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Abstract
Background: This study aimed to explore the function of long noncoding RNA H19 (H19) on pulmonary
injury, in�ammation and �brosis in lipoproteins (LPS)-induced acute respiratory distress syndrome
(ARDS) rats.

Methods: The LPS-induced ARDS rat model was established by intratracheal instillation with 2 mg/kg
LPS. QRT-PCR was performed to detect the expression of H19, miR-423-5p, tumor necrosis factor-α (TNF-
α), interleukin (IL)-1β, IL-6,, monocyte chemoattractant protein (MCP)-1 and vascular endothelial growth
factor (VEGF). Histology score was detected by hematoxylin-eosin (HE) staining. Enzyme-linked
immunosorbent assay (ELISA) was used to detect the levels of proin�ammatory cytokines and the
concentration of VEGF in bronchoalveolar lavage �uid (BALF). The protein expression of �ber factors was
measured by western blot. The degree of �brosis was observed by masson-trichrome staining. Dual-
luciferase reporter assay was used to determine the binding site between miR-423-5p and H19.

Results: The expression of H19 was signi�cantly increased, while miR-423-5p was decreased in LPS-
induced ARDS rats. Silencing of H19 decreased the mRNA expression of TNF-α, IL-1β, IL-6, MCP-1 and
VEGF in LPS-induced ARDS rats, and decreased the levels of TNF-α, IL-1β, IL-6and the concentration of
VEGF in BALF, histology score of LPS-induced ARDS rats. H19 inhibition also decreased the �brosis score
and the proteins expression of �ber factors of LPS-induced ARDS rats. Furthermore, miR-423-5p
eliminated the effect of H19 on LPS-induced MH-S cells.

Conclusions: Silencing of H19 ameliorated the pulmonary injury, in�ammation and �brosis of LPS-
induced ARDS through regulating miR-423-5p, which may be a promising therapeutic strategy to treat
ARDS.

Background
Acute respiratory distress syndrome (ARDS) is characterized by severe hypoxaemia, pulmonary
in�ammation, alveolar edema and pulmonary �brosis [1]. ARDS has a mortality of 20%~50% with poor
prognosis worldwide [2]. ARDS patients require mechanical ventilatory support that carries a high
�nancial cost [3]. There are extremely few effective treatments for ARDS mainly due to its complex
pathogenesis and timely diagnosis except lung preservation strategies [4, 5]. Herein, it is necessary to
explore new strategies or promising biomarkers for ARDS treatment and diagnosis.

Long noncoding RNAs (lncRNAs) are a class of noncoding RNA transcripts with a minimum length of 200
nucleotides and limited protein-coding capacity [6, 7]. Increasing researches demonstrate that lncRNAs
could take part in the pathogenesis of many pulmonary diseases, such as lncRNA MALAT1 in acute lung
injury (ALI) [8], lncRNAPCAT29 in pulmonary �brosis [9] and lncRNA TUG1 in chronic obstructive
pulmonary disease [10]. LncRNA H19 (H19) as one of the lncRNAs has been found to be involved in
several pulmonary diseases. For instance, knockdown of H19 alleviates pulmonary �brosis through
regulating the miR-196a/COL1A1 axis [11]. Zhang et al. suggested that H19 can promote epithelial
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mesenchymal transition (EMT) in lung cancer through targeting miR-484 [12]. However, the underlying
mechanism and biological in�uence of H19 in the regulation of ARDS progression remain still limited.

LncRNAs modulate the expression of mRNAs via regulating its translation and degradation through
interacting with microRNAs (miRNAs) [13]. MiRNAs are series of small, noncoding RNAs with a length of
1825 nt [14]. Numerous studies have proved the key function of miRNAs in the progresses of ALI. MiR-
27a alleviates the in�ammatory responses of pulmonary in LPS-induced ALI via regulating
TLR4/MyD88/NF-κB pathway [15]. Overexpression of miR-125b ameliorates the in�ammation and
histopathology changes of pulmonary in LPS-induced ALI [16]. MiR-144-3p protects mice from LPS-
induced ALI via reducing lung epithelial cell apoptosis [17]. ARDS is a severe clinical syndrome of ALI,
and affects both surgical and medical patients [18]. However, the mediatory relationship between H19
and miR-423-5p on ARDS remains unclear.

Here, we determined the function of H19 on the pulmonary injury, in�ammation and �brosis in
lipoproteins (LPS)-induced ARDS rats. We found that miR-423-5p is a target gene of H19. Then we
explored the regulatory effect of miR-423-5p on the expression of proin�ammatory cytokines, CAMs,
chemotactic factors, VEGF and the proteins expression of �ber factors in LPS-induced MH-S cells. Our
research may discover a hopeful therapeutic target for ARDS, and broaden our horizons of the underlying
mechanisms responsible for ARDS treatment.

Methods

Animals
Twenty male wistar rats (180 ± 20 g) were purchased from Institute of Zoology, Chinese Academy of
Sciences (Beijing, China). Rats were fed standard chow and water, and maintained under the light/dark
cycle (12 h/12 h). This study was performed with the approval of our hospital Animal Ethics Committee.

LPS-induced ARDS model in rats
LPS-induced ARDS rat model was established by intratracheal instillation with 2 mg/kg LPS (Sigma-
Aldrich, St. Louis, MO, USA) and were divided into ARDS, ARDS + sh-negative control (NC) and ARDS + sh-
H19 group (5 rats in each group). ARDS rats were then intravenously injected with 2 × 107 TU/ml sh-H19
(ARDS + sh-H19 group) or 2 × 107 TU/ml sh-NC (ARDS + sh-NC group) at 48 h post LPS induction. After
24 h of treatment, rats were anesthetized with 50 mg/kg pentobarbital sodium and sacri�ced by cervical
dislacation. Sham group rats (n = 5) were intratracheally instilled with an equal volume of normal saline
(NS). Blood samples, lung tissues and bronchoalveolar lavage �uid (BALF) were collected for the future
experiments.

Histopathology detection by hematoxylin-eosin (HE)
staining
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Lung samples were �xed in 4% paraformaldehyde for 24 h, embedded in para�n, cut into sections at
6 µm thickness, and stained with HE staining. By means of light microscopy, the histopathological
change of lung tissues was observed. The histology score of lung tissues was evaluated as previously
described [19].

Analysis of arterial blood gas and ratio of lung wet/dry
(W/D) weight
Samples of arterial blood were obtained from carotid artery. Partial pressure of arterial oxygen (PaO2)
and partial pressure of arterial carbon dioxide (PaCO2) were detected by automatic blood gas analyzer
(Radiometer, Copenhagen, Denmark). Lungs were weighed and subsequently dried in a 60 °C oven for 72
hours. The ratio of lung W/D weight represented tissue edema.

Assay of BALF
BALF collection was performed through lavaging the lungs and airways three times with NS. The levels of
total protein (TP), tumor necrosis factor-α (TNF-α), interleukin (IL)-1β and IL-6 in BALF were examined
using enzyme-linked immunosorbent assay (ELISA) kits (R&D systems, Inc., Mineapolis, USA).

Cell culture
MH-S and MLE-12 cells were obtained from American Type Culture Collection (ATCC). All cell lines were
cultured in Roswell Park Memorial Institute (RPMI)-1640 (GIBCO, Erie, NY, USA) with 10% fetal bovine
serum (FBS, Invitrogen, Carlsbad, NY, USA) at 37 °C containing 5% CO2.

Cell transfection
The si-H19, si-NC, miR-423-5p inhibitor and inhibitor negative control (INC) were obtained from Shanghai
Genepharma (Shanghai, China). MH-S and MLE-12 cells were stimulated with 100 ng/ml LPS for 24 h.
Then, MH-S and MLE-12 cells were transfected with above agents using Lipofectamine 3000 reagent
(Invitrogen).

Western blot
Lung tissues were lysed by ice-cold lysis buffer to obtain total protein. The concentrations of total protein
were detected by bicinchoninic acid (BCA) protein concentration assay kit (Pierce, Rockford, IL, USA).
Protein samples were separated in sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), and transferred onto polyvinylidene �uoride (PVDF) membrane. Then membranes were incubated
with primary antibody overnight at 4 °C. The antibodies used in this study were as follows: anti-β-actin
(1:1000, ab8227, Abcam, Cambridge, MA, USA), anti-vimentin (1:1000, ab92547, Abcam), anti-α-smooth
muscle actin (α-SMA) (1:1000, ab124964, Abcam) and anti-E-cadherin (1:1000, ab76319, Abcam). The
membranes were then incubated with horseradish peroxidase (HRP)-labeled goat anti-rabbit IgG (1:5000,
ab6712, Abcam) secondary antibody for 1 h at room temperature. Finally, the protein bands were
visualized by enhanced chemiluminescence (ECL) exposure solution, and quanti�ed by a gel imaging
system (UVP, Upland, CA, USA). β-actin was introduced as the internal reference.
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Quantitative real time polymerase chain reaction (qRT-PCR)
The expression of H19, miR-423-5p, TNF-α, IL-1β, IL-6, intercellular adhesion molecule (ICAM)-1, vascular
cell adhesion molecule (VCAM)-1, monocyte chemoattractant protein (MCP)-1 and vascular endothelial
growth factor (VEGF) was detected by qRT-PCR. The total RNA of cells and tissues was extracted using
TRIZOL reagent (Invitrogen) and was reverse-transcribed into cDNA by Takara PrimeScript RT reagent kit
(Takara, Otsu, Japan). PCR reaction was performed on ABI 7500HT Fast Real-Time PCR System (Applied
Biosystems, Waltham, MA, USA) with the following conditions: 95 °C for 3 min, 40 cycles of 95 °C for 15 s
and 60 °C for 30 s. Relative expression was calculated by the 2−ΔΔCt method. U6 and β-actin were used
for the normalization. The primer sequences were shown in Table 1.
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Table 1
Primer sequences used in quantitative real-time PCR

Name of primer Sequences(5’-3’)

VEGF-F GTAACGATGAAGCCCTGGAGTG

VEGF-R CGTCTGCGGATCTTGGACAAAC

β actin-F TGCTGTCCCTGTATGCCTCTG

β actin-R CTTTGATGTCACGCACGATTT

IL-6-F GGAAATCGTGGAAATGAG

IL-6-R AGGACTCTGGCTTTGTCT

IL-1β-F GCCCTAAACAGATGAAGTGCTC

IL-1β-R GAACCAGCATCTTCCTCAG

ICAM)-1-F CAAACGGGAGATGAATGG

ICAM-1-R TGGCGGTAATAGGTGTAAAT

VCAM-1-F CGGTCATGGTCAAGTGTTTG

VCAM-1-R GAGATCCAGGGGAGATGTCA

MCP-1-F ATGCAGGTCTCTGTCACGCT

MCP-1-R GGTGCTGAAGTCCTTAGG

H19-F GAATTCAGTTAGAAAAAGCCCGGGCT

H19-R GCGGCCGCTTTGCTGTAACAGTGTTTATTG

miR-423-5p-F GGGAGCAAGATGGCGATTC

miR-423-5p-R CCCTCAAACTTCGGGCTTC

U6-F TGCGGGTGCTCGCTTCGGCAGC

U6-R CCAGTGCAGGGTCCGAGGT

Note: VEGF: vascular endothelial growth factor; ICAM-1: intercellular adhesion molecule-1; VCAM-1:
vascular cell adhesion molecule-1; (MCP)-1: monocyte chemoattractant protein-1.

Immunohistochemistry
Sections of lung tissue were dewaxed in xylene, dehydrated in graded alcohol, and incubated in 3% H2O2

for 0.5 h. The sections were blocked with normal goat serum, followed by anti-vascular endothelial
growth factor (VEGF) (1:100; ab185238, Abcam) antibody incubation. Then the sections were incubated
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with HRP-labeled goat-anti rabbit IgG (1:1000, ab6721, Abcam) secondary antibody.
Immunohistochemistry was captured by a digital microscope (Nikon Eclipse 80i, Nikon, Tokyo, Japan).

Masson-trichrome staining
The 6-µm thickness para�n-embedded tissues sections of lung were stained with masson-trichrome. The
ratio of �brotic area was observed using light microscopy and the �brosis score was graded as previously
described: 0, absent, appears normal (−); 1, light (+); 2, moderate (++); 3, strong (+++); 4, intense (++++)
[20].

Dual-luciferase reporter assay
The potential binding sites of miR-423-5p and H19 were predicted according to StarBase3.0. The H19-Wt
and H19-Mut were cloned and combined with psiCHECK-2 vectors (Promega, Madison, WI, USA). H19-Wt
or H19-Mut was co-transfected with mimics-NC or miR-423-5p mimics (Shanghai Genepharma) into MLE-
12 cells with Lipofectamine 3000 (Invitrogen). The luciferase activity was detected by Dual-luciferase
reporter gene assay system (Promega).

Statistical analysis
Statistical analysis was performed with SPSS 23.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism
software 7.0 (San Diego, CA, USA). Data was presented as mean ± SD. The differences between various
groups were analyzed by one-way ANOVA followed by the multiple comparisons test. The data of two
groups were assessed using Student’s t-test. A P value < 0.05 was considered statistically signi�cant.

Results

Silencing of H19 alleviates pulmonary injury of LPS-induced
ARDS
LPS-induced ARDS model in rat was established by induction of LPS. QRT-PCR showed that the
expression of H19 was markedly up-regulated in the ARDS group (P < 0.01) (Fig. 1A). As shown in Fig. 1B,
the expression of H19 was markedly down-regulated in the ARDS + sh-H19 group compared with the
ARDS group (P < 0.001), suggesting that the transfection was succeed, and the transfection of sh-H19
markedly down-regulated the relative expression of H19. The histopathological change and histology
score of lung tissues were observed by HE staining. Compared with the sham group, the in�ammatory
cells in�ltration and interstitial edema were obviously in the ARDS group. Treatment with sh-H19
markedly alleviated the in�ammatory cells in�ltration and interstitial edema (Fig. 1C). By contrast to the
sham group, the histology score was markedly elevated in the ARDS group (P < 0.001) (Fig. 1D). Silencing
of H19 markedly reduced the histology score of lung tissues (P < 0.01) (Fig. 1D). Additionally, the level of
blood PaO2 was markedly reduced and PaCO2, ratio of lung W/D weight and lung edema score were
increased in the ARDS group comparing with the sham group (P < 0.001) (Fig. 1E-H). H19 inhibition
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markedly elevated PaO2 level and decreased PaCO2, ratio of lung W/D weight and lung edema score (P < 
0.05 or P < 0.01) (Fig. 1E-H).

H19 inhibition attenuates pulmonary in�ammation of LPS-
induced ARDS rats
To evaluate the effect of H19 inhibition on pulmonary in�ammation of LPS-induced ARDS rats, we
examined the content of TP, TNF-α, IL-6 and IL-1βby ELISA. Compared with the sham group, the levels of
TP, TNF-α, IL-6 and IL-1β in BALF were signi�cantly increased in the ARDS group (P < 0.001). The above
indexes in BALF in the ARDS + sh-H19 group were markedly lower than that in the ARDS group (P < 0.001)
(Fig. 2A-D). The mRNA expression levels of TNF-α, IL-6, IL-1β, ICAM-1, VCAM-1 and MCP-1 in lung tissues
was measured by qRT-PCR. The mRNA expression levels of TNF-α, IL-6, IL-1β, ICAM-1, VCAM-1 and MCP-1
in lung tissues was signi�cantly up-regulated in the ARDS group by contrast to the sham group. Silencing
of H19 markedly down-regulated the above indexes in lung tissues (P < 0.001) (Fig. 2E-J).
Immunohistochemical assay showed that staining intensity of VEGF was markedly increased in the
ARDS group compared with the sham group. The staining intensity of VEGF in the ARDS + sh-H19 group
was markedly lower than that in the ARDS group (P < 0.001) (Fig. 2K and L). The concentration of VEGF
in BALF and the mRNA expression level of VEGF in lung tissues were detected by ELISA and qRT-PCR,
respectively. The concentration of VEGF in BALF and the mRNA expression level of VEGF in lung tissues
was markedly up-regulated in the ARDS group compared with the sham group (P < 0.001). Knockdown of
H19 markedly reduced the concentration of VEGF in BALF and mRNA expression level of VEGF in lung
tissues (P < 0.01) (Fig. 2M and N).

Knockdown of H19 ameliorates pulmonary �brosis of LPS-
induced ARDS rats
To evaluate the effect of H19 knockdown on pulmonary �brosis of LPS-induced ARDS rats, we examined
the E-cadherin, vimentin and α-SMA proteins expression levels using western blot. Compared with the
sham group, the protein expression level of E-cadherin in lung tissues were markedly inhibited in the
ARDS group. Knockdown of H19 markedly elevated the protein expression level of E-cadherin in lung
tissues (P < 0.001) (Fig. 3A-C). The proteins expression levels of vimentin and α-SMA was contrary with E-
cadherin (P < 0.001) (Fig. 3D). Masson-trichrome staining showed that the ratio of �brotic area and
�brosis score in lung tissues were signi�cantly elevated in the ARDS group compared with the sham
group and the sh-H19 injection markedly inhibited the promoting impacts of ARDS on the ratio of �brotic
area and �brosis score (P < 0.001) (Fig. 3E and F).

MiR-423-5p is a direct target of H19
StarBase3.0 was utilized to predict the relationship between miR-423-5p and H19, and the sequence of
binding site was showed in Fig. 4A. Dual-luciferase reporter assay suggested the luciferase activity of



Page 9/20

MH-S and MLE-12 cells co-transfected with miR-423-5p mimics and H19 Wt was signi�cantly decreased
(P < 0.001) while there was none difference after miR-423-5p mimics and H19 Mut co-transfection (P > 
0.05) (Fig. 4B and C). The expression of miR-423-5p in lung tissues, lung cells (MH-S and MLE-12 cells)
and H19 in lung cells were measured by qRT-PCR. The expression of miR-423-5p in lung tissues was
signi�cantly down-regulated in the ARDS group. Silencing of H19 markedly promoted the expression of
miR-423-5p in lung tissues (P < 0.001) (Fig. 4D). Compared with mock group, the expression of H19 in
MH-S and MLE-12 cells was signi�cantly down-regulated in the si-H19 group (P < 0.001) (Fig. 4E and F).
Knockdown of H19 increased the expression of miR-423-5p in MH-S and MLE-12 cells (P < 0.001) (Fig. 4G
and H).

MiR-423-5p eliminates the effect of H19 on the LPS-
stimulated MH-S cells
In order to explore the potential mechanism of H19/miR-423-5p axis, we �rstly performed qRT-PCR
analysis for H19 and miR-423-5p levels in MH-S cells. By contrast to the control group, the expression of
H19 in MH-S cells was markedly up-regulated in the LPS group (P < 0.001) (Fig. 5A), and miR-423-5p was
down-regulated (P < 0.001) (Fig. 5B). The expression of H19 in MH-S cells in the LPS + si-H19 group was
lower than that in the LPS group (P < 0.001) (Fig. 5C). The transfection of miR-423-5p inhibitor inhibited
the expression of miR-423-5p in MH-S cells (P < 0.001) (Fig. 5D). After detection of in�ammatory factor
and pulmonary �brosis associated protein, we found that the mRNA expression levels of TNF-α, IL-6, IL-
1β, ICAM-1, VCAM-1, MCP-1 and VEGF and the proteins expression levels of vimentin and α-SMA in MH-S
cells was markedly decreased in the INC + si-H19 group than those in the INC + si-NC group (P < 0.01)
(Fig. 5E-K). The above indexes in MH-S cells were markedly increased in the miR-423-5p inhibitor + si-NC
group comparing with the INC + si-NC group (P < 0.001). The transfection of miR-423-5p inhibitor
markedly rescued the inhibiting effect of si-H19 on the above indexes in MH-S cells (P < 0.001) (Fig. 5E-K).
The protein expression level of E-cadherin in MH-S cells was contrary with vimentin and α-SMA (P < 
0.001) (Fig. 5J).

Discussion
H19 is one of the most highly abundant and conserved transcripts in the mammalian development [21].
Prior reports have shown that H19 is signi�cantly up-regulated in lung cancers, including lung
adenocarcinoma [22] and non-small cell lung cancer [23]. However, the relationship between H19
expression and ARDS remains unknown. Here, we displayed that the expression of H19 was markedly
increased in lung tissues of LPS-induced ARDS, indicating that H19 may play a vital role in ARDS.

LncRNAs participate in the in�ammatory epithelial injury and hypoxic in pulmonary diseases [24, 25]. The
injury of pulmonary in ARDS is characterized by in�ammation, elevated alveolar-capillary permeability
and alveolar edema [26]. Hypoxemia is delimited as a ratio of PaO2/FiO2 less than 200 mmHg in ARDS
[27]. The lung W/D weight ratio is dramatically increased in ARDS [28]. The degree of lung edema is
estimated via examining the ratio of lung W/D weight [29]. In this study, silencing of H19 also decreased
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the histopathological change of lung tissue, the histology score, PaCO2, ratio of lung W/D weight and
lung edema score, and increased the PaO2 in LPS-induced ARDS. Our �nding suggested that silencing of
H19 could ameliorate lung injury in LPS-induced ARDS.

The pathogenesis of early steps of ARDS is induced by exaggerated in�ammatory response [30]. The
concentration of TP in BALF is a surrogate endpoint for severity of lung injury in ARDS [31]. Additionally,
the development of ARDS is related to the secretion of proin�ammatory cytokines, which are important
mediators causing organ dysfunction, increased vascular permeability, endothelial destruction and
angiogenesis [32–34]. CAMs (cell adhesion molecules), such as ICAM-1 and VCAM-1 are involved in the
complex processes of in�ammation of ARDS [35]. MCP-1 is required for the regulation of lung
in�ammation called chemotactic factors, high level of MCP-1 in ARDS patients is correlated with poor
prognosis [36]. In this study, silencing of H19 markedly reduced the level of TP, the levels of
proin�ammatory cytokines and the expression of ICAM-1, VCAM-1 and MCP-1 in lung tissues of LPS-
induced ARDS. Taken together, our �nding indicated that silencing of H19 could alleviate in�ammation
through inhibiting the expression of proin�ammatory cytokines, CAMs and chemotactic factors.

The last phase of the ARDS is characterized by the excessive �broproliferation of lung connective tissues
[37]. EMT is considered as a source of �broblasts in the progress of pulmonary �brosis [38]. The
expression of vimentin, α-SMA and E-cadherin is the EMT markers [39]. Additionally, knockdown of
lncPFAR protects against pulmonary �brosis by decreasing the �brotic area and �brosis-related proteins
in idiopathic pulmonary �brosis (IPF) mice [40]. Silencing of lncRNA MALAT1 ameliorates pulmonary
�brosis through attenuating the process of EMT in HBE and A549 cells [41]. Consistently, our
observations revealed that silencing of H19 markedly elevated the expression of vimentin and α-SMA,
reduced the expression of E-cadherin the ratio of �brotic area and �brosis score in lung tissues of LPS-
induced ARDS, suggesting that silencing of H19 could alleviate pulmonary �brosis in LPS-induced ARDS.

Several studies indicate that miRNAs expression is down-regulation in pulmonary diseases, such as miR-
101 in IPF [42], miR-503 in chronic obstructive pulmonary disease [43] and miR-1246 in ALI [44]. Previous
research has proved that miRNAs participate in alleviate pulmonary in�ammation and pulmonary
�brosis. Up-regulation of miR-146a attenuates pulmonary in�ammation through reducing the expression
of proin�ammatory cytokines in alveolar macrophage (AM) NR8383 cells [45]. Transfection of alveolar
macrophage with miR-132 markedly attenuates in�ammatory responses, and inhibits the cell growth
induced by LPS [46]. MiR-200b/c alleviates pulmonary �brosis, decreased the proteins expression of
vimentin and α-SMA, and increased E-cadherin in LPS-induced pulmonary �brosis [20]. Similar to
previous studies, after veri�ed the targeting relationship between H19 and miR-423-5p, we found that the
miR-423-5p inhibitor markedly rescued the inhibiting effect of si-H19 on the proin�ammatory cytokines,
CAMs, chemotactic factors and �ber factors in LPS-induced MH-S. All above dates indicated that miR-
423-5p was a direct target of H19 and miR-423-5p might eliminate the effect of H19 on the MH-S cells.

Conclusions



Page 11/20

In summary, our �nding displayed that H19 was increased in lung tissues of LPS-induced ARDS rats and
LPS-induced MH-S cells. Silencing of H19 ameliorated the pulmonary injury, in�ammation and �brosis of
LPS-induced ARDS rats through regulating miR-423-5p. H19 may act as a potential therapeutic target for
ARDS.
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Figure 1

Silencing of H19 alleviates pulmonary injury of lipoproteins (LPS)-induced acute respiratory distress
syndrome (ARDS). (A and B) The relative expression of H19 in lung tissues was detected by qRT-PCR. (C
and D) Histopathological change and histology score were detected by hematoxylin-eosin (HE) staining.
Original magni�cations, 200 ×. (E and F) Partial pressure of arterial oxygen (PaO2) and partial pressure of
arterial carbon dioxide (PaCO2) were measured using automatic blood gas analyzer. (G) Lung wet/dry
weight ratio. (H) Lung edema score. * P < 0.05, ** P < 0.01, *** P < 0.001 vs. Sham; &&& P < 0.05 vs.
ARDS; # P < 0.05, ## P < 0.01 vs. ARDS.
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Figure 2

H19 inhibition attenuates pulmonary in�ammation of lipoproteins (LPS)-induced acute respiratory
distress syndrome (ARDS). (A-D) The levels of total protein (TP), tumor necrosis factor-α (TNF-α),
interleukin (IL)-6 and interleukin (IL)-1β in bronchoalveolar lavage �uid (BALF) were measured by ELISA.
(E-H) The relative mRNA expression of TNF-α, IL-6, IL-1β, intercellular adhesion molecule-1 (ICAM-1),
vascular cell adhesion molecule-1 (VCAM-1) and monocyte chemoattractant protein-1 (MCP-1) in lung
tissues was measured by qRT-PCR. (K and L) The staining intensity of vascular endothelial growth factor
(VEGF) was measured by immunohistochemical. Original magni�cations, 400 ×. (M) The concentration
of VEGF in BALF was assessed by ELISA assay. (N) The relative mRNA expression of VEGF in lung
tissues was measured by qRT-PCR. * P < 0.05, ** P < 0.01, *** P < 0.001 vs. Sham; ## P < 0.01, ### P <
0.001 vs. ARDS.
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Figure 3

Knockdown of H19 ameliorates pulmonary �brosis of lipoproteins (LPS)-induced acute respiratory
distress syndrome (ARDS). (A) The protein bands of E-cadherin, vimentin and α-smooth muscle actin (α-
SMA). (B-D) The relative protein expression of E-cadherin, vimentin andα-SMA was measured by western
blot. (E) The ratio of �brotic area was assessed by the masson-trichrome staining. Original
magni�cations, 200 ×. (F) Fibrosis score. * P < 0.05, ** P < 0.01, *** P < 0.001 vs. Sham; ### P < 0.001 vs.
ARDS.
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Figure 4

MiR-423-5p is a direct target of H19. (A) StarBase3.0 was used to predict the binding site between miR-
423-5p and H19. (B and C) Dual-luciferase reporter assay was performed to determine the luciferase
activity of MH-S and MLE-12 cells. (D) The relative expression of miR-423-5p in lung tissues was
measured by qRT-PCR. (E-H) The relative expression of H19 and miR-423-5p in MH-S and MLE-12 cells
was measured by qRT-PCR. $$$ P < 0.001 vs. mimics-NC; ** P < 0.01, *** P < 0.001 vs. Sham; ### P <
0.001 vs. ARDS; &&& P < 0.05 vs. Mock.
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Figure 5

MiR-423-5p eliminates the effect of H19 on the lipoproteins (LPS)-induced MH-S cells. (A-D) The relative
expression of H19 and miR-423-5p in MH-S cells was measured by qRT-PCR. (E-I) The relative mRNA
expression of TNF-α, IL-6, IL-1β, ICAM-1, VCAM-1 and MCP-1 in MH-S cells was measured by qRT-PCR. (J)
The relative protein expression of E-cadherin, vimentin and α-SMA in MH-S cells was measured by
western blot. (K) The relative mRNA expression of VEGF in MH-S cells was measured by qRT-PCR. ** P <
0.01, *** P < 0.001 vs. Control and INC+si-NC; @@@ P < 0.001 vs. LPS; ### P < 0.001 vs. INC+si-H19; &&&
P < 0.001 vs. miR-423-5p inhibitor+si-NC.
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