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Abstract
Objective: To investigate the relationship between the over expression of PDGF-D in right atrial tissue and the fibrosis of 
right atrial in patients with valvular atrial fibrillation (AF).

Methods: A total of 84 patients who needed valve replacement due to rheumatic heart disease were selected. There 
were 39 patients in the atrial fibrillation group and 45 patients in the sinus rhythm group, respectively. The medical 
history, examination and examination results of the patients were collected and combed. The right atrial tissue (0.3-0.5 
cm3) was obtained during the operation. In this study, the content of collagen in the right atrial tissue of patients in 
the two groups was determined, and the patients in the atrial fibrillation group and the SR group were measured and 
compared by real-time PCR and Western-Blot.

Results: By comparing many aspects of all enrolled patients, such as medical history and examination results, there was 
no statistical significance in the above parameters between the SR group and the AF group(P > 0.05); Masson staining 
showed that the proportion of collagen in atrial samples obtained from AF group was significantly higher than that from 
SR group (P < 0.05, t = 271.0); The results of Western Blot and real-time PCR showed that the expression of PDGF-D 
mRNA and protein in AF group was significantly higher than that in SR group (P < 0.05), Collagen content was positively 
correlated with PDGF-D mRNA and protein expression (P < 0.05).

Conclusion: The high expression of PDGF-D is closely related to right atrial fibrosis in patients with atrial fibrillation.

Keywords
Atrial fibrillation, Rheumatic heart valvular disease, Collagen content, Atrial remodeling, Platelet-derived growth factor-D

Check for
updates

Introduction
Atrial fibrillation a very important public health problem 

Atrial fibrillation is the most common arrhythmia and a 
significant contributor to stroke and heart failure, so atrial 
fibrillation is a very important health problem [1]. In clinical 
practice, the main cause of atrial fibrillation is valvular heart 
disease and the most common structural heart disease [2,3]. 
The most typical pathological change of atrial fibrillation 
is atrial fibrosis, which refers to abnormal collagen fibers 
deposited in the normal atrial myocyte interstitium. In other 
words, the content of collagen fibers increases in the normal 
atrial myocyte interstitium [4,5]. In normal atrial tissue, 
fibrous tissue accounts for 2%-4% of my interstitial content, 
and clinical atrial fibrosis is defined as the content of collagen 
fibrous tissue exceeding 10% of atrial tissue. Clinically, the 
occurrence of atrial fibrosis is a common pathological feature 
of atrial tissue in patients with atrial fibrillation [6-8]. The 
results of several studies have shown that patients with 
atrial fibrillation have significant atrial fibrosis, while the 
opposite is true in patients with sinus rhythm. Studies have 
found that many cytokines are involved in atrial fibrosis [9]. 

Platelet-derived growth factor D (PDGF-D) is a member of 
PDGF. PDGF-D plays a pivotal role in tissue repair, fibrosis, 
immune response, cell proliferation and other processes 
[10,11]. However, there are few studies on the correlation 
between PDGF-D and right atrial fibrosis in patients with 
atrial fibrillation [12,13]. In this study, the right atrial tissue, 
blood and basic clinical data of patients with valvular atrial 
fibrillation were collected, and the relationship between 
PDGF-D and atrial fibrosis in patients with valvular atrial 
fibrillation was discussed at the histological level by applying 
biochemical and molecular biological techniques.

http://crossmark.crossref.org/dialog/?doi=10.36959/652/412&domain=pdf
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collagen fibers were dyed blue and the muscle tissue was dyed 
red. Collagen volume fraction (CVF) was determined by right 
atrial section.Masson’strichrome a were obtained from Boster 
Biological Engineering Corporation (Wuhan, China). Two 
slides were randomly selected for each sample and observed 
under a polarizing microscope. Each section was randomly 
selected under the microscope with 6 high-magnification 
fields. The multifunctional microscope and automatic image 
processing and analysis system (Leica, Germany) were used 
to photograph each section, and Collagen volume fraction 
(collagen area/measured visual field area × %) was expressed 
as mean ± standard deviation (± S) for all data.

Detection of positive for PDGF-D by 
immunofluorescence staining

After embedding in frozen section embedding agent, 
7 μm slices were obtained on polylysine coated slides. The 
slides were treated with acetone for 10 minutes at 4 degrees 
Celsius and then with PBS. Normal bovine serum was added 
and sealed for 40 min, then rinsed with 0.01 mol/L PBS for 10 
min × 1 time; Then the working solution of primary antibody 
was added (PDGF-D primary antibody 1:200 dilution; 
PDGFR-α monoclonal antibody in 1:150 dilution), incubated 
at 37 °C for 1 h, and overnight at 4 °C. After that, it was 
rinsed with 0.01 mol/L PBS for 10 min × 3 times. Fluorescent 
secondary antibody working solution (PDGF-D and PDGFR-α, 
sheep anti-mouse /FITC, both in 1:100 dilution) was added, 
and incubated at 37 degrees Celsius for 1 hither, they were 
washed with 0.01 mol/L PBS for 10 min × 3 times. DAPI dye 
working solution was added (1:100 dilution) and incubated 
at room temperature for 15 min. Rinse with 0.01 mol/L PBS 
for 10 min × 3 times; Then seal with buffer glycerin; After the 
above process, The contents of the sections were observed 
under a fluorescence microscope and photographed (× 200).

Detection the expressions of mRNA of PDGF-D 
and type I, III collagen by RT PCR

Simply, the sample was thawed and homogenized on 
ice, and the separation and quantification of Total RNA was 
done according to the company's instructions using the 
RNA-Simple Total RNA Kit (Tianen Biotechnology, China). 
Using the ReverTra Ace qPCR RT Kit (Tiangen Biotechnology), 
the RNA was then reverse-transcribed into cDNA as per 
the manufacturer's instructions. cDNA amplification was 
performed on a thermal cycler (Applied Biosystems Step One 
Plus System) The obtained cDNA was amplified on a thermal 
cycler (Applied Biosystems Step One Plus System). The volume 
of the reaction mixture was a total of 20 μl, which was then 
smoothly amplified according to the merchant's description 
(SYBR®Premix Ex Taq™II PCR kit and Applied Biosystems First 
Step Addition system). Eight tubes were placed into a PCR 
apparatus for amplification, and the process was 40 cycles of 
predenaturation at 95 °C for 30 s, 95 °C for 5 s, and 60 °C 
for 30 s. At the end of the reaction, the CT value, dissolution 
and amplification curves of each reaction well were read 
and analyzed. The CT value (Cycle threshold) was obtained 
by IQ5 software. The relative expression 2-△△CT was 
calculated using the following formula: -△△CT=CT (SR group) 

Materials and Methods

Patient registration and data collection
In this study, 84 patients with rheumatic valvular heart 

disease were admitted to the Department of Cardiac Surgery 
of the First Affiliated Hospital of Xi'an Jiao tong University, 
Xining Hospital and Shaanxi Provincial People's Hospital from 
May 28, 2012 to August 13, 2012 for heart valve replacement 
surgery. There were 39 cases in permanent AF group and 45 
cases in SR group. Baseline demographic, physical, routine 
laboratory, echocardiogram, and other clinical data were 
available to all patients prior to surgery. The inclusion criteria 
for this study were that subjects with a significant history of 
atrial fibrillation and ECG showed atrial fibrillation for more 
than 6 months were considered eligible for inclusion. The 
control group of the experiment was set as a sinus rhythm 
patient without a history of AF. There was no history of 
antibiotic use in the last 2 weeks.

The exclusion criteria are: Age 65 years or older, 
coronary atherosclerotic heart disease, liver and kidney 
failure, nephrotic syndrome, diabetes, hyperthyroidism, 
hypertension, cardiomyopathy, chronic pulmonary heart 
disease, autoimmune disease, heart failure exceeding New 
York Heart Function Grade 3, EF to less than 40%, rheumatic 
fever with acute activity, chronic inflammation, with 
significant acute infection, tumor patients, and patients who 
had taken aldosterone receptor antagonists, angiotensin II 
receptor blockers, angiotensin-converting enzyme inhibitors 
within five half-lives were excluded from this study.

Before the trial, each patient who participated in the 
trial provided written informed consent that was obtained 
from each enrolled patient or his or her family. All informed 
consent forms and procedural agreements were authorized 
by the First Affix Ethics Committee at Xi'an Jiao tong University 
Hospital. This survey is in line with the principles outlined in 
the Declaration of Helsinki.

Collection and preservation of human heart 
tissue

Before cardiopulmonary bypass was established in all 
patients during cardiac surgery, right atrial tissue (0.3-0.5 
cm3) was obtained before cardiopulmonary bypass intubation 
and after the right atrium was opened. After removing blood 
and adipocytes, each atrial tissue was cut into three pieces. 
The first piece was placed in liquid nitrogen bottle and stored 
at -80 °C for protein extraction and Western blot detection. 
The second piece was put into EP tube for collagen content 
and mRNA separation; the third block was fixed with 4% 
formaldehyde solution and used for paraffin embedding 
section and immunostaining.

Masson's trichrome staining and collagen 
volume fraction assay

The samples were fixed with 4% par formaldehyde, 
dehydrated with ethanol, and then embedded in paraffin. 
These were serially sectioned at 4μmand Masson's trichrome 
staining was performed to highlight collagen fibers. The 
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min, scanned and analyzed with a gelpro analyzer. Discovery 
Series TM image analysis software (Bio-Rad, USA) was used 
for normalization with the corresponding β-actin values. 
Experiments were repeated three times and averaged.

Statistical analysis
The experimental results were anal deviation was 

uyzed using SPSS16.0 statistical software package. Mean 
± standards for measurement data, and normality test was 
performed by (± S), and the data in this study were in line 
with normal distribution. The t test was used to compare the 
means between the two groups, and the X2 test was used 
to compare the rates. A difference of 0.05 was considered 
statistically significant.

Results

Clinical characteristics
Details of enrolled patients are shown in Table 2. In 

general, AF group is similar to SR group in many aspects. Left 

-CtGAPDH (SR group) -Ct (AF group) + CTGAPDH (AF group). 
Oligonucleotide probes were as following (Table 1).

Western blotting analysis
For Western blot analysis, frozen right atrial tissue 

samples were used for protein isolation. Protein extraction 
was performed according to the instructions of the total 
protein extraction kit (applied gen Technologies Inc., 
China). SDS-PAGE electrophoresis was used to isolate the 
protein (10 µg) extracted above. It was then transferred to 
the nitrocellulose membrane (Stratagene, USA). Ponceau 
S solution (Sigma, USA) stains it. 5% skim milk was used to 
block the membrane and detect rabbit polyclonal anti-
human PDGF-D antibodies (Abcam, USA). Rabbit Anti-mouse 
or anti-Rabbit IgG conjured to equine radish peroxidase 
(1:5000, Santa Cruz Biotechnology) as a secondary antibody. 
Incubation was performed under the ECL Western Blot assay 
kit (Amersham, Netherlands). The amount of protein selected 
was within the range of the linear immune response signal. 
The immunoreactive signals were exposed to Kodak film for 5 

Table 1: Oligonucleotide probes.

The target genes Primers Base composition

PDEGF-D

Sense 5'-ACGTCCGCCAACTTCCTGAT-3’

Antisense 5'-TCCGGATTCAGGCTTGTGGT-3’

Type I collagen

Sense 5'-GCGACAGAGGCATAAAGGGT-3'

Antisense 5'-CCAGGGAGACCGTTGAGTC-3

Type III collagen

Sense 5'-GAGCTTCCCAGAACATCA-3'

Antisense 5'-ATTCCCCAGTGTGTTTCG-3'

GAPDH

Sense 5'-CCTCCTGCACCACCAACT-3'

Antisense 5'-CTTCTGGGTGGCAGTGATG-3'

Table 2: Clinical characteristics.

  AF (n = 39) SR (n = 45) t/χ2 values P value

Basic data

Age (years) 51.1 ± 9.0 48.1 ± 10.9 -1.405 0.164

sex, 24/15 19/26 3.083 0.086

male/female(n)

SBP(mmHg) 112.4 ± 10.4 115.8 ± 14.3 1.242 0.218

DBP(mmHg) 71.7 ± 7.4 70.5 ± 11.5 -0.567 0.572

Laboratory examinations

WBC (109/l) 6.29 ± 1.55 6.0 ± 1.91 -0.763 0.448

RBC (1012/l) 4.55 ± 0.67 4.44 ± 0.51 -0.811 0.42

HB (g/l) 137.1 ± 16.6 135.3 ± 16.8 -0.482 0.631

CR (µmol/l) 92.47 ± 12.46 91.58 ± 12.43 -0.225 0.823

Echocardio graphic parameters

LVEF (%) 53.10 ± 5.90 54.47 ± 5.90 1.041 0.301

LAD (mm) 58.03 ± 13.93* 49.55 ± 17.17* -2.42 0.018

RAD (mm) 26.88 ± 4.81* 24.32 ± 4.26* 1.721 0.038

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; WBC: White Blood Cell; RBC: Red Blood Cell; HB: Hemoglobin; CR: Serum 
Creatinine; LVEF: Left Ventricular Ejection Fraction; LAD: Left Atrium Diameter; RAD: Right Atrium Diameter
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of SR group (P < 0.05). Hydroxyproline assay kit was used 
to detect the content of this amino acid, and the content of 
collagen in atrial tissue (μg/mg) could be obtained from this. 
The results showed that the collagen content of AF group was 
significantly higher than that of SR group (P < 0.05).

mRNA expression of type I collagen and type III 
collagen

The relative expression of collagen type I and collagen type 
III mRNA (2-△△Ct value) in the specimens of enrolled patients 
was determined by real-time fluorescence quantitative PCR. 
The relative expression levels of type I collagen mRNA and type 
III collagen mRNA in AF and SR groups (2-△△Ct value) were 
2.042 ± 0.177 vs. 0.988 ± 0.099, P & lt; 0.05; 1.228 ± 0.151 vs. 
1.067 ± 0.068, P > 0.05. The results showed that the mRNA 
expression level of type I collagen in AF group was significantly 

and right atrial diameters, as indicated by echocardiography, 
were significantly larger in the AF group than in the SR group. 
All drugs were discontinued at least 12 hours before surgery.

Collagen content and distribution
The results of Masson staining of Arial tissue between the 

two groups are shown in figure. In the sinus rhythm control 
group, a small amount of collagen fibers were observed 
in the atrial tissue (Figure 1a). In the AF group, there was a 
significant proliferation of purple-blue collagen fibers in the 
atrial tissue (Figure 1b). In the subendocardium, collagen 
deposition in the interstitium was significantly increased, 
and the muscle bundles were separated by a large number 
of cord-like collagen fibers.The semi-quantitative results of 
Masson staining of atrial tissue by image analysis also showed 
that the CVF of AF group was significantly higher than that 

         

 
 

 
                                  

(a）                                                              (b)

(c）                                                              (d)

Figure 1: Representative example of right atrial tissue stained with Masson’s trichrome; A: The intensity of collagen fibers with Masson’s 
Staining in SR (original magnification ×200); B: The intensity of collagen fibers with Masson’s Staining in AF (original magnification 
×200); C: Collagen content was higher in AF group; D: CVF was higher in AF group.
AF: Atrial Fibrillation; SR: Sinus Rhythm.
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expression of PDGF-D protein in the SR group was weak, 
while the fluorescence intensity and density of the expression 
in the AF group were significantly stronger (Figure 3).

Amplification and dissolution curves
The resolution curves of real-time fluorescence 

quantitative PCR showed a single peak, indicating that the 
amplification reaction was specific. The inflection point of 
each mRNA amplification curve was clear, the exponential 
phase and plateau phase were obvious, and the slope of the 

higher than that in SR group, and the difference was statistically 
significant. The mRNA expression of type III collagen was 
only slightly higher than that of SR group, and there was no 
statistical significance between the two groups (Figure 2).

The expression of PDGF-D increased in patients 
with AF

The expression of PDGF-D protein was positive in SR 
group and AF group, and it was located in the cell membrane 
near the nucleus of myocardium or fibroblast nucleus. The 

         

.  
(a)

                                                                                   
(b)
 Figure 2: a) mRNA expression of type I collagen in AF and SR groups; b) mRNA expression of type III collagen in AF and SR groups.

AF: Atrial Fibrillation; SR: Sinus Rhythm.

         

 
(a) (b)

Figure 3: Representative sections of the immunofluorescent stained  right atrial  tissue showed  increased  PDGF-D  in patients 
with AF compared with patients in SR. a) Immunofluorescent stained expression of PDGF-D in SR (original magnification ×200); b) 
Immunofluorescent stained expression of PDGF-D in AF (original magnification ×200).
AF: Atrial Fibrillation; SR: Sinus Rhythm.
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glycoprotein, which is mainly found in platelet α granules, but 
also in damaged endothelial cells, migrating macrophages, 
smooth muscle cells, fibroblasts and other cells [14]. These 
cells release PDGF in large quantities and mediate endothelial-
mesenchymal interactions in various tissues [15]. PDGFs is the 
main mitogen in the origin cell population of neuroectoderm, 
a cytokine that can promote the mitosis and chemotaxis of 
fibroblasts and vascular smooth muscle cells, regulate the 
content of collagen, fibronectin, proteoglycan, hyaluronase 
and collagen protease in the extracellular matrix, and It also 
plays a pivotal role in the remodeling of connective tissue 
[16,17]. The polypeptide chain of PDGF-D is composed of 196 
and 211 amino acid residues, which are highly expressed in 
the heart, pancreas and skeletal muscle tissues. It can bind to 
specific receptors on the cell membrane, and thus transmit 
information into the cell's interior, producing a response 
through a series of actions [18,19]. PDGF is mainly distributed 
in cells of interstitial or glial origin: Fibroblasts, osteoblasts, 
chondrocytes, smooth muscle cells and glial cells [20,21].

At present, the research on the relationship between 
atrial fibrillation and cardiac collagen expression has become 
a hot topic. Many studies have shown that AF is associated 
with excessive collagen deposition, and the duration of atrial 

exponential phase was large, indicating that the amplification 
efficiency was high. The curves were well parallel, indicating 
similar amplification efficiencies. The results showed that the 
expression of PDGF-D mRNA (2-△△Ct value) in AF group was 
significantly higher than that in sr group (2.062 ± 0.184 vs. 
0.991 ± 0.062, P < 0.05) (Figure 4).

Measurement of PDGF-D protein levels in atrial 
tissue

The relative expression of PDGF-D protein in atrial tissue 
samples of patients with sinus rhythm and atrial fibrillation 
was detected by Western-Blot technique. Image processing 
was performed by scanning the images and recording 
the results using Gel Doc100 imaging system. The target 
protein was semi-quantitatively analyzed by the ratio of 
the absorbance area integral of the target band to that of 
the reference β-actin band. The relative expression level of 
PDGF-D protein in AF group and SR group was 1.282 ± 0.193 
vs. 0.517 ± 0.067 (P < 0.05), indicating that AF related protein 
was more expressed (Figure 5).

Discussion
Platelet-derived growth factor is a 24 ku cationic 

         

(a) (b)

Figure 4: PDGF-D MRNA amplification curve and fusion curve. a) Amplification curve; b) Fusion curve.

         

 
Figure 5: Comparison of PDGFR-D protein expression in atrial tissue between SR and AF groups.
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fibrillation is positively correlated with the expression of 
collagen in the extracellular matrix. The uniform conduction 
of atrial activation is closely related to the structural and 
functional integrity of cardiomyocytes and extracellular 
matrix [22,23]. At the same time, the enlargement of atrial 
cavity can accommodate more reentrant wavelet, which 
is more likely to induce atrial fibrillation, and provides the 
pathological basis for the occurrence and maintenance of 
atrial fibrillation [24,25]. In addition, interatrial interstitial 
fibrosis can also cause changes in the normal gap junctions 
between atrial myocytes and the density of ion channels in 
the cell membrane, which leads to atrial electrical remodeling 
and promotes the occurrence and maintenance of atrial 
fibrillation [26,27].

The results showed that compared with the general data of 
enrolled patients, AF group was obviously larger than SR group 
in terms of right atrial diameter. Masson staining showed that 
atrial fibrosis was related to collagen content. The CVF and 
collagen content in the enrolled patients were compared, and 
it was found that the SR group was significantly less than the 
AF group. RT-PCR showed that the mRNA relative expression 
level of type I collagen in AF group was significantly higher 
than that in SR group (P < 0.05), and the mRNA expression 
level of type III collagen was slightly higher than that in SR 
group (P > 0.05). The consistency of morphological, semi-
quantitative and quantitative measurements of collagen 
showed that the degree of atrial fibrosis in persistent AF 
group was significantly higher than that in sinus rhythm 
group, which may be closely related to the occurrence and 
maintenance of atrial fibrillation.

Studies have confirmed that PDGF-D plays an important 
role in the development of myocardial fibrosis. RT-PCR was 
used to detect the relative expression level of PDGF-D mRNA 
in atrial tissue samples of SR and AF patients. The relative 
expression level of PDGF-D mRNA in atrial tissue samples 
of enrolled patients was higher in AF, and vice versa in SR 
patients. The relative expression of PDGF-D protein in atrial 
muscle tissue samples of patients with sinus rhythm group 
and atrial fibrillation group was measured by Western-Blot 
technique. The analysis showed that the relative expression 
of PDGF-D protein in atrial muscle tissue samples of patients 
with AF was also significantly higher than that in the SR 
group. Combined with the content of the previous study, the 
correlation analysis of PDGF-D mRNA and collagen type I and 
III mRNA showed that the mRNA and protein levels of PDGF-D 
were positively correlated with the mRNA levels of collagen 
type I and III. This further demonstrated the correlation 
between PDGF-D and atrial fibrosis in patients with atrial 
fibrillation from gene expression and protein expression 
levels.

Conclusions
There is significant atrial remodeling in patients with 

chronic AF. PDGF-D is highly expressed in the right atrium of 
patients with atrial fibrillation, and is closely related to the 
occurrence of atrial fibrillation. PDGF-D may be involved 
in the development of atrial fibrosis by up-regulating the 
expression of type I collagen.
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