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Abstract. – OBJECTIVE: To explore wheth-
er miR-216a-3p could promote differentia-
tion of bone marrow mesenchymal stem cells 
(BMMSCs) into type II alveolar epithelial cells 
(ACE II) via Wnt/β-catenin pathway, thereby alle-
viating neonatal respiratory distress syndrome 
(NRDS). 

MATERIALS AND METHODS: BMMSCs were 
directionally differentiated into ACE II cells. Ex-
pressions of ACE II cell-specific transcription 
factors Occludin, KGF, CK18, SpA, SpB, and SpC 
were detected at the different time points after 
cell differentiation. Enzyme-linked immunosor-
bent assay (ELISA) was applied to detect inflam-
matory factors in the culture medium, including 
interleukin-1 (IL-1), interleukin-10 (IL-10), tumor 
necrosis factor-α (TNF-α), and Interferon-α 
(INF-α). After overexpression or knockdown of 
miR-216a-3p in BMMSCs, expressions of ACE II 
cell-specific transcription factors and inflamma-
tory factors were detected by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
and Western blot. Rescue experiments were car-
ried out after DKK-1 treatment in BMMSCs. 

RESULTS: Expressions of ACE II cell-specific 
transcription factors Occludin, KGF, CK18, SpA, 
SpB, and SpC were elevated with the prolonga-
tion of cell differentiation. Overexpression of 
miR-216a-3p elevated levels of pro-inflammato-
ry factors (IL-1, TNF-α, and INF-α) and reduced 
anti-inflammatory factor (IL-10). Expressions of 
ACE II cell-specific transcription factors Occlu-
din, KGF, CK18, SpA, SpB, and SpC were remark-
ably increased at 7 d and 14 d compared to those 
detected at 1 d. Overexpression of miR-216a-
3p in BMMSCs downregulated Wnt3a expres-
sion. The regulatory effect of miR-216a-3p on 
BMMSCs differentiation was partially reversed 
by DKK-1 treatment. 

CONCLUSIONS: Knockdown of miR-216a-3p 
induces differentiation of BMMSCs into ACE II 
cells through Wnt/β-catenin pathway, thereby al-
leviating NRDS.

Key Words: 
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differentiation.

Introduction 

Neonatal respiratory distress syndrome 
(NRDS) is a respiratory disease resulted from 
the absence or destruction of the pulmonary sur-
factant (PS) at birth and within a short period 
of time after birth. NRDS is manifested as re-
spiratory distress symptoms and progressive ag-
gravation within 6 hours of birth, which is com-
monly seen in premature infants. Severe NRDS 
may even lead to respiratory failure and death. 
Studies1 have shown that NRDS-induced respi-
ratory failure accounts for 35% of respiratory 
failure patients, and the mortality rate is as high 
as 33.8%. The occurrence and development of 
NRDS are related to various influencing factors, 
among which premature birth is one of the most 
important causes of NRDS. In premature infan-
ts, immature ACE II cells affect PS synthesis, 
thereafter leading to the occurrence of NRDS. 
When NRDS occurs, a large number of inflam-
matory cells are produced since the affected 
infants suffer from hypoxia and acidosis in the 
body. Subsequently, the pulmonary damage is 
aggravated, leading to the abnormal production 
and secretion of PS2. Abundant neutrophils and 
macrophages are accumulated in the interstitium 
of the respiratory tract and lungs, resulting in 
excessive productions of tumor necrosis factor-α 
(TNF-α), interleukin-6 (IL-6), and interleukin-8 
(IL-8)3. Inflammatory cytokines participate in 
the NRDS-induced pulmonary inflammatory 
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response, resulting in decreased synthesis, rele-
ase, and activity of PS. It is of great significance 
to develop new effective strategies for treating 
NRDS.

The fundamental pathogenesis for NRDS is an 
immature development of ACE II cells, leading 
to a synthetic abnormality of PS and pulmonary 
inflammation. Therefore, updating and repairing 
ACE II cells may be an effective strategy for 
treating NRDS. Stem cells with the potentials 
for self-renewal and multilineage differentiation 
are the most promising tools for treating NRDS. 
Among them, mesenchymal stem cells (MSCs) 
have been widely applied. 

Bone marrow mesenchymal stem cells (BMM-
SCs) have the advantages of easy collection and mi-
nor tissue damage4. Currently, BMMSCs are consi-
dered to be ideal and promising therapeutic cells in 
cell replacement therapy. Studies have shown that 
BMMSCs can differentiate into alveolar epithelial 
cells5 and participate in lung tissue growth, repair, 
and remodeling6-8. Transplantation of exogenous 
or migratory endogenous stem cells participates 
in the repair and reconstruction of damaged lung 
tissue9-12. They are also confirmed to treat acute 
respiratory distress syndrome13, pulmonary fibro-
sis14,15, chronic obstructive lung injury, and other 
diseases16. Hence, we hypothesized that BMMSCs 
can be used as therapeutic cells for NRDS.

MicroRNAs (miRNAs) are endogenous, non-co-
ding small RNAs with 19-25 nucleotides in length, 
which are encoded by eukaryotic genomes17. MiR-
NAs are involved in a series of important biologi-
cal processes, including embryonic development18, 
cell proliferation, apoptosis19, fat metabolism20, and 
cell differentiation21. Under pathological condi-
tions, some miRNAs are differentially expressed. 
MiRNAs exert a crucial regulatory role in tumo-
rigenesis, proliferation, metastasis, apoptosis, che-
motherapy sensitivity, and prognosis22. Wang et 
al23 have shown that miR-216a inhibits cell growth 
and promotes apoptosis of pancreatic cancer by 
acting on JAK2. MiR-216a inhibits glioma cell 
proliferation and invasion through regulating pro-
tein kinase C. Microarray analysis of 104 pairs of 
lung cancer tissues and paracancerous tissues re-
vealed that miR-216a expression is downregulated 
in lung cancer24. MiR-216a inhibits gastric cancer 
development through regulating toll-like receptor 
4 (TLR4)25. MiR-216a-3p inhibits cell prolifera-
tion in colorectal cancer by targeting COX-2 and 
ALOX526. MiR-216-3p inhibits the proliferation, 
migration, and invasion of human gastric cancer 
cells via nuclear factor κB (NF-κB) pathway27.

This study first detected the expression of miR-
216-3p in NRDS. We aim to investigate the role of 
miR-216-3p in the differentiation of BMMSCs into 
ACE II cells and its therapeutic function in NRDS.

Methods

Sample Collection
This investigation was approved by the 324th 

PLA Hospital Ethics Committee. All patients and/
or their families signed the informed consent. 3.5 
mL of venous blood samples were collected from 
43 NRDS patients (sample was immediately col-
lected after admission) and 20 healthy controls in 
a fasting state for over 12 h. The enrolled subjects 
were treated in the 324th PLA Hospital from July 
2016 year to December 2017. Blood samples were 
centrifuged at 3500 r/min for 5 min. The serum 
sample was harvested and preserved at -80°C. 

Cell Culture 
Rat BMMSCs were obtained from ATCC 

(American Type Culture Collection, Manassa, 
VA, USA). BMMSCs were cultured in Dulbec-
co’s Modified Eagle Media: Nutrient Mixture 
F-12 (DMEM/F12; Sigma-Aldrich, St. Louis, 
MO, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, Rockville, MD, USA) and 2 
mL of penicillin and streptomycin. Cell growth 
was observed daily and the culture medium was 
replaced every two days. 

Cell Differentiation 
Rat BMMSCs were digested and resuspended in 

DMEM/F12 at a density of 1×104/ml. Cells were se-
eded in the 6-well plates and culture medium was 
replaced to SAGM (small airway growth media) 
when the confluence was up to 80%. SAGM was 
replaced every 3 days for 14 consecutive days. 

Cell Transfection
Transfection of miR-216a-3p mimics or miR-

216a-3p inhibitor was performed using Lipofecta-
mine 2000 (Invitrogen, Carlsbad, CA, USA). Cel-
ls were plated in 6-well plates or 96-well plates 
and transfected for 48 h, followed by subsequent 
experiments. 

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

Total RNA in treated cells was extracted using 
TRIzol method (Invitrogen, Carlsbad, CA, USA) for 
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reverse transcription according to the instructions of 
PrimeScript RT reagent Kit (TaKaRa, Otsu, Shi-
ga, Japan). RNA concentration was detected using 
a spectrometer (Hitachi, Tokyo, Japan). QRT-PCR 
was then performed based on the instructions of 
SYBR Premix Ex Taq TM (TaKaRa, Otsu, Shi-
ga, Japan). QRT-PCR was performed at 95°C for 5 
min, 94°C for 15 s, 60°C for 30 s, for a total of 45 
cycles. The relative gene expression was calculated 
using the 2-∆Ct method. Primers used in the study 
were as follows: OccludinI, forward: 5’-CCTGTAC-
GCCAACACAGTGC-3’, reverse: 5’-ATACTC-
CTGCTTGCTGATCC-3’; KGF, forward: 
5’-TCTGTCGAACACAGGTACCT-3’, reverse: 
5’-GTGTGTCCATTTAGCTGATGCAT-3’; CK18, 
forward: 5’-GGCATCCAGAACGAGAAGGA-3’, 
reverse: 5’-AGTGCTCCCGGATTTTGCT-3’; SpA, 
forward: 5’-TCTTCTTGACTGTTGTCGCTGG-3’, 
reverse: 5’-AGGGTCTCCTTTGACACCGTC-3’; 
SpB, forward: 5’-AGCCTGGAGCAAGCGATACA-3’, re-
verse: 5’-AGCCTGGAGCAAGCGATACA-3’; SpC, 
forward: 5’-GTCCTTGTCGTCGTGGTGATT-3’, re-
verse: 5’-GCGATGGTGTCTGTGTGTTCA-3’; Wn-
t3a, forward: 5’-CCATCCTCTGCCTCAAATTC-3’, 
reverse: 5’-TGGACAGTGGATATAGCAGCA-3’; 
DKK-1, forward: 5’-GCTGCCCCGGGAAT-
TACTGCAA-3’, reverse: 5’-GTGTCTCTGGCAG-
GTGTGGAGC-3’; GAPDH, forward: 5’-CG-
G AG T C A AC G G AT T T G G T C G TAT-3’, 
reverse: 5’-AGCCTTCTCCATGGTGGTGAA-
GAC-3’; MiR-216a-3p, forward: TAATCTCA-
GCTGGCAACTGTGA, reverse: Provided by the 
miScript SYBR®-Green.

Western Blot
Cells were lysed with RIPA (radioimmunopre-

cipitation assay) lysis buffer in the presence of a 
protease inhibitor (Sigma-Aldrich, St. Louis, MO, 
USA) to harvest total cellular protein. The protein 
concentration of each cell lysate was quantified 
using the BCA (bicinchoninic acid) protein assay 
kit (Pierce, Rockford, IL, USA). An equal amount 
of protein sample was loaded onto a 10% SDS-PA-
GE (sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis) and then transferred to a PVDF 
(polyvinylidene difluoride) membrane (Millipore, 
Billerica, MA, USA) after being separated. After 
blocking with skim milk, membranes were incu-
bated with primary antibody (Cell Signaling Te-
chnology, Danvers, MA, USA) overnight at 4°C 
and then incubated with HRP (horseradish pe-
roxidase) conjugated secondary antibody. Finally, 
an image of the protein band was captured by the 
Tanon detection system using enhanced chemilu-

minescence (ECL) reagent (Thermo Fisher, Wal-
tham, MA, USA).

ELISA (Enzyme-Linked 
Immunosorbent Assay)

Culture medium was collected and centrifu-
ged at 1500 rpm/min for 5 min. Levels of inter-
leukin-1 (IL-1), interleukin-10 (IL-10), tumor ne-
crosis factor-α (TNF-α), and Interferon-α (INF-α) 
were detected using ELISA detection kit (R&D 
Systems, Minneapolis, MN, USA). The diluted 
standard sample and experimental samples were 
reacted with ELISA reagent at 37°C for 90 min. 
Biotin antibody working fluid was then added for 
60-min incubation. ABC working solution was 
used to incubate the sample for 30 min. Finally, 
the TMB solution was added to terminate the de-
velopment. The optical density was detected at the 
wavelength of 450 nm using a microplate reader.  

Statistical Analysis
Graph Pad Prism was used for data analyses 

(La Jolla, CA, USA). Data were expressed as 
mean ± standard deviation (x̅±s). Measurement 
data were analyzed by the t-test. p<0.05 conside-
red the difference was statistically significant.

Results

BMMSCs Can Be Differentiated 
Into ACE II Cells

The culture medium of BMMSCs was replaced 
to SAGM to induce cell differentiation into ACE II 
cells. The first day of differentiation was recorded 
as 1 d. BMMSCs were collected at 1 d, 7 d, and 14 
d, respectively. QRT-PCR results showed that the 
expressions of ACE II cell-specific transcription 
factors Occludin, KGF, CK18, SpA, SpB, and SpC 
were remarkably increased at 7 d and 14 d compa-
red to those detected at 1 d (Figure 1A). Western 
blot showed that protein expressions of Occludin 
and CK18 were elevated at 7 d and 14 d compared 
to those detected at 1 d (Figure 1B). The above re-
sults suggested that BMMSCs can be differentia-
ted into ACE II cells under SAGM induction. 

MiR-216a-3p Was Highly Expressed 
in NRDS

MiR-216a-3p expression in peripheral blood 
of 43 NRDS patients and healthy controls was 
detected by qRT-PCR. The results showed that 
miR-216a-3p was highly expressed in NRDS 
patients than that of healthy controls (Figure 
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2A). Meanwhile, miR-216a-3p expression was 
gradually decreased as the prolongation of cell 
differentiation of BMMSCs into ACE II cells 
(Figure 2B). To investigate the effect of miR-
216a-3p on BMMSCs differentiation, ELISA 
was applied to detect expression levels of in-
flammation-related factors in the culture me-

dium after overexpression or knockdown of 
miR-216a-3p, respectively. The overexpression 
of miR-216a-3p upregulated the expression 
levels of IL-1, TNF-α, and INF-α, whereas it 
downregulated the IL-10 level. Knockdown of 
miR-216a-3p obtained the opposite results (Fi-
gure 2C).

Figure 1. BMMSCs can be differentiated into ACE II cells. A, QRT-PCR results showed that the expressions of ACE II 
cell-specific transcription factors Occludin, KGF, CK18, SpA, SpB, and SpC were remarkably increased at 7 d and 14 d com-
pared to those detected at 1 d. B, Western blot showed that protein expressions of Occludin and CK18 were elevated at 7 d and 
14 d compared to those detected at 1 d. 
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MiR-216a-3p Regulated Wnt/β-Catenin 
Pathway

The effect of miR-216a-3p on regulating 
Wnt/β-catenin pathway was detected by qRT-
PCR. The results indicated that overexpres-
sion of miR-216a-3p in BMMSCs down-
regulated Wnt3a expression. MiR-216a-3p 

knockdown obtained the opposite results (Fi-
gure 3A). Similarly, after overexpression of 
miR-216a-3p in BMMSCs, DKK-1 expression, 
an antagonistic inhibitor of Wnt pathway, was 
elevated. The knockdown of miR-216a-3p re-
markably downregulated the DKK-1 expres-
sion (Figure 3B). 

Figure 2. MiR-216a-3p was highly expressed in NRDS. A, MiR-216a-3p was highly expressed in NRDS patients than that of 
healthy controls. B, MiR-216a-3p expression was gradually decreased as the prolongation of cell differentiation of BMMSCs 
to ACE II cells. C, Overexpression of miR-216a-3p upregulated expression levels of IL-1, TNF-α, and INF-α, whereas down-
regulated IL-10 level. Knockdown of miR-216a-3p obtained the opposite results.
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MiR-216a-3p Promoted NRDS 
Development by Inhibiting 
Wnt/β-Catenin Pathway

To further determine the effect of miR-216a-
3p on NRDS, qRT-PCR was performed to de-
tect expression levels of ACE II cell-specific 
transcription factors. The results showed that 
the overexpression of miR-216a-3p decreased 
the mRNA levels of Occludin, KGF, and CK18 
(Figure 4A). Similarly, Western blot showed 
that protein expressions of Occludin and CK18 
were downregulated after miR-216a-3p ove-
rexpression, which were partially reversed by 
the DKK-1 treatment (Figure 4B). Subsequent-
ly, ELISA results indicated that levels of IL-1, 
TNF-α, and INF-α were elevated, whereas IL-
10 level was reduced after miR-216a-3p ove-
rexpression, which was reversed by DKK-1 tre-
atment (Figure 4C).

Discussion 

ACE II cells account for about 60% of all 
alveolar epithelial cells, the main function of 
which are PS secretion and maintenance of al-
veolar stability28. ACE II, as progenitor cells, 
can differentiate into ACE I cells to repair da-
maged alveoli and maintain the integrity of nor-
mal lung structure29. The pathogenesis of NRDS 
mainly includes PS deficiency, decreased lung 
compliance, and severe hypoxia. Clinically, me-
chanical ventilation and exogenous pulmonary 
surfactant replacement therapy are the major op-
tions for treating NRDS. However, mechanical 
ventilation can cause a series of complications, 
and replacement therapy can only supplement 

PS for a short period of time. Therefore, it is ur-
gent to explore new treatments for NRDS.

BMMSCs are a kind of pluripotent stem cel-
ls expressing in the bone marrow. They have 
been well recognized because of their mul-
ti-differentiation potential, hematopoietic sup-
port, promotion of stem cell implantation, and 
self-replication. BMMSCs can differentiate into 
various tissues such as cartilage, myocardium, 
tendon, liver, and endothelium under different 
inductions. BMMSCs are preferred in clinical 
application due to their multiple advantages. 
It is reported30 that BMMSCs can differentia-
te into alveolar epithelial cells and participate 
in the growth and repair of lung tissue. The 
administration of exogenous or migratory en-
dogenous stem cells in the lung participates in 
the repair and reconstruction of damaged lung 
tissue. Besides, BMMSCs also have immunore-
gulatory and paracrine effects31, which are ide-
al therapeutic cells. Therefore, we speculated 
whether BMMSCs could be optimized to better 
directly differentiate into ACE II cells, thus al-
leviating NRDS. 

Wnt/β-catenin pathway is involved in cell pro-
liferation, differentiation, migration, and apop-
tosis32. Wnt/β-catenin pathway exerts its signifi-
cant biological role throughout the development 
of the lung33. There are several Wnt ligands and 
FZD receptors expressed during lung develop-
ment. Previous animal experiment34 also confir-
med that Wnt pathway can regulate the pulmo-
nary morphogenesis. Qiu et al35 suggested that 
Wnt pathway regulates lung stem cell expansion 
and self-renewal. Relative researches pointed out 
that the differentiation ability is regulated by Wnt 
pathway. For example, β-catenin is upregulated 

Figure 3. MiR-216a-3p regulated Wnt/β-catenin pathway. A, Overexpression of miR-216a-3p in BMMSCs downregulated 
Wnt3a expression. MiR-216a-3p knockdown obtained the opposite results. B, Overexpression of miR-216a-3p in BMMSCs 
elevated DKK-1 expression. Knockdown of miR-216a-3p remarkably downregulated DKK-1 expression. 
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Figure 4. MiR-216a-3p promoted NRDS development by inhibiting Wnt/β-catenin pathway. A, Overexpression of miR-216a-
3p decreased the mRNA levels of Occludin, KGF, and CK18. B, Western blot showed that protein expressions of Occludin and 
CK18 were downregulated after miR-216a-3p overexpression, which were partially reversed by DKK-1 treatment. C, ELISA 
results indicated that levels of IL-1, TNF-α, and INF-α were elevated, whereas IL-10 level was reduced after miR-216a-3p 
overexpression, which was reversed by DKK-1 treatment.
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during the differentiation of MSCs into lung epi-
thelial cells. Induction of lithium oxide can pro-
mote MSCs to differentiate into lung epithelial 
cells36. Wnt pathway stimulates SAGM-induced 
cell differentiation of mouse BMMSCs into ACE 
II cells37.

Conclusions

We showed that the knockdown of miR-216a-
3p induces differentiation of BMMSCs into ACE 
II cells through Wnt/β-catenin pathway, thereby 
alleviating NRDS.
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