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Abstract: Objective: Fibroblast growth factor-21 (FGF-21) has been discovered as a strong hormone, plays an im-
portant role in lipid metabolism, glucose metabolism, associated with several diseases such as obesity, metabolic 
syndrome, diabetes mellitus, and cardiovascular events; however, no evidence is available concerning the relation-
ship of FGF-21 and atrial fibrosis in patients with atrial fibrillation (AF) and rheumatic heart disease (RHD). Methods: 
Twenty-four rheumatic heart disease patients were divided into two groups, 12 cases with AF and 12 cases with 
sinus rhythm (SR). Clinical characteristics and blood samples were collected before surgery; right atrial appendage 
samples were taken in the surgery of valve replacement. HE staining was performed to determine cross-sectional 
area of atrial myocytes; Masson stained sections and mRNA levels of cardiac fibrosis biomarkers were used to 
evaluate the degree of cardiac fibrosis; the level of FGF-21 was evaluated via enzyme-linked immunosorbent assay 
(ELISA), immunohistochemistry, and real-time polymerase chain reaction (PCR). Results: Compared with SR group, 
cross-sectional area of atrial myocytes and collagen volume fraction were significantly increased in the atrial tissue 
of AF group. The distribution of FGF-21 in the AF group was remarkably higher than SR group. In addition, plasma 
and mRNA levels of FGF-21 in atrial tissue of AF showed the same trend as the result of immunohistochemistry. 
Using linear correlation analysis, the expression level of FGF-21 was found to be positively related to the degree 
of atrial fibrosis. Conclusion: FGF-21 might involve in the development and maintenance of atrial fibrosis in atrial 
fibrillation with rheumatic heart disease, and FGF-21 could be used as a novel biomarker to evaluate myocardial 
fibrosis in the future.
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Introduction

Atrial fibrillation (AF) is the most common per-
sistent arrhythmia in clinic, which is the com-
mon manifestation of cardiovascular diseases 
including rheumatic heart disease, coronary 
heart disease, hypertension, cardiomyopathy, 
congenital heart disease and pericardial dis-
eases [1-3]. The pathogenesis of atrial fibrilla-
tion is complex, which is considered the result 
of the interactions among atrial electrical re- 
modeling, atrial structural remodeling, auto-
nomic nervous system changes and abnormal 
calcium current, and atrial remodeling is the 
central link [4, 5]. It is showed that atrial fibrilla-
tion is associated with progressive atrial struc-
tural remodeling and atrial fibrosis is the most 

prominent feature of atrial structural remodel-
ing. Atrial fibrosis leads to atrial electrical con-
duction and excitability, which provides an 
important pathological basis for the occurrence 
and maintenance of atrial fibrillation [6, 7]. It  
is showed that atrial fibrosis in patients with 
atrial fibrillation was more serious than that of 
patients with sinus rhythm. The degree of atrial 
fibrosis in patients with atrial fibrillation was sig-
nificantly more than that of isolated atrial fibril-
lation, and the increase of atrial collagen depo-
sition in patients with isolated atrial fibrillation 
was significantly increased when compared 
with patients with sinus rhythm [8]. Therefore, 
to inhibit atrial fibrosis may be a better way  
to prevent the development and deterioration 
of atrial fibrillation. Fibroblast growth factor-21 
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(FGF-21) is discovered as a new type of cyto-
kine in fibroblast growth factor (FGF) family that 
regulates glucose and lipid metabolism in the 
recent [9, 10]. It showed that FGF-21 can im- 
prove the endothelial function in early stage of 
atherosclerosis, and prevent the development 
of coronary heart disease [11]. Clinical studies 
showed that FGF-21 increased in plasma of 
patients with coronary heart disease and was 
related to lipid metabolism and glucose metab-
olism [12]. Recently, Han et al. demonstrated 
that serum FGF-21 levels was elevated in AF 
patients and associated with left atrial diame-
ter, which indicated that FGF-21 may be an 
independent risk factor for AF [13]. However, 
whether the levels of plasma and cardiac FGF-
21 could reflect the degree of myocardial fibro-
sis respectively, whether associated with atrial 
fibrosis as a biological indicator in patients with 
atrial fibrillation and rheumatic heart disease  
is still unclear. Therefore, this study aimed to 
investigate the relationship of FGF-21 and atrial 
fibrosis in patients with atrial fibrillation and 
rheumatic heart disease.

Materials and methods

Human right myocardium samples collection 
and processing

This study was approved by the Ethics Com- 
mittee of Renmin Hospital of Wuhan University 
(Wuhan, China) and the samples were obtained 
according to the regulations of Renmin Hospital 
of Wuhan University. Twenty-four patients aged 
from 30 to 70 years with rheumatic heart dis-
ease (RHD) who underwent valve replacement 
were served as subjects in the present study. 
They were divided into two groups: 12 in the 
sinus rhythm (SR) group and 12 in the atrial 
fibrillation (AF) group. Exclusion criteria in the 
study including: infective endocarditis, hyper-
thyroidism, serious liver, kidney, lung dysfunc-
tion, malignant tumor, coronary atherosclerotic 
heart disease and chronic pulmonary heart  
disease. About 200 mg myocardium samples 
were collected by the surgeon from the right 
atrium of patients. Each sample was divided 
into two parts after removed connective tissue 
and residual blood, one part was quickly put 
into liquid nitrogen jar for molecular biological 
detection, the other part was immediately 
washed with saline solution and fixed with 10% 
neutral buffered formalin for paraffin section.

Materials

Human FGF-21 Quantikine ELISA Kit (DF21- 
00) was obtained from R&D Systems. Primary 
antibody against FGF-21 (ab171941) was pur-
chased from Abcam. TRIzol was purchased 
from Invitrogen Life Technologies (#155960- 
18). Transcriptor First Strand cDNA Synthesis 
Kit (#04896866001) was purchased from 
Roche. Power SYBR® Green PCR Master Mix 
(#4367659) was purchased from Life Techno- 
logies.

Hematoxylin-eosin (HE) staining

HE staining was performed to determine cross-
sectional area of atrial myocytes. Briefly, myo-
cardium tissues were fixed in 10% neutral  
buffered formalin for at least 24 hours, and 
embed in paraffin wax according to embedding 
machine manufactures instructions. Prepare 8 
µm sections on the microtome and place on 
clean, positively-charged microscope slides. 
Heat in tissue-drying oven for 1 hour at 60°C. 
After deparaffinization and rehydration through 
100% alcohol, 95% alcohol and 70% alcohol, 
the slides were washed in distilled water for 
5min; stain nuclei with the hematoxylin, rinse 
the slides in running tap water; and then differ-
entiate with 0.3% acid alcohol, rinse the slides 
in running tap water; rinse the slides in Scott’s 
tap water substitute, rinse them in tap water; 
stain with eosin for 1 min, and then dehydrate, 
clear and mount.

Masson staining

Evidence of interstitial collagen deposition was 
visualized using Masson staining, and collagen 
volume (%) was measured using an image 
quantitative digital analysis system (Image-Pro 
Plus 6.0). As mentioned above, after fixed, 
embed, sectioned, deparaffinization and rehy-
dration, the slides were washed in distilled 
water, and then re-fixed in Bouin’s solution for  
1 hour at 56°C to improve staining quality 
although this step is not absolutely necessary. 
Rinse the slides in running tap water for 10 min-
utes to remove the yellow color. Firstly, stain in 
Weigert’s iron hematoxylin working solution for 
10 minutes; rinse them in running warm tap 
water for 10 minutes and wash in distilled 
water. And then stain in Biebrich scarlet-acid 
fuchsin solution for 10 minutes and wash in 
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distilled water. Differentiate in phosphomolyb-
dic-phosphotungstic acid solution for 10 min-
utes until collagen is not red. Transfer sections 
directly to aniline blue solution and stain for 5 
minutes; rinse them briefly in distilled water 
and differentiate in 1% acetic acid solution for 
2 minutes, wash in distilled water. Dehydrate 
very quickly through 95% ethyl alcohol, abso-
lute ethyl alcohol and clear in xylene, lastly 
mount with resinous mounting medium. Colla- 
gen was stained for blue, but muscle and cyto-
plasm were stained for red.

Immunohistochemistry

Deposition of FGF-21 in myocardium tissues 
was measured by the method of immunohisto-
chemistry. As mentioned above, after fixed, 
embed, sectioned, deparaffinization and rehy-
dration, we chose the most common method of 
antigen retrieval just as heat-mediated retri- 
eval in citrate buffer. And add 100 µl blocking 
solution for per slide; incubate 30 minutes at 
room temperature. Drain the blocking solution 
from slides; apply 100 µl per slide of diluted  
primary antibody against FGF-21 at recom-
mended concentration of 1:100; incubate over-
night at 4°C. After washed with TBST, apply 
100 µl per slide of diluted conjugated second-
ary antibody and incubate for 30 minutes at 
room temperature. Apply color development  
by the method of enzyme substrate for 30  
minutes, wash slides in TBST and distilled 
water, and then dehydrate and mount slides. 
Brown-yellow expression in myocardium tis-
sues meant a positive result.

Enzyme-linked immunosorbent assay (ELISA)

Plasma FGF-21 in this study was detected by 
the method of enzyme-linked immunosorbent 
assay (ELISA). Briefly, add 100 μl of each stan-
dard and sample into appropriate wells. Cover 
well and incubate for 2.5 hours at room tem-
perature with gentle shaking. Discard the solu-
tion and wash with Wash Solution by using  
a multi-channel Pipette. After the last wash, 
remove any remaining Wash Buffer by aspirat-
ing. Invert the plate and blot it against clean 
paper towels. Add 100 μl prepared biotinylated 
antibody to each well; incubate for 1 hour at 
room temperature with gentle shaking. Discard 
the solution and repeat the wash as before. 
Add 100 μl of prepared streptavidin solution to 

each well and incubate for 45 minutes at room 
temperature with gentle shaking. Discard the 
solution and repeat the wash as before. Add 
100 μl of TMB One-Step Substrate Reagent to 
each well; incubate for 30 minutes at room 
temperature in the dark with gentle shaking. 
Lastly, Add 50 μl of Stop Solution to each well 
and read at 450 nm immediately. For data cal-
culation, calculate the mean absorbance for 
each set of duplicate standards, controls and 
samples, and subtract the average zero stan-
dard optical density. Plot the standard curve on 
log-log graph paper, with standard concentra-
tion on the x-axis and absorbance on the y-axis. 
Draw the best-fit straight line through standard 
points.

Real-time polymerase chain reaction (PCR) 
analysis

Expression levels of fibrosis biomarkers includ-
ing TGF-β1, CTGF, Collagen I and III were mea-
sured by real-time polymerase chain reaction 
(PCR) analysis. Total RNA was extracted from 
the myocardium tissues using TRIzol reagent 
according to the manufacturer’s instructions 
and the cDNA was synthesized using oligo (dT) 
primers with the transcriptor first-strand cDNA 
synthesis kit. Selected gene differences were 
confirmed by real-time PCR using SYBR-Green 
and the results were normalized against GAPDH 
gene expression. The sequences of all primers 
used in this study are presented as follows: 
GAPDH: 5’-GAGTCAACGGATTTGGTCGT-3’ and 
5’-TTGATTTTGGAGGGATCTCG-3’; CTGF: 5’-TAC- 
CAATGACAACGCCTCCT-3’ and 5’-CCGTCGGTAC- 
ATACTCCACA-3’; Collagen I: 5’-CCCCAGCCAC- 
AAAGAGTCTA-3’ and 5’-TACCTGAGGCCGTTCTG 
TAC-3’; Collagen III: 5’-GAAGGGCAGGGAACAA- 
CTTG-3’ and 5’-TTTGGCATGGTTCTGGCTTC-3’. 
FGF-21: 5’-CCTTGAAGCCGGGAGTTATT-3’ and 
5’-GGCTTCGGACTGGTAAACAT-3’.

Statistical analysis

The data are expressed as the means ± stan-
dard deviation (SD). Differences between two 
groups were performed by an unpaired 
Student’s t-test using SPSS 19.0 statistical 
software. Spearman correlation tests were per-
formed to linear correlation analysis between 
FGF-21 and the degree of atrial fibrosis. A value 
of P < 0.05 was considered to indicate statisti-
cally significant difference.



FGF-21 positively related to atrial fibrosis in atrial fibrillation patients

14904	 Int J Clin Exp Pathol 2015;8(11):14901-14908

Results

Larger left atrial diameter (LAD) showed in AF 
patients with RHD

All subjects were received detailed physical 
examination, preoperative routine laboratory 
testing, electrocardiographic including left atri-
al diameter (LAD), right atrial diameter (RAD) 
and left ventricular ejection fraction (LVEF) and 
additional clinical data and so on. General clini-
cal characteristics included name, age, gender, 
past history, duration time of AF were recorded 
for all patients. There was no statistically differ-
ence in terms of gender, age, classification of 
cardiac function, LVEF and RAD between SR 
and AF groups (P > 0.05). However, AF patients 
had a larger LAD than that of SR group (P < 
0.05) (Table 1). These above results indicated 
that there was expansive LAD in the AF patients 
with RHD.

Expansive myocardial cells and accumulated 
collagen deposited in the AF patients with RHD

To investigate the role of atrial fibrillation in 
morphology of AF patients with rheumatic heart 
disease, atrial fibrosis was evaluated by visual-
izing surface area of the myocardial cells and 
the total amount of collagen present in the 
interstitial spaces and determining the colla-
gen volume. As shown in the present study, the 
arrangement of myocardial cells in SR group 
was relatively neat, and there was a very small 
amount of collagen fibers scattered in the SR 
group; however, myocardial hypertrophy, inter-
stitial collagen fibers arranged disorder, irregu-
lar cell morphology coexisted in the AF group. 

To further detect the severity of atrial fibrosis, 
we found that when compared with SR group, 
the mRNA levels of cardiac fibrosis biomark- 
ers CTGF, Collagen I and III were significantly 
increased in atrial tissues of AF group (P < 
0.05) (Figure 1). These above results indicated 
that there was expansive myocardial cells and 
more collagen deposited in the myocardial 
interstitial of AF patients.

Elevated FGF-21 levels in plasma and atrial 
tissue of AF patients with RHD

To detect the level of FGF-21, we performed the 
experiments of ELISA, Immunohistochemistry 
staining and real-time PCR. When compared 
with SR group, the plasma FGF-21 level was 
remarkably increased in the AF patients (P < 
0.05). Immunohistochemistry staining was per-
formed in tissue sections for accessing the dis-
tribution of FGF-21, the results showed that 
distribution of FGF-21 in atrial tissues of AF 
group was markedly higher than that of the SR 
group. Similar to these above data, the mRNA 
level of FGF-21 in atrial tissues was also signifi-
cantly higher than that of SR patients (Figure 
2). These data demonstrated that the FGF-21 
level was elevated in plasma and myocardiac 
tissues of AF patients, which might involve in 
the development and maintenance of atrial 
fibrosis in patients with atrial fibrillation and 
rheumatic heart disease.

FGF-21 positively associated with the degree 
of atrial fibrosis in AF patients with RHD

To explore the relationship of FGF-21 and atrial 
fibrosis in AF patients with RHD, we perform- 
ed the linear correlation analysis between SR 
and AF groups. We found that the plasma and 
mRNA level of FGF-21 in atrial tissues were all 
positively related to the parameters of atrial 
fibrosis including LAD, collagen volume and 
fibrosis biomarkers in the AF group (Table 2). 
Therefore, these results confirmed that the 
potential relationship between FGF-21 and atri-
al fibrosis in AF patients, and FGF-21 might be 
used as a novel biomarker to evaluate myocar-
dial fibrosis for AF patients with rheumatic 
heart disease in the future.

Discussion

Atrial fibrillation is one of the most common 
malignant arrhythmia in clinical, and the pres-
ent researches have showed that the patho-

Table 1. Larger left atrial diameter (LAD) 
showed in AF patients with RHD
Clinical characteristics SR (n = 12) AF (n = 12)
Gender (m/w) 6/6 6/6
Age (y) 50.08±7.20 49.25±6.84
AF time (m) -- 15.75±4.16
NYHA (I/II/III) 2/7/3 2/6/4
LAD (mm) 34.17±3.64 51.25±4.96*
RAD (mm) 37.08±2.50 36.92±3.20
LVEF (%) 57.58±3.37 54.75±3.74
Note: Gender and grade of heart function were compared 
by using Fisher exact probability method; m/w = male/
female; y = year; m = month; NYHA = New York heart 
function classification; LAD = left atrial diameter; RAD = 
right atrial diameter; LVEF = left ventricular ejection frac-
tion; *P < 0.05.
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genesis of atrial fibrillation is multifactorial [3, 
14, 15]. Clinical and basic studies have con-
firmed that atrial electrical and structural 
remodeling, which is the mechanism of devel-
opment and maintenance of atrial fibrillation, 
and which is also the characteristic of occur-
rence and development process of atrial fibril-
lation [4, 15, 16]. Within the first few hours, 
electrophysiological changes occurred rapidly 
in myocardial tissue of continuous atrial tachy-
cardia patients, while the atrial structural re- 
modeling is a slow process refers to morpho- 
logy changes in cell or subcellular level, in- 
cluding atrial myocyte hypertrophy, glycogen 
accumulation in nuclear, sarcomere disappear, 
structural protein abnormal expression, sarco-

plasmic reticulum, changes of mitochondrial 
morphology, interstitial fibrosis and so on [17, 
18]. In brief, occurrence and maintenance of 
atrial fibrillation are closely related to atrial 
remodeling which includes electrical remodel-
ing and structural remodeling, and atrial fibro-
sis is the most important part of the structural 
remodeling [19]. In the present study, we obs- 
erved that the level of atrial fibrosis remarkably 
increased via HE staining, Masson staining  
and fibrosis biomarkers respectively in atrial 
fibrillation patients with rheumatic heart dis-
ease; however, there were only fewer collagen 
fibers in the sinus rhythm group of patients, 
which consistent with previous views that  
atrial structural remodeling were closely relat-

Figure 1. Expansive myocardial cells and accumulated collagen deposited in the myocardial interstitial of AF pa-
tients with RHD. A. HE staining in right atrium of SR and AF patients with rheumatic heart disease. B. Masson stain-
ing in right atrium of SR and AF patients with rheumatic heart disease (Representative image, collagen was stained 
for blue). C. Quantification of the total collagen volume in SR and AF patients with rheumatic heart disease. D. The 
mRNA levels of CTGF, Collagen I and III in the atrial tissues of SR and AF patients with rheumatic heart disease. *P 
< 0.05 vs. SR group.
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ed to the generation and maintenance of atrial 
fibrillation.

Fibroblast growth factor-21 (FGF-21) is a newly 
discovered factor which is related to glucose 
metabolism and lipid metabolism [20, 21]. 
Previous studies found that FGF-21 could spe-
cifically regulate the uptake of glucose by 3T3-
L1 adipocytes and human adipocytes [22]; 
could lower blood glucose, triglyceride, gluca-

gon and fructose concentration, improve the 
function of pancreatic beta cells, protect the 
survival of pancreatic beta cells and improve 
insulin resistance [21]; could reduce the body 
weight and body fat content in obese mice 
induced by high fat diet [23]; could significant- 
ly decreased serum lipid levels and reverse 
hepatic steatosis which might be related to 
inhibiting nuclear sterol regulatory element 
binding transcription factor 1 (SREBP-1) and  
a series of gene expression including some 
genes involved in fatty acid and triglyceride  
synthesis [24]. Atrial fibrillation is found to be 
associated with diabetes, coronary artery dis-
ease etc. cardiovascular diseases which are all 
related to increased FGF-21 level [25]. In addi-
tion to this, atrial fibrillation is an obesity asso-
ciated disease, systemic adiposity, regional adi-
pose tissue deposition, epicardial adipose tis-
sue volume have emerged as potent risk fac-

Figure 2. FGF-21 level was elevated in plasma and atrial tissues of AF patients with RHD. A. Level of FGF-21 in 
plasma was significantly increased in AF patients with rheumatic heart disease. B. Representative immunohisto-
chemistry staining images of FGF-21 in SR and AF patients with rheumatic heart disease. C. The mRNA levels of 
FGF-21 in the atrial tissues of SR and AF patients with rheumatic heart disease. *P < 0.05 vs. SR group.

Table 2. FGF-21 positively associated with the 
degree of atrial fibrosis in AF patients with 
RHD (r, correlation coefficient)

Plasma FGF-21 mRNA of FGF-21
Collagen volume 0.780 0.773
CTGF 0.745 0.770
Collagen I 0.615 0.678
Collagen III 0.594 0.846
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tors for atrial fibrillation. Both human and ani-
mal studies suggest that epicardial adipose 
tissue may play an important role in the patho-
genesis of atrial fibrillation [26]. Interestingly, it 
is found that serum FGF-21 level progressively 
increases with hepatic fat content; and incre- 
ased level of serum FGF-21 is associated with 
non-alcoholic fatty liver disease [27]. These 
findings all suggest a possible link between 
FGF-21 and atrial fibrillation. Therefore, FGF-21 
as a unique member of the FGF family, which 
has a number of molecular characteristics that 
differ from the classical FGF family and show 
its unique biological function, which is specu-
lated that it may be involved in the occurrence 
and development of atrial fibrillation. In this 
study, our result firstly proved that compared 
with SR group, more FGF-21 diffusely distri- 
buted in the myocardium of atrial fibrillation 
patients, and the plasma level of FGF-21 was 
also significantly elevated in atrial fibrillation 
group which is consistent with the result of  
Han et al., who reported that serum FGF-21  
levels were elevated in atrial fibrillation pati- 
ents and associated with LAD, independent of 
established risk factors such as C-reactive pro-
tein [13]. Most importantly, we deeply found 
that the plasma and mRNA level of FGF-21 in 
atrial tissues were all positively related to the 
degree of atrial fibrosis in the atrial fibrillation 
patients, which would be expected to become 
one of the important biomarkers for predicting 
atrial fibrosis in patients with atrial fibrillation 
and rheumatic heart disease.

In conclusion, we show that FGF-21 might in- 
volve in the development and maintenance of 
atrial fibrosis in patients with atrial fibrillation 
and rheumatic heart disease, and FGF-21 could 
be used as a novel biomarker to evaluate atrial 
fibrosis in patients with atrial fibrillation and 
rheumatic heart disease in the future. However, 
there were still some limits in the present study 
as follows: 1) need further expand the sample 
size to increase the intensity of the results; 2) 
explore the mechanism of elevated FGF-21, 
and to find a new target for the intervention of 
atrial fibrosis in patients with atrial fibrillation 
and rheumatic heart disease.
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