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Recent studies suggest that cadherin-mediated adherens junctions may be impaired in diseases and
pathologic processes related to ventricular arrhythmias, which are concomitant with decreased
connexin 43 (Cx43). In this study, we evaluated the acute arrhythmogenic effects of adherens junction
impairment in isolated rat hearts. A total of 56 hearts isolated from adult male rats were perfused with
0.2 mM AHAVD, a synthetic peptide that specifically inhibits N-cadherin (n =18); 0.2 mM IPPINL, a
nonsense peptidase that contains the highly conserved cadherin sequence (n =18), and oxygenated
Krebs—Henseleit buffer as the control (n = 20). Under programmed stimuli, ventricular tachyarrhythmias
were induced more in the AHAVD-perfused hearts (9/18) than the IPPINL-perfused hearts (4/18) and
those in the control (3/20) group (P < 0.05). The conduction velocity of the left ventricular myocardium
exhibited an inverse pattern in these three groups (53.5 £ 6.3 cm/s, 65.2 + 6.2 cm/s, and 66.3 + 8.8 cm/s,
respectively, P <0.05). The effective refractory period and the epicardial action potential duration at
90% repolarization were not significantly different among the groups after 1 h of perfusion. Cx43
redistribution and PS368 decrease was observed in the AHAVD-perfused heart tissues. The reduction in
functional GJs in the intercalated discs of cardiomyocytes may be one of the initial mechanisms by
which myocardial conduction is blunted. Furthermore, rat hearts with impaired adherens junctions are
more susceptible to ventricular tachyarrhythmias.
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INTRODUCTION

N-cadherin (N-cad) is an important transmembrane
component of adherens junctions through its extracellular
amino terminal region and it forms homophilic adhesions
among neighboring cells. N-cad—mediated adherens
junctions stabilize the plasma membranes of adjacent
cardiomyocytes to help form an environment suitable for
the formation and maintenance of large arrays of
electrical channels known as gap junctions (GJs) (Li et
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al., 2006). GJs are composed of connexins, which are
highly homologous proteins that facilitate direct
communication and form low-resistance channels
between adjacent cells by allowing the passage of ions
and small metabolites (Sohl and Willecke, 2004; Harris,
2007). Connexin 43 (Cx43) is the most prominent protein
subunit of connexins in the ventricular myocardium of all
mammalian species. Altered Cx43 expression or
distribution and Cx43 phosphorylation have been shown
to impair the propagation of electrical impulses and
promote arrhythmias during ischemia—reperfusion injury,
heart failure, arrhythmogenic  right  ventricular
cardiomyopathy (ARVC), and other pathologic conditions
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that accompany high risk of ventricular arrhythmias
(Kaplan et al., 2004; Poelzing and Rosenbaum, 2004,
Sato et al.,, 2008). Recent studies confirm that severe
conduction defects and increased susceptibility to
ventricular tachyarrhythmias (VTs) are associated with
the GJ remodeling that result from the cardiac-specific
deletion of N-cad (Li et al., 2008). Cell adhesion is also
disturbed under certain pathologic conditions such as
healed infarcts and several subtypes of arrhythmogenic
right ventricular cardiomyopathy (ARVC), wherein
mutations in desmosomal cadherins were found (Pilichou
et al., 2006; van den Borne et al., 2008). Each condition
is associated with a high risk of lethal ventricular
arrhythmias and GJ remodeling. However, the initial
effects of adherens dysfunction on GJ remodeling and
the increase in ventricular arrhythmias remain unclear.

In our previous studies, we proved that AHAVD, a
synthetic peptide that specifically inhibits the homophilic
binding of N-cadherin, inhibits N-cadherin—-mediated cell—-
cell adhesion and rapidly results in Cx43 redistribution
and serine368 dephosphorylation. This inhibition results
in impaired GJ communication between cardiomyocytes
(Zhu et al., 2010). We hypothesize that impaired N-
cadherin—-mediated adhesion also affects GJ conduction
and increases susceptibility to ventricular arrhythmias.

In the present study, AHAVD (the synthetic peptide
sequence Ala-His-Ala-Val-Asp-NH,) was introduced as a
selective inhibitor of N-cad—mediated adhesion. Impaired
cell-cell adhesion acutely affected the electrical channels
in isolated adult rat hearts. The electrical properties and
conductivity of the left ventricular myocardium were
analyzed by using monophasic action potentials (MAPS)
and the risk of inducible arrhythmias was evaluated
electrophysiologically. Our findings indicate that AHAVD
impairs N-cad—mediated cell—cell adhesion, which results
in Cx43 redistribution and pS368 dephosphorylation,
reduces the conduction velocity of the myocardium, and
increases the risk of inducible ventricular arrhythmias.

MATERIALS AND METHODS

The study was performed in accordance with the Guide for the Care
and Use of Laboratory Animals (NIH Publication No. 85-23,
National Academy Press, Washington, DC, revised 1996). The
experimental protocol was approved by the Animal Care and Use
Committee of Nanjing Medical University. Adult (16 to 20 weeks
old) male Sprague-Dawley rats were provided by the Animal
Research Center of Nanjing Medical University (Nanjing, China). All
adult rats were housed at a constant temperature (23 + 2°C) and
humidity (70 + 5%) under a 12 h light/dark cycle. They were
provided a standard diet during an acclimation period of at least two
days.

Isolation of rat hearts

The rats were anesthetized with pentobarbital (70 mg/kg) and their
hearts were then excised rapidly and placed in oxygenated Krebs-

Henseleit buffer (118.3 mM NaCl, 2.7 mM KCI, 1.0 mM MgSOy, 1.4
mM KH,PO,, 29.0 mM NaHCOs, 3.4 mM CaCl,, and 10 mM

glucose, plus insulin 70 mU/L and 2.8% bovine serum albumin, pH
7.4) at 37°C using a Langendorff perfusion device, as previously
described (Lerner et al., 2000). The hearts were perfused via
retrograde aortic flow with Krebs—Henseleit buffer at 37°C. The flow
rates were adjusted to maintain a constant perfusion rate of
7 ml/min. The hearts were immersed simultaneously in a bath that
contains oxygenated buffer at 37°C to maintain a constant
temperature. Any heart that exhibited contractile dysfunction or
other evidence of injury was discarded during the initial 20 min
equilibration period. The hearts were randomly assigned to three
groups and studied after the equilibration period. The AHAVD-
perfused group (n=18) was perfused with 0.2 mM
AHAVD/perfusion buffer, as the negative control, the IPPINL (lle-
Pro-Pro-lle-Asn-Leu-NH,, a nonsense peptidase that contains the
highly conserved cadherin sequence) was perfused with 0.2 mM
IPPINL/perfusion buffer (n =18), and the control hearts (n = 20)
were perfused with oxygenated buffer.

Transmission electron microscopy

The left ventricular myocardia from four hearts in each group were
cut into 1mm® sections. After overnight fixation in 3%
glutaraldehyde, the small tissue samples were embedded in Epon
by following routine procedures. Ultrathin sections were stained
with uranyl acetate and lead citrate, and were then viewed and
photographed under a Philips EM-400 electron microscope.

Immunofluorescence labeling

Flash-frozen sections of four hearts in each group were fixed with
4% paraformaldehyde. The sections were incubated overnight with
mouse monoclonal anti-Cx43 antibodies (ab79010, Abcam,
Cambridge, UK) and rabbit polyclonal anti-pS368 antibodies (sc-
101660, Santa Cruz Biotechnology, USA) at 4°C. Then, the
sections were incubated at 37°C for 1 h with rhodamine-conjugated
goat anti-rabbit and FITC-conjugated goat anti-mouse secondary
antibodies. The double-stained sections were observed and the
immunofluorescence signals specific to Cx43 and pS368 were
examined under confocal immunofluorescence microscopy (Zeiss
LSM510 META, Germany). The images were then digitized into
1024 x 1024 matrices.

Monophasic action potentials
programmed electrical stimulation

(MAPs) recordings and

The MAPs of the left ventricular epicardia were recorded after the
20 min stabilization interval and at 15, 30, 45, and 60 min time
points during the succeeding 60 min perfusion period using an Ag-
Cl contact electrode (0.25 mm tip diameter). A bipolar pacing
electrode was placed near the apex of the heart on the anterior
epicardial surface of the right ventricle. The pacing protocols used
2 ms square-wave stimuli with amplitudes three times higher than
the excitation threshold. A programmed electrical stimulus was
introduced to measure the effective refractory period (ERP), as
previously described (Thomas et al., 2008). To induce ventricular
tachycardia (VT), burst pacing (18 S1 stimuli) was performed as in
the previously described protocol (Betsuyaku et al., 2004). The
electronically stored traces were recorded and analyzed using an
RM6240 B/C physiologic signal handling system 2.0 (Chengdu
Instrument Corp, Chengdu, China). The point of maximum positive
deflection was considered the point of 0% repolarization, and the
return to baseline was the point of 100% repolarization. The
epicardial action potential duration at 90% repolarization (APD90)
was measured to compare MAP durations among the groups. All
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Figure 1. MAP recording and measurement of conduction velocity.
Schematic drawing of the stimulation and recording sites for the

conduction velocity measurement.

recordings were performed at steady-state pacing of 130 ms to
negate rate-dependent differences in action potential duration
(APD).

Conduction velocity

The conduction velocity on the anterior LV wall of six hearts from
each group was measured at 0, 15, 30, 45, and 60 min of perfusion
during ventricular pacing at a cycle length of 130 ms, as described
in previous literature (Kamei et al., 2007). Two platinum stimulating
electrodes were inserted 2 mm apart at the LV apex of the isolated
hearts during the 60 min perfusion period. An AgCI contact (0.25
mm tip diameter) MAP electrode was positioned on the epicardium
near the center of the LV anterior wall. The time from the pacing
electrodes to MAP onset was defined as the conduction time. The
length of the epicardial surface from the pacing site to the MAP
recording site was measured using a graduated copper wire, and
the conduction velocity was calculated as distance/conduction time
(cm/s) (Figure 1).

Immunoblotting

The total N-cadherin and the Cx43 content were detected by
immunoblotting, as previously described (Johnson et al., 2002;
Nakao et al., 2008). Lysates of heart tissues were centrifuged and
the proteins were eluted by boiling for 10 min in sodium dodecyl
sulfate (SDS) sample buffer (0.25 M Tris-HCI, pH 6.8, 4% SDS,
40% glycerol, and 0.002% bromophenol blue). Aliquots of the
proteins were resolved in 10% polyacrylamide gel via SDS
polyacrylamide gel electrophoresis and transferred (semi-dry) onto
nitrocellulose membranes. The membranes were blocked for 2 h in
5% nonfat dry milk in Tris-buffered saline-Tween-20 at room

temperature, and then incubated overnight with rabbit anti-Cx43
(1:4000), rabbit anti-phosphorylated-Cx43 (1:2000), mouse anti-
Glyceraldehyde 3-phosphate dehydrogenase (GADPH) (1:4000),
rabbit anti-N-cadherin  (1:2000), and mouse anti-N-cadherin
(1:2000) antibodies at 4°C. Horseradish peroxidase (HRP)-
conjugated goat anti-mouse and anti-rabbit were used as
secondary antibodies. GAPDH was used as the protein loading
marker. The densities of the individual bands were quantified as
ratios to that of GAPDH.

Statistical analyses

All data are expressed as mean * SD. The incidences and
frequencies of inducible VT in the AHAVD- and the IPPINL-
perfused groups were compared with those of the control hearts
using a Fisher's exact test. The time of onset of the first run of VT
was analyzed by the Kaplan—Meier method. Differences with
P < 0.05 were considered significant.

RESULTS

AHAVD disrupts cell-cell adhesion and results in
Cx43 redistribution in isolated perfused rat hearts

To determine the effects of impairing adherent junctions
with AHAVD, transmission electron microscopy was
performed on four hearts from the AHAVD-perfused, the
IPPINL-perfused, and the control groups. Ultrastructural
analysis showed that the AHAVD-perfused, IPPINL-
perfused, and control hearts exhibited well-organized
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Figure 2. Ultrastructure of the isolated perfused hearts. A and B
typical electron microscopy image of tissue sections from control and
IPPINL-perfused groups. The image shows a regular membrane
(marked by arrows) and intercalated disks between adjacent
cardiomyocytes (x30000 original magnification). C. Widened gap of
fascia adherens (arrows) in tissue sections from AHAVD-perfused
hearts (x30000 original magnification). D. Magnified view of the frame
in panel C (x30000 original magnification).

myofibrils with clearly defined Z bands (Figure 2). The
intercalated discs of the IPPINL-perfused and control
hearts were well formed and the insertion of the
myofibrils in the adherens junction appeared normal.
However, the gaps between the fascia adherens were
widened in the AHAVD-perfused hearts, which may
indicate impaired adherens junctions.

The flash-frozen tissue sections from four hearts in
each group were double-labeled for Cx43 and pS368 and
were inspected under laser confocal microscopy. In both
groups, most of the pS368 signals were localized tip to tip
in the IC discs; only a few signals were distributed
bilaterally in the cells. The intensity of the pS368 signals
decreased significantly in the AHAVD-perfused hearts,
whereas the intensity of the Cx43 signals did not
decrease in the AHAVD perfused hearts. However,
significant side distributions of Cx43 signals were
apparent in tissues from the AHAVD-perfused hearts
(Figure 3).

To understand further the effect of impaired N-cad—
mediated adhesions on Cx43-containing gap junctions,
the total Cx43 and pS368 in four hearts from each group
were measured by immunoblotting (Figure 4). Compared
with the control and IPPINL-perfused hearts, the total
Cx43 protein in the AHAVD-perfused hearts did not

change significantly at each concentration. However, a
significant reduction in pS368 was seen in the hearts
perfused with 0.2 mM AHAVD (0.24 £ 0.05) compared
with the control hearts (0.43 + 0.07, p <0.05). Given the
immunofluorescence and immunoblot results, inhibiting
N-cadherin-mediated adhesion using AHAVD was
expected to impair GJ conduction function.

Electrical properties and conduction velocity of
AHAVD-perfused hearts

All 20 controls (not subjected to polypeptides) remained
in sinus rhythm and contracted vigorously throughout the
60 min perfusion period. No runs of spontaneous VT
occurred in the control hearts. Electrical activities of the
isolated perfused rat hearts in the control group remained
relatively stable throughout the 60 min oxygenated
perfusion period. The ERP, APD90, and ERP/APD90 of
the AHAVD-perfused hearts did not show any difference
at any time point when compared with the control and
IPPINL-perfused hearts (Table 1). One of the AHAVD-
perfused hearts experienced a round of spontaneous VT
(non-sustained VT, <3s) during the 60 min perfusion
period.
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Figure 3. AHAVD affects the distribution and phosphorylation of
Cx43 at S368 in the isolated rat hearts. Typical
immunofluorescence images from the AHAVD- and IPPINL-
perfused rat hearts and oxygenated K—H buffer-perfused hearts.
Double-labeling with N-cadherin (green) and Cx43 (red) that
shows dose-related Cx43 redistribution to the bilateral edges of
cardiomyocytes (arrowheads) in the AHAVD-perfused heart
tissue (bar = 20 ym for all panels).
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Figure 4. Immunoblot analysis of the total Cx43 and pS368
in AHAVD-perfused hearts. A. Representative immunoblot of
total Cx43 and pS368 from the hearts of the control group,
the 0.2mM AHAVD-perfused group, and the 0.2 mM
IPPINL-perfused group. GADPH was used as the loading
control. B. Densitometric scanning of the total Cx43 and
pS368 in the rat hearts (n =4, each group). Quantitative
analysis showed significant reduction of pS368 in the hearts
perfused with 0.2 mM AHAVD (* P <0.05, compared with
control, A P < 0.05, compared with IPPINL group).
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Table 1. Comparison of the ERP and the APD90 of the AHDVD-perfused, IPPINL-perfused, and control groups.

Time point of perfusion (min)

0 15 30 45 60
Control (n = 20)
ERP (ms) 38+8.5 38+8.3 39+7.2 39+8.1 40 £ 8.7
APD90 (ms) 54+75 54+7.8 56 £ 8.4 58 £8.3 58 +8.9
ERP/APD90 0.72+0.16 0.71+0.17 0.69+£0.18 0.69 £ 0.20 0.68 +0.18
IPPINL-perfused (n = 18)
ERP (ms) 38+7.8 38+8.6 39+8.2 39+84 39+8.7
APD90 (ms) 53+75 54+7.8 56+7.9 56 * 8.2 57+7.8
ERP/APD90 0.73+0.20 0.71+0.16 0.68 +0.21 0.67 £0.18 0.67 £ 0.19
AHAVD-perfused (n = 16)
ERP (ms) 38+8.3 38+8.7 39+85 41+8.6 42+8.9
APD90 (ms) 54+7.6 55+7.8 57+8.2 59 +8.7 61+8.7
ERP/APD90 0.72+0.16 0.70+0.18 0.69 +0.17 0.68 +0.19 0.68 +0.22

ERP = Effective refractory period, APD90 = action potential duration at 90% repolarization.
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Figure 5. Reduction in conduction velocity of AHAVD-perfused
hearts. Line charts of the changes in conduction velocity in the
AHAVD-perfused, IPPINL-perfused, and control groups (n =6,
each group), which show a significant reduction in conduction
velocity in AHAVD-perfused hearts compared with the control
group after 60 min perfusion. (* P <0.05, compared with
control,A P < 0.05, compared with IPPINL group).

The conduction velocity was studied every 15 min during
perfusion of six hearts from each group. The conduction
velocity of the AHAVD-perfused group at the beginning of
perfusion was 72.8 + 9.6 cm/s, which is similar to that of
the IPPINL-perfused group and the control group (72.5 =
10.4 cm/s and 73.2 + 10.2 cm/s, respectively). However,
the conduction velocity in the AHAVD-perfused group
showed a time-dependent decrease and was significantly
slower after 60 min perfusion than the control group [53.5

*+ 6.3 and 66.3 £ 8.8 cm/s respectively, P < 0.05 (Figure
5)]. While no deference between the IPPINL-perfused
group (64.2 + 8.2 cm/s) and the control group was
observed.

AHAVD increases the susceptibility of isolated rat
hearts to ventricular arrhythmias

VTs were induced in each of the three groups using
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Figure 6. Occurrence of Induced VTs in Isolated Rat Hearts. A.
Recorded MAPs with examples of the types of arrhythmias observed
after AHAVD perfusion. 1. A brief run of non-sustained VT induced by
S1S2 stimuli at 25 ms S1S2 intervals. 2. A run of sustained VT induced
by S1S2 stimuli at 35 ms S1S2 intervals. 3. A run of sustained VT
induced by 18 S1 stimuli at a cycle length of 25 ms. B. Proportion of
induced VT in the groups. * P <0.05 by x* analysis. C. Onset of
induced VTs in the AHAVD-perfused, IPPINL-perfused, and control

hearts during 1 h perfusion.

programmed stimulation (Figure 6A). Non-sustained VTs
were observed in 2 of the 20 hearts from the control
animals and only one heart developed sustained VT. In
the AHAVD-perfused group, induced VT was observed in
9 of the 18 hearts (7 sustained and 2 non-sustained). The
proportion of inducible VT was significantly greater in the
AHAVD-perfused hearts (P <0.05). In addition, the
multiple runs of VT were induced in the AHAVD-perfused
group. Sustained VTs were observed in 2 of the 18
IPPINL-perfused hearts and non-sustained VTs were
induced in 2 hearts (Figure 6B). The Kaplan—Meier plot
shows the time of onset of the first run of VT (Figure 6C).
The AHAVD-perfused hearts exhibited an increasing
trend towards inducible VTs.

DISCUSSION

We studied the initial effect of impaired adherens

junctions between cardiomyocytes on GJs, the most
important electrical connections. In this study, we
introduced the synthetic peptide AHAVD to inhibit N-cad—
mediated adhesion and detected its efficiency in
impairing the adherens junctions in isolated rat hearts.
Prompt side distribution of Cx43 accompanied by the loss
of phosphorylated pS368 in the IC discs was observed.
When the N-cad—mediated adherens junctions were
impaired by  AHAVD, the redistribution of
dephosphorylated Cx43 at S368 in the isolated hearts
was accompanied by increased susceptibility to induced
arrhythmias.

N-cad fortifies adherens junctions to provide strong
cell-cell adhesion, which is important in the formation
and maintenance of GJs in cardiomyocytes (Li et al.,
2006; Noorman et al.,, 2009). It also links to actin
cytoskeleton via the cadherin/catenin complex, which is
essential in maintaining the structural integrity of the
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heart (Kostetskii et al., 2005). Impaired adherens
junctions in both disease states and animal models are
associated with GJ remodeling and a high risk of
ventricular arrhythmias (Ferreira-Cornwell et al., 2002;
Kaplan, 2004; Li et al., 2008). However, the initial effects
of impaired N-cad-mediated adhesion remain unclear.
Previous studies report that gap junctions may be
insufficient for stabilizing larger Cx43 plaques in
heterozygous mice with reduced N-cadherin expression
although the total number of plaques was unaffected (Li
et al., 2008).

The inherent instability of Cx43, as indicated by the 1 h
to 2 h turnover rate in the intact heart (Beardslee et al.,
1998; Segretain and Falk, 2004), may largely account for
their instability in diseased myocardium. A previous study
demonstrated that the prompt and retrievable
internalization of Cx43 in cultured adult rat
cardiomyocytes when the N-cad—-mediated adhesion was
impaired by removing Ca® from the culture medium
(Hertig et al., 1996). Similarly, the Cx43 in the IC discs of
the isolated AHAVD-perfused rat hearts was rapidly
redistributed onto the bilateral membrane of
cardiomyocytes. The results of the present study confirm
the importance of N-cad—mediated adhesion for
maintaining GJs and imply that impaired N-cad—mediated
adhesion influences GJ function.

At present, information regarding the effects of reduced
N-cadherin on the gap junctions in diseased human
myocardia is limited. However, impaired adherens
junctions were observed in the hearts of patients who
suffered from ARVC (Pilichou et al., 2006). Abnormal
interstitial cystitis (IC) disc structures, which are
associated with N-cadherin and Cx43 downregulation,
were observed in a hereditary hamster model of dilated
cardiomyopathy (Luque et al., 1994; Fujio et al., 1995). In
the present study, we observed significant Cx43
redistribution and reduced pS368 phosphorylation in the
heart tissues when N-cad—mediated adhesion was
impaired with AHAVD. This may reflect accelerated loss
of functional GJs in response to adherens junction
impairment.

Impaired electric coupling of GJs causes conduction
disturbances and arrhythmia (Lerner et al.,, 2000;
Gutstein et al.,, 2001). In the present study, the
conduction ability of cardiomyocytes was also examined
to determine whether impaired adherens junctions affect
the electrical coupling of GJs. Although previous mapping
analysis can accurately determine conduction velocity, in
the current study, conduction velocity is defined as the
time from the pacing electrode to the MAP onset between
the center of LV anterior wall and apex (Ciaccio, 2000).
We found that the conduction velocity of the left
ventricular myocardium decreased significantly in the
AHAVD-perfused hearts concomitant with  the
redistribution of Cx43. We also reported arrhythmogenic
effects of impaired N-cad—mediated adherens junctions
by treating the isolated rat hearts with AHAVD. An EPS

was performed to determine whether impaired fascia
adherens and the consequent changes in Cx43 are
correlated with susceptibility to ventricular arrhythmias.
The results show a significantly increased incidence of
induced ventricular arrhythmias in the AHAVD-perfused
hearts.

Cx43 reduction reportedly results in slower conduction
and enhances the development of stable reentrant
circuits, which is a major mechanism underlying the
occurrence of ventricular tachyarrhythmias in related
diseases. Previous studies demonstrated that Cx43
suppression must be at least 80% to change the
conduction velocity in otherwise healthy tissues (van
Rijen et al., 2004). However, Li et al. (2008) reported that
a 40% reduction in Cx43 sufficiently slows down
ventricular conduction to cause ventricular arrhythmias
and sudden death in N-cad conditional knockout mice (Li
et al., 2008). Cx43 is a multi-phosphorylated protein. The
phosphorylation/dephosphorylation of Cx43 regulates the
internalization, degradation and channel-gating properties
of GJs. It was reported in previous study that
phosphorylation of serine 368 (S368) is required for
mediated reduction in channel conductance (Cottrell et
al., 2001; Ek-Vitorin et al., 2006). In the present study,
rapid Cx43 redistribution and pS368 dephosphorylation
were observed and the electrical conduction function of
the GJs was depressed in the AHAVD-perfused rat
hearts. Although a reduction in conduction velocity alone
is unlikely to increase arrhythmogenicity significantly, it
may demonstrate the importance of N-cad—-mediated
adhesion in maintaining the electrical coupling between
cardiomyocytes.

The IC disc is functionally far more complex than a
mere junction. Numerous ion channels are located in the
IC discs. A previous study on Xenopus laevis oocytes
show that Kv1.5 channel activity is affected by N-cad
expression (Koutsouki et al., 2007). N-cad also reportedly
modulates high-threshold voltage-activated calcium
channels through the juxtamembrane domain in chick
ciliary neurons (Piccoli et al., 2004). Both Kv1.5 and
voltage-activated calcium channels are instrumental in
the repolarization of cardiomyocytes. Deregulation of
these ion channels reportedly correlates with ventricular
arrhythmias. In the present study, ERP and APD90 were
slightly prolonged in the AHAVD-perfused and control
hearts after 1h perfusion. However, no significant
difference was observed between the groups. Based on
these results, AHAVD is not likely to increase the risk of
arrhythmogenesis via its influence on the ion channels.
Further investigations are necessary to determine the link
between N-cad and ion channels in cardiomyocytes to
elucidate the arrhythmogenic effect of adherens junction
dysfunction.

CONCLUSIONS AND CLINICAL IMPLICATIONS

In summary, the peptide AHAVD acutely interrupts N-



cad—-mediated adhesion, which results in rapid Cx43
redistribution and reduced conduction velocity in isolated
rat hearts. The incidence of inducible arrhythmias was
increased in AHAVD-perfused hearts. The results of our
study demonstrate the importance of mechanical
coupling between cardiomyocytes in maintaining
electrical coupling. The present study also shows that the
loss of large arrays of GJs may be one of the initial
arrhythmogenic mechanisms in diseases that involve
impaired mechanical coupling. Investigations on the
effect of adherens junction impairment on electrical
coupling may shed new light on the mechanism of
arrhythmias.

Interventions that enhance cardiac cell adhesion may
help maintain the quantity and function of GJs in IC discs.
Further investigations of the relationship between
mechanical and electrical couplings under pathologic
conditions are required to elucidate the potential benefits
of enhancing mechanical connections for preventing
lethal ventricular arrhythmias.
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