines of the National Institutes of Health and 
approved by the Ethics Committee of Yantai Yuhuangding Hospital 
(2023-299). After 3 days of regulated feeding, LPS induction or trans-
fection with miR-346 inhibitor and si-BCL6 was performed. A mouse 
model of acute lung injury was established by intratracheal instillation 
of LPS (10 mg/kg) (Beijing Solarbio Science & Technology Co., Ltd., 
Beijing). Healthy control mice received the same amount of saline. miR- 
346 inhibitor and si-BCL6 were injected into mice according to 
Entranster™-in vivo (Engreen Biosystem, Ltd., China) instructions. One 
day after injection, mice were stimulated by LPS. One day after LPS 
stimulation, mice were euthanized and lung tissue, blood, and bron-
choalveolar lavage fluid were collected. 

2.2. RNA extraction and real-time fluorescence quantification 

Lung tissues stored at − 80 ◦C were taken. According to the in-
structions, total RNA was extracted from the samples using RNAprep 
Pure Tissue Kit (TIANGEN Biotech Co., Ltd, Beijing, China), and single- 
stranded DNA was obtained by reverse transcription using HiScript III 
1st Strand cDNA Synthesis Kit (+gDNA wiper) (Vazyme Biotech Co., Ltd, 
Nanjing, China). For miRNA determination, total miRNA was extracted 
from the samples using miRcute miRNA Isolation Kit (TIANGEN Biotech 
Co., Ltd, Beijing, China), and first-strand synthesis was performed by 
HiScript III 1st Strand cDNA Synthesis Kit (+gDNAwiper) (Vazyme 
Biotech Co., Ltd, Nanjing, China) with RT-miR-specific primers using the 
stem-loop method. Briefly, 2 μL of 5 × gDNA wiper Mix, 1 μg of total 
RNA, and RNase-free double-distilled water were added to a 200 μL 
centrifuge tube to make 10 μL, mixed by pipetting, and reacted at 42 ◦C 
for 2 min after instantaneous centrifugation to remove genomic DNA; 2 
μL of 10 × RT Mix, 2 μL of HiScript III Enzyme Mix, 0.2 μL of RT-miR- 
specific primers (10 μM), and 5.8 μL of RNase-free double-distilled 
water were continued in the centrifuge tube, mixed by pipetting, reacted 
at 37 ◦C for 15 min after instantaneous centrifugation, and reacted at 
85 ◦C for 5 s. Quantification and purity testing of total RNA and miRNA 
were determined by NanoDrop 2000 spectrophotometer (Thermo Fisher 
Scientific, Inc.). qPCR experiments were performed according to ChamQ 
Universal SYBR qPCR Master Mix (Vazyme Biotech Co., Ltd, Nanjing, 
China). The system was as follows: 2 × Mix 10 μL, Primer-F (10 μM) 0.4 
μL, Primer-R (10 μM) 0.4 μL, cDNA 1 μL, ddH2O 8.2 μL. qPCR reaction 
conditions: pre-denaturation at 95 ◦C for 30 s; 40 cycles reaction at 95 ◦C 
for 10 s, 60 ◦C for 30 s; melting curve at 95 ◦C for 15 s, 60 ◦C for 60 s, 
95 ◦C for 15 s. GAPDH and U6 were used as internal references, 
respectively [17,18], and the results were analyzed using the 2− ΔΔCt 

method to normalize the relative expression of different factors, 
respectively [19]. All the primers applied in this study were listed in 
Table S1. 

2.3. Oxygenation index (PaO2/FiO2) 

Femoral arteries were isolated from mice, and 1 mL of femoral 

arterial blood was taken for immediate blood gas analysis to record 
PaO2; According to the oxygen concentration fraction FiO2 in the 
inhaled gas, the oxygenation index PaO2/FiO2 was calculated. 

2.4. HE staining 

Lung tissues were fixed in 4% paraformaldehyde overnight, dehy-
drated with graded ethanol and embedded in paraffin, sectioned at 4 
μm, and stained with hematoxylin and eosin (HE). Pathological images 
were examined by light microscopy (ZEISS, Shanghai, China). 

2.5. Pulmonary index 

Lung weight (mg)/body weight (g) is the lung index. After the mice 
died, their total body weight was weighed, their lungs were measured 
for lung weight, and the lung index was calculated. 

2.6. Lung water content 

Measurement of lung water content: the wet/dry weight (W/D) ratio 
indicates the lung tissue water content. After the mice were sacrificed, 
their lungs were taken, the wet lungs were weighed, the wet lungs were 
dried at 60 ◦C for 7 days, and the dry lungs were weighed after drying. 

2.7. NO content determination 

Centrifuge the mouse blood to take the supernatant, add the samples 
and required reagents in turn according to the instructions for use of NO 
content detection kit (Solarbio, Beijing, China), Briefly, dilute the 
standard with distilled water to 0.2, 0.1, 0.05, 0.025, 0.0125, 0.00625 
and 0.003125 μmol/mL standard solution by doubling; blank tube 120 
μL of distilled water, standard tube 20 μL of distilled water + 100 μL of 
standard solution, test tube 100 μL of sample + 20 μL of Reagent I, all 
three vortex well, 37 ◦C water bath for 1 h; add 20 μL of Reagent II to 
each tube, vortex well, allow to stand at room temperature for 5 min, 
centrifuge at 3500 rpm for 10 min, transfer 100 μL of supernatant into a 
new tube; add 100 μL of chromogenic solution to 100 μL of supernatant 
in the new tube, vortex well. Allow to stand at room temperature for 10 
min and measure the absorbance at 550 nm in a 96-well plate. 

2.8. Enzyme-linked immunosorbent assay (Elisa) 

The right main bronchus of the mice was ligated and the bron-
choalveoli were lavaged with pre-chilled PBS, which was repeated three 
times, and the bronchoalveolar lavage fluid was collected. After the 
pulmonary microvascular endothelial cells were treated with LPS and 
miR-346 inhibitor, the supernatant was taken by centrifugation for 
future use. IL-1β, IL-6, and TNF-α protein contents in lung lavage fluid 
and cell supernatant were measured according to the instructions of 
Elisa kit (Solarbio, Beijing, China). 

2.9. Cell culture and treatment 

Human pulmonary microvascular endothelial cells (HPMECs) were 
purchased from Sunncell Biotech Co., Ltd. (China). These cells were 
cultured in DMEM medium (Dalian Meilun Biotech Co., Ltd., China) 
supplemented with 10% fetal bovine serum (FBS) and 100 U/mL peni-
cillin and 100 μg/mL streptomycin and grown at 37 ◦C in a 5% CO2 
incubator. Cells were cultured to 80% confluency and used for experi-
ments in this study. Trypsin (Dalian Meilun Biotech Co., Ltd., China) was 
used to passage cells. 

According to previous studies [20,21], cells were treated with LPS (1 
mg/L) or the same dose of saline for 24 h and then collected. Huzhou 
Hippo Biotechnology Co., Ltd. (China) created inhibitors of miR-346 
(miR-346 inhibitor) and negative controls (nc inhibitor), small inter-
fering RNA targeting BCL6 (si-BCL6) and negative controls (si-NC). 
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These inhibitors were transfected into HPMECs using Entranster™-R 
(Entrangreen Biosystem, Ltd., China) in strict accordance with the 
manufacturer’s guidelines. 

2.10. Cell counting kit-8 (CCK-8) assay 

Cells were seeded into 96-well plates to a final volume of 100 μL and 
transfected with siRNA after attachment and cultured at 37 ◦C in a 5% 
CO2 incubator. Add 10 μL CCK-8 solution into a 96-well plate, and 
incubate in an incubator for 1–4 h. Finally, the absorbance value at 450 
nm was detected with a microplate reader. 

2.11. Plate cloning 

In the experiment, cells in exponential growth phase were digested 
with 0.25% trypsin to prepare single cells, seeded in six-well plates at 
the same cell number, gently rotated to disperse the cells evenly, and 
cultured in a 37 ◦C incubator with 5% CO2 for 1–3 weeks. The culture 
was terminated when macroscopic clones appeared in the dishes. The 
culture medium was discarded, washed 1–2 times with PBS, fixed with 
4% paraformaldehyde at room temperature for 10 min, and after dis-
carding the fixative, 1 ml of 1% crystal violet staining solution was 
added for 10 min at room temperature and washed with PBS several 
times. 

2.12. Bromodeoxyuridine labeling (BrdU) 

Cells were seeded in a well plate and 100 μmol/L BrdU was added 
before stopping the culture and incubated for 4 h at 37 ◦C. They were 
fixed with precooled 4% paraformaldehyde for 10 min; incubated with 
0.3% Triton-100 for 10 min; incubated with 2 mol/L HCl at 37 ◦C for 30 
min; and incubated with 0.1 mol/L sodium borate for 10 min. Sheep 
serum was blocked at room temperature for 30 min; BrdU antibody was 
added for overnight incubation at 4 ◦C; fluorescent secondary antibody 
was incubated; and DAPI was added to stain nuclei. For fluorescence 
microscopy, the number of BrdU-positive cells and blue-stained nuclei 
was counted. 

2.13. Scratch test 

Pulmonary microvascular endothelial cell migration was measured 
by scratch assay. Transfected lung microvascular endothelial cells were 
seeded in well plates, and when the cells grew to 80% density, scratches 
were performed and pictures were taken at 0 h and 24 h under a 4-fold 
microscope to analyze the migration ability. 

2.14. Apoptosis assay 

Apoptosis and Necrosis Assay Kit (Beyotime Biotechnology, 
Shanghai, China) was detected by Hoechst 33342 and Propidium Iodide 
(PI) double staining. At the end of cell treatment, wash the cells with PBS 
for 1–2 times, add 5 μL Hoechst staining solution and 5 μL PI staining 
solution to each sample, mix well, and incubate at 4 ◦C for 30 min. They 
were washed once with PBS and observed for fluorescence under a 
fluorescence microscope. 

2.15. Vector construction and dual-luciferase assay 

BCL6 was screened as a potential target gene of miR-346 by Tar-
getScan (TargetScanHuman 8.0) and miRDB (miRDB - MicroRNA Target 
Prediction Database) online software. The BCL6-Luc reporter was con-
structed by cloning the BCL6 promoter fragment into the PGL3 Luc 
vector. We entrusted Hippo Biotechnology Co., Ltd. (China) to synthe-
size miR-346 mimics. The BCL6-Luc eukaryotic expression vector was 
co-transfected with miR-346 mimics into HPMECs. After 24 h of culture, 
cells were collected. LUC activity was detected using the Dual-Luciferase 

Reporter Assay System (Promega, Madison, WI, USA). 

2.16. Data analysis 

All experiments were repeated three times. GraphPad Prism 5 soft-
ware was used for data analysis, and the measurement results were 
expressed as mean ± standard deviation (mean ± SD). Data were 
analyzed for significance using the DPS 9.01 software Tukey algorithm. 
Differences by letter were significant at P < 0.05. 

3. Results 

3.1. miR-346 expression is increased in ARDS 

To investigate the role of miR-346 in ARDS, we first performed 
sequence alignment of miR-346 in mice, and rats. The results showed 
that miR-346 was highly homologous in human, mouse and rat 
(Fig. 1A), so we stimulated mice with LPS to construct ARDS model. HE 
staining revealed severe lung injury after LPS stimulation (Fig. 1B), 
oxygenation index PaO2/FiO2 was significantly decreased (Fig. 1C), 
while lung water content, NO, inflammatory factors in lung tissue, in-
flammatory factors in bronchoalveolar lavage fluid, and apoptotic fac-
tors in lung tissue were increased (Fig. 1D–H), which indicated that the 
mouse ARDS model was successfully constructed. Afterwards, we 
examined the expression of miR-346 in ARDS lung tissues. RT-qPCR 
results showed that miR-346 expression was increased in LPS-induced 
ARDS lung tissues of mice (Fig. 1I), and miR-346 expression was nega-
tively correlated with oxygenation index PaO2/FiO2 (Fig. 1J), all of 
which indicated that miR-346 may be involved in the ARDS process. 

3.2. miR-346 can promote lung injury 

To investigate the effect of miR-346 on lung tissue, we constructed a 
miR-346 inhibitor mouse lung injury model (Fig. 2A). Mice were sacri-
ficed to retain lung tissue and sections were done for HE staining 
(Fig. 2B), which revealed that the degree of lung injury was relieved 
after inhibition of miR-346. Other parameters of lung injury after inhi-
bition of miR-346, such as lung index, PaO2/FiO2, and lung water con-
tent, were also examined (Fig. 2C–E), and these results all showed that 
lung injury was alleviated after inhibition of miR-346. Afterwards, we 
also found that after inhibition of miR-346, the expression of proin-
flammatory factors such as IL-1β, TNF-α, and IL-6 in lung tissue was 
significantly reduced (Fig. 2F), NO content was significantly reduced 
(Fig. 2G), the expression of inflammatory factors in bronchoalveolar 
lavage fluid was reduced (Fig. 2H), and Bax expression in lung tissue was 
significantly reduced (Fig. 2I). The above results showed that miR-346 
was able to promote lung injury. 

3.3. miR-346 inhibits pulmonary microvascular endothelial cell function 

From the above results, it can be seen that miR-346 has an effect on 
lung injury, and to clarify its function in lung injury, first we examined 
the expression of miR-346 in HPMECs and found that miR-346 expres-
sion was significantly increased in LPS-induced HPMECs (Fig. 3A), 
implying that it plays an important role in lung injury. Afterwards, we 
transfected HPMECs with miR-346 inhibitor (Fig. 3B). We detected their 
proliferation by CCK8, BrdU and plate cloning methods, and found that 
the cell proliferation ability was enhanced after inhibiting miR-346 
(Fig. 3C–F); the migration function of miR-346 on HPMECs was exam-
ined by scratch assay, and it was found that the migration of HPMECs 
was enhanced after inhibiting miR-346 (Fig. 3G–H), and Hoechst/PI 
staining revealed that the apoptosis was alleviated after inhibiting miR- 
346 (Fig. 3I–J). RT-qPCR experiments revealed that IL-1β, IL-6, and TNF- 
α mRNA levels were significantly reduced when miR-346 expression was 
decreased in the cells (Fig. 3K), and the expression of chemokines CCL2 
and adhesion factors I-CAM and V-CAM was significantly reduced 
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(Fig. 3L), demonstrating that miR-346 was able to promote lung 
inflammation. At the same time, CCL2, IL-1β, IL-6, and TNF-α protein 
levels were also significantly reduced in the cell supernatant (Fig. 3M), 
further indicating that miR-346 is proinflammatory. These results all 
indicate that miR-346 has an inhibitory effect on the biological activity 
of HPMECs and promotes lung injury. 

3.4. BCL6 promotes the function of pulmonary microvascular endothelial 
cells 

We predicted the possible target genes of miR-346 by TargetScan 
(TargetScanHuman 8.0) and miRDB (miRDB - MicroRNA Target 
Prediction Database) online software, and selected the common target 

Fig. 1. miR-346 expression is increased in ARDS A. miR-346 sequence alignment of mouse, rat, and human; B. Increased lung tissue injury after LPS induction (n =
3); C. PaO2/FiO2 decreased after LPS induction (n = 3); D. Increased lung water content was induced by LPS (n = 3); E. NO content was significantly increased after 
LPS induction (n = 3); F. The mRNA levels of IL-1β, TNF-α, and IL-6 in lung tissue were significantly increased by LPS induction (n = 3); G. The contents of IL-1β, 
TNF-α, and IL-6 in the bronchoalveolar lavage fluid of mice were significantly increased after LPS induction (n = 3); H. Bax expression was increased in lung tissue 
after LPS induction, while Bcl-2 expression was significantly decreased (n = 3). I. miR-346 expression is increased in the lung tissue of ARDS mice (n = 3); J. miR-346 
expression is inversely correlated with PaO2/FiO2 in mouse lung tissue (n = 29). The measurement results were expressed as mean ± standard deviation (mean ±
SD). Differences by letter were significant at P < 0.05. 
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BCL6 with a higher score as the study object. After predicting the 
binding site of miR-346 to BCL6 using online software (Fig. 4A), the 
direct binding of miR-346 to BCL6 was verified by dual-luciferase assay 
(Fig. 4B).to further clarify whether miR-346 affects the function of 
HPMECs by regulating BCL6, we transfected pulmonary microvascular 
endothelial cell lines with miR-346 inhibitor and found that BCL6 
expression was up-regulated (Fig. 4C–D). Subsequently, we inhibited the 
expression of BCL6 (Fig. 4E–F) while inhibiting miR-346 to see whether 
the function of miR-346 could be reversed. It was found that when 
inhibiting the expression of miR-346 and inhibiting BCL6, it inhibited 
both the proliferation (Fig. 4G–J) and migration ability (Fig. 4K-L) of 
HPMECs, and was able to promote the apoptosis of HPMECs (Fig. 4M −
N), while the expression of inflammatory factors in the cells was 
increased after simultaneous inhibition of miR-346 and BCL6 (Fig. 4O). 
This indicates that BCL6 can promote the biological function of 
HPMECs, while miR-346 in the results 3 has an inhibitory effect on the 

biological activity of pulmonary vascular endothelial cells. This suggests 
that miR-346 is able to affect the biological function of lung endothelial 
cells by regulating the expression of BCL6. 

3.5. BCL6 relieves lung injury 

From the result 4, BCL6 promoted the biological function of 
HPMECs, and to further clarify the effect of BCL6 on lung tissue, a miR- 
346 inhibitor mouse lung injury model was constructed to detect a 
significant increase in the protein level of BCL6 in lung tissue 
(Fig. 5A–B). BCL6 was inhibited on the basis of lung injury in miR-346 
inhibitor mice, and the mice were sacrificed to retain lung tissue and 
sections were done for HE staining, which revealed that the degree of 
lung injury increased after inhibition of BCL6 (Fig. 5C). Other parame-
ters of lung injury after inhibition of BCL6, such as lung index, PaO2/ 
FiO2, and lung water content, were also examined (Fig. 5D–F), and these 

Fig. 2. miR-346 can promote lung injury 
A. RT-qPCR verified that miR-346 expression was significantly reduced after in vivo inhibition of miR-346 (n = 3); B. HE staining showed reduced lung injury in mice 
that inhibited miR-346 (n = 3); C. Lung index was reduced after inhibition of miR-346 (n = 3); D. PaO2/FiO2 increased after decreased miR-346 expression (n = 3); E. 
Water content in lung tissue was decreased after inhibition of miR-346 (n = 3); F. mRNA expression levels of IL-1β, TNF-α, and IL-6 in lung tissue after inhibition of 
miR-346 (n = 3); G. NO content was significantly decreased after decreased miR-346 expression (n = 3); H. IL-1β, TNF-α, and IL-6 contents in the bronchoalveolar 
lavage fluid of mice were significantly reduced after inhibition of miR-346 (n = 3); I. Bax mRNA levels were decreased and Bcl-2 expression was significantly 
increased after decreased miR-346 expression (n = 3). The measurement results were expressed as mean ± standard deviation (mean ± SD). Differences by letter 
were significant at P < 0.05. 
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Fig. 3. miR-346 inhibits pulmonary microvascular endothelial cell function 
A. miR-346 expression is increased in HPMECs after induction with LPS (n = 3); B. miR-346 expression was significantly reduced after inhibition of miR-346 (n = 3); 
C–F. CCK8, plate cloning and BrdU assay showed enhanced cell proliferation ability after reduced miR-346 expression (n = 3); G-H. Scratch assay were used to detect 
the enhanced migration ability of HPMECs after inhibition of miR-346 (n = 3); I-J. Hoechst/PI staining showed attenuated apoptosis after inhibition of miR-346 (n =
3); K. Inhibition of miR-346 in HPMECs could reduce inflammatory cytokines IL-1β, IL-6, and TNF-α expression (n = 3); L. The expression of chemokine CCL2 and 
adhesion factors I-CAM and V-CAM was significantly reduced in cells after inhibition of miR-346 (n = 3); M. CCL2, IL-1β, IL-6, and TNF-α contents in cell super-
natants decreased with decreasing miR-346 expression (n = 3). The measurement results were expressed as mean ± standard deviation (mean ± SD). Differences by 
letter were significant at P < 0.05. 
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Fig. 4. Effect of BCL6 on pulmonary microvascular cell inflammation A. Predicted binding site of miR-346 to BCL6; B. Dual-luciferase assay to validate direct binding 
of miR-346 to BCL6 (n = 3); C-D. BCL6 expression was enhanced after inhibition of miR-346 (n = 3); E-F. BCL6 protein levels were significantly reduced after 
transfection with si-BCL6 (n = 3); G-J. CCK8, plate cloning and BrdU assay showed that the cell proliferation ability was attenuated after reduced BCL6 expression (n 
= 3); K-L. Scratch assay indicated that cell migration was attenuated after simultaneous inhibition of miR-346 and BCL6 (n = 3); M-N. Hoechst/PI experiments 
indicated enhanced apoptosis ability when inhibiting both miR-346 and BCL6 (n = 3); O. Simultaneous inhibition of miR-346 and BCL6 significantly increased the 
mRNA levels of IL-1β, IL-6, and TNF-α in the cells (n = 3). The measurement results were expressed as mean ± standard deviation (mean ± SD). Differences by letter 
were significant at P < 0.05. 
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Fig. 5. BCL6 alleviates lung injury A-B. BCL6 expression was decreased in lung tissue after inhibition of BCL6 (n = 3); C. HE staining showed increased lung injury 
after inhibition of BCL6 (n = 3); D. Lung index was significantly increased after simultaneous inhibition of miR-346 and BCL6 (n = 3); E. PaO2/FiO2 decreased after 
inhibition of BCL6 (n = 3); F. Water content in lung tissue increased after decreased expression of miR-346 and BCL6 (n = 3); G. NO content was significantly 
increased after simultaneous inhibition of miR-346 and BCL6 (n = 3); H. mRNA levels of IL-1β, TNF-α, and IL-6 in lung tissue were increased after inhibition of miR- 
346 and BCL6 (n = 3); I. IL-1β, TNF-α, and IL-6 contents were significantly increased in the bronchoalveolar lavage fluid of mice after inhibition of miR-346 and BCL6 
(n = 3); J. Bax mRNA levels were increased and Bcl-2 expression was significantly decreased in lung tissue after inhibition of BCL6. The measurement results were 
expressed as mean ± standard deviation (mean ± SD). Differences by letter were significant at P < 0.05. 
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results all showed aggravated lung injury after inhibition of BCL6. Af-
terwards, we also found that after inhibition of BCL6, NO content was 
significantly increased (Fig. 5G), the expression of proinflammatory 
factors such as IL-1β, TNF-α, and IL-6 in lung tissue was significantly 
increased (Fig. 5H), the content of inflammatory factors in bron-
choalveolar lavage fluid was increased (Fig. 5I), Bax expression in lung 
tissue was significantly increased while Bcl2 and caspase3 were signif-
icantly decreased (Fig. 5J). The above results showed that BCL6 was able 
to alleviate lung injury. In summary, miR-346 is able to affect lung 
injury by regulating the expression of BCL6. 

4. Discussion 

In recent years, miRNAs have received increasing attention because 
of their key roles in the formation and development of various diseases. 
It has been shown that miRNAs are involved in the regulation of a va-
riety of biological processes, such as cell proliferation, migration, and 
apoptosis, and that a variety of miRNAs have been identified in different 
cell types and disease settings. ARDS is a major cause of acute respira-
tory failure and is often accompanied by symptoms of multiple organ 
failure [22], resulting in increased patient distress, so it is necessary to 
study its pathogenesis. The generation of microRNAs is a highly regu-
lated process with many influencing factors, including inflammatory 
responses such as ARDS. In recent years, studies on ARDS patients have 
found that miRNA expression is abnormal. CEES [23] exposure can also 
lead to differential expression of miRNAs in rat plasma [24]. It has been 
found that miR-346 expression is upregulated in rats, targeting multiple 
mRNAs [16]. In this study, we found that the expression of miR-346 was 
significantly up-regulated in lung tissue and LPS-stimulated HPMECs of 
ARDS patients, and after inhibition of miR-346, both cell proliferation 
and migration were enhanced, and apoptosis was attenuated, suggesting 
that miR-346 may be involved in ARDS by regulating the biological 
function of HPMECs. 

The results of multiple studies showed that miRNAs are involved in 
ARDS, such as miR-21 [25], miR-155-5p [14], and miR-34a [13], 
miR-140-5p [24]. Studies have shown that miR-346 promotes HCC 
progression by inhibiting the expression of BRMS1 [26]; miR-346 can 
regulate EG-VEGF-induced trophoblast invasion by inhibiting the 
expression of MMP-2 and MMP-9 [27]; miR-346 is up-regulated in HCC 
cell lines, and its overexpression can promote the proliferation, migra-
tion and invasion of HCC cells [28]; miR-346 can reduce the expression 
of SMAD3/4 gene in the renal tissue of mice with diabetic nephropathy, 
thereby improving renal function [29]. The involvement of BCL6 in lung 
adenocarcinoma is negatively regulated by miR-339-5p [30]; loss of 
BCL6 in neutrophils attenuates lung inflammation [31]. However, in 
ARDS, the functions of miR-346 and BCL6 have not been reported. Many 
studies have shown that lipopolysaccharide (LPS) is an inducible 
proinflammatory factor [25], so in this study we constructed ARDS 
model mice through LPS induction to explore the mechanism of ARDS. 
Given that TNF-α and IL-6 act as proinflammatory factors [32,33], we 
examined the expression of TNF-α and IL-6 after LPS induction. 

Pulmonary edema is an important link in the pathogenesis of ARDS. 
In this experiment, the degree of pulmonary edema was assessed by 
measuring the lung dry-wet weight ratio and lung index [34]. The re-
sults showed that inhibition of miR-346 could significantly attenuate the 
development of pulmonary edema in ARDS mice. NO can inhibit 
oxidative stress through a series of reactions, thereby protecting endo-
thelial cells from apoptosis [35]. In this study, NO content was signifi-
cantly increased after LPS induction, but decreased when miR-346 was 
inhibited, and apoptosis was attenuated after miR-346 inhibition. 
Inflammation is a major pathological event in ARDS [36], while 
miR-346 inhibits the progression of inflammation. HE staining showed 
that decreased miR-346 expression also attenuated the degree of path-
ological injury in lung tissue. BCL6 was predicted by targetscan and 
miRDB as a target of miR-346, BCL6 expression was increased when 
miR-346 was inhibited, and BCL6 could reverse the effect of miR-346 on 

ARDS. 
The etiology of ARDS is complex and diverse. In this study, we 

confirmed the specific mechanism of action of miR-346 involved in the 
pathogenesis of ARDS through model construction and cellular level: to 
detect the changes of miR-346 expression levels in the lung tissue of 
ARDS mice, then combined with in vitro cellular experiments, to 
investigate whether miR-346 has a regulatory effect on BCL6, in order to 
explore the pathogenesis of ARDS and provide a new target and basis for 
clinical treatment. The results showed that the up-regulation of miR-346 
in ARDS resulted in the decreased expression of BCL6 in lung endothelial 
cells, which in turn attenuated the proliferation and migration of 
HPMECs and increased the apoptotic effect of HPMECs, thereby 
decreasing the survival rate of lung endothelial cells, promoting 
apoptosis, producing inflammation, leading to lung injury, and then 
inducing ARDS. Targeted regulation of miR-346-BCL6 signaling 
pathway may become an effective approach for clinical treatment of 
ARDS. This study is important to further explore the molecular mecha-
nism of lung injury and provides a new direction for clinical prevention 
and treatment of the occurrence of lung injury. 

5. Conclusion 

miR-346 inhibits the proliferation and migration of pulmonary 
microvascular endothelial cells by regulating BCL6 expression, which in 
turn promotes the apoptosis of pulmonary microvascular endothelial 
cells, leading to inflammation and inducing ARDS. 
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