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Potassium channel activity regulates
vascular smooth muscle membrane poten-
tial, with increased channel activity result-
ing in membrane hyperpolarisation. This
counteracts the activity of voltage depen-
dent calcium channels, preventing calcium
entry into the cell and subsequent contrac-
tion. Over the past decade the Kv7 family
of voltage gated potassium channels have
been identified as key players in the regu-
lation of vascular tone. Activation of Kv7
channels produces relaxation in a range of
precontracted vessels in murine, rat and
human models while blockade of Kv7
channels produces contraction of various
vessels at rest (see1 for recent review). Of
the 5 Kv7 subtypes, Kv7.1 7.4 and 7.5 are
consistently expressed in the vasculature
where the predominant molecular archi-
tecture has been shown to be a Kv7.4/
Kv7.5 heterotetramer.2,3 Recent research
has focused on the role of Kv7 channels in
vasodilations mediated by endogenous
molecules, uncovering several vasodilators
which act at least in part via activation of
Kv7 channels. The seminal study by
Chadha et al4 established that Kv7 chan-
nels contribute to cyclic AMP (cAMP)
dependent isoproterenol mediated vasore-
laxations in the rat renal artery. This work
used a combination of pharmacological
and molecular tools and showed that
either blockade of Kv7 by linopirdine, or
knockdown of Kv7.4 in vessels, attenuated
the isoproterenol relaxation. Further stud-
ies have since shown that in other vascular
beds Kv7 channels contribute to the
cAMP-dependent relaxations. In the cere-
bral arteries calcitonin gene related pep-
tide2 and forskolin relaxations5 are
inhibited by linopirdine, while in coro-
nary arteries adenosine relaxations are Kv7
dependent.6 These studies have estab-
lished the importance of Kv7 channels in

the mediation of cAMP dependent relaxa-
tions in the vasculature, but their role in
other endogenous signaling pathways was
not clear.

The recent findings published in Stott
et al7 reveal that Kv7 channels are
involved in mediating cyclic GMP
(cGMP) dependent relaxations in the rat
vasculature. The guanylate cyclase cGMP
signaling pathway is a key vasodilator
pathway involved in the regulation of vas-
cular smooth muscle contractility. Activa-
tion of guanylate cyclase either by
membrane bound natriuretic peptide
receptor stimulation or by liberation of
nitric oxide, results in an increase of cyclic
GMP. By targeting these 2 mechanisms
using the nitric oxide donor sodium nitro-
prusside (SNP) and either atrial or C-type
natriuretic peptide (ANP and CNP,
respectively), this study showed that the
cGMP dependent relaxations produced by
all of these agents were inhibited in the
presence of linopirdine in the rat aorta.
Interestingly, in the renal artery only the
ANP relaxations were sensitive to linopir-
dine. Crucially these relaxations were not
inhibited by the Kv7.1 specific blocker
HMR 1556, or other potassium channel
blockers such as other Kv channels
(4-aminopyridine), KATP (Glibencla-
mide), BKCa(Paxilline) and KIR (Tertiapin
Q). Moreover, in spontaneously hyperten-
sive animals which show decreased vascu-
lar Kv7.4 expression, these responses were
all compromised. This is consistent with
previous findings that endogenous vasodi-
lation that are Kv7 dependent are com-
promised in hypertensive animals (2,4,6

summarised in Fig. 1). Overall, this data
shows for the first time the dependence of
cGMP dependent vasorelaxations on Kv7
channels, and that these are compromised
in hypertension.
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A noteworthy aspect of this study was
the revelation of a fascinating aspect of
vascular physiology; that a vasorelaxant
signaling pathway can be reliant upon dif-
ferent functional endpoints in different
vascular beds. If cGMP relaxations can act
via Kv7 channels in the aorta and renal
artery and enhance Kv7.4 currents, why
does this axis not come into play to medi-
ate CNP or SNP relaxations in the renal
artery? It is possible that the cellular archi-
tecture in aortic and renal myocyte differs
in the relationship of Kv7 channels to

natriuretic peptide receptors. There is a
tendency to think of signaling events as
comprising of definitive steps which must
occur for an outcome to take place. How-
ever, perhaps they are actually much more
opportunistic in reality - acting on the
closest receptive effector that can get the
job done. This would highlight how cru-
cial subcellular localization can be to a
physiological outcome of receptor medi-
ated effects, and would go some way to
explaining differences seen across the vas-
cular tree. Nevertheless, the body of

evidence bearing testimony to the crucial
role of Kv7 channels in maintaining and
regulating vascular tone continues to
grow.
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Figure 1. In normotensive vessels a number of endogenous vasodilators acting via either cyclic
AMP (CGRP, adenosine, isoproterenol) or cyclic GMP (ANP) linked receptors, produce vasorelaxa-
tions that are dependent upon Kv7 channels. However, in hypertensive vessels where Kv7.4 protein
levels are reduced, these agents are not able to produce relaxations.
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