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The structure and the gating mechanisms of two-pore-domain
potassium channels (K2P channels) are becoming clearer
[1–3], and we are now beginning to understand physiological
functions of the 15 K2P channels present in the human ge-
nome. Originally, K2P channels have been regarded as passive
leak channels that contribute to setting the resting potential,
but in recent years, it has become clear that they can do much
more than that. K2P channels are regulated in a very complex
way, perhaps in a more complex way than most other potas-
sium channels. They are sensitive to lipids, mechanical
stretch, intra- and extracellular pH, temperature, gases such
as carbon monoxide and nitric oxide, and other physicochem-
ical stimuli. Acute activation or inhibition of K2P channels
plays a major role in the regulation of many cellular functions.
In addition, the abundance of K2P channels at the cell surface
can be regulated via G-protein-coupled receptors.

Five of the K2P channels (TWIK-1, TWIK-2, THIK-2,
TASK-5, KCNK7) have long been regarded as ‘silent’ chan-
nels because they could not be functionally expressed in het-
erologous expression systems and because no current attribut-
able to these channels could be detected in native cells. How-
ever, two of these channels (TWIK-1 and THIK-2) have

recently been characterised. It was found that their traffic to
and from the surface membrane was regulated by constitutive
endocytosis (TWIK-1) or by an intracellular retention signal
(THIK-2). It is likely that they are functionally expressed un-
der certain conditions, but their physiological function is still
unclear. We expect that the role of the other ‘silent’ channels
will be characterised in the near future.

In the nervous system, K2P channels are critically involved
in adjusting the resting membrane potential and shaping the
firing properties of neurons. Based on this basal function and
their multiple modulations, K2P channels represent important
control elements for neuronal output. In thalamocortical relay
neurons, TASK-1, TASK-3, and TREK-1 channels are stimu-
lated or inhibited by a number of physicochemical stimuli
including neurotransmitters of the ascending arousal system
of the brainstem, thereby setting the activity modes of these
neurons during wakefulness and sleep.

Enhancement of potassium currents of the K2P family is a
plausible mechanism for producing general anaesthesia, a
condition with shows some similarities to natural deep sleep.
TASK-1, TASK-3, and TREK-1 channels are opened by cer-
tain inhalational anaesthetics and are plausible candidates for
mediating some of the central anaesthetic effects. TREK-1,
TREK-2, and TRESK channels may be involved in the sen-
sation of pain, and their upregulation may represent a possible
strategy for the treatment of pain. TRESK channels are abun-
dantly expressed in sensory neurons of the dorsal root gangli-
on; their unique properties, regulation, and pharmacology
may be useful for developing selective activators of these
channels. TASK channels are also involved in central and
peripheral chemoreception and in the regulation of breathing,
and some of these effects may be mediated by their sensitivity
to extracellular pH.
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The pathophysiological roles of ion channels in the central
nervous system are difficult to study because most of the
channels are differentially distributed in various regions of
the brain. Yet, researchers have made remarkable progress in
understanding the roles of K2P channels in neuroinflammatory
diseases and in neuroprotection during cerebral ischemia.
Finally, the roles of K2P channels in the electrical activity of
the heart, in oxygen sensing in the carotid body, and in hor-
mone release by the adrenal gland have been characterised.

A research consortium (FOR1086) supported by the
Deutsche Forschungsgemeinschaft (DFG, German Research
Council) set out in 2008 to elucidate the physiology and path-
ophysiology of K2P channels. The consortium consisting of
nine groups based in Germany (Göttingen, Kiel, Marburg,
Münster, and Regensburg) has cooperated with an internation-
al network of K2P researchers. The members of this network
have been invited to summarise the current knowledge on the
function of K2P channels. The collection of reviews and

original articles compiled in this special issue of Pflügers
Archiv, European Journal of Physiology, represents an up-
to-date overview of the physiology and pathophysiology of
K2P channels.
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