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Selective activation of adrenoceptors potentiates /Ks
current in pulmonary vem cardiomyocytes through the
protein kinase A and C signaling pathways
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Selective activation of adrenoceptors potentiates Ixs current in pulmonary-
FALFmCRE E |vein cardiomyocytes through the protein kinase A and C signaling pathways
(FERARDIFHIIR D Is F X RNTHRT 27 FL T U U ZREOREHERE)

Background and purpose: Atrial fibrillation (AF) is the most common of all sustained
cardiac arrhythmias in humans, manifesting more frequently with age and being typically
caused by stroke, although the mechanisms underlying the initiation of AF are still not fully
understood. A reduction in the pulmonary veins (PVs) focus through ablation is effective for
treating acute and sustained AF, suggesting dynamic interaction between the left atrial (LA)
and PVs ectopic activity.

The slow component of the delayed rectifier K* channel (Js) has been shown to exist in the
cardiac myocytes of various mammalian species. Our group previously reported that
suppression of the s current by its selective blocker delays the repolarization process and
markedly reduces the pacemaker activity in SA node cells of guinea pigs suggesting that Jxs
can contribute to the repolarizing process in SA node cells, which is important for
determining the pacemaker activity. We hypothesized that Ixs might be expressed in the
pulmonary vein cardiomyocyte (PVC), and Ixs might modify the property of PVC
automaticity, especially under adrenoceptor-stimulated conditions. The objective of this study
was to investigate the electrophysiological properties of ks and compared the effects of -,
B,- and o -adrenergic receptor stimulation on ks in PVC.

Methods: Female Hartley guinea pigs (4-6 weeks old, 250-400 g) were used in the present
experiments. PVC and left atrial myocytes were isolated using Langendorff perfusion method.
The expression and localization of Ixs channel in PVC was analyzed by western blotting and
immunocytochemistry. Perforated and ruptured whole-cell patch-clamp techniques were used
to record the action potentials and s currents from PVC in the current- and voltage-clamp
modes, respectively, with an EPC-8 patch-clamp amplifier. The actions of -, B2- and
aj-adrenoceptor stimulation on Jks in PVC, involved in the cAMP-protein kinase A (PKA),
the protein kinase C (PKC) signaling pathway were examined by SQ 22536 (AC inhibitor,
300 uM), H89 (PKA selective inhibitor, 25 uM) or BIS-I (selective PKC inhibitor, 0.5 uM).
The functional role of Iks in PVC automaticity (action potentials) under basal and
[-adrenergic stimulation conditions was testified by the s selective blocker HMR-1556.

Result: The present study examined the electrophysiological properties of s and its
modulation by stimulating the B;-, ;- and a;-adrenergic receptors in PVC. Our findings show
that (1) the functional Ixs channel (KCNQ1I) was expressed and located on the cell membrane;
(2) Ixs amplitude was markedly enhanced with a negative shift in the voltage dependence of
the channel activation by both B;- and 3;-adrenoceptor stimulation mediated via the adenylyl
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cyclase (AC)-cAMP-PKA signaling pathway and also potentiated by a;-adrenoceptor
lactivation through the PKC signaling pathway; (3) separately from the ;- and a;-adrenergic
pathways, norepinephrine more swongly potentiated the firing rate of action potentials in PVC
through the P;-adrenergic pathway, whereas it is noteworthy that the pharmacological
activation of Bi- or B,-adrenergic receptor by their selective agonists increased the firing rate
to a similar degree; (4) the blocking potency of Ik, inhibitor was higher under
-adrenoceptor-stimulated conditions than under basal conditions in the presence of the Ik
selective inhibitor HMR-1556; and (5) the Ik current density was significantly higher in PVC
than in left atrial myocytes.

Discussion: Our study clearly demonstrated that /xs protein was expressed and located on the
cell membrane, and the electrophysiological experiments showed that the current kinetics of
Iks in PVC were similar to those recorded from cardiac myocytes, although the current density
was higher in PVC than left atrial myocytes.

Moreover, the present study is the first to demonstrate that the stimulatory action of both B;-
and B,-adrenoceptors on ks in guinea pig PVC was mediated by the AC-cAMP-PKA
signaling pathway. The Ik current amplitude in PVC is more effectively potentiated by
B2-adrenoceptor stimulation than by fj-adrenoceptor stimulation. Under heart failure
conditions, the expression of [;-adrenoceptor is down-regulated, whereas that of
2-adrenoceptor is preserved. In addition, Selective blockade of B;-adrenoceptor potentiates a
positive inotropic effect to catecholamine mediated via the B,-adrenoceptor in human atrial
myocytes. Furthermore, the dominant subtype of p-adrenoceptors in the lungs is
B,-adrenoceptor, and the distribution between B;- and P,-adrenoceptor was shown to be
around 22:78 in guinea pigs and 30:70 in humans, respectively. These previous reports may
explain the stronger potentiation of ks in PVC induced by [B;-adrenoceptor activation. More
importantly, blockade of Ik, is more effective after f-adrenoceptors stimulation than in control
settings, indicating the critical modulation of Ixsin PVC automaticity when sympathetic tone
is promoted.

|Conclusion: The present study showed that an elevated sympathetic tone is accompanied by
an enhancement of voltage-dependent outward K current through ks in guinea pig PVC.
Taken together with previous observations, our results form an important electrophysiological
basis for insight into the regulatory mechanisms for ion channels in PVC under physiological
conditions and during sympathetic stimulation.
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