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Background: Bronchopulmonary dysplasia (BPD) is a severe pulmonary complication causing morbidity 
and mortality in preterm infants. A key histopathological feature of BPD is late lung growth retardation, in 
which the process of alveolarization is hindered and the mechanism of which is unclear. Emerging evidence 
indicates that microRNAs (miRNAs) promote the development of BPD via the inhibition of their target 
genes. MiR-495 has been reported to be involved in various lung diseases. However, the physiological 
function of miR-495 in BPD has not yet been fully understood.
Methods: Differentially expressed miRNAs in peripheral blood of patients with BPD were compared with 
those of normal controls. A dual-luciferase reporter assay was performed to identify the target genes of miR-
495. A BPD neonatal rat model was established by injecting lipopolysaccharide (LPS) in the amniotic sac of 
pregnant rats. The morphology of the lungs was observed using hematoxylin and eosin (HE) staining. The 
expression of miR-495, neural precursor cell expressed developmentally down-regulated 4-like (NEDD4L), 
and epithelial Na+ channel (ENaC) was tested using quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR), Western blot analysis, and immunofluorescent (IF) staining.
Results: The expression of miR-495 was significantly increased in the peripheral blood samples of 
premature infants with BPD and verified using qRT-PCR. NEDD4L was proven to be the target gene of 
miR-495. Additionally, miR-495 expression was also increased in the lungs of rat pups with BPD at postnatal 
day (P) 3 compared with the control group. qRT-PCR and Western blot results showed that NEDD4L 
expression was decreased while ENaC expression was increased at the transcriptional and translational levels. 
IF staining results showed that NEDD4L level was decreased while ENaC level was increased in the LPS-
induced BPD rat model, which was consistent with abnormal changes in alveolar structure.
Conclusions: The aberrant overexpression of miR-495 may contribute to the development of BPD by 
targeting NEDD4L-ENaC pathway, implying an imbalance in lung fluid clearance.
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Introduction

Bronchopulmonary dysplasia (BPD), initially characterized 
by arrested lung growth, is recognized to emerge as a 
result of an aberrant reparative response to both antenatal 
and postnatal injury to the immature lungs of premature 
infants. Generally, impaired lung development during BPD 
pathogenesis is attributed to simplified alveolarization and 
dysmorphic pulmonary vasculature (1,2). To date, BPD 
remains a major cause of pulmonary diseases in premature 
newborns, leading to mortality and morbidity despite 
new advances in treatment (2). An increasing number of 
studies are finding that the imbalance of lung luminal 
fluid is involved in the development of BPD through 
largely unknown mechanisms (1,3). Increased epithelial 
Na+ channel (ENaC) activity has been demonstrated to be 
responsible for alveolar lipid depletion and impaired lung 
function (4). Thus, better insights into pathobiology will 
provide a better understanding of BPD and may lead to 
discoveries of novel therapeutic targets.

Recent studies have shown that noncoding RNAs, 
especially microRNAs (miRNAs), play an important role 
in lung development-related diseases. An association of 
altered expression of multiple miRNAs with impeded 
alveolarization has been reported (5,6). Increased miR-125b 
expression has been demonstrated to help protect against 
BPD, whereas overexpression of miR-184-3p promotes 
the development of BPD (7,8). MiR-495 has been found to 

have multiple regulatory functions in multiple lung diseases, 
including lung cancer, pulmonary hypertension, acute 
lung injury, and chronic asthma (9-12). Moreover, miRNA 
profiling suggests that miR-495 expression is significantly 
altered at different stages of rat lung development (13). 
However, there is a lack of data regarding exactly how miR-
495 performs its specific function in BPD.

In the present study, we found abnormal overexpression 
of miR-495 in the peripheral blood of premature infants 
with BPD. Based on target gene prediction results, the 
binding ability of miR-495 and 3'-untranslated region 
(3'UTR) of neural precursor cell expressed developmentally 
down-regulated 4-like (NEDD4L) was confirmed in vitro. 
In a lipopolysaccharide (LPS)-induced BPD neonatal rat 
model, the suppression of NEDD4L led to upregulation 
of ENaC, the key regulator of lung fluid clearance. We 
hypothesized that aberrant miR-495 overexpression may 
be involved in BPD by targeting NEDD4L-ENaC pathway. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3293/rc).

Methods

Participants and sample collection

The peripheral blood samples of 6 premature infants with 
BPD and 6 age-matched preterm infants without BPD 
were collected as described in our previous study (14). 
The time points of peripheral blood sample collection 
were 28 days after continuous oxygen use in the BPD 
group and approximately 3 days after birth in the control 
group. No statistically significant differences were found 
in the comparisons of general clinical characteristics 
(postmenstrual age, weight at the time of sample collection, 
or sex) between the 2 groups (Table 1). The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the ethics 
committee of Shanghai Children’s Hospital, Shanghai Jiao 
Tong University (No. 2015RY009-F01), and informed 
consent was obtained from all the guardians.

Animal model

A total of 12 timed-pregnancy Sprague Dawley (SD) rats 
were purchased from the Shanghai Laboratory Animal 
Center (Shanghai, China). The housing conditions met 
specific pathogen‑free (SPF) standards. Pregnant rats were 
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randomly allocated to 2 groups, which were exposed to LPS 
and endotoxin-free saline respectively. LPS (Escherichia coli 
O55:B5) was injected into the amniotic sac as described 
in our previous study (15). Briefly, LPS (5 μL, 0.2 μg/μL)  
was injected into the amniotic sac of pregnant rats on 
embryonic day (E) 16.5. Pregnant rats were injected with 
sterile endotoxin-free saline (5 μL) as a control. Newborn 
rats were killed on postnatal day (P) 3. Lungs were stripped 
from the heart and trachea for further investigation. Animal 
experiments were performed under a project license (No. 
2018009) granted by the ethics committee of Shanghai 
Children’s Hospital, Shanghai Jiao Tong University, in 
compliance with its guidelines for the care and use of animals. 

Dual-luciferase reporter assay

The information of binding sites between miR-495 and 
target genes was obtained by DIANA MicroT-CDS 
(University of Thessaly, Volos, Greece). A549 cells were 
seeded in 96-well plates and incubated for 24 hours to reach 
60% to 70% confluency. NEDD4L 3'UTR and NEDD4L 
3'UTR mutant (Mut) reporter plasmids were constructed 
in advance. A549 cells were transiently co-transfected with 
miR-495 mimics or miR-495 inhibitors together with 
0.2 μg of pmiR-negative control (NC), pmiR-NEDD4L-
3'UTR-wild type (WT), or pmiR-NEDD4L-3'UTR-
Mut reporter plasmids using Lipofectamine 2000 (Thermo 
Fisher Scientific, Waltham, MA, USA) according to the 
manufacturer’s instruction. After 24 hours of incubation, 
firefly and renilla luciferase activities were detected using 
a Dual-Luciferase Reporter Assay System (CAS: E2920; 
Promega, Madison, WI, USA) and recorded employing a 
SpectraMax M5 (Molecular Devices, San Jose, CA, USA).

Hematoxylin and eosin (HE) staining

Lung tissue was insufflated, fixed with 4% buffered 

paraformaldehyde, dehydrated, and then embedded in 
paraffin. Sections were dewaxed with xylene at 3-4 μm 
thickness and hydrated in ethanol-water solutions of 
different concentration gradients. The sections were then 
stained with hematoxylin for 5 minutes, differentiated 
with 1% ethanol hydrochloride for 3 seconds, and 
transferred to an eosin solution for 2 minutes. Finally, 
they were dehydrated and mounted. PANNORAMIC 
scan (3DHISTECH, Budapest, Hungary) and CaseViewer 
(3DHISTECH) were used for analysis.

Immunofluorescent (IF) staining

Paraffin sections of lung tissue were used for IF staining. 
These sections were incubated with the primary antibody for 
24 hours at 4 ℃ and then washed 3 times (5 minutes each) 
with phosphate-buffered saline (PBS). Primary antibodies 
against NEDD4L (ab46521; 1:200; Abcam, Cambridge, 
UK) and ENaC-α (ab214192; 1:200; Abcam) were used 
in this study. Then, these sections were incubated for 50 
minutes at room temperature in the dark with horseradish 
peroxidase (HRP)-conjugated goat anti-rabbit secondary 
antibody (GB25303;1:400; Servicebio, Wuhan, China) and 
nuclei-stained with 4',6-diamidino-2-phenylindole (DAPI; 
Beyotime, Jiangsu, China). The images were captured using 
confocal fluorescence microscopy (Nikon, Tokyo, Japan). 
All immunostaining images are representative of at least 3 
independent biological experiments.

RNA extraction and quantitative reverse  
transcription-polymerase chain reaction (qRT-PCR)

TRIzol reagent (Thermo Fisher Scientific) was used 
for the extraction of RNA, and a NanoDrop 2000 
Spectrophotometer (Thermo Fisher Scientific) was 
employed for the control and detection of RNA quantity. 
First-strand complement (cDNA) was generated using 

Table 1 General clinical characteristics of patients in the BPD and control groups

Items Control group BPD group t P

Postmenstrual age (weeks), mean ± standard error 31.83±0.75 33.54±0.77 −1.60 0.14

Weight (grams), mean ± standard error 1,539.17±32.62 1,729.50±181.63 −1.03 0.35

Sex - 1a

Female 2 3

Male 4 3
a, Fisher exact text. BPD, bronchopulmonary dysplasia. 
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a miRNA 1st Strand cDNA Synthesis Kit (Vazyme, 
Jiangsu, China). RNA samples were subjected to reverse 
transcription with a Reverse Transcription Kit (Abclonal, 
Wuhan, China) and real-time PCR with SYBR Green 
(Abclonal). PCR was carried out with an ABI 7500 thermal 
cycler (Applied Biosystems, Thermo Fisher Scientific) using 
the following 2-step cycling program: 95 ℃ for 3 minutes, 
40 cycles at 95 ℃ for 5 seconds, and 60 ℃ for 34 seconds. 
Dissociation curves were generated for both genes based 
on the default. The expression levels of the miR-495 genes 
were normalized to that of an internal control, U6, to obtain 
relative threshold cycle (ΔCt) values. Relative quantification 
of gene expression was achieved by normalization against 
an endogenous control, glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The 2−ΔΔCt method was used 
for the comparison of relative expression levels (13). The 
specific primers for RNA samples of peripheral blood are 
shown in Tables 2,3. The specific primers of miR-495 and 
U6 for rat lung RNA samples were obtained from RiboBio 
(R10031.7; Guangzhou, China). ENaC-α (RP301306; Sino 
Biological, Beijing, China), NEDD4L (RP301305), and 
GAPDH (RP300644; Sino Biological) were also used in the 
process.

Protein extraction and Western blot analysis

Radioimmunoprecipitation assay buffer (Beyotime Institute 
of Biotechnology) was used for the extraction of proteins, 
and the bicinchoninic acid (BCA) method (Beyotime 
Institute of Biotechnology) was used for the measurement 

of concentrations. Proteins (40 μg/lane) were loaded on 8% 
sodium dodecyl-sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) gels and transferred onto a polyvinylidene 
fluoride (PVDF) membrane (EMD Millipore, Billerica, 
MA, USA). The membrane was blocked for nonspecific 
binding for 2 hours by incubation with 5% fat-free dry milk 
in 100 mM of Tris-buffered saline plus 0.1% Tween-18 
(TBST). Primary antibodies included rabbit anti-NEDD4L 
antibody (ab46521; 1:1,000; Abcam), rabbit anti-ENaC-α 
antibody (ab214192; 1:1,000; Abcam), and rabbit anti-
GAPDH antibody (KGAA002; 1:1,000; Nanjing KeyGen 
Biotech Co., Ltd., Nanjing, China). The membrane was 
incubated with primary antibodies overnight at 4 ℃ and 
then washed with TBST 3 times. The membrane was then 
incubated with HRP-conjugated goat-anti-rabbit secondary 
antibody (bs-0295G-HRP; 1:2,000; Bioss, Woburn, MA, 
USA) for 1.5 hours at room temperature. The enhanced 
chemiluminescence detection system (ChemiDoc XRS + 
Imaging System; Bio-Rad Laboratories, Inc., Hercules, CA, 
USA) was used to visualize the bands of antibody-detected 
proteins. 

Statistical analysis

The results are presented as the mean ± standard error. All 
experiments were repeated 3 times. Chi-square tests and 
Student’s t-tests were used to analyze significant differences 
with the SPSS 22.0 software (IBM Corp., Armonk, 
NY, USA). P<0.05 was considered to indicate statistical 
significance.

Results

MiR-495 expression increased in the peripheral blood of 
premature infants with BPD

In a previous study, we compared and analyzed the 
differentially expressed miRNAs in peripheral blood of 
premature infants with BPD using microarray expression 
profiling, and the results have been submitted to the 
Gene Expression Omnibus (GEO) database (GSE108755; 
National Center for Biotechnology Information, National 
Institutes to Health, Bethesda, MD, USA) (14). To date, 
various miRNAs have been found to be differentially 
expressed, as shown in Figure 1A. To our knowledge, miR-
495 has been reported as being involved in regulating lung 
development and various lung diseases by targeting a series 
of downstream signaling pathways (9-13). To investigate the 

Table 2 Primers for reverse transcription

Variables Sequence (5'-3')

hsa-miR-495 GTCGTATCCAGTGCGTGTCGTGGAGTCGG

CAATTGCACTGGATACGACCGAAAA

U6 CGCTTCACGAATTTGCGTGTCAT

Table 3 Primers for polymerase chain reaction

Variables Sequence (5'-3')

hsa-miR-495 F: GGGGAAGTTGCCCATGTTA

R: GTGCGTGTCGTGGAGTCG

U6 F: GCTTCGGCAGCACATATACTAAAAT

R: CGCTTCACGAATTTGCGTGTCAT

https://en.wikipedia.org/wiki/National_Center_for_Biotechnology_Information
https://en.wikipedia.org/wiki/Bethesda,_Maryland


Annals of Translational Medicine, Vol 11, No 1 January 2023 Page 5 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(1):4 | https://dx.doi.org/10.21037/atm-22-3293

role of miR-495 in BPD, we reanalyzed miR-495 expression 
in the peripheral blood samples of 6 premature infants with 
BPD and 6 age-matched preterm infants without BPD 
with qRT‑PCR. In accordance with the array findings, the 
expression of miR-495 was significantly increased in the 
BPD group compared with the control group (Figure 1B).

MiR-495 directly targeted NEDD4L by interacting with 
the 3'UTR in A549 cells

We explored the potential mechanism of the regulatory 
effect of miR-495 by using the bioinformatic prediction 
of DIANA MicroT-CDS. We obtained the binding site 
for NEDD4L to miR-495. As shown in Figure 2A, the 
miR-495 seed sequence possesses a nucleotide sequence 
complementary to the 3'UTR region of NEDD4L (P=0.006). 

For further confirmation, dual-luciferase reporter assay was 
used based on the predicted binding sites of miR-495 and 
NEDD4L. The results revealed that miR-495 in A549 cells 
negatively regulated the luciferase activity of the 3'UTR 
region of NEDD4L. In addition, miR-495 had no regulatory 
effect on NEDD4L when the predicted binding sites 
were mutated (Figure 2B). The above results indicate that 
NEDD4L was the direct target gene of miR-495.

Intra-amniotic LPS injection disrupted alveolar 
development in newborn rats

As the lung development and sequences of miRNAs are well 
conserved in humans and rats, we established a rat model of 
BPD for further studying miR-495 regulatory downstream 
signaling in vivo. LPS dissolved in saline or saline only was 
injected into the amniotic sac of pregnant rats at E16.5. All 
animals survived. The newborn rats were lactated until being 
killed at P3. HE staining was performed for morphological 
observation of lung tissues. Lung tissues of the LPS-treated 
rats showed a simplified alveolar structure compared with 

Figure 1 Altered miR-495 expression in neonates with BPD. (A) A 
number of miRNAs were differentially expressed in the BPD and 
control groups. Some are shown in this figure. (B) The result of 
qRT-PCR showed that the miR-495 expression was significantly 
increased in the peripheral blood of the BPD group compared 
with the control group (n=6; *, P<0.05). BPD, bronchopulmonary 
dysplasia; miRNA, microRNA; qRT-PCR, quantitative reverse 
transcription-polymerase chain reaction.

Figure 2 miR-495 directly targeted NEDD4L by interaction 
with the 3'UTR. (A) Binding sites of miR-495 and NEDD4L. 
(B) Analysis of the luciferase activity of NEDD4L 3'UTR WT 
and MUT vectors in A549 cells using miR-495. The result 
shows that miR-495 downregulated the expression of NEDD4L 
(n=3; ***, P<0.001). NEDD4L, neural precursor cell expressed 
developmentally down-regulated 4-like; 3'UTR, 3' untranslated 
region; MUT, mutant; WT, wild type; Rluc/Luc, renilla luciferase/
luciferase.
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the control group (Figure 3A). The lungs of the LPS-
treated group showed significantly fewer alveoli and 
greater mean linear intercept (MLI) at P3 (Figure 3B,3C)  
compared with the control group. These findings suggest 
that the alveolar development of newborn rats was disrupted 
by intraamniotic LPS injection mimicking BPD.

MiR-495, NEDD4L, and ENaC expression altered in the 
BPD rat model

As mentioned above, NEDD4L is a target gene of miR-495. 
Previous studies have shown that NEDD4L overexpression 
inhibits the activation of ENaC, which is a key regulator 
of fluid balance in lung development and is involved in 
the transition from lung fluid secretion to fluid absorption 
(16,17). Therefore, qRT-PCR, Western blot, and IF were 
performed to detect the expression of miR-495, NEDD4L, 
and ENaC in rat lungs with BPD. As shown in Figure 4A, 
the miR-495 expression of rat lungs in the LPS-treated 
group at P3 was significantly increased compared with rat 
lungs in the control group. The qRT-PCR analyses also 

showed a significant decrease in NEDD4L expression and 
an increase in ENaC expression in the LPS-treated lungs 
at P3 (Figure 4A). The results of the Western blot showed 
that NEDD4L level in the LPS-treated group was reduced 
compared with that in the control group (Figure 4B). The 
ENaC level, which was negatively regulated by NEDD4L, 
was increased in the LPS-treated group (Figure 4C). 
Likewise, the results of IF revealed the decreased level of 
NEDD4L and the increased level of ENaC in LPS-treated 
lungs (Figure 5). These findings support the hypothesis that 
miR-495 has important role in the pathogenesis of BPD via 
the targeting of NEDD4L-ENaC pathway.

Discussion

In the present study, we found that miR-495 overexpression 
was involved in arrested lung development of BPD via 
regulation of NEDD4L-ENaC pathway. The overexpression 
of miR-495 inhibited the expression of NEDD4L, which 
resulted in the overexpression of ENaC. ENaC has been 
reported to be a key regulator of fluid balance in lung 

Figure 3 Simplified alveolar structure of LPS-treated rat lungs. (A) Pregnant rats were injected with LPS or saline at E16.5. HE staining 
was used to analyze the lung morphometry of newborns at P3. A simplified alveolar structure was observed in the lungs of the LPS-treated 
group compared with the control group (magnification, 20×). (B) Compared with the control group, fewer alveoli were detected in the lungs 
of LPS-treated groups at P3 (n=3; * P<0.05). (C) At P3, rats of the LPS-treated groups had a significantly greater MLI than did rats of the 
control groups (n=3; * P<0.05). LPS, lipopolysaccharide; E, embryonic day; HE, hematoxylin and eosin; P, postnatal day; MLI, mean linear 
intercept.
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development (16,17). The findings suggest that miR-495 
might be a potential therapeutic target for BPD.

Notably, miRNAs have been increasingly recognized as 
playing important roles in lung development and related 
diseases (18). In our previous study, several miRNAs, including 
miR-495, were found to be dysregulated in premature 
infants with BPD compared with normal infants (14). Yang 
and colleagues found that miR-495 expression underwent 
significantly dynamic changes in rat lung development. The 
expression of miR-495 was upregulated from canalicular to 
saccular stages and downregulated from saccular to alveolar 
stages (13). The above findings suggest that the altered 
expression of miR-495 might participate in the regulation 
of lung development in BPD. We also detected increased 
expression of miR-495 in the peripheral blood of infants with 
BPD using qRT-PCR, which was opposite to the findings 
in normal rat lung development. Therefore, miR-495 was 
considered to serve an important role in lung development  
and BPD.

Identification of target genes is important for researchers 
to further study the role of miR-495 in BPD. NEDD4L (also 
known as NEDD4-2) is a ubiquitin-protein ligase in the 
NEDD4L family that can regulate a number of membrane 
proteins and that figures prominently in the maintenance 
of homeostasis in cells (19). NEDD4L is highly conserved 
in vertebrates and extensively expressed in the liver, kidney, 
heart, and lung. Moreover, it has been reported to be 

involved in the secretion of the lung surfactant protein C 
(SP-C), but its major function is to regulate the stability 
of ENaC in the kidney, lung, and other organs (20-22). In 
our study, the luciferase reporter assay showed that miR-
495 suppressed the expression of NEDD4L through 3'UTR 
binding. Based on the above findings, we concluded that 
miR-495 negatively regulated NEDD4L, and both miR-495 
and NEDD4L were involved in BPD.

The successful establishment of an animal model of BPD 
was important for further study of miR-495 mechanisms 
in vivo. The pathognomonic characteristics of BPD are 
impaired alveolarization and dysregulated vascularization 
(1,2). Previous studies have shown that intra-amniotic 
injection of LPS into pregnant SD rats at E16.5 results 
in phenotypes similar to BPD (15,23). Consistent with 
previous studies, intra-amniotic injection of LPS into SD 
rats at E16.5 in our study resulted in fewer and simplified 
alveoli compared with the control group, which serves as an 
ideal animal model with pathological characteristics of BPD 
(15,23).

By using the BPD rat model, qRT-PCR, Western blot, and 
IF were carried out for further investigation. As mentioned 
above, the main function of NEDD4L, which was targeted by 
miR-495, was to regulate the expression of ENaC. ENaC has 
been reported to be highly expressed in both airway epithelial 
cells and type II alveolar cells (AECIIs) and to be responsible 
for lung fluid balance, which is important for neonates for 

Figure 4 The expression of miR-495, NEDD4L, and ENaC in the BPD rat model. (A) The expression of miR-495 and ENaC was 
significantly increased in rat lungs of the LPS-treated groups versus the control group at P3. Decreased expression of NEDD4L in LPS-
treated rat lungs was also detected (n=6; *, P<0.05; **, P<0.01). (B,C) Gene expression at the protein level was examined using Western blot. 
Compared with the control rats at P3, the level of NEDD4L was decreased and the level of ENaC-α was increased in the LPS-treated rats (n=3; 
*, P<0.05; **, P<0.01). NEDD4L, neural precursor cell expressed developmentally down-regulated 4-like; ENaC, epithelial Na+ channel; 
LPS, lipopolysaccharide; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; BPD, bronchopulmonary dysplasia; P, postnatal day.
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Figure 5 Expression of NEDD4L and ENaC in the BPD rat model detected by IF. (A,B) Differentiated lung tissues were treated with 
indicated agent’s immunoassayed with DAPI (blue), anti-ENaC-α (green) and anti-NEDD4L (green). Observation under an inverted 
fluorescence microscope at 40×. The results showed that NEDD4L level was decreased while ENaC-α level was increased in the LPS-
treated group versus control groups (n=3). NEDD4L, neural precursor cell expressed developmentally down-regulated 4-like; ENaC, 
epithelial Na+ channel; BPD, bronchopulmonary dysplasia; IF, immunofluorescence; LPS, lipopolysaccharide.
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establishing effective spontaneous breathing after birth 
(17,20,24). Previous studies have shown that excessive 
lung fluid caused by decreasing levels and activity of ENaC 
contributes to various respiratory diseases (25-27). Notably, 
a growing number of studies in recent years have shown that 
excessive clearance of lung fluid regulated by the NEDD4L-
ENaC pathway is also an important cause of dyspnea (28-30).  
In one study, the airway-specific overexpression of ENaC 
of mice exhibited airway surface dehydration and impaired 
mucociliary clearance and provided a nidus for bacterial 
infection, which led to a model of lung disease that shares 
key features of chronic obstructive pulmonary diseases (24). 
Deletion of NEDD4L in lung epithelial cells enhances the 
fluid clearance function of ENaC and leads to accumulation 
of airway mucus, neutrophils, and other inflammatory 
factors (28-31). Moreover, it has been reported that 
neutrophils in the alveoli secrete pathogenic exosomes. 
These exosomes result in impaired and simplified alveolar 
structure, increased airway resistance, and other pathological 
changes characteristic of a BPD-like phenotype (32).  
The study by Boase and colleagues showed similar findings 
in NEDD4L-deficient mice (29). In our study, the expression 
of miR-495 was increased in BPD rat lungs, NEDD4L was 
downregulated, and ENaC was up-regulated at both the 
mRNA and protein levels in BPD rat models. In summary, 
it can be concluded that miR-495 might affect the lung fluid 
balance to promote BPD via the NEDD4L-ENaC pathway. 

Although the present study explored the potential 
role of miR-495 in BPD, it has some limitations. The 
process of lung development is continuous, and the lungs 
of premature infants after birth are still at the middle or 
late development stages. In our study, there was a lack of 
dynamic observation of the relationship between miR-495 
and lung development during BPD. Moreover, our findings 
suggested that miR-495 targeted NEDD4L-ENaC pathway 
and might regulate the balance of lung fluid in BPD, but 
the molecular mechanism still needs further investigation 
in vitro and in vivo. Further experiments on inhibiting miR-
495 overexpression in vivo need to be performed to confirm 
the miR-495-mediated mechanism in BPD.

Conclusions

In conclusion, the findings of the present study suggest that 
miR-495 serves an essential role in BPD. Moreover, miR-
495 activates the NEDD4L-ENaC pathway by inhibiting 
the expression of NEDD4L, resulting in overexpression 
of ENaC, which has been reported to be important in 

the clearance of lung fluid. These results may provide a 
potential and promising direction for BPD treatment. 
Our findings provide a new avenue for exploring the 
pathogenesis and treatment in BPD.
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