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Abstract The left atrial (LA) posterior wall has been
demonstrated to have regional electrophysiological differ-
ences with a higher arrhythmogenic potential leading to
atrial fibrillation (AF). However, the ionic characteristics
and calcium regulation in the LA anterior and posterior
myocytes have not been fully elucidated. The purpose of
this study was to investigate the electrical characteristics of
the LA anterior and posterior myocytes. Whole-cell patch-
clamp techniques and the indo-1 fluorimetric ratio tech-
nique were used to investigate the characteristics of the
ionic currents, action potentials, and intracellular calcium
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in single isolated rabbit myocytes in the LA anterior and
posterior walls. The expression of the Nat—Ca®" exchan-
ger (NCX) and ryanodine receptor (RyR) were evaluated
by a Western blot. The LA posterior myocytes (n = 15)
had a higher incidence (53 vs. 19%, P < 0.05) of delayed
afterdepolarizations than the LA anterior myocytes
(n = 16). The LA posterior myocytes had larger sodium
currents and late sodium currents, but smaller inward rec-
tifier potassium currents than the LA anterior myocytes.
The LA posterior myocytes had larger intracellular Ca®"
transient and sarcoplasmic reticulum Ca”" contents as
compared with the LA anterior myocytes. However, the
NCX currents in the LA posterior myocytes were smaller
than those in the LA anterior myocytes. The LA posterior
myocytes had a smaller protein expression of NCX, but a
larger protein expression of RyR than the LA anterior
myocytes. In conclusion, LA posterior myocytes contain a
high arrhythmogenic potential and distinctive electro-
physiological characteristics, which may contribute to the
pathophysiology of AF.

Keywords Atrial fibrillation - Myocytes - Calcium
regulation - Ionic currents

Introduction

Atrial fibrillation (AF) is the most common cardiac
arrhythmia in clinical practice and induces cardiac dys-
function and strokes [17, 23]. Previous studies have shown
that the left atrium (LA) plays an important role in the
pathophysiology of AF [20, 21]. Regional differences in
the electrophysiological properties of the LA have been
demonstrated to contribute to the pathophysiology of AF
[15, 28, 37]. The LA posterior wall exhibited more frequent
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rapid and repetitive electrical discharges than the other LA
regions [28, 37]. The significantly higher incidence of
ectopic beats-initiating AF from the LA posterior wall
suggests the arrhythmogenic potential of the LA posterior
wall [18, 28]. Wongcharoen et al. [35] had shown the
differential electrical characteristics between the LA ante-
rior and posterior wall. In addition, ouabain can induce a
higher rate of atrial tachyarrhythmias in the LA posterior
wall. These findings suggest an arrhythmogenic potential in
the LA posterior wall.

Abnormal calcium homeostasis in atrial myocytes plays
a critical role in the genesis of AF [14, 26]. Atrial fibrillation
is associated with an increased incidence of spontaneous
calcium sparks in human atrial myocytes [14], which can be
caused by calcium overload in the sarcoplasmic reticulum
(SR) or increased open probability of ryanodine receptors.
Moreover, late sodium current (Iy,.1ate) has been proposed
to play a role in the distinctive arrhythmogenic potential in
atrial myocytes, and Iy,.1ae inhibitors have been proposed to
be atrial-selective agents for AF [22]. However, the ionic
characteristics and calcium regulation in the LA anterior
and posterior walls have not been fully elucidated. The
purpose of this study was to investigate the electrical
characteristics of the LA anterior and posterior wall
myocytes.

Methods

Electrophysiological study of the LA anterior
and posterior myocytes

The investigation was approved by a local ethics review
board (LAC-96-0060) and conformed to the institutional
Guide for the Care and Use of Laboratory Animals and the
Guide for the Care and Use of Laboratory Animals. Seventy-
five male rabbits (age 3 months; weight 1-2 kg) were
anesthetized with an intraperitoneal injection of sodium
pentobarbital (40 mg kg™'). A mid-line thoracotomy was
then performed and the heart and lungs were removed as
described previously [6, 7, 35]. For the dissection of the LA
anterior and posterior walls, the LA was opened by an inci-
sion along the mitral valve annulus, extending from the
coronary sinus to the septum in a Tyrode’s solution with a
composition (in mM) of 137 NaCl, 5.4 KCl, 1.8 CaCl,, 0.5
MgCl,, 10 HEPES, and 11 glucose; the pH was adjusted to
7.4 by titration with NaOH, which was then replaced with
Ca”*-free Tyrode’s solution containing 300 U/ml collage-
nase (Sigma, Type I) and 0.5 U/ml protease (Sigma, Type
XIV). The LA was separated from the pulmonary veins at the
LA-pulmonary vein junction. Tissue strips from the LA
anterior and posterior walls were then dissected. The LA
anterior and posterior walls were gently shakenin 5—10 ml of
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Ca”*-free oxygenated Tyrode’s solution until single myo-
cytes were obtained. The cells were allowed to stabilize in
the bath for at least 30 min before the experiments.

A whole-cell patch-clamp was performed in single iso-
lated myocytes using an Axopatch 1D amplifier (Axon
Instruments, CA, USA) at 35 + 1°C [8, 33]. Borosilicate
glass electrodes (o0.d., 1.8 mm) were used, with tip resis-
tances of 3—5 MQ. Before the formation of the membrane—
pipette seal, the tip potentials were zeroed in Tyrode’s
solution. The junction potentials between the bath and
pipette solution (9 mV) were corrected for the action
potential (AP) recordings. The APs were recorded in a
current-clamp mode and the ionic currents in a voltage-
clamp mode. A small hyperpolarizing step from a holding
potential of —50 mV to a testing potential of —55 mV for
80 ms was delivered at the beginning of each experiment.
The area under the capacitative currents was divided by the
applied voltage step to obtain the total cell capacitance.
Normally 60-80% series resistance (R;) was electronically
compensated. After the compensation, the average R, was
0.75 £ 0.05 MQ (n = 336) with an estimated voltage
error of 1.1 & 0.1 mV. The APs were elicited in cells from
the LA anterior and posterior walls through brief current
pulses at 1 Hz. The resting membrane potential (RMP) was
measured during the period between the last repolarization
and onset of the subsequent AP. The AP amplitude (APA)
was obtained from the RMP to the peak of the AP depo-
larization. The AP duration at 90% repolarization of the
amplitude was measured as the APDgy,. A delayed after-
depolarization (DAD) was defined as the presence of a
spontaneous depolarization of the impulse after full repo-
larization had occurred. Micropipettes were filled with a
solution containing (in mM) CsClI 130, MgCl, 1, Mg,ATP
5, HEPES 10, EGTA 10, NaGTP 0.1, and Na, phospho-
creatine 5, (pH of 7.2 with CsOH) for the L-type calcium
current (Ic,.1); containing (in mM) CsCl 133, NaCl 5,
EGTA 10, Mg, ATP 5, TEACI 20, HEPES 5 (pH 7.3 with
CsOH) for the sodium current (Iy,); containing (in mM) 10
NaCl, 130 CsCl, 5 EGTA, 5 HEPES, 5 glucose, and 5
ATP-Mg for the Ina.pae; containing (in mM) NaCl 20,
CsClI 110, MgCl, 0.4, CaCl, 1.75, TEACI 20, BAPTA 5,
glucose 5, Mg,ATP 5, and HEPES 10, (pH of 7.25 with
CsOH) for the Nat—Ca®" exchanger (NCX) current; and
containing (in mM) KCI 20, K aspartate 110, MgCl, 1,
Mg,ATP 5, HEPES 10, EGTA 0.5, LiGTP 0.1, and
Na,phosphocreatine 5, (pH of 7.2 with KOH) for the AP,
and potassium currents.

The Iy, was recorded during depolarization from a
holding potential of —120 mV to testing potentials ranging
from —90 to 4+-60 mV in 10-mV steps for 40 ms at a fre-
quency of 3 Hz at room temperature (25 + 1°C) with an
external solution containing (in mM): NaCl 5, CsCl 133,
MgCl, 2, CaCl, 1.8, nifedipine 0.002, HEPES 5 and
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glucose 5 with a pH of 7.3. The Iyapae Was recorded at
room temperature with an external solution containing (in
mM): 140 NaCl, 5 CsCl, 2.0 MgCl12, 1.8 CaCl2, 5 HEPES,
5 glucose, and 0.002 of nicardipine. The amplitude of the
INaLaee at a voltage of —20 mV was measured as the mean
current amplitude between 200 and 250 ms after the
membrane was depolarized by a 2,000-ms pulse from
—140 to —20 mV [22, 36].

The Ic,.p. was measured as an inward current during
depolarization from a holding potential of —50 mV to
testing potentials ranging from —40 to 460 mV in 10-mV
steps for 300 ms at a frequency of 0.1 Hz by means of a
ruptured patch-clamp. The NaCl and KCl in the external
solution were replaced by TEACI and CsCl, respectively.

The NCX current was elicited by depolarizing pulses
between —100 and +100 mV from a holding potential of
—40 mV for 300 ms at a frequency of 0.1 Hz. The
amplitudes of the NCX current were measured as 10 mM
nickel-sensitive currents [33]. The external solution (in
mM) consisted of NaCl 140, CaCl, 2, MgCl, 1, HEPES 5
and glucose 10 with a pH of 7.4 and contained strophan-
thidin (10 pM), nitrendipine (10 pM) and niflumic acid
(100 puM).

The transient outward potassium current (/,) was stud-
ied with a double-pulse protocol. A 30-ms pre-pulse from
—80 to —40 mV was used to inactivate the sodium chan-
nels, followed by a 300-ms test pulse to +60 mV in 10-mV
steps at a frequency of 0.1 Hz. CdCl, (200 pM) was added
to the bath solution to inhibit I, ;.. The I, was measured as
the difference between the peak outward current and steady
state current [29]. The ultra-rapid delayed rectifier potas-
sium current (Ix,,) was studied with a double-pulse pro-
tocol, consisting of a 100-ms depolarizing pre-pulse to
440 mV from a holding potential of —50 mV, followed by
150-ms voltage steps from —40 to +60 mV in 10 mV
increments at room temperature to provide an adequate
temporal resolution. The Ik, was measured as 4-amino-
pyridine (1 mM) sensitive currents [3].

The inward rectifier potassium current (/g;) was acti-
vated from —40 mV to test potentials ranging from —20 to
—120 mV in 10-mV steps for 1 s at a frequency of 0.1 Hz
under a superfusion of CdCl, (200 uM) and 4-aminopyri-
dine (2 mM) in the bath solution. The amplitudes of the Ik,
were measured as 1 mM barium-sensitive currents. The
exponential time course of activation was measured at the
test potential of —120 mV.

Measurement of changes in intracellular calcium
concentration

The details have been described previously [5, 8, 33]. In
brief, the intracellular Ca®* was recorded using a fluori-
metric ratio technique (indo-1 fluorescence) in the LA
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Fig. 1 a Action potential characteristics of the left atrial (LA)
anterior and posterior myocytes. Examples and the average data of the
action potentials from the LA anterior and posterior myocytes. The
resting membrane potential (RMP), amplitudes of the AP (APA), and
AP duration at 90% repolarization of the APA (APDgy,) were
measured at 1 Hz. b The delayed afterdepolarization (DAD) recorded
from the LA posterior myocyte (arrow). n = number of myocytes

anterior and posterior myocytes. The fluorescent indicator
indo-1 was loaded by incubating the myocytes at room
temperature for 20-30 min with 10 pM of indo-1/AM
(Sigma Chemical, St Louis, MO, USA). The myocytes
were then perfused with the Tyrode’s solution at
35 &+ 1°C for at least 20 min to wash out the extracellular
indicator and to allow for the intracellular de-esterifica-
tion of the indo-1. The background and cell autofluores-
cence were canceled out by zeroing the output of the
photomultiplier tubes using cells without indo-1 loading.
The experiments were performed at 35 £+ 1°C. An UV
light of 360 nm with a monochromator was used for the
excitation of the indo-1 from a xenon arc lamp controlled
by the microfluorimetry system (OSP100-CA, Olympus,
Tokyo, Japan) and the excitation light beam was directed
into an inverted microscope (IX-70, Olympus). The
emitted fluorescence signals from the indo-1/AM loaded
myocytes were digitized at 200 Hz. The ratio of the
fluorescence emission at 410 and 485 nm (R410/485) was
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Fig. 2 The current tracing and /-V relationship of the Iy, and Ic, 1 in
the LA anterior and posterior myocytes. a A larger Iy, was found in the
LA posterior than in the LA anterior myocytes. b The /¢, 1 was similar

Fig. 3 The recordings and
average data of the Iy, paee I
the LA anterior and posterior
myocytes. The bar graph shows
the mean current amplitude of
the Ina1ae in the LA anterior
and posterior myocytes. The
inset in the current traces shows
the clamp protocol. n = number
of myocytes

used as the index of the intracellular Ca*". This approach
avoided any uncertainties from the calibration of the
fluorescent Ca?* indicators. The Ca?* transient, peak
systolic Ca’t transient, and diastolic Ca®" transient were
measured during a 2 Hz field stimulation with 10 ms
twice-threshold strength square-wave pulses. The Ca®"
transient was calculated from the difference of the peak
systolic and diastolic Ca*" transients. The fluorescence
ratio data were processed and stored in a computer using
software (OSP-SFCA, Olympus). The SR Ca?" content
was measured by integrating the NCX current from rap-
idly adding 20 mM of caffeine to the cells during rest
with the membrane potential clamped to -40 mV [32].
The time integral of the NCX current was converted to
amoles of Ca®" released from the SR.
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Western blot of the NCX and RyR protein

The myocytes from anterior and posterior LA were centri-
fuged and washed with cold PBS and lysed on ice for 30 min
in an RIPA buffer containing 50 mM Tris, pH of 7.4,
150 mM NaCl, 1% NP40, 0.5% sodium deoxycholate, 0.1%
SDS and protease inhibitor cocktails (Sigma, St Louis, MO)
as described previously [5, 34]. The protein concentration
was determined with a Bio-Rad protein assay reagent (Bio-
Rad, Hercules, CA). Equal amounts of proteins were
subjected to a sodium dodecylsulfate polyacrylamide gel
electrophoresis. Blots were probed with primary antibodies
against NCX (Affinity Bioreagents, Golden, CO), RyR
(Affinity Bioreagents), and secondary antibodies conjugated
with horse radish peroxidase. Bound antibodies were
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Fig. 4 The current tracings, I-V relationship of the nickel-sensitive
Na™—Ca®" exchanger (NCX) currents, and NCX protein expressions in
the LA anterior and posterior myocytes. The LA posterior myocytes
had significantly smaller nickel-sensitive NCX currents than the
LA anterior myocytes. In addition, the posterior LA had a lesser

detected with the ECL detection system (Millipore,
St. Louis, MO) and analyzed with Image-Pro Plus software.
Targeted bands were normalized to cardiac o-sarcomeric
actin (Sigma) to confirm equal protein loading.

Histology and cell morphology

The LA anterior and posterior walls were isolated from five
rabbits and fixed with 4% paraformaldehyde. The speci-
mens were sliced parallel to the wall, and stained with
hematoxylin and eosin. On the histological sections, the
maximum thicknesses of the LA anterior and posterior
walls were measured under a light microscope (BX51,
Olympus). To compare the cell morphology, isolated LA
anterior and posterior myocytes were placed in an experi-
mental chamber of a light microscope.

Statistical analysis

All quantitative data are expressed as the mean = SEM.
An unpaired ¢ test was used to compare the differences
between the LA anterior and posterior myocytes. The
nominal variables were compared by a Pearson’s Chi-
square test or Fisher’s exact test. A P value lower than 0.05
was considered to be statistically significant.
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expression of the NCX than the anterior LA. The insets in the current
traces show the various clamp protocols. *P < 0.05; **P < 0.01;
*#**¥P < 0.005 versus LA posterior myocytes. n = number of myo-
cytes, N = number of hearts

Results

Electrophysiological characteristics of the LA anterior
and posterior myocytes

The cell capacitance (49 & 2 pF vs. 51 £ 2 pF, P > 0.05)
was similar between the LA anterior (n = 179) and pos-
terior (n = 157) myocytes. As shown in Fig. 1, the RMP,
APA, and APDy, were similar for the LA anterior and
posterior myocytes. However, DADs were observed in 3 of
16 LA anterior myocytes and 8 of 15 LA posterior myo-
cytes (19 vs. 53%, P < 0.05). Moreover, the LA posterior
myocytes tended to have larger DAD amplitudes
(6.0 £22vs. 1.4 £ 0.8 mV, P = 0.07) as compared with
the LA anterior myocytes.

Figure 2a, b shows the tracing and I~V relationship of
the Iy, and Ic, of the LA anterior and posterior myo-
cytes. The current density of the peak Iy, in the LA
posterior myocytes was significantly larger than that in
the LA anterior myocytes. However, the I, was similar
between the two groups. Moreover, the In,.yae measured
between 200 and 250 ms was significantly higher in the
LA posterior myocytes than in the LA anterior myocytes
(Fig. 3). In contrast, the LA posterior myocytes had sig-
nificantly smaller nickel-sensitive NCX currents than the

@ Springer



70

Basic Res Cardiol (2011) 106:65-74

B LA anterior myocytes

| 5 paipF

005s

03s +60
@‘ﬂ%-j”

N /

Wﬁz o

LA posterior myocytes

—&— LA anterior myocytes (n=16)
—O— LA posterior myocytes (n=18)

20 _— ‘D_
vap - 218 0155 somv ud
E 15 mv' : 2 ua
1 1
3 Bl =
06
3 10 0s 5
== X 04
° X
5 ezl
60 -4 20 0 2 40 80 BO(mV) 6 40 20 0

4- Aminopyridine 1 mM

Cc

=20,
-40
my
-1
o 1s

LA posterior myocytes

3 phlpF

02s

0/ . 0- = g o
E&*—m-::;ws‘ma:% f [
S Before 4- Aminopyridine 1 mM

LA anterior myocytes

l

0-.

LA posterior myocytes

4- Aminopyridine sensitive

—8— LA anterior myocytes (n=14)
—O— LA posterior myocytes (n=16)

—&— LA anterior myocytes (n=15)
—0— LA posterior myocytes (n=11)

(mV)-140  -120

lk1 (PA/PF)

Fig. 5 The [, 4-aminopyridine-sensitive /i, and Ix; in the LA
anterior and posterior myocytes. a Examples of the tracings and
I-V relationship of the I, from the LA anterior and posterior
myocytes. b Examples of the tracings and I~V relationship of the
4-aminopyridine-sensitive [k, from the LA anterior and posterior
myocytes. The current amplitude of the 4-aminopyridine-sensitive

LA anterior myocytes. According to the analysis of the
protein level of the NCX, the LA posterior myocytes had
a lesser expression of NCX than the LA anterior myo-
cytes (Fig. 4).

Figure 5a—c shows the tracings and /-V relationship of
the I, 4-aminopyridine-sensitive Ix,;, and Ix; of the LA
anterior and posterior myocytes, respectively. The current
densities of the I, and 4-aminopyridine-sensitive Iy, were
similar between the LA anterior and posterior myocytes.
However, the Ik, in the LA posterior myocytes was sig-
nificantly smaller than that in the LA anterior myocytes. In
addition, the activation time in the LA posterior myocytes
was slower than that in the LA anterior myocytes
(11.3 £ 2.9 vs. 4.9 £ 0.9 ms, P < 0.05).

Calcium regulation of the LA anterior and posterior
myocytes

As shown in Fig. 6a, the amplitudes of the Ca*" transient
were larger in the LA posterior myocytes than in the LA
anterior myocytes. After the rapid infusion of caffeine
(20 mM), the LA posterior myocytes had larger caffeine-
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current was determined by subtracting the currents before and after
wash-in of 1 mM 4-Aminopyridine. ¢ Examples of the tracings and
I-V relationship of the [k, from the LA anterior and posterior
myocytes. The insets in the current traces show the various clamp
protocols. *P < 0.05 versus LA posterior myocytes. n = number of
myocytes

induced Ca”" transients, which suggested a larger SR Ca®"
content in the LA posterior myocytes. The integration of
the caffeine-induced NCX currents further confirmed that
the SR Ca®" content was larger in the LA posterior myo-
cytes than in the LA anterior myocytes (Fig. 6b). Figure 6¢
shows protein level of the RyR from anterior and posterior
LA. Compared with the LA anterior myocytes, expression
of the RyR was significantly increased in the LA posterior
myocytes.

Morphology of the LA anterior and posterior wall

Figure 7a shows examples of the LA anterior and posterior
walls. The maximum wall thickness (0.8 & 0.1 wvs.
1.1 &£ 0.1 mm, P < 0.05) was thinner in the LA posterior
wall (N = 5) than that in the LA anterior wall (N = 5). In
addition, both the isolated LA anterior and posterior
myocytes had rod-shaped morphologies (Fig. 7b). The cell
length (114 &3 vs. 115 £ 3 pm, P > 0.05) and width
(13 £03 vs. 13+ 04 pm, P >0.05) were similar
between the LA anterior (n = 61) and posterior (n = 54)
myocytes.
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Fig. 6 The intracellular Ca®" transient and Ca®" stores measured
from the caffeine (20 mM)-induced Ca®* transient in the LA anterior
and posterior myocytes. a The tracings and average data from the
Ca®" transient and caffeine-induced Ca®' transients in the LA
anterior and posterior myocytes. b The tracings and average data of
the caffeine-induced Nat—Ca®" exchanger (NCX) currents and SR

Discussion

As a significantly higher incidence of ectopic beats-initi-
ating AF from the LA posterior wall reflected the
arrhythmogenic potential of the LA posterior wall [18, 28],
the present study demonstrated a higher incidence of DADs
in LA posterior myocytes. Similar to that in the previous
study [35], this finding confirmed the presence of a regional
heterogeneous electrophysiology in the LA.

In this study, we found that the Iy, current density in the
LA posterior myocytes was significantly larger than that in
the LA anterior myocytes. The larger amplitude of the Iy,
not only increases the intracellular Na™, it can also con-
tribute to maintaining a high intracellular Ca®" in the LA
posterior myocytes. Additionally, the In,pae in the LA
posterior myocytes was significantly larger than that in the
LA anterior myocytes. Previous studies have shown that the
INaLae Plays an important role in the arrhythmogenic

Ca®" content from integrating the NCX currents in the LA anterior
and posterior myocytes. ¢ Expression of the ryanodine receptor (RyR)
protein in the anterior and posterior LA. The posterior LA had a larger
expression of the RyR than the anterior LA. n = number of myocytes,
N = number of hearts

potentials of the ventricles and atria [4, 12, 22, 39]. The
larger Ina.pae during the delay phase (200-250 ms) would
lead to arrhythmogenesis by DADs in the LA posterior
myocytes [27]. However, we also have measured the In,.1 ae
at 50 ms, which was similar between LA anterior and pos-
terior myocytes, and may play a role in the similar AP
morphology in these cells. Moreover, the LA anterior and
posterior myocytes have a similar I,,, 4-aminopyridine-
sensitive [y, and Ic, 1, which can produce the similar AP
duration in the LA anterior and posterior myocytes.
Although the Ik, was smaller and slower in the LA posterior
myocytes than in the LA anterior myocytes, these differ-
ences may not induce a different RMP between the LA
anterior and posterior myocytes, since the different I, was
activated by much more negative potentials than the RMP in
the LA myocytes.

Whether an increased Ca®' overload of the SR is
arrhythmogenic or not is still controversial [31]. We found
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LA posterior wall

LA anterior wall

LA anterior myocyte LA posterior myocyte

Fig. 7 Histology and cell morphology from LA anterior and posterior
walls. a The LA poster wall was thinner than the LA anterior wall.
b LA anterior and posterior myocytes had similar cell morphologies,
cell width and length

that the LA posterior myocytes had a significantly larger
Ca”" transient and larger SR Ca*" content than the LA
anterior myocytes. The larger SR Ca?" content in the LA
posterior myocytes can trigger a larger Ca?" transient in
these cells [38]. Additionally, an increased RyR also can
enhance Ca®" transients. The Western blot analysis in this
study showed that the LA posterior myocytes had a larger
RyR expression, which may contribute to a larger Ca®"
transient, despite a similar I, between the LA anterior
and posterior myocytes.

Previous studies have indicated that heart failure myo-
cytes contain a smaller SR Ca*" content and larger NCX
currents, which suggest the important relationship of the
NCX currents and calcium homeostasis [2, 13], because
NCX plays a major role in removing the [Ca>"]; as a result
of decreasing the SR Ca*" store [32]. In this study, we
found that the LA posterior myocytes had a larger SR Ca®"
store and smaller NCX currents than the LA anterior
myocytes, which suggests that smaller NCX currents in
these cells may prevent the Ca>* from being driven outside
the cells to maintain the larger SR Ca®". This finding may
be caused by the lesser NCX protein in the LA posterior

@ Springer

myocytes. Although the mechanism underlying the dis-
crepant electrophysiological characteristics of the LA
anterior and posterior myocytes were not clear, it is pos-
sible that greater stretch due to a thinner LA posterior wall
may contribute to their distinctive electrophysiological
characteristics [11, 25], whereas stretch can increase the
intracellular Na™ and Ca?", and result in a larger SR Ca®"
content and Ca®" leakage which may easily trigger atrial
arrhythmogenesis [1, 10, 16]. Moreover, the different
embryological origins, changes in the gene expression, or
post-translational modification of the proteins in the LA
anterior and posterior myocytes may contribute to the
regional differences in the electrophysiologic findings in
LA as observed in the present study [24]. However, the LA
anterior and posterior myocytes had a similar cell mor-
phology and cell size.

The present data should be interpreted with caution due
to the limitations of this study. First, we investigated the
differences between the LA anterior and posterior myo-
cytes only in normal rabbits without any atrial arrhythmias.
However, we demonstrated the arrhythmogenic potential of
the LA posterior myocytes, therefore it is quite possible
that the LA posterior wall will become arrhythmogenic
during the presence of AF precipitating factors such as
heart failure, dilated atria, and aging. Second, the electro-
physiological characteristics of the other regions were not
elucidated in this study, since we only studied the regional
heterogeneity in the LA anterior and posterior myocytes.
Finally, Ca®*/calmodulin-dependent protein  kinase
II-dependent hyperphosphorylation, phospholamban phos-
phorylation, and local autonomic innervation play an
important role in the channel regulation [9, 19, 30, 38], and
the functional differences between the LA anterior and
posterior myocytes require further investigation into such
regulator mechanisms.

Conclusions

The present study demonstrated that regional differences in
the electrophysiological properties and ionic currents
existed between the LA anterior and posterior walls. The
LA posterior myocytes contain a high arrhythmogenic
potential due to distinctive electrophysiological character-
istics, which may contribute to the pathophysiology of AF.
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