
Cell Physiol Biochem 2022;56:663-684
DOI: 10.33594/000000589
Published online:  25 November 2022 663

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2022 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

Schreiber et al.: Physiological and Pharmacological Properties of the TRESK Channel

Review

Accepted: 8 November 2022

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND). Usage and distribution for commercial purposes as well as any distribution of 
modified material requires written permission.

DOI: 10.33594/000000589
Published online: 25 November 2022

© 2022 The Author(s)
Published by Cell Physiol Biochem 
Press GmbH&Co. KG, Duesseldorf
www.cellphysiolbiochem.com

© 2022 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

The Special One: Architecture, Physiology 
and Pharmacology of the TRESK Channel
Julian A. Schreibera,b    Martina Düferb    Guiscard Seebohma

aUniversity Hospital Münster, Institute for Genetics of Heart Diseases (IfGH), Department of 
Cardiovascular Medicine, Münster, Germany, bUniversity of Münster, Institute of Pharmaceutical and 
Medicinal Chemistry, Department of Pharmacology, Münster, Germany

Key Words
K2P channels • TRESK • Pharmacology • Ion channel • Pain • Epilepsy

Abstract
The TWIK-related spinal cord K+ channel (TRESK) is part of the two-pore domain K+ channel 
family (K2P), which are also called leak potassium channels. As indicated by the channel family 
name, TRESK conducts K+ ions along the concentration gradient in a nearly voltage-independent 
manner leading to lowered membrane potentials. Although functional and pharmacological 
similarities exist, TRESK shows low sequence identity with other K2P channels. Moreover, the 
channel possesses several unique features such as its sensitivity to intracellular Ca2+ ions, that 
are not found in other K2P channels. High expression rates are found in immune-associated 
and neuronal cells, especially in sensory neurons of the dorsal root and trigeminal ganglia. As 
a consequence of the induced hyperpolarization, TRESK influences neuronal firing, the release 
of inflammatory mediators and the proliferation of distinct immune cells. Consequently, this 
channel might be a suitable target for pharmacological intervention in migraine, epilepsy, 
neuropathic pain or distinct immune diseases. In this review, we summarize the biochemical 
and biophysical properties of TRESK channels as well as their sensitivity to different known 
compounds. Furthermore, we give a structured overview about the physiological and 
pathophysiological impact of TRESK, that render the channel as an interesting target for 
specific drug development.

Introduction – The K2P Channel Family

Potassium (K+) ion channels are essential for the viability and electrical integrity of nearly 
all living cells [1]. As a result of selective K+ permeation along the concentration gradient 
they are crucial for the maintenance of membrane potential as well as repolarization [2, 
3]. With more than 80 different genes encoding channel-forming subunits (α subunits) K+ 
channels represent the most diverse group of selective ion channels [4]. So far, four different 
families are known: voltage-gated (Kv), inward rectifying (Kir), Ca2+- or Na+-activated (KCa / 
KNa), and two pore domain K+ channels (K2P) [5].
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The first member of the mammalian K2P channel family was identified in 1996 [6]. 
Surprisingly, it shows a novel channel architecture completely different to the other known 
mammalian K+ channels (Fig. 1A-1C) [6]. While Kv-, Kir and KCa / KNa assemble as tetramers of 
α subunits, this channel has a homodimeric structure [6]. On the other hand, each monomer 
possesses two instead of one pore forming region, each comprised of the pore helix (P1/P2) 
and the pore loop (SF1/SF2) (Fig. 1A, 1C) [6]. Consequently, assembling of two monomers 
results in the formation of a tetramer-like selectivity filter (SF), that is similar to the SF of 
other K+ channels ensuring the selective permeation of K+ ions [7]. Heterologous expression 
of the channel results in an almost linear current-voltage relationship with a weak inward 
rectification [6]. Therefore, it was named TWIK1, which stands for “tandem of pore domains 
in a weak inward rectifying K+ channel 1” [6].

Today, 15 different genes encoding K2P subunits are known, that commonly form 
homodimers [8]. Recent studies suggest, that heterodimerization can occur for some K2P 
subunits, which is comprehensible due to their highly related monomer structure [9–12]. 
Beside the typical pair of pore-forming regions (P1/P2, SF1/SF2) each monomer possesses 
four transmembrane helices (M1-M4) and two extracellular helices (C1, C2) (Fig. 1A-1C) 
[13]. In the dimeric channel, C1 and C2 form the typical Cap-structure, that is responsible 
for the insensitivity of K2P channels to most classical K+ channel pore blockers and peptide 
toxins [13, 14]. Interestingly, many K2P channels have an extended intracellular C-terminus, 
that is involved in functional modulation of the ion channel by phospholipids, fatty acids, and 
regulatory proteins [15, 16].

Since K2P channels adopt conductive states over a broad range of voltages, they are also 
called K+ leak channels [17]. However, their open probability can be effectively modulated by 
different entities like membrane tension, H+, phosphatidylinositol 4,5-bisphosphate (PIP2), 
volatile anesthetics or temperature [18]. Contrary to Kv channels, most K2P channels do not 
possess an intracellular gate [18]. Therefore, the gating process is mainly controlled by the 
SF, that shows a behavior similar to C-type inactivation of Kv channels [19–22]. However, 
recent studies identified the X gate at TASK channels, that is located at the inner vestibule 
controlling the pharmacodynamics of TASK-1 channel inhibitors [23].

Fig. 1. A. Secondary structure of K2P 
channel monomer. Cap-domain is 
formed by helices C1/C2 (green), 
while helices M1-M4 (blue, purple), 
pore helices (P1/P2) and loops (SF1/
SF2) form the ion pore. B. Cryo-EM 
structure of homodimeric TWIK1 
channel (PDB 7SK0). Color-code is 
defined in A. C. Top view of TWIK1 
channel without Cap-domain. Color 
code is defined in A. Selectivity fil-
ter is formed by P1/SF1 and P2/SF2 
while lower ion pathway is formed 
by inner helices M2 and M4. D. Phy-
logenetic tree of KCNK1-18 protein 
sequences. Tree was assembled using 
MEGA X [122] and protein sequences 
from accession numbers NP002236.1 
(KCNK1), NP001017424.1 (KCNK2), 
NP002237.1 (KCNK3), NP201567.1 
(KCNK4), NP003737.1 (KCNK5) 
NP004814.1 (KCNK6), NP005705.1 
(KCNK7), NP001269463.1 (KCNK9), 
NP201567.1 (KCNK10), AAG32313.1 (KCNK12), ACH86101.1 (KCNK13), NP071753.2 (KCNK15), 
NP001128577.1 (KCNK16), NP113648.2 (KCNK17) and NP862823.1 (KCNK18).
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Based on their functional properties K2P channels can be subdivided into subfamilies of 
weakly inward rectifying (TWIK), TWIK-related (TREK), acid-sensitive (TASK), arachidonic 
acid-sensitive (TRAAK), alkaline-activated (TALK), halothane-inhibited (THIK) and TWIK-
related spinal cord (TRESK) K+ channels (Fig. 1D) [24]. The last identified K2P channel is 
TRESK, which was found in 2003 by analysis of the human genome data base [25]. Although 
structural similarity is assumed, sequence identity compared to the other K2P channels is only 
13 - 19 % [25]. Low sequence identity as well as several unique features render TRESK as 
the most diverse channel of the K2P family. The structural, biophysical, and pharmacological 
properties of TRESK are explained in the following paragraphs of this review. Furthermore, 
the significance of TRESK channels for physiological and pathophysiological processes is 
discussed in detail.

Protein sequence differences of TRESK

Comparing the protein sequences identifies TRESK as the most divergent K2P channel. 
Alignment of human TWIK1 with human (h), mice (m) and rat (r) TRESK results in a 
sequence identity of approximately 20 % (Fig. 2). A major reason for this low sequence 
identity is the intracellular loop formed by more than 100 amino acids between M2 and 
M3 representing a functional domain, that is absent in all other K2P channels (Fig. 2, 
Fig. 3A-3B) [25]. This domain is responsible for the unique sensitivity of TRESK to cytosolic 
Ca2+ ions, which increase channel activity via a mechanism that includes calcineurin binding 
to the M2/M3 loop and subsequent channel dephosphorylation [25, 26]. Further, TRESK 
does not possess an extended C-terminus, which enables the interaction of K2P channels with 
regulatory proteins [15, 16].

Since many species differences are described in literature, we specified the species for 
properties of the mouse (m), rat (r), zebrafish (z) and human (h) channel orthologues, that 
are different or not directly transferable for other TRESK orthologues. The protein sequence 
of mTRESK, which was isolated in 2004 from testis show moderate sequence identity as well 
[27]. Due to only 65 % identity compared to hTRESK, it was speculated that the identified 
channel could be a new member of the TRESK subfamily [27]. Consequently, it was named 
TRESK2 [27]. However, until today no second TRESK channel has been identified, neither in 
mouse nor in human.

Protein sequences of other species show comparable (rat) or even lower (zebrafish) 
sequence identity leading to increased possibility of species-dependent biophysical, 
physiological or pharmacological properties [28]. For example, the zebrafish orthologue 
shares only 32 % identity with hTRESK, but exerts similar behavior regarding the overall 
biophysical properties [28]. However, zTRESK cannot be inhibited by the hTRESK inhibitor 
quinidine and shows no sensitivity to increased cytosolic Ca2+ levels, since it does not possess 
the calcineurin binding motif at the M2/M3 loop [28].

Biophysical properties and endogenous modulation

Expression of hTRESK in Xenopus laevis oocytes generates outward rectifying currents 
in the whole cell configuration, that are depending on the extracellular K+ concentration 
[25]. Channel function is not influenced by temperature, but similar to other K2P channels, 
sensitivity to membrane stretch or changes in osmolarity is detected in experiments using 
rTRESK [25, 29]. Membrane tension by shear stress as well as hypotonicity increase channel 
open probability, while hypertonicity results in channel inhibition [29]. Single channel 
recordings of mTRESK show different behavior depending on current direction even under 
symmetrical K+ conditions with a conductance ranging from 12 pS (outward) to 16 pS 
(inward) [27, 30]. Outward currents are characterized by robust square shaped openings 
while inward currents appear as very short burst like openings [27, 30].
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Similar to most other K2P channels experimental data suggest, that TRESK gating is not 
influenced by bundle crossing at the intracellular site [31]. Application of Ba2+ ions to the 
intracellular site in excised inside-out membrane patches results in channel inhibition [31]. 
The kinetics of TRESK channel inhibition by Ba2+ is independent from the channel activity as 
well as the phosphorylation state of TRESK [31]. This indicates that channel activity is not 
controlled by an intracellular gate with flexible diameter [31]. On the other hand, mutation 
of residues from M2 or M4 that form the inner cavity beneath the SF can influence the 
channel activity. Mutation of mTRESK F154 (M2) and F364 (M4) to alanine result in strongly 
increased channel activity (Fig. 3C) [32]. Furthermore, the double mutant mTRESK F154A/
F364A is insensitive to the Ca2+ mobilizing compound ionomycin as well as the known TRESK 
channel activator cloxyquin rendering this double mutant as constitutively active [32].

Contrary to rodent TRESK channels, the human orthologue is not sensitive to extracellular 
pH alterations [33]. H+ sensitivity is generated by a histidine (mTRESK H132, rTRESK H143) 
at the extracellular end of the SF, that is also present in other K2P channels but replaced with 
a tyrosine in hTRESK deleting H+ sensitivity (Fig. 3C) [33–35]. At pH 5 mTRESK currents 
are inhibited by around 50 %, while pH >8 leads to current elevation [33]. H+ sensitivity 
can be generated by replacing the hTRESK tyrosine with a histidine (hTRESK Y121H) [33]. 
Recent cryo-EM studies using TWIK1 indicate, that inhibition by low pH is generated by 
an upward movement of the histidine, subsequently destabilizing the SF [7]. Furthermore, 
this histidine is responsible for binding of Zn2+ ions generating similar species-dependent 
inhibitory sensitivity to these ions as well [36].

Fig. 2. Protein sequence align-
ment of hTRESK (NP_862823.1), 
mTRESK (NP_997144), rTRESK 
(NP_001003820.1) and hTWIK1 
(NP_002236.1). Secondary struc-
ture elements (M1-M4, C1/C2, 
P1/P2) based on Sano et al. [25] 
are given for hTRESK. Amino ac-
ids identical with hTRESK are col-
ored black, while non-conserved 
residues are red. M2/M3 loop is 
indicated by magenta line. Impor-
tant residues for selectivity filter 
loop (SF1, SF2), Hg2+/H+/Zn2+ 
binding as well as binding motifs 
for calcineurin (CaN) and 14-3-3 
adapter proteins are highlighted 
in gray or olive (tubulin, SP2-SP4).

hTRESK MEVSGHPQ----------------------ARRCCPEALGKLFPGLCFLCFLVTYALV---GAVVFSAIE-DGQVLVAAD 54

mTRESK MEAEEPPEARR-----------CCPEALGKARGCCPEALGKLLPGLCFLCCLVTYALV---GAALFSAVE-GRPDPEAEE 65

rTRESK MEAEEPPEARRRCPEALGKASGCCPEAPGKARGCCPEALGKLLPGLCFLCCLVTYALV---GAALFSAVE-GRPDPEAEE 76

hTWIK1 -------------------------MLQSLAGSSCVRLVERHRSAWCFGFLVLGYLLYLVFGAVVFSSVELPYEDLLRQE 55

hTRESK DGEFEK-FLEELCRILNCSETVVEDRKQDLQGH----LQKVKPQWFNRTTHWSFLSSLFFCCTVFSTVGYGYIYPVTRLG 129

mTRESK NPELKK-FLDDLCNILKCNLTVVEGSRKNLCEH----LQHLKPQWLKAPQDWSFLSALFFCCTVFSTVGYGHMYPVTRLG 140
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Contrary to H+ / Zn2+, Hg2+ ions are able to inhibit mTRESK and hTRESK channels 
suggesting a different binding site [36]. Due to the non-reversible inhibition, it was speculated 
that the mechanism is based on the formation of Hg2+-thiolate complexes with cysteines [36]. 
Mutational analyses identified two extracellular cysteines (mTRESK C77, C82) at the Cap-
structure that might be involved into Hg2+ binding (Fig. 3C) [36]. However, double mutant 
mTRESK C77S/C82S cannot abolish Hg2+ inhibition completely [36]. Since other K2P channels 
are not inhibited or even activated by Hg2+ ions, they might be useful for pharmacological 
differentiation in vitro, but toxicological and reactivity aspects limit the usage [36].

The Cap-structure also influences the surface expression and / or trafficking of mTRESK 
and hTRESK via N-glycosylation [37]. Within the first identification of hTRESK the authors 
identified two possible asparagine residues suitable for N-glycosylation [25]. hTRESK N70 
as well as the corresponding mTRESK N83 are located at the top of the Cap-structure (Fig. 
3C), while the hTRESK specific residue N96 (Fig. 2) is positioned near the extracellular 
site of the SF [25, 37]. Interestingly, the asparagine in the Cap-structure is neighbored by 
cysteine that is responsible for Hg2+ binding (Fig. 2, Fig. 3C) [36, 37]. TEVC measurements 
using glycosylation-deficient mutants hTRESK N70Q and N96Q as well as the corresponding 
double mutant reveal significant current reduction between 20-60 % compared to wildtype 
channels (WT) [37]. For the mTRESK mutant N83Q even a higher current reduction of 80 % 
compared to the WT is observed [37]. Mobility shift assays confirm N-glycan formation 
for hTRESK N70 and mTRESK N83 by comparison to the corresponding mutants [37]. For 
single hTRESK N96Q mutation no mobility shift compared to WT can be detected indicating 
a dominant role of N70 [37]. Nevertheless, reduced currents for all mutants correlate with a 
significant lower surface expression [37].

Fig. 3. A. Schematic depiction of 
TRESK monomers including M2/
M3 loop (magenta) with calcineu-
rin (CaN, pink), 14-3-3 (blue) and 
tubulin (grey) binding sites. Phos-
phorylation sites SP1 – SP4 are in-
dicated by yellow dots. B. Homol-
ogy model of mTRESK based on 
KCNK18 AlphaFold structure (Uni-
prot Q7Z418) [123,124]. The mod-
el was generated using YASARA 
structure [125]. Color code is de-
fined in panel A. C. Depiction of 
important amino acids (pink) at 
mTRESK. D. Binding motifs at the 
M2/M3 loop (magenta) and func-
tional regulation of TRESK by calci-
neurin (CaN; pink), 14-3-3 (blue), 
protein kinase A and C (PKA / PKC; 
yellow), microtubule affinity-regu-
lating kinases (MARK; yellow) and 
tubulin (grey). H132
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TRESK channel activity can be modulated by endogenous anionic lipids and fatty acids 
as well [15, 25, 38]. hTRESK is strongly inhibited by arachidonic acid with an IC50 value of 6.6 
µM [25]. Partial channel inhibition can be observed for 20 µM unsaturated docosahexaenoic 
(DOA), linoleic (LA) and oleic acid (OA) [25]. Slightly increased inhibition is observed for 10 µM 
oleoyl coenzyme A (Oleoyl CoA) leading to 50-75 % inhibition of hTRESK currents [15]. 
Saturated fatty acids like palmitic and stearic acid do not alter hTRESK channel activity [25]. 
In contrast to modulation by fatty acids, channel modulation by PIP2 is still debatable. Initial 
studies suggest that PIP2 binds to the intracellular M2/M3 loop and leads to increment of 
channel activity. Current potentiation was only found for hTRESK rendering activation by PIP2 
as another species-specific property [38]. However, more recent studies could not confirm 
the activation of hTRESK by PIP2 [15].

Regulation of TRESK channel activity by intracellular proteins

Since the C-terminus of TRESK channels is shorter compared to other K2P channels, less 
sensitivity to regulatory proteins might be expected. However, TRESK is strongly regulated 
by many different proteins through interactions with distinct sections of the intracellular 
M2/M3 loop including the calcineurin-depending sensitivity to cytosolic Ca2+ ions (Fig. 3) 
[30]. Heterologous expression of mTRESK in Xenopus laevis oocytes produces robust K+ 
currents, that are elevated 5-15 times after application or injection of Ca2+-mobilizing agents 
like ionomycin or inositol 1,4,5-trisphosphate (IP3) [30]. In accordance with these results, 
injection of EGTA results in current reduction [30]. However, application of Ca2+ to inside-
out patches do not influence channel function indicating an indirect modulation of channel 
activity [30]. Further evidence for indirect modulation is provided by the effect of the potent 
calcineurin inhibitor cyclosporin A, that is able to neutralize the Ca2+-mediated channel 
activation [30]. Calcineurin is a Ca2+/calmodulin-dependent phosphatase, that binds to the 
NFAT-like (nuclear factor of activated T cells) binding motif (PXIXIX) located at the M2/M3 
loop (Fig. 3D) [28, 39]. The PXIXIX motif is conserved in the human (PQIIIS) as well as in 
rat and mice sequences (both PQIVID) [28, 39]. Binding of calcineurin dephosphorylates a 
conserved serine (SP1; hTRESK S252, mTRESK S264, rTRESK S275), that is phosphorylated 
under resting conditions leading to increased channel activity [26, 30, 39]. Further 
examination identified three more serine residues (Sp2-Sp4), that are also phosphorylated 
in the resting state and putatively contribute to Ca2+- / calcineurin-induced activation (SP2: 
hS262, mS274, rS285; SP3: hS264, mS276, rS287; SP4: hS269, mS279, rS290) (Fig. 3D) [40].

Interestingly, mutational analyses revealed another species-specific difference for 
channel regulation by calcineurin [30, 39]. While exchange of PQIVID to PQAVAD in mTRESK 
abolishes the calcineurin effect completely, replacement of PQIIIS with PQAAAS in hTRESK 
results in a channel that still possesses residual sensitivity to calcineurin [26, 39]. This 
behavior is explained by a second binding motif (LQLP) near SP1 that facilitates calcineurin 
positioning for dephosphorylation at SP1-SP4 [39]. Only simultaneous mutation of both 
motifs allows to completely abrogate the effect [39].

Channel activity is also altered by 14-3-3 proteins, that bind to the RSNSCP motif at 
the M2/M3 loop, that is conserved in mouse and human and includes SP1 (underlined) 
[41]. 14-3-3 proteins are dimeric adapter proteins with seven different isoforms (β, ε, η, γ, 
τ, ζ, and σ) known in mammals regulating different cell signaling processes by binding to 
phosphorylated serine/threonine in target proteins like kinases, phosphatases, receptors 
or ion channels [42]. Isoforms γ and η are able to modulate mTRESK activity in Xenopus 
laevis, while other isoforms show no significant effect [41]. Furthermore, isoforms ε and ζ 
can interact with the corresponding binding site at hTRESK [43]. The mechanism of channel 
modulation based on two individual pathways (Fig. 3D) [40]. For binding of 14-3-3, SP1 
needs to be phosphorylated [41]. Consequently, 14-3-3 competes with the activating effect of 
Ca2+ / calcineurin by SP1 dephosphorylation leading to reduced channel activation [40, 41]. 
On the other hand, a decelerated recovery after activation by Ca2+ can be observed indicating 
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an aggravated transition to the phosphorylated state [40, 41]. This phenomenon can be 
explained by the inhibitory effect of 14-3-3 proteins on microtubule affinity-regulating 
kinases (MARK), that are known for regulatory effects on microtubule dynamics in neurons 
[44, 45]. Together with protein kinase A (PKA), these kinases are responsible for specific 
(re)phosphorylation of SP1-SP4 (Fig. 3D) [40, 41, 45]. While PKA only phosphorylates SP1 but 
not SP2-SP4, MARK1-3 exclusively phosphorylate SP2-SP4 but not SP1 [45]. In both cases, (re)
phosphorylation leads to inhibition of channel function [40, 41, 45].

The specificity of regulation by MARK-mediated phosphorylation raised the question if 
the microtubule cytoskeleton is involved in channel regulation [43]. Indeed, evaluation by 
affinity chromatography and pull-down assays could verify an interaction between tubulin 
and the M2/M3 loop of mTRESK [43]. The binding motif was narrowed down to a 16 amino 
acid sequence (mTRESK 268LVLGRLSYSIISNLDE283), that encompasses the phosphorylation 
sites Sp2-Sp4 (underlined) (Fig. 3D) [43]. The motif is well conserved in mammals but not 
in birds or fishes explaining the failure of pull down with partial sequences from chicken or 
zebrafish [43]. Furthermore, experimental data suggest a binding competition with 14-3-3 
proteins at TRESK [43]. Nevertheless, exact modulation of the channel protein by tubulin is 
not completely understood and further research is needed [43].

While channel inhibition by PKA can be explained by the direct phosphorylation of SP1, 
the species-specific influence of protein kinase C (PKC) on hTRESK is more complicated [46]. 
Stimulation of PKC by the known activator phorbol 12-myristate-13-acetate (PMA) leads to 
hTRESK activation, that is reversible by application of specific PKC inhibitors [46]. However, 
mutational analysis of 8 possible phosphorylation sites at the M2/M3 loop of hTRESK fail 
to identify a direct interaction arguing for an indirect mechanism [46]. Very recently, it was 
shown that hTRESK activation is caused specifically by novel-type PKCη and PKCε [47]. Both 
isoforms decelerate (re)phosphorylation of Sp2-SP4 by inhibition of MARK1-3 leading to 
prolonged presence of the dephosphorylated state subsequently increasing channel activity 
by a similar mechanism previously described for 14-3-3 proteins (Fig. 3D) [47].

Expression pattern and physiological relevance of TRESK

Initial study suggested exclusive expression of the channel in the spinal cord since RT-
PCR analysis of 23 different tissues failed to detect TRESK [25]. However, shortly afterwards 
this statement was falsified by further RT-PCR, blotting and immunohistochemical analysis, 
that detected TRESK in spleen, thymus, testis, pancreas, and kidney as well as in neuronal 
tissues like cortex, cerebellum, dorsal root (DRG) and trigeminal ganglia (TG) [27, 33, 35, 
48–52]. Transcript levels in cortex, cerebellum, DRG and TG were approximately 4-6 times 
higher than in the spinal cord [33, 35, 50]. Moreover, extensive RNA sequencing identified 
TRESK as the most specific K+ channel in TG [53].

The physiological role of TRESK is analyzed by several knockdown and knockout studies 
in mice. Functional knockout by the mutation mTRESK G339R (located in SF2) results in 
distinct alterations of primary cultured DRG neurons [33]. Compared to WT, DRG neurons 
with channels carrying the mTRESK G339R mutation are more sensitive to depolarizing 
stimuli resulting in increased excitability (Fig. 4A) [33]. Consistent with these observations, 
further knockout studies observe increased numbers of action potentials (APs) and 
significant lowered rheobase compared to WT [54–56]. Unexpectedly, functional as well 
as complete knockout of TRESK does not alter resting membrane potential [33, 54–57]. It 
is assumed that these observations correlate with a compensatory upregulation of other 
K2P channels like TREK-1 or TREK-2 channels, which also contribute to the background K+ 
current in these cells [33, 54, 55]. Especially TREK-2 was previously described to generate 
major background K+ current together with TRESK [49]. Furthermore, a recent study 
suggests, that TRESK possesses the ability to form functional heterodimers with TREK-1 
and TREK-2 producing K2P channels with mixed biophysical properties derived from both 
channel forming subunits [11].
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Knockout studies also identified distinct subpopulations of neurons with high TRESK 
expression in TG mainly contributing to the observed differences [54, 55]. High rates of 
TRESK expression are found in isolectin B4 positive (IB4+) nonpeptidergic small diameter 
neurons, that are likely to represent nociceptors of unmyelinated C-fibres [54]. Interestingly, 
these cells are also known to express the Ca2+-permeable cation channels TRPV1 and TRPA1, 
which respond to noxious stimuli like natural pungent compounds (capsaicin, sanshool), 
H+ or heat [58–60]. Recently, the direct interplay between TRPV1 and TRESK in primary 
sensory neurons was confirmed [52, 61]. TRESK channel activation can modify the Ca2+ signal 
generated by capsaicin stimulation of isolated nociceptive neurons (Fig. 4B) [61]. Thus, 
TRESK acts like a brake for stimulatory TRPV1 effects on nociceptors [61]. Furthermore, 
pronounced TRESK expression was found in medium / large diameter calcitonin gene-
related peptide (CGRP+) or tropomyosin receptor kinase B (TRKB+) positive neurons, which 
are part of the Aδ-nociceptor system [54]. In accordance with this, TRESK knockout mice 
show increased pain behavior and sensitivity to mechanical as well as cold stimuli while 
sensitivity to heat is nearly unaffected (Fig. 4A) [51, 54, 55, 57]. Although TRESK is not 
directly modulated by heat, TREK-2 displays pronounced cold sensitivity leading to absence 
of two major K+ background components at lower temperatures in TRESK knockout mice 
[33, 49].

Fig. 4. A. Influence of (functional) 
TRESK knockout on neuronal firing 
and phenotype in mice. B. Intracel-
lular mechanism of Ca2+ / calmodu-
lin (CaM) / calcineurin (CaN) in-
duced channel activation. Cytosolic 
Ca2+ concentration is influenced 
by Ca2+ permeable ion channels 
(TRPV1, TRPA1, NDMA) as well 
as Gq-protein coupled receptors 
(GqPCR), which induce Ca2+ release 
from intracellular Ca2+ reservoirs by 
activation of phospholipase C (PLC) 
subsequently converting PIP2 into 
diacyl glycerol (DAG) and inositol-
1,4,5-triphosphate (IP3). C. Contri-
bution of reduced TRESK function 
to physiological and pathophysi-
ological processes. D. Localization 
of migraine-associated mutations at 
hTRESK.
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TRESK expression is reduced by nerve injuries [51]. In vivo axotomy in rats results in 
significantly reduced TRESK expression and subsequent hyperexcitability of DRG neurons 3 
weeks after the procedure (Fig. 4A) [51]. Similar effects are observed by intrathecal siRNA 
application to control rats, that show decreased paw withdrawal threshold to mechanical 
stimuli [51]. In line with these results, overexpression of TRESK in nociceptive neurons 
significantly reduces the frequency of APs evoked by depolarizing currents or application 
of capsaicin [62, 63]. Thus, TRESK plays a key role in regulation of neuronal firing [62, 63].

Recent studies described similar mechanisms in the suprachiasmatic nucleus (SCN), an 
important structure for circadian rhythm of electrical activity, where TRESK channels serve 
as a critical opponent of glutamate-induced firing [56]. Stimulation of AMPA and NMDA 
receptors by glutamate causes an influx of Ca2+ ions and subsequent depolarization / firing 
of neurons (Fig. 4B) [56]. Simultaneously, elevated cytosolic Ca2+ concentrations activate 
TRESK channels via the calcineurin pathway ensuring repolarization and prevention of 
uncontrolled firing [56].

TRESK activation / overexpression does not only modulate the firing rate but also 
inhibits the release of substance P and the vasodilative peptide CGRP [61, 63–65]. Both 
peptides act as important neurotransmitters and are involved in pain transmission and 
in (neuro)inflammation [66, 67]. Thus, TRESK function might play an important role in 
distinct inflammatory processes as well, which is strengthened by many different studies 
[33, 68–71]. Endogenous mediators of inflammation like arachidonic acid are able to inhibit 
TRESK channels at low micromolar concentrations [25, 72]. However, histamine displays 
an exception, which can be explained by stimulation of the Gq-coupled H1 receptor (Fig. 
4B) [33, 69]. Activation of Gq-coupled receptors (GqPCR) leads to increased IP3 and diacyl 
glycerol (DAG) concentrations subsequently activating protein kinase C (PKC) and elevating 
intracellular Ca2+ levels via the IP3 receptor [26, 73]. In line with this, the antihistaminic drug 
loratadine displays a potent TRESK channel inhibitor [26, 73]. In vivo induced inflammation 
by injection of complete Freund’s adjuvant leads to reduced expression of several K2P 
channels including TRESK on rat DRG neurons [62, 70]. On the other hand, overexpression of 
TRESK reduces not only the release of substance P and CGRP but also further inflammatory 
mediators like TNFα or IL1β [71]. Transgenic mice benefit from overexpressing TRESK in a 
model of spinal cord injury featuring accelerated paralysis recovery and reduced apoptotic 
signaling in the spinal cord [71].

Due to the fact, that TRESK is not only found in organs like thymus and spleen but 
also on distinct cell types like T-lymphocytes (Jurkat cells), a more general contribution to 
immunological processes was discussed [74–76]. Genetical and pharmacological evaluation 
using murine T-lymphocytes confirmed, that TRESK together with other K2P / Kv channels is 
critically involved in osmo- and volume-regulation of the cell, which is essential for adaption 
of cell function under different immunological conditions [77, 78]. Very recently, TRESK 
channel involvement in regulatory T cell proliferation and maturation in the thymus (tTreg) 
of mice and humans was confirmed, which are of critical role in immunosuppression and 
prevention of autoimmune diseases [68, 79]. Physiological K+ ion conduction through TRESK 
channels is required for positive selection of tTReg progenitor cells [68]. Pharmacological as 
well as genetic silencing of this K+ conductance leads to reduced number of tTReg cells elevating 
the risk of insufficient immunosuppression, while TRESK channel activation by cloxyquin 
and nitroxoline caused increased number of tTReg cells [68]. In summary, the physiological 
role of TRESK in (neuro)inflammation and immunological processes is less understood than 
its role in pain sensation and transmission. However, these recent studies render TRESK an 
attractive target not only for analgesia but also immunomodulation.
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Diseases and pathophysiological conditions associated with TRESK

Although profound knowledge of TRESK contribution to distinct physiological 
processes was established, its contribution to pathophysiological conditions is less clear. 
Some evidence exists, that TRESK channels contribute to neuropathic (NP) and bone cancer-
induced pain, which arise from lesions at the sensory nerve system caused by traumatic 
or inflammatory nerve damage (Fig. 4C) [80–82]. First association with NP was raised by 
the observed TRESK downregulation after in vivo axotomy [51]. Similar downregulation 
is also observed in the in vivo spared nerve injury (SNI) model, which mimics NP in rats 
[83]. SNI rats suffer from constant pain and hyperalgesia, which is associated with gliocyte / 
astrocyte activation and increased neuronal apoptosis [83, 84]. Although both phenomena 
are linked to TRESK downregulation, their assumed pathways differ. TRESK downregulation 
leads to upregulation of connexins Cx36 and Cx43, that contribute to gliocyte activation 
by formation of glia-neuron gap junctions subsequently inducing central sensitization and 
neuroinflammation [84, 85]. This is supported by elevated inflammatory cytokine levels 
as well as activation of mitogen-activated protein kinase (MAPK) pathway in SNI rats [84, 
85]. On the other hand, neuronal apoptosis caused by TRESK silencing is associated with 
increased mRNA levels of Gm11874, that is upstream of ATP5i, a potential apoptosis gene 
mediating oxidative stress and DNA damage [86]. In line with these observations, adenoviral 
overexpression of TRESK in SNI rats partially inhibited gliocyte activation and neuronal 
apoptosis, thereby reducing severity of the pain and hyperalgesia [84–86]. Nevertheless, 
exact cellular as well as pathophysiological mechanisms of TRESK channel contribution to 
NP are poorly understood and need further investigations.

The presence of TRESK channels in TG as well as their physiological impact on neuronal 
firing and CGRP release quickly raised the question, if the channel contributes to the 
pathophysiology of migraine, which is a common recurrent headache disorder characterized 
by strong hemi cranial pain (Fig. 4C) [48]. About 30 % of pain attacks are accompanied 
by neurological disturbances (aura) like scintillating shapes, which are explained by 
uncontrolled neuronal firing followed by cortical spreading depression [48]. Indeed, genetic 
screening of patients suffering from migraine with aura identified a KCNK18 frameshift 
mutation (F139WfsX24), that results in protein truncation eliminating typical TRESK channel 
current [48]. Analysis of TRESK F139WfsX24 in a human iPSC-derived nociceptor model 
reveals hyperexcitability compared to WT underlining the importance of TRESK acting as 
a brake upon depolarizing stimuli [87]. Interestingly, TRESK frameshift mutation inhibits 
not only TRESK but also TREK-1 and TREK-2 channel currents [11]. This is explained by the 
introduction of a second translational start codon introduced by the mutation leading to two 
different transcripts (MT1 / MT2) [11]. While MT1 inhibits TRESK WT, MT2 heterodimerizes 
with TREK-1 and TREK-2 subsequently inhibiting their physiological function as well, which 
might explain the pronounced hyperexcitability in vitro [11]. Over the years, more and more 
mutations were identified by genetical screening, that might be associated with migraine 
and aura (Fig. 4D) [11, 87–93]. Expression in Xenopus laevis followed by Two-electrode 
voltage clamp (TEVC) measurements identified C110R, A34V and W101R as loss-of-function 
mutations, while mutations S252L and Y163D did not alter basal but Ca2+-stimulated 
activity of TRESK channels [90–92]. In contrast, mutations R10G, S231P and A233V were 
not significantly different to WT [90–92]. Despite the dominant loss of function observed 
in TEVC recordings, analysis of C110R in the human iPSC-derived nociceptor model did not 
reveal significant loss of TRESK current or hyperexcitability [87]. Similar observations were 
previously made by overexpression of TRESK C110R in primary mouse trigeminal neurons 
[94]. Together with the fact, that some mutations are not exclusively found in migraine 
patients, these observations suggest that TRESK might act as a risk factor rather than a direct 
cause of migraine [88, 95]. On the other hand, efficient reduction of spontaneous firing by 
the activator cloxyquin renders TRESK as a potential drug target for pharmacotherapy [87].

Since migraine shares genetic as well as pathophysiological features with other episodic 
neurological disorders, influence of TRESK function on epileptic seizures was examined as 
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well (Fig. 4C) [96]. Seizures result from neuronal hyperexcitability, which is associated with 
sustained neuronal depolarization and uncontrolled generation of APs [96]. In vivo, seizure 
episodes are self-limiting and followed by a period of suppressed cortical activity, that is 
induced by depolarization-induced shunting inhibition (DShI) [96]. DShI can suppress 
uncontrolled AP generation by membrane repolarization through activation of K+ channels 
as well as inhibition of postsynaptic ionotropic receptors [96]. Electrophysiological analysis 
of hippocampal CA3 neurons from TRESK knockout mice confirmed a contribution of TRESK 
to the DShI, consistent with prolonged and severe seizure attacks observed in knockout mice 
as well as attenuated severity in mice overexpressing TRESK (Fig. 4A) [96].

Lastly, uprising evidence links TRESK channel function to inflammatory and 
immunological processes as described in the previous paragraph suggesting that TRESK 
might contribute to the development or severity of neurological autoimmune diseases like 
multiple sclerosis [68]. Especially its role in tTreg development and its response to (neuro)
inflammatory conditions renders TRESK as an interesting target for immunomodulation [68]. 
However so far, a direct link between TRESK channel dysfunction and a distinct autoimmune 
disease was not found [97]. Further research is needed to examine the viability of TRESK as 
a pharmacological target for immune modulation [68, 97].

TRESK channel activators

TRESK channel activity is modulated by a plethora of different compounds. For most of 
them, the exact mechanism is not established and an indirect modulation cannot be excluded 
due to the extensive possibilities for intracellular regulation of channel activity through the 
M2/M3 loop. Frequently used compounds for pharmacological TRESK channel modulation 
are summarized in Table 1 (activators), Table 2 (inhibitors) and Fig. 5. Wherever applicable, 
abbreviations used in Fig. 5 are mentioned in the text to facilitate the linkage between the 
description and the graphical illustration of the pharmacological mechanism.

Most K2P channels show enhanced conductance under the influence of volatile 
anesthetics (VA) [98]. As a consequence of elevated channel function, hyperpolarization 
of excitable neurons is induced contributing to the mechanism of general anesthesia [99]. 
Mutational studies at TASK-3 channels identified a possible binding site formed by residues 
of M2 and M3 at the intracellular site enabling stabilization of an open channel state [100]. It 
is assumed that binding to this site is linked to a common mechanism for volatile anesthetics 
(halogenated ethers) as well as sedative alcohols [100]. TRESK can be activated by typical 
volatile anesthetics like desflurane, halothane, isoflurane and sevoflurane leading to current 
potentiation up to 200 % [35, 98, 101]. The EC50 values range from 162 µM (isoflurane) to 
658 µM (desflurane, Table 1). For alcohols like 2-butanol, 2-pentanol and 2-hexanol only low 
current potentiation of 17 to 39 % can be observed at millimolar concentrations [102].

A more potent TRESK activator is cloxyquin (ClX), which was identified by Tl+ flux 
screening [103]. Despite its simple molecular structure, cloxyquin achieved selectivity for 
TRESK over other K2P channels [32]. Mutational analysis indicates a direct modulation of the 
channel [32]. Single as well as double mutation of F156 and F364 at the mTRESK channel 
nearly abolish the agonistic effect [32]. However, exchange of these residues to alanine lead 
to strongly increased channel activity hampering the differentiation between cloxyquin and 
mutational effect [32]. Based on the cloxyquin scaffold several derivatives were synthesized 
and analyzed for their effect on mTRESK [104]. Interestingly, structural variation produced 
not only activators but also inhibitors [104]. Exchange of the quinoline to a naphthalene 
scaffold result in the new activator A2797 [104]. In comparison to cloxyquin, A2797 features 
comparable potency and efficiency at mTRESK, but reduced selectivity over mTREK-2 and 
mTASK-1 [104]. In addition, the structurally related antibiotic nitroxoline can activate 
hTRESK channels as well [68]. Although the agonistic effect of nitroxoline is lower than for 
cloxyquin, the evoked TRESK channel activation by nitroxoline is still able to induce tTreg cell 
maturation in the thymus [68].
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Another group of TRESK channel activators is derived from flufenamic acid (FFA), 
that is known for the stimulatory effect on TREK-1, TREK-2 and TRAAK channels [105]. 
At hTRESK channels, only weak current potentiation at high concentrations is observed 
[101]. Structural modifications led to molecule 13 and 15, that have much higher potency 
and efficiency at hTRESK [101]. While efficiency of molecule 13 is comparable to cloxyquin, 
molecule 15 produced less pronounced current potentiation [101]. On the other hand, EC50 
of molecule 15 is reduced compared to molecule 13 [101]. Additionally, the flufenamic acid 
derivative BL-1249 exerts limited agonistic effects on hTRESK [101, 106]. However, BL-1249 
is more potent at TREK-1 and TREK-2 channels than at TRESK [106]. Similar observations 
were made for the TREK-1 / TREK-2 channel agonist GI530159 that has residual activity at 
TRESK as well [106]. Interestingly, binding site of BL-1249 at TREK-2 is located at the M2/
M4 interface partially overlapping with the corresponding site, that is assumed for binding of 
cloxyquin at TRESK channels [107]. It is further assumed, that binding of BL-1249 to TREK-1 / 
TREK-2 leads to repositioning of M4 subsequently stabilizing the conductive conformation 
of the SF [12].

As previously described, TRESK channel function is strongly modulated by regulatory 
proteins as well as intracellular Ca2+ ions [30, 39, 40, 43, 45]. Therefore, indirect channel 
modulation by targeting these entities seems plausible. In Tl+ assay, muscarinic receptor 
agonists like acetyl-β-methyl-choline, arecoline, carbachol, OXA-22 and oxotremorine 
achieved low to submicromolar EC50 values at TRESK channels, that can be explained by the 
activation (GqA) of Gq-coupled M3 receptors in HEK cells [69]. Interestingly, stimulation of 
TRESK by Gq-coupled receptors can be used as a readout for electrophysiological examination 
of Gq-coupled receptor activation in Xenopus leavis oocytes [108]. Furthermore, direct PKC 
activators like phorbol-12-myristate-13-acetate (PMA) activate TRESK channels at sub 
micromolar concentrations [106].

Table 1. Summary of prominent TRESK channel activators and their EC50 values [µM] at human (h), mouse 
(m) or rat (r) TRESK channels grouped by species. For each value the used assay as well as the reference is 
given. If no EC50 was determined, percentage of activation (act.) is given together with the used concentra-
tion
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Table 2. Summary of TRESK channel inhibitors and their IC50 values [µM] at human (h) or mouse (m) TRESK 
channels grouped by species. For each value the used assay as well as the reference is given. If no IC50 was 
determined, percentage of inhibition (inh.) is given together with the used concentration
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Contrary to this, the CysLT1 antagonist pranlukast (PRL) activates TRESK although its 
target receptor is Gq-coupled [106]. Furthermore, pranlukast stimulates TREK-1, TREK-2 and 
TASK-3 [106]. Preliminary mutational analysis as well as usage of different TREK-2 isoforms 
failed to clarify if the agonistic effect is evoked by direct interaction with the channel or 
indirect stimulation via regulatory proteins [106].

TRESK channel inhibitors

Compared to activators, much more compounds are known to inhibit TRESK channels 
in a direct or indirect manner (Table 2). Due to the similarity of the ion pore structure 
with other K+ channels TRESK can be inhibited by quaternary ammonium (NR4

+) as well 
as Ba2+ ions [31, 109]. In contrast to TREK-1, hTRESK displays moderate sensitivity to 
tetraethylammonium (TEA) ions with an IC50 value of 800 µM [109]. Potency is strongly 
increased for quaternary ammonium ions with enlarged alkyl chains up to seven C-atoms 
[109]. While tetrabutylammonium (TButA) achieves an IC50 value in the low micromolar 
range, tetrapentyl- (TPenA), tetrahexyl- (THexA) and tetraheptylammonium ions share 
similar IC50 values ranging from 0.3 - 0.5 µM [109]. For tetraoctylammonium (TOctA) ions 
the IC50 value is increased to the level of TButA identifying the optimum alkyl chain length 
between five and seven C-atoms [109]. Although binding site determinations were not 
performed for hTRESK, similarities with the binding site analyzed in other K2P channels for 
quaternary ammonium ions can be assumed [109]. Mutational analyses at TREK-1 identified 
the binding site in the inner cavity directly neighbored to the SF leading to an obstruction 

Fig. 5. Direct as well as indirect pharma-
cological modulation of TRESK by channel 
activators (green) and inhibitors (red). 
Abbreviations are summarized at figure 
bottom and correspond to abbreviations 
mentioned in the main text.
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of the ion pathway [109]. This binding site is also in spatial proximity to the binding site of 
Ba2+, that is formed by the S4-forming threonine of the SF present in TRESK channels [31]. 
Application of 1 mM Ba2+ inhibit mTRESK channels by 64 % in TEVC measurements [31].

Another well-known K+ channel blocker is quinine (QNE), that inhibits mTRESK by 
82 % at 100 µM [110]. In vitro as well as in silico binding site analyses indicate, that the 
quinine binding site overlaps with the cloxyquin binding site [110]. Thus, this region at 
the inner cavity in proximity to the SF as well as the M2/M4 interface can be addressed 
by stimulatory as well as inhibitory compounds, that share a quinoline scaffold [32, 110]. 
Structural variation of cloxyquin led to the inhibitory compounds A2764 and A2793, that 
both possess an extended ether side chain in 8 position of the quinoline scaffold [104]. 
Although IC50 values of both compounds are similar, their pharmacological profiles differ 
[104]. A2793 shows a strong state-dependent inhibition, that was amplified by previous 
stimulation of mTRESK with the Ca2+ mobilizing agent ionomycin [104]. Further, A2793 also 
inhibits TASK-1 channels [104]. In comparison to this A2764 shows less state-dependent 
inhibition and higher selectivity rendering this compound as more suitable for selective 
TRESK channel inhibition [104].

The quinine binding site seems to be addressed by local anesthetics (LA) like lidocaine 
and bupivacaine as well [110]. Alanine mutation of mTRESK F156 / F364 largely abolished 
inhibition [110]. Later, mutational analysis of the corresponding residues in hTRESK (F145 / 
F352) led to similar findings [69]. Beside lidocaine and bupivacaine inhibitory activity at 
TRESK was also shown for chloroprocaine, mepivacaine, ropivacaine and tetracaine [98]. 
In TEVC measurements at hTRESK channels IC50 values for local anesthetics range from 
80.4 µM (bupivacaine) to 3.4 mM (lidocaine) [98]. More potent inhibition is achieved by the 
antihistaminic drug loratadine, which also loses its inhibitory activity at hTRESK F145A / 
F352A [69]. However, an additional indirect component through the inhibition of Gq-coupled 
H1 receptors cannot be excluded.

Furthermore, some antidepressant and antipsychotic drugs (AAD) are known to inhibit 
TRESK [69, 111–113]. This includes amitriptyline, bupropion, citalopram, escitalopram, 
fluoxetine, lamotrigine and octoclothepine [69, 111–113]. IC50 values determined by patch 
clamp recordings using mTRESK expressed in HEK293 range from 17 µM (fluoxetine) to 
160 µM (bupropion) [111]. For octoclothepin a lower IC50 value was determined at hTRESK 
using Tl+ flux assay [69]. The mechanism of TRESK inhibition for these drugs is not known 
[69, 111–113]. However, binding site analysis of fluoxetine at TREK-2 showed, that fluoxetine 
binds to the M2/M4 interface and modulates the channel gating [114]. Direct channel 
inhibition is also assumed for sipatrigine and its derivative CEN-92 [113].

Recently, 4-[(2-butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-1-oxo-1H-inden-5-yl)oxy]
butanoic acid (DCPIB) was described as highly potent inhibitor of hTRESK [115]. DCPIB was 
previously described as a modulator of volume-regulated anion channels (VRACs) [115]. 
Interestingly, DCPIB modulates members of the K2P channel family differently [115]. While 
TRESK, TASK-1 and TASK-3 channels are inhibited, DCPIB is able to activate TREK-1 and 
TRAAK channels [115]. It is assumed, that K2P channel modulation by DCPIB is exerted by 
modulation of the lower S4 binding site modulating the conductance process through the SF 
differently for the distinct K2P channels [115].

Although a direct modulation of the channel cannot be excluded for the following 
compounds, an indirect inhibition seems to be more likely. Channel activity is reduced by 
Ca2+ channel blockers (CaB) like dihydropyridines, verapamil and mibefradil [36, 69, 116]. 
While dihydropyridines like nicardipine, nifedipine, nimodipine and nitrendipine achieve 
IC50 values in the mid micromolar range, verapamil and mibefradil seem to be slightly more 
potent [36, 69, 116].

Direct inhibition of calcineurin (CNI) or the upstream regulating protein calmodulin 
leads to TRESK inhibition as well [30, 69]. Cyclosporin A as well as tacrolimus (FK506) 
inhibit the ionomycin (IOM)-induced activation of TRESK at sub micromolar concentrations 
[30]. Remembering the physiological role of TRESK channels, this might also contribute to 
the calcineurin inhibitor–induced pain syndrome as well as strong headaches frequently 
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observed as side effects in immunosuppressant therapy with these drugs [117, 118]. The 
direct calmodulin inhibitor calmidazolium chloride (CMZ) is less potent but still able to 
inhibit hTRESK with an IC50 of 27.9 µM [69]. Similar IC50 values are achieved for the tubulin 
inhibitor podophyllotoxin (7.3 µM) and the PKC / calmodulin kinase inhibitor rottlerin (Rot) 
(16.2 µM) [69].

As previously described, TRESK is inhibited by endogenous fatty acids (FA) and 
arachidonic acid (AA) in the low micromolar range [15, 25]. This might also contribute to 
the inhibitory effect of cyclooxygenase inhibitors (COXI) on TRESK channels, which elevate 
the level of free arachidonic acid [111]. On the other hand, it is known that acetaminophen 
(paracetamol) and non-steroidal anti-inflammatory drugs (NSAIDs) can inhibit K+ channels 
[111]. In case of acetaminophen, ibuprofen and nabumentone IC50 values from 220 µM 
(acetaminophen) to 889 µM (ibuprofen) for mTRESK channel inhibition were evaluated by 
patch clamp [111].

Interestingly, many natural pungent agents (NPA) including capsaicin (chilli pepper), 
piperine and piperyline (black pepper), 6-gingerol (zingiber officinale) as well as sanshool 
(sichuan pepper) are known to inhibit TRESK [69, 119–121]. IC50 values for these pungent 
compounds range from 50 µM (sanshool) to 252 µM (piperyline) [69, 119–121]. More 
potent with an IC50 value of 13 µM is aristolochic acid, a common carcinogen found in 
Aristolochiaceae [72].

Finally, high throughput screening of research compounds and common channel 
modulators identified additional inhibitors including JWH-015, K185, L162,313, L703,606, 
PD98,059, WIN55,212-2, YC-1, MK-886, 8-(3-chlorostyryl)caffeine, mevastine, trametrin 
and GW2974 with IC50 values ranging from 5.5 to 26.6 µM [69, 115]. Similar to most other 
TRESK channel modulators the mechanism of action for these compounds is not known and 
needs to be addressed by further examination.

Conclusion

The TWIK-related spinal cord K+ (TRESK) channel displays the most outstanding of the 
known K2P channels. The impressive number of regulatory pathways modulating channel 
activity let the channel contribute to many different cellular processes. Especially the 
contribution of TRESK to neuronal firing as well as the release inhibition of inflammatory 
mediators renders the channel a potential target for pharmacological intervention. In 
particular, agonistic compounds could serve as analgesics or antiepileptic drugs for 
treatment of migraine and epilepsy. Furthermore, the role of TRESK channel function in 
tTreg proliferation and maturation might offer a completely new strategy of pharmacological 
immunomodulation. On the other hand, the contribution of TRESK to other specific 
immunological processes or diseases like neuropathic pain as well as autoimmune diseases is 
insufficiently understood and needs further research. To boost the knowledge about TRESK 
contribution to different physiological and pathophysiological aspects, highly selective and 
potent TRESK channel activators and inhibitors are needed. Due to their relatively high 
specificity, cloxyquin and nitroxoline currently display the most suitable TRESK channel 
activators for in vitro / in vivo studies [32, 68]. In case of channel inhibitors, high TRESK 
channel specificity is achieved by the cloxyquin derivative A2764 and Hg2+ ions [36, 104]. 
Furthermore, DCPIB might be a useful tool to distinguish between different K2P channels in 
vitro since its mechanism of action (activation / inhibition) is depending on the expressed 
K2P subtype [115]. However, most known TRESK channel activators and inhibitors show 
selectivity issues and / or low potency limiting the usage for further investigations. Therefore, 
further research as well as rational drug design is needed to uncover the therapeutic potential 
of TRESK channel modulation.
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