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Background: At present, the role of lncRNAs in the pathogenesis of hypoxia-induced pulmonary 
hypertension (HPH) is not fully understood. This study aimed to explore differences in the hypoxia-induced 
expression of lncRNAs and their potential role in multiple pulmonary artery cells.
Methods: LncRNA expression in pulmonary artery smooth muscle cells (PASMCs), pulmonary 
microvascular endothelial cells (PMECs), and pericytes (PCs) was analyzed by high-throughput sequencing 
and compared between normoxic and hypoxic cells. Bioinformatics analysis was conducted to predict their 
functions.
Results: PASMCs, PMECs, and PCs displayed 275 (140 upregulated), 251 (162 upregulated), and 290 (176 
upregulated) different lncRNAs, respectively. Among these, lncRNA TUG1 levels increased in PASMCs 
and PCs but decreased in PMECs. Bioinformatics analysis indicated that lncRNA TUG1 might target 
miR-145-5p, thereby affecting SOX4 and BMF expression, and could also regulate miR-129-5p levels to 
affect CYP1B1 and VCP expression. It could also regulate miR-138-5p levels to affect KCNK3 and RHOC 
expression.
Conclusions: Hypoxia exposure of vascular cells resulted in differential expression of lncRNAs, especially 
lncRNA TUG1, which showed significant abnormal expression in all three types of vascular cells under 
hypoxia. Our results suggested that abnormal expression of lncRNA TUG1 might be involved in the 
regulation of pulmonary vascular cell function under hypoxia.
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Introduction

Hypoxia causes vascular endothelial cell damage, which 
in turn perturbs the synthesis and secretion of various 
vasodilator factors and leads to pulmonary vasoconstriction 
in the short term and pulmonary vascular remodeling 
in the longer term (1). Such vascular remodeling is 
characterized by thickening of the medial membrane due to 
proliferation of phenotypically altered smooth muscle cells, 
and endothelial cell dysfunction not only leads to intimal 
thickening and distal pulmonary artery dilatation, but also 
inflammation and infiltration of the outer membrane (2). In 
addition, some studies have reported that pericytes (PCs), 
a layer of cells present outside certain small pulmonary 
vascular endothelial cells, are also involved in the process of 
pulmonary vascular remodeling in pulmonary hypertension 
(PH) (3). To date, phenotypic changes in PCs during 
hypoxia-induced PH (HPH) have been rarely studied, 
and while there have been many studies on the epigenetic 
mechanisms of phenotypic changes in pulmonary vascular 
cells, the role of long non-coding RNAs (lncRNAs) and 
their possible abnormal expression in the various parietal 
cells involved in HPH remain unclear (4).

LncRNAs are roughly defined as non-coding RNA 
molecules with a transcript length of more than 200 nt 
that lack protein-coding ability but nevertheless function 
as RNAs (5). LncRNAs were originally considered to be 
“transcriptional noise”, however, they are now known to 
be biologically active molecules involved in important 
mechanisms that regulate gene expression. Notably, 
lncRNAs are predominantly found in vascular cells and 
are correlated with vascular functions (6). One study 
demonstrated that the proliferation and apoptosis of 
vascular smooth muscle cells were regulated by lncRNAs (7).  
Another  s tudy  ha s  con f i rmed  tha t  the  lncRNA 
NONHSAT073641 can promote the proliferation of 
vascular endothelial cells (8). However, lncRNA expression 
profiles in various pulmonary artery cells under hypoxic 
conditions, and particularly in PCs, have not been reported.

Therefore, in this study, we comprehensively described 
and compared abnormalities in lncRNA expression profiles 
of pulmonary artery smooth muscle cells (PASMCs), 
pulmonary microvascular endothelial cells (PMECs), 
and PCs under normoxic and hypoxic conditions using 
high-throughput sequencing technology. In addition, 
bioinformatics analysis, including Gene Ontology (GO) 
analysis, Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analysis, and the prediction of lncRNA-

miRNA mechanisms of action, were performed to provide 
basic data for future studies on the role of lncRNAs in the 
pathogenesis of PH. We present the following article in 
accordance with the MDAR reporting checklist (available at 
http://dx.doi.org/10.21037/atm-21-2040).

Methods

All procedures followed were in accordance with the 
ethical standards of the responsible committee on human 
experimentation (institutional and national) and with 
the Helsinki Declaration (as revised in 2013). Shanghai 
Pulmonary Hospital reviewed and approved the protocol 
form prior to initiation of the study (approval number, K20-
195Y).

Cell culture

Human PASMCs, PMECs, and PCs were acquired from 
Science Cell (Shanghai, China) and were cultured in smooth 
muscle cell medium, endothelial cell culture medium, and 
pericyte medium containing 4 mM L-glutamine and 10% 
fetal bovine serum, respectively. Cells were cultured under 
normoxia and hypoxia in a humidified incubator. The 
condition of normoxia was 37 ℃ with a 95% air, 5% CO2 
mixture. Hypoxia was induced in PASMCs, PMECs, and 
PCs by incubating them in a gas mixture containing 92% 
N2, 5% CO2, and 3% O2 for 24 h. Before each experiment, 
cells were starved for 6 h in serum-free medium.

Whole transcriptome sequencing of lncRNAs and 
bioinformatics analysis

Total RNA was extracted from three paired different type 
cells exposed to normoxic and hypoxic conditions using the 
TRIzol reagent (Invitrogen, CA, USA), according to the 
manufacturer’s protocol.

Based on the detail of manufacturer’s instructions, TruSeq 
Stranded Total RNA with Ribo-Zero Gold (Illumina, 
CA, USA) were used to build the three lncRNAs libraries. 
Sequenced were performed on Illumina HiSeqTM 4000 
sequencing platform (CA, USA). Sequencing was performed 
by Shanghai OEbiotech Co. (Shanghai, China) (9).

All sequencing procedures and analyses were performed 
by OEbiotech (Shanghai, China) and differentially 
expressed genes were identified using DESeq software (10). 
The different expressions of mRNAs with the fold changes 
(FC) ≥2 or ≤0.5 and P<0.05 were analyzed in three paired 
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groups. The GO terms and KEGG pathways with P<0.05 
were considered significantly enriched.

Real-time polymerase chain reaction

Real-time polymerase chain reaction (PCR) was used to 
confirm lncRNA expression profile data derived using high-
throughput sequencing. All sequencing procedures and 
validation of the analyses were performed by OEbiotech 
(Shanghai, China). Differentially expressed genes were 
identified using DESeq software. The primer sequences 
used were as follows: lncRNA LNCOG: Forward: 
5 ' -TTCAAATCGGGACCCCACTG-3' ,  Reverse : 
5'-TAGGGCCTTGTCCTTTGCTG-3'; lncRNA TUG1: 
Forward: 5'-GGCACCCAGTGTAAAGCA-3', Reverse: 
5'-AAGCAGCAGATAACAGAGTTGA-3'.

Statistical analyses

Statistical analysis was performed using negative binomial 
distribution to compare high-throughput sequencing data 
from the two groups of samples. Differences with fold 
FC ≥2 or ≤0.5 and P<0.05 were considered statistically 
significant. The false discovery rate was calculated to 
correct the P value on analysis. For real-time PCR analysis, 
the results are the means of at least three independent 
experiments ± SE, and the expression level of each lncRNA 
was represented as FC using the 2−△△Ct method. P values 
<0.05 were considered statistically significant.

Results

LncRNA sequencing and analysis

To better understand the molecular aspects of the 
pathogenesis of PH, we performed a comparative full 
transcriptomic analysis of three sets of normoxic and 
hypoxic PASMCs, PMECs, and PCs. Thus, we constructed 
18 cDNA libraries, named PASMC_C1, PASMC_C2, 
PASMC_C3, PASMC_H1, PASMC_H2, PASMC_H3, 
PMEC_C1, PMEC_C2, PMEC_C3, PMEC_H1, PMEC_
H2, PMEC_H3, PC_C1, PC_C2, PC_C3, PC_H1, PC_
H2, and PC_H3.

Volcano plot and clustered heat map of PASMCs, PMECs, 
and PCs

The volcano plot and heatmap of lncRNAs in PASMCs, 

PMECs, and PCs are provided in Figure 1. The volcano plot 
showed significant variation in lncRNA expression between 
both groups. Between normoxic and hypoxic PASMCs, 276 
genes were differentially expressed, which corresponded 
to 140 upregulated genes and 136 downregulated genes. 
Among these, lncRNA XLOC_004748 (chr 12:22685844-
22700706) showed the highest upregulation, while lncRNA 
LOC105376095 (chr 9:76608665-76652293) was the most 
downregulated gene, with an 0.009-fold change. The most 
upregulated and downregulated lncRNAs in PASMCs are 
listed in Figure 1A.

A total of 251 genes were differentially expressed 
between normoxic and hypoxic PMECs, which included 
162 upregulated genes and 89 downregulated genes. Among 
them, MIR210HG (chr 11:567144-568457), with a 573-fold 
change, was the most upregulated lncRNA, while MALAT1 
(chr 11:65499042-65500970), with an 0.00028-fold change, 
was the most downregulated. The most upregulated and 
downregulated lncRNAs in PMECs are listed in Figure 1C.

In PCs, a total of 291 genes were differentially expressed 
between normoxic and hypoxic cells, including 177 
upregulated genes and 114 downregulated genes. Among 
them, WARS2-IT1 (chr 1:119047405-119063287), with 
a 298-fold change, was the most upregulated lncRNA, 
while XLOC_001324 (chr 1:16512524-16677340), with an 
0.007-fold change, was the most downregulated. The most 
upregulated and downregulated lncRNAs in PCs are listed 
in Figure 1E.

Categories of differentially expressed lncRNAs in PASMCs, 
PMECs, and PCs

Next, we sought to categorize these dysregulated lncRNAs 
in all three cell types based on annotated human lncRNAs 
in the RefSeq database. In PASMCs, among antisense 
lncRNAs, there were 31 introns, 53 exons, 61 intergenic_
downstream, and 23 intergenic_upstream sequences (Figure 
2A). Among sense lncRNAs, there were 24 introns, 18 
exons, 22 intergenic_downstream, and 13 intergenic_
upstream sequences (Figure 2B). The largest proportion 
of sequences was antisense intergenic_upstream, which 
indicates the potential importance of this lncRNA.

Similarly, we categorized lncRNAs in PMECs based 
on the annotated human lncRNA sequences in the 
RefSeq database. Among the antisense lncRNAs, there 
were 58 introns, 76 exons, 31 intergenic_downstream, 
and 84 intergenic_upstream sequences (Figure 2C), while 
among sense lncRNAs, there were 26 introns, 25 exons, 
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Figure 1 Overview of lncRNA profiles of pulmonary artery cells. (A,C,E) Volcano plot of the test group vs. the control group concerning 
lncRNAs of PASMCs, PMECs, and PCs. The blue vertical line corresponds to 2-fold down and the red vertical line corresponds to 2-fold 
up, while the horizontal line represents the P value of 0.05. (B,D,F) Heatmap representing the expression distribution at single sample 
levels of the regulated genes in PASMCs, PMECs, and PCs. &&, P<0.05, H vs. C. PASMCs, pulmonary artery smooth muscle cells; PMECs, 
pulmonary microvascular endothelial cells; PCs, pericytes.
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Figure 2 Overview of lncRNA profiles of pulmonary artery cells. (A,B,C) The category of antisense lncRNAs in PASMCs, PMECs, and 
PCs. (D,E,F) The category of sense lncRNAs in PASMCs, PMECs, and PCs. PASMCs, pulmonary artery smooth muscle cells; PMECs, 
pulmonary microvascular endothelial cells; PCs, pericytes.

48 intergenic_downstream, and 36 intergenic_upstream 
sequences (Figure 2D). Thus, the largest proportion was the 
antisense genic_exonic sequences, which again indicates the 
importance of this lncRNA.

In addition, we summarized the categories of these 
dysregulated lncRNAs in PCs based on the notes to human 
lncRNAs in the reference sequence database. Among 
antisense lncRNAs in PCs, there were 22 introns, 26 exons, 
24 intergenic_downstream, and 9 intergenic_upstream 
sequences (Figure 2E), while among sense lncRNAs, there 
were 45 introns, 47 exons, 52 intergenic_downstream, and 
25 intergenic_upstream sequences (Figure 2F). Clearly, 
the largest proportion was the antisense genic_exonic 
sequences, which may indicate the importance of this 
lncRNA.

GO term analysis of differentially expressed lncRNAs in 
PASMCs, PMECs, and PCs

To analyze the functions of these differentially expressed 
lncRNAs,  GO term ana lyses  showed the  f i r s t  5 
dysregulated processes in three paired groups (biological 
process, cellular component, and molecular function). 
The upregulated GO term enrichment of lncRNAs in 
PASMCs included negative regulators of cardiac muscle 

cell apoptotic processes, peripheral nervous system 
neuron development, vasculogenesis, zinc ion binding, 
and SNAP receptor activity (Figure 3A). In contrast, GO 
term enrichment of the downregulated lncRNAs included 
cellular process, negative regulators of intracellular 
transport, microtubule bundle formation, microtubule-
associated complex, and zinc ion/ATP/microtubule binding 
(Figure 3B).

GO term enrichment of the upregulated lncRNAs 
in PMECs included the HIF-1α signaling pathway, 
the intrinsic apoptotic signaling pathway response to 
oxidative stress, and the microtubule-organizing center 
in PMECs (Figure 3C), while GO term enrichment of 
the downregulated lncRNAs included macrophage, 
microtubule-organizing center, and DNA/zinc ion/metal 
ion binding (Figure 3D).

GO term enrichment of the upregulated lncRNAs in 
PCs included heart morphogenesis, regulation of cell 
proliferation, positive regulation of apoptotic process, 
microtubule-organizing center, and microtubule/zinc 
ion binding (Figure 3E), while GO term enrichment of 
the downregulated lncRNAs included positive regulation 
of histamine secretion by mast cells, natural killer cell 
degranulation, eosinophil degranulation, and SNARE/zinc 
ion binding (Figure 3F).
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Figure 3 Gene Ontology for all dysregulated lncRNAs in PASMCs, PMECs, and PCs. (A,C,E) Top 5 GO terms of upregulated 
expressed lncRNAs of PASMCs, PMECs, and PCs were identified between the hypoxia and control samples. (B,D,F) Top 5 GO terms 
of downregulated expressed lncRNAs of PASMCs, PMECs, and PCs were identified between the hypoxia and control samples. BP, 
biological process; CC, cellular component; MF, molecular function; PASMCs, pulmonary artery smooth muscle cells; PMECs, pulmonary 
microvascular endothelial cells; PCs, pericytes.
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KEGG pathway enrichment analysis of differentially 
expressed lncRNAs in PASMCs, PMECs, and PCs

KEGG pathway analysis showed that the upregulated 
lncRNAs in PASMCs were involved in 20 pathways, 
including microRNAs in cancer, the phospholipase 
D signaling pathway, the MAPK signaling pathway, 
hypertrophic cardiomyopathy (HCM), and dilated 
cardiomyopathy (DCM), among others (Figure 4A). The 
downregulated lncRNAs did not appear to be associated 

with any particular pathway.
Upregulated lncRNAs in PCs were also associated with 

20 pathways, including the cGMP-PKG signaling pathway, 
the MAPK signaling pathway, microRNAs in cancer, the 
PI3K-Akt signaling pathway, and the insulin signaling 
pathway (Figure 4B), while the downregulated lncRNAs 
showed no significant involvement in any pathway.

Next, KEGG pathway analysis of the upregulated 
lncRNAs in PMECs also identified 20 pathways, and these 

Figure 4 Kyoto Encyclopedia of Genes and Genomes pathway analyses for all dysregulated lncRNAs in PASMCs, PMECs, and PCs. (A,B,C) 
KEGG analysis of upregulated lncRNAs of PASMCs, PCs, and PMECs between the hypoxia and control samples. (D) KEGG analysis of 
downregulated lncRNAs of PMECs between the hypoxia and control samples. PASMCs, pulmonary artery smooth muscle cells; PMECs, 
pulmonary microvascular endothelial cells; PCs, pericytes.
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included the HIF-1 signaling pathway, the ErbB signal 
pathway, the mTOR signaling pathway, and autophagy-
animal, among others (Figure 4C). In contrast to PASMCs, 
downregulated lncRNAs in PMECs were involved in 
20 pathways, including cell senescence, the NF-kappa B 
signaling pathway, the HIF-1 signaling pathway, the T cell 
receptor signaling pathway, and viral carcinogenesis, among 
others (Figure 4D).

Venn diagram for identifying overlapping but differentially 
expressed lncRNAs in PASMCs, PCs, and PMECs

According to the screening criteria, 13 lncRNA sequences 
that were differentially expressed in both PASMCs 
and PMECs were identified. Among them, 2 lncRNAs 
were downregulated in both and 2 were upregulated, 2 
lncRNAs were downregulated in PASMCs but upregulated 
in PMECs, and 6 were upregulated in PASMCs but 
downregulated in PMECs. Similarly, PASMCs and PCs 
shared 15 differentially expressed lncRNAs, where 5 
lncRNAs were upregulated in both, 9 were downregulated 
in PASMCs but upregulated in PCs, and 1 was upregulated 
in PASMCs but downregulated in PCs. There were 11 
shared but differentially expressed lncRNAs between 
PMECs and PCs. Of these, 5 were upregulated in both, 
1 was downregulated in both, 3 were downregulated in 
PMECs but upregulated in PCs, and 2 lncRNAs were 
upregulated in PMECs but downregulated in PCs. The 
lncRNA LNCOG and the lncRNA TUG1 showed obvious 
differential expression in PASMCs, PMECs, and PCs  

(Figure 5).

Validation of lncRNA expression

To verify data on differential expression, lncRNA TUG1 
and lncRNA LNCOG were selected as representative genes 
for further validation by real-time PCR. The expression 
of these dysregulated lncRNAs was investigated in all 3 
cell types, and real-time PCR results showed that lncRNA 
TUG1 expression was consistent with that obtained 
using sequencing data, suggesting the high reliability 
of sequencing. The real-time PCR results of lncRNA 
LNCOG were contrary to the sequencing results, and the 
underlying reasons for such a discrepancy need further 
exploration (Figure 6A,B,C, all P<0.05). Specifically, 
lncRNA TUG1 was upregulated in PASMCs and PCs but 
downregulated in PMECs (Figure 6D,E,F, all P<0.05). 
Heatmap of lncRNA LNCOG and lncRNA TUG1 in 
hypoxia-induced PASMCs, PMECs, and PCs are shown in 
Figure 6G,H,I.

Annotation for lncRNA TUG1/miRNA/mRNA interaction

According to reports, existing data suggest that lncRNAs 
act as miRNA sponges to regulate gene expression and 
further participate in the regulation of cell proliferation or 
apoptosis. Therefore, using the software LncRNA2 Target 
(v2.0), we hypothesized that the following miRNAs might 
bind to lncRNA TUG1, namely miR-129-5p, miR-204-5p, 
miR-138-5p, miR-335-5p, miR-9-5p, miR-34a -5p, miR-
145-5p, miR-153, miR-142-3p, miR-299-3p, and miR-300. 
Next, we used 3 databases, miRanda, microT, and PicTar, 
to predict target mRNAs of miR-129-5p, miR-138-5p, and 
miR-145-5p. We selected 10 mRNAs for miR-129-5p, 10 
mRNAs for miR-138-5p, and 10 mRNAs for miR-145-5p 
(Figure 7A). To summarize, we speculated the mechanism of 
lncRNA TUG1 in pulmonary artery cells, which is shown 
in Figure 7B.

Discussion

To the best of our knowledge, this is the first description of 
the differential expression of lncRNAs in PASMCs, PMECs, 
and PCs under hypoxic conditions. However, there were 
significant differences in lncRNA TUG1 expression among 
the three types of cells, and the trends were not consistent. 
LncRNA TUG1 was upregulated in PASMCs and PCs, but 
downregulated in PMECs.

Figure 5 Overlapping Venn diagram of differentially expressed 
lncRNAs in PASMCs, PMECs, and PCs. PASMCs, pulmonary 
artery smooth muscle cells; PMECs, pulmonary microvascular 
endothelial cells; PCs, pericytes.
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Figure 6 Validation of lncRNA expression. (A,B,C) LncRNA LNCOG validated by real-time PCR. (D,E,F) LncRNA TUG1 validated by 
real-time PCR. (G,H,I) Heatmap representing the expression distribution of lncRNA LNCOG and lncRNA TUG1 in PASMCs, PMECs, 
and PCs. PASMCs, pulmonary artery smooth muscle cells; PMECs, pulmonary microvascular endothelial cells; PCs, pericytes.

PH has become a public health problem that seriously 
threatens human physical and mental health (11). 
Accumulating research on the pathogenesis of HPH, 
along with the emergence of data from high-throughput 
sequencing, biochemical, and computational biology 
methods, has revealed that several types of non-coding 
RNAs, such as lncRNAs and miRNAs, participate in the 
pathophysiological processes underlying PH development, 
and that some of these molecules represent potential 
diagnostic or therapeutic targets (12,13). Although 
currently reported in PASMCs and PMECs, and there are 
no reports on differential lncRNA expression and function 
of the three types of pulmonary artery cells together. 
Specifically, pertinent data on PCs has never been reported, 
and we show extensive differential expression of lncRNAs 
in PCs. It has been previously reported that lncRNA 

MEG3 is downregulated in hypoxic PASMCs, but that 
lncRNA H19 is highly expressed in the lungs of rats/mice 
with monocrotaline-induced PH, which can promote the 
proliferation of PASMCs (14-16). This trend is consistent 
with our sequencing results. We also did not find any 
differential expression in other reported lncRNAs. We 
think that there may be several reasons for this discrepancy. 
First, there are relatively few studies about lncRNAs in 
PH, and second, differences in cells may also contribute to 
these discrepancies, and last, different anoxia method used 
between in the present study and the previous study may 
one reason leading to this discrepancy (3).

Next, GO analysis showed that processes such as cell 
proliferation and positive regulation of apoptotic process are 
associated with the abnormal proliferation of PASMCs and 
PMECs during the pathogenesis of PH (17). Furthermore, 
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KEGG pathway analysis also showed that multiple 
pathways, including the MAPK, CGMP-PKG, HIF-1, and 
PI3K-Akt signaling pathways, were significantly enriched 
among the upregulated lncRNAs. Notably, several studies 
found that knocking out lncRNA TCONS_00034812 
promoted proliferation and inhibited apoptosis of PASMCs 
through several above-mentioned signaling pathways in PH 
(18-20). 

LncRNA MEG3 was downregulated in hypoxic  
PASMCs (15), while lncRNA TUG1 was highly expressed 
in HPH mice and HPH-PASMCs (21). Our results show 
that lncRNA TUG1 is upregulated in PASMCs and PCs but 
downregulated in PMECs, and that it plays an important 
role in hypoxia cellular models. Other lncRNAs have not 
been studied in-depth and their specific roles remain to 
be elucidated. Moreover, despite numerous studies on 
differentially expressed lncRNAs in PH, many challenges 
continue to exist with respect to accurate normalization of 
lncRNA levels for clinical use among various experiments. 
Nonetheless, our results indicate the possibility that 
lncRNAs are likely to participate in the pathogenesis of PH.

Of all the differentially expressed lncRNAs in PASMCs, 
PMECs, and PCs, 2 of them, namely lncRNA TUG1 and 
lncRNA LOCNG, were differentially regulated in all three 

cell types. Available literature shows that lncRNA TUG1 
is highly expressed in HPH-PASMCs (21), and this is 
consistent with our results. Notably, lncRNA TUG1 was 
downregulated in hypoxia-induced PMECs but upregulated 
in PCs. Its role in PMECs and PCs and its mechanism in 
pulmonary artery cells need to be further explored.

Growing evidence indicates that a large portion of 
lncRNAs can serve as miRNA “sponges”, as they share 
common miRNA response elements and can influence post-
transcriptional regulation by inhibiting available miRNA 
activity (22). Su et al. (14) have demonstrated that lncRNA 
H19 is highly expressed in MCT-induced rodent lungs 
and that it is upregulated in PDGF-BB-induced PASMCs. 
The lncRNA H19-let-7b-AT1R axis contributes to the 
pathogenesis of PH by stimulating PASMC proliferation. 
It has also been reported that lncRNA TUG1 is highly 
expressed in HPH-PASMCs and that silencing of lncRNA 
TUG1 downregulates the expression of Foxc1 by binding 
to miR-374c to inhibit the proliferation and migration 
of PASMCs, promoting PASMC apoptosis in HPH (21). 
Real-time PCR results showed that lncRNA TUG1 
was significantly upregulated in PASMCs and PCs but 
downregulated in PMECs, and this is consistent with 
previous results. Therefore, we predicted miRNA partners 

Figure 7 Predicted lncRNA-miRNA-mRNA relationships. (A) Blue represent mRNAs, yellow represent miRNAs, and the red represents 
the lncRNA. (B) Action mechanism diagram of lncRNA TUG1 in pulmonary artery cells. PASMCs, pulmonary artery smooth muscle cells; 
PMECs, pulmonary microvascular endothelial cells; PCs, pericytes. 
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of lncRNA TUG1 and verified this in different cells. 
However, the mechanistic aspects of its role in pulmonary 
artery cells need further evaluation.

The target gene miR-145-5p, predicted to interact with 
lncRNA TUG1, has been studied in PH. Specifically, miR-
145-5p is upregulated in pulmonary arterial hypertension 
(PAH) patients under hypoxic conditions in PASMCs, and 
in hypoxia-induced PAH rats. Furthermore, it can promote 
the proliferation and migration of hypoxia-induced 
PASMCs and prevent hypoxia-induced PH and pulmonary 
vascular remodeling (23). Lastly, for target genes miR-
145-5p and miR-129-5p, miR-129-5p is downregulated in 
damaged cardiomyocytes, but its overexpression can reduce 
cardiomyocyte apoptosis (24).

Conclusions

Our study, for the first time, describes the comprehensive 
expression profiles of differentially expressed lncRNAs in 
PASMCs, PMECs, and PCs when subjected to hypoxia. 
Among them, lncRNA TUG1 showed signif icant 
upregulation in PASMCs and PCs, but was downregulated 
in PMECs, which indicated that lncRNA TUG1 could 
regulate the function of pulmonary artery cells.
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