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Connexin 43 is involved in the sympathetic atrial fibrillation
in canine and canine atrial myocytes
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ABSTRACT

Objective: Atrial fibrillation (AF) is the most common rapid cardiac arrhythmia associated with high morbidity and mortality. Stimulation of the
sympathetic nerve is involved in AF occurrence. The gap junction protein connexin 43 (Cx43) plays a key role in electrical conduction veloc-
ity in cardiac tissues, and under expression of Cx43 was linked with AF. The aim of this study was to investigate whether Cx43 was involved in
sympathetic AF

Methods: Fifteen dogs were randomly divided into 3 groups (5 in each group). Sympathetic AF was induced in dogs and isolated canine atrial
myocytes by isoproterenol (ISO) perfusion and rapid atrium pacing (RAP). The expression levels of nerve growth factor (NGF) and tyrosine
hydroxylase (TH) in the atrial tissues were detected using immunohistochemical staining. The transcription and protein expression of Cx43 in
the AF cell model was measured. Subsequently, Cx43 was blocked by short interfering (si) RNA in atrial myocytes and the gap junctional inter-
cellular communication was detected using the scrape-loading and dye transfer assay.

Results: Sympathetic AF was successfully induced by a combination of ISO perfusion and RAP. The expression levels of NGF and TH were in-
creased in the RAP group, and further increased in the RAP + ISO group. Tissue samples from the AF dogs had a lower Cx43 level than those of
the control group (p<0.05). The expressions of MRNA and protein of Cx43 in sympathetic AF cell model decreased by 26% and 28%, respectively,
when compared with the control group, with p<0.05. Silencing Cx43 in cells by siRNA could also efficiently reduce Cx43 expression. The rela-
tive levels of Cx45 mRNA were decreased by 73% compared with unaffected cells. The scrape-loading and dye transfer assay showed that gap
junctional intercellular communication was hampered in the sympathetic AF cell model and silencing Cx43 could impede channel conduction.
Conclusion: The results suggested that low expression of Cx43 was involved in sympathetic AF by influencing intercellular channel conduction.
Intervention of Cx43 expression might be an appealing therapy to sympathetic AF. (Anatol J Cardiol 2017; 18: 3-9)
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Previous researches have shown that the stimulation of sym-
pathetic nerve was involved in the occurrence of AF. Stimulating
the cardiac autonomic nervous system can cause pulmonary

Introduction

Atrial fibrillation (AF), the most common sustained arrhyth-

mia in clinical practice, is associated with an increased risk of
cerebrovascular stroke and several other pathologies, includ-
ing heart failure (1). The incidence of AF is increased with the
aging of population, and AF can cause serious complications,
such as artery thrombosis, stroke, and heart failure (2, 3). Cur-
rently, the treatment of AF is still a big challenge. Anti-arrhyth-
mic drug therapy is limited by severe side effects; recurrence
of atrial tachyarrhythmia is a major problem of catheter ablation
(4, 5). The development of AF treatment procedures has been
marked by a dynamic feedback between fundamental research
and clinical observations. To improve the management of AF, bet-
ter understanding of the underlying mechanisms is required.

vein ectopic beats and then trigger AF (6). In rheumatic heart di-
sease patients, sympathetic density was significantly increased
in patients with AF than in those with non-AF (7). Furukawa et
al. (8) conducted autonomic nerve stimulation in dogs and found
that sympathetic nerve stimulation might increase susceptibility
to AF via electrical remodeling of the atria.

Intercellular communication via gap junctions plays a key
role in electrical conduction velocity in cardiac tissue (9). Gap
junction proteins, also known as connexins, mediate action po-
tential propagation between cells, coordinate mechanical and
electrical activity of heart muscle, and ensure simultaneous car-
diac electro-mechanical activity (10, 11). The principle connexin

Address for correspondence: Yan He, Department of Cardiology, First Affiliated Hospital of

Guangxi Medical University, #22 Shuangyong Road, Nanning 530021-China
Phone: 86-13877109677 E-mail: hyxjwxy@sina.com
Accepted Date: 28.03.2017 Available Online Date: 24.05.2017

©Copyright 2017 by Turkish Society of Cardiology - Available online at www.anatoljcardiol.com

DOI:10.14744/AnatolJCardiol.2017.7602



4 Shu et al.
Sympathetic atrial fibrillation, Connexin 43, Gap junction

Anatol J Cardiol 2017; 18: 3-9

protein in human atria, connexin 43 (Cx43), has been linked to AF
in multiple studies. The expression of Cx43 was reduced in AF
patients, and this low expression could be caused by mutations
in the Cx43 gene (12, 13). The G60S Cx43 mutant mouse had sus-
tained AF, and the expression of Cx43 was reduced in the atria
(14). Cx43 gene transfer could improve conduction velocity and
prevent AF in the swine model (15, 16).

Based on the previous studies, we hypothesized that Cx43
might be involved in the stimulation of sympathetic nerve and
induce AF. To better understand the mechanism of Cx43 in the
occurrence of AF, the expression of Cx43 was investigated in a
canine model of sympathetic AFE Meanwhile, RNA interference
technology was used to silence the Cx43 gene in a canine atrial
myocyte model. The participation of Cx43 in channel conduction
was also investigated.

Methods

Sympathetic AF canine model

Animal studies were approved by the Animal Use Committee
of Guangxi Medical University. All the dogs were provided by the
Experimental Animal Center of the Guangxi Medical University.
Fifteen Chinese mongrel dogs weighing about 28 kg were ran-
domly divided into 3 groups (5 in each group). Dogs in the control
group were intraperitoneally injected with 3% sodium pentobar-
bital for anesthesia. A median sternotomy was made to expose
the heart. The left ventricular was injected with 8000 U of hepa-
rin. The heart was removed and placed in a pre-cooled Tyrode's
solution. After extrusion of residual blood, the heart was per-
fused with a modified Tyrode's solution (250 r/min) under 37.5°C;
the heart was pressed at the same time to maintain the beat rate
of 100/min. Electrode catheters were attached to both atriums
and apexes to allow recording electrocardiogram (ECG) and
rapid atrium pacing (RAP). The atrial tissue was harvested after
perfusion of 1 h and maintained in liquid nitrogen for further use.
The dogs in the RAP group were electrically stimulated during
the perfusion at frequency of 800 beats/min for 30 s, a total of 30
times. The dogs in the RAP and isoproterenol (ISO) groups were
perfused with the modified Tyrode's solution containing 0.1 yM
ISO and electrically stimulated as those in the RAP group.

Electrophysiological measurements

Atrial effective refractory period (AERP) was measured us-
ing the pre-period stimulation (S1S2) increment method. The
S1S2 stimulation frequency was 8:1, with step as 10 ms. The
longest S1S2 interval, which could not be passed down to the
atrium, was defined as AERP AF was defined as irregular atrial
rates lasting longer than 2 s.

Immunohistochemical staining

The expression of nerve growth factor (NGF) and tyrosine
hydroxylase (TH) in atrial tissue was detected using immuno-
histochemical staining. The atrial tissue was rinsed with normal

saline, fixed in 10% formaldehyde, embedded in paraffin, and cut
into 5-pm-thick sections. Immunohistochemical staining was
performed as previously described with some modification (17).
Briefly, the dewaxed sections were incubated with 3% hydrogen
peroxide (H,0,) for 10 min and followed by incubation in normal
rabbit serum for 1 h. The primary antibodies used were polyclonal
rabbit anti-NGF (Bioss Antibodies, Beijing, China; 1:500) and poly-
clonal rabbit anti-TH (Bioss Antibodies, Beijing, China; 1:300) at
4°C overnight. The next day, the sections were stained using
the PV-6001 immunohistochemical staining kit (ZSGB-Bio, Bei-
jing, China) as per manufacturer’s instructions. Stained samples
were examined under a microscope with 400 x amplification.

Cell culture

Primary canine atrial myocytes were isolated from 1-week-
old pups. The right and left atrial appendages were collected
and cut into approximately 1 mm x 1 mm x 1 mm tissue blocks.
The tissue was digested with twice volume of 0.06% trypsin buf-
fer at 37°C with 100 r/min shaking for 10 minutes. Additional di-
gestion buffer with 2.5 g/L trypsin and 2 g/L type Il collagenase
was added to the final volume of 15 times the myocardial tissue
with continuous shaking. Digested cells were then cultured with
high-glucose/Dulbecco’s Modified Eagle’s Medium (HG/DMEM,;
Hyclone, Logan, USA) with 5% CO2 at 37°C. After 24 hours, adhe-
rent cells were maintained with citrate minimal medium (CMM,;
Hyclone, Logan, USA).

Establishment of AF cell model

Atrial myocytes are cultured to approximately 80% con-
fluence, and cells are perfused with 10 nmol/L ISO for 30 min.
Electrical field stimulation was performed with BL-420E stimula-
tor (Zhenghua Biological Equipement Co., Huaibei, China) over
a range 500-650 beats/min (1.5 v/cm field strength) for 24 h (18).

Cell transfection

Transfection was performed using Lipofectamine RNAIMAX
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. The short interfering (si) RNA for Cx43 gene (LV-
Cx43siRNA) was synthesized and chemically modified (sense:
5-AAGACTGTGGATCTCCGAAA-3’; anti-sense: 5-GCTCACTT-
GCTTGTTTGTT G-3'; synthesized by Takara, Dalian, China). Cells
transfected with LV-Cx43siRNA was named as low expression
(LE) group. Cells not transfected (NE group) and cells transfected
with empty vector (NC group) were used as contrals.

Real-time quantitative polymerase chain reaction analysis

RNA was extracted using Trizol reagent (Invitrogen, Carls-
bad, CA, USA) from canine atrial tissue and atrial myocytes.
Extracted RNA was treated with DNase | (Promega, Madison,
WI, USA). Reverse transcription was performed with 0.5 pg of
RNA using PrimeScript RT Master Mix reagent kit (Takara, Da-
lian, China). Real-time quantitative polymerase chain reaction
(PCR) was done using SYBR Premix Ex Taq kit (Takara, Dalian,
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China) at MasterCycler RealPlex4 system (Eppendorf, Ham-
burg, Germany). Beta-actin was used as a housekeeping con-
trol. The PCR reaction profile was as follows: initial 95°C for 2
min: 40 cycles of 95°C for 15 s and 60°C for 32 s. The primers
used were: Cx43 sense, 5'-AAGACYGYGGAYCYCCGAAA-3'; Cx43
anti-sense, 5-GCTCACTTGCTTGT TTGTTG-3"; p-actin sense,
5-TGAGCGCAAGTACTGTTGT-3"; p-actin anti- sense, 5-AA-
CAGTCCGCCTAGAAGCAT-3'". Relative expression of mRNA was
calculated using the 2-AACt method (19).

Western blot analysis

The atrial tissue was grinded and lysed with radioimmuno-
precipitaion assay (RIPA) buffer containing 100 mg/L phenyl-
methylsulfonyl fluoride (PMSF) to extract total protein. The atrial
myocytes were lysed in sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) sample buffer and sonicated.
Protein samples were isolated on 12% SDS-PAGE gels. Approxi-
mately 40 g of total protein was loaded each line. Proteins were
then transferred to polyvinylidene difluoride (PVDF) membrane
(Millipore, Billerica, MA, USA) and blocked with 5% dry milk. The
membranes were probed with primary mouse antibody against
Cx43 (Santa Cruz Biotechnology, Santa Cruz, USA; 1:500) and
secondary horseradish peroxidase (HRP)-conjugated rabbit
anti-mouse IgG antibody (SouthernBiotech, Birmingham, USA;
1:10000). Signals were detected using the enhanced chemilumi-
nescence (ECL) method and quantified using densitometry. Glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
the endogenous control using the primary antibody of mouse
anti-GAPDH (KangChen Bio-tech, Shanghai, China; 1:10000). The
relative expression level of Cx43 was compared by normalizing
the gray density of Cx43 to the gray density of GAPDH.

Immunofluorescence analysis

The cells were fixed with 4% paraformaldehyde on ice for
20 min and then permeabilized with phosphate-buffered saline
(PBS)-Triton for 5 min. After blocking in 10% goat serum for 30
min, cells were probed with primary mouse antibody against Cx43
(Santa Cruz Biotechnology, 1:100). Fluorescein-labeled isothiocya-
nate (FITC) goat anti-mouse antibody (Santa Cruz Biotechnology,
1:1000) was used as secondary antibody. Nuclei were visualized
by 4, 6-diamidino-2-phenylindole (DAPI) staining method.

Scrape-loading and dye transfer analysis

The -loading and dye transfer (SLDT) method was previously
described by Elfouly et al. (20). Briefly, cells were cultured with
DMEM medium with addition of 55% the essential amino acids,
6% vitamins, 0.01 mmol/L non-essential amino acids, 1 mmol/L
sodium pyruvate, and 10% fetal calf serum. Cells were grown to
approximately 80% confluence. Each plate was scraped twice in
the presence of 0.05% fluorescence dye Lucifer Yellow (457 Da)
dissolved in PBS. After incubation for 3 min, cells were washed
and fixed. The dye transfer results were examined using a fluo-
rescence microscope.

Statistical analysis

Statistical analysis was carried out using Statistical Package
for the Social Sciences (SPSS) version 16.0 software (SPSS Inc.,
Chicago, IL). All data were presented as mean + standard devia-
tion (SD). The comparison between groups was analyzed using
the Student t-test. All p values were two-tailed and p<0.05 was
considered as statistically significant.

Results

Induction of sympathetic AF in canine

For dogs in the control and RAP groups, no sympathetic AF
was induced. Sympathetic AF was only induced using a combi-
nation of ISO perfusion and RAP (success rate: 10%). A repre-
sent ECG of AF was shown in Figure 1a. Meanwhile, compared
with the control group, the AERP was significantly shortened in
the RAP +1S0 group (Fig. 1b). The results indicated that ISO per-
fusion was required for induction of AF.

To test whether sympathetic nerves were involved in the in-
duction of AF NGF and TH in the atrial tissues were detected as
biomarkers. As shown in Figure 1c, the expression levels of NGF
and TH were increased in the RAP group, and further increased
in the RAP + ISO group. The results of immunohistochemical
staining indicated that the AF was sympathetic related.

Protein samples were prepared from atrial tissues to deter-
mine whether Cx43 expression was changed. Figure 1d showed
that the protein level of Cx43 was reduced by RAP stimulation
and the level was the lowest in the RAP + 1SO group. Therefore,
down regulation of Cx43 was associated with sympathetic AF

Expression of Cx43 in AF cell model

Isolated canine atrial myocytes were subjected to ISO per-
fusion and RAP to establish an AF cell model. The transcription
and protein expression of Cx43 was then investigated (Figure 2).
The expressions of MRNA and protein of Cx43 in sympathetic AF
cellmodel decreased to 26% and 28%, respectively, when com-
pared with the control group, with p<0.05. However, compared
with the control group, 1ISO perfusion did not change the mRNA
or the protein level of Cx43 (p>0.05). Meanwhile, RAP stimula-
tion significantly reduced transcription level of Cx43 in approxi-
mately 20% (p<0.05). In parallel to the transcription change,
RAP stimulation also lead to a 20% decrease in protein level of
Cx43 (both p<0.05). Compared with RAP, combination with 1SO
perfusion and RAP did not further reduce the amount of Cx43
mRNA or Cx43 protein (p>0.05). The results suggested that the
decrease of Cx43 during AF was mainly due to RAP stimulation
rather than ISO perfusion.

Silencing of Cx43 by siRNA

To further confirm the role of Cx43 in sympathetic AF, siRNA
technology was used to block the expression of Cx43 in canine
atrial myocytes. A transfection rate of 90% was achieved. Com-
pared with the unaffected cells (NE group) and the cells trans-
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Figure 1. Introduction of sympathetic atrial fibrillation (AF) in dogs. (a) a represent of electrocardiogram of AF induced with isoproterenol (ISO) perfu-
sion and rapid atrium pacing (RAP). (b) Atrial effective refractory period (AERP) in different groups. Compared with the control (C) group, AERP was
short in the RAP and RAP + IS0 groups. (c) Detection of nerve growth factor (NGF) and tyrosine hydroxylase (TH) by immunohistochemical staining
(light microscope, 400x). Brown particles represent positive expression. The protein levels of NGF and TH were increased in the RAP and RAP +1S0
groups, indicating sympathetic AF. (d) Protein level of Cx43 in atrial tissues. Cx43 was down regulated in the RAP and the RAP + IS0 group. Glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) was used as reference. Error bars indicate standard deviation. 2p>0.05 vs. control; °p<0.05 vs. control

fected with empty vector (NC group), cells transfected with LV-
Cx43 siRNA (LE group) showed lower level of Cx43 mRNA (Fig.
3a, p<0.05). The relative levels of Cx45 mRNA were decreased by
73% compared with unaffected cells. Western blot also showed
that protein level of Cx43 was decreased significantly in the LE
group (Fig. 3b, ¢, p<0.05). Meanwhile, the mRNA level or protein
level of Cx43 did not change by transfecting only empty vector
(NC group vs NE group, p>0.05). The results showed that LV-Cx43
siRNA successfully silenced the expression level of Cx43 in atri-
al myocytes.

Atrial myocytes in the NC and LE groups were next treated
with 1SO, RAP, or ISO + RAP. As shown in Figure 4a, the mRNA
level of Cx43 was generally lower in the LE group than in the
NC group (p<0.05). Consistent with our previous findings in
normal atrial myocytes, ISO + RAP could obviously reduce the
transcription level of Cx43 in the myocytes of NC group. Com-
pared with the negative control myocytes treated with ISO +
RAP the myocytes transfected with siRNA alone showed sig-
nificantly lower mRNA level of Cx43. For myocytes in the LE
group, ISO and/or RAP could further reduce the Cx43 mRNA
level. However, the difference within the LE group was not
significant (p>0.05). The results suggest that siRNA transfec-
tion was more efficient to reduce Cx43 expression. The Cx43

protein level was also detected by immunofluorescence (IF). A
similar trend of protein decrease was observed as the reduc-
tion of mRNA level (Fig. 4b).

Signal transduction between cells

The gap junctional intercellular communication in the atrial
myocytes was subsequently detected using the SLDT test. The
strength of signal transduction is correlated with the distance of
the dye transfer. As shown in Figure 4c, the distance of dye travel
from the scrape line was significantly shorter by RAP or ISO + RAP
treatment in the NC group (p<0.05), indicating that signal conduc-
tion was blocked in the RAP or ISO + RAP groups. The results sug-
gested that sympathetic AF was associated with hampered chan-
nel conduction. The distance of dye travel was also shortened in
the LE groups compare with the control in the NC groups (p<0.05),
indicating that Cx43 could impede channel conduction.

Discussion

In this study, the AF model in dogs and canine atrial myocytes
by IS0 perfusion and RAP was successfully established, and the
role of Cx43 in AF was systematically studied. We found that low
expression of Cx43 was involved in sympathetic AF by influencing
inter-cellular channel conduction. Intervention of Cx43 could
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Figure 2. Expression of Cx43 in sympathetic atrial fibrillation (AF) cell
model. Canine atrial myocytes were treated with isoproterenol (IS0)
perfusion and rapid atrium pacing (RAP) to induce sympathetic AF. (a)
Comparison of relative Cx43 mRNA level. (b) Western blot analysis of
Cx43 in different groups. (c) Comparison of relative Cx43 protein level.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
reference. Error bars indicate standard deviation. *P>0.05 vs. control;
®P<0.05 vs. control

impede channel conduction, thus indicating that it might be an
appealing therapy for sympathetic AR

Cardiac remodeling is an important anatomical explanation
of arrhythmia. Electrical remodeling is a major form of cardiac
remodeling and can be caused by a functional insult (altered
conductance) or structural alteration (altered content/distribu-
tion). These electrophysiological changes produce a substrate
that is vulnerable to malignant ventricular arrhythmias (21, 22).
Understanding the exact mechanism of electrical remodeling is
importantin elucidating potential therapeutic targets. Alterations
in gap junction function contribute significantly to AF-induced
remodeling, which could decrease conduction velocity and
block unidirectional conduction block, thereby causing arrhyth-
mias (23). Gap junction channels are composed of 4 transmem-
brane domain proteins, and Cx43 is the predominant connexin
expressed by cardiomyocytes, occurring in abundance in adult
working ventricular and atrial cardiomyocytes of all mamma-

Figure 3. Expression of Cx43 in atrial myocytes transfected with LV-
Cx43 siRNA (LE group). Myocytes unaffected (NE group) and myocytes
transfected with empty vector (NC group) were used as controls. (a)
Comparison of relative Cx43 mRNA level. (b) Western blot analysis of
Cx43 in different groups. (¢c) Comparison of relative Cx43 protein level.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
reference. Error bars indicate standard deviation. 2P>0.05 vs. NE group;
®P<0.05 vs. NE Group; ©P<0.05 vs. NC Group

lian species, including humans (24). Therefore, in this article, we
systematically studied the role of Cx43 in the occurrence of AF,
which may contribute to further research on the treatment of AF

As documented in literature, Cx43 is found to be down regu-
lated during arrhythmogenic right ventricular (RV) cardiomyopa-
thy and atrial arrhythmias (12, 13). Plotnikov et al. (25) demon-
strated remodeling of the gap junction protein Cx43 following
prolonged RV pacing. They found reduced Cx43 expression pri-
marily in the early, activated myocardial segments. Tuomi et al.
(14) induced Gx43 G60S mutation in mice, and the mutant mice
had a 60% reduction in Cx43 as well as increased susceptibi-
lity to AF. Bikou et al. (15), for the first time, confirmed that the
down regulation of Cx43 was required to trigger and maintain AF
in large animal models. In this study, we further confirmed that
Cx43 expression was reduced in both canine model and atrial
myocyte model of AF. Previous studies have demonstrated that
the expression of Cx40, 43, and 45 are not random variations but
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Figure 4. Induction of sympathetic atrial fibrillation (AF) in atrial myo-
cytes unaffected (NE group) and atrial myocytes transfected with LV-
Cx43 siRNA (LE group). (a) Comparison of relative Cx43 mRNA level.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
reference. Error bars indicate standard deviation. ?p>0.05 vs. control
in LE group. (b) Expression of Cx43 protein detected by immunofluo-
rescence (200 x). (c) Information transmission between cells under
scrape-loading and dye transfer (100 x). The white line segments in the
upper right corner indicate 100 pm in length

are in characteristic combinations and relative quantities in a
chamber-related, myocyte-type-specific and developmentally
regulated manner (26). As Cx40 and 45 were found to be in-
creased during AF, it remains unclear whether an up regulation
of Cx40 or Cx45 is a compensatory response to the decrease in
Cx43 expression (27-29).

Current therapies for AF are targeted at reducing the risk of
stroke (anti-coagulation) and tachycardia-induced cardiomyo-
pathy (rate or rhythm control), which have limited efficacy and
non-trivial potential to cause adverse effects (30, 31). Therapies
targeting gap junctions are an attractive option for AF treatment.
Although still in preclinical stage, previous studies have shown
that Cx43 gene transfer could reduce susceptibility to AF and im-
prove cardiac electrical conduction in a swine model (15, 16, 25).
Furthermore, small-molecule drugs enhancing gap junction con-
ductance, such as rotigaptide, have been developed as potential
treatments for AF (30). Lene et al. (32) found that changes in gap

junction function likely involve both phosphorylation and de-
phosphorylation of specific sites in Cx43, which may be possible
downstream targets for rotigaptide signaling. In this study, the in-
ter-cellular communication in the atrial myocytes was evaluated
using the SLDT test. Figure 4c provides direct evidence that sig-
nal conduction was blocked by either ISO + RAP or transfection
of LV-Cx43 siRNA. The results proved that an impeded gap junc-
tional communication was involved in AF caused by decreased
expression of Cx43. Therefore, gene therapy targeting Cx43 has
sufficient theoretical basis, and treatments aimed to improve
Cx43 expression levels exhibit new potentially anti-arrhythmic
therapies during AF

Inthis study, we investigated the influence of Cx43 down regu-
lation by siRNA on gap junctional communication. In addition,
Cx43 expression could also be regulated by dephosphorylation
of Cx43 protein or mutation within the Cx43 gene. Studies of con-
gestive heart failure have shown that Cx43 dephosphorylation
caused Cx43 redistribution toward transverse cell-boundaries,
while Cx43 mRNA and protein levels did not change (33). A single
nucleotide deletion (c. 932delC) caused loss of function Cx43 and
was associated with lone AF (34). These studies show that the in
vivo regulation mechanism of Cx43 is quite complicated. Further
researches are needed to fully understand the role of Cx43 in
cardiac arrhythmia.

Study limitations

It is difficult to distinguish AF from atrial tachycardia. In this
study, to identify AF in dogs, we used the standard clinical cri-
teria, lack of regular P waves on ECGs and irregular ventricular
responses. Although the atrial myocyte model was treated the
same way as the canine model to induce AF, the cell model is
most likely different from the real scenario in vivo. These limita-
tions need to be considered when interpreting the results.

Conclusions

In conclusion, we developed an AF model in dogs and ca-
nine atrial myocytes by ISO perfusion and RAP Cx43 was con-
formed to be down regulated in vitro and in vivo. Meanwhile gap
junctional communication was impeded in the AF cell model,
which could also be caused by blocking Cx43 expression. The
results suggested that low expression of Cx43 was involved in
sympathetic AF by influencing intercellular channel conduction.
Intervention of Cx43 expression might be an appealing therapy to
treat sympathetic AF
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