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ORIGINAL RESEARCH

ABSTRACT

Background « Activated fibroblasts are reported partly of
endothelial origin, derived through endothelial-
mesenchymal transition (EndMT). Few studies have
investigated EndMT in atrial fibrillation (AF), which may
have a potential effect on cardiac fibrosis.

Objective « To investigate whether EndMT occurs in an
animal model of AE.

Methods « A total of 80 Sprague-Dawley rats (8 weeks,
male, 200-250 g) were randomly divided into two groups:
the control group and the AF group (n = 40 in each group).
Rats in the AF group received a daily intravenous injection
of acetylcholine-calcium chloride for seven days to establish
an AF model, and rats in the control rats were injected with
saline in the same way. At different time points (Day 3, Day
5, Day 7, Day 9, Day 11, Day 13, Day 15, and Day 17), we
observed changes in EndMT-related indexes (CD3lL,
VE-cadherin, FSP-1, TGF-P1 and collagen) and HIF-1a in
the rat atria of two groups, as well as immunofluorescence
co-expression of CD31/FSP-1 and VE-cadherin/FSP-1 in
the endocardial endocardium of the atria.
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INTRODUCTION

Atrial fibrillation (AF) is a common cardiovascular
disorder that causes major disease, morbidity, and mortality.'
Atrial fibrosis is a key factor linking AF-related pathogenesis.”
Researchers worldwide are exploring the molecular mechanism
of atrial fibrosis in AF from multiple aspects that may lead to
the development of more effective targeted interventions.

The Study of Endothelial-Mesenchymal
Transition in an Atrial Fibrillation Rat Model

Wenhui Wang, MD; Xinming Li, MD; Zhongping Ning, MS

Results « In the AF group, atrial EndMT was observed
and enhanced with time. Compared with the control
group, the levels of CD31 and VE-cadherin in the AF
group decreased, while mesenchymal marker (FSP-1)
and EndMT inducer (TGF-p1) were dynamically
increased after Day 3. The co-expression of CD31/FSP-1
and VE-cadherin/FSP-1 was observed from Day 3 to the
end of observation time Day 17 by immunofluorescence
in AF rat hearts, indicating the existence of EndMT. In
addition, the level of HIF-1a in the hearts of AF rats was
increased.

Conclusion « As far as we know, this is the first study to
explore the dynamic process of EndMT in an AF rat
model. The presence of EndMT was verified in the atria of
the AF rat model, and Day 7-Day 17 was the best
observation time point for the model. This may lead to a
better understanding of the pathological changes and
mechanisms in AF with a short modeling cycle. (Altern
Ther Health Med. 2024;30(1):179-185).

Activated fibroblasts are partly of endothelial origin,
derived through endothelial-mesenchymal transition
(EndMT).? During EndMT, endothelial cells (ECs) deform
under the stimulation of shear stress, proinflammatory
factors, hypoxia, and other factors, changing their phenotypes
and eventually participating in the fibrotic process.* These
phenotypes include the decrease of specific endothelial
markers such as cluster of differentiation 31 (CD31) and
vascular endothelial cadherin (VE-cadherin) and the increase
of mesenchymal markers such as alpha-smooth muscle actin
and fibroblast-specific protein-1 (FSP-1).*

The EndMT has been reported in several animal models,
including aortic coarctation or angiotensin II-induced
cardiomyopathy, diabetic cardiomyopathy, myocardial
infarction, and cardiac insufliciency caused by asynchronous
ventricular pacing.>® However, the contribution of EndMT
in cardiac fibrosis remains controversial.' In 2017, Kato et al.
first proposed that EndMT occurred in the atria of patients
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with AF and the level of mesenchymal markers was positively
correlated with the degree of atrial structural remodeling."
The downside was that the result had not been compared to
normal hearts. To the best of our knowledge, there are still
significant gaps in the area of the EndMT process in AF
patients or animal models.

In this study, we established an acetylcholine (Ach)-
calcium chloride (CaCl,)-induced rat model of AF and
investigated whether EndMT progressed in this animal
model; if it existed, we evaluated the optimal time point for
EndMT, providing a stable animal model for further study of
atrial fibrosis in AE.

METHODS
Materials and Facilities

The primary antibodies hypoxia-inducible factor-1 alpha
(HIF-1a) monoclonal antibody (66730-1-Ig), CD31 polyclonal
antibody (28083-1-AP), FSP-1 polyclonal antibody (20886-1-
AP), transforming growth factor-beta 1 (TGF-p1) polyclonal
antibody (21898-1-AP), Collagen-I monoclonal antibody
(67288-1-Ig), and anti-B-actin (AF0003) were obtained from
Proteintech Group (Proteintech Group, Inc. Wuhan, Hubei,
China), and anti-VE-cadherin was obtained from Abcam
(ab231227, Abcam Shanghai Trading Co., Ltd., Shanghai,
China).  Horseradish peroxidase-labeled goat anti-rat
IgG(H+L) antibody was obtained from Beyotime Bio (A0192;
Beyotime Biotechnology, Shanghai, China). Primers for target
genes (HIF-la, CD31, VE-cadherin, FSP-1, TGF-B1) were
synthesized by General Biological System (Anhui) Co., Ltd.
(Chuzhou, Anhui, China), and Glyceraldehyde phosphate
dehydrogenase (GAPDH) was used as a standardization
control. The primer sequences are shown in Supplementary
Table 1. The Ach-CaCl, mixture (Ach 60 ug/mL + CaCl, 10
mg/mL) was obtained from Shanghai McLean Biochemical
Technology Co., Ltd. (Shanghai, China). Electrocardiogram
(ECG) monitoring (UM8000EV) was obtained from Wuhan
WeissBioTech Co., Ltd. (Wuhan, Hubei, China).

Animals and Treatment

The animal experiment protocol was approved by the
Ethics Committee of Tongji University (Approval number:
TJAA12522201) and is consistent with the National Institutes
of Health Guide for the Care and Use of Laboratory Animals."
A total of 80 healthy Sprague-Dawley (SD) rats (8 weeks, male,
200-250 g) were obtained from Shanghai JieSiJie Laboratory
Animal Co., Ltd. (Shanghai, China) and housed under the
following conditions: 20-25°C, 20%-25% relative humidity,
regular photoperiod, adequate food and water. After one week
of adaptive feeding, the rats were randomly divided into two
groups based on a computer-generated random order: the
control group and the AF group (n = 40 in each group).

For rats in the AF group, an Ach-CaCl, mixture (Ach
60 pg/mL + CaCl, 10 mg/mL) was injected through the tail vein
at a dose of 1 mL/kg, once a day for 7 consecutive days.”. The
control group rats were injected with 1 mL/kg of 0.9% normal
saline with the same method for seven days. ECG monitoring

(UMB8000EV) was used to monitor the ECG of each rat during
the peri-experimental period. Rats were fixed after being
anesthetized (sodium pentobarbital, 50 mg/kg, intraperitoneal
injection). Afterward, five 25-gauge hypodermic needle
electrodes were inserted subcutaneously into four limbs and the
front chest of the rat in sequence (noting that the needle was not
inserted too deeply or it might cause interference). The
monitoring was continued for 10 min after the graph was
stabilized. After that, the AF rats were injected with Ach-CaCl,
slowly and uniformly, while the control group was injected with
normal saline; the ECG monitoring was continued for 20
minutes, and the AF rhythm was marked.

At the time point of Day 3, Day 5, Day 7, Day 9, Day 11,
Day 13, Day 15, and Day 17, five rats of the control group and
the AF group were randomly selected respectively,
anesthetized, and fixed. After monitoring and possible
treatment, the rats were euthanized (cervical dislocation
under deep anesthesia). The heart was isolated and fixed with
4% paraformaldehyde for 24 hours, and then 5 pm thick
paraffin sections were prepared for subsequent experiments.
Partial atrial fragments were immediately stored at -80°C;
part of the atrial fragments was washed with DEPC water,
followed by the addition of precooled TRIZOL reagent, and
then the fragments were stored at -80°C.

Hematoxylin and eosin (HE) and Masson Staining

HE and Masson staining of prepared paraffin sections
was done as previously reported.”® The histological changes
in the atria were observed under an optical microscope
(CKX41, Olympus, Tokyo, Japan) at x40, x100, and x200
magnifications. Collagen was stained blue while myocardial
tissue was red in Masson staining.

Immunohistochemistry

After the pre-experiment, the optimal antibody
concentration was diluted to 1:500. Negative and positive
control slides were set up. The prepared paraffin sections were
deparaftinized, washed with PBS, and then infiltrated with
prewarmed blocking permeabilization solution (40 mL
PBS+120 pL TritonX-100+400 uL 30% H,0O,) for 30 min
(protected from light) to reduce the activity of endogenous
peroxidase. The slides were treated with 0.01 mol/L sodium
citrate buffer at pH 6.0 for antigen retrieval, boiled under high
pressure for 4 minutes, cooled to room temperature 2 times,
washed with PBS 3 times, and then marked with an oil pen.
Nonspecific binding sites were blocked with serum homologous
to the secondary antibody for 30 minutes, and excess serum
was aspirated. Sections were then incubated with anti-HIF-1a
(1:400; 66730-1-Ig, Proteintech) overnight at 4°C. Subsequently,
the rewarmed and PBS-washed sections were incubated with a
secondary antibody (1:500; A0192, Beyotime Bio) at room
temperature for 1 hour and stained with freshly prepared
diaminobenzidine-H202 for 10 minutes. Finally, the sections
were counterstained with hematoxylin (nuclei) and analyzed
under the optical microscope. Brown granular material was
positive for HIF-1a.
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Immunofluorescence

After deparaffinization, antigen retrieval, and blocking
as previously described, paraffin sections were incubated
with the anti-FSP-1 (1:200; 20886-1-AP, Proteintech)
overnight at 4°C, rewarmed, PBS-washed, and incubated
(37°C, 4 h) with FITC-affinipure fluorescent secondary
antibody (1:200; A0562, Beyotime Bio) diluted in PBS
containing 2% BSA. Next, the sections were incubated with
another primary antibody, anti-CD31 (1:200; 28083-1-AP,
Proteintech) or anti-VE-cadherin (1:200; ab231227, Abcam),
and Cy3-aflinipure fluorescent secondary antibody (1:200;
A0516, Beyotime Bio) following the previous procedure.
Finally, the sections were mounted with an anti-quenching
reagent and analyzed under the fluorescence microscope
with laser (CKX41, Olympus, Tokyo, Japan). EndMT was
characterized by co-expression of CD31/FSP-1 or
VE-cadherin/FSP-1 in ECs."* Observers counted CD31+/
VE-cadherin+ and FSP-1+ ECs in 5 different endocardial
regions of each sample and calculated the proportion of FSP-
1+ ECs. All counts were performed independently by 2
observers.

Western Blot

Atrial fragments of the heart tissues (approximately 15 mg)
were cut from the stored rat hearts after thawing, minced,
and homogenized in RIPA buffer (500 pL), and the
supernatant was extracted. The protein concentration of the
supernatant was measured with a BCA kit (Shanghai Beenbio
Medical Technology Center, Shanghai, China) and diluted to
5 ug/puL with SDS. Then the protein samples were separated by
the SDS-polyacrylamide gel electrophoresis as previously
reported and analyzed in a BIO-RAD gel imager (United
States).!” The primary antibodies were as follows: anti-CD31
(125 kDa; 28083-1-AP, Proteintech), anti-VE-cadherin (87
kDa; ab231227, Abcam), anti-FSP-1 (41 kDa; 20886-1-AP,
Proteintech), anti-HIF-1a (110 kDa; 66730-1-Ig, Proteintech),
anti-TGF-B1 (44 kDa; 21898-1-AP, Proteintech), anti-
collagen-1 (139 kDa; 67288-1-Ig, Proteintech) and anti-B-
actin (36 kDa; AF0003, Proteintech) as control bands. The
results were repeated three times and analyzed by the Image-
Pro Plus 6.0 program.

Quantitative reverse transcription-polymerase chain
reaction (QRT-PCR)

The thawed heart tissues in TRIZOL were chopped and
homogenized on ice, and total RNA was extracted. After
reverse transcription, the cDNA template and primers were
subjected to the following reaction conditions for 40 cycles
(95°C, 2 min; 95°C, 15 sec; 60°C, 60 sec) using an ASA-9600
Real-time PCR System (Suzhou Baiyuan Gent Co., Ltd.,
Suzhou, Zhejiang, China). Triplicate results were analyzed
using the 2-*4“ method, GAPDH as a normalization control.'®

Statistical Analysis
The experiment was carried out in triplicate. Quantitative
data that conformed to a normal distribution were expressed as

Figure 1. Successful establishment of the AF rat model. a.
Electrocardiogram of the control group rats after injection. b.
Electrocardiogram of the AFgroup rats after injection.

a

Figure 2. Histopathological changes in rat atria. a.
Representative atrial HE staining of Day 3, Day 7, Day 11, and
Day 17. The atrial myofibrils in the AF groups were more
disorganized than those in the control group over time (bar =
100 pm). b. Representative atrial Masson staining of Day 3,
Day 7, Day 11, and Day 17. There was no significant difference
in collagen deposition between the control and AF groups (bar
= 100 pm). c. The expression of collagen I in the AF groups
was slightly increased from Day 13 compared with that in the
control group, assessed by western blot. n = 5 in each group.

a Day 3

Day 11

Day 7
A —

Control

2P < .05 vs. control rats
P < .01 vs. control rats
°P <.001 vs. control rats

Abbreviaitions: AF, atrial fibrillation; HE, hematoxylin and eosin.

the mean * standard deviation. ¢ test and factorial analysis of
variance were used for comparisons between groups, considering
P < .05 as statistically significant. Analyses were performed
using SPSS (version 26.0) and GraphPad Prism 9 software.
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RESULTS
Construction of AF rat model

The P-wave disappearance and irregular R-R intervals
were observed in the AF groups after each injection of the
Ach-CaCl, mixture (1 mL/Kg), indicating the successful
establishment of the AF rat model (Figure 1).” The recorded
duration time of AF after each injection is shown in
Supplementary Table 2. The average duration time recorded
after each injection was 13 + 3 seconds.

Histopathological changes in the heart of AF rats

HE staining showed that myofibrils were disorganized in
the atria of the AF groups compared to the control groups
over time; the difference continued to expand over time even
when dosing was stopped after Day 7 (Figure 2a). Masson
staining showed no significant difference in collagen
deposition between the control and AF groups (Figure 2b).
The expression of collagen I in the AF groups was slightly
increased from Day 13 compared with that in the control
group (P < .05) (Figure 2¢, Supplementary data 1).

The expressions of CD31 and VE-cadherin decreased,
while the expressions of FSP-1 and TGF-P1 increased in the
AF group (Figure 3, Supplementary data 1). Then, the
expressions of CD31, VE-cadherin, FSP-1, and TGF-{1 were
detected. Compared with the control group, the qRT-PCR
result showed that the expression of CD31 in the AF group
was decreased, but the difference was significant on Day 7,
Day 9, and Dayl13; while the western blot result showed that
CD31 expression decreased in the AF group, but the
difference was statistically significant at Day 5, Day 11, and
Day 17 (Figure 3). According to the gqRT-PCR and western
blot results, the expression of VE-cadherin was decreased in
the AF group after Day 3 and was relatively stable after Day 9
compared with the control group (Figure 3). In contrast, the
expressions of FSP-1 and TGF-P1 increased in the AF group
compared with the control group (Figure 3). The expression
of FSP-1 increased significantly from Day 5 to Day 9 and the
difference decreased after Day 9, and the expression of TGF-
B1 increased from Day 3 to Day 7 and remained stable
thereafter (Figure 3).

EndMT occurred in the atria of AF rats

Two groups of immunofluorescence co-expression analyses
were performed to further confirm and demonstrate the
EndMT process in AF rats. In this study, EndMT was
characterized by co-expression of CD31/FSP-1 or VE-cadherin/
FSP-1in ECs." Co-expression of CD31/FSP-1 and VE-cadherin/
FSP-1 was observed after Day 3, which only occurred in AF rat
atria and was not detected in all control samples (Figure 4). In
representative Day 11 atrial sections, FSP-1 was eventually
co-expressed in 48.8£10.2% of CD31+ ECs and 50.2+13.2% of
VE-cadherin+ ECs (Figure 4). In the endocardial layer, FSP-1+
cells comprised approximately 45% of ECs on Day 11. The
coexpression of CD31/FSP-1 and VE-cadherin/FSP-1 was also
found in the cardiac valvular ECs of AF rats but was not
observed in the hearts of control rats (Figure 5).

Figure 3. The expressions of CD31 and VE-cadherin
decreased, while the expressions of FSP-1 and TGF-p1
increased in the AF group. a-d. Relative mRNA expressions
of CD31 (a), VE-cadherin (b), FSP-1 (c), and TGF-fB1 (d)
were assessed by qRT-PCR, GAPDH was used as a
standardization control; e. The protein expressions of CD31,
VE-cadherin, FSP-1, and TGF-B1 were assessed by western
blot, and B-actin as control bands. n = 5 in each group.
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Note: The experiment was repeated three times, and the data were presented
as mean * standard deviation.

Abbreviaitions: AF, Atrial fibrillation; CD31, cluster of differentiation 31;
VE-cadherin, vascular endothelial cadherin; FSP-1, fibroblast-specific
protein-1; TGEF-PI, transforming growth factor-beta 1; qRT-PCR,
quantitative reverse transcription-polymerase chain reaction.

The expression of HIF-1a increased in the AF group. In
addition, the expression of HIF-la was detected in both
groups. Representative atrial immunohistochemistry images
showed that compared with the control group, the atrial HIF-
la (brown-colored) in AF groups increased consistently
(Figure 6a). QRT-PCR and western blot showed that
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Figure 4. Representative immunofluorescence images of
CD31/FSP-1 and VE-cadherin/FSP-1 in rat atria. The
co-expression of CD31/FSP-1 and VE-cadherin/FSP-1 was
observed in the endocardial endocardium of the AF rat atria,
but not in the controls (bar = 50um).

CD31 FSP-1 Merge VE-cadherin FSP-1 Merge

Abbreviaitions: CD31, a cluster of differentiation 31; FSP-1, fibroblast-
specific protein-1; VE-cadherin, vascular endothelial cadherin; ECs,
endothelial cells; AF, atrial fibrillation.

~day!!l Control-dayll AF-day7 Control-day AF-day3 Control-day3

AF

AF-day17 Control-dayl

Figure 5. Representative immunofluorescence images of
CD31/FSP-1 and VE-cadherin/FSP-1 in rat valves on Day 13.
The co-expression of CD31/FSP-1 and VE-cadherin/FSP-1
was observed in the cardiac valvular ECs of AF rats, but not
in the controls (bar = 100 um).

FSP-1

CD3l1 Merge

o

Control
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Abbreviaitions: CD31, a cluster of differentiation 31; FSP-1, fibroblast-
specific protein-1; VE-cadherin, vascular endothelial cadherin; ECs,
endothelial cells; AF, atrial fibrillation.
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Figure 6. The expression of HIF-1a increased in AF rat atria.
a. Representative atrial HIF-la immunohistochemistry
images of rat atria on Day 3, Day 7, Day 11, and Day 17, and
it was found that compared with the control group, the
degrees of atrial HIF-1a (brown-colored) in AF groups
increased (bar = 100 pum). b-c. The protein expression of
HIF-1a was assessed by western blot, and P-actin served as
control bands. d. Relative mRNA expression of HIF-1a was
assessed by qRT-PCR, GAPDH as a standardization control.
n =5 in all time points.
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as mean *standard deviation.

Abbreviaitons: HIF-1a, hypoxia-inducible factor-1 alpha; AF, atrial fibrillation;
qRT-PCR, quantitative reverse transcription-polymerase chain reaction.

compared with the control group, the expression of HIF-1a
in the AF group was increased at all-time points from Day 3
(Figure 6b-d, Supplementary data 1).

DISCUSSION

This study demonstrated that AF could lead to EndMT
in vivo. It was shown that in the AF rat model induced by
daily intravenous injection of Ach-CaCl, for seven days, the
EndMT process was found on Day 3 and continued until Day
17. The EndMT process was still observed after Ach-CaCl,
was discontinued (Figure 4, 5). Collagen I was slightly
increased in the AF groups from Day 13. Finally, we
recommend Day 7-Day 17 as the optimal observation time
point for this model, considering the immunofluorescence
results and the expression trends of EndMT-related markers.
This EndMT model of AF provides a new sight for further
mechanistic discoveries and drug trials of AE.

Atrial remodeling is a crucial factor in the maintenance
and progression of AF, and atrial fibrosis is the most prominent
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feature of atrial remodeling.? EndMT-derived fibroblasts play
an essential role in fibrosis, but EndMT research started late in
atrial fibrosis.**® Cardiac-specific TGF-P1 transgenic goats
increase cardiac fibrosis and the incidence of spontaneous
AFE" Lai et al. investigated the mechanism of EndMT in atrial
fibrosis and found that endocardial ECs from the atrial
appendage treated with TGF-f1 induced EndMT; in transgenic
mice with cardiac-specific TGF-P1 overexpression, knockdown
of miR-181b attenuated endothelial EndMT and atrial fibrosis,
and reduced AF susceptibility, but the extent to which EndMT
contributes to both subendocardial fibrosis and atrial fibrosis
is not clear.® In 2016, Kato et al. first proposed that EndMT
occurred in the atria of AF patients, and the level of
mesenchymal markers was positively correlated with the
degree of atrial structural remodeling." Regretfully, the result
had not been compared to normal hearts. To the best of our
knowledge, there are still significant gaps in the area of the
EndMT process in AF patients or animal models.

The mechanistic study of atrial fibrosis in AF has
momentous clinical significance for the treatment and
prognosis of AF, but few EndMT studies have been reported
in AE! The ECs in the heart can be divided into endocardial
ECs, myocardial microvascular ECs, and coronary ECs
according to location.”” Although the location and origin are
different, these ECs have abundant cellular connections,
which act as a sound barrier between circulating blood and
cardiomyocytes?; second, these ECs have high angiogenic
potential and metabolic efficiency, providing sufficient
oxygen and energy for the heart.” Excessive activation of
EndMT in the heart aggravates cardiac fibrosis and affects
the typical working environment of cardiomyocytes. We do
not want to see it either. Therefore, we need to better
understand the EndMT process in AF; the development of an
appropriate EndMT model in AF can provide vital support
for the study of atrial fibrosis in AE.

Typical EndMT shows definitive co-expression of
mesenchymal markers in ECs, elevated FSP-1 (mesenchymal
marker), and decreased expression of CD31 and VE-cadherin
(endothelial cell markers).® We confirmed that this AF rat
model had typical EndMT processes. CD31 and VE-cadherin
are transmembrane glycoproteins expressed by endocardial
ECs, vascular ECs, and some circulating blood cells, and they
are decreased in the AF model.** FSP-1 was highly expressed
in AF hearts, suggesting abnormal activation, proliferation,
and differentiation of fibroblasts, followed by irregular
synthesis and deposition of extracellular matrix (ECM)
proteins, which were identified as AF substrates.”® Current
evidence from patients and animal models suggests that
cardiac endothelial cells are activated through EndMT to
generate a large number of cardiac fibroblasts, as a supplement
to resident cardiac fibroblasts, which are involved in
myocardial fibrosis and play a crucial role in cardiac
remodeling.”*”” The fibroblasts transformed from EndMT
were found to be reversible and plastic by mechanistic
studies®; therefore, the plasticity of endothelial cells can be a
crucial node in preventing excessive ECM synthesis.”

Meanwhile, the EndMT phenomenon was observed in
both endocardial ECs and vascular ECs in the AF model
(Figure 4, 5). Functional valve regurgitation is common in
AF patients and is often associated with atrial remodeling
and annulus enlargement of mitral and tricuspid annulus.®
Restoration of sinus rhythm can improve atrial remodeling
and valve regurgitation.’® The findings of this study provide
an alternative hypothesis: AF affects the pathophysiological
changes of the valve itself, reducing valve compliance and
increasing the probability of valve regurgitation. This needs
further research to be verified.

Additionally, the levels of TGF-B1 and HIF-1a were both
increased in the early stage of AF (Day 3-Day 17) (vs. the
control group at the same time point). TGF-B1 induces
EndMT in cells, promoting the expression of transcription
factors such as FSP-1, Snail and et. al.**> These have been
described as significant regulators of EndMT.** ECs have a
unique transcriptional response program to TGF-f in the early
stages after injury, with an EndMT process of adaptive
phenotypic change.*® This adaptive phenotypic change is
reversible.®® Hypoxia-induced neovascularization is partially
mediated by clonal amplification of ECs, which show
enrichment of EndMT-related genes, suggesting that hypoxia-
enhanced EndMT may contribute to vascular growth under
ischemia.*® The resilient changes of ECs in response to acute
stress may help the body to adapt to the injury and contribute
to repair and regeneration, which is important for the
prevention of chronic dysfunction significance.**

The elevated levels of HIF-1a supported that the hearts
in AF rats were undergoing a persistent hypoxic state, and it
should be noted that the elevation of HIF-la after AF
occurred earlier than TGF-B1.” Previous studies showed that
HIF-1a can activate the TGF-B/Smad pathway, which inhibits
cell apoptosis and promotes the proliferation of fibroblasts
under tissue hypoxia.*® On the basis that TGF-f1 is a well-
recognized driver of EndMT, HIF-1a may be another driver
or participant of EndMT in AF progression. This study first
provided insight into the potential link between HIF-1a and
EndMT in AE

Limitations

The limitation of this study is that we could not reproduce
and verify all AF animal models; after all, there are many
species and modeling methods of AE* Therefore, in this
pilot study, we selected a common small experimental
animal, the SD rat, as the carrier for AF modeling and
experiments. A previous study found that the EndMT
activity and expression of TGF-B1 in the left ventricle were
increased in a canine model of right ventricular pacing-
induced heart failure, leading to aggravation of cardiac
fibrosis in the left ventricle’ Therefore, intravenous drug
injection (Ach-CaCl,) was selected to induce non-sustained
AF, to rule out the possible atrial EndMT caused by rapid
right atrial pacing and focus on the objective of abnormal
electrical activity.* Other modeling methods will be tested in
a follow-up study.
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CONCLUSION

In conclusion, this study confirmed that the EndMT
process appeared in the ultra-early stage of the AF rat atria
and was the first study to explore the dynamic process of
EndMT in an AF model. It provided an economical and
applicable animal model to study the EndMT process in AF
for most researchers. Furthermore, the expression of HIF-1a
increased in AF rat atria. It has been reported that HIF-1a is
associated with the regulation of the EndMT process. Then
HIF-1a may be similarly involved in EndMT during AF. This
study provides a theoretical basis and experimental methods
for the prevention, detection, and early intervention of
cardiac remodeling in AF, as well as the discovery of new
targets for reversing cardiac remodeling.
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Supplementary Table 1. The primer sequences

Name 5-3

HIF-1a F: TCTCCATCTCCTACCCACATACA
R: TGCTCTGTTTGGTGAGGCTGT

CD31 F: GGTAATAGCCCCGGTGGATG
R: TTCTTCGTGGAAGGGTCTGC
FSP-1 F: ACCTCTCTGTTCAGCACTTCC
R: GAACTTGTCACCCTCGTTGC
TGEF-p1 F: GTGGCTGAACCAAGGAGACGGAATA

R: ACCTCGACGTTTGGGACTGATC

VE-cadherin |F: AATTTGCCCAGCCCTACGAACCTA
R: TGCTCCCGATTAAACTGTC CATAC

GAPDH F: GCAACTAGGATGGTGTGGCT

R: TCCCATTCCCCAGCTCTCATA

Abbreviations: HIF-1a, hypoxia-inducible factor-1 alpha; CD31, cluster of
differentiation 31; FSP-1, fibroblast-specific protein-1; TGF-B1, transforming
growth factor-beta 1; VE-cadherin, vascular endothelial cadherin; GAPDH,
glyceraldehyde phosphate dehydrogenase.

Supplementary Table 2. The duration time of AF recorded
in the AF group from Day 1 to Day 7

Time AF Group (n=5)
Day1(s) |9+1

Day2(s) |10+1

Day3(s) |12+2

Day4 (s) [12+3

Day5(s) |14+3

Day 6 (s) |15+4

Day7(s) |16+3

Abbreviations: AF, Atrial fibrillation; s, seconds.
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