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Abstract: Objective: To investigate the role of PDGFR-β/PI3K/AKT signaling pathway in the myocardial fibrosis. 
Methods: CFs were divided into following 4 groups: control group (CON), PDGF-BB group (P), PDGF-BB+IMA group 
(IMA), and PDGF-BB+LY294002 (LY). Results: Immunofluorescence staining showed about 90% of cells were posi-
tive for vimentin and 10% for α-SMA. After incubation for 7 days, fluorescence microscopy revealed more than 90% 
of cells were positive for α-SMA, which was significantly higher than that in CON group (P < 0.01), but markedly lower 
than that in IMA group and LY group (P < 0.01). The mRNA and protein expression of PDGFR-β, Col I, Col III, PI3K and 
Akt increased dramatically at 48 h after PDGF-BB treatment when compared with CON group (P < 0.01). However, 
IMA and LY294002 significantly inhibited the expression of PDGFR-β and p-PI3K (P < 0.05). In addition, the mRNA 
expression of PDGFR-β, PI3K and Akt in IMA group and LY group was also markedly lower than those in P group (P < 
0.01), and the mRNA and protein expression of Col I and Col III reduced remarkably when compared with P group (P 
< 0.01). Of note, the mRNA expression of PDGFR-α was comparable among 4 groups, and PDGFR-β expression after 
PDGF-BB treatment increased significantly when compared with PDGFR-α expression (P < 0.01). Conclusion: PDGF-
BB may induce CF proliferation and their transformation into myofibroblasts, which leads to increased synthesis of 
collagen, resulting in myocardial fibrosis. This is closely associated with PDGFR-β, but not PDGFR-α. PDGFR-β/PI3K/
Akt signaling pathway is involved in the PDGF-BB induced myocardial fibrosis. 
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Introduction

Myocardial fibrosis is a pathological feature at 
the end stage of some cardiovascular diseases 
and characterized by the proliferation of cardi-
ac fibroblasts in the myocardial interstitium, 
the transformation of these fibroblasts into 
myofibroblasts and the excessive deposition of 
extracellular matrix (ECM). Collagen accounts 
for about 80% of ECM and is a major compo-
nent of ECM. Collagen I (Col I) and collagen III 
(Col III) are the dominant types of collagen in 
the myocardial fibrosis [1]. Fibroblasts and 
myofibroblasts are the major cells which syn-
thesize Col I and Col II during the myocardial 
fibrosis. Platelet-derived growth factor-BB 
(PDGF-BB) is an important mitogenic factor and 
can promote the proliferation of fibroblasts and 
secretion of collagens, playing an important 
role in the myocardial fibrosis [2]. However, how 
the PDGF-BB acts to activate fibroblasts and 

mediate the myocardial fibrosis is still poorly 
understood. Our previous study showed DOCA 
induced fibrosis in rats had significantly 
increased expression of PDGF and its receptors 
(PDGFRs) which were mainly localized in fibro-
blasts and myofibroblasts. In addition, PDGFR-β 
plays a key role in the proliferation, transforma-
tion and collagen secretion of fibroblasts [3, 4]. 
PI3K/Akt signaling pathway is an important 
regulatory pathway and its activation has been 
found to be involved in the regulation of cell pro-
liferation, migration, differentiation and angio-
genesis [5]. In the present study, cardiac fibro-
blasts (CFs) were separated and purified, and 
then treated with PDGF-BB. The proliferation, 
transformation, collagen secretion, PDGFR and 
factors in the PDGFR-β/PI3K/Akt signaling 
pathway were determined in these CFs, aiming 
to explore the role of PDGF-BB in the pathogen-
esis of myocardial fibrosis and its down-stream 
mechanisms. 

http://www.ajtr.org
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Materials and methods

Separation, purification and identification of 
CFs

A total of 30 SD rat pups aged 1-3 days were 
purchased from the Experimental Animal 
Center of Anhui Medical University. Under an 
aseptic condition, the ventricles were collected 
and cut into blocks. After washing in PBS thrice, 
these heart blocks were digested in 0.08% 
trypsin at a volume ratio of 1:10. The resultant 
suspension was allowed to stay at room tem-
perature for 2 min. This cell suspension was 
transferred into a 15-ml centrifuge tube, and 
high glucose DMEM (10% HG/DMEM) contain-
ing 10% FBS, 100 mg/L streptomycin and 100 
mg/L penicillin was added to stop the diges-
tion. The residual heart blocks were digested 
repeatedly with above procedures. Then, cen-
trifugation was done at 1200 r/min for 4 min, 
and the cells were re-suspended in 10 ml of 
10% HG/DMEM. The resultant cell suspension 
was transferred into a 25-mm flask, followed by 
incubation for 90 min. After addition of 3 ml of 
10% HG/DMEM, incubation continued, and the 
resultant cells were cardiac fibroblasts (CFs). 
The medium was refreshed once every 2 days. 
When the cell confluence reached 80%, pas-
saging was done at a ratio of 1:2. Cells of the 
2nd to 5th generation were used in the following 
experiments. CFs of 2nd generation were seed-
ed into coverslip containing 6-well plates at a 
density of 104 cells/ml. Double fluorescence 
staining was done 48 h later for identification of 
CFs. In brief, the coverslips were washed 5 
times with PBS (5 min for each), fixed in 40 g/L 

paraformaldehyde for 20 min, washed in PBS 5 
times (5 min for each), blocked in 0.2% Triton 
X-100 at room temperature for 30 min, washed 
in PBS 5 times (5 min for each), blocked in 100 
µl of normal goat serum for 30 min, treated 
with 100 µl of rabbit anti-rat vimentin (1:100; 
Abcam) at 4°C over night, washed in PBS 5 
times (5 min for each), and incubated with 100 
µl of mixture containing FITC conjugated goat 
anti-rabbit antibody (1:200) and DAPI (1:500) 
at room temperature in dark for 30 min. After 
washing in PBS thrice (5 min for each), cells 
were observed under a fluorescence micro-
scope, and the positive cells were counted. 
Above procedures were also used to detect 
α-SMA (Abcam) positive cells.

Grouping

After separation and purification, CFs with sta-
ble status were divided into following groups: 
(1) blank control group (CON): cells were not 
treated; (2) PDGF-BB group (P): cells were treat-
ed with PDGF-BB (PeproThech); (3) PDGF-
BB+IMA group (IMA): cells were treated with 20 
ng/ml PDGF-BB and 100 µmol/l imatinib (IMA; 
a PDGFR phosphorylase inhibitor; Sigma); (4) 
PDGF-BB+LY294002 group (LY): cells were 
treated with 20 ng/ml PDGF-BB and 13 umol/l 
LY294002 (an inhibitor of PI3K). Cells were 
seeded at the same density and cultured in 
HG/DMEM containing 10% FBS.

Proliferation and transformation of CFs

MTT assay was used to detect the CF prolifera-
tion. In brief, cells were divided into 5 groups: 
medium control group (medium alone); cell con-
trol group (CON; cells and medium; P group, 
IMA group and LY group. CFs were seeded into 
a 96-well plate (5 wells/group). After culture for 
48 h, cells were incubated with 5 mg/ml MTT 
(20 µl/well) for 4 h. The medium was removed, 
and DMSO (150 µl/well) was added, followed 
by incubation for 10 min. Optical density (OD) 
was measured at 490 nm with an automatic 
microreader. Experiment was done thrice, and 
the means were used to delineate a curve. 
Detection of CF transformation by immunofluo-
rescence staining: Cells in CON group, P group 
and LY group were seeded into coverslip con-
taining 6-well plates at a density of 104 cells/
ml, followed by incubation for 7 d. Double 
immunofluorescence staining was done to 
detect α-SMA expression. Under a fluorescence 
microscope, α-SMA positive cells were coun- 
ted.

Table 1. Primers for different target genes used 
in this study
Gene Primers 
PDGFR-α Sense: CCTGGCATGATGGTTGATTCTACTT

Anti-sense: GGTCTCTTTTCGGGTTCACTGTTC
PDGFR-β Sense: GCACCGAAACAAACACACCTT

Anti-sense: ATGTAACCACCGTCGCTCTC
PI3K Sense: CTTGCCTCCATTCACCACCTCT

Anti-sense: GCCTCTAATCTTCTCCCTCTCCTTC
Akt Sense: CCGTTATCTTGATGTGCCCGTC

Anti-sense: TGTCTCGTGAGCGCGTGTTTT
Col I Sense: ACGCATGAGCCGAAGCTAAC

Anti-sense: AGGGACCCTTAGGCCATTGT
Col III Sense: ATAGACCTCAAGGCCCCAAG

Anti-sense: CCACCCATTCCTCCGACT
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mRNA expression of PDGFR-α, PDGFR-β, PI3K, 
Akt, Col I and Col III

Cells were seeded into 6-well plates (1 ml/well; 
1 × 106 cells/well), and incubation was done in 
an environment with 5% CO2 for 24 h at 37°C. 
Cells of different groups were further cultured 
in conditioned medium for 48 h. Total RNA was 
extracted with TRIzol reagent, and the concen-
tration and purification of total RNA were deter-
mined by UV spectrophotometry. The ratio of 
absorbance at 260 nm to that at 280 nm 
ranged from 1.8 to 2.0. Then, 5 µg of RNA was 
used for reverse transcription into cDNA with 
PrimeScriptTM RT reagent Kit (TaKaRa). PCR 
was done with a real time fluorescence quanti-
fication kit (SYBR Green, Qiagen) under follow-
ing conditions: pre-denaturation at 95°C for 35 
s, and 40 cycles of denaturation at 95°C for 5 s 
and annealing at 60°C for 34 s. Data were ana-
lyzed with ABI7500 analysis software, and Ct 
value was obtained. The 2-ΔΔCt method was 
used to calculate the relative expression of 
PDGFR-α, PDGFR-β, PI3K, Akt, Col I and Col III. 
The fold change of each gene was calculated as 
follow: ΔΔCt = Ct (target gene)-Ct (reference 
gene). Three samples were included in each 
group and experiment was repeated thrice. 
Primers were synthesized in Shanghai Sangon 
and are shown in Table 1.

Detection of protein expression of PDGFR-β, 
p-PDGFR-β, PI3K, p-PI3K, Col I and Col III

Cells in logarithmic growth phase were seeded 
into 6-well plates (1 ml/well; 1 × 106/well) and 
incubated at 37°C in an environment with 5% 

CO2 for 24 h. After culture in conditioned medi-
um for 48 h, cells were digested and centri-
fuged, and CFs were harvested. Western blot 
assay was employed to detect the protein 
expression of PDGFR-β, p-PDGFR-β, PI3K, 
p-PI3K, Col I and Col III, and β-actin served as 
an internal reference. Cells were lysed with 
RIPA lysis buffer (1 ml) containing 1 mM PMSF, 
and total protein was extracted. BCA method 
was used to quantify the protein concentration. 
Then, proteins of equal amount were mixed 
with 2X loading buffer of equal volume, follow-
ing by boiling for 10 min for denaturation. Then, 
these proteins were subjected to SDS-PAGE 
and transferred onto PVDF membrane. The 
membrane was incubated with primary anti-
body at 4°C over night and then treated with 
HRP conjugated secondary antibody (1:10000) 
at room temperature for 2 h. HRP-ECL sub-
strate was used for visualization, and protein 
bands were captured, followed by detection of 
OD of each band. Image software was used to 
measure the OD of each band which was then 
normalized to that of actin. The OD in CON was 
defined as 1. Mouse anti-rat PDGFR-β antibody 
was purchased from Abcam, mouse anti-rat 
p-PDGFR-β, rabbit anti rat PI3K, rabbit anti-rat 
p-PI3K, rabbit anti-rat Col I, rabbit anti-rat Col III 
antibodies (Bioworld), goat anti-mouse second-
ary antibody and anti-goat/anti-rabbit second-
ary antibody (Beijing Zhongshan Goldenbridge) 
were used in the detection.

Statistical analysis

Statistical analysis was performed with SPSS 
version 13.0. Data were expressed as mean ± 

Figure 1. CFs under a light microscope. A: Primary cells (90 min; ×100), cells became to be adherent; B: After cul-
ture for 3 days (×100), cells began to proliferate and cell merge was observed.
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standard deviation (mean ± SD). Comparisons 
among groups were done with Dunnett-t test. A 
value of P < 0.05 was considered statistically 
significant. 

Results

Identification of CFs

Under an inverted microscope, cells were 
observed. Cells immediately separated were 
ball-like and had different sizes. After culture 
for 90 min, cells became to be adherent (Figure 
1A). CFs were firstly adherent to the wall, and 

had irregular shape or oval shape, and later 
became long-spindled.  After culture for 2-3 
days, cells began to proliferate and cell merge 
was observed (Figure 1B). These cells arranged 
closely and there was overlapping growth 
among these cells. There was no spontaneous 
beating. When the cell confluence reached 
80%, cells were passaged. Cells of 5th genera-
tion showed obviously aging. Vimentin is the 
most important intermediate filaments among 
interstitial cells. Results showed CFs expressed 
vimentin which could be used to identify CFs. In 
addition, cardiomyocytes, smooth muscle cells 
and myofibroblast are positive α-SMA, and neg-
ativity for α-SMA may exclude these cells and 
be used for further identification of CFs. Under 
a fluorescence microscope, vimentin or α-SMA 
positive cells had green fluorescence and both 
proteins were mainly found in the cytoplasm. 
Blue fluorescence represented nucleus (DAPI). 
CFs were strong positive for vimentin, and the 
positive rate was about 90%. Immunofluor- 
escence staining of α-SMA also revealed that 
about 90% of cells were negative for α-SMA 
(Figure 2).

Proliferation and transformation of CFs

After culture for 48 h, OD of each well was mea-
sured. OD represents the density absorbed by 
the detected substance. The higher the OD, the 

Figure 2. Vimentin and α-SMA expression in CFs by immunofluorescence. Expressed vimentin and negativity for 
α-SMA be used for further identification of CFs. The positive rate of Vimentin was about 90%, and about 90% of cells 
were negative for α-SMA (immunofluorescence staining; ×200).

Figure 3. Effect of PDGF-BB, IMA and LY294002 
on the proliferation of CFs. The number of cells in P 
group was significantly higher than CON group (*P < 
0.05 vs. CON), and it was significantly lower in IMA 
and LY group than that P group, (#P < 0.05 vs. P 
group).
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more the cells are; the lower the OD, the lesser 
the cells are. Thus, OD value can be used to 
reflect the number of cells. In P group, the OD 
was 0.4991 ± 0.009, which was significantly 
higher than that in CON group (0.2072 ± 
0.0028; P < 0.05). In IMA group, the OD was 
0.2783 ± 0.0193, which was markedly lower 
than that in P group (P < 0.05). In LY group, the 
OD was 0.2323 ± 0.0059, which was signifi-
cantly lower than that in P group (P < 0.05). As 
shown in Figure 3, fluorescence microscopy 
showed more than 90% of cells were positive 
for α-SMA, but nearly none were positive for 
α-SMA in CON group, showing significant differ-
ence (P < 0.01). However, about 10% of cells 
were positive for α-SMA in LY group, which was 

markedly lower than that in P group (P < 0.01) 
(Figure 4). Thus, we speculate that the 
PDGFR-β/PI3K/AKT signaling pathway might 
be involved in the PDGF-BB induced prolifera-
tion of fibroblasts and their transformation into 
CFs.

mRNA expression of PDGFR-α, PDGFR-β, PI3K, 
Akt, Col I and Col III

In P group, the relative mRNA expression of 
PDGFR-β was 1.257 ± 0.3263, which was sig-
nificantly higher than that in CON group (0.2024 
± 0.1995; P < 0.01). In IMA group, the relative 
mRNA expression of PDGFR-β was 0.4914 ± 
0.0875, which was markedly lower than that in 

Figure 4. Effect of PDGF-BB, IMA and LY294002 on 
the α-SMA expression in CFs. Nearly none were posi-
tive for α-SMA in CON group and more than 90% of 
cells were positive for α-SMA in P group, however, 
about 10% of cells were positive for α-SMA in LY 
group. *P < 0.05 vs. CON; #P < 0.05 vs. P group.
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P group (P < 0.05). In LY group, the relative 
mRNA expression of PDGFR-β was 0.5517 ± 
0.1473, which was significantly lower than that 
in P group (P < 0.05). The mRNA expression of 
PI3K in CON group was 0.0159 ± 0.0124, which 
was significantly lower than that in P group 
(0.0595 ± 0.0101; P < 0.05). In IMA group and 
LY group, the PI3K mRNA expression was 
0.0178 ± 0.0062 and 0.0249 ± 0.0013, which 
were markedly lower than that in P group (P < 

0.05). The mRNA expression of AKT in P group 
was 0.1212 ± 0.0356, which was significantly 
higher than that in CON group (P < 0.01). In IMA 
group and LY group, the AKT mRNA expression 
was 0.0477 ± 0.0121 and 0.0587 ± 0.0049, 
respectively, which was significantly lower than 
that in P group (P < 0.01). In IMA group, the 
mRNA expression of Col I and Col III was 1.0246 
± 0.3173 and 1.1173 ± 0.4278, respectively, 
which were significantly lower than those in P 

Figure 5. mRNA expression of different factors in PI3K/AKT 
signaling pathway in Con group, P group, IMA group and 
LY294002 group. A: No significant difference was observed 
between four group of PDGFRα, and the mRNA expression 
of PDGFRβin P group was significantly higher than other 
three groups. B: The mRNA expression of PI3K and Akt in 
P group was significantly higher than other three groups. 
C: The mRNA expression of Col I and Col III in P group was 
significantly higher than other three groups. *P < 0.05 vs. 
CON; #P < 0.05 vs. P group.

Figure 6. Protein expression of PDGFR-β, p-PDGFR-β, PI3K, 
p-PI3K (A, B), Col I and Col III (A, C) in Con group, P group, 
IMA group and LY294002 group. The protein expression 
of PDGFR-β, p-PDGFR-β, PI3K, p-PI3K, Col I and Col III in P 
group were significantly higher than other three groups. *P 
< 0.05 vs CON group; #P < 0.05 vs. P group.
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group (9.8151 ± 0.5897 and 12.1257 ± 0.199, 
respectively; P < 0.01). In IMA group, the mRNA 
expression of Col I and Col III was 2.9383 ± 
0.032 and 1.8025 ± 0.055, respectively, which 
were markedly lower than those in P group (P < 
0.01). In LY group, the mRNA expression of Col 
I and Col III was 2.3867 ± 0.0568 and 1.7351 
± 0.009, respectively, which were significantly 
lower than those in P group (P < 0.01). The 
mRNA expression of PDGFR-α was 0.1363 ± 
0.0436 in CON group, 0.156 ± 0.123 in P 
group, 0.1046 ± 0.0248 in IMA group and 
0.2076 ± 0.0442 in LY group, and no significant 
difference was observed between P group and 
CON group (P > 0.05). In addition, the mRNA 
expression of PDGFR-α in P group was also 
comparable to that in IMA group and LY group 
(P > 0.05) (Figure 5).

Protein expression of PDGFR-β, p-PDGFRβ, 
PI3K, p-PI3K, Col I and Col III

Western blot assay showed the OD of p-PDGFRβ 
and p-PI3K in P group was 2.3158 ± 0.554 and 
2.2895 ± 0.788, respectively, which were sig-
nificantly higher than those in CON group 
(0.5145 ± 0.147 and 0.9983 ± 0.431, respec-
tively; P < 0.05). In IMA group, the OD of 
p-PDGFRβ and p-PI3K was 1.1257 ± 0.231 and 
1.4132 ± 0.255, respectively, which were mark-
edly lower than those in P group (P < 0.05). In 
LY group, the OD of p-PDGFRβ and p-PI3K was 
0.5051 ± 0.135 and 0.9912 ± 0.238, which 
were markedly lower than those in P group (P < 
0.05). In P group, the OD of PDGFR-β and PI3K 
was 1.7521 ± 0.734 and 1.4243 ± 0.633, 
respectively, which were markedly higher than 
those in CON group (0.3266 ± 0.301 and 
0.5578 ± 0.304, respectively; P < 0.05). In IMA 
group, the OD of PDGFR-β and PI3K was 0.7094 
± 0.2 and 0.6675 ± 0.34, respectively, which 
were markedly lower than those in P group (P < 
0.05). In LY group, the OD of PDGFR-β and PI3K 
was 0.3185 ± 0.085 and 0.2754 ± 0.186, 
which were markedly lower than those in P 
group (P < 0.05). The protein expression of Col 
I and Col III in P group was 1.2331 ± 0.527 and 
1.5527 ± 0.758, respectively, which were sig-
nificantly higher than that in CON group (0.3098 
± 0.181and 0.5591 ± 0.154, respectively; P < 
0.05). In IMA group, the OD of Col I and Col III 
was 0.696 ± 0.154 and 0.9479 ± 0.245, 
respectively, which were markedly lower than 
those in P group (P < 0.05). In LY group, the OD 
of Col I and Col III was 0.4874 ± 0.118 and 

0.6037 ± 0.225, respectively, which were mark-
edly lower than those in P group (P < 0.05; 
Figure 6).

Discussion

Myocardial fibrosis is as a result of excessive 
deposition of ECM in the myocardium. Collagen 
is a major component of ECM. In the myocardi-
um, there are collagens I, III, IV, V and VI, and 
collagen and collagen III account for more than 
90% of ECM. Moreover, these collagens are 
secreted by cardiac fibroblasts and myofibro-
blasts transformed from these fibroblasts [6]. 
Under normal conditions, there is a small 
amount of collagens in the myocardium which 
is essential for the maintenance of normal 
structure and function of the heart. In addition, 
the degradation of collagens in the interstitium 
is regulated by MMP and TIMP [7]. Under nor-
mal conditions, the synthesis and degradation 
of collagens are dynamically balanced, which 
avoids the fibrosis. However, under pathologi-
cal conditions (such as denaturation or necro-
sis of cardiomyocytes), some inflammatory 
cells (such as monocytes and macrophages) 
aggregate and secret a lot of growth factors 
(such as PDGF), resulting in the proliferation of 
CFs, which induces the transformation of CFs 
into myofibroblasts. The consequence is exces-
sive synthesis of collagens overwhelming their 
degradation, causing myocardial fibrosis [8]. 
Currently, the mechanisms underlying the acti-
vation of fibroblasts by PDGF and its upstream 
factors are still unclear.

PDGF is a potent growth factor that can pro-
mote the division of fibroblasts. In recent years, 
a series of studies demonstrate that members 
of PDGF family are involved in the pathogenesis 
of myocardial fibrosis [9]. In the fibrosis of sev-
eral organs, there are interstitial inflammation 
and excessive secretion of PDGF by inflamma-
tory cells such as monocytes and macrophages, 
which is also accompanied by increased 
expression of PDGFR on the fibroblasts. A vari-
ety of studies have revealed that the myocardi-
al fibrosis is closely associated with the activa-
tion of PDGF signaling pathway and excessive 
division and proliferation of fibroblasts [10, 11]. 
PDGF family includes PDGF-AA, PDGF-BB, 
PDGF-CC, PDGF-DD and PDGF-AB. PDGFR 
belongs to tyrosine kinase receptor and 
includes PDGFR-α and PDGFR-β. Thus, the 
PDGFR signaling pathway can be classified as 
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PDGFR-α signaling pathway and PDGFR-β sig-
naling pathway [12]. PDGFR without binding to 
PDGF exist in the form of inactivated mono-
mers. When PDGF binds to the extracellular 
domain of PDGFR, PDGFR forms homodimer, 
resulting in phosphorylation of tyrosine resi-
dues. The activated tyrosine may further acti-
vate down-stream factors, mediating different 
cell activities, such as cell growth and differen-
tiation. PDGF-AA and PDGF-CC are the major 
ligands of PDGFR-α and may act in the PDGFR-α 
signaling pathway. PDGF-BB is mainly involved 
in the PDGFR-β mediated myocardial fibrosis 
[13]. There is evidence showing that PDGFR-α 
signaling pathway exerts effects at the early 
stage of myocardial fibrosis and PDGFR-β sig-
naling pathway acts in the whole process of 
myocardium fibrosis [3, 4]. Thus, PDGFR-β sig-
naling pathway is more important in the myo-
cardial fibrosis when compared with PDGFR-α 
signaling pathway. Thus, the present study 
focused on the PDGFR-β signaling pathway. 

The downstream pathway of PDGFR-β is very 
complex and has cross talk with a lot of path-
ways. Studies have revealed that PI3K/Akt sig-
naling pathway plays important roles in the cell 
proliferation, migration, differentiation and 
angiogenesis [14]. Studies on CFs treated with 
aldosterone, angiotensin II and statins showed 
PI3K/Akt signaling pathway was involved in the 
pathological processes of fibrosis [15-19]. 
Studies on cancer prevention reveal PDGF may 
act on PI3K signaling pathway to regulate the 
expression of proteins related to cell metabo-
lism, apoptosis, proliferation and differentia-
tion, and to inhibit the PI3K signaling pathway 
may kill cancer cells [20]. In lung fibrosis and 
liver fibrosis animal models, results also dem-
onstrate that PDGFR-β and its downstream 
PI3K/Akt are involved in the proliferation, trans-
formation and collagen synthesis of fiber cells 
[21, 22]. In studies on the vascular repair and 
angiogenesis, PDGFR-β was found to function 
via PI3K/Akt signaling pathway in the endothe-
lial progenitor cells with PDGFR-β over-expres-
sion [23]. To date, few studies have been con-
ducted to investigate the role of PDGFR-β and 
PI3K/Ak signaling pathway in the myocardium 
fibrosis. 

In our previous study on mineralocorticoid 
induced myocardial fibrosis in rats, the expres-
sion of PDGFs and PDGFRs increased signifi-

cantly, PDGFRs were mainly localized in fibro-
blasts and myofibroblasts and the number of 
fibroblasts and myofibroblasts and collagen 
secretion increased dramatically, suggesting 
that PDGFs/PDGFRs are involved in the patho-
genesis of myocardial fibrosis [4]. However, the 
role of PDGFR-β/PI3K/Akt signaling pathway in 
the myocardial fibrosis is still poorly under-
stood. In the present study, differential adher-
ent method was employed to separate fibro-
blasts, and the purified CFs were treated with 
PDGF-BB. Results showed the PDGFR-β/PI3K/
Akt signaling pathway was significantly activat-
ed, and collagen secretion increased obviously. 
After addition of IMA (an inhibitor of PDFGR 
phosphorylase) or LY294002 (an inhibitor of 
PI3K signaling pathway), the PDGFR-β/PI3K/
Akt signaling pathway was markedly inhibited, 
accompanied by reduction in collagen secre-
tion. Our study for the first time confirmed that 
PDGFR-β/PI3K/Akt signaling pathway is 
involved in the pathogenesis of fibroblast 
induced myocardial fibrosis. 

Studies have shown that PDGF-BB treatment 
may markedly increase the number of fibro-
blasts. Immunofluorescence staining showed 
the proportion of myofibroblasts was higher 
than 90%, suggesting that fibroblasts trans-
form into myofibroblasts. However, after addi-
tion of PDGFR phosphorylase inhibitor IMA, the 
myofibroblasts reduced dramatically. However, 
the PDGFR-α expression remained unchanged 
after PDGF-BB treatment, suggesting that 
PDGFR-α is not involved in the PDGF-BB 
induced myocardial fibrosis. In addition, after 
addition of LYA294002 (an inhibitor of PI3K/
Akt signaling pathway), the fibroblasts and myo-
fibroblasts reduced significantly accompanied 
by decreased collagen synthesis. Thus, we 
speculate that, in the fibroblast induced myo-
cardial fibrosis, PDGF-BB binds to and activates 
PDGFR-β on fibroblasts. The phosphorylated 
PDGFR-β further activates PI3K/Akt signaling 
pathway, resulting in proliferation of CFs and 
their transformation into myofibroblasts, which 
significantly increases collagen synthesis and 
finally cause myocardial fibrosis. 

Taken together, CFs were separated and cul-
tured in vitro in the present study, and PDGF-BB 
was used to prepare the CF induced myocardial 
fibrosis in vitro. Our results showed PDGF-BB 
could induce the proliferation of CFs and their 
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transformation into myofibroblasts. PDGFR 
phosphorylase inhibitor IMA and PI3K/Akt sig-
naling pathway inhibitor LY294002 could mark-
edly attenuate myocardial fibrosis. These find-
ings suggest that PDGFRβ/PI3K/AKT signaling 
pathway is involved in the CF induced myocar-
dial fibrosis after PDGF-BB treatment, but the 
specific mechanism is required to be further 
studied. 
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