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Abstract: Neonatal bronchopulmonary dysplasia (BPD) is one of the common causes of premature birth complica-
tions, which is caused by lung dysplasia. Long non-coding RNA (LncRNA) has been proved to be related to BPD and 
other disease processes, but the molecular mechanism of metastasis-related lung adenocarcinoma transcript 1 
(MALAT1) in BPD has not been fully understood. This study focused on exploring the clinical and molecular mecha-
nism of MALAT1 in neonatal BPD, aiming to provide new insights for the management of neonatal BPD. In our study, 
we first found that serum MALAT1 was up-regulated in neonatal BPD and severe BPD. Further, through receiver 
operating characteristic curve (ROC) analysis, it was found that the area under the curve of MALAT1 for differentiat-
ing neonatal BPD from severe BPD was 0.943 and 0.866, respectively. Then, we established BPD models in vivo 
and in vitro with C57BL/6J mice and BEAS-2B cells, and found that MALAT1 was also highly expressed in them and 
increased with the induction time of the models. Pathological evaluation confirmed that down-regulating MALAT1 or 
up-regulating miR-206 might improve the pathological condition of BPD. Obvious inflammatory response, oxidative 
stress and up-regulated apoptosis were observed in BPD models in vivo and in vitro. However, after MALAT1 knock-
down treatment, the above abnormal phenomena were alleviated to varying degrees. Furthermore, we also found 
that MALAT1 has a targeted relationship with miR-206, and miR-206 is down-regulated in BPD in vivo and in vitro. 
Down-regulating miR-206 could also eliminate the anti-BPD effect after knocking down MALAT1. The above results 
indicated that MALAT1 has the potential as a blood biomarker of neonatal BPD, and MALAT1-miR-206 axis mediates 
BPD process, which may be a new target for neonatal BPD treatment.
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Introduction

Bronchopulmonary dysplasia (BPD) is a com-
mon complication of premature birth, which 
poses a serious threat to the survival rate and 
quality of life of newborns [1]. Its typical feature 
is impaired alveolar development in neonates, 
but the specific molecular mechanism has not 
yet been clarified [2]. It is known that the devel-
opment of BPD can lead to multiple organ dis-
eases, and this negative effect will affect nearly 
half of extremely low-birth-weight infants, and it 
is also related to children’s lifelong long-term 
lung diseases and even abnormal neurological 
development [3, 4]. Therefore, exploring bio-
markers and molecular mechanisms of BPD is 
of great significance to improve the survival 
and prognosis of neonatal BPD, and it may pro-

vide reference for the diagnosis and treatment 
of neonatal BPD.

The pathological process of BPD involves in- 
flammation, oxidative stress and apoptosis. On 
the one hand, the increase of neutrophils and 
macrophages in the process of inflammatory 
reaction has a great negative impact on the 
lung injury caused by neonatal BPD, which will 
lead to the overactivity of proinflammatory fac-
tors, the imbalance of pulmonary proteolytic 
activity, and the increase of vascular permeabil-
ity [6]. On the other hand, the threat of oxidative 
stress to newborns is that it may lead to a series 
of oxygen free radical diseases, such as reti-
nopathy of prematurity, intraventricular hemor-
rhage and BPD [7]. Newborns have weak anti-
oxidant defense, and basically have no resis-

http://www.ajtr.org


Diagnosis and regulation of LncRNA-MALAT1 in neonatal BPD

463	 Am J Transl Res 2021;13(2):462-479

tance to the attack of oxygen free radicals. 
Moreover, oxidative stress can promote inflam-
matory reaction, further strengthen the secre-
tion of pro-inflammatory factors, damage the 
respiratory epithelium, and inactivate its sur-
factant [8, 9]. As for apoptosis, it is an inevita-
ble abnormal manifestation of cells in the pro-
gression of BPD. Inhibition of this is helpful to 
reverse the pulmonary abnormality of neonatal 
BPD, and plays a certain role in improving endo-
thelial cell function and vascular growth [10].

Long non-coding RNA (LncRNA) is a long-chain 
RNA molecule, which can reshape chromatin 
state by acting on chromatin and recruiting pro-
tein complexes, thus regulating gene expres-
sion [11]. LncRNA has played a regulatory role 
in many physiological and pathological pro-
cesses. For example, H19 can promote inflam-
matory response in the process of BPD by acti-
vating MAPK signaling pathway [12]. Another 
study pointed out that the role of metastasis-
related lung adenocarcinoma transcript 1 
(MALAT1) in lung inflammation and fibrosis  
during lung injury was related to the regulation 
of macrophage activation [13]. In addition, 
MALAT1 can also regulate the development of 
BPD disease, and can act on BPD process by 
targeting miR-129-5p and actively regulating 
HMGB1 [10]. In this study, we found MALAT1 is 
involved in another regulatory pathway of BPD 
pathogenesis, namely MALAT1-miR-206. First 
of all, we found that the existence of this path-
way in infantile hemangioma has certain influ-
ence on the proliferation, invasion and migra-
tion of endothelial cells [14]. Furthermore, miR-
206 was found to improve the development of 
BPD by targeting the inhibition of fibronectin 1 
(FN1).

In this study, we mainly explored the influence 
of MALAT1-miR-206 axis on inflammation, oxi-
dative stress and apoptosis during the develop-
ment of BPD, and analyzed the potential of 
MALAT1 as a biomarker of BPD, hoping to pro-
vide new cognition for the management of neo-
natal BPD.

Data and methods

Serum sample collection

Forty-five newborns diagnosed with BPD and 
40 non-BPD newborns in Zhoukou Central Hos- 
pital from December 2015 to December 2019 

were selected as BPD group and non-BPD 
group respectively. The diagnostic criteria were 
as follows [10]: oxygen therapy was still needed 
after 36 weeks of gestational age correction; 
there were typical BPD features in imaging 
examination, such as enhanced texture, de- 
creased permeability, emphysema, and cystic 
changes. We excluded all newborns with con-
genital heart disease, infectious diseases, 
pneumothorax or other lung diseases. The 
peripheral blood was collected within 6 hours 
after birth, and the samples were centrifuged 
at 1500×g, 4°C for 10 min, and then the serum 
was collected for subsequent experiments. For 
BPD group, it was further divided into severe 
group (n=16) and non-severe group (n=29). The 
diagnostic criteria for severe group were as fol-
lows [16]: newborns who need more than 30% 
of O2 or continuous positive airway pressure 
(CPAP)/mechanical ventilation after 36 weeks 
of gestational age correction. Our research has 
been approved by the Clinical Ethics Committee 
of our hospital, and the patients’ families have 
signed informed consent form.

Animals

Altogether 100 newborn C57BL/6J mice (Ch- 
angsheng Biotechnology Co., Ltd., Benxi, China) 
weighed 3.82±0.45 g were fed at 25°C with 
50% humidity for 12 h light/dark cycle. Our  
animal experiments were conducted in strict 
accordance with the guidelines for the care and 
use of experimental animals, and have been 
approved by the Animal Ethics Committee of 
Zhoukou Central hospital.

Construction of BPD in vivo model

In vivo model of BPD was established as des- 
cribed above [17]. Within 12 hours after birth, 
newborn mice placed in hyperoxia (85% O2) 
were taken as Ctrl group (n=50) and mice 
placed in indoor air (21% O2) were taken as BPD 
group (n=50) for 7 consecutive days. The peri-
toneum of these two groups of mice were in- 
jected subcutaneously with si-NC and MALAT1 
inhibitory sequence, miR-NC and miR-206 mi- 
metic, and the same amount of normal saline 
(0.9% NaCl). Then, they were randomly divided 
into Ctrl group, Ctrl+si-NC group, Ctrl+si-MA- 
LAT1 group, Ctrl+miR-NC group, Ctrl+miR-206 
group, BPD group, BPD+si-NC group, BPD+si-
MALAT1 group, BPD+miR-NC group and BPD+ 
miR-206 group. The mice were euthanized by 



Diagnosis and regulation of LncRNA-MALAT1 in neonatal BPD

464	 Am J Transl Res 2021;13(2):462-479

intraperitoneal injection of 5% pentobarbital 
sodium. The chest was opened and bled by 
endotracheal intubation, and the lung tissue 
was removed quickly. Then the left lung was 
sliced and fixed, and the right lung was frozen in 
liquid nitrogen and placed in a refrigerator at 
-80°C for later use.

In addition, according to the previous research 
method [18], it was also necessary to detect 
the mean linear intercept (MLI), radial bone 
alveolar count (RAC) and lung weight/body 
weight ratio (LW/BW), which respectively repre-
sent the average alveolar diameter, alveolar 
separation and alveolar generation, and the 
increase of cells and pulmonary edema.

Cell culture and construction of BPD model in 
vitro

Human lung epithelial cell line BEAS-2B 
(Chuanqiu Biotechnology Co., Ltd., Shanghai, 
China, HM084) was purchased and cultured  
in RPMI-1640 medium (Guduo Biotechnology 
Co., Ltd., Shanghai, China, GD-A509) at 37°C 
with 5% CO2, which contained 10% fetal bo- 
vine serum (FBS) (Lianshuo Biotechnology Co., 
Ltd., Shanghai, China, China) and 1% penicillin/
streptomycin (Guduo Biotechnology Co., Ltd., 
Shanghai, China, GD-Y1033). The cells were 
inoculated in a 6-well plate for incubation for 
24 hours, and then placed in RPMI-1640 medi-
um (containing 0.1% FBS) for 6 h. Then, cells 
incubated in indoor air for 6 hours were used as 
Con group, and cells incubated in high oxygen 
environment for 6 hours were used as Hyperoxia 
group [19].

Cell transfection

Cell transfection was carried out by Lipofec- 
tamine 2000 transfection reagent (Hengfei 
Biotechnology Co., Ltd., Shanghai, China, 11 
668019). Con+si-MALAT1 group, Con+si-NC 
group, Hyperoxia+si-MALAT1 group and Hype- 
roxia+si-NC group were transfected with si-
MALAT1 and si-NC on the basis of Con group 
and Hyperoxia group. In addition, in the co-
transfection experiment, the Hyperoxia+si-MA- 
LAT1 group was additionally transfected with 
inhibitor-NC or inhibitor.

RT-PCR

Total RNA of serum, lung tissue and BEAS-2B 
cells was extracted by TRIzol reagent (Yuduo 

Biotechnology Co., Ltd., Shanghai, China, YDJ- 
2531), and then reverse transcribed by reverse 
transcription kit (Xinyu Biotechnology Co., Ltd., 
Shanghai, China, 60906-10). qPCR was carried 
out for cDNA by SYBR Premix Ex TaqTM II kit 
(Yihui Biotechnology Co., Ltd., Shanghai, China, 
HRR041A-1). GAPDH was applied as internal 
reference for MALAT1, and U6 for miR-206. The 
relative gene expression was calculated by 
2-ΔΔCT.

Enzyme linked immunosorbent assay (ELISA)

The inflammatory indicators TNF-α, IL-1β and 
MCP-1 were detected by ELISA kits (Lvyuan 
Bode Biotechnology Co., Ltd., Beijing, China, 
mouse TNF-α, mouse IL-1β and mouse MCP-1), 
and the operation steps were strictly in accor-
dance with the instructions.

Determination of oxidative stress

Referring corresponding detection kits (Zhen 
Shanghai and Shanghai Industrial Co., Ltd., 
Shanghai, China, HZ-MDA-Ge, HZ-SOD-Ra), the 
activities of malondialdehyde (MDA) and super-
oxide dismutase (SOD) were detected, and the 
operation steps were strictly in accordance 
with the instructions.

TUNEL

The apoptosis of mouse left lung tissue was 
detected by TUNEL kit (Shanghai C-reagent 
Biotechnology Co. Ltd., Shanghai, China, CSX- 
9724). A 50 μL TUNEL reaction solution was 
added to mouse tissue slices, 50 μL peroxi-
dase was added after 50 min, incubated at 
37°C for 30 min, dyed with 100 μL diaminoben-
zidine (DAB) working solution for 10 min, re-
dyed with hematoxylin for 3 s, and sealed  
with neutral resin. Finally, 5 regions randomly 
selected from each group were observed by 
high power microscope and the apoptosis rate 
was calculated.

Determination of apoptosis

The apoptosis was determined by annexin V- 
fluorescein isothiocyanate (FITC)/propidium io- 
dide (PI) apoptosis detection kit (Xinfan Bio- 
technology Co., Ltd., Shanghai, China, XB2210-
100T). Cells were collected with 0.25% tryp- 
sin (Yuanye Biotechnology Co., Ltd., Shanghai, 
China, R20109), washed with phosphate bu- 
ffer (PBS) (Hengfei Biotechnology Co., Ltd., 
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Figure 1. Expression of serum MALAT1 in neonatal BPD. We detected the serum MALAT1 of neonatal BPD and 
normal newborns in the same period by RT-PCR, and found that the serum MALAT1 of neonatal BPD was evidently 
enhanced (A). We also visualized ROC curve for distinguishing neonatal BPD and normal newborns in the same pe-
riod, with an area under the curve as high as 0.943 (B). Note: ** indicates compared between two groups, P<0.01.

Figure 2. MALAT1 in severe BPD of newborn and its predictive value. MALAT1 in neonatal BPD serum was detected 
by RT-PCR. By further grouping the severity of BPD, we found that (A) the expression of MALAT1 in Non-Severe group 
was evidently lower than that in Severe group. (B) The area under the curve for MALAT1 to distinguish severe BPD 
was 0.866. Note: ** indicates compared with Non-Severe, P<0.01.

Shanghai, China, R22119), and then stained 
with 5 μL Annexin V-FITC and 5 μL PI for 30  
min in the dark at room temperature. Apop- 
tosis was analyzed by flow cytometry (Beijing 
Image Trading Co., Ltd., Beijing, China, AMG- 
0002051).

Detection of double luciferase reporter gene

Wild-type and mutant target fragments of 
MALAT1 were constructed and corresponding 
vectors (MALAT1-Wt, MALAT1-Mut) were estab-
lished by loading pGL3. miR-129-5p and miR-
NC were co-transfected into BEAS-2B cells. 
After transfection for 48 h, luciferase activity 
was determined according to the operating 
instructions of the dual luciferase reporter 

molecular assay system (Zeye Biotechnology 
Co., Ltd., Shanghai, China, 11402ZY60).

RNA immunoprecipitation (RIP) experiment

Magna RIP kit (Yihui Biological Technology  
Co., Ltd., Shanghai, China, MAGNARIP01-1) was 
applied for RIP analysis, and the experimental 
process was strictly in accordance with the 
instructions. The cells were lysed, incubated 
with protein A magnetic beads, and conjugated 
with antibodies (4°C). After 6 hours, the beads 
were washed and incubated with 0.1% SDS and 
0.5 mg/ml proteinase K at 55°C for 30 min. 
Finally, RT-qPCR was performed for the purified 
RNA with gene-specific primers to verify the 
target.
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Pathological assessment

We mainly assessed the morphology of the left 
lung of mice by HE dying. The positive expres-
sion rate of Ki67 or platelet endothelial cell 
adhesion molecule-1 (CD31) protein was de- 
tected by immunohistochemistry.

Statistical analysis

The experiments were carried out independent-
ly and repeatedly for three times. The data were 

BPD (Figure 1A), and the area under the cu- 
rve for identifying neonatal BPD was 0.943 
(Figure 1B), with sensitivity and specificity of 
80.00% and 95.00%, respectively, suggesting 
that MALAT1 had great potential as a biomark-
er of BPD. See Figure 1.

Serum MALAT1 was associated with severe 
BPD in neonates

We also explored whether MALAT1 responded 
to BPD. The data showed that MALAT1 was evi-

Figure 4. HE staining was used to evaluate the effect of MALAT1 on lung tis-
sue of BPD model in vivo. Scale: 15 μm; Magnification: 400.

Figure 3. MALAT1 expression in BPD model. RT-PCR was used to detect the expression of MALAT1 in BPD in vivo 
model (A) or in vitro model (B) at different induction time, and MALAT1 was abnormally up-regulated in BPD model. 
Note: ** indicates compared with Ctrl or Con, P<0.01; a indicates compared with 0 d, P<0.05.

analyzed by SPSS 17.0 and 
represented by mean ± stan-
dard deviation. The differenc-
es of the data were analyzed 
by student t-test or 2-way 
ANOVA, and evaluated by re- 
ceiver operating characteris-
tic curve (ROC). P<0.05 was 
considered to have statistical 
differences.

Result

Serum MALAT1 was up-regu-
lated in neonatal BPD

To understand whether MAL- 
AT1 as a serum index can indi-
cate the abnormality of BPD, 
we compared the serum MA- 
LAT1 between neonatal BPD 
and normal newborns at the 
same time. The results sh- 
owed that serum MALAT1 was 
highly expressed in neonatal 
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dently higher in severe BPD than in non-severe 
BPD (Figure 2A), suggesting that MALAT1 may 
be helpful to indicate the condition of BPD. In 
addition, we also found that the area under the 
curve was 0.866 (Figure 2B), and the sensitivi-
ty and specificity were 79.31% and 100.00%, 
respectively, indicating that it may also have 
better value in distinguishing severe BPD. See 
Figure 2.

MALAT1 was also up-regulated in BPD in vivo 
and in vitro

We also verified the expression of MALAT1 in 
BPD model. The results showed that MALAT1 
was evidently up-regulated in BPD models both 
in vivo (Figure 3A) and in vitro (Figure 3B), and 
this up-regulation was strengthened with the 
induction time of the model. This suggested 
that it may be highly responsive to the occur-

(Figure 7) and the positive expression rate of 
Ki67 (Figure 8) or CD31 (Figure 9) protein in 
different degrees (Figure 10C, 10D). All the 
above results indicated that knocking down 
MALAT1 or up-regulating miR-206 could treat 
or improve the disease progression of BPD in 
different degrees. See Figures 4-10.

Knocking down MALAT1 had protective effect 
on BPD in vivo model

In order to further understand the specific 
mechanism of MALAT1 in BPD, we explored in 
vivo and in vitro. At first, we realized the con-
struction of MALAT1 knock-down model by 
injecting si-MALAT1 into BPD in vivo model 
(Figure 11A). Then, we measured MLI, RAC and 
LW/BW to evaluate the degree of alveolization 
and lung injury in each group of mice. Compared 
with Ctrl group, MLI (Figure 11B) and LW/BW 

Figure 5. Immunohistochemical analysis of MALAT1 on the positive expres-
sion rate of Ki67 protein in BPD model in vivo. Scale: 15 μm; Magnification: 
400.

rence and progression of 
MALAT1. See Figure 3.

Pathological effects of 
MALAT1-miR-206 axis on 
BPD model in vivo

In order to explore the role  
of MALAT1-miR-206 axis, we 
evaluated the lung tissue of 
BPD model in vivo. HE dying 
analysis showed that com-
pared with Ctrl+si-NC or Ctrl+ 
si-MALAT1 group, the number 
of alveoli in BPD+si-NC group 
increased evidently, and the 
alveolar space and fusion de- 
creased evidently, while th- 
ose in BPD+si-MALAT1 group 
improved evidently (Figure 4). 
Immunohistochemical analy-
sis showed that the positive 
expression rate of Ki67 (Fig- 
ure 5) or CD31 protein (Figure 
6) in BPD+si-NC group was 
evidently lower than that in 
Ctrl+si-NC or Ctrl+si-MALAT1 
group, while the above index-
es were evidently up-regulat-
ed in BPD+si-MALAT1 group 
(Figure 10A, 10B). The abo- 
ve results were the same in 
miR-206, that is, BPD+miR- 
206 group could alleviate the 
pathological results of alveoli 
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(Figure 11C) in BPD group increased evidently, 
while RAC (Figure 11D) decreased evidently, 
and BPD+si-NC group had similar results. In 
addition, Ctrl+si-NC group and Ctrl+si-MALAT1 
group had similar results with Ctrl group. In 
BPD+si-MALAT1 group, the above indexes were 
evidently reversed, that is, MLI and LW/BW 
decreased and RAC increased. On the other 
hand, we also explored the effects of knoc- 
king down MALAT1 on inflammation, oxidative 
stress and apoptosis of BPD model in vivo. 
Compared with Ctrl group, TNF-α (Figure 11E), 
IL-1β (Figure 11F) and MCP-1 (Figure 11G) in 
BPD group were evidently higher, MDA (Figure 
11H) was evidently higher, SOD (Figure 11I) 
was evidently lower, and apoptosis level was 
evidently improved (Figures 11J, 12). However, 
under the influence of si-MALAT1, the above 
indexes were evidently improved. All the above 
results suggested that knocking down MALAT1 

were similar. All the results showed that knock-
ing down MALAT1 also had a certain degree of 
protection in vitro for BPD model in vitro, which 
is mainly reflected in relieving inflammation, 
oxidative stress and apoptosis. See Figure 13.

MALAT1 had a targeted relationship with miR-
206

In order to further explore the protective me- 
chanism of knocking down MALAT1 on BPD 
model, we carried out relevant biological an- 
alysis. There were potential conservative bind-
ing sites between them through StarBase 
(Figure 14A). In the results of double luciferase 
gene report, miR-206 had a significant inhibi-
tory effect on MALAT1-Wt, but had no signifi-
cant effect on MALAT1-Mut (Figure 14B). In RIP 
analysis, Ago2 had great recruitment ability for 
both (Figure 14C). In addition, the expression 

Figure 6. Immunohistochemical analysis of MALAT1 on the positive expres-
sion rate of CD31 protein in BPD model in vivo. Scale: 15 μm; Magnification: 
400.

was helpful to improve alveo-
larization, lung injury, inflam-
mation, oxidative stress and 
apoptosis of BPD model in 
vivo. See Figures 11 and 12.

Knocking down MALAT1 haD 
protective effect on BPD 
model in vitro

We explored the effect of 
knocking down MALAT1 on 
BPD model in vitro. Firstly, we 
realized the down-regulation 
of MALAT1 by transfecting si-
MALAT1 (Figure 13A). Com- 
pared with Con group, TNF- 
α (Figure 13B), IL-1β (Figure 
13C), IL-1β (Figure 13D) and 
other inflammatory cytokines 
in Hyperoxia group increased 
evidently, MDA (Figure 13E) 
increased evidently, SOD (Fig- 
ure 13F) decreased evidently 
and apoptosis level increased 
evidently (Figure 13G). How- 
ever, all the above indexes  
in Hyperoxia+si-MALAT1 gro- 
up improved to varying de- 
grees. In addition, the resu- 
lts of Con+si-NC group and 
Con+si-MALAT1 group were 
similar to Con group, and  
the results of Hyperoxia+si-
NC group and Hyperoxia group 
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Figure 8. Immunohistochemical 
analysis of the effect of miR-206 
on the positive expression rate 
of Ki67 protein in BPD model in 
vivo. Scale: 15 μm; Magnification: 
400.

Figure 7. HE staining was used to evaluate the effect of miR-206 on lung tis-
sue of BPD model in vivo. Scale: 15 μm; Magnification: 400.

of miR-206 was negatively 
regulated by MALAT1, and the 
expression of miR-206 was 
obviously up-regulated in cells 
transfected with si-MALAT1 
(Figure 14D). miR-206 was 
detected to be evidently do- 
wn-regulated in BPD in vivo 
and in vitro (Figure 14E). The 
above results suggested that, 
firstly, miR-206 had a target-
ed relationship with MALAT1. 
Second, miR-206 may be re- 
lated to the occurrence and 
development of BPD. See Fig- 
ure 14.

Down-regulation of miR-206 
could counteract the anti-
BPD effect of knocking down 
MALAT1

In order to understand the 
specific molecular mechani- 
sm of MALAT1-miR-206 axis 
in BPD, we also conducted si- 
milar in vitro studies. At fir- 
st, we down-regulated the ex- 
pression of miR-206 by trans-
fecting inhibitor, and we fo- 
und that the expression of 
miR-206 after co-transfection 
of inhibitor+si-MALAT1 was al- 
most the same as that of in- 
hibitor-NC group (Figure 15A), 
which indicated that the ex- 
pression of miR-206 was reg-
ulated by MALAT1 and con-
firmed the targeted regulation 
relationship between them. 
Then, we also explored from 
inflammation, oxidative stress 
and apoptosis. Compared wi- 
th Hyperoxia+si-MALAT1 gro- 
up or Hyperoxia+si-MALAT1+ 
inhibitor-NC group, the impro- 
vement of inflammation (Fig- 
ure 15B-D), oxidative stress 
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(Figure 15E, 15F) and apoptosis (Figure 15G) 
in Hyperoxia+si-MALAT1+inhibitor group was 
eliminated to varying degrees, and the above 
three indexes all developed towards Hypero- 
xia+si-NC group. The above results indicated 
that down-regulation of miR-206 could also 
eliminate the anti-BPD effect in vitro after 
knocking down MALAT1. In conclusion, knock-
ing down MALAT1 has different therapeutic 
effects on BPD model, such as anti-inflamma-
tory, anti-oxidative stress and anti-apoptosis, 
and this protective mechanism is mediated by 
miR-206, that is, MALAT1-miR-206 axis may 
become a new therapeutic target for BPD. See 
Figure 15.

Discussion

Pulmonary hypoplasia caused by BPD may 
cause respiratory insufficiency, which is the 

lating miR-204-ZEB1 axis [22]. In this study, we 
found that MALAT1, as a serum marker, was 
evidently up-regulated in neonatal BPD, and in 
severe BPD, relatively non-severe BPD was also 
up-regulated, indicating that MALAT1 may have 
a certain response to this disease. It is known 
that MALAT1 exists in various tissues of human 
body to varying degrees, and is most active in 
lung [23]. Although it can protect premature 
infants with BPD to a certain extent, it will fur-
ther activate inflammatory micro-environment 
and worsen BPD by up-regulating high mobility 
group box 1 protein (HMGB1) during the devel-
opment of BPD [10]. Furthermore, the area 
under the curve of MALAT1 for differentiating 
neonatal BPD from severe BPD was 0.943 and 
0.866, respectively, suggesting that MALAT1 
may be used as a biomarker for screening BPD 
and predicting severe BPD. It is reported that 
MALAT1 is also evidently up-regulated in non-

Figure 9. Immunohistochemical analysis of miR-206 on the positive expres-
sion rate of CD31 protein in BPD model in vivo. Scale: 15 μm; Magnification: 
400.

main cause of perinatal mor-
bidity and mortality of new-
borns [20]. At present, BPD 
has become a difficult prob-
lem in the treatment of new-
born premature infants, and 
the research on molecular le- 
vel is not yet clarified. There- 
fore, it is of great value to 
explore the biomarkers and 
molecular mechanism of BPD 
for improving the outcome of 
BPD.

LncRNA participates in the 
pathogenesis of many human 
diseases by mediating various 
molecular mechanisms, and 
also has a certain regulatory 
effect on the physiological 
and pathological process of 
the lung. For example, in ch- 
ronic obstructive pulmonary 
disease, maternal expression 
gene 3 (MEG3) is evidently 
over-expressed, and the apo- 
ptosis of human pulmonary 
microvascular endothelial ce- 
lls is further promoted by up-
regulating the expression of 
pro-apoptotic protein [21]. In 
addition, MALAT1 could pro-
mote epithelial-mesenchymal 
transition (EMT) induced by 
respiratory particles by regu-
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Figure 10. Statistical analysis results of Ki67 and CD31 protein positive expression rate in BPD in vivo model. The effects of MALAT1 and miR-206 on the positive 
expression rate of (A, C) Ki67 and (B, D) CD31 protein in BPD models were detected by immunohistochemistry. Note: * indicates compared with Con or Ctrl, P<0.05; 
** indicates P<0.01; a indicates compared with BPD or Hyperoxia, P<0.05.
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Figure 11. Effect of knocking down MALAT1 on BPD in vivo model. At first, we tested the transfection efficiency of MALAT1 by RT-PCR (A), and successfully realized 
the knock-down model of MALAT1 by transfecting si-MALAT1 to BPD in vivo model. Then, seven days after the intervention of si-MALAT1, we measured (B) MLI, (C) 
RAC and (D) LW/BW of each group, and measured the inflammatory indexes such as (E) TNF-α, (F) IL-1β and (G) MCP-1 in serum of each group by ELISA. (H) MDA, 
(I) SOD and other oxidative stress indexes were detected by the corresponding detection kit, and the apoptosis level was measured by (J) TUNEL. Note: * indicates 
compared with Ctrl, P<0.05; ** indicates P<0.01; a indicates compared with BPD, P<0.05.
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small cell lung cancer (NSCLC), and can be 
used as a prognostic biomarker to predict the 
survival of patients [24]. In cell experiment, we 
established BPD models in vivo and in vitro 
with C57BL/6J mice and BEAS-2B cells and 
found that MALAT1 was up-regulated in BPD 
models in vivo and in vitro, and the expression 
increased with the induction time of the mo- 
del. Our research data showed that up-regula-
tion of miR-206 or down-regulation of MALAT1 
improved the pathological condition of BPD in 
vivo model, which is mainly reflected in the 
improvement of alveolar pathological condition 
and the up-regulation of Ki67 and CD31 protein 
positive expression rate. Ki67 is a nuclear anti-
gen, which is related to cell proliferation, and is 
beneficial to reflect the replication ability of 
cells [25]. However, CD31 is a marker of endo-
thelial cells, and its expression level will be 

can evidently promote the vitality and inflam-
matory response of BEAS-2B cells. The above 
reports were different from our research re- 
sults, but there is no doubt that MALAT1 has 
certain molecular influence on BPD process.

miRNA is a short-chain RNA molecule, which 
can regulate gene expression like LncRNA, and 
then affect the physiological and pathologi- 
cal process of the body [27]. It is known that 
miRNA can be regulated by LncRNA sponge and 
participate in the pathological process of vari-
ous lung diseases. For example, knocking down 
XIST can inhibit the survival and metastasis of 
NSCLC cells by up-regulating miR-144-3p [28]. 
PVT1 regulates asthma induced by respiratory 
syncytial virus by targeting miR-203a, and me- 
diates α asarone-mediated protective mecha-
nism [29]. In our study, MALAT1 had a targeted 

Figure 12. TUNEL method was used to explore the effect of knocking down 
MALAT1 on apoptosis level of BPD model cells in vivo. Scale: 15 ����������μm��������; Magni-
fication: 400.

inhibited when exposed to hi- 
gh oxygen, which will strength-
en the process of endothelial-
mesenchymal transition and 
is not conducive to the rever-
sal of BPD [26]. On the other 
hand, obvious inflammatory 
reaction, oxidative stress and 
evidently up-regulated apop-
tosis were observed in BPD 
models in vivo and in vitro. In 
addition, we also found in 
BPD mice that MLI and LW/
BW increased, while RAC dec- 
reased evidently. However, af- 
ter MALAT1 knockdown treat-
ment, the above abnormal 
phenomena were alleviated 
to varying degrees. We also 
found the regulatory mecha-
nism of MALAT1 in BPD in dif-
ferent reports. In the research 
of Cai et al. [2], MALAT1 was 
highly expressed in the lung 
tissue of BPD mice and the 
blood of premature infants, 
and its up-regulation could 
play a protective role by inhi- 
biting apoptosis. Yangi et al. 
[10] pointed out that there  
is a process of controlling 
BPD by MALAT1-miR-129-5p-
high mobility group protein 1 
(HMGB1) molecular network, 
and up-regulation of MALAT1 
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Figure 13. Effect of knocking down MALAT1 on BPD model in vitro. We also tested the transfection efficiency of MALAT1 in BPD in vitro model by RT-PCR (A), and 
successfully down-regulated MALAT1 in BPD in vitro model by transfection of si-MALAT1. Then, we measured the inflammatory indexes such as (B) TNF-α, (C) IL-1β 
and (D) MCP-1 in serum of each group by ELISA, detected the oxidative stress indexes such as (E) MDA and (F) SOD by corresponding detection kits, and tested 
the apoptosis level by flow cytometry (G). Note: * indicates compared with si-NC/Con, P<0.05; ** indicates P<0.01; a indicates compared with Hyperoxia, P<0.05.
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Figure 14. Relationship between MALAT1 and miR-206. The relationship between miR-206 and MALAT1 was confirmed by (A) StarBase, and further verified by (B) 
double luciferase report and (C) RIP analysis. In addition, we also detected the expression of miR-206 under the influence of (D) MALAT1 and in (E) BPD model in 
vitro and in vivo by RT-PCR. Note: ** indicates compared with miR-NC/si-NC/IgG/Ctrl/Con, P<0.01; a indicates compared with si-MALAT1, P<0.05.
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relationship with miR-206, and miR-206 was 
down-regulated in BPD in vivo and in vitro. 
Previous studies have shown that miR-206 
plays a regulatory role in BPD models in vivo 
and in vitro, and can target fibronectin 1 (FN1) 
to influence the progress of BPD [30]. FN1 is a 
glycoprotein that can regulate the remodeling 
of extracellular matrix (ECM), and the abnormal 
remodeling of ECM is involved in the pathogen-
esis of BPD [15]. Based on the above research, 
the results of up-regulating miR-206 or knock-
ing down MALAT1 suggested that this may have 
a certain therapeutic effect on neonatal BPD, 
and developing corresponding biological agents 
may be a good treatment choice. In addition, 
we also conducted a co-transfection study at 
last. In short, down-regulation of miR-206 can 
also eliminate the anti-BPD effect of knocking 
down MALAT1, which threatens the anti-inflam-
matory, anti-oxidative stress and anti-apopto-
sis effect of knocking down MALAT1 to varying 
degrees. This further indicated that MALAT1-
miR-206 axis can regulate the development of 
BPD and can be used as a new therapeutic 
target.

Although our research has confirmed that 
MALAT1 can not only be used as a biomarker of 
neonatal BPD, knocking down its expression is 
also beneficial to inhibit the course of BPD. 
However, there is still room for improvement in 
our research. First of all, we can supplement 
the downstream molecular mechanism of miR-
206 and further supplement the relevant regu-
latory factors. Secondly, we can increase the 
analysis of influencing factors of adverse prog-
nosis of neonatal BPD, and explore the poten-
tial application of MALAT1 in it. We will conduct 
supplementary research based on the above 
points in the future.

To sum up, MALAT1 can be used as a biomarker 
for screening and predicting the condition of 
neonatal BPD. We also proposed for the first 
time that MALAT1-miR-206 axis can regulate 
the development of BPD, and clarified its 
molecular mechanism, which may provide a 
new treatment direction for neonatal BPD.
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