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Abstract

Objectives: Pulmonary hypertension (PH) is a life-threatening progressive disease with high mortality in the elderly.
However, the pathogenesis of PH has not been fully understood and there is no effective therapy to reverse the dis-
ease process. This study aims to determine whether cellular senescence is involved in the development of PH.

Methods: The rat PH model was established by intraperitoneal injection of monocrotaline and evaluated by pul-
monary arteriole wall thickness and right ventricular hypertrophy index. Human lung fibroblasts (HLFs) were treated
with CoCl, or hypoxia to induce cellular senescence in vitro. SA-B-gal staining and the changes of senescent markers
were used to examine cellular senescence. The molecular mechanism of cellular senescence was further explored by
detecting reactive oxygen species (ROS) levels and culturing cells with a conditioned medium.

Results: We revealed the cellular senescence of pulmonary adventitial fibroblasts in vivo in the rat PH model. The
expression of Bmi-1, an important regulator of senescence, was decreased in the lungs of PH rats and localized in
adventitial fibroblasts. The in vitro experiments showed that p16 expression was increased while Bmi-1 expression
was decreased after CoCl, treatment in HLFs. Mechanistically, Bmi-1 could alleviate CoCl,-induced HLFs senescence
by eliminating ROS which further promoted the proliferation of pulmonary artery smooth muscle cells by paracrine
mode of action of HLFs.

Conclusion: Bmi-1 alleviates the cellular senescence of pulmonary fibroblasts in PH, which expands the pathogen-
esis of PH and provides a theoretical basis for targeting senescent cells in the treatment of PH.
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Introduction catheterization [1-3]. Pathology of PH is characterized

Pulmonary hypertension (PH) is a life-threatening pro-
gressive disease with elevated pulmonary artery pres-
sures caused by various conditions. Hemodynamic
diagnosis of PH is based on the mean pulmonary
artery pressure >20 mmHg on resting right heart
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by activated vasoconstriction and severe vascular remod-
eling. PH prevalence accounts for about 1% of the global
population, but rises to 10% among people over the age
of 65 with a marked increase in mortality, suggesting
that PH is more common in the elderly who are prone
to age-related pulmonary vascular disease [1, 4]. Moreo-
ver, age has been identified as an independent risk fac-
tor for death in patients with PH [1, 3, 4]. However, the
pathogenesis of PH has not been fully elucidated. Recent
researches suggested that pulmonary vascular remod-
eling results from multiple factors including genetic
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mutation (e.g. BMPR2), epigenetic modification (DNA
methylation, histone acetylation, microRNAs, etc.) and
pathogenic factors (hypoxia, infections, drugs or poi-
sons, etc.) [5]. Whether age-related physiological and
pathological senescence is one of the contributors of PH
deserves an in-depth study.

Cellular senescence is a cell state triggered by a variety
of stressors, such as genotoxic agents, nutritional defi-
ciencies, hypoxia, mitochondrial dysfunction, and onco-
gene activation [6, 7]. It is characterized by a prolonged
and generally irreversible cell-cycle arrest, apoptosis
resistance, and abnormal expression of senescence-asso-
ciated secretory phenotype (SASP) factors (IL-6, IL-8,
IFN-y, etc.) under various physiological processes and a
wide spectrum of age-related disease conditions [8]. The
increased activity of SA-f-gal and elevated expression of
pl6, p19, p21, and p53, as well as the SASP factors, are
considered as the main markers of cellular senescence
[7, 9—11]. Studies have revealed that cellular senescence
can prevent or inhibit the proliferation of damaged or
dysfunctional cells, acting as a protective role in dis-
ease development [9, 12]. However, the aberrantly accu-
mulated senescent cells in tissues may lead to negative
effects, including excessive secretion of SASP factors that
affect the proliferation and migration of neighboring cells
through the paracrine mode of action [10]. A lot of dis-
eases, such as pulmonary fibrosis, atherosclerosis, and
chronic obstructive pulmonary disease, have been linked
to cellular senescence [7, 13—16]. Currently, researches
have also shown that PH and cellular senescence share
common triggers and pathogenic pathways, similar
markers, and consistent intervention targets in vivo, sug-
gesting the potential link between PH and cellular senes-
cence [17]. However, so far, few studies have explored the
effect of cellular senescence on PH, and the molecular
mechanism underlying which is still unknown.

Previous literature suggests that PH has tumor-like
characteristics, and many proto-oncogenes are involved
in the phenotypic changes [18]. B-lymphoma MO-MLV
insertion region 1 (Bmi-1), a member of the multi-comb
family of transcription repressors, is a proto-oncogene
and regulates cell cycle and cellular senescence via inhi-
bition of p16™**/Rb and p19**F/p53 pathways [19-23].
Since its discovery, Bmi-1 is reported to be involved in
many biological pathways, including organ development,
cell cycle, DNA damage response (DDR), senescence,
stem cells, and self-renewal [23-28]. Some of them are
the known causes of PH. Thus, we wondered whether
cellular senescence is involved in the development of PH.

The purpose of this study was to determine the role
of cellular senescence in the development of PH and
figure out whether Bmi-1 was involved in the process.
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Via monocrotaline (MCT) induced PH model in vivo
and hypoxia/CoCl, induced cellular senescence models
in vitro, we observed the enhanced lung adventitial fibro-
blasts senescence in PH and further explored the role of
Bmi-1 in the pathogenesis of PH.

Methods

Animal models

PH was induced in rats by MCT (Sigma-Aldrich, St.
Louis, MO, USA) [29, 30]. Adult male Sprague—Dawley
rats (250-300 g) were randomly divided into the MCT
group and control group (n==8 per group). Rats in the
MCT group were injected with a single dose of MCT
(60 mg/kg, i.p.) which elicited a progressive, severe and
irreversible form of PH after 2—4 weeks. Rats in the con-
trol group were injected with the same volume of vehi-
cle. Rats were housed at constant temperature (21-23 °C)
with free access to food and water and 12 h light-dark
cycles. After 4 weeks, rats were sacrificed and hearts
and lungs were harvested for the subsequent experi-
ments. Right ventricular hypertrophy was determined
by normalizing the weight of the right ventricular to
that of the left ventricular plus septal to calculate the
RV/(LV4+S), named Fulton index. All animal experi-
ments were approved by the Institute for Laboratory
Animal Research of Nanjing Medical University and the
study was carried out in compliance with the ARRIVE
guidelines.

Histological, SA-B-gal, immunofluorescence

and immunohistochemistry staining

Rat lung tissues were fixed in 4% paraformaldehyde,
embedded in paraffin and then sliced into 5-pm-thick
sections. Xylene was used for de-paraffinizing the par-
affin-embedded sections, and a graded series of ethanol
were used for processing the sections. Then, sections
were stained with hematoxylin and eosin (H&E) sequen-
tially. SA-B-gal staining was performed with Senescence
B-Galactosidase Staining Kit (CST, Danvers, MA, USA)
following the manufacturer’s instruction. The percent-
age of SA-B-gal positive cells was calculated and nor-
malized to the control group. Immunofluorescence (IF)
staining of rat lung tissue was performed as previously
described [31]. The slides were stained with rabbit-anti-
Bmi-1 (CST, 1:100 dilution), mouse-anti-a-SMA (CST,
1:100 dilution), mouse-anti-fibronectin (SANTA CRUZ,
USA, 1:100 dilution), and DAPI (Sigma-Aldrich) and
observed with fluorescence microscopy (OLYMPUS,
Japan). Immunohistochemistry (IHC) staining of rat lung
tissues was performed as previously described [32] and
the slides were stained with fibronectin primary antibody
(SANTA CRUZ, 1:50 dilution).
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Western blotting analysis

The RIPA (Sigma-Aldrich) buffer containing complete
Protease Inhibitor Cocktail (Sigma-Aldrich) and PMSF
(Beyotime, China) was used to extract proteins from lung
tissues and cells. The extracts were centrifuged at 4°C for
15 min at 12,000 rpm and the supernatants were quan-
tified with the BCA protein assay kit (Beyotime). Equal
amounts of total protein were separated by SDS-PAGE
and transferred to PVDF membranes (Millipore, USA).
Membranes were blocked with 5% skim milk at room
temperature for 1 h and then incubated with the primary
antibodies at 4°C overnight. After washing with TBST
(Tris-buffered saline, 0.1% Tween-20), the membranes
were subsequently incubated with secondary antibodies
for 1 h at room temperature. Protein bands were visual-
ized with the Enhanced Chemiluminescence Detection
Kit (Thermo Fisher) via the Tannon luminescent imaging
system. Image ] was used for the quantitative analysis of
the protein bands. The antibodies used are listed below:
rabbit-anti-Bmi-1(CST, 1:2000 dilution), rabbit-anti-p16
(Proteintech, USA, 1:1000), mouse-anti-B-actin (CST,
1:5000 dilution), rabbit-anti-GAPDH (CST, 1:5000 dilu-
tion), rabbit-anti-pH2A.X (Beyotime, 1:1000).[33].

Quantitative real-time PCR analysis

Total RNA was isolated from lung tissues or cells using
TRIzol (Invitrogen, USA) as described [34], and was
reverse-transcribed into cDNA with 5 x All-In-One RT
MasterMix with AccuRT Genomic DNA Removal Kit
(abm, Canada) according to the manufacturer’s instruc-
tions. Relative gene expressions were determined using
QSYBR Green qRT-PCR kit (Bio-Rad, USA) with the
following primers: rat Bmi-1: CTGGATGCCAAGTGG
TCTTT (forward), GCTGGTCTCCAAGTAACGCA
(reverse); rat f-actin. CGCGAGTACAACCTTCTT
GCAGGT (forward), CGTCATCCATGGCGAACTGG
(reverse); rat pl6: CGTACCCCGATACAGGTGATG
(forward), ATACCGCAAATACCGCACGA (reverse); rat
p19: GCCTTGCAGGTCATGATGTTT (forward), CCA
GAGGCATCTTGGACGTT (reverse).

Cell culture and treatment

The human pulmonary artery smooth muscle cell line
(PASMC) and human lung fibroblast cell line (HLF)
were purchased from Lonza (Swiss). PASMCs were cul-
tured in SmGM-2 BulletKit media (Lonza) containing
5% fetal bovine serum (FBS), growth factors, and anti-
biotics. HLFs were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) with 10% FBS and antibiot-
ics. Cells were incubated under 5% CO, at 37°C. HLFs
were transfected with Bmi-1 si-RNA (Ribobio, China)
to silence its expression according to the manufacturer’s
instructions. To build genetic overexpression of Bmi-1,
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Ad-CMV-human Bmi-1 (adv-Bmi-1) was purchased
from TranSheep Bio (Shanghai, China). HLFs were
infected with adv-Bmi-1 following the manufacturer’s
instructions. Total cellular RNA was extracted to confirm
the transfection efficiency by qRT-PCR.

For western blotting analysis, HLFs were cultured in
the plate to confluence of 80%, and then washed with PBS
and replaced with serum-free DMEM. CoCl, (150 pmol/
ml, Sigma-Aldrich) was added to the media for 0, 6, 12, 24
and 48 h and then cells were harvested for protein analy-
sis. For reactive oxygen species (ROS) measurement,
HLFs were infected with adv-Bmi-1 or transfected with
si-Bmi-1, and then were treated with CoCl, (150 umol/
ml) for 0, 6, 12, 24 and 48 h. For EDU assay, HLFs were
exposed to hypoxia (1%0O,, 5%CO,, and 1%FBS) for 96 h
after infected with adv-Bmi-1 or transfected with si-
Bmi-1. The supernatant of the cells following hypoxia
exposure was filtered and added into the serum-free cul-
ture medium of PASMCs with equal volume as the con-
ditioned medium (CM) for 48 h. The initial number of
cells in each group was kept the same.

EDU assays

PASMCs proliferation was detected by EDU kit (Beyo-
time). This assay was performed following the manu-
facturer’s instructions. Fluorescence was observed
with fluorescence microscopy (OLYMPUS).

ROS measurement

ROS was detected by Fluorometric Intracellular Ros Kit
(Sigma-Aldrich) according to the manufacturer’s instruc-
tions and visualized with fluorescence microscopy (LIFE,
USA). The red staining indicated the ROS-positive cells.

Statistical analysis

Statistical analysis was performed using Graphpad Prism
7.00. An unpaired Student’s ¢ test was used for single
comparisons between two groups. Data are presented as
the mean & SEM. Significance was set as P<0.05.

Results

Adventitial fibroblasts senescence is observed

in MCT-induced PH rat model

To determine if cellular senescence was involved in PH
lungs, we constructed an MCT-induced PH rat model. In
this model, we observed thickened pulmonary arteriole
walls and a significant elevated RV/(LV+S) ratio between
the MCT group and the control group (Fig. 1a, b). SA-p-
gal staining showed that the number of SA--gal positive
cells in the MCT group was significantly greater than that
in the control group (Fig. 1a, c). Interestingly, the SA-f3-
gal positive cells were mainly located in the adventitia
matrix. To examine the type of senescent cells, we stained



Li et al. BMC Pulm Med (2021) 21:80

Page 4 of 10

***xp <0.0001

a
Con
b ) : ’{D,.
MCT 7* 1 N
- ’;X':-('k;= ) ch\?
@ IRt
§ W Ceg 7¢ 4
- %.g,_(““-a' ~d
?v,% & ’“.w,'g.;j‘i o
’lq' Q' —
‘1 ]
K] SA-B-gal p16 mRNA - p19 mRNA
191 3 8; S 12- S 5 -
*kkk o *kkk .6 o 3 4
) ()
2 1.0 2 6 N g
’ = = s 3
2 g s g
S g 4] o 6 )
S 0.5 e o 2
« 2 27 E 3 = 1
® © ®
0.0' 3 0 ] [ | & o
Con MCT ¢ Con MCT 12 Con MCT con MeT

Fig. 1 Adventitial fibroblasts senescence is observed in the MCT-induced PH rat model. a. Representative images of H&E staining, SA-B-gal staining
and Fibronectin-IHC with SA-B-gal staining of rat lung tissues in MCT and control groups. b RV/(LV+S) was determined in each group (n =8 rats per
group). ¢ The quantification of SA-B-gal positive cells normalized to the Con group in Fig. 1a (three pulmonary arteries per rat). d, e. Fold change

by gRT-PCR: relative mRNA level of p16/B-actin and p19/f3-actin in lung tissues of MCT rats to that in control rats (n =3 rats per group). All data are
shown as the mean = SEM. Statistical significance compared to controls was assessed using the unpaired two-tailed Student’s t test: ***P <0.001,

fibronectin by IHC after SA-B-gal staining. Results
showed the co-localization of SA-B-gal and fibronectin
in the adventitia matrix of the pulmonary artery (Fig. 1a),
Which indicated that the fibroblasts around pulmonary
arterioles were the prominent senescent cell type in PH.
Meanwhile, compared with the control group, SA-B-gal
and fibronectin co-stained cells in the pulmonary arte-
riole matrix of the MCT group were larger in volume,
more irregular in morphology, and stacked together.
These changes coincided with the characteristics of
senescent cells.

Next, we tested the expression of the markers of cel-
lular senescence, including p16 and p19, to verify tissue

senescence. As expected, the expression levels of p16 and
p19 mRNA in lung tissues of MCT group were signifi-
cantly higher compared with those of the control group
(Fig. 1d, e). Since DNA damage existed in both PH pro-
gression and cell senescence processes, we detected the
level of y-H2A.X protein (a protein that represents DDR).
We found that the levels of y-H2A.X protein in lung tis-
sues of MCT group were significantly higher than that in
the control group (Additional file 1: Fig. S1). These results
confirmed lung tissue senescence in the MCT-induced
PH rat model and demonstrated that pulmonary adven-
titial fibroblasts are the main cell type involved in cellular
senescence.
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Bmi-1 is mainly expressed in pulmonary adventitial
fibroblasts

Bmi-1 regulates cell cycle and senescence via inhibi-
tion of pl6™/Rb and p19*Rf/p53 pathways, and it
also mediates cellular redox balance [19, 21]. Thus, we
detected the expression of Bmi-1 in the lung tissues of
the MCT-induced PH rat model. The protein expression
and mRNA levels of Bmi-1 in lung tissues of the MCT
group were significantly lower than those of the control
group (Fig. 2a, b), which suggested that Bmi-1 might par-
ticipate in the development of PH.

To determine the cellular localization of Bmi-1, we co-
stained a-smooth muscle actin (a-SMA) and Bmi-1 in the
rat lung tissues by IF staining. We found that the localiza-
tion of Bmi-1 was inconsistent with the expression pat-
tern of a-SMA, indicating that Bmi-1 was not expressed
in the media smooth muscle cells (Fig. 2c). Then, we
co-stained Bmi-1 and fibroblast marker fibronectin and
observed that Bmi-1 and fibronectin were co-localized
in the extravascular matrix of PH lungs (Fig. 2d). These
results suggest that Bmi-1 is mainly expressed in pulmo-
nary adventitial fibroblasts.

Bmi-1 directly regulates HLFs senescence by eliminating
ROS

We then explored if fibroblasts senescence was regulated
by the Bmi-1 gene. HLFs were given CoCl, (150 pmol/ml)
for 0, 6, 12, 24, and 48 h. Compared with the 0 h con-
trol group, the expression of Bmi-1 protein was slightly
increased in the initial 6 h group, and decreased in the
rest groups (Fig. 3a). However, the expression of p16 pro-
tein was increased in all treatment groups (Fig. 3a). On
the trend chart, after 6 h, opposing expression trends of
Bmi-1 and p16 were observed (Fig. 3b). This result indi-
cated that Bmi-1 expression in HLFs was increased early
when stimulated with pathogenic factors, but decreased
gradually with enhanced cellular senescence indicated by
increased p16 expression.

ROS is considered to be one of the causes of PH and
one of the factors leading to senescence [17, 34-36].
Bmi-1 can mediate the ROS levels and maintain redox
balance in cells [25-27]. To explore whether Bmi-1 could
also mediate cellular senescence by modulating the ROS
levels of HLFs in PH, we overexpressed or silenced Bmi-1
in HLFs by the Bmi-1 adenovirus (adv-Bmi-1) or siRNA,
respectively. The transfection efficiencies of si-Bmi-1
and adv-Bmi-1 were confirmed by qRT-PCR (Additional
file 1: Fig. S2). HLFs were treated with CoCl, for 0, 6, 12,
24, and 48 h after infection by adenovirus or transfection
with siRNA, respectively. The number of ROS-positive
HLFs in each group was determined. The results showed
that ROS positive cells in the adv-Bmi-1 group were
more in number than that in the control group (Fig. 3¢),
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but which in the si-Bmi-1 group was less than that in
the control group (Fig. 3d). Moreover, after infected
with adv-Bmi-1 or transfected with si-Bmi-1, HLFs were
also cultured under hypoxic conditions (1%0O,, 5%CO,,
and 1%FBS) for 96 h. Cellular senescence was further
detected by SA-B-gal staining in each group. It showed
that the number of SA-B-gal positive cells were increased
significantly in the si-Bmi-1 group. However, when the
Bmi-1 expression was increased, the number of SA-3-gal
positive cells was not changed significantly, and the cell
morphology was normal (Additional file 1: Fig. S3). These
results suggested that Bmi-1 regulates the senescence of
HLFs partially by eliminating ROS.

Fibroblasts Bmi-1 alters PASMC proliferation by paracrine
mode of action

It has been reported that senescent fibroblasts secreted
SASP factors into the extracellular matrix (ECM), which
could be able to regulate the function of adjacent cells
[15, 37, 38]. To explore the effect of senescent fibroblasts
on the adjacent vascular smooth cells, we collected the
supernatant of fibroblasts with adv-Bmi-1 infection or
si-Bmi-1 transfection following by hypoxia treatment for
96 h. Then, the supernatant of each group was added into
the serum-free culture medium of PASMCs with equal
volume as the CM for 48 h. The EDU staining showed
more positive cells in the group with the CM of HLFs
treated with si-Bmi-1 (Fig. 4a), while less EDU positive
PASMCs cultured with the CM of HLFs treated with adv-
Bmi-1 (Fig. 4b), indicating that the SASP factors of lung
fibroblasts induced by the silenced Bmi-1 promoted the
PASMCs proliferation. These results suggested that lung
fibroblasts Bmi-1 alters PASMC proliferation by parac-
rine mode of action.

Discussion

As a severe degenerative cardiovascular disease in the
elderly, PH is typically characterized by significant pul-
monary arteriolar remodeling and right heart failure.
Previous studies have found that the remodeling of the
vascular wall is mainly caused by the proliferation and
migration of the PASMCs, and these changes occur
in the early process of PH [18, 39, 40]. However, when
the inflammatory cells are continuously recruited, the
inflammation gradually aggravates. Perivascular inflam-
mation is one of the main phenotypes of end-stage pul-
monary vascular, contributing to the irreversible PH [5,
17, 41]. Mechanistically, this characteristic of PH accords
with the function of senescent cells, that is, the senescent
cells that accumulate in the tissue gap cannot be removed
in time and will continuously secrete SASP factors,
resulting in the recruitment of immune cells and the per-
sistence of tissue inflammation [12, 42]. The latest study
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reveals that cellular senescence impairs the reversibility
of PH by MCT+ shunt-induced PH rat model and con-
firms that pulmonary endothelial cells of patients with
PAH are more vulnerable to senescence than controls
in response to shear stress [43]. Here, we also verify the
existence of cellular senescence in the PH rat model and
further indicate that the pulmonary adventitial fibroblast
is the main senescent cell type.

To explore the mechanism of fibroblast senescence, we
focused on Bmi-1, which is a proto-oncogene that mainly
mediates oxidative stress and DDR, cell self-renewal, and
senescence [20, 25, 26]. We found that the expression of

Bmi-1 is reduced in PH and localized in adventitial lung
fibroblasts. In vitro experiments showed that the protein
levels of Bmi-1 increased in the early stage of hypoxia
treatment, but gradually decreased with the time pro-
longed. Moreover, Bmi-1 was confirmed to alleviate
fibroblasts’ senescence by eliminating ROS. These results
prompted us to hypothesize that in the early stages of
PH formation, Bmi-1 would be activated as the stimuli
causing DNA damage, increased ROS concentration, and
abnormal mitochondrial function. The activated Bmi-1
would be beneficial in vascular wall homeostasis and
tissue repair. However, as the disease progressing, the
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expression of Bmi-1 might be decreased and the number
of senescent fibroblasts would increase, forcing PH to
another direction with persistent chronic inflammation.
Unlike previous reports, this might be a new mechanism
that the senescence of adventitial fibroblasts could be
involved in the pathophysiology of PH.

Studies have demonstrated that the fibroblasts in the
pulmonary vascular adventitia are one of the contrib-
uting cell types of PH, which act by directly or indi-
rectly differentiating into myofibroblasts or through
the recruitment of circulating inflammatory cells [38,
44-47]. Fibroblasts can regulate the elements of ECM,
and can also secrete growth factors, cytokines, and
chemokines [44, 48]. It not only senses and guides the

response to a variety of stimuli, but also communicates
with smooth muscle cells and endothelial cells by par-
acrine mode of action [44, 45, 49]. Moreover, under the
action of external stimulation during PH progression,
senescent fibroblasts can secrete SASP factors into the
ECM, which involves a variety of inflammatory fac-
tors that induce an inflammatory response in adjacent
tissues [7, 9, 11, 50, 51]. In our research, we revealed
that overexpression of Bmi-1 in HLFs inhibited cellular
senescence and reduced the proliferation of PASMCs,
suggesting that Bmi-1 altered PASMC proliferation
indirectly by mediating HLF secretions.

Based on all of the above results, we have made a
hypothesis on the pathological mechanism of PH from
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independent experiments. Statistical significance was assessed using the unpaired two-tailed Student’s t test: *P < 0.05
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the perspective of cellular senescence, which enriches
the understanding of PH from a different angle. This
hypothesis is: (1) The pathological stimuli in PH causes
stress injury and dysfunction of pulmonary arterial
cells; (2) DNA damage repair is subsequently activated,
which stimulates proto-oncogene Bmi-1 to protect vas-
cular remodeling by eliminating ROS in the early stage;
(3) As the existence of persistent stimuli, the expres-
sion of Bmi-1 is gradually reduced and the senescence
of adventitial fibroblasts are induced; (4) Senescent
adventitial fibroblasts release SASP factors to aggravate
the inflammatory responses, which promote the prolif-
eration of smooth muscle cells, and finally lead to the
vascular muscularization. Based on the higher degree
of physiological cellular senescence in the elderly popu-
lation, the enhanced SASP factors further exacerbate
PH progression, which may be the reason why there are
higher incidence and mortality of PH in the elderly [1,
4, 52].

Conclusions

Here, using an MCT-induced PH rat model, we demon-
strate the existence of cellular senescence of pulmonary
adventitial fibroblasts in PH. We reveal that the fibroblast
senescence is alleviated by Bmi-1 through eliminating
ROS and the senescent fibroblasts can promote PASMC

proliferation by paracrine mode of action. Our research
provides novel insight into the course of PH from the
perspective of senescence, lays a foundation for further
study of the role of senescence in PH, and serves as proof
of the concept that the prevention and elimination of cel-

lular senescence can be a novel strategy in the treatment
of PH.
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