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Abstract
Background: We aimed to evaluate the expression of cysteine rich 61 (Cyr61) in patients with
pulmonary arterial hypertension (PAH) as well as monocrotaline (MCT) induced PAH rat, and
further investigate the effects and potential mechanisms of Cyr61 on the proliferation of
pulmonary arterial smooth muscle cells (PASMCs).
Methods and Results: Plasma samples were collected from 20 patients with idiopathic PAH, 20
connective tissue disease (CTD) associated PAH, 29 age-, gender- and disease matched CTD
without PAH patients, and 28 healthy controls. ELISA was used to detect the level of Cyr61 in
plasma. MCT-induced PAH (MCT-PAH) rat model was established by a single subcutaneous
injection of MCT (60mg·kg-1). Lung tissues and pulmonary arteries of rats were collected, while
the PASMCs were dissected and cultivated for in vitro experiments. Expression of Cyr61 in the
lung tissues, pulmonary arteries and PASMCs were tested by immunohistochemical staining,
western blot and quantitative real-time polymerase chain reaction. PASMCs from PAH rats were
stimulated by exogenous recombinant Cyr61 protein and knocked down by small interfering RNA.
Cell Counting Kit-8 assay was used to identify cell proliferation and the expression of p-AKT and
AKT were analysed by western blot. The results showed plasma level of Cyr61 in PAH patients,
especially CTD-PAH patients, were significant higher than that of CTD without PAH patients and
healthy controls. Compared with wild rats, Cyr61 was overexpressed in the lung tissue, pulmonary
arterial and PASMCs in PAH rats. Exogenous recombinant Cyr61 protein promoted the
proliferation of PASMCs in a dose-dependent manner. While the expression of Cyr61 in PASMCs
was inhibited by specific siRNA, cell proliferation was restrained and the expression of p-AKT
declined.
Conclusion: Plasma Cyr61 concentration in PAH patients was highly increased. Cyr61 could
promote PASMCs proliferation via AKT pathway, indicating that Cyr61 may play a role in the
pathogenesis of PAH.
Key words: Cysteine rich 61, pulmonary arterial hypertension, pulmonary arterial smooth muscle cells,
proliferation

Introduction
Pulmonary arterial hypertension (PAH) is a
devastating disease characterized by a progressive

sustained increase in pulmonary arterial pressure
(PAP), leading to right heart failure and death. It
http://www.medsci.org

Int. J. Med. Sci. 2017, Vol. 14
belongs to the first group of pulmonary hypertension
(PH) according to the classification of PH in the
guidelines and hemodynamically characterized by the
presence of pre-capillary PH including an
end-expiratory pulmonary artery wedge pressure
(PAWP) ≤ 15 mm Hg and a pulmonary vascular
resistance > 3 Wood Units [1]. Based on the
worldwide data, idiopathic PAH (IPAH) and
connective tissue diseases associated pulmonary
arterial hypertension (CTD-PAH) are the most
common types of PAH. Despite the modern
management era of PAH, the functional limitation
and survival of these patients remain unsatisfactory,
especially CTD-PAH patients [2].
Actually, the fundamental pathogenesis of PAH
is complex and remains poorly understood.
Pulmonary vascular remodeling is a pathognomonic
feature of PAH, characterized by disordered
proliferation and migration of pulmonary arterial
smooth muscle cells (PASMCs) [3, 4]. In recent
decades, an expanding body of knowledge indicated
that inﬂammation and immunologic dysfunction
underlie the development of PAH [4-6]. Pulmonary
vascular lesions occurring in patients with PAH as
well as in animal models are characterized by varying
degrees of perivascular inflammatory cells infltrates,
comprising T- and B-lymphocytes, macrophages,
dendritic cells, and mast cells.
Cysteine rich 61 (Cyr61) is a secreted
extracellular matrix-associated signaling molecule,
which is 42kd and encoded by a growth
factor-inducible immediate-early gene. It is produced
and secreted by several cell types including
endothelial cells, fibroblasts and smooth muscle cells.
Cyr61 is remarkably versatile and can promote cell
migration, adhesion, proliferation and angiogenesis
under pathological conditions. Cyr61 also plays
essential roles in normal biological events including
embryonic development, angiopoiesis and wound
healing [7-9]. Furthermore, Cyr61 has emerged as an
important partner that controls the migration of
leukocytes, the production of cytokines and the
inflammatory process [10]. Considering the effect of
Cyr61 on promoting proliferation and inflammation,
we hypothesized that Cyr61 could participate in the
pathogenesis of PAH. Very recently, Seon et al. [11]
have revealed that Cyr61 was over-expressed in the
pulmonary vessels and lung parenchyma in
hypoxia-induced PAH mice. Additionally, Cyr61
could suppress pulmonary vascular smooth muscle
contraction in response to hypoxia. However, the role
of Cyr61 in monocrotaline-induced PAH has not been
explored yet, and more importantly, we don’t know
the expression of Cyr61 in PAH patients and its role
on PASMCs proliferation. Therefore, the objectives of
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this study were to evaluate the expression of Cyr61 in
PAH patients and MCT induced PAH rats, and
explore its potential role on PASMCs proliferation.

Methods
Patients and specimens
Between Jan 2009 and Aug 2012, twenty
CTD-PAH patients were referred to Peking
University First Hospital Rheumatology and Clinical
Immunology department for PAH management (3
systemic sclerosis, 10 systemic lupus erythematosus, 3
mixed connective tissue disease, 3 Sjogren’s
syndrome, and 1 Behcet’s disease), they were not
previously treated with any PAH-specific therapies.
29 age-, sex- and disease-matched CTD patients
without PAH (3 systemic sclerosis, 17 systemic lupus
erythematosus, 5 primary Sjogren’s syndrome, and 4
Behcet’s disease), 28 healthy controls from the same
institute, and 20 age- and sex-matched idiopathic
pulmonary arterial hypertension (IPAH) patients
from the department of Cardio-Pulmonary
Circulation, Shanghai Pulmonary Hospital were
enrolled as different control groups. The diagnosis of
PAH was established by right-heart catheterization
and defined by a mean pulmonary artery pressure ≥
25 mm Hg at rest, an end-expiratory pulmonary
artery wedge pressure (PAWP) ≤15 mm Hg and a
pulmonary vascular resistance>3 Wood units [12].
Plasma was obtained from each of the above patients
and healthy individuals.
This study was conducted according to the
principles of the Declaration of Helsinki, and was
approved by Ethics Committee of Peking University
First Hospital and Shanghai Pulmonary Hospital.
Written informed consent was obtained from all
patients when they were recruited to the study.

Measurement of Cyr61 by ELISA
Concentration of Cyr61 in plasma was measured
quantitatively by enzymelinked immunosorbent
assay kit (R&D, USA). Briefly, microtiter plates were
coated with capture antibody and stored overnight at
room temperature. After washing with wash buffer
for three times and educating with reagent diluent for
1 hour, standard substance and the plasma samples
were added into the plates and incubated at room
temperature for 2 hours. And then the plates were
coated with detection antibody for additional 2 hours.
After washing, streptavidin-conjugated horseradish
peroxidase was used for color development. The
absorbance of wells was detected by Microplate
System (BioTek, USA) at 450nm. Finally, the
concentration of Cyr61 was evaluated using ELISA
Calc software.
http://www.medsci.org
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Protocols for animal experiment
Male Sprague-Dawley rats (180-200g) were
provided by Vital River (Beijing, China). After
adapting to the environment for 5 days, rats were
randomly divided into two groups. Monocrotaline
induced PAH (MCT-PAH) group (n=10): rats received
a single injection of MCT (60mg·kg-1, Sigma, USA)
subcutaneously. Control group (n=10): rats received a
single subcutaneous injection of 0.9% saline at the
same volume as the MCT injection. Additionally,
dynamic Cyr61 expression in lung tissue at different
time points (1, 2, 3 and 4 weeks) were analyzed (3 rats
for each group at each time point). All procedures
were performed according to the protocols approved
by Animal Research Ethics Committee of Peking
University Health Science Center (permit number
J201527) and the guide for Care and use of laboratory
animals published by the US National Institutes of
Health (NIH Publication Number 85-23, revised 1996).

Hemodynamic analysis
After 21 days, rats were anaesthetized with
pentobarbital sodium via intraperitoneal injection (60
mg·kg-1, Sigma, USA). After a tracheotomy, the right
external jugular vein was separated and a
polyethylene 50 catheter connected to a pressure
transducer was inserted into the right external jugular
vein. Then polyethylene 50 catheter was threaded into
the right ventricle and pulmonary artery to measure
right ventricular systolic pressure (RVSP) and mean
pulmonary arterial pressure (mPAP) by a polygraph
system (Power Lab 8/30; AD Instruments, Sydney,
Australia). Right ventricular hypertrophy evaluation
has been described in our previous study [13, 14]. Rats
were eventually sacrificed, the left lung tissues and
the upper left pulmonary arteries were harvested and
stored at -80℃ until use, and the remnant lung tissues
were fixed by formalin until use.

Cell isolation, culture and identification
PASMCs were obtained from rat intrapulmonary
arteries (third or fourth division) as previously
described [15, 16]. Briefly, male Sprague-Dawley rats
(3 weeks after vehicle or MCT injection) from control
group and MCT-induced PAH group were
anesthetized with 130mg·kg-1 pentobarbital sodium
intraperitoneally. The hearts and lungs were then
removed and transferred to a dish full of cold
physiological salt solution containing 130mM NaCl, 5
mM KCl, 1.2 mM MgCl2, 1.5 mM CaCl2, 10 mM
HEPES and 10 mM glucose, with pH adjusted to 7.4
with 5M NaOH. Fixed the tissue and exposed the
intrapulmonary arteries, afterwards isolated and
cleaned connective tissue and adventitia. The
endothelium was removed by rubbing the luminal
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surface with a cotton swab. The arteries were
transferred to cool (4℃) physiological salt solution to
recover for 30 min. Next, the tissues were digested at
37℃ for 20 min in reduced-Ca2+ physiological salt
solution containing 1,750 U/ml typeⅠcollagenase,
9.5U/ml papain, 2mg/ml bovine serum albumin and
1mM
dithiothreitol.
After
centrifuged
and
resuspended, the cells were transferred to 6-cm petri
dishes in DMEM (containing 5.5mM glucose, Gibco,
C11995500BT, 4.5g/l D-Glucose) containing 10% fetal
bovine serum, and incubated in a humidified
atmosphere containing 5% CO2 in air at 37℃.
PASMCs identity was verified by α-actin
immunofluorescent staining. Protein was extracted
and the levels of calponin-1 and α-actin were detected
by Western blot as described below.

Immunohistochemical analysis
After hemodynamic measurement, all of the rats
were sacrificed and the lung tissues were prepared for
immunohistochemical analysis. Briefly, removed the
lung tissues from formalin, embedded them in
paraffin, and sectioned the paraffin blocks in 5-um
thicknesses. After deparaffinized, the tissues were
stained with primary anti-Cyr61 antibody (Abcam,
USA) in a 1:250 dilution overnight at 4℃, and then
with horseradish peroxidase-conjugated secondary
antibody for 1 hour at room temperature. For color
reactions, diaminobenzidine was used and counter
stained with hematoxylin. The staining was analyzed
by using Leica microscope and Image Pro-Plus image
software.

Western blot analysis
The homogenate of lung tissues, pulmonary
arteries, and PASMCs were prepared and subjected to
electrophoresis
on
sodium-dodecyl-sulfate
polyacrylamide gels, and then transferred onto
polyvinylidene fluoride membranes. Membranes
were blocked with 5% skimmed milk or 5% bovine
serum albumin, and incubated with monoclonal
antibody including anti-Cyr61 (Abcam, USA),
anti-AKT (Cell signaling Technology, USA),
anti-p-AKT (Cell signaling Technology, USA), anti
β-actin (Sigma-Aldrich, St Louis, MO, USA) or
anti-GAPDH (ZSGB-BIO, China) at 4℃ overnight,
followed by the matched secondary antibody (Protein
Tech, Chicago, IL, USA). Immunopositive spots were
probed using ECL-PlusTM (Amersham Biosciences,
Chalfont St Giles, UK).

Quantitative real-time polymerase chain
reaction (qRT-PCR)
Total RNA was extracted from the lung tissues
and pulmonary arteries with Trizol (Life
Technologies, USA) according to the standard
http://www.medsci.org
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protocol. cDNA was generated from 2ug total RNA
using High capacity cDNA Reverse Transcription Kit
(Applied Biosystems, USA). Two-step real-time PCR
was performed using SYBR Green Realtime PCR
Master Mix (Applied Biosystems, USA) according to
the manufacturer’s instructions in 7500 Real Time
PCR
System
(Applied
Biosystems,
USA).
Thermocycler conditions were shown as follows:
initial holding at 95℃ for 60 seconds followed by a
2-step PCR process that consisted of 95℃ for 15
seconds and 60℃ for 60 seconds for 40 cycles. Primer
sequences of Cyr61 were 5’-CTCAACGAGGACTGC
AGCAA-3’ and 5’-CAGGGTCTGCCTTCTGACTGA3’. ABI Prism 7500 sequence detection system
(Applied Biosystems, USA) was used for quantitative
analysis. The level of target gene expression was
normalized against the β-actin gene by the difference
in cycle threshold (ΔCt). Then the difference between
the ΔCt values of the test samples and those of the
controls was expressed asΔΔCt. Relative expression
of Cyr61 was calculated as 2-ΔΔCt.

In Vitro cell proliferation assay
PASMCs from PAH rats were seeded at 3×103
cells per well in 96-well plates overnight, after placing
in serum-starved condition for a further 24h, various
concentrations (0, 200, 2000ng/ml) of exogenous
recombinant Cyr61 protein (PeproTech, USA) were
added and incubated for 72 hours. Cell Counting
Kit-8 kit (CCK8) was used to detect the proliferation
of cells. Briefly, 10 ul of CCK8 (Dojindo, Japan)
solution was added into the wells and incubated for
an additional 2 hours, then the optical density for each
well was measured at a wavelength of 450nm.

823
one-way analysis of variance using SPSS version 18.0
(SPSS, USA). Summary statistics were expressed as
means ± standard deviation (SD). A P value of <0.05
was considered as being statistically significant.

Results
Plasma Cyr61 levels in patients and healthy
controls
The baseline characteristics of patients and
healthy control participants were shown in Table 1.
Their age and sex were comparable. ELISA assay
showed plasma Cyr61 concentrations in PAH patients
were notably elevated in CTD-PAH and IPAH
patients (229.36±123.40pg/ml) compared with CTD
without PAH patients (174.09±78.43pg/ml) and the
healthy
volunteers
(111.46±21.68pg/ml).
In
particularly, CTD-PAH patients had the highest
Cyr61 concentration (295.00±147.33pg/ml) among the
four groups. Meanwhile, the level of Cyr61 in IPAH
was statistically higher than in healthy controls
(P<0.001), and a trend to be higher than that of CTD
without PAH patients, but the difference was not
statistically significant (P>0.05). (Fig. 1).
Table 1. Baseline characteristics of patients and controls
Healthy
Controls
(n=28)
42.45±16.19

Age (years,
mean±SD)
Sex (female/male) 25/3

CTD without
PAH
(n=29)
41.83±17.09

CTD-PAH IPAH
(n=20)
(n=20)

25/4

18/2

40.07±14.90 41.65±15.72
18/2

RNAi knockdown of Cyr61 gene expression
Cyr61 small interfering RNA (siCyr61) was
designed and synthesized by Life Technology (USA).
PASMCs from normal rats were cultured in 6-well
plates. A transfection mixture of siCyr61
oligonucleotides and lipofectamine RNAIMix (life
technologies, USA) in serum-free medium was added
to PASMCs according to the manufacturer’s
instructions. After 6 hours, the medium was replaced
with complete DMEM containing 10% FBS for an
additional 48 hours. At the end of culture, expression
of Cyr61 in PASMCs was analyzed using real-time
PCR and western blot as described above; AKT and
p-AKT were detected using western blot. In addition,
cell proliferation in PASMCs was measured as
described above.

Statistical analysis
All experiment data were from at least three
separate experiments, and performed by t-text or

Fig 1. Concentration of Cyr61 in plasma. Cyr61 concentration in plasma from
healthy controls (n=28), CTD patients without PAH (n=29), CTD-PAH patients
(n=20) and IPAH patients (n=20) were determiend by ELISA. **P<0.001 vs. controls,
## P<0.001 vs. CTD patients.

Hemodynamic evaluation of rats
The MCT-induced rats had a significantly higher
mPAP and RVSP compared with the control rats
(36.69±3.24mmHg vs. 18.51±0.04mmHg, P=0.001; and
http://www.medsci.org
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Fig 2. Pulmonary haemodynamic parameters of control rats and the MCT-induced rats. (A), mean pulmonary arterial
pressure (mPAP). (B), right ventricular systolic pressure (RVSP). *P<0.05 vs. control.

Fig 3. Expression of Cyr61 in lung tissues. Immunohistochemistry was used to determine the expression of Cyr61 in lung
tissues of control rats (A) and MCT-PAH rats (B). *P<0.05 MCT-PAH rats vs. control rats.

tochemical staining, we found
that Cyr61 was extensively
expressed in lung tissues,
especially in pulmonary arteries (70-500μm in diameter).
Higher expression of Cyr61
was observed in the pulmonary arteries from MCTinduced PAH rats than that of
control rats when analyzed by
Image
Pro-Plus
image
software (Fig. 3). Furthermore, both the levels of Cyr61
protein and mRNA (Fig. 4A)
in pulmonary arteries were
higher in MCT-induced PAH
rats compared with controls.
Additionally, the investigation of dynamic Cyr61
expression in lung tissue
showed that Cyr61 was
highly expressed from the
early to advanced stage of
PAH (the 1st week after MCT
injection to the 3rd week).
Interestingly, it seems that the
expression of Cyr61 was
decreased over time in the
MCT-induced PAH rats, and
no statistical significance was
observed at the 4th week after
MCT
injection
between
MCT-induced PAH rats and
control rats (Fig.5).

The identification of
PASMCs
After a high purity of
PASMCs was identified by
α-actin staining (Fig. 6), the
expression of calponin-1 and
α-actin in PASMCs from
MCT-treated rats were found
to be significantly decreased
Fig 4. Expressions of Cyr61 in pulmonary arteries and pulmonary arterial smooth muscle cells (PASMCs). Expressions of
Cyr61 inpulmonary arteries (A) and PASMCs (B) from control rats and MCT-treated rats were detected by western-blot.
than the control rats (Fig. 7),
*P<0.05 MCT-PAH rats vs. control rats.
which indicated that the
PASMCs from MCT-treated
rats
underwent a transform35.97±2.80mmHg vs. 26.91±3.42mmHg, P=0.002
ation
to
a
proliferative
phenotype
(in synthetic state
respectively) (Fig. 2), which represented the MCT
rather
than
contractile
state).
induced PAH rat model was established successfully.

The expression of Cyr61 in lung tissues and
pulmonary arteries
Expression of Cyr61 in lung tissues was first
investigated by morphologic analysis. By immunohis-

The expression of Cyr61 in PASMCs
A significantly elevated expression of Cyr61 in
PASMCs from MCT-treated rats compared with the
control rats was shown by western blot (Fig. 4B).
http://www.medsci.org
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Fig 5. Expression of Cyr61 in lung tissues. The levels of Cyr61 protein (A) and mRNA (B) in lung tissues of MCT-induced PAH rats and control rats were detected by
western-blot and real-time PCR respectively. *P<0.05 MCT-PAH rats vs. control rats.

Critical role of p-AKT in Cyr61 mediated
PASMCs proliferation
The specific siRNA for Cyr61 which is able to
reduce expression of both Cyr61 mRNA and protein
by over 60% was verified (Fig. 9A). The following
CCK8 assay showed that the proliferation of PASMCs
was reduced when the expression of Cyr61 was
inhibited by siRNA, which further confirmed that
Cyr61 played a role in enhancing the PASMCs
proliferation (Fig. 9B). The result further showed that
the expression of p-AKT was decreased significantly
after the expression of Cyr61 was inhibited, while the
expression of total AKT did not change (Fig. 9C).

Discussion
Fig 6. The identification of pulmonary arterial smooth muscle cells (PASMCs).
Immunofluorescent staining of the DAPI (A, B) and α-actin (C, D) in PASMCs. A and
C represent PASMCs from control rats. B and D represent PASMCs from MCT
induced PAH rats.

Exogenous recombinant Cyr61 protein
promoted the proliferation of PASMCs
After the treatment of PASMCs with different
concentration of exogenous recombinant Cyr61
protein (0, 200, 2000ng/ml), the proliferation of
PASMCs were tested by CCK8 experiment. The data
showed that Cyr61 protein promoted the proliferation
of PASMCs in a dose-dependent manner (Fig. 8).

With the impressive progression in the
pathogenesis of PAH during the past decades, PAH
has been regarded as a vasculopathy where excessive
migration and proliferation of pulmonary vascular
cells from intima, media and adventitia membranes in
combination with dysregulated immune responses
lead to inappropriate pulmonary vascular remodeling
[3, 17]. Despite the understanding of the pathogenesis
and the therapeutic options for PAH have been
improved, the survival of PAH patients remains poor
[18]. Thus, a better understanding and discovery of
novel pathways and therapeutic targets in PAH
pathogenesis may contribute to the further
improvement in the diagnosis and treatment of this
devastating disease.
http://www.medsci.org
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Fig 7. Expressions of calponin-1 and α-actin in pulmonary arterial smooth muscle cells (PASMCs). Expressions of calponin-1 and α-actin in PASMCs from control rats and
MCT-treated rats were determined by western-blot. *P<0.05 MCT-PAH rats vs. control rats.

Fig 8. Exogenous recombinant Cyr61 protein promotes the proliferation of
PASMCs. PASMCs were treated with exogenous recombinant Cyr61 protein (0, 200,
2000ng/ml), then the proliferation was assessed by CCK8 kit. *P<0.05 MCT-PAH rats
vs. control rats, # P<0.05 2ug/ml vs. 200ng/ml.

Cyr61 was the first cloned classical member of
the CCN family, a series of matricellular proteins
responsible for many physiological and pathological
processes. Previous studies have shown that Cyr61
regulates not only angiogenesis, chondrogenesis, and
wound healing, but also cell proliferation, adhesion,
migration [19, 20]. Currently, Cyr61 is considered as a
novel inflammatory modulator, which has been
implicated in leukocyte migration and inflammatory
process [10]. For instance, after investigation in
rheumatoid arthritis (RA) for many years,
overexpressed Cyr61 has been found in synovial
tissue, fibroblast-like synoviocyte and synovial fluid.
Elevated Cyr61 in RA synovial fluid could promote
the proliferation of fibroblast-like synoviocytes and
neutrophil infiltration [21, 22]. In collagen-induced

arthritis animal model, anti-Cyr61 monoclonal
antibody could attenuate inflammation and retard
disease progression [23]. Cyr61 was also shown being
involved in the development of vascular diseases.
However, the role of Cyr61 in PAH has not been
explored clearly.
Our study showed that the level of Cyr61 in the
plasma of PAH patients was significantly higher than
that of healthy individuals, suggesting that Cyr61
may participate in the pathogenesis of PAH. In
patients with CTD-PAH, the Cyr61 concentration in
plasma was statistically higher than that of CTD
without PAH patients, and a trend of increase
compared to that of IPAH patients, further indicating
the potential influence of Cyr61 on PAH. Of course,
there are some shortcomings of this study, for
instance, the small sample size and heterogeneity of
underlying connective tissue diseases. To solve these
problems, we have initiated a separate national
multiple center study to look at the expression of
plasma Cyr61 in patients with systemic lupus
erythematosus associated PAH (SLE-PAH), which
counts for almost half of all CTD-PAH in China [24].
With the aid of animal experiments, we noted
that Cyr61 was extensively expressed in lung tissues,
but mainly located in pulmonary arteries. Although
PASMCs were previously reported as the major cells
generating Cyr61, Cyr61 actually could also be
produced by various cells in lung tissues, such as
alveolar epithelial cells, fibroblasts, pulmonary artery
endothelial cells and immune cells. Cyr61 functions in
a paracrine/autocrine manner, therefore lung tissue
derived Cyr61 may have biological influence on
adjacent pulmonary vascular cells. By investigating
the dynamic expression of Cyr61 in lung tissue at
http://www.medsci.org
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different time points (1, 2, 3, 4 weeks after MCT
injection), we found that Cyr61 was highly expressed
from the early to the advanced stage of PAH
development compared with the control rats.
Interestingly, a trend of decreasing Cyr61 expression
was observed over time. We speculated that Cyr61, as
a new pro-inflammatory mediator, could stimulate
the production of some pro-inflammatory cytokines
(such as IL-1β and IL-6) and promote Th17
differentiation [23, 25]. Meanwhile, secretion of Cyr61
could be induced by pro-inflammatory stimuli which
generate a positive feedback loop. For the
inflammatory mechanism in PAH pathogenesis, the
initial hit (such as genetic susceptibility, infections,
drugs, and cytokines) results in an acute injury and
dysfunction of pulmonary vascular endothelial cells
and
subsequently
massive
pro-inflammatory
cytokines and chemokines are released. These
pro-inflammatory cytokines and chemokines then
may drive vascular remodeling processes directly or
via bypassing signaling pathways [26]. Therefore, it is
possible that Cyr61 is expressed higher at the early
stage of PAH development than that at the advanced
stage when tissue repairing and vascular remodeling
occur. Our speculations need to be proved by further
studies.
We also revealed higher expression of Cyr61 in
pulmonary arteries and PASMCs of MCT-induced
PAH rats than the control rats, indicating Cyr61 was
indeed highly expressed in the PASMCs of
MCT-treated PAH rats. Furthermore, vitro studies

showed that exogenous recombinant Cyr61 protein
promoted the proliferation of PASMCs. When the
expression of Cyr61 was down-regulated, the
proliferation of PASMCs was reduced significantly.
Importantly, our data is consistent with a previous
report showing knockdown of Cyr61 substantially
inhibited the proliferation of aorta vascular smooth
muscle cells and suppressed the neointimal
hyperplasia in a rat carotid artery balloon injury
model [27]. Based on the previous study which
confirmed that PI3K-AKT was a signal pathway of
Cyr61 and functioned as promoting cell survival, we
tested the expression of AKT and p-AKT in our study.
The results showed that the level of p-AKT was
significantly down-regulated, while the expression of
total AKT did not change when Cyr61 was inhibited
by siRNA in PASMCs, suggesting that PASMCs
proliferation could be regulated by Cyr61 through the
activation
of
AKT.
Taken
together,
the
over-expression of Cyr61 in PAH patients and
MCT-induced PAH rats in combination with the
functional evidence of promoting PASMCs
proliferation supports that Cyr61 may play an
important role in the pathogenesis of PAH.
Coincidently, almost at the same time, American
researchers found the similar result of upregulation of
Cyr61 expression in hypoxia induced pulmonary
hypertension mice. However, they noticed bioactive
recombinant Cyr61 significantly suppressed hypoxiainduced contraction in human PASMCs in vitro and a
protection role of Cyr61 in hypoxia induced
pulmonary hypertension [11]. The difference may be
explained by that Cyr61 may
function in different ways
through distinct receptors
including
integrins
and
heparin sulfate proteoglycans
in
a
cell-type
and
context-dependent
manner
[20]. For instance, Cyr61 is
known as a double-edged
sword in cancer for its ability in
either
promoting
cell
proliferation, survival and
angiogenesis by binding to
integrin αvβ3 or inducing
apoptosis
and
cellular
senescence through integrin
α6β1 and heparin sulfate
proteoglycans [20, 28]. There
are also differences between
Fig 9. Signaling pathways involved in Cyr61 mediated PASMCs proliferation. (A), 3 identified specific siRNA for Cyr61
hypoxia induced PH model
(siCyr61-1, siCyr61-2, siCyr61-3) that could reduce expression of both Cyr61 mRNA and protein. siCyr61-1 worked the
best. (B), CCK8 assay showed that the proliferation of PASMCs was reduced when the expression of Cyr61 was inhibited.
and MCT-induced PAH model,
(C), Western-blot showed that expression of p-AKT was decreased significantly, while the expression of total AKT did not
which represent different types
change in PASMCs when the expression ofCyr61 was inhibited. *P<0.05 siCyr61-1 vs. siNC, ** P<0.05 siCyr61-1/2/3 vs
siNC.

http://www.medsci.org
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of PH and associate with different diseases [29, 30].
Due to the unavailability of ELISA kit for rat, we
are not able to detect the level of Cyr61 in the plasma
of our animal models. Similarly, due to the
unavailability of anti-Cyr61 neutralizing monoclonal
antibody and probably the lethality if Cyr61 was
knocked out, we could not directly block or knock out
the action of Cyr61 in PAH rats. And we will be
committed to this area in the future.
In summary, we revealed increased Cyr61 levels
in plasma from patients with IPAH and CTD-PAH.
Meanwhile, upregulated expression of Cyr61 was
observed in lung tissues, pulmonary arteries and
PASMCs from MCT induced PAH rat models. Further
study indicated that Cyr61 could promote the
proliferation of PASMCs in PAH rats via AKT
pathway. Recently, perivascular inflammation during
the process of vascular remodeling of PAH has drawn
increasing attention. We speculate Cyr61 contributes
to the pathogenesis of PAH just by involving
inflammation and proliferation. Our study of Cyr61
on the pathogenesis of PAH via inflammatory
pathway is ongoing. A better understanding of Cyr61
in the pathogenesis of PAH may contribute to identify
the potential therapeutic target and to improve the
prognosis.
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