BIOENGINEERED Tavior &F .
2022, VOL. 13, NO. 5, 12985-12997 aylor s krancis
https://doi.org/10.1080/21655979.2022.2079304 Taylor & Francis Group

RESEARCH PAPER 8 OPEN ACCESS W) Check for updates
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ABSTRACT ARTICLE HISTORY
Pulmonary arterial hypertension (PAH) is a cardiovascular disease that has high incidence and Received 7 March 2022
causes massive deaths. miR-155-5p/PYGL pathway was revealed to play a crucial role in PAH by  Revised 12 May 2022
weighted gene co-expression network analysis (WGCNA). The potential mechanism of miR-155-5p in ~ Accepted 15 May 2022
regulating hypoxia-induced pulmonary artery smooth muscle cell (PASMC) function was analyzed KEYWORDS
through in vitro experiments. Hypoxia treatment stimulated the proliferation of PASMCs and miR-155-5p; hypoxia-
increased the expression of vascular endothelial growth factor (VEGF) and hypoxia-inducible fac- induced pulmonary arterial
tor-1a (HIF-1a). At the same time, revealed by gRT-PCR and western blot, the level of miR-155-5p hypertension; PYGL; WGCNA
was raised, and the level of PYGL was decreased in hypoxia-induced PASMCs. Through CCK-8 assay,

transwell assay and flow cytometry, it was revealed that miR-155-5p inhibitor remarkably inhibited

the cell proliferation and migration and decreased the proportion of hypoxia-stimulated PASMCs in

S and G2/M phases. Dual-luciferase reporter system was subsequently applied to validate the

straight regulation of miR-155-5p on PYGL based on the analysis of online database. Furthermore,

siPYGL was revealed to reverse the influence of miR-155-5p inhibitor on hypoxia-induced PASMCs.

These outcomes indicate that the increased level of miR-155-5p in hypoxia-stimulated PASMCs

could enhance the cell proliferation, cell migration, and cell cycle progression by targeting PYGL

directly. This study may supply novel treatment strategies for PAH.

Abbreviations: PH, pulmonary hypertension; PAH, pulmonary arterial hypertension; WGCNA,

weighted gene co-expression network analysis; PASMCs, pulmonary artery smooth muscle cells;

VEGF, vascular endothelial growth factor; HIF-1a, hypoxia-inducible factor-1a; SMCs, smooth

muscle cells; DEGs, differentially expressed genes; GEO, Gene Expression Omnibus; GO, Gene

Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; FBS, fetal bovine serum; OD, optical

density; BCA, bicinchoninic acid; PVDF, polyvinylidene fluoride; PBS, phosphate-buffered saline;

BP, biological process; MF, molecular function; CC, cell component.
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® miR-155-5p regulates PASMCs proliferation,
migration, and cell cycle.

® PYGL targets miR-155-5p directly.

® PYGL knockdown reversed the beneficial
effect of miR-155-5p inhibitor on hypoxia-
induced PASMCs.

1. Introduction

Pulmonary hypertension (PH) is one of the most
common cardiovascular diseases that has high
incidence and causes massive deaths. Pulmonary
vascular resistance is usually persistently elevated
during the progression of PH. Pathological studies
have found that vascular contracture of pulmon-
ary arterioles, intima hyperplasia and remodeling,
and microthrombosis are all the main features of
PH. Right-heart failure will be eventually induced
by PH [1,2]. As a category of PH, pulmonary
arterial hypertension (PAH) is not necessarily
a single illness, but probably a complication or
syndrome related to other diseases[3]. The prolif-
eration of pulmonary artery smooth muscle cells
(PASMCs) is a major symbol of pulmonary vas-
cular remodeling and is the main cause of the
occurrence and progression of PAH [4,5].

As small molecules regulating gene expression,
miRNAs have been described that they are involved
in the adjustment of tumor [6], autoimmune dis-
eases [7] and various cardiovascular diseases,
including atherosclerosis [8], hypertension [9], and
PH [10,11]. miRNA can induce vascular endothelial
cell injury, smooth muscle cells (SMCs) prolifera-
tion, migration, and abnormal deposition of extra-
cellular matrix by adjusting the expression levels of
related genes and participate in the initiation and
progression of PAH [12]. Some miRNAs are of great
significance in vascular function regulations, such as
miRNA-126, and they can regulate the process of
thrombosis, cell proliferation, and apoptosis [13]. As
an upstream signal molecule, miRNAs can regulate
the biological functions of cells and are decisive in
the remodeling of pulmonary vasculature.
Accumulating evidence has revealed that miRNA
may potentially become a novel target to effectively
diagnose and cure PAH [14].

Weighted gene co-expression network analysis
(WGCNA) is a data package in the R language

[15], which is a method for joint expression net-
work analysis of gene expression data. It is used by
many researchers in mining gene expression data
[16,17]. WGCNA makes it easier to find key genes
and their possible functions, greatly improving the
accuracy and speed of research [17]. It has
achieved a number of biologically meaningtul
results in gene expression data analysis of yeast,
mice, humans, and other species [18,19]. WGCNA
is also used to study the relationship between
genes. If a group of genes have identical functions
or occur in the same biological pathways, they can
be regarded as a module, and then the relationship
with external information at the gene module level
can be studied, which will greatly reduce the com-
plexity of the problem [20,21].

This study was designed to explore the role of
miR-155-5p/PYGL in PAH. First, WGCNA and
differentially expressed genes (DEGs) analysis were
conducted to analyze PAH-related genes based on
data from the Gene Expression Omnibus (GEO)
database. Combined with the clinical data, gene
modules significantly associated with clinical fea-
tures were selected. miR-155-5p/PYGL was con-
firmed to play a crucial role in the progress of
PAH. Meanwhile, we explored the role of miR-
155-5p/PYGL in PAH through in vitro experiments.
The major findings of the current study may help
develop a novel therapeutic target for PAH.

2. Materials and methods
2.1. Bioinformatics analysis

The GSE117261 dataset (containing lung samples
from 58 PAH patients and 25 healthy controls) was
obtained from the GEO database (https://www.ncbi.
nlm.nih.gov/geo/) and analyzed accordingly [22].
The expression matrix was annotated with
GPL6244, Affymetrix human gene 1.0 ST array (tran-
scription/gene), and normalized using the limma
software package and the ‘quantify’ method [23]. As
shown in Table 1, data of ‘gender’ (male or female)

Table 1. Clinical data of patients.
Healthy controls

PAH patients

Group (n = 25) (n = 58)
Age (range) 1-64 (30.1%) 7-79 (69.9%)
Gender Male 18 (54.5%) 15 (45.5%)

Female 7 (14%) 43 (86%)
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and ‘Group’ (PAH patients or healthy controls) were
collected and analyzed for clinical characteristics
[15]. A network was built by the ‘blockwise modules’
function of the WGCNA software, and
minModuleSize was set to 80. The genes significantly
associated with clinical features (P < 0.05) were iden-
tified and chosen for further analysis. Then, consid-
ering the complex mechanism of PAH, we defined
DEGs with parameter P < 0.05. The DEGs and the
genes in important PAH-related modules were sum-
marized and integrated to acquire candidate genes.

Functional enrichment analysis of the candidate
genes was carried out, and the candidate genes
were enriched by DAVID (https://david.ncifcrf.
gov/) [24]. The highly enriched terms of Gene
Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) were collected. Then, the
online tool STRING (https://string-db.org/) was
used to research the protein-protein interaction
(PPI) of the candidate genes overlapped by DEGs
and WGCNA [25]. The interaction between pro-
teins was calculated and sequenced by the ‘Degree’
method to obtain the key genes.

The miRcode database was employed to predict
the IncRNA-miRNA interaction. The miRNA-
mRNA interaction was predicted by mirTarbase
[26]. Hypergeometric experiments were conducted
with a threshold (P < 0.01) to evaluate the abun-
dance of miRNAs shared by IncRNA and mRNA
[27]. The ceRNA network was visualized via the
software of Cytoscape.

2.2. Culture of human PASMCs

Primary human PASMCs were gained from
Shanghai Fenghui Biological Research Co., Ltd.
(Shanghai, China) and cultured in SMC medium
consist of 10% fetal bovine serum (FBS). PASMCs
were cultured in an incubator (gas composition:
3% O, and 5% CO,) for 24 hours to establish the

Table 2. Primers for qRT-PCR.

BIOENGINEERED (&) 12987

hypoxia model [28]. Normoxia (gas composition:
21% O, and 5% CO,) was set as a control group.

2.3. Cell Counting Kit-8 (CCK-8) assay

PASMCs were seeded in 96-well plates and treated
in light of diverse experimental protocols. Then,
cells were further incubated for 2 h after CCK-8
solution was added to each well. Finally, the absor-
bance at 450 nm was measured to calculate the
relative cell viability [29].

2.4. Quantitative reverse transcription PCR
(qQRT-PCR)

The whole RNA was obtained with Trizol
(Invitrogen, USA) [30]. The concentration and
purity of RNA were quantified through optical
density (OD) at 260 nm and 280 nm. TagMan
MicroRNA Reverse Transcription Kit (Applied
Biosystems, Foster, CA, USA) and PrimeScript'™
RT reagent Kit (Takara, Japan) were used to make
miRNA and total RNA reversely transcribed into
cDNA, respectively. Then, SYBR Green reagent
(Takara) was used for quantification. U6 and
GAPDH were made as the internal control for
miR-155-5p and other genes. The related primers
are presented in Table 2.

2.5. Western blot

The PASMCs were lysed with RIPA buffer
(Beyotime, Shanghai, China), and the concentra-
tion of protein was quantified using bicinchoninic
acid (BCA) protein analysis kit (Beyotime) [31].
Subsequently, 25 ug protein was added in 10%
SDS-polyacrylamide gel electrophoresis and
moved onto a polyvinylidene fluoride (PVDF)
membrane. After being sealed with skim milk,
the PVDF membrane was incubated with the

Forward-primer

Reverse-primer

PYGL TATAAGTGAGCTGGCCCAAG TCTGGACTCATGCTCTGACA
HIF-1a GAACGTCGAAAAGAAAAGTCTCG CCTTATCAAGATGCGAACTCACA
VEGF CCCTGATGAGATCGAGTACA AGGAAGCTCATCTCTCCTAT
B-actin TGAGAGGGAAATCGTGCGTGAC AAGAAGGAAGGCTGGAAAAGAG
miR-155-5p CGCGTTAATGCTAATCGTGATA AGTGCAGGGTCCGAGGTATT
RT-primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACCCC

U6 CTCGCTTCGGCAGCACA

AACGCTT CACGAATTTGCGT
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primary antibody at 4°C overnight. They were
cleaned with phosphate-buffered saline (PBS)
three times, with 10 minutes each time, and then
incubated with secondary antibodies for 2 hours.
ECL chemiluminescence reagent (Beijing Kangwei
century Biotechnology Co., Ltd., Beijing, China)
was prepared. The PVDF membrane was incu-
bated, and the reaction protein was observed
using an enhanced chemiluminescence detection
system (BioRad, Hercules, USA).

The primary antibody: PYGL (1:1000, Santa
Cruz, USA), HIF-la (1:1000, Cell Signaling
Technology, Inc.), VEGF (1:1000, Cell Signaling
Technology, Inc.), cyclin dl (1:1,000; cat.
no. 2978; Cell Signaling Technology, Inc.), cyclin
E (1:1,000; cat. no. 20808; Cell Signaling
Technology, Inc.), CDK2 (1:1,000; cat. no. 2546;
Cell Signaling Technology, Inc.), p27KIP (1:1,000;
cat. no. 3686; Cell Signaling Technology, Inc),
GAPDH (1:1000, Santa Cruz, USA).

2.6. PASMC cell cycle detected by flow cytometry

Based on the manufacturer’s protocol (BD
Biosciences, USA), the PASMCs were fixed with
70% ethanol overnight. Then, cells were dyed in
the dark at 37°C for 30 minutes after the addition
of 500 uL PI staining solution. The distribution of
PASMCs in three phases (G0/GI, S, and G2/M
phases) was calculated by a BD FACSCanto II
flow cytometry (BD Biosciences, USA) [32].

2.7. Transfection

miRNA-NC/miR-155-5p mimics/miR-155-5p inhi-
bitor was transfected into PASMCs using
Lipofectamine RNAimax (Thermo Fisher, USA).
For a specific transfection scheme, please refer to
the manual provided by the kit manufacturer.

2.8. Transwell assay

Transwell incubator was put in a 24-well plate.
Then, the lower chamber was added with 500 pL
DMEM medium. The PASMCs from diverse treat-
ments were resuspended in a serum-free DMEM
medium and then inoculated into the upper cham-
ber. 1 x 10° PASMCs were inoculated into each
well. After incubation at a constant temperature

for 24 hours, a cotton swab was used to gently
wipe the upper layer. Afterward, PASMCs were
fixed with 4% paraformaldehyde and stained with
1% crystal violet for 15 minutes. At last, 10 views
were casually chosen, and the quantity of cells was
tallied up with 200 x magnification [33].

2.9. Dual-luciferase reporter assay

293 T was inoculated onto a 24-well plate, and
then pGL3-PYGL-3-UTR  (WT)/pGL3-PYGL
mut-3-UTR (MT) plasmid and miRNA-NC/miR-
155-5p mimics were co-transfected at 37°C for
8 hours. The relative luciferase activities were
quantified with the dual-luciferase reporter Kit
(Promega, USA) in accordance with the producer’s
instructions [34].

2.10. Statistical analysis

The statistics were analyzed using GraphPad Prism
Software 7.0 (Los Angeles, USA). The data was
displayed as ‘mean + SD.” Bilateral t-test was
applied to test the individual differences between
the two groups. When P < 0.05, the difference was
considered to be statistically significant.

3. Results

For the sake of explore the function of miR-155-
5p/PYGL in PAH, this study first revealed the
significant role of miR-155-5p/PYGL in PAH by
bioinformatics analysis. The possible mechanism
of miR-155-5p regulating the function of hypoxia-
induced PASMCs was investigated through
in vitro experiments. Specifically, the function of
miR-155-5p/PYGL in the cell proliferation, cell
migration, and cell cycle of hypoxia-induced
PASMCs was studied by qRT-PCR, western blot,
CCK-8, transwell assay, and flow cytometry. The
relationship between miR-155-5p and PYGL was
identified using a dual-luciferase reporter system.

3.1. Modules and genes related to PAH

Phylogenetic tree analysis showed that there were
two  outliers (GSM3290090 (PAH) and
GSM3290146 (control group)) in the sample
population. We marked the samples with a red
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Figure 1. Identification of outliers and definition of soft threshold. (a, b) The clustering tree before and after the filter; the red line
indicates the cutting position. (c, d) Determination of the value of power; (c) the average connectivity (Y-axis) decreases with the
increase of soft threshold power (X-axis); (d) the scale-free fitting index (Y-axis) at different power (X-axis). The red line in (d)

indicates that the correlation coefficient is equal to 0.9.

line and deleted the samples upon the red line
(Figure 1(a)). To ensure that there were no out-
liers, a phylogenetic tree was drawn again
(Figure 1(b)). On account of two criteria: (1) the
lowest power with a scale-free topology fitting
index of 0.90 and (2) a relatively high average
connectivity, 7 was picked as the appropriate soft
threshold power for analysis (Figure 1(c,d)). We
obtained 23 co-expression modules in total, with
the quantity of genes ranging from 176 to 2627
(Figure 2(a,b)). There were two modules, midnight
blue (cor = -0.6, P = 5e-09) and light green
(cor = 0.74, P = 2e-15), significantly correlated
with clinical features (Figure 2(c)). The ‘light
green’ module, which contained 354 genes and
scored the highest (0.74, Figure 2(c)), was even-
tually selected for further analysis. We used the
‘verboseScatterplot’ function to visualize the cor-
relation between the members in the ‘Tlight green’
module and the importance of genes, and further
determined its significant correlation with clinical
features (cor = 0.73 and P = 3.8e-60) (Figure 2(d)).

According to the network heat map, little correla-
tion was shown between different modules
(Figure 2(e)).

3.2. Functional enrichment analysis, PPl network
analysis, and ceRNA network construction

We obtained 303 DEGs with a trend of differential
expression (P < 0.05). The candidate genes were
enriched in 63 GO terms significantly (P < 0.05),
containing 38 biological processes (BP), 13 mole-
cular functions (MF) ,and 12 cell components
(CC). Twelve terms (the first four terms of each
category) were described in a circular graph
(Figure 3(a)). The KEGG enrichment pathways
were visualized with Cytoscape (Figure 3(b)).
Complement and coagulation cascade (hsa04610),
osteoclast differentiation (hsa04380), and cyto-
kine-cytokine receptor interaction (hsa04060)
were significantly enriched (P < 0.05). A PPI net-
work of candidate genes was built using the
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STRING database (Figure 4(a)). We obtained 10
hub genes (TLR4, S100A12, LILRB2, MNDA,
MMP9, TLR1, SI00A9, FPRI, APOB, and
CLEC4D) (Figure 4(b)). At the same time,
a ceRNA network containing three IncRNAs
(LINCO01270, AC026790.1, and GLIS3-AS1), nine
miRNAs (hsa-miR-155-5p, hsa-miR-4735-3p, hsa-
miR-93-5p, etc.), and three mRNAs (PYGL,
SLC25A37, and ANKS1B) was acquired through
miRcode database and mirTarbase (Figure 4(c)).
miR-155-5p is closely related to a variety of dis-
eases and may become a marker for the treatment
and prognosis of PAH [35-38]. In addition, miR-
155-5p could play a key role by targeting PYGL,

and this was in vitro

experiments.

further verified by

3.3. miR-155-5p and PYGL expression in
hypoxia-treated PASMCs

It was demonstrated that the cell viability of
PASMCs was remarkably enhanced under hypoxia
through CCK-8 assay (Figure 5(a)), and hypoxia
stimulation caused a significant increase in
HIF — 1a and VEGF (Figure 5(b,c)). The level of
miR-155-5p was markedly up-regulated in hypoxia-
treated PASMCs (Figure 5(d)), and PYGL expression
was down-regulated by qRT-PCR and western blot
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(Figure 5(b,c)). The results stated that hypoxia sti-
mulated the proliferation of PASMCs and increased
the levels of HIF — 1a and VEGF. Meanwhile, miR-
155-5p was upregulated, and PYGL was downregu-
lated in hypoxia-treated PASMCs.

3.4. miR-155-5p regulated the proliferation,
migration, and cell cycle of PASMCs

To explore the effect of miR-155-5p on hypoxia-
treated PASMCs, PASMCs were transfected with

BIOENGINEERED 12991
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Figure 4. PPl and ceRNA network construction. (a) PPI of can-
didate genes, nodes represent genes; (b) 10 hub genes pre-
dicted by Cytoscape (scores were ranked by color from red to
yellow); (c) the ceRNA network of candidate genes (red hexa-
gon denotes IncRNA, yellow diamond denotes miRNA, and blue
ellipse denotes protein coding gene).

miRNA-NC/miR-155-5p inhibitor, and then cul-
tured under hypoxia for 24 hours. It showed that
hypoxia enhanced the proliferation of PASMCs,
while miR-155-5p inhibitor restrained the cell pro-
liferation under hypoxia (Figure 6(a)). It was
revealed by the transwell migration assay that
hypoxia promoted the migration of PASMCs,
while miR-155-5p inhibitor inhibited the cell
migration under hypoxia (Figure 6(b)). To illus-
trate the regulation of miR-155-5p on the cell cycle
progression of PASMCs under hypoxia, flow cyto-
metry was utilized to detect the distribution of G0/
Gl1, S, and G2/M phase cells. Compared with the
normoxia group, the proportion of G0/G1 phase
cells in hypoxia-treated PASMCs was remarkably
reduced, while miR-155-5p inhibitor eliminated
this change (Figure 6(c,d)). The ratios of S and
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Figure 6. The regulation of miR-155-5p on the cell function of hypoxia-induced PASMCs. PASMCs were transfected with miRNA-NC
/miR-155-5p inhibitor and cultured in hypoxia for 24 hours. (a) The cell activity; (b) transwell migration assay results (200 x ); (c) the
cell cycle distribution of PASMCs; (d) the quantitative results of the ratio of PASMCs in three phases; (e) the expression of cyclin-
related protein. All tests were conducted 3 times. When compared with the normoxia group, **P < 0.01. When compared with the
hypoxia + miRNA-NC group, P < 0.01.



G2/M phase cells in the hypoxia group were pro-
minently higher than in the normoxia group, and
miR-155-5p inhibitor eliminated this change, but
miRNA-NC did not (Figure 6(c,d)). No difference
was discovered in p27KIP (Figure 6(e)), and the
expression of other cycle proteins (Cyclin E,
Cyclin D1, and CDK2) in the hypoxia group was
notably higher compared with the normoxia
group, while miR-155-5p inhibitor reversed this
kind of change (Figure 6(e)). Based on all the
above findings, it can be concluded that miR-
155-5p stimulated the cell proliferation, cell migra-
tion, and cell cycle progression in hypoxia-induced
PASMCs, and this may substantially affect the
vascular remodeling of PAHs.

3.5. miR-155-5p targeted PYGL directly

According to the analysis of an online database,
the PYGL 3'UTR region has a binding site with
miR-155-5p sequence (Figure 7(a)). To test
whether miR-155-5p acts on PYGL to affect the
cell function of hypoxia-induced PASMCs, we
regulated the expression via miRNA-NC/miR-
155-5p mimics/miR-155-5p inhibitor transfection.
It was found that miR-155-5p mimics significantly
declined the protein and mRNA levels of PYGL
(Figure 7(b,c)), while the downregulation of miR-
155-5p evidently elevated PYGL levels (Figure 7(b,
¢)). In addition, pGL3-PYGL-3’-UTR vector was
applied to detect whether PYGL reacts with miR-
155-5p. In 293 T cells co-transfected with miR-
155-5p mimics and the pGL3-PYGL-3’-UTR (WT)

miRNA-NC
miR-155-5p mimics

PYGL: 5" ..GAGGGTTCTAGTAAC AGC ATTA T... PYGL

[11TT]
miR-155-5p: 3’ UGGGGAUAGUGCUAA UCGUAAU U

PYGL mRNA
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plasmids, the luciferase activity decreased signifi-
cantly (Figure 7(d)). However, in 293 T co-
transfected with pGL3-PYGL mut-3’-UTR (MT)
plasmid and miRNA-NC/miR-155-5p mimics,
there was no difference in the luciferase activity
(Figure 7(d)). These outcomes suggested that miR-
155-5p directly targeted PYGL.

3.6. PYGL knockdown reversed the beneficial
effect of miR-155-5p inhibitor on hypoxia-treated
PASMCs

To prove that the positive effects of miR-155-5p
inhibitor on hypoxia-induced PASMCs were
achieved by targeting PYGL, we co-transfected
miR-155-5p inhibitor and siPYGL into PASMCs,
and cultured them under hypoxia for 24 hours.
We found that the knockdown of PYGL reversed
the effects of miR-155-5p inhibitor on cell prolif-
eration (Figure 8(a)), migration (Figure 8(b)) and
cell cycle (Figure 8(c,d)). Figure 8(e) showed the
expression of cyclin-related protein and PYGL.

4. Discussion

PAH is an irreversible disease with the clinical
manifestations of tachypnea, fatigue, chest pain,
and syncope [3,39]. The abnormal proliferation
of PASMCs can be induced through different sig-
naling pathways, such as hypoxia stress and acti-
vation of inflammatory signal transduction [40],
which ultimately brings about the thickening of
the pulmonary vascular middle layer, narrowing
or occlusion of lumen, and participating in PAH

miRNA-NC

miR-155-5p inhibitor

-

GAPDH

d B3 miRNA-NC
B3 miR-155-5p mimics

Figure 7. miR-155-5p directly targeted PYGL. (a) Binding sites between 3'UTR region of PYGL and miR-155-5p sequence revealed
through bioinformatics analysis; (b) PYGL protein level detected by western blot; (c) PYGL mRNA level detected by qRT-PCR; (d) the
dual-luciferase reporter assay results. All the tests were done 3 times. The hypoxia + miRNA-NC group as the control group,

**P < 0.01, ***P < 0.001.
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Figure 8. PYGL knockdown reversed the beneficial effect of miR-155-5p inhibitor on hypoxia-induced PASMCs. PASMCs were
transfected with miRNA-NC/miR-155-5p inhibitor/siPYGL and cultured in hypoxia for 24 h. (a) The CCK-8 assay results; (b) transwell
migration assay (200 x ); (c) the cell cycle distribution of PASMCs in five groups; (d) the quantitative results of the ratio of PASMCs in
three phases; (e) the expression of cyclin-related protein and PYGL in five groups. All the tests were done 3 times. When compared
with the normoxia group, **P < 0.01. When compared with the hypoxia + miRNA-NC group, **P < 0.01. When compared with the

hypoxia + miR-155-5p inhibitor group, &p < 0.05.

formation [41]. Inflammation and abnormal pro-
liferation of SMCs lead to media hypertrophy and
adventitial fibroblast proliferation, which affects
vascular remodeling of PAH, and in turn results
in coaxial neointimal damage and plexiform
lesions [42]. We simulated the pathological pro-
cess of PAH in vitro by hypoxia treatment of
PASMCs and found that the viability of PASMCs
was enhanced, and HIF — la and VEGF were sig-
nificantly elevated. Studies have shown that the
excessively increased proliferation and migration
of hypoxia-induced PASMCs is in a close connec-
tion with the incidence and progression of PAH
[43], which is in accord with our findings.

Based on the data from the GEO database
(GSE117261), the PAH-related genes were
screened out by WGCNA and DEGs analysis.
And functional enrichment analysis was carried
out. Combined with the clinical data (gender and

group (PAH patients or healthy controls)), gene
modules significantly associated with clinical fea-
tures were selected. We found that miR-155-5p/
PYGL contributed greatly in the occurrence and
progress of PAH. Meanwhile, it showed that the
miR-155-5p level increased and PYGL decreased
in hypoxia-treated PASMCs.

miR-155 has already been confirmed by pre-
vious studies to be of vital importance for the
carcinogenesis and progression of diverse cancers,
for instance, liver cancer, colorectal cancer, and
gastric cancer [35-37,44]. Furthermore, miR-155-
5p stimulates oxalate- and calcium-induced renal
oxidative stress suffering by inhibiting MGP
expression [45]. The miR-155-5p levels in arterial
and coronary sinus plasma were significantly ele-
vated in sufferers with advanced heart failure
because of cardiovascular disease [46]. It was
reported that cold exposure aggravated



monocrotaline-induced PAH with an increase in
miR-155-5p level [47]. However, miR-155-5p has
not yet been studied deeply in PAH.

This study found that in the hypoxia-induced
PASMC cells, miR-155-5p was significantly up-
regulated, and miR-155-5p inhibitor attenuated
the proliferation and migration of hypoxia-
stimulated PASMCs. Therefore, miR-155-5p may
be relevant to the vascular remodeling of PAH.
Flow cytometry showed that the proportion of
GO0/G1 phase cells was reduced, and the S and
G2/M phase cells were remarkably increased in
the hypoxia-induced PASMCs. There was no
remarkable difference in cell cycle protein
p27KIP. The expression of Cyclin D1, Cyclin E,
and CDK2 in the hypoxia group was remarkably
more than that in the normoxia group. It has been
reported that cyclin E and CDK2 complexes are of
great significance in the cell cycle from Gl to
S phase and are the crux kinase complex regula-
tory factors of cell cycle. Cyclin D1 may reduce the
time to get into the S phase, quicken the G1/S
conversion procedure, and promote the cell pro-
liferation [48]. As a negative regulator, p27KIP
expression was unchanging in PAH [49], which
is in line with the findings of this study.

Analysis of the online database indicated that the
PYGL 3'UTR region had a binding site with the miR-
155-5p. miR-155-5p mimics decreased the PYGL
levels, while miR-155-5p silencing notably increased
PYGL levels. Dual-luciferase assay also indicated that
miR-155-5p directly targeted PYGL. Currently, there
are few studies on PYGL. It is known that PYGL
mutation can cause liver phosphorylase deficiency
and lead to glycogen decomposition disorders,
namely glycogen storage disease (GSD) VI [50]. In
this study, PYGL knockdown changed the function of
miR-155-5p inhibitor on cell viability, migration, and
cell cycle of hypoxia-induced PASMCs.

To sum up, miR-155-5p/PYGL was revealed to
play a key role in PAH, and this finding may
supply novel treatment strategies for PAH.

5. Conclusion

This study identified miR-155-5p/PYGL as impor-
tant pathway related to PAH through bioinfor-
matics analysis, and this was validated by in vitro
experiments, providing novel ideas for the
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treatment of PAH. However, the lack of in vivo
data (animal or clinical samples) is the main lim-
itation of the current study, so we will continue to
investigate in depth in subsequent researches.
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