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Abstract

Pulmonary vein (PV) cardiomyocytes have the potential to generate spontaneous activity, in contrast to working
myocytes of atria. Different electrophysiological properties underlie the potential automaticity of PV cardiomyocytes,
one being the hyperpolarization-activated inward current (/,), which facilitates the slow diastolic depolarization. In
the present study, we examined pharmacological characteristics of the /,, of PV cardiomyocytes in rat, guinea pig and
rabbit. The results showed that guinea pig and rat PV cardiomyocytes possessed sizeable amplitudes of the /,, and the
I, of guinea pig was suppressed by Cs*, a blocker of the hyperpolarization-activated cation current. However, the |,

of rat was not suppressed by Cs*, but by Cd*™, a blocker of the CI~ current. The current density of the /,, of rabbit PV
cardiomyocytes was significantly smaller than those of other species. This suggests that the ion channels that carry
the /|, of PV cardiomyocytes differ among the animal species.

Keywords: Hyperpolarization-activated cation current, Hyperpolarization-activated CI™ current, Pulmonary vein,

Automaticity, Atrial fibrillation

Introduction

The striated myocardium extends from the left atrium
(LA) into the ostia of the pulmonary veins (PV), and
ectopic activity in the PV myocardium often accounts for
initiation and maintenance of atrial fibrillation (AF), the
most frequent sustained arrhythmia encountered in clini-
cal practice [1]. During development, PV cardiomyocytes
are differentiated from mesenchymal cells surrounding
the developing venous pole, and the ectopic pacemaker
fate is promoted under the influence of the antagonistic
action of Shox2, a member of the homeobox family of
genes, on Nkx2-5 [2, 3]. Electrophysiological experiments
demonstrated various types of spontaneous activity in
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PV cardiomyocytes in animal studies [4]. These include
sinoatrial node-like spontaneous action potentials [5,
6], digitalis-induced arrhythmia [7, 8], noradrenaline-
induced automaticity [9-11], stretch-induced automatic-
ity [12] and pacing-induced spontaneous activity [6, 13,
14]. Such arrhythmogenic activity depends, in part, upon
their distinct electrophysiological characteristics, i.e.,
the PV myocardium in general has a less negative rest-
ing membrane potential when compared with the atrial
myocardium. In addition, it has been reported that the
hyperpolarization-activated inward current (Z;,), which is
activated during diastole, facilitates the automaticity of
the PV myocardium. One of , is the hyperpolarization-
activated cation current (Z;), which acts as a pacemaker
current in normal pacemaker cells of the sinoatrial node
[15] and exists in PV cardiomyocytes of the dog and rab-
bit [5, 16, 17]. The I; is a mixed current of Na' and KT,
and is characterized by its relatively slow time course of
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activation on hyperpolarization [15]. However, we previ-
ously found another I, which is carried by CI™ in rat PV
cardiomyocytes [11]. We designated this current as the
hyperpolarization-activated Cl~ current (I¢;},). The Iqy,
showed a similar slow time course of activation with I,
but was insensitive to 5 mM Cs*, a blocker for I, and
the removal of external K™ or Na™ had no effect on the
current. The reversal potential was near —20 mV at the
40-mM [C]"]; and 148.9-mM [Cl7], conditions, and was
shifted to depolarized potentials by increasing [Cl7]; or
by decreasing [Cl7],. These characteristics are totally
different from those of an I; or a K current (Iyy) [18],
which was attributed to the J;, in dog PV cardiomyocytes.
Furthermore, reagents that attenuate the CI™ current
suppressed the norepinephrine-induced automaticity of
rat PV cardiomyocytes, indicating a functional role of the
Cl™ current in the automaticity of the PV myocardium.
However, little is known whether the ), exists in other
experimental animal species. In the present study, there-
fore, we examined the species differences of the I, of PV
cardiomyocytes isolated from rat, guinea pig and rabbit
under identical experimental conditions.

Materials and methods

Cell isolation

The protocols used in this study were approved by the
Animal Ethics Committee of the Akita University School
of Medicine, Japan. Cell isolation procedures were essen-
tially similar to those reported previously [10, 11]. Male
Wister rats (8—12 weeks old, 300-400 g) and male guinea
pigs (5—10 weeks old, 400-700 g) were anesthetized by
intraperitoneal injection of pentobarbital sodium (100
and 120 mg/kg for rats and guinea pigs, respectively).
Male rabbits (10-16 weeks old, 2.0-3.0 kg) were anesthe-
tized by intravenous injection of xylazine (5 mg/kg) and
ketamine (35 mg/kg). After checking suppression of the
nociceptive reflex, the chest of each animal was opened
under artificial respiration and the aorta was cannulated
in situ to perfuse the coronary arteries. The heart and
lung were excised en bloc, mounted on a Langendorff
apparatus, then perfused sequentially with the following
buffers: (1) normal Tyrode’s solution for a few minutes;
(2) nominally Ca*"-free Tyrode’s solution for 5 min; and
(3) Ca’>"-free Tyrode’s solution containing 0.05% colla-
genase (Wako Pure Chemical, Osaka, Japan) for 30 min
in rats and guinea pigs. As for rabbits, collagenase alone
was not effective to digest the tissue and obtain isolated
cardiomyocytes, and therefore 0.07% collagenase and
0.005% elastase (Wako Pure Chemical, Osaka, Japan)
were used for the enzyme treatment. We then trimmed
off the soft tissue containing the vagal nerve, adipose tis-
sue and the pulmonary artery. The LA and PV were then
excised from the digested block, minced in high K*, low
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Cl™ solution and agitated to dissociate the cells. The cell
suspension was stored at 4 °C for later use.

Solutions
The composition of the normal Tyrode’s solution (mM)
was: NaCl 136.9, KClI 5.4, CaCl, 1.8, MgCl, 0.5, NaH,PO,
0.33, HEPES 5.0, and glucose 5.5 (pH 7.4 with NaOH).
The high K*, low Cl~ solution for cell storage contained
(mM): L-glutamic acid 70, KOH 70, KCl 30, KH,PO,,
MgCl, 1, taurine 20, glucose 10, EGTA 0.3, and HEPES
10 (pH 7.4 with KOH). The internal solution for the con-
ventional whole-cell clamp experiments contained (mM):
KOH 120, aspartic acid 80, Mg-ATP 5, KCI 20, HEPES 5,
EGTA 5, and GTP-Na, 0.1 (pH 7.2 with aspartic acid).
For the perforation patch-clamp recording, the pipette
solution was composed of (mM) KOH 110, aspartic acid
110, KCI 30, NaCl 10, HEPES 5, and EGTA 10 (pH 7.2
with KOH), and amphotericin B 0.2 mg/mL was added.
To block the L-type Ca*" current (I, ), 0.3 uM nisol-
dipine was added to the normal Tyrode’s solution. BaCl,,
CsCl and CdCl, were used to block the inward rectifier
K* current (Iy,), Iy and Iy, respectively, in the present
study. They were dissolved in distilled water as 1 M stock
solution and added to the normal Tyrode’s solution to
obtain the final concentrations described in the text.

Electrophysiological analysis

The whole-cell patch-clamp method was used for record-
ing membrane potentials and currents (patch-clamp
amplifier Axopatch 1D or Axopatch 200B, Molecular
Devices, Chicago, IL, USA). Borosilicate glass elec-
trodes had tip resistances between 2.0 and 5.0 MQ when
filled with internal solution. Action potentials were
recorded using the perforated patch-clamp technique
at 35+0.5 °C. Membrane currents were recorded under
voltage-clamp conditions at 35-36 °C. Pulse protocols
and data acquisition and storage were accomplished
with CLAMPEX (Molecular Devices, Chicago, IL, USA).
The cell membrane capacitance (C,) was determined
by applying a 30-ms hyperpolarizing voltage-clamp step
from a holding potential of —40 mV to—50 mV, then
dividing the time-integral of the capacitive current by the
voltage step. All patch-clamp data were analyzed using
IGOR software (version 7.0, Wavemetrics, Portland, OR,
USA).

Statistical analysis

Data are expressed as mean =+ standard error. Statistical
significance was evaluated using Student’s ¢ test or one-
way ANOVA followed by a post hoc test with Bonferroni
correction. A p value less than 0.05 was considered sta-
tistically significant. The number of cells (#) used in each
experiment is indicated in the figures or text.
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Results

Action potential and whole-cell currents

Figure 1A shows representative traces of evoked action
potential recorded in PV cardiomyocytes of rat, guinea
pig, and rabbit. In PV cardiomyocytes of rat, the rest-
ing potential was —71+2 mV (n=9) and spontaneous
activity was not observed. However, the spontaneous
action potentials were recorded in 1 out of 10 and in
5 out of 9 PV cardiomyocytes of guinea pig and rab-
bit, respectively. The quiescent PV cardiomyocyte in
guinea pig and rabbit PV showed a resting potential
of —58.4+4.8 mV (n=10) and —40.1+4.2 mV (n=9),
respectively, with variable AP durations as shown in
Fig. 1B, C. The spontaneous action potential observed
in guinea pig PV cardiomyocytes is shown in Fig. 1D,
where slow depolarization is seen during diastole. For
rabbit, spontaneous activity was observed in 4 of 9 cells
and, even in quiescent cells, a train stimulation at a
pacing cycle length of 2 s successfully triggered a spon-
taneous activity (Fig. 1E). All these findings are consist-
ent with previous findings that PV cardiomyocytes have
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the potential to generate spontaneous activity in vari-
ous mammalian species

Figure 2 shows whole-cell currents of PV cardiomyo-
cytes of rat, guinea pig, and rabbit recorded in a nor-
mal Tyrode’s solution. Square pulses of 300 ms were
applied from—40 mV to various potentials ranging
between — 100 mV and + 60 mV. In all species, activation
of the I,; was followed by a delayed rectifier K* current
in response to depolarization, and the I, was predomi-
nant on hyperpolarization. In rabbit preparations, some
cells showed a significant amplitude of transient out-
ward currents (I,,) upon depolarization (18 of 21 cells)
(Fig. 2Ac, left panel), and others did not (Fig. 2Ac, right
panel). The action potential of rabbit PV cardiomyocytes,
which had no I, showed less negative resting mem-
brane and spontaneous electrical activity was recorded
after train stimulation at a pacing cycle length of 2 s. The
C,, of rat PV cardiomyocytes was 191.3+23.0 (n=20),
which was significantly larger than those of guinea pig
(63.7+4.7 pF, n=23) and rabbit (71.6£7.4 pF, n=30).
The variable cell size and relatively larger C, value of rat
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Fig. 1 Representative action potentials recorded in PV cardiomyocytes of rat (A), guinea pig (B), and rabbit (C). Spontaneous action potentials
recorded in PV cardiomyocytes of guinea pig (D). The action potential indicated by the arrow is shown in an expanded time scale in the right panel.
Typical tracings recorded from the PV cardiomyocytes of rabbit are an elicited action potential (Ea) and subsequent spontaneous electrical activity
(Eb) after the train stimulation at a pacing cycle length of 2 s. The action potential indicated by the arrow is shown in an expanded time scale at the
right panel. Dashed lines indicate 0 mV
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Fig. 2 Comparison of membrane currents and /-V relationships of isolated PV cardiomyocytes from rat, guinea pig, and rabbit. A Current traces
were obtained from PV cardiomyocytes of rat (a), guinea pig (b), and rabbit (c) in a normal Tyrode's solution. Traces shown were obtained by

potential of —40 mV to a test potential from — 100 mV to+ 60 mV. In PV

cardiomyocytes of rabbit, two obviously different families of currents were detected, where some cells possessed transient outward current (left)
and others did not (right). Dashed lines indicate the zero current level. B /-V relationships for the initial current (open circles) and the current near
the end of the pulses (filled circles) in rat (a), guinea pig (b), and rabbit (c

). A transient outward current was shown only in rabbit (open squares)

PV cardiomyocytes were consistent with our previous
study [10].

Time-dependent /,, in rat and guinea pig PV

In the experiment shown in Fig. 3, we attempted to
record the I. Upon hyperpolarizing voltage steps of 2 s
each from —40 mV to various potentials, PV cardiomyo-
cytes showed instantaneous current jumps followed by a
rapid decay (Fig. 3, upper panel). This current was inhib-
ited by 1 mM Ba®", indicating the inwardly rectifying K™
current (Ii;) and the acetylcholine-activated Kt current.
After inhibition of these K™ currents, a time-dependent
I, was observed in 55% (12 out of 22 cells) of rat PV car-
diomyocytes and in 88% (14 out of 16 cells) of guinea
pig ones. In rabbit PV cells, we failed to detect time-
dependent currents (19 cells, Fig. 3, middle upper panel).
The I, of rat PV was not suppressed by 5 mM Cs™ and
was suppressed by 1 mM Cd*", while it was suppressed
by 5 mM Cs* but not by 1 mM Cd>" in guinea pig PV.
This finding was confirmed in six other cells in rat and in
four other cells in guinea pig (Fig. 4A). The I, amplitude

at— 140 mV in Tyrode’s solution containing nisoldipine
and 1 mM Ba*" was —3.140.4 pA/pF in rat,—1.940.2
pA/pF in guinea pig, and —0.09+0.04 pA/pF in rabbit
(Fig. 4A). These findings indicate that the [, of rat PV is
chiefly derived from I, and the current of guinea pig
consists of I.

The current amplitudes at the beginning and near the
end of voltage pulses were measured before and after
application of 5 mM Cs™ and subsequently 1 mM Cd*™,
and plotted against the membrane potentials. The I, was
activated at potentials more negative than—80 mV in
rat and guinea pig PV, and was followed by tail currents
upon repolarization to—40 mV (Fig. 4B). No significant
time-dependent current was recorded in rabbit PV cells.
The steady-state activation was evaluated by measur-
ing the amplitude of the tail current. The relationship
between the test potentials and the relative amplitude
of the tail current was fitted with the Boltzmann equa-
tion, and plotted in Fig. 5A. The V,,, and slope factor
were —97.3+8.8 and —16.3+£ 1.1 mV, respectively, in rat
PV,—66.0+£3.3 and —14.94+2.8 mV in guinea pig. The
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Fig. 3 I, inrat, guinea pig, and rabbit PV cardiomyocytes. Recordings from PV cardiomyocytes of rat (left), guinea pig (middle), and rabbit (right).
Recordings in each animal were obtained in the same cell with 2-s hyperpolarizing pulses from — 40 mV to — 140 mV in 10 mV steps. Representative
current traces were obtained in Tyrode solution containing 0.3 uM nisoldipine (top row). Then, the same pulse protocol was applied after addition

Rat
Control
+1mM Baz*
+5mM Cs*
+1mM Cd?*
500ms
of 1 mM Ba”* (2nd row), 5 mM Cs* (3rd row) and 1 mM Cd?* (bottom row). The dashed line indicates O current level

time course of activation from — 140 mV to —90 mV was
analyzed by fitting the time-dependent I, with a sum of
two exponential functions in rat, and a single exponen-
tial function was sufficient for the I, of guinea pig PV
cells. Thus, the voltage-dependent kinetics were different
between rat and guinea pig.

Comparison of membrane currents blocked by Ba%* in rat,
guinea pig, and rabbit

We also compared the Ba®*-sensitive components among
the three species. The Ba>-sensitive components were
obtained by subtracting the currents recorded in the
presence of 1 mM Ba®*" from those in the absence of Ba*".
The representative current traces and the current—volt-
age (I-V) relations for the initial peak and near the end of
the pulses are shown in Fig. 6A. It was shown that time-
dependent decay is marked in rat and guinea pig PV cells,
while the decay is only slight in rabbit PV cells. However,
the amplitude of steady components seemed larger in rat
than in guinea pig. The time course of the current decay
was analyzed by the least squares fit with a sum of two
exponential functions. The fast and slow components of

the time constant and relative weight of fast component
are plotted in Fig. 6B, C. The time constants of the cur-
rent decay were similar among rat, guinea pig, and rabbit.

Discussion

In the present study, we examined the species difference
of the I} in PV cardiomyocytes isolated from rat, guinea
pig and rabbit. Guinea pig and rat PV cardiomyocytes
had a remarkable I, and the pharmacological properties
and voltage-dependent kinetics were different between
the two species. The I, of guinea pig was almost com-
pletely suppressed by 5 mM Cs*, whereas in rats, the I,
was not suppressed Cs* but by 1 mM Cd**. In the pre-
sent study, the differences in the /,, of rat and guinea pig
PV cells were distinguished by the different sensitivity to
Cs* and Cd*", and ionic selectivity was not examined. It
should be noted, however, that in our previous study, the
I, of rat PV cardiomyocytes was investigated thoroughly
in terms of voltage-dependent kinetics, Cl™ selectivity,
and sensitivity to pH and osmolarity [11]. Furthermore,
the I; is well known as a Cs*-sensitive cation current
and its ion selectivity has been extensively examined
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amplitudes were measured at the beginning and near the end of the test pulse of PV cardiomyocytes in rat (left), guinea pig (middle), and rabbit
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in sinoatrial node cells [15]. We thus conclude that the
I, is chiefly due to I; in guinea pig, and I, is the major
component of the I, in rat PV cardiomyocytes. In rab-
bit PV cardiomyocytes, we failed to detect a slowly
activating inward current in response to hyperpolariza-
tion. A negligibly small amplitude of the I, in rabbit PV
cardiomyocytes is not surprising. Although a previous
study suggested the existence of I; based on sensitivity
to Cs*, the current amplitude was very small (<0.6 pA/
pF at—120 mV) [5]. Furthermore, the immunohisto-
chemical study demonstrated that HCN4, a principal
isoform underlying sinoatrial I;, was not expressed in rab-
bit PV [19]. Thus, the present findings indicate that the
ionic nature of the /; and its current density are different
among rat, guinea pig, and rabbit.

Both the I}, of rat and I; of guinea pig are character-
ized as slowly activating inward currents in response
to hyperpolarizing pulses, but the voltage-dependent
kinetics seem different between the two current sys-
tems, as indicated by the V;,, value (—97.3 mV for the
Iy, of rat and —66.0 mV for the I; of guinea pig). The I;
activation range comprises the range of diastolic (pace-
maker) potentials, and determines the slope of diastolic

depolarization in sinoatrial node cells [15]. The V;,, value
has been reported to range between —60 and —110 mV
depending on the experimental condition [15, 20, 21].
Another feature of the I; channel is its direct activation
by cAMP, which shifts the activation curve toward posi-
tive potentials. As for PV cardiomyocytes, Li et al. [17]
reported that V,, of I; was approximately—105 mV
in the canine PV myocardium, and shifted to—87 mV
when rapid atrial pacing (at a rate of 800 beats/min) was
applied for 10 weeks. It was further shifted to —69 mV in
response to B-adrenoceptor activation. However, the V,,
value of Iy, has been reported to depend on the intra-
cellular concentration of Cl~ ([C17];). Okamoto et al. [11]
reported that the V,,, was — 107.6 mV with 40 mM [CI "],
and —121.1 mV with 150 mM [Cl7];. All these findings
together with the present result indicate that the activa-
tion range of I; is more positive than that of I ;..
Regarding the molecular nature of I, in rat PV cardio-
myocytes, CIC-2 exhibits electrophysiological properties
similar to those of I(}; i.e., a hyperpolarization-activated
and slowly activated inward current [22, 23]. CIC-2
belongs to the CIC family, sharing homologous sequence
identity [23]. In fact, the electrophysiological properties
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of the CIC-2 current were remarkably similar to I}
[22, 23]. However, Okamoto et al. pointed out several
differences between the CIC-2 and Iy, of rat PV car-
diomyocytes, such as the effects of intracellular CI~ and
extracellular pH on the steady-state activation, and the
responses to changes in extracellular osmolality [11]. Fur-
ther studies are necessary to clarify these points.

Among the cardiomyocytes isolated from the PV of the
three animal species studied, the proportion of sponta-
neously active cells was highest in rabbit preparations,
and rat PV cardiomyocytes did not show spontaneous
pacemaker activity in the present study. These species
difference might be, in part, explained by the whole-
cell IV relationships (Fig. 2), where the amplitude of the
inward Ca*" current was smallest in rat, while the mem-
brane potential showing 0 current level was most depo-
larized in rabbit preparations (approximately —40 mV,
Fig. 2B). When the Ba>"-sensitive current was compared
among the three species, the amplitude of the current
was lowest in rabbit preparations. The Ba®'-sensitive
current includes not only I, but also the acetylcho-
line-activated K™ current and other K™ currents. How-
ever, the major component seemed to be [, because
the Iy, current shows time-dependent decay at strong
negative potentials [24, 25], as shown in Fig. 6A, prob-
ably because it is blocked by extracellular Na* and pos-
sibly by intrinsic mechanisms [24, 25]. Thus, the present

findings are in good agreement with a view that the
reduced density of Ii; plays a permissive role in intracel-
lular Ca?"-dependent automaticity. Intracellular Ca*"
has been reported to be a key factor for the automaticity
of the PV cardiomyocytes in various animal species [4, 8,
26-28]. In case of the rat, we have reported that the spon-
taneous electrical activity was induced by noradrenaline,
which activates both al- and Pl-adrenergic receptors
to cause Ca*" overload in the sarcoplasmic reticulum,
and that it was suppressed by inhibitors of phospholi-
pase C and the inositol 1,4,5-triphosphate receptor [10].
An inhibitor of the Na™/Ca*" exchanger, SEA0400, also
had inhibitory effects, indicating that the inward current
generated by this exchanger contributes to the electrical
activity of the PV myocardium. Experimental findings
suggesting the importance of intracellular Ca*" dynam-
ics in the spontaneous activity of PV cardiomyocytes
have also been reported for guinea pig [29, 30] and rabbit
preparations [14, 28]. Under a reduced Iy, density, even a
slight increase in inward current is likely to trigger depo-
larization of the resting potential in PV cardiomyocytes.
In addition to the low density of Iy, it has been
reported that the densities of the I; and the T-type
Ca®" current were larger in pacemaking cells than
in nonpacemaking cells [5, 31]. Ivabradine, a selec-
tive I; inhibitor, suppressed the spontaneous activity
of rabbit PV cardiomyocytes [32], although ivabradine
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Fig. 6 Ba’*-sensitive component of the membrane currents in response to 2-s hyperpolarizing voltage pulses from — 40 mV. A Representative
current traces recorded from PV cells of rat (a), guinea pig (b), and rabbit (c). The currents were obtained by subtracting the currents in the presence
of 1 mM Ba’* from those in the absence of Ba’*. The -V relationships were obtained for the initial peak and the end of the Ba’*-sensitive current.

B Time constants were obtained by the least squares fit of the Ba>T-sensitive current with a sum of two exponential functions. Open and filled
symbols indicate fast and slow components, respectively, and circles, squares and triangles indicate rat, rabbit and guinea pig, respectively. C
Relative amplitude of the fast component. Open circles, open triangles and filled squares indicate rat, guinea pig and rabbit, respectively

Rabbit

suppressed not only I; but also Ca?* transient. Oka-
moto et al. showed that CI™ channel blockers attenu-
ated the noradrenaline-induced automaticity in rat
PV cardiomyocytes [11]. These findings indicate that
the inward current systems, which are activated at the
pacemaker range, are more or less able to contribute to
spontaneous depolarization under the reduced I;; den-
sity of PV cardiomyocytes. In the present study /,, was
recorded in 86% of PV cardiomyocytes isolated from
rabbit, and the action potential of rabbit PV cardio-
myocytes, which had no I, showed that less negative
resting membrane and triggered activity was induced
by train stimulation at a pacing cycle length of 2 s. This
finding is in good agreement with a previous study that
showed the amplitude of I, varied from cell to cell and
was smaller in pacemaking cells than in nonpacemak-
ing cells of rabbit preparations [5].

Limitations of the present study

PV cardiomyocytes are heterogeneously distributed from
the proximity of the LA to the periphery of the PV. They
differ in morphology and current densities of individ-
ual ionic current systems. In the present study, we only
screened several tens of cardiomyocytes in individual
animal species; therefore, the number of preparations
might not be sufficient to conclude the existence of I,
and [; in PV cardiomyocytes. In addition, the isolation
procedure was slightly different between rabbit and the
other two species. We used elastase in addition to col-
lagenase for isolating rabbit PV cardiomyocytes. This is
because collagenase alone was not effective to digest the
tissue and obtain isolated cardiomyocytes. The possibility
that the enzyme treatment might have affected the detec-
tion of the J;, cannot be completely excluded. Future stud-
ies that use immunohistochemistry should examine the
distribution of I}, and I;in the PV myocardium.
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Conclusions

In conclusion, the present study showed that the I is
chiefly due to I;in guinea pig, and I¢;;, is the major com-
ponent of the I, in rat PV cardiomyocytes. In rabbit PV
cardiomyocytes, the density of the I, is negligibly small
when compared with rat and guinea pig. Thus, the ionic
nature of the I}, and its current density are clearly differ-
ent among experimental animal species. These results
contribute to our understanding of the cellular mech-
anism underlying the arrhythmogenicity of PV, and it
would be interesting to know the characteristic of the I,
in human PV cardiomyocytes. Such information would
also be useful for drug discoveries that target the phar-
macological treatment of atrial fibrillation.
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