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Desmosomal Junctions and Connexin-43
Remodeling in High-Pacing-Induced Heart
Failure Dogs

ABSTRACT

Background: While desmosomal junctions and gap junction remodeling are among the
arrhythmogenic substrates, the fate of desmosomal and gap junctions in high-pacing-
induced heart failure remains unclear. This aim of this study was to determine the fate of
desmosomal junctionsin high-pacing-induced heart failure.

Methods: Dogs were randomly divided into 2 equal groups, a high-pacing-induced heart
failure model group (heart failure group, n=6) and a sham operation group (control group,
n=26). Echocardiography and cardiac electrophysiological examination were performed.
Cardiac tissue was analyzed by immunofluorescence and transmission electron micros-
copy. The expression of desmoplakin and desmoglein-2 proteins was detected by western
blot.

Results: Asignificant decreasein ejection fraction, significant cardiac dilatation, diastolic
and systolic dysfunction, and ventricular thinning occurred after 4 weeks in high-pacing-
induced dog model of heart failure. Effective refractory period action potential duration
at 90% repolarization was prolonged in the heart failure group. Immunofluorescence
analysis and transmission electron microscopy demonstrated connexin-43 lateraliza-
tion accompanies desmoglein-2 and desmoplakin remodeling in the heart failure group.
Western blotting showed that the expression of desmoplakin and desmoglein-2 proteins
was higher in heart failure than in normal tissue.

Conclusion: Desmosome (desmoglein-2 and desmoplakin) redistribution and desmosome
(desmoglein-2) overexpression accompanying connexin-43 lateralization were parts of a
complexremodeling in high—pacing-induced heart failure.
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INTRODUCTION

Arrhythmias caused by heart failure (HF) remain a major clinical problem for which
a complete solution has not been found.” Therefore, the arrhythmogenic sub-
strates affected by HF need to be further defined. Numerous studies have shown
that arrhythmogenic substrates include myocardial hypertrophy, fibrosis, isch-
emia, myocardial electrical remodeling, and neuroendocrine regulation, as well as
desmosomal and gap junction remodeling.?*

Desmosomal and gap junctions are important components of intercellular con-
nections and play a critical role in maintaining the structure and function of car-
diac tissue.> These connections are concentrated at the intercalated disc (ID)
between myocytes. Desmosomal junctions and gap junctions not only maintain
the cytoskeletonbutalso participateincell signalingand maintain synchronization
within cell populations.® Both of them are key proteins in maintaining the electri-
cal and mechanical stability of cardiac myocytes. It has been shown that remod-
eling of desmosome and gap junctions, involving changes in protein abundance
and location, is the basis of severe arrhythmogenicity.”™ To date, the expression
and remodeling of desmosomal junctions regarding HF models remain unstudied.
Here, we used a dog model of high-pacing-induced HF to characterize gap junc-
tions and desmosomal junctions to provide a basic background for understanding
the arrhythmogenic substrate of HF.
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Figure 1. Flowchart and successful establishment of HF dogs. (A) Flowchart. (B) Level of plasma BNP and EF on the baseline and

the fourth week. BNP, B-type natural peptide; HF, heart failure; EF, ejection function,””"P < .001 vs. control, n=6 for each group.

METHODS

Construction of High-Pacing-Induced Heart Failure Dog
Model

Twelve adult dogs (SPF) were randomly assigned to 2 equal
groups (Figure 1A), a 4-week high-pacing-induced HF
model (HF group, n=6) and a sham operation group (con-
trol group, n=46). A dog model of high-pacing-induced HF
was implanted with a pacemaker in the right ventricle for 4
weeks, as described in our previous study.” Briefly, corkscrew
electrodes are implanted in the apex of the right ventricle

HIGHLIGHTS

e The incidence of ventricular arrhythmia is significantly
increased in high-pacing-induced heart failure (HF)
dogs.

e Connexin-43 lateralization was found in high-pacing-
induced HF.

e Desmosome remodeling in a new location: similar to
connexin-43 |lateralization, desmosome junctions were
distributed parallel to the myocardial fibers in high-
pacing-induced HF. Further, desmosome protein des-
moglein-2 overexpression in HF is one of the potential
factors of myocardial remodeling.

and connected to a pacemaker under general sterile condi-
tions (Figure 1A, pacing frequencies: 180 beats/min, 3 days;
220 beats/min, 3 days; 250 beats/min, 3 weeks). The dogs
were housed and bred under SPF conditions in the animal
facility at Xinjiang Medical University. An ultrasound was
performed preoperatively on all dogs, and serial echocar-
diography (baseline, fourth week) was used to determine
their cardiac function (Figure 1A). Dogs were euthanized
before tissue collection. Sirius red staining was performed
to evaluate myocardial fibrosis. The ImageJ software was
used to quantify the positive areas. Blood plasma sam-
ples were subjected to ELISA (enzyme linked immunosor-
bent assay) testing to determine the concentration of BNP
(Jianglai, China). All dogs were used in compliance with the
Declaration of Helsinki.

Electrophysiology

The electrophysiological examination of 2 groups was con-
ducted after 4 weeks to observe the incidence of ventricu-
lar fibrillation. The electrophysiological detection method
was as follows: first, 3 electrodes were connected to the
dog's body surface to monitor the electrocardiogram on the
body surface. Second, the lead was implanted into the left
ventricular apex through the internal jugular vein. Then, 2
groups were subjected to programmed electrical stimulation
[pacing was started with twice as much as the threshold, 8
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times stimulation, the cycle length was 140 ms (S1); addi-
tional stimulation (S2) was applied] to observe the incidence
of ventricular fibrillation.

The effective refractory period (ERP) of the ventricles
was detected as follows: multi-electrode catheters were
sutured to the leftand right ventricles. Alldogsreceived pro-
grammed stimulation with the LEAD-7000 system. Effective
refractory period was measured as described in our previous
study.” Briefly, ERPs were calculated at 8 basic cycle lengths
of 320 ms, followed by premature ventricular stimulation (S2)
in 5 ms decrements until S2 failed to capture depolarization.
The longest S1-S2 interval that did not elicit a propagating
response at each site was defined as the ERP.

In addition, a bipolar custom-made Ag-AgCl catheter was
placed in the outer membrane of the ventricle to record
the action potential duration (APD) in the ventricle during
a 1-minute stable observation. Action potential duration of
90% repolarization was defined as the duration of 90% repo-
larization, and 4-5 consecutive APD,, values were measured
and averaged.

Echocardiography

Echocardiography was performed in a conscious state by
Philips Ultrasound (Sonos5500, United States) as in our pre-
vious study." The parameters were recorded at baseline and
the fourth weekasfollows: leftatrium (LA); right atrium (RA);
right ventricular end-diastolic diameter (RV); left ventricular
end-diastolic diameter (LVDd); left ventricular end-systolic
diameter (LVDs); left ventricular posterior wall in diastole
(LVPWd); left ventricular posterior wall in systole (LVPWs);
and left ventricular ejection fraction (EF).

Immunofluorescence

Colocalization of connexin-43 (Cx43) with desmoglein-2
(DSG2) and desmoplakin (DP) was assessed by immunofluo-
rescence in ventricular tissue of control and HF groups. The
paraffin section of cardiac tissue was dewaxed to water,
and the tissue section was placed in a repair box filled with
antigen repair buffer solution (PH8.0) for antigen repair in
the microwave oven. The antigen was sealed with hydro-
gen peroxide, and BSA was added for 30 minutes. Then
paraffin sections were incubated with the primary anti-
body [anti-Cx43 (ab11370, 1:400, Abcam, Cambridge, MA,
USA), anti-DSG2 (bs-10152R, 1:200, Bioss, Beijing, China),
and anti-DP (bs-1748R, 1:200, Bioss)] for 1 hour. These sec-
tions were washed with PBS and incubated with a second-
ary antibody.

As with the previous studies, the “plaque” was defined as a
more contiguousimmunoreactive signal.” Most plaques’ long
axisis oriented either parallel or perpendicular to the cardiac
fibers, while other plaques were considered as “undefined”
because it did not have a well-defined long axes (corre-
sponding to circular or irregularly shaped plaques). Plaques
were counted to determine the lateralization rate of pro-
teins (i.e., the proportion of plaques with a long axis parallel
to the cardiac fiber direction) in 2 groups. Connexin-43 colo-
calization with DSG2 or DP was determined by the Pearson’s
correlation coefficient.
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Transmission Electron Microscope

Desmosomes and gap junctions between myocardial cells
were identified by transmission electron microscopy (JEM-
1230, JEOL Ltd, Japan). The cardiac tissue was fixed with 4%
glutaraldehyde for 24 hours and dehydrated in a graded eth-
anol series. After dehydration, myocardial tissue was fixed
with 0.5% osmium tetroxide and finally embedded in epoxy
resin.'

Western Blot

Cardiac tissue was homogenized in RIPA buffer. Protein
concentration was determined using Bio-Rad Bradford
reagent. Equal amounts of protein (20 pg) were loaded onto
a 10% SDS/polyacrylamide gel. Proteins were transferred
to nitrocellulose membrane and blocked with 5% skimmed
milk. Membranes were incubated with primary antibod-
ies [anti-Cx43 (ab11370, 1:1000, Abcam, USA), anti-DSG2
(bs-10152R, 1:1000, Bioss), GAPDH (Glyceraldehyde-3-phos-
phate dehydrogenase) (MAB374, 1:2000, Chemicon, USA)]
overnight at 4°C followed by secondary antibodies (1:5000,
Zhongshanjingiao, China) at room temperature for 1 hour.
Immunodetection of bands wasrevealed by ECL Plus solution
(GE Healthcare, USA). The bands were quantified by ImageJ
and were normalized to GAPDH.

Quantitative Reverse-Transcription Polymerase Chain
Reaction

Reverse-transcription polymerase chain reaction (RT-qPCR)
was performed to quantify the mRNA expression levels of
Cx43, DSG2. Total RNA was extracted with TRIzol reagent
(Life Technologies, USA), according to the instructions of
the manufacturer. Reverse transcriptase (Thermo Fisher
Scientific, USA) was used for reverse transcription, and
RT-qPCR was performed using a Quantitect SYBR Green
PCR Kit (Qiagen, Germany) in a 7500 RT-gPCR System
(Applied Biosystems, Foster City, CA, USA) using 7500 soft-
ware (Version 2.3). GAPDH was used asaninternal reference.
The quantitative expression results were calculated using
the 222*method. All primer sequences of tested genes are
presentedin Table 1.

Statistical Analysis

Continuous values were represented as mean =+ SD.
Continuous variables between 2 groups that conform to
the normal distribution are detected by Student's t-test,
otherwise Mann—Whitney U-test was used if the data did
not accord with normal distribution. Categorical values
were presented as numbers and percentages. To compare

Table1. The Primers Used in this Study

Genes Primers

GAPDH F:5-GCAAATTCCACGGCACAGTCAAG-3’
R:5-ACAACATACTCAGCACCAGCATCAC-3

Cx43 F:5-TCTGCTATGACAAATCCTTCCCA-3’
R:5-CTCCTCCTCTTTCTTGTTCAGTTTCT-3’

DSG2 F:5- GCTCTGCCCTCATCAAAGACCATC-3’

R:5'-GCTCCTGTTGTTCCTGTCACTTGG-3'
Cx43, connexin-43; DSG2, desmoglein-2.
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the number of ventricular fibrillation by burst stimulation,
Fisher's exact test was applied. Statistical Package for Social
Sciences 22.0 software was used for data analysis, P < .05
was defined as statistical significance.

RESULTS

Generation of the High-Pacing-Induced Heart Failure
Model

Before the cardiac pacemaker surgery, echocardiogra-
phy showed normal cardiac morphology, dimensions, and
motion in HF group (Figure 1A). Compared with baseline,
EF was decreased in the fourth week in the HF group (P

Wang et al. Remodeling Desmosomal Junctionsin Heart Failure

< .001, Figure 1B). Further, plasma BNP was significantly
increased in the fourth week in the HF group compared
with baseline (P <.001, Figure 1B). Compared with the con-
trol group, plasma BNP was decreased in the HF group (P
< .001, Figure 1B). Echocardiography measurements indi-
cated a significant reduction in EF, LVPWd, and LVPW of
HF group relative to controls (P < .001, Figure 2A and B),
whereas the RA (P < .001), LA (P < .001), RV (P < .01), LVDd
(P < .001), and LVDs (P < .001) were significantly enlarged,
compared to the control group (Figure 2B). Sirius red stain-
ing revealed markedly collagen deposition in the HF group
compared with the control group (P <.001, Figure 2C and D).

Figure 2. Echocardiography and cardiac fibrosis in HF dogs. (A) Representative echocardiography image in HF and control
groups. (B) The echocardiography on the fourth week of HF. EF, ejection fraction; HF, heart failure; “"P < .01 vs. control, "’P < .001

vs. control. (C, D) Sirius scarlet staining ventricle in the control and HF group. HF, heart failure. "'P < .01 vs. control,”"P < .001 vs.
control, n=6 for each group, Bar=100 pm.
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Figure 3. Incidence of ventricular fibrillation was increased
in high-pacing-induced heart failure. Number of VF in control

and HF groups through burst stimulation. HF, heart failure;
VF, ventricular fibrillation. “*P < .001 vs. control, n=6 for
each group.

The number of ventricular fibrillation in the HF group was
increased by the burst stimulation test (Figure 3). These
results suggested that we had successfully created an ani-
mal model of HF, these HF dogs were susceptible to develop
ventricular arrhythmias.

Electrical Remodeling in High-Pacing-Induced Heart Failure
Dogs

After 4 weeks of rapid pacing, right ventricular ERP and
APD,, were significantly prolonged in the HF model group
compared with the control group (left ventricular ERP, 160 +
33.01vs. 16417 +5.85, P = .927; right ventricular ERP, 183.33 +
2317 vs.151.67 £ 1211, P < .01; APD,,, 375.05 + 17.29 vs. 249.04
+19.93ms, P <.001).

Gap Junction Connexin-43Remodeling in High-Pacing-
Induced Heart Failure Dogs

In the control group, the Cx43 signal is mainly perpendicu-
lar to the direction of the cardiac fiber (corresponding to ID)
(Figure 4A and B). In contrast, signals parallel to fibers were
found in HF group (Figure 4A and B). The Cx43 signal fur-
ther showed that 10 plaques were considered perpendicu-
lar (accounting for 65% of the total of the 16 plaques), only 2
plagues were found to be parallel to the direction of cardiac
fibers, and 4 were classified as “undefined” (Figure 4A and
B). Nineteen plaques in the HF group were analyzed. There
are almost no plaques perpendicular to the cardiac fiber ori-
entation, 15 plaques are parallel to the fiber orientation, and
4 plaques are undefined (Figure 4A and B). Consistent with
previous studies, plaques in vertical or parallel directions will
be referred to as “ID" or “LM" (lateral membranes), respec-
tively.” These results indicate that Cx43 has undergone
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extensive remodeling in this HF, and Cx43 plaques parallel to
the fiber axis are dominant.

Desmosomal Junctions Remodeling in High-Pacing-Induced
Heart Failure Dogs

Immunostaining showed that DSG2 plaques had a similar
pattern to Cx43 plaques in the control group (Figure 4A and
C). Twelve plaques of DSG2 were analyzed in the control
group, 5 plaques were identified as vertical (42%), 4 (33%)
undefined, and 3 (25%) parallel (Figure 4A and B). In HF group,
89% of plaques (12 total) were parallel (Figure 4A and C).
Desmoplakin plaques were rarely seen in control tissue, but
DP plaques (?90%) were parallel to cardiac fibers. The signal
overlay showed that Cx43 and DSG2/DP colocalize to the
same cellular region. Magnified images of plaques formed at
the LM showed a characteristic pattern of desmosomes and
Cx43 colocalization, with overlapping or alternating pixels
showing positive for one or the other protein (Figure 4A; pan-
els a, b, ¢, d, and e; and D). This study further suggests that
the lateralization of Cx43is not anisolated event. A complex
remodeling processincluding the remodeling of gap and des-
mosome junctions occursin the cardiac cells of HF.

A more direct demonstration of gap and desmosomes later-
alization was obtained by transmission electron microscopy
(Figure 5). The image in low-resolution Figure 5A shows the
cardiacfiber orientation of therightventricleinthe HF group.
The enlargement of the area delineated by the red box cor-
responds to the lateral gap and desmosomes of cardiomyo-
cytes, as shown in Figure 5B. These results provide evidence
that gap and desmosomes structures can be formed at the
LM of cardiomyocytes.

Desmosomes Proteins and Connexin-43 Overexpression in
the Right Ventricle of High-Pacing-Induced Heart Failure
Western blot analysis and qRT-PCR characterized the
expression of desmosomes proteins and gap junction Cx43.
The study found that DSG2, DP, and Cx43 were overex-
pressed in myocardium of HF compared with the control
group (Figures 6 and 7). It is further suggested that desmo-
some remodeling of HF not only includes changes in location
but also changesin protein abundance.

DISCUSSION

Main Findings

Arrhythmias have longbeenrecognized as part of the clinical
presentation of HF. Given the variety of arrhythmias, under-
standing the arrhythmia mechanism behind HF is necessary
to treat it. For this reason, the main arrhythmogenic sub-
strate of HF was investigated in this study. This study showed
that significant structural remodeling and electrical remod-
eling of the myocardium occurred in a dog model of high-
pacing-induced HF. The incidence of ventricular arrhythmias
was significantly increased in this class of HF models. Most
importantly, gap junctions and desmosome remodeling are
important components of the arrhythmogenic substrate. In
this study, lateralized remodeling and overexpression of des-
mosome junctions accompanied by gap junction remodeling
were found in high-pacing-induced HF.
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Figure 4. Immunofluorescent staining for the DP, DSG2, and Cx43. (A) Representative immunofluorescent images of DP, DSG2,
and Cx43 in the myocardial. (B) Cx43 and DSG2 distribution. (C) Comparison of Pearson coefficient values for colocalization of

Cx43 with various molecules (DSG2, DP) at the LM in the hearts of HF group. Cx43, Connexin-43; DP, Desmoplakin; DSG2,
desmoglein-2; HF, heart failure; LM, lateral membrane.

Myocardial Structural Remodeling in High-Pacing-Induced
Heart Failure

Supraventricular or ventricular tachyarrhythmias trigger
tachycardia cardiomyopathy, which can eventually lead to
HF.">"® The HF model established by rapid pacing for 4 weeks
used in this study is a typical tachycardia cardiomyopathy-
induced HF animal model. The high-pacing-induced HF
model has been used for more than 60 years. The model is
similar to human dilated cardiomyopathy in hemodynamic
and structural aspects. In this model, typical manifestations
of HF include ascites, pulmonary edema, decreased cardiac
output, and elevated RA, pulmonary capillary wedge, and

left ventricular end-diastolic pressure.”2° Previous studies
have reported that exposure to a high-pacing-induced HF
model results in left ventricular systolic/dilatation dysfunc-
tion, biventricular dilation with mild thinning or without
associated hypertrophy.? In contrast, cardiac output, EF,
and cardiac volume continued to deteriorate over the next
4 weeks. Our work proved similar results which are a signifi-
cant decrease in EF, significant cardiac dilatation, diastolic
and systolic dysfunction, and ventricular thinning occurred
after 4 weeks in high-pacing-induced dog model of HF. This
is because rapid ventricular pacing inevitably leads to myo-
cardial asynchrony, resulting in faster ventricular contractile
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Figure 5. Electron microscopy image obtained from the right ventricle of a high-pacing-induced dog. (A) Low-magnification
image (=2600x) shows preservation of structures and orientation of cardiomyocytes. (B) Area within the red square in A is shown

in B athigher magnification picture. Notice the presence of lateralized desmosomes (blue arrow) and gap junctions (yellow arrow)
oriented parallel to fiber direction.

performance and subsequent dramatic decline, ultimately
leading to structural remodeling.

The rapidly paced dog model of HF exhibited myocar-
dial fibrosis after 4 weeks. Myocardial fibrosis is caused by
increased myofibroblast activity and extracellular matrix
protein deposition, which can contribute to arrhythmias via
a reentrant mechanism.? Consistent with previous findings,
dogs with high-pacing-induced HF had massive extracellu-
lar matrix collagen deposition. A previous study showed that
the fibrotic areas are intertwined with the cardiomyocytes
and promote slow conduction, whichinturn causesreentrant
ventricular tachycardia.? Thus, fibrosis of the myocardium
is one of the arrhythmogenic substrates in rapid pacing-
induced HF.

Electrical Remodeling in High-Pacing-Induced Heart Failure
The electrophysiology of failing cardiomyocytes has
been extensively studied in various HF animal models.?
Electrophysiological changes or adverse electrical remod-
eling in HF include prolongation of APD, reduced conduc-
tion velocity, disturbed excitation—contraction coupling,
and the changes of ERP.%% Moreover, APD prolongation has
been consistently observed in various HF animal models.?”?*

Consistent with previous studies, in the dog model of high-
pacing-induced HF, the APD,, of cardiomyocytes was
prolonged. Further, the ERP was prolonged in high-pacing-
induced HF model. Both APD and ERP prolongation affect
ventricular arrhythmia development. On the one hand, the
prolongation of the ERP creates arrhythmic substrates for
the onset and perpetuation of ventricular arrhythmias.*® On
the other hand, prolonged APD alters the refractory period
and elicits arrhythmias.® Prolonged APD in turn promotes
ERP prolongation and leads to an increased propensity for
ventricular arrhythmias.® In sum, our current study suggests
significant electrical remodeling as well as a significant
increase in the incidence of ventricular arrhythmias in high-
pacing-induced HF.

Gap Junctions Remodeling in High-Pacing-Induced Heart
Failure

At the cellular and molecular level, electrophysiological
alterations in the failing heart also involve intercellular gap
junctions. Heterogeneous changes in the expression, dis-
tribution, and density of gap junctions play a role in the
pathogenesis of ventricular arrhythmias.® Gap junctions
are specialized membrane channels composed of protein

Figure 6. Relative protein expression of DSG2, Cx43. Cx43, DSG2 protein expression by western blot. Cx43, Connexin-43; DSG2,

wkx

desmoglein-2. P < .01 vs. control,
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P <.001vs. control, n=6 for each group.
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Figure 7. Relative mRNA expression of DSG2, Cx43 by qRT-PCR. P <.05vs.c

Wang et al. Remodeling Desmosomal Junctionsin Heart Failure

I,"P < .001vs. c

for each group.

subunits called connexins.** It provides the basis for mediat-
ing electrical and chemical communication between neigh-
boring cardiomyocytes.*’

Cardiomyocytes are composed of 3 major connexins, mainly
connexin (Cx) 43, Cx40, and Cx45.% Connexin-43 is the most
abundant gap junction protein in the cardiovascular sys-
tem.* For this reason, the present study further observed
Cx43 and expression and distribution in high-pacing-induced
HF. Consistent with previous studies, in the normal heart,
Cx43is mainly present at the end-to-end junctions or inser-
tion discs of cells. In contrast, the Cx43 in rapidly paced HF
is redistributed from the ID to the borders of the whole cell
(parallel to the fiber direction). The phenomenon of paral-
lel to the fiber direction is defined as Cx43 lateralization.*°
Electron microscopic images were obtained to characterize
the microstructure of cardiomyocytes: both gap junctions
and desmosome junctions are distributed laterally in the
cardiomyocyte. Cx43 lateralization has been reported in a
variety of HF models, such as ischemic, congestive HF, and
end-stage HF.#"#* The lateralized distribution of Cx43 pro-
tein in cardiomyocytes affects intercellular coupling as well
as the direction of electrical conduction in the heart (zig-zag
conduction), thus promoting arrhythmias.*

In terms of the expression of Cx43 molecules in HF, previous
studies have reported a 50% reduction in Cx43 expression in
HF. Decreased Cx43 expression contributes to the uncou-
pling of gap junctions, therefore causing conduction slowing
heterogeneities and facilitating arrhythmias.* Unlike previ-
ous studies, the present study found a significant increase
in Cx43 expression. Previous studies have reported that
Cx43 expression has also been shown to be heterogeneous,
with expression appearing to vary in different regions of
the heart.¥” Thus, Cx43 expression may be associated with
the different experimental designs and the different target
regions of the heart.

Desmosome Junctions Remodeling in High-Pacing-Induced
Heart Failure

In addition, desmosome junctions also relate to electrophysi-
ological alterations and cardiac remodeling. Desmosome
junctions are an important component of intercellular junc-
tions and are used to maintain electromechanical stabil-
ity between cardiac myocytes.*® Mutations and abnormal
expression of desmosomal genes have been shown to
cause arrhythmias.*’ Prevention or reversal of desmosomal
remodeling provides a strategy to repair damaged hearts.
Therefore, there is an urgent need to reveal the fate of des-
mosome junctionsin HF.

We characterized the morphology and protein expression
of desmosome junctions using a dog model of high-pacing-
induced HF. It was found that desmosome junctions were dis-
tributed parallel to myocardial fibersin high-pacing-induced
HF model, similar to Cx43 lateralization. These data sug-
gest an interconnection between desmosome and Cx43. In
addition, previous studies have found that at the embryonic
stage, desmosome forms new intercellular junctions before
the gap junction protein Cx43.>%° The disruption of desmo-
some directly leads to rearrangement of Cx43 distribution,
resulting in Cx43 lateralization. It further suggests a close
relationship between desmosome and Cx43 distribution. Not
only that, Chkourko et al® found desmosome lateralized dis-
tribution of cardiomyocytesin a model of pressure overload-
induced pulmonary hypertension. This further suggests that
the distribution of desmosome junctions parallel to the direc-
tion of myocardial fibrosis may be presentin a variety of car-
diovascular diseases. However, it is still unclear whether the
abnormal distribution of desmosome junctions is involved in
intercellular coupling or cardiac electrical conduction in HF.
Further analysis of the electrophysiological changes result-
ing from the abnormal distribution of desmosome junctions
isneededin the future.
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To date, only 2 studies in cardiovascular disease have inves-
tigated the abundance of desmosome protein expres-
sion. A study found that DSG2 and DSC were significantly
increased in patients with dilated cardiomyopathy andisch-
emic cardiomyopathy.”” Another study showed that desmo-
somal proteins plakoglobin was significantly increased in a
model of pulmonary hypertension.”™ Unlike previous studies,
our study focuses on the abundance of desmosome protein
expression in high-pacing-induced HF. Taking the typical
desmosome protein-DSG2 protein as an example, our study
found a significant increase in the expression of myocardial
DSG2 in dogs with high-pacing-induced HF. Desmoglein-2
is a transmembrane desmosomal cadherin. It is essential
for cardiomyocyte cohesion and barrier function to main-
tain the mechanical stability of the heart. Combined with
previous studies, we found that desmosome protein over-
expression is popularin cardiovascular diseases. The patho-
physiology of the rapid pacing-induced HF model differs
from that of ischemic HF and dilated HF, so further clarify
the abundance of DSG2 expression in ischemic HF and
dilated HF is needed.

A growing number of studies have identified a variety of
molecular functions of desmosome proteins. In humans,
mutations in desmosomal proteins (usually DSG2, DP, DSC,
PKP, etc.) lead to arrhythmias. Overexpression of desmo-
somal protein DSC leads to myocardial fibrosis and remod-
eling of a rat.’*® These results suggest a link between
desmosome protein molecular function and myocardial
remodeling/electrical remodeling. Clarification of the
relationship between DSG2 overexpression and electrical
remodeling seems to facilitate our understanding of arrhyth-
mogenic substrates in HF.

Study Limitations

This study has several limitations. First, this study still can-
not answer whether the distribution of desmosomes par-
allel to the myocardium affects the cardiac conduction in
HF. Second, the relationship between desmosome over-
expression and electrical remodeling in HF has not been
found.

CONCLUSION

In conclusion, desmosome redistribution and overexpression
accompanying gap junction Cx43 remodeling were found
in HF.
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