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Abstract

Objective: Through clinical studies and animal experiments, we explored the expression of BRD4 in patients with NVAF
and its role in the postoperative recurrence and occurrence of atrial fibrosis. Methods: 74 patients with NVAF and 73
patients with PSVT were included. The BRD4 levels of the patients were measured. Thirty-Six Sprague Dawley(SD) rats
were randomly divided into three groups. The incidence and duration of AF in each group were recorded. Masson’s trichrome
staining was performed. Western blot was used to detect the expression of BRD4, TGF-β1, P-Smad2/3, Smad2/3, Smad7,

Cx43, and type III collagen in each group. Results: The BRD4 levels were significantly higher in patients with AF than those

of PSVT,especially in patients with persistent AF and postoperative recurrence of AF and AF with left atrial low voltage( P <

0.05). The collagen volume fraction and average induced rate of AF and average duration of AF and levels of BRD4, TGF-β1,

P-Smad2/3, Smad2/3, and type III collagen were significantly highest in the AF + CTL group than those of the CTL group and

AF + JQ-1 group( P < 0.05). Conclusions: BRD4 was correlated with AF and atrial fibrosis. Inhibition of BRD4 expression

significantly improved the degree of left atrial fibrosis in rats with AF and reduced the incidence of AF and the duration of

AF. BRD4 may be involved in atrial fibrosis and remodeling through the TGF-β1/Smad signaling pathway, thus participating

in the occurrence and maintenance of AF.

Introduction

Atrial fibrillation (AF) is a common arrhythmia in clinical practice [1]. A survey by Zhang Shu et al. [2]
on 19,368 natural patients aged 35 years old in different regions of China showed that the age-adjusted
prevalence of AF was approximately 0.74%. Globally, the current prevalence of AF in adults is estimated
to be between 2% and 4%, and is expected to increase [3-6]. AF represents a significant burden to patients,
doctors, and the healthcare system. AF is an important cause of heart failure, ischemic stroke and other
diseases, which seriously harm the health of humans. With the continued updating of diagnosis and treatment
methods, the success rate of AF treatment is gradually improving, but it still does not reach the expected
goal. Currently, the treatment of AF mainly includes drug control of ventricular rate, drug cardioversion
and maintenance sinus rhythm, percutaneous radiofrequency catheter ablation, percutaneous cryoballoon
ablation, and surgical Mazes. However, drug therapy has disadvantages of a low success rate and many side
effects, while surgical Maze procedures cause significant trauma and carry a high risk of perioperative death.

Ablation is more effective than drugs [7-10] and has been recommended for AF in domestic and foreign
guidelines [11, 12]. However, the long-term success rate of ablation for paroxysmal AF that has been
followed up over 1 year is only 50%–80% [13-15], and is even lower for persistent AF [16]. Moreover, the
degree of atrial fibrosis is more severe in patients with persistent AF than in patients with paroxymoron
AF. Atrial fibrosis is closely related to the occurrence and maintenance of AF. Treatment of atrial fibrosis
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. can effectively reduce the occurrence and burden of AF, but the current clinical methods are limited and
ineffective. Therefore, it is important to further study the mechanism of atrial fibrosis and its relationship
with the occurrence and development of AF.

Bromodomain-containing protein 4 (BRD4) plays an important role in the process of fibrosis by regulating
cell transcription and the cell cycle. Recent studies have found that BRD4 inhibitors can be used for
treating fibrotic diseases via target gene-related pathways including the extracellular matrix (ECM) receptor
interaction, adhesion protein, PDGF pathway, JNK/MAPK pathway, and the NF-κB pathway. Therefore,
BRD4 is considered a potential target in fibrosis. Studies have shown that the inhibition of BRD4 expression
can reduce myocardial cell apoptosis and ventricular myocyte fibrosis [17-19]. In 2019, at the 40th Annual
Meeting of the American Heart Association, a wall report study presented by Professor Yigang Li [20] found
that BRD4 inhibition could reduce the induction rate of AF and alleviate atrial fibrosis, suggesting that
BRD4 is a new target for treating atrial fibrosis and AF. This study was the first to establish a link between
BRD4 and atrial fibrosis and AF. However, the correlation between the transforming growth factor-β (TGF-
β)/SMAD signaling pathway, which is closely related to AF and atrial fibrosis, with BRD4 has not yet been
reported. Furthermore, there has been no clinical study on the expression of BRD4 in patients with AF
in combination with non-valvular disease and non-ischemic cardiomyopathy. Additionally, the relationship
between BRD4 and AF recurrence after ablation remains unknown.

Based on the above views, we further verified the association between BRD4 and AF and atrial fibrosis
through clinical observation and animal experiments. As the pathogenesis of AF in valvular disease is more
complex, the atrial fibrosis of nonvalvular atrial fibrillation (NVAF) is most commonly caused by valvular
disease itself, and valve replacement is the basic treatment strategy. Valvular AF accounts for approximately
12.9% of patients with AF, and the subjects of the current study have NVAF.

Methods

Clinical study participants

This is a prospective, randomized, double-blind clinical study. The research subjects were patients with
NVAF (n = 74) or paroxysmal supraventricular tachycardia (PSVT, n = 73). All patients who met the
indications in the guidelines for radiofrequency ablation of arrhythmias were selected, and all underwent
radiofrequency ablation for the first time. We conducted a sub-group analysis to evaluate the associations
between AF and BRD4. All participants provided written informed consent, and all protocols were performed
in accordance with the Medical Science Ethics Committee of the Affiliated Hospital of Guizhou Medical
University.

Ascertainment of AF and PSVT

AF was diagnosed by the ECG and/or dynamic ECG results before radiofrequency ablation. AF was defined
according to the guidelines [12]. PSVT was diagnosed by the ECG and/or intracardiac electrophysiology
results, and include atrioventricular node reentrant tachycardia (AVNRT) and atrioventricular reentrant
tachycardia (AVRT).

Research groups and clinical indicators

Patients with AF were defined as the AF group; patients with paroxysmal supraventricular tachycardia were
defined as the PSVT group; patients with AF with normal left atrial voltage were defined as the NLAV
group; patients with AF with left atrial low-voltage areas (LAVs) were defined as the LAV group; patients
with AF who maintained sinus rhythm after ablation were defined as the NreAF group; and patients with
AF who had recurrence AF/atrial tachycardia/atrial flutter after ablation were defined as the reAF group.

For all enrolled patients, to detect BRD4 levels by qRT-PCR before radiofrequency ablation, 2 ml of elbow
venous blood was extracted in the morning after a state of abstinence from drinking and fasting for at least
8 h. Transthoracic echocardiography was completed in parallel for all candidates prior to radiofrequency
ablation, to measure the left atrium anterior and posterior diameter (LAAPD) and left ventricular ejection
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. fraction (LVEF). For patients with NVAF, transesophageal echocardiography was completed in the 24 h prior
to radiofrequency ablation to exclude left atrial and/or left atrial appendage thrombosis while measuring
the left atrial appendage peak emptying velocity (LAA-PEV). For patients with NVAF, left atrial high-
density matrix mapping was performed to observe the bipolar voltage at each point in the left atrium during
radiofrequency ablation. After ablation, all patients with AF underwent follow-up at 1, 3, 6, 12, and 18
months by standard 12-lead ECG and/or 72-h dynamic ECG.

BRD4 levels of human peripheral venous blood

We used qRT–PCR to detect the levels of BRD4 [21]. The following primers were used:BRD4:5’-
CCCTGAAGCCGTCCACACT-3’ (forward) and 5’-TTCTCAGCTTGAGGTTTCCTTTTC-3’ (reverse);
GAPDH:5’-GATCCCTCCAAAATCAAGTGG-3’ (forward) and 5’-GGAGGCATTGCTGATGATCT-3’ (re-
verse). The 2-[?][?]Ctmethod was used to analyze the relative expression of target genes.

Cardiac parameters measured by echocardiography

A Philips iE33 color Doppler ultrasonic diagnostic instrument and quantitative analysis software QLab
8.1 were used to measure LAAPD,LVEF, and LAA-PEV. For transthoracic echocardiography, the two-
dimensional probe (S5-1) was selected and the frequency was adjusted to 2.0–3.5 MHz. The LAAPD was
measured using the method of two-dimensional radial line through long axial section of the left ventri-
cle parasternal, and the LVEF was calculated using the biplane Simpson method. For transesophageal
echocardiography, the real-time three-dimensional transesophageal matrix probe (X7-2t) was selected and
the frequency was adjusted to 2–7 MHz, while the LAA-PEV was measured by the pulsed wave doppler(PW)
method. In patients with sinus rhythm, the flow spectrum of the left atrial appendage (LAA) was a regular
bidirectional waveform:positive waveform was an empty wave,and negative waveform was a filling wave. The
peak value of the positive waveform was recorded, and was named LAA-PEV (Fig. 1). In patients with
AF, the flow spectrum of the LAA was an irregular serrated waveform, and the peak value of its positive
waveform was also selected as LAA-PEV (Fig. 2).

High density matrix mapping of the left atrium

Under sinus rhythm, the Abbott EnSite VelocityTM 5.0 intelligent heart 3D mapping system was used to
construct the left atrium 3D model with the assistance of EnSite VelocityTM body surface electrodes. The
InquiryTM AFocus IITM 10-pole adjustable bending pulmonary vein catheter was used to detect the bipolar
voltage at each point in the left atrium. The WorkMateTM ClarisTMelectrophysiological recording system
was used to statistically analyze the local bipolar voltage at each point in the left atrium, and the overall
average value of the bipolar voltage at each point in the left atrium was calculated. A local bipolar voltage
>0.5 mV in the left atrium was defined as normal voltage, while a bipolar voltage <0.5 mV was defined as
a low voltage area (Fig. 3 and Fig. 4). To facilitate recording and description, the left atrium was divided
into anterior, apical, and posterior anatomical regions.

Follow-up after ablation

After ablation, all patients with AF completed follow-up at 1, 3, 6, 12, and 18 months by standard 12-lead
ECG and/or 72-h dynamic ECG. Three months after ablation was defined as the “blank period.” Recurrence
of AF was defined as atrial flutter/AF/tachycardia with a duration >30 s, which was occurring more than
3 months after ablation. In this study, the time point for recurrence assessment was set at 12 months after
ablation. If the follow-up time was less than 12 months, the actual follow-up time was recorded. All patients
had a follow-up time of at least 6 months.

Animal experiments

All protocols were performed in accordance with the Animal Experiment Ethics Committee of Guizhou
Medical University. Thirty-six male SD rats aged 6–8 weeks were equally assigned to three groups according
to the principle of randomness and double blindness; the groups included the blank control group (CTL),
AF model group (AF + CTL), and AF model + JQ-1 group (AF + JQ-1). SD rats in the AF + JQ-1 group
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. were intravenously injected with (+)-JQ-1 for 3 weeks through the caudal vein; the dosage was 8 mg/kg
and the frequency was once a week [19]. All of the SD rats underwent transesophageal electrophysiological
examination under anesthesia. SD rats in the AF + CTL and AF + JQ-1 groups also underwent rapid atrial
pacing to induce AF for 3 weeks. The ECG trace was continuously recorded by a biologic signal recording
and analysis system which filtered out the signals below 10 Hz and above 100 Hz.The AF inducibility

was performed by the transesophageal burst rapid pacing with a stimulating amplitude of 2-fold atrial capture
threshold. Four consecutive bursts of rapid electrical stimulation for 30s (20, 30, 40, and 50 Hz) were applied
to induce AF with 3-minute pause[22]. AF was defined as an abnormal ECG showing rapid and fragmented
P wave with absolute irregular RR intervals (the time elapsed between two successive R-waves of the QRS
signal on the electrocardiogram) for at least 2 seconds, and AF could be induced at least two times of five
sets of pacing[22-24] (Fig. 5).The mean incidence and duration of AF in each group were recorded. The
mean incidence of AF of each rat was the number of times that AF was successfully induced divided by 5,
and the unit was percentage (%). The mean duration of AF was the average of the sum of the duration of
AF of each rat, and the unit of value was seconds (s).

After the above steps, the SD rats were anesthetized and killed, and the left atrium tissue samples were
collected and marked for subsequent experiments. Six left atrium tissue samples were collected from each
group, and fixed in 4% paraformaldehyde, embedded in paraffin, and cut into sections (5um thick). Sections
of left atrium were stained by Masson’s staining to detect collagen as previously reported[23-24]. The level
of cardiac fibrosis was determined by the percentage of the fibrosis area to the total area (% cardiac fibrosis,
collagen volume fraction) using the ImageJ software[23-24].Six left atrium tissue samples were collected
from each group, and western blot was used to detect the expression levels of BRD4, TGF-β1, P-SMad2/3,
SMAD2/3, Smad7, Cx43, and type III collagen in each group.

Statistical analysis

The participant characteristics are summarized as the mean standard deviation (SDs) or percentage and
count. Non-normally distributed measurement data were represented by the median (25 to 75 percentiles)
and the rank sum test was used for inter-group comparison.χ2 tests were used to examine the association
between categorical variables and AF. Spearman correlation test was used for correlation analysis, and t
-tests or ANOVA were used for continuous variables. The test-level α = 0.05, GraphPad Prism 5.0 was used
to compile the graphs, and ImageJ software was used for gray value analysis. SPSS version 24.0 software
was used for all statistical analyses. All probability values for statistical tests used P< 0.05 as a statistically
significant value and are two-tailed.

Results

Participant characteristics

Table 1 shows the characteristics of the participants with AF and PSVT. The mean values of sex, age, hy-
pertension, diabetes, smoking, and heavy alcohol intake were not significantly different between participants
with AF and those with PSVT.

BRD4 levels, LAAPD, and LVEF in participants with AF and PSVT

Table 2 shows the BRD4 levels of peripheral venous blood, LAAPD, and LVEF in patients with AF and
PSVT. The 2-[?][?]Ct method was used to analyze the relative expression of BRD4 genes, and the obtained
value is expressed by RQ value. The mean values of BRD4 levels and LAAPD were significantly higher in
participants with AF than in those with PSVT. However, the mean values of LVEF were significantly lower
in participants with AF than in those with PSVT.

BRD4 levels, LAAPD, LVEF, LAA-PEV, left atrial low voltage and postoperative recurrence in participants
with paroxysmal AF and persistent AF

Table 3 shows the BRD4 levels of peripheral venous blood, LAAPD, LVEF, LAA-PEV, left atrial low
voltage, and postoperative recurrence in participants with paroxysmal AF and persistent AF. The mean
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. values of LVEF and LAA-PEV were significantly higher in participants with paroxysmal AF than in those
with persistent AF. However, the mean BRD4 levels, LAAPD, left atrial low voltage, and postoperative
recurrence were significantly lower in participants with paroxysmal AF than in those with persistent AF.

BRD4 levels, LAAPD, LVEF, LAA-PEV, and left atrial low voltage of participants in the NreAF and reAF
groups

Table 4 shows the BRD4 levels of peripheral venous blood, LAAPD, LVEF, LAA-PEV, and left atrial low
voltage of participants in the NreAF and reAF groups. The mean values of LVEF and LAA-PEV were
significantly higher in participants in the NreAF group than those in the reAF group. However, the mean
values of BRD4 levels, LAAPD, and left atrial low voltage were significantly lower in participants in the
NreAF group than those in the reAF group.

BRD4 levels, LAAPD, LVEF, and LAA-PEV of the participants in the NLAV and LAV groups

Table 5 shows the BRD4 levels of peripheral venous blood, LAAPD, LVEF, and LAA-PEV of participants
in the NLAV and LAV groups. The mean values of LVEF and LAA-PEV were significantly higher in
participants in the NLAV group than those in the LAV group. However, the mean values of BRD4 levels
and LAAPD were significantly lower in participants in the NLAV group than those in the LAV group.

The mean incidence and duration of AF in the SD rats in the AF + CTL group and AF + JQ-1 group

Table 6 shows the mean incidence and duration of AF in SD rats in the AF + CTL group and AF + JQ-1
group. The mean incidence and duration of AF were significantly higher in SD rats in the AF + CTL group
than those in the AF + JQ-1 group.

Fibrosis of the left atrium evaluated by Masson’s trichrome staining of SD rats in the CTL, AF + CTL, and
AF + JQ-1 groups

Figure 6 shows the collagen volume fraction and left atrial fibrosis evaluated by Masson’s trichrome staining
of SD rats in the CTL group (n = 6), AF + CTL group (n = 6), and AF + JQ-1 group (n = 6). The mean
collagen volume fraction of the left atrium was significantly higher in SD rats in the AF + CTL group than
those in the AF + JQ-1 group and CTL group. The mean collagen volume fraction of the left atrium was
significantly higher in SD rats in the AF + JQ-1 group than those in the CTL group (D). The area of fibrotic
collagen (stained blue) was largest in the AF + CTL group (B), least in the CTL group (A), and the second
largest in AF + JQ-1 group (C).

Fibrosis-related indicators detected by western blot(WB) of SD rats in the CTL, AF + CTL, and AF + JQ1
groups

Figure 7 shows the fibrosis-related indicators (BRD4, TGF-β1, P-Smad2/3, Smad2/3, Smad7, CX43, and
type III collagen) detected by WB of SD rats in the CTL group (n = 6), AF + CTL group (n = 6), and AF
+ JQ1 group (n = 6). The mean values of the BRD4, TGF-β1, P-Smad2/3, Smad2/3, and type III collagen
were significantly higher in SD rats in the AF + CTL group than those in the AF + JQ1 and CTL groups.
However, the mean values of the Smad7 and CX43 were significantly lower among SD rats in the AF + CTL
group than among those in the AF + JQ1 and CTL groups.

Discussion

This study showed that BRD4 was positively correlated with atrial fibrosis, AF, postoperative recurrence of
AF, LVAs, and LAAPD, and was negatively correlated with LVEF. BRD4 may be involved in atrial fibrosis
and remodeling through the TGF-β1/Smad signaling pathway, and thus participate in the occurrence and
maintenance of AF.

Association between LAAPD and AF

Studies have shown that atrial muscle fibrosis is significantly aggravated in patients with AF, which was
positively correlated with LAAPD [25]. Left atrial fibrosis and structural remodeling were more obvious in
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. patients with AF with left atrial enlargement [26, 27]. Clinically, LAAPD is usually measured by echocar-
diography or cardiac magnetic resonance(CMR) to reflect the size of the left atrium. Only LAAPD has been
widely used in large-scale clinical studies that could be reviewed. LAAPD can accurately estimate the left
atrial volume through the nonlinear equation of the elliptic model [28]. Multiple studies have shown that
LAAPD enlargement is an independent predictor of recurrence after AF ablation [29-31]. Our study showed
that the mean values of LAAPD were significantly higher in participants of the AF group, patients with
persistent AF, and participants in the reAF group than those in the PSVT group, patients with paroxysmal
AF, and participants in the NreAF group, and all the differences were statistically significant. It has been
suggested that the left atrial enlargement is more obvious in patients with AF, especially those with per-
sistent AF. Moreover, patients with AF with left atrial enlargement had an increased rate of postoperative
recurrence.

Association between LAA-PEV and AF

Some studies have found that LAA is one of the potential trigger points of spontaneous AF [32]. Increased
LAA volume and decreased LAA ejection fraction were predictors of recurrence after ablation of AF [33-36].
The decrease in LAA-PEV was positively correlated with postoperative recurrence of AF [37]. Trans-
esophageal echocardiography could accurately determine LAA-PEV in patients with AF. In this study, the
LAA-PEV of patients in the reAF group was significantly lower than that of patients in the NreAF group,
and the difference was statistically significant. This result suggests that patients with AF with reduced
LAA-PEV had an increased postoperative recurrence rate.

Association between left atrial fibrosis and AF

Excessive synthesis and irregular deposition of extracellular matrix (ECM) proteins are thought to be involved
in the onset and maintenance of AF [38]. These collagen-based scars (collagen type I and III) could form
barriers that blocked electrical conduction and separated well-connected syncytes, thus directly interfering
with electrical conduction among cardiomyocytes [39]. Additionally, fibroblasts and myofibroblasts could
form cell membrane fusions with cardiomyocytes to form intercellular gap junctions via connexin 40, 43,
and 45 (Cx40, Cx43, and Cx45) [40, 41]. These material bases, through changing the electrical conduction
velocity among cardiac myocytes and increasing the electrical conduction heterogeneity, lead to the formation
of complex electrical conduction reentry in the atrium, and ultimately lead to the occurrence and maintenance
of AF [42-44]. Atrial remodeling is a key factor linking all the mechanisms associated with AF, and atrial
fibrosis was the most prominent feature of atrial remodeling [45]. In the rat AF model, compared to the
CTL group, the degree of left atrial fibrosis and collagen volume fraction in the AF + CTL group were
significantly higher. Our results showed that compared to the CTL group, the level of type III collagen was
significantly higher and the level of Cx43 was significantly lower in the AF + CTL group.

Association between LVAs and AF

AF and atrial fibrosis are cause and effect and promote each other. The presence of left atrial fibrosis
increased the recurrence rate of AF after ablation. Cardiac MRI (CMR) is a well-established method for
detecting left atrial fibrosis and can be used to noninvasively identify the scar matrix of the left atrium,
which is known as the fibrotic area [46-48]. However, CMR was found to be inaccurate in evaluating left
atrial fibrosis in patients with persistent AF [49, 50]. CMR and left atrial bipolar voltage mapping were
used to detect left atrial fibrosis and left atrial low-voltage region (bipolar voltage < 0.5 mV)/scar area
(bipolar voltage < 0.05 mV) in participants with sinus rhythm, and the left atrial low voltage/scar area was
highly consistent with the left atrial fibrosis area in CMR in Jeong’s study [51]. Subsequent studies also
confirmed that LVAs measured by left atrial bipolar voltage mapping were consistent with the left atrial
fibrosis regions in CMR [52, 53]. Therefore, it is reasonable to use LVAs to represent left atrial fibrosis
in clinical practice. Several studies had shown that the presence of LVAs is an independent predictor of
postoperative AF recurrence [54-57]. Our results showed that the mean values of LVAs were significantly
lower in participants with paroxysmal AF and those in the NreAF group than those with persistent AF and
those in the reAF group. These results suggest that the decrease in left atrial voltage was more obvious

6



P
os

te
d

on
A

u
th

or
ea

25
J
an

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

31
07

97
.7

06
61

63
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. in patients with persistent AF. Moreover, LAVs were positively correlated with postoperative recurrence of
AF.

Association among LAAPD, LVEF, and LAVs

The relationship among LAAPD, LVEF, and LAVs has not been reported previously. Studies have shown
that left atrial fibrosis was more pronounced in patients with AF with enlarged left atrium. In patients
with AF with reduced LVEF, the pressure of the left atrium was increased, which promoted left atrial
enlargement and left atrial fibrosis. Therefore, it is reasonable to use LVAs to represent left atrial fibrosis
in clinical practice. We speculated that LAAPD and LVEF were correlated with LAVs. The results of this
study showed that the mean values of LAAPD were significantly lower in participants in the NLAV group
than those in the LAV group. However, the mean values of LVEF were significantly higher in participants in
the NLAV group than those in the LAV group. These findings suggest that LAAPD is positively correlated
with LAVs, while LVEF is negatively correlated with LAVs.

Association between TGF-β/Smads and AF

Previous studies have confirmed that TGF-β is closely associated with the occurrence of tissue fibrosis
[58] and plays a crucial role in the process of myocardial fibrosis. TGF-β activates the synthesis of ECM
protein through the Smads signal transduction pathway to cause excessive deposition of ECM and myocardial
fibrosis. Atrial fibrosis affects the development of AF through the TGF-β1/Smads pathway [59]. TGF-β
expression was mainly completed through TGF-β/Smads signaling pathway. Multiple studies have shown
that downregulation of the TGF-β/Smads signaling pathway could decrease TGF-β expression, attenuate
the degree of myocardial fibrosis, and reduce the incidence of AF [60-62]. Therefore, TGF-β is closely related
to AF and atrial fibrosis. Our results showed that compared to the CTL group, the levels of TGF-β1,type III
collagen,P-Smad2/3, and Smad2/3 were significantly higher, and the level of Smad7 was significantly lower
in the AF + CTL group.

Association between BRD4 and AF

There are few studies on BRD4 in cardiovascular diseases, especially in AF. It was found that BRD4 played
an important role in the pathogenesis of high glucose-induced ventricular fibrosis through the TGF-β/SMAD
pathway [18], and that inhibition of BRD4 could reduce TGF-β-induced ventricular fibrosis [19]. Considering
that atrial fibrosis and ventricular fibrosis share common pathways, atrial fibrosis and AF have mutual
causation, and that the TGF-β/SMAD pathway plays an important role in the pathogenesis of atrial fibrosis
and AF, we speculated that BRD4 might be involved in the occurrence and development of atrial fibrosis
and AF through the TGF-β/SMAD pathway. Additionally, at the 40th Annual Meeting of the American
Heart Rhythm Society, Professor Yigang Li’s team first reported that BRD4 was highly expressed in the
left atrial tissue of patients with valvular AF, and found that inhibition of BRD4 expression could attenuate
atrial fibrosis and reduce the incidence of AF [20]. This research indicated, for the first time, that BRD4
inhibitors might be used to prevent and treat atrial fibrosis and AF.

JQ-1 is a specific BRD4 inhibitor that binds to the bromine domain of BET protein with high shape comple-
mentarity and nanoscale affinity. This interaction leads to a strong, competitive, and transient replacement
of BRD4 from acetylated chromatin, and thereby inhibited signaling events downstream of Pol II, inhibiting
the biological effects of BRD4 [63, 64]. Therefore, (+)JQ-1 was applied to the SD rats in the AF + JQ1
group in this study.

Our study showed that the mean BRD4 level was significantly higher in participants in the AF group, reAF
group, LAV group, and in patients with persistent AF than those in the PSVT group, NreAF group, NLAV
group, and patients with paroxysmal AF. Moreover, an elevated level of BRD4 was confirmed in patients
with non-valvular and non-ischemic cardiomyopathy AF, suggesting that BRD4 is associated with AF.
These results suggest that the BRD4 level is significantly positively correlated with LAVs and postoperative
recurrence of AF, and that a high BRD4 level is a predictor of LAVs and postoperative recurrence of AF.
The results of this study showed that the mean incidence and duration of AF were significantly higher in
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. SD rats in the AF + CTL group than those in the AF + JQ1 group (P < 0.05), suggesting that BRD4
inhibition could reduce the incidence and burden of AF.

Our study showed that the mean collagen volume fraction of the left atrium was significantly higher in SD
rats in the AF + CTL group than those in the AF + JQ1 and CTL groups. The mean collagen volume
fraction of the left atrium was significantly higher in SD rats in the AF + JQ1 group than that in the CTL
group. The area of fibrotic collagen, which was stained blue, was largest in the AF + CTL group, smallest
in the CTL group, and second largest in the AF + JQ1 group. These results suggest that BRD4 inhibition
could attenuate the degree of left atrial fibrosis. Our study showed that the mean values of BRD4, TGF-β1,
P-Smad2/3, Smad2/3, and type III collagen were significantly higher in SD rats in the AF + CTL group
than those in the AF + JQ1 and CTL groups. The mean values of Smad7 and CX43 were significantly
lower among SD rats in the AF + CTL group than those in the AF + JQ1 and CTL groups. These results
suggest that inhibition of BRD4 expression could reduce the expression of atrial fibrosis-related proteins.
BRD4 may be involved in atrial fibrosis and remodeling through the TGF-β1/Smad signaling pathway, and
thus participate in the occurrence and maintenance of AF.

Strengths and limitations

This study has several strengths. First, this is the first clinical study to investigate the expression of BRD4
in patients with non-valvular and non-ischemic cardiomyopathy AF, as well as to investigate the relationship
between BRD4 and AF recurrence after ablation. Second, this is the first study to investigate the role of
BRD4 in atrial fibrosis and AF via the TGF-β/Smads signaling pathway. Third, this study is the first to
describe the relationship between BRD4 and LAAPD, LVEF, and LVAs.

This study also has several limitations. First, the number of study cases was relatively small, and a large
sample of data was needed for observation and analysis. Second, more accurate indicators of left atrial size,
such as left atrial volume index, are needed for further validation. Third, the level of BRD4 in peripheral
venous blood does not fully represent the level of BRD4 in left atrial tissue, and it is necessary to collect
left atrial blood samples and left atrial tissue of patients with AF for further verification (e.g., through
myocardial biopsy technology). Fourth, the animal experimental methodology was relatively simple, and the
mechanism study was not sufficiently in-depth. BRD4 gene knockout and transfection technology should
be employed in the future to enhance BRD4 expression and verify the results of this study from multiple
perspectives. Fifth, we did not use enough indicators to reflect atrial fibrosis, and more indicators are needed
for further verification (such as ST2 and galectin 3). Sixth, further studies are needed to verify whether
BRD4 inhibition could attenuate the degree of LAVs in patients with AF and reduce the postoperative
recurrence rate of AF.

Conclusion

Elevated levels of BRD4 may be used to predict the enlargement and fibrosis of the left atrium, postoperative
recurrence of AF after ablation, and reduced LVEF in patients with NVAF. Moreover, the postoperative
recurrence rate after ablation of AF was significantly positively correlated with LAAPD and the low voltage
regions of the left atrium, and negatively correlated with LVEF and LAA-PEV. Inhibition of BRD4 expression
significantly improved the degree of left atrial fibrosis in rats with AF, and reduced the incidence and duration
of AF. BRD4 may be involved in atrial fibrosis and remodeling through the TGF-β1/Smad signaling pathway,
thus participating in the occurrence and maintenance of AF.

Funding

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors. This study was supported by the Affiliated Hospital of Guizhou Medical University (Contract
gzwjkj2020-2-001, Grants H-2020-40 from the Guizhou Provincial Health Commission).

References

8



P
os

te
d

on
A

u
th

or
ea

25
J
an

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

31
07

97
.7

06
61

63
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. [1] Benjamin EJ,Muntner P,Alonso A,Bittencourt MS,Callaway CW,et al.Heart disease and stroke statistics-
2019 update: a report from the American Heart Association[J].Circulation,2019;139:e56-e528.

[2] Zhang S.Atrial fibrillation in mainland China:epidemiology and current
management[J].Heart,2009,95(13):1052-1055.

[3] Chugh SS,Havmoeller R,Narayanan K,Singh D,Rienstra M,et al.Worldwide epidemiology of atrial fibril-
lation: a Global Burden of Disease 2010 Study[J].Circulation,2014;129:837-847.

[4] Colilla S,Crow A,Petkun W,Singer DE,Simon T,Liu X.Estimates of current and future incidence and
prevalence of atrial fibrillation in the US adult population[J].Am J Cardiol,2013;112:1142-1147.

[5] Krijthe BP,Kunst A,Benjamin EJ,Lip GY,Franco OH,Hofman A,Witteman JC,Stricker B-H,Heeringa
J.Projections on the number of individuals with atrial fibrillation in the Europ-ean Union, from 2000 to
2060[J].Eur Heart J,2013;34:2746-2751.

[6] Staerk L,Sherer JA,Ko D,Benjamin EJ,Helm RH.Atrial fibrillation: epidemiology,pathop-hysiology, and
clinical outcomes[J].Circ Res,2017;120:1501-1517.

[7] Chen C, Zhou X, Zhu M, Chen S, Chen J, Cai H, Dai J, Xu X, Mao W. Catheter ablation versus medical
therapy for patients with persistent atrial fibrillation: a systematic review and meta analysis of evidence
from randomized controlled trials[J]. J Interv Card El-ectrophysiol 2018;52:9-18.

[8] Packer DL, Mark DB, Robb RA, Monahan KH, Bahnson TD, et al. Effect of catheter ablation vs
antiarrhythmic drug therapy on mortality, stroke, bleeding, and cardiac arrest among patients with atrial
fibrillation:the CABANA randomized clinical trial[J]. JAMA 2019;321:1261-1274.

[9] Noseworthy PA, Gersh BJ, Kent DM, Piccini JP, Packer DL, Shah ND, Yao X.Atrial fibrillation ablation
in practice: assessing CABANA generalizability[J]. Eur Heart J 2019;40:1257-1264.

[10] Blomström-Lundqvist C, Gizurarson S, Schwieler J, Jensen SM, Bergfeldt L, Kennebä-ck G, Rubulis
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