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Abstract: Abnormal expressions of miR-200b play an important role in the occurrence and development of atrial
fibrillation (AF). DNA methyltransferase 3A (DNMT3A) is a key molecule that catalyzes the methylation of the promoter-specific sites of multiple microRNAs. This study aims to investigate the effect of plasma DNMT3A activity on
miR-200b expressions and the activation of the PI3K-Akt signaling pathway in elderly patients with recurrent AF, providing a reference for the molecular targeted therapy of AF. 84 elderly patients with non-valvular AF were recruited
as the study cohort. Their mean age was 65.5±7.7 years, and 50 had primary AF (the initial group) and 34 had
recurrent AF (the recurrent group). 45 healthy, elderly patients were selected as the control group, and their mean
age was 66.5±7.9. The results showed that the left atrial volumes in the recurrent group were larger than they were
in the initial and control groups (P<0.05), but the left ventricular volumes, LVEF values, and serum pro-BNP levels
were not significantly different (P>0.05). The serum protein DNMT3A and PI3K-Akt levels in the recurrent group
were higher than they were in the initial and control groups, but the miR-200b levels were decreased (P<0.05). A
Pearson test found that the serum protein DNMT3A and PI3K-Akt levels were positively correlated with the left atrial
volumes, and the miR-200b was negatively correlated with the left atrial volume and the DNMT3A and PI3K-Akt
protein levels (the P values were all <0.05). Therefore, DNMT3A may be involved in recurrent AF in the elderly by
down-regulating miR-200b and activating PI3K-Akt.
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Introduction
Atrial fibrillation (AF) is the most common
arrhythmic disease, and old age, hypertension,
myocardial ischemia, and heart valve disease
are independent risk factors for AF. AF requires
long-term medication, easily recurs, and has
progressive development characteristics. Complications such as cardiogenic thrombosis and
stroke, pulmonary embolism, and peripheral
arterial embolism often have high rates of disability and mortality [1]. However, the mechanism of AF remains unclear. Recurrent AF in
elderly patients is more complex and more
severe, and recurrent AF patients have more
complications and worse survival outcomes
[2]. The animal model of AF [3] is often accom-

panied by myocardial fibrosis, which promotes
the development of AF and ultimately leads to
thrombosis and impaired cardiac function.
Cardiomyocyte fibrosis is regulated by some
related genes, including the DNA methylation
shadows of multiple microRNAs. The abnormal
expression of miR-200b plays an important role
in the development of AF [4]. It was noted that
miR-200b further improves the transforming
ability of precancerous oral submucosal myofibroblasts into fibrosis by targeting transcription
factor zeb2 [5]. TGF-β1 induces human Tenon’s
fibroblasts (HTFs) fibrosis through miR-200b
and inhibits the signal transduction of PTEN [6].
Studies indicate that TGF-β1 promotes the
expression of α-smooth muscle actin (α-SMA),
fibronectin, and COL1A1 in HTFs by up-regulat-
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Figure 1. The serum DNMT3A and miR-200b mRNA expression levels were
measured using RT-PCR in each group (the serum DNMT3A mRNA expression levels were significantly increased in the recurrent group compared
with the initial group or the control group, respectively, and the miR-200b
expression level was significantly decreased, P<0.05).

miR-200b in fibrotic tissues
and myocardial fibroblasts. It
was also found that the miR200b inhibitor can activate the
autophagy of rat myocardial
fibroblasts, which are inactivated by miR-200b mimics.
DNMT3A knockdown is able
to significantly increase the expression of miR-200b. It was
also found that the interaction
of miR-200b-3p with DNMT3A
has an important effect on the
proliferation and apoptosis of
chondrocytes in patients with
osteoarthritis [9]. DNMT3A might be one of the important
molecules affecting the functional expression of miR-200b.
Considering this, the effects of
plasma DNMT3A activity on
the mir-200b expression and
the PI3K-Akt signaling pathway
activation in elderly patients
with recurrent AF were investigated to provide a potential
molecular targeted therapy for
AF.

Figure 2. Western blot assays of the serum PI3K-Akt protein levels in each
group (A. Initial group; B. Recurrent group; C. Control group. The serum
PI3K-Akt protein expression levels were significantly increased in the recurrent group compared with the corresponding levels in the initial group or the
control group, respectively, P<0.05).

ing the expression of miR-200b, and the addition of miR-200b mimics or inhibitors can enhance or inhibit the TGF-β1-induced α-SMA,
fibronectin, and COL1A1 expression in HTFs.
The above cited studies indicate that miR-200b
may be closely related to the fibrosis process of
multiple cells.
DNA methyltransferase 3A (DNMT3A) is a key
functional enzyme that catalyzes promoter
methylation on a variety of microRNAs and is
an important participant in the regulation of the
epigenetic silencing of genes [7]. Studies have
shown that DNMT3A and miR-200b play important roles in the autophagy and myocardial
fibrosis of cardiac myofibroblasts [8]. The autophagous behavior of myocardial fibroblasts
may be an important myocardial fibrosis mechanism, and the up-regulation of DNMT3A is
negatively correlated with the expression of
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Materials and methods
Target information

In this study, a total of 84
elderly patients with non-valvular AF diagnosed in our hospital from January
2019 to January 2020 were recruited for the
study, and their average age was 65.5±7.7
years. They were divided into the initial group
(n=50, patients with primary AF) and the recurrent group (n=34, patients with recurrent AF). In
addition, 45 healthy, elderly patients with the
same genders and ages were recruited as the
control group (their average age was 66.5±7.9
years). The design of the inclusion and exclusion of atrial fibrillation (AF) and the control
group was shown in Figure 4.
Inclusion criteria: 1. Age greater than 60. 2.
Each patient’s AF diagnosis conforms with the
typical ECG manifestations. 3. Primary AF: upon
the first found atrial fibrillation, the patient may
have symptoms or no symptoms, so the occurrence of atrial fibrillation can be manifested as
paroxysmal atrial fibrillation, persistent atrial
Int J Clin Exp Med 2021;14(3):1468-1477
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fibrillation, or permanent atrial fibrillation. 4.
Recurrent AF should be considered when the
patient has two or more episodes, 5. Signed
informed consent in accordance with medical
ethics. Exclusion criteria: 1. Congenital heart
disease, valvular heart disease. 2. Severe liver
or kidney dysfunction or autoimmune disease.
Ethical statement
The study design was reviewed and approved
by the ethics committee. All subjects had to
sign an informed consent in written form to
undergo the diagnostic and therapeutic procedures at the time of hospitalization. All the procedures in this study were carried out in compliance with the Declaration of Helsinki.
Research methods
The AF patients were admitted to the hospital
within 24 to 48 hours without any drug intervention before the completion of their blood
sampling and ultrasound examination. The left
atrium and left ventricular volume and left ventricular ejection fraction (LVEF) values were
determined using color doppler ultrasound. The
serum pro-BNP levels were measured using
radio-immunoassays. The serum miR-200b levels were measured using real-time quantitative
PCR (RT-PCR), and the DNMT3A and PI3K-Akt
protein levels were determined using Western
blot.
Testing methods
Ultrasonography to measure cardiac volume
and LVEF: We instructed the patient to lie on
the examination bed, relax, and breathe normally. We used a Philips IE Elite ultrasonic diagnostic instrument with an S5-1 heart probe at a
frequency of 1.0-5.0 MHz, a transesophageal
three-dimensional X7-2t probe with a frequency
of 2.0-7.0 MHz. The left anterior and posterior
atrium diameters were measured from the vertical left atria at the aorta roots, and the left
atrial maximum volume was measured using
the area-length method [10]. The modified twoplanar Simpson method was used to measure
the left ventricular end-diastolic volumes (LVEDV) and end-systolic volumes (LVSDV) on the
cut surfaces of the apical four-compartment
and apical two-compartment hearts. The mean
left ventricular ejection fraction (LVEF) was calculated using the formula LVEF=(LVEDVLVSDV)/LVEDVLVEF=100% [11]. The patients
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had to fast from water for 8 h, their mouths contained 2% lidocaine glue after the local anesthesia, they were then asked to assume a right
supine position, connect the body surface to
the electrocardiogram, adjust the radian of the
probe and put the probe into the esophagus
through the occluder, then we asked the patient
to relax and breathe deeply, and we placed the
probe smoothly through the oropharynx, so the
probe was about 30-40 cm from the incisor
tooth to clearly show the four-cavity heart section, and the handle was operated for the transesophageal ultrasound examination, and the
structures of the left atrial appendage and the
left atrial appendage from about 0-180° were
observed continuously by rotating the probe to
observe whether there was a strong echo of
thrombus [12].
Measuring the serum pro-BNP levels using
radioimmunoassays: We drew 810 ml of peripheral venous blood from the patients who had
fasted overnight and transferred it to anticoagulant tubes. After centrifugation at 2000 g for
15 min, the supernatant was retained and preserved at -80°C. The reagents were purchased
from Sigma in the United States. The reagent
inter-batch and intra-batch variabilities were
<15%. Each patient was measured three times
to determine the mean according to the instructions.
RT-PCR quantification of the serum mir-200b
mRNA levels: Total RNA was extracted from the
human serum samples using Trizol reagent,
and the concentration and purity of the RNA
solution were determined using the ultraviolet
absorption method (the spectrophotometer
was purchased from Invitrogen, USA). The RNA
was then reverse transcribed into cDNAs using
a reverse transcription kit (Santa Cruz, USA).
The upstream sequence of the target gene
cDNA, miR-200b was: 5’-GGTTATTCCAGAGAGAGAGAGAGAGAGAG-3’, the downstream sequence was: 5’-ACAGATAGGTGCGCC-3’; the Ginseng GAPDH upstream sequence was: 5’-CGCGAGAGAGATGACCCAGAT-3’, the downstream
sequence was: 5’-GCACTGTT GGCGTACAGAGGG3’. Then the reaction system was configured
according to the PCR Kit’s instructions (TaKaRa
Company, Japan): SYBR Green 1 dye 10 μl +
primers 1 μl + Taq Polymerase 2 μl + cDNA 5 μl
+ dH2o 30 μl, for a total volume of 50 μl. The
PCR amplification parameters were set to 93°C
for 2 min pre-denaturation, followed by a total
Int J Clin Exp Med 2021;14(3):1468-1477
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Figure 3. The correlations between the serum DNMT3A, miR-200b, and PI3K-Akt protein levels and the left atrial volumes and volume indexes as analyzed using
Pearson tests.
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Figure 4. The above flow chart shows the design of the inclusion and exclusion of atrial fibrillation (AF) and the
control group. To study the relationship between DNMT3A and recurrent atrial fibrillation, the cardiac volumes, the
LVEF, the pro-BNP levels, the DNMT3A levels, and the miR-200b and PI3K-Akt levels in the groups were respectively
compared.

of 40 cycles at 93°C for 1 min, 55°C for 1 min,
72°C for 1 min, and finally 72°C for 7 min. The
PCR products and DNA ladder were electrophoretic and stained with 2% agarose gel. The comparative quantification was determined using
the 2-ΔΔCt method.
Western blot assays for determining the
DNMT3A and PI3K-Akt protein levels: The
serum samples were centrifuged at 2500 g for
20 min to take the supernatant, and the protein
concentration and purity were determined
using BCA protein quantitative kits (R & D, USA),
and the internal reference β-actin antibody was
used for the dose standard. Protein lysates
were separated on 8% SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membranes, after being blocked in 5% fat-free milk
overnight at 4°C, and then the membranes
were then incubated with the following primary
antibodies (β-actin plus mouse anti-human
DNMT3A, PI3K-Akt and β-actin, dilution concentration: 1:2000, American Sigma Corporation), the second antibody (1:500, American
Sigma Corporation) of rabbit anti-mouse antibody was added dropwise after PBS washing
and incubated at room temperature for 4 h,
ECL coloration. The results were scanned and
saved, and Lab Works 4.5 gel imaging software
(Invitrogen, USA) was used to perform a semiquantitative analysis, and the results were
expressed as integral optical density (IOD),
which calculated the ratio of the band gray
1473

value of the target protein to the internal reference protein.
Statistical analysis
The statistical analyses were performed using
SPSS 20.0 statistical software. One-way ANOVA
was used for the comparisons between the
three groups, LSD-T tests were used for the
comparisons between two groups, and χ was
used for the comparisons of the count data (%)2
tests, and the correlation analysis was carried
out using Pearson tests. P<0.05 was considered statistically significant.
Results
The general patient clinical data
The patients’ baseline characteristics are shown in Table 1. There were no significant differences in gender, age, body mass index (BMI), or
the percentages with hypertension, diabetes,
or smoking in the two groups (P>0.05). In addition, there was no difference in the type or
course of AF between the primary and recurrent AF groups (P>0.05).
Comparison of the cardiac volumes in the two
groups
An increase in the left atrial diameter is a risk
factor for poor prognosis in patients with AF. As
shown in Table 2, the left atrial volumes and
volume indexes of the patients in the recurrent
group were both larger than the corresponding
Int J Clin Exp Med 2021;14(3):1468-1477
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Table 1. General patient clinical data
Group
Male/female
Age (Year)
BMI (kg/m)2
Hypertension
Diabetes
Smoking
Type of AF
Paroxysm
Continuity
Permanent
Course of AF (month)

Initial group (n=50) Recurrent group (n=34)
30/20
20/14
65.1±7.3
68.6±9.2
25.3±2.2
25.4±2.1
18 (36.0)
14 (41.2)
7 (14.0)
5 (14.7)
12 (24.0)
9 (26.5)
13 (26.0)
31 (62.0)
6 (12.0)
18.5±4.6

6 (17.6)
18 (52.9)
10 (29.4)
19.3±5.1

Control group (n=45)
24/21
66.5±7.9
25.2±1.9
17 (37.8)
6 (13.3)
10 (22.2)
-

F/χ2
0.471
0.865
0.326
0.231
0.030
0.192
4.130

P
0.790
0.231
0.614
0.891
0.985
0.909
0.127

0.852* 0.196

Note: *, Test.

Table 2. Comparison of the cardiac volumes in the groups
Group
Initial Unit
Recurrent group
Control group
F
P

Number of cases Left atrium volume (ml) Volume index (ml/m2) LVEDV (ml) LVSDV (ml)
50
32.2±4.3
30.8±3.8
143.8±10.2 61.2±5.3
34
39.5±5.2#
36.4±3.5#
145.2±9.6 59.6±5.4
45
31.8±4.1
28.9±3.6
142.8±8.7 58.2±5.2
8.635
7.532
0.569
0.342
<0.001
<0.001
0.632
0.724

Note: LVEDV, left ventricular end-diastolic volume; LVSDV, end-systolic volume; the recurrent group was compared with the
initial group or the control group, #P<0.05.

Table 3. Comparison of LVEF and serum pro-BNP levels in the
groups
Group
Initial Unit
Recurrent group
Control group
F
P

Number of cases
50
34
45

LVEF (%)
53.2±4.3
54.6±4.5
55.8±5.9
0.865
0.189

values in the initial and control groups (P<0.05),
but there were no significant differences in the
left ventricular volumes among the three groups (P>0.05). This indicates that a change in
the left atrial structure is closely related to the
occurrence of AF, and especially to the recurrence of AF.
Comparison of the LVEF and serum pro-BNP
levels in the groups
Pro-BNP plays an important role in the occurrence and development of cardiac insufficiency, which is a peptide substance with neurovascular activity secreted by the ventricles. In addition, LVEF reflects cardiac function. Therefore,
1474

pro-BNP (pg/ml)
153.6±23.2
158.4±32.5
150.8±25.4
1.032
0.135

the correlations among the
LVEF levels, the serum proBNP levels, and AF were analyzed. As shown in Table 3,
there were no significant differences in the LVEF or serum
pro-BNP levels in the three
groups (P>0.05).

Comparison of the serum
DNMT3A and miR-200b levels
among the groups
The serum DNMT3A and miR-200b mRNA
expression levels were measured using RT-PCR
in each group. As shown in Figure 1, the serum
DNMT3A mRNA expression levels were significantly increased in the recurrent group compared with both the initial and control groups
(P<0.05), respectively, and the miR-200b expression levels were significantly decreased in
the recurrent group compared with both the initial and control groups (P<0.05), suggesting
that recurrent AF is closely associated with
the down-regulation of serum miR-200b expressions and the up-regulation of DNMT3A
activity.
Int J Clin Exp Med 2021;14(3):1468-1477
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Table 4. Pearson analysis of the correlations between the indicators
Indicators
miR-200b

DNMT3A

PI3K

Akt

R=-0.962, P=0.000 R=-0.964, P=0.000 R=-0.777, P=0.000

Left atrium volume

Volume index

R=-0.862, P=0.000

R=-0.852, P=0.000

DNMT3A

/

/

/

R=0.829, P=0.000

R=0.813, P=0.000

PI3K

/

/

/

R=0.868, P=0.000

R=0.856, P=0.000

Akt

/

/

/

R=0.667, P=0.000

R=0.653, P=0.000

Comparison of the serum PI3K-Akt protein levels among the groups
To further investigate whether PI3K-Akt is
involved in recurrent AF, the serum PI3K-Akt
protein levels in each group was analyzed using
Western blot. As shown in Figure 2, the serum
PI3K-Akt protein expression levels were significantly increased in the recurrent group compared with the corresponding levels in the initial and control groups, respectively (P<0.05).
Related analysis
A Pearson test found that the serum DNMT3A
and PI3K-Akt protein levels were positively correlated with the left atrium volume and the volume index, but the miR-200b was negatively
correlated with the left atrium volumes, the volume indexes, and the DNMT3A and PI3K-Akt
protein levels (the P values were all <0.05)
(Table 4 and Figure 3).
Discussion
With the ongoing study of the pathogenesis of
AF, the development of AF from simple arrhythmia to arrhythmia-based cardiomyopathy becomes more complicated [13]. Advanced gadolinium-enhanced cardiac magnetic resonance
imaging (MRI), which shows atrial fibrosis, is a
powerful outcome predictor in interventional AF
therapy. However, individualized and fibrosisoriented treatment strategies for AF appear
promising, but the results of prospective, multicenter trials have yet to be confirmed [14]. We
also believe that patients with AF have significant myocardial fibrosis, and AF is closely related to the structural, electrical, and contractile
remodeling of the atrium [15]. The occurrence
and development of atrial fibrosis is a hallmark
of AF structural remodeling and is considered
the reason for the persistence of AF. Meanwhile,
ventricular fibrosis appears to contribute to cardiac diastolic and systolic abnormalities and
the development of heart failure, which is common in AF. Given that AF and heart failure often
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co-exist and that both conditions affect a
patient’s prognosis, a better understanding of
the interaction between AF fibrosis and heart
failure is particularly important [16].
The aberrant expression of microRNA-221
shows myocardial protective and anti-fibrotic
effects in a rat model of myocardial infarction
[17]. It was also found that melatonin attenuates myocardial fibers in patients with diabetic
cardiomyopathy by inhibiting the LncRNA-malat1/miR-141-mediated inflammatory response
and the TGF-β1/Smads signaling collateral activation [18]. In this study, we examined the relationship between the atrial structure and the
serum miR-200b and DNMT3A levels in elderly
patients with recurrent AF. Our results show
that the left atrial volumes and the volume
indexes of the patients in the recurrent group
were higher than they were in the initial and
control groups, but there were no significant
differences among the left ventricular volumes,
the LVEF values, or the serum pro-BNP levels,
indicating that the changes in the left atrial
structure are closely related to the occurrence
of AF, and especially the recurrence of AF [19].
The serum protein DNMT3A and PI3K-Akt levels in the recurrent group were higher than they
were in the initial and control groups, while the
miR-200b was decreased, indicating that recurrent AF is closely associated with the downregulation of serum miR-200b, the up-regulation of DNMT3A, and the activation of the PI3KAkt signaling pathway. It has been reported
that myc and DNMT3A-mediated DNA methylation inhibit miR-200b in triple negative breast
cancer [20]. Tao et al. [21] also confirmed that
DNMT3A silencing Ras associated domain family 1 subtype a (RASSF1A) promotes myocardial
fibers by up-regulating ERK1/2. Our results are
consistent with the findings of the previous
studies.
Next, a Pearson test showed that the serum
DNMT3A and PI3K-Akt protein levels were positively correlated with the left atrium volumes
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and volume indexes, and that miR-200b was
negatively correlated with the left atrium volume, volume indexes, and the DNMT3A and
PI3K-Akt protein levels, indicating that the
alteration of left atrium structure in elderly
patients with recurrent AF is closely related to
the down-regulation of the miR-200b expression, the up-regulation of the DNMT3A activity,
and the activation of the PI3K-Akt signaling
pathway. In addition to altering the left atrium
structure which was considered an important
factor in triggering and maintaining AF, the abnormal expression of miR-200b and DNMT3A
may be involved in cardiomyocyte fibrosis
through the PI3K-Akt signaling pathway [22].
Above all, DNMT3A may be involved in the
occurrence of recurrent AF in the elderly by
down-regulating miR-200b and activating the
PI3K-Akt signaling pathway. The innovation of
this study is that we found the miR-200b,
DNMT3A, and PI3K-Akt signaling pathways may
play an important role in the occurrence of
recurrent AF and myocardial fibrosis in the
elderly. The deficiency lies in the fact that the
fibrosis of atrial myocytes in patients with AF
cannot be observed, and the abnormal expressions of miR-200b, DNMT3A, and PI3K-Akt molecules in the circulating serum may have a variety of interfering factors and cannot be directly
related to AF. In addition, whether the abnormal
expression of miR-200b is directly related to
DNMT3A needs further study. Therefore, the
specific mechanism needs to be further verified
using in vitro and in vivo experiments.
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