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Abstract. The occurrence and the subsequent development 
of pulmonary arterial hypertension (PAH) involve compli-
cated mechanisms. Of these, the proliferation of pulmonary 
artery smooth muscle cells (PASMCs) has been indicated to 
be closely associated with its progression. Therefore, thera-
peutic methods targeting PASMCs to inhibit proliferation is 
an effective method for alleviating PAH. The present study 
was designed to determine the role of the adenosine A(2A) 
receptor (A2A receptor) in hypoxia‑induced rat PASMC 
(RPASMC) proliferation. Primary RPASMCs were isolated 
from the pulmonary artery of adult male SD rats, cultured 
and used for the following experiments. The mRNA level 
and protein expression of CXCR4 were measured by reverse 
transcription‑quantitative polymerase chain reaction and 
western blot analysis, respectively. The cell proliferation of 
RPASMCs was measured using a cell proliferation assay kit. 
In the present study, it was demonstrated that the prolifera-
tion of RPASMCs was partially mediated by activation of the 
stromal cell‑derived factor 1 (SDF1)‑CXC chemokine receptor 
4 (CXCR4) axis under hypoxic conditions. In addition, SDF1‑α 
alone upregulated the mRNA and protein expression levels of 
CXCR4, and stimulated the proliferation of RPASMCs. The 
protein expression of CXCR4 and the cell proliferation were 

markedly inhibited by application of A2A receptor agonist 
CGS21680 or cyclic adenosine monophosphate  (cAMP) 
under hypoxic conditions or treatment with SDF1‑α and 
was reversed by the A2A receptor antagonist SCH58261 or 
8‑bromoadenosine‑3',5'‑cyclic monophosphorothioate. These 
results demonstrated that the inhibition of SDF1‑CXC4 
signaling by the activation of A2A receptor and subsequent 
increase in the level of cAMP may be a potential method to 
ameliorate PAH.

Introduction

Pulmonary arterial hypertension (PAH) is a progressive 
disease characterized by sustained elevation of pulmonary 
vascular resistance, leading to right ventricular hypertrophy 
and heart failure. Despite extensive investigation, the etiology 
of PAH remains to be fully elucidated, and may involve an 
imbalance of vascular effectors, associated environmental 
factors or other conditions, or associated genetic abnormali-
ties. In addition, it has been suggested that the pathogenesis 
of PAH is closely associated with vasoconstriction, smooth 
muscle cell and endothelial cell proliferation, thrombosis and 
collagen deposition (1‑5).

Lower plasma adenosine levels were reported in the 
pulmonary circulation of patients with PAH, compared with 
those in control subjects, indicating the possible involvement 
of the deficiency of adenosine signaling in the development 
of PAH (6). Currently, adenosine has been suggested as a 
potent pulmonary vasodilator, exerting beneficial effects in the 
amelioration of PAH (7‑10). In addition, experiments involving 
adenosine A(2A) receptor (A2A receptor)‑knockout mice indi-
cated that A2A receptor deficiency may also be involved in 
the development of PAH, characterized by increased smooth 
muscle proliferation and collagen deposition with abnormal 
sclerosis/stenosis of distal pulmonary arteries, whereas its 
pharmacological activation partially reversed these patho-
logical changes (11‑14).

As the binding of stromal cell‑derived factor 1 (SDF1, 
also known as CXCL12) to its receptor, CXC chemokine 
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receptor 4  (CXCR4), is involved in vascular angiogenesis, 
neointimal hyperplasia and remodeling, activation of the 
SDF1‑ CXCR4 axis is a potential candidate involved in the 
progression and development of PAH  (15,16). It has been 
suggested in several studies that the activation of CXCR4 
partially contributes to hypoxia‑induced PAH by recruiting 
bone marrow‑derived progenitor cells to the pulmonary vascu-
lature, and inducing the proliferation of smooth muscle cells and 
muscularization of the pulmonary artery in rats and neonatal 
mice (17‑20). Therefore, inhibition of the SDF1‑CXCR4 axis is 
considered to be an underlying mechanism in the alleviation 
of PAH.

Furthermore, it has been reported that activation of the A2A 
receptor may downregulate the protein expression of CXCR4 
through a heterologous desensitization process on CD4+ 
T‑cells, indicating that A2A receptor activation may partially 
ameliorate PAH through its interaction with the SDF1‑CXCR4 
axis (21). However, the possible mode of action and associ-
ated molecular mechanisms in the inhibition of PAH remain 
to be fully elucidated. Therefore, the present study aimed to 
examine the potential role and underlying mechanisms of A2A 
receptor activation in regulating the expression of CXCR4 and 
associated cell proliferation in pulmonary vasculature, and 
evaluate its therapeutic benefit in the treatment of PAH.

Materials and methods

Materials. The A2A receptor agonist CGS21680, A2A receptor 
antagonist SCH58261, CXCR4 agonist SDF1‑α, CXCR4 antago-
nist AMD3100, 8‑bromoadenosine 3',5'‑cyclic monophosphate 
sodium salt (8‑Br‑cAMP), 8‑bromoadenosine‑3',5'‑cyclic 
monophosphorothioate (Rp‑8‑Br‑cAMPS), collagenase type 
I, 4',6‑diamidino‑2‑phenylindole dihydrochloride  (DAPI), 
propidium iodide (PI), TritonX‑100, glycine, and paraformal-
dehyde were obtained from Sigma; EMD Millipore (Billerica, 
MA, USA). Fetal bovine serum (FBS), penicillin G, strepto-
mycin, Dulbecco's modified Eagle's medium (DMEM, high 
glucose) and sterile phosphate‑buffered saline (PBS) were 
purchased from Thermo Fisher Scientific, Inc. (Waltham, 
MA, USA). The rabbit monoclonal antibody against CXCR4 
(cat. no. ab124824) and the rabbit polyclonal antibody against 
a‑smooth muscle actin (SMA) (cat. no. ab5694) were purchased 
from Abcam (Cambridge, UK). The mouse monoclonal anti-
bodies against β‑actin (cat. no. 3700) were purchased from 
Cell Signaling Technology, Inc. (Danvers, MA, USA). The 
BCA Protein Assay kit and SuperSignal (R) West Femto 
Maximum Sensitivity substrate were purchased from Pierce; 
Thermo Fisher Scientific, Inc. The DyLight® 488 Conjugated 
Goat anti‑Mouse IgG (H+L) (cat. no. 35502) was obtained from 
Thermo Fisher Scientific, Inc. The peroxidase‑conjugated goat 
anti‑rabbit (cat. no. 111‑035‑006) and anti‑mouse immuno-
globulin G (IgG)s (cat. no. 115‑035‑003) were obtained from 
Jackson ImmunoResearch Laboratories, Inc. (West Grove, 
PA, USA).

Isolation and culture of rat pulmonary artery smooth muscle 
cells (RPASMCs). Adult male Sprague‑Dawley rats (200‑250 g 
body weight) were purchased from Silaike Experimental 
Animal Technology (Shanghai, China). Following administra-
tion with an intraperitoneal injection of 10% chloral hydrate, 

the animals were sacrificed by cervical dislocation. The present 
study was approved by the guidelines of Wenzhou Medical 
College (Wenzhou, China; ethics approval no. wydw2015‑0201) 
and the National Institutes of Health Standards of Animal 
Care. The second to third pulmonary artery branches were 
isolated from the lungs under a microscope in cold sterile 
PBS. Following removal of the adventitia and endothelium, the 
arteries were washed with PBS three times, cut into sections 
(1 mm2) and then incubated with 0.2% type I collagenase for 
15 min at 37˚C. The cells were then cultured in high glucose 
DMEM containing 20% FBS, penicillin (100 U/ml) and strep-
tomycin (100 µg/ml). The purity of isolated the RPASMCs was 
analyzed by immunofluorescent staining of SMA. The third to 
sixth passage primary RPASMCs were used for the subsequent 
experiments.

Western blot analysis. Following serum starvation with 
DMEM for 24 h, the RPASMCs (5x105/ml) were exposed to 
hypoxia (3% O2, 5% CO2 at 37˚C) or were treated with the 
CXCR4 agonist SDF1‑α (100 ng/ml) for 48 h, with or without 
the CXCR4 antagonist AMD3100 (10  µM), A2A receptor 
agonist CGS21680 (2 µM), A2A receptor antagonist SCH58261 
(1 µM), 8‑Br‑cAMP (30 µM) or Rp‑8‑Br‑cAMPS (30 µM) at 
37˚C. Subsequently, the cells were lysed with ice‑cold RIPA 
lysis buffer supplemented with PMSF for 30 min. The lysate 
was then centrifuged at the speed of 12,000 x g for 15 min at 
4˚C. The supernatants were collected and the protein concen-
trations were determined using a Pierce BCA protein assay 
kit. Equal quantities of soluble protein (20 µg) were subjected 
to SDS‑PAGE (5% stacking gel and 12% separating gel) and 
electrotransferred onto a polyvinylidene fluoride membrane. 
Non‑specific binding sites were blocked with TBST buffer 
containing 10% milk for 1  h at room temperature. The 
membrane was then incubated with antibodies against CXCR4 
(1:1,000) or β‑actin (1:1,000) overnight at 4˚C, respectively. 
Following incubation, the blots were incubated with their 
corresponding secondary antibodies (peroxidase‑conjugated 
goat anti‑rabbit secondary antibodies for CXCR4, dilution 
1:3,000; and anti‑mouse secondary antibodies for β‑actin, 
dilution 1:3,000) for 1 h at room temperature and were then 
developed using the chemiluminescence detection method 
(SuperSignal West Pico Chemiluminescent substrate; Thermo 
Fisher Scientific, Inc.). The optical densities of the immunob-
lots were quantified by densitometry using a Gel Doc 2000 
densitometer (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) 
and further normalized to the scanning signals of β‑actin.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Total  RNA was extracted from the 
RPASMCs with TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) and further purified using the RNeasy Mini 
kit (Qiagen, Inc., Valencia, CA, USA). A Two‑step M‑MLV 
Platinum SYBR Green qPCR Super Mix‑UDG kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used for the following 
RT‑qPCR analysis. The RT‑qPCR reaction system (20 µl) 
contained 10 µl aceQ® qPCR SYBR® Green Master mix, 0.4 µl 
primer 1 (10 µM), 0.4 µl primer 2 (10 µM), 0.4 µl ROX reference 
dye 1 (both from Vazyme Biotech Co., Ltd., Nanjing, China), 
2.0 µl cDNA and 6.8 µl ddH2O. The thermocycling consists of 
three steps including the initial denaturation (95˚C for 5 min), 
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40 cycles of denature at 95˚C for 10 sec and annealing/exten-
sion at 60˚C for 30 sec and the melting curve (95˚C for 15 sec, 
60˚C for 60 sec and 95˚C for 15 sec). β‑actin was used as an 
endogenous reference gene to normalize differences in the 
quantity of total RNA added to each reaction (22). The CXCR4 
and β‑actin primer  sequences were synthesized by Invitrogen; 
Thermo Fisher Scientific, Inc., as follows: CXCR4, forward 
5'‑GGT​CTG​GAG​ACT​ATG​ACT​CCA‑3' and reverse 5'‑GTG​
CTG​GAA​CTG​GAA​CAC​CA‑3' (23); β‑actin, forward 5'‑GAA​
CCC​TAA​GGC​CAA​CC‑3' and reverse 5'‑TGT​CAC​GCA​CGA​
TTT​CC‑3' (24). The Cq values of CXCR4 and β‑actin were 
recorded as their mRNA levels, respectively. The results were 
expressed as CXCR4 mRNA levels relative to those of β‑actin 
as previously described (24).

Cell proliferation assay. The cell proliferation assay kit was 
purchased from Guangzhou RiboBio Co., Ltd (Guangzhou, 
China). Following serum starvation with DMEM for 24 h, the 
RPASMCs (5x105/ml) were cultured in medium containing 
10 µM Edu at 37˚C, exposed to hypoxia or treated with SDF1‑α 
for 48 h, with or without AMD3100, CGS21680, SCH58261, 
8‑Br‑cAMP or Rp‑8‑Br‑cAMPS. The cell proliferation 
analysis was then performed according to the manufacturer's 
protocol.

Statistical analysis. The results are expressed as the mean ± stan-
dard error of the mean. For the comparison of two groups, 
Student's unpaired t‑tests were used. For comparisons of the 
same group prior to and following treatment, Student's paired 
t-tests were applied. One‑way analysis of variance with the 
Student‑Newman‑Keuls test for post‑hoc testing of multiple 

comparisons were performed for the comparison of mean values 
of more than two groups. P<0.05 (two‑tailed) was considered to 
indicate a statistically significant difference. In all experiments, n 
represents the number of replicates in the corresponding experi-
ment.

Results

Activation of A2A receptor represses hypoxia‑ and SDF1‑α-
induced upregulation of the expression of CXCR4. The RPASMCs 
were stained with SMA antibody, DyLight™ 488‑conjugated 
goat anti‑mouse second antibody and PI  (Fig. 1A). Images 
of the immunofluorescence were captured under a confocal 
microscope and the purity was measured by the ratio of 
α‑actin‑positive cells to total cells. The results indicated that the 
purity reached up to 92%, which was suitable for the following 
experiments (Fig. 1B).

Hypoxia has been reported to increase the expression of 
CXCR4 in this pathological situation (16,20,25). In order to 
detect the effects of hypoxia and the activation of A2A receptor 
on the protein expression of CXCR4, the RPASMCs were 
exposed to 3% O2 for 48 h with or without the presence of 
A2A receptor agonist CGS21680. It was found that hypoxia 
induced a significant upregulation in the expression of 
CXCR4, whereas CGS21680 inhibited the increase, which was 
further reversed by the treatment of A2A receptor antagonist 
SCH58261 (Fig. 1C).

It has also been reported that the CXCR4 agonist SDF1‑α 
is able to upregulate the protein expression of CXCR4 in 
conditions of normoxia (26,27). In the present study, it was 
also found that SDF1‑α significantly increased the protein 

Figure 1. Purity of RPASMCs and expression of CXCR4. (A) Purity of RPASMCs measured with confocal microscopy (scale bar=25 µm; magnification, x200) 
and (B) expressed as the ratio of α‑actin‑positive cells to total cells. Protein expression of CXCR4 under (C) hypoxia or (D) in the presence of SDF1‑α. 
The upper panels show western blots of CXCR4, the lower panels show summaries of densitometric quantification of protein expression levels of CXCR4 
normalized by β‑actin levels. mRNA expression levels of CXCR4 under (E) hypoxia or (F) in the presence of SDF1‑α. Hypoxia, 3% O2; SDF1‑α, 100 ng/ml; 
CGS21680, 2 µM; SCH58261, 1 µM. Data are presented as the mean ± standard error of the mean (n=3‑6 for each group). *P<0.05 vs. Control, or RPASMCs 
treated by hypoxia or SDF1‑α alone; †P<0.05 vs. hypoxia + CGS21680 or SDF1‑α + CGS21680. RPASMCs, rat pulmonary artery smooth muscle cells; CXCR4, 
CXC chemokine receptor 4; SDF1‑α, stromal cell‑derived factor-1α; PI, propidium iodide.
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expression of CXCR4 in RPASMCs, which was inhibited by 
CGS21680 (Fig. 1D). Furthermore, the inhibition of CGS21680 
was reversed by SCH58261 (Fig. 1D). In accordance with the 
results from western blot analysis, it was found that the mRNA 
levels of CXCR4 were upregulated by hypoxia (Fig. 1E) or 
SDF1‑α (Fig. 1F). In addition, treatment of the cells with or 
AMD3100 (Fig. 2) also inhibited the expression of CXCR4 
induced by SDF1‑α.

Activation of A2A receptor inhibits the proliferation of 
RPASMCs under hypoxia and in the presence of SDF1‑α. 
The activation of CXCR4 has been reported to be involved 
in the proliferation of vascular smooth muscle cells 
(VSMCs) (16,20,25‑27). In the present study, it was also found 
that hypoxia (Fig. 3) and SDF1‑α (Fig. 4) induced significant 
RPASMC proliferation. As the protein expression of CXCR4 
was inhibited by AMD3100 and CGS21680, their effects on 
the proliferation of RPASMs were further investigated. It was 
found that the cell proliferation induced by hypoxia (Fig. 3) or 
SDF1‑α (Fig. 4) was inhibited by CGS21680 and/or AMD3100. 
Furthermore, the inhibition of cell proliferation by CGS21680 
was reversed by SCH58261 (Figs. 3 and 4).

Cyclic adenosine monophosphate (cAMP) represses the 
hypoxia‑ and SDF1‑α‑induced upregulated expression of 
CXCR4. As cAMP is the main downstream target and second 
messenger induced by the activation of A2A receptor, its effect 
on the expression of CXCR4 in RPASMCs was investigated in 
the present study (28,29). It was found that the increased protein 
expression of CXCR4 was inhibited by the administration of 
8‑Br‑cAMP under hypoxic conditions (Fig. 5A) or SDF1‑α 
treatment (Fig. 5B). The inhibitory effects of 8‑Br‑cAMP on 
the protein expression of CXCR4 were reversed by treatment 
with Rp‑8‑Br‑cAMPS (Fig. 5). The reduction in the protein 
expression of CXCR4 induced by CGS21680 under hypoxia 
was also weakened by Rp‑8‑Br‑cAMPS (Fig. 6).

cAMP inhibits the proliferation of RPASMCs under hypoxia 
and in the presence of SDF1‑α. As the protein expression of 
CXCR4 was downregulated by 8‑Br‑cAMP under hypoxia 
or treatment with SDF1‑α, its effect on the proliferation 
of RPASMs was further examined. It was found that the 
induction of cell proliferation under hypoxia (Fig. 7) or by 
SDF1‑α (Fig. 8) was inhibited by 8‑Br‑cAMP. Furthermore, 
the inhibition of cell proliferation by 8‑Br‑cAMP was reversed 
by Rp‑8‑Br‑cAMPS (Figs. 7 and 8). Rp‑8‑Br‑cAMPS also 
reversed the inhibitory effect of CGS21680 on the prolifera-
tion of RPASMs (Fig. 9).

Discussion

The aberrant proliferation of PASMCs has been well docu-
mented as a hallmark pathological feature of all forms of 
PAH (4), leading to structure remodeling, decreased luminal 
diameters and ultimately the occlusion of the resistance level 
of pulmonary arteries  (30,31). In the present study, it was 
demonstrated that hypoxia and SDF1‑α independently induced 
marked proliferation of the RPASMCs in vitro. In addition, the 
proliferation of RPASMs under hypoxia was partially medi-
ated by activation of the SDF1‑CXCR4 axis. Furthermore, the 

activation of A2A receptor and subsequent elevation in the level 
of cAMP alleviated the hyperplasia of RPASMCs, possibly by 
inhibiting the SDF1‑CXCR4 signaling pathway.

The molecular basis for the proliferation of PASMCs is 
complicated, and may involve reduced levels of vasodilators, 
and increased levels of vasoconstrictors and growth factors (3,4). 
Among these, activation of the SDF1‑CXCR4 axis has been 
reported as a potential contributor to pulmonary vascular 
remodeling, possibly by recruiting bone marrow‑derived 
progenitor cells to the pulmonary vasculature, and inducing the 
proliferation of smooth muscle cells and muscularization of the 
pulmonary artery (17‑20). Consistently, the present study found 
that the administration of SDF1‑α induced a marked increase 
in the mRNA and protein expression levels of CXCR4 in 
RPASMCs, and subsequent cell proliferation.

Hypoxia has been reported as a risk factor for the initiation 
and development of PAH (3). Acute hypoxia normally induces 
vasoconstriction of the pulmonary vasculature, whereas chronic 
hypoxia promotes structural remodeling of the pulmonary artery 
via inducing the proliferation and migration of vascular smooth 
muscle and the increased deposition of vascular matrix (32,33). 
In addition, the expression of CXCR4 is predominantly upregu-
lated on VSMCs under several pathological conditions, including 
high glucose or hypoxia. The increased expression of CXCR4 
leads to the aberrant proliferation of VSMCs (16,20,25,26). 
In the present study, it was also found that hypoxia for 48 h 
upregulated the mRNA and protein expression levels of CXCR4 
in RPASMCs, possibly by the induction of SDF1‑α under patho-
logical conditions (25,26). Furthermore, it has been reported 
that inhibition of the SDF1‑CXCR4 signaling pathway can 

Figure 2. Protein expression of CXCR4 in the presence of SDF1‑α. The upper 
panel shows western blots of CXCR4. The lower panel shows summaries of 
densitometric quantification of the protein expression of CXCR4 normalized 
by β‑actin levels. SDF1‑α was used at a concentration of 100 ng/ml; AMD3100 
was used at a concentration of 10 µM. Data are presented as the mean ± stan-
dard error of the mean (n=4 for each group). *P<0.05 vs. SDF1‑α alone. CXCR4, 
CXC chemokine receptor 4; SDF1‑α, stromal cell‑derived factor‑1α.
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suppress PASMC proliferation in hypoxic conditions (17,19,20). 
In accordance with previous studies, the present study found 
that the RPASMC proliferation was closely associated with 
inhibited SDF1‑CXCR4 signaling under hypoxia.

It has been reported that the A2A receptor is expressed on 
PASMCs and mediates the vasodilatory effects of adenosine 
on the pulmonary vasculature (9). In addition, the absence 
of adenosine signaling in A2A receptor‑knockout mice has 
been reported to be closely associated with the development 
of PAH, characterized by abnormal sclerosis/stenosis of 
distal pulmonary arteries due to increased smooth muscle 
proliferation and collagen deposition. By contrast, pharma-
cological activation of the A2A receptor can partially reverse 
these pathological changes  (11‑14). However, the detailed 
mechanisms that mediate the beneficial effects of adenosine 
signaling remain to be fully elucidated. The activation of the 
A2A receptor may downregulate the expression of CXCR4 in 
CD4+ T‑cells, indicating that a possible association between 

A2A receptor activation and the expression of CXCR4 may 
also exist in the pulmonary vasculature (21). The hypoxia‑ and 
SDF1‑α‑induced upregulation of CXCR4 and corresponding 
cell proliferation in the RPASMCs were inhibited by adminis-
tration of the A2A receptor agonist CGS21680.

The vasodilatory effects of adenosine have been reported 
to be mediated by its binding to corresponding adenosine 
A receptors and the subsequent activation of downstream 
signaling pathways, including the cAMP‑dependent or 
‑independent pathways (28,29,34,35). Accordingly, cAMP 
may be also involved in alleviating SDF1‑CXCR4‑associated 
RPASMC proliferation. In the present study, the admin-
istration of cAMP analogue 8‑Br‑cAMP downregulated 
the protein expression of CXCR4 and inhibited the prolif-
eration of RPASMCs induced by hypoxia and SDF1‑α. The 
effect of CGS21680 was inhibited by the cAMP antagonist 
Rp‑8‑Br‑cAMPS, revealing that the alleviating effect of A2A 
receptor activation was mainly mediated by the increased 

Figure 4. Cell proliferation assay measured by immunofluorescence in the presence of SDF1‑α. (A) Immunofluorescence images (scale bar=25 µm; magni-
fication, x200). (B) Quantification of Edu‑positive cells. SDF1‑α, 100 ng/ml; CGS21680, 2 µM; SCH58261, 1 µM; AMD3100, 10 µM. n=5 for each group. 
*P<0.05 vs. control; #P<0.05 vs. SDF1‑α; †P<0.05 vs. SDF1‑α + CGS21680. DAPI, 4',6‑diamidino‑2‑phenylindole dihydrochloride.

Figure 3. Cell proliferation assay measured by immunofluorescence under hypoxia. (A) Immunofluorescence images (scale bar=25 µm; magnification, x200). 
(B) Quantification of Edu‑positive cells. Hypoxia, 3% O2; CGS21680, 2 µM; SCH58261, 1 µM. n=5 for each group. *P<0.05 vs. normoxia; #P<0.05 vs. hypoxia; 
†P<0.05 vs. hypoxia + CGS21680. DAPI, 4',6‑diamidino‑2‑phenylindole dihydrochloride.
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level of cAMP in the RPASMCs. Taken together, these results 
indicated that the downregulated expression of CXCR4 on 
RPASMCs under hypoxia or stimulation by SDF1‑α may be 

mediated by activation of the A2A receptor‑cAMP signaling 
pathway.

In the present study, it was shown that activation of the 
SDF1‑CXCR4 signaling pathway may contribute to the prolif-
eration of RPASMCs under hypoxic conditions. By contrast, 
activation of the A2A receptor and the subsequent increase 
in the level of cAMP reversed hypoxia‑induced RPASMC 
proliferation by inhibiting SDF1‑CXCR4 signaling. Taken 
together, these results indicated that the reduced SDF1‑CXCR4 
signaling mediated by A2A receptor activation may be of thera-
peutic benefit in the treatment of PAH.
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Figure 6. Protein expression of CXCR4 under hypoxia. The upper panel 
shows western blots of CXCR4. The lower panel shows summaries of den-
sitometric quantification of protein expression of CXCR4 normalized by 
β‑actin levels. Hypoxia, 3% O2; CGS21680, 2 µM; Rp‑8‑Br‑cAMPS, 30 µM. 
Data are presented as the mean ± standard error of the mean (n=3 for each 
group). *P<0.05 vs. hypoxia alone; †P<0.05 vs. hypoxia + CGS21680 (P<0.05). 
CXCR4, CXC chemokine receptor 4; SDF1‑α, stromal cell‑derived factor 1α; 
Rp‑8‑Br‑cAMP; 8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt; 
Rp‑8‑Br‑cAMPS, 8‑bromoadenosine‑3',5'‑cyclic monophosphorothioate.

Figure 5. Protein expression of CXCR4 under (A) hypoxia or (B) in the presence of SDF1‑α. The upper panels show western blots of CXCR4. The lower panels 
show summaries of densitometric quantification of the protein expression of CXCR4 normalized by β‑actin levels. Hypoxia, 3% O2; SDF1‑α, 100 ng/ml; 
8‑Br‑cAMP, 30 µM; Rp‑8‑Br‑cAMPS, 30 µM. Data are presented as the mean ± standard error of the mean (n=4‑5 for each group). *P<0.05 vs. hypoxia or 
SDF1‑α alone; †P<0.05 vs. hypoxia + 8‑Br‑cAMP or SDF1‑α + 8‑Br‑cAMP. CXCR4, CXC chemokine receptor 4; SDF1‑α, stromal cell‑derived factor 1α; 
Rp‑8‑Br‑cAMP; 8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt; Rp‑8‑Br‑cAMPS, 8‑bromoadenosine‑3',5'‑cyclic monophosphorothioate.



INTERNATIONAL JOURNAL OF MOlecular medicine  42:  607-314,  2018 613

Figure 8. Cell proliferation assay measured by immunofluorescence in the presence of SDF1‑α. (A) Immunofluorescence images (scale bar=25 µm; 
magnification, x200). (B) Quantification of Edu‑positive cells. SDF1‑α, 100 ng/ml; 8‑Br‑cAMP, 30 µM; Rp‑8‑Br‑cAMPS, 30 µM (n=5 for each group). 
*P<0.05 vs. control; #P<0.05 vs. SDF1‑α; †P<0.05 vs. SDF1‑α + 8‑Br‑cAMP (P<0.05). CXCR4, CXC chemokine receptor 4; SDF1‑α, stromal cell‑derived 
factor-1α; Rp‑8‑Br‑cAMP; 8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt; Rp‑8‑Br‑cAMPS, 8‑bromoadenosine‑3',5'‑cyclic monophosphoro-
thioate; DAPI, 4',6‑diamidino‑2‑phenylindole dihydrochloride.

Figure 7. Cell proliferation assay measured by immunofluorescence under hypoxia. (A) Immunofluorescence images (scale bar=25 µm; magnification, 
x200). (B) Quantification of Edu‑positive cells. Hypoxia, 3% O2; 8‑Br‑cAMP, 30 µM; Rp‑8‑Br‑cAMPS, 30 µM (n=4 for each group). *P<0.05 vs. normoxia; 
#P<0.05 vs. hypoxia; †P<0.05 vs. hypoxia + 8‑Br‑cAMP. Rp‑8‑Br‑cAMP; 8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt; Rp‑8‑Br‑cAMPS, 
8‑bromoadenosine‑3',5'‑cyclic monophosphorothioate; DAPI, 4',6‑diamidino‑2‑phenylindole dihydrochloride.

Figure 9. Cell proliferation assay measured by immunofluorescence under hypoxia. (A) Immunofluorescence images (scale bar=25 µm; magnifica-
tion, x200). (B) Quantification of Edu‑positive cells. Hypoxia, 3% O2; CGS21680, 2 µM; Rp‑8‑Br‑cAMPS, 30 µM (n=4 for each group). *P<0.05 vs. normoxia; 
#P<0.05 vs.  hypoxia; †P<0.05 vs.  cells treated with hypoxia + CGS21680. Rp‑8‑Br‑cAMPS, 8‑bromoadenosine‑3',5'‑cyclic monophosphorothioate; 
DAPI, 4',6‑diamidino‑2‑phenylindole dihydrochloride.
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