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Cognitive Vitality Reports® are reports written by neuroscientists at the Alzheimer’s Drug 

Discovery Foundation (ADDF). These scientific reports include analysis of drugs, drugs-in-

development, drug targets, supplements, nutraceuticals, food/drink, non-pharmacologic 

interventions, and risk factors. Neuroscientists evaluate the potential benefit (or harm) for brain 

health, as well as for age-related health concerns that can affect brain health (e.g., 

cardiovascular diseases, cancers, diabetes/metabolic syndrome). In addition, these reports 

include evaluation of safety data, from clinical trials if available, and from preclinical models. 

 
 
THIK-1 Inhibitors 
 
Evidence Summary   

THIK-1 regulates cell functions that are affected by the degree of cell excitability. It may be important in 

specific contexts, but its effects in animal models are minor. More human studies are needed.  

 

Neuroprotective Benefit:  THIK-1 helps regulate the functional state of microglia. It appears to 

promote a neuroprotective state under physiological conditions but may promote 

inflammation under pathological conditions. 

 

Aging and related health concerns:  THIK-1 may play minor roles in the susceptibility to 

inflammatory pain and atrial fibrillation, but more conclusive human data is needed. 

 

Safety:  Scant safety data is available. Due to redundancies, the effects of THIK-1 inhibition are 

expected to be minor and context-dependent. THIK-1 modulators may impact and/or be 

impacted by anesthesia. 
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What is it?     

 

THIK-1 (Tandem pore-domain Halothane Inhibited K+ channel), also called K2P13.1 or KCNK13, is a two-

pore domain containing potassium (K+) channel  [1]. It produces background (leak) K+ conductance, 

meaning it has tonic activity, and is important for the regulation of the cell’s resting membrane 

potential, which is important for the regulation of cell excitability. THIK-1 was found to be inhibited by 

the anesthetic halothane and activated by the inflammatory fatty acid arachidonic acid. Its expression is 

enriched in myeloid cells, including microglia in the brain, and by affecting membrane potential, THIK-1 

is implicated in the regulation of the functional state of microglia [2]. It is currently unclear whether the 

modulation of THIK-1 function will have therapeutic value for any condition.  

 

 

Neuroprotective Benefit:  .  THIK-1 helps regulate the functional state of microglia. It appears to 

promote a neuroprotective state under physiological conditions but may promote inflammation under 

pathological conditions.  

 

Types of evidence: 

• Several laboratory studies on THIK-1 function or expression  

 

Human research to suggest prevention of dementia, prevention of decline, or improved cognitive 

function: None  

 

Human research to suggest benefits to patients with dementia: None  

 

Mechanisms of action for neuroprotection identified from laboratory and clinical research: 

 

A challenge in the study of THIK-1 is that it has been purported to be expressed ubiquitously in rodents, 

but its expression appears to be far more restricted in humans [1; 3]. Thus, some of the findings in 

preclinical rodent studies may not be translatable to humans. The most relevant studies are those in 

which the expression of THIK-1 has been confirmed in corresponding human tissue. Additionally, the 

expression of THIK-1 is severely reduced in response to the conditions typically used to prepare brain 

slices for electrophysiological recording and processing [4]. As a result, the expression and activity of 

THIK-1 could be influenced by experimental conditions in preclinical studies, which may compromise the 
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translatability of in vitro or ex vivo studies, and caution is warranted in the interpretation of results that 

have not been validated in vivo.  

 

Microglial surveillance: The expression of THIK-1 is highly enriched in microglial cells and appears to 

play a role in regulating the functional state of microglia [2]. The tonic activity of THIK-1 influences the 

polarization of the cell membrane, and the polarization state can influence the degree of microglial cell 

ramification and surveillance [2]. Tonic THIK-1 activity promotes a ramified resting state of continual 

surveillance of the neuropil. There are several modes of surveillance, which include non-directed actin-

dependent retraction and extension of fine filopodia, non-directed microtubule-mediated retraction and 

extension of larger processes, and the target-directed (cue-triggered) movement of large processes [2; 

5; 6]. Filopodia-mediated surveillance is dependent on local increases in cyclic AMP (cAMP) [6], while 

cue-triggered movement is mediated by the purinergic receptor P2Y12 [2]. THIK-1 is not required for 

either of these surveillance programs. It is the intermediate state of resting non-directed large process 

surveillance that appears to be sensitive to the level of membrane polarization, and thus the activity of 

THIK-1. Resting state surveillance is thought to represent a neuroprotective state, thus the loss of this 

state in an otherwise healthy organism is generally considered detrimental [7]. The loss of THIK-1 during 

development results in reduced microglial phagocytosis and impaired synaptic pruning in rodents [8]. It 

is, however, unclear whether the neuroprotective function of THIK-1 is context-dependent, such that in 

a disease context it may promote a maladaptive microglial state.  

 

Neuroinflammation: The efflux of potassium has been identified as a critical common driver of NLRP3 

inflammasome activation in response to a diverse array of stimuli [9]. There are numerous ways in which 

potassium efflux can be achieved, including the formation of pores in the membrane, increasing 

extracellular calcium levels, increasing intracellular sodium levels, and modulating the activity of 

potassium channels, among others [10]. It is this last mechanism which ties THIK-1 activity with NLRP3 

activation. A large membrane depolarization, such as in response to nearby neuronal activity, can result 

in a large potassium efflux, in order to restore the membrane potential. This, then, provides one of the 

necessary steps for NLRP3 activation. Since NLRP3 activation is a multi-step process, tonic THIK-1 activity 

alone does not drive inflammasome activation, but it can facilitate activation the presence of the 

appropriate NLRP3-activating stimuli [2; 11]. Various potassium channels are able to drive this process, 

but it appears that there is some degree of specificity in which NLRP3-activiating stimuli couple to which 

potassium channels. THIK-1 appears to be coupled to ADP-mediated NLRP3 activation through its 

interaction with P2Y12 [5], and to ATP-mediated NLRP3 activation via P2X7 [11]. In response to ADP, 

P2Y12 can potentiate THIK-1 activity, resulting in a potassium efflux, and the activation of the NLRP3 
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inflammasome [2]. In the context of acute tissue damage resulting in very high levels of ADP (and ATP), 

damping down THIK-1 activity, or more specifically P2Y12-mediated THIK-1 activity, may help protect 

against excessive inflammation and neuronal loss. However, in a more chronic condition, there are likely 

to be multiple NLRP3-activiting stimuli present, which are coupled to different potassium channels. 

Therefore, the impact of inhibiting only one of these channels (i.e. THIK-1) is likely to be minor on the 

overall inflammatory environment. Due to the ability of THIK-1 to impact the functional state of 

microglia, it is possible that THIK-1 activity has additional influence on shaping the overall inflammatory 

state of microglia, but that remains to be determined.  

 

Demyelination: THIK-1 expressing microglia have been shown to be localized to nodes of Ranvier as part 

of ‘neuron-glial hubs’ in postmortem hemispheric myelinated brain tissue from healthy donors [12]. A 

similar interaction was seen within the rodent brain [12]. In mice, the contact of the microglial processes 

with the nodes was neuronal activity dependent, with THIK-1 as the intermediatory coupling microglial 

and neuronal activity based on changes in potassium levels [12]. The change in axonal potassium 

following focal demyelination influences the microglial state. The decline in activity reduced microglia-

neuronal contacts and fostered a more pro-inflammatory state associated with demyelination, while 

increased THIK-1 activity during the remyelination phase promoted increased contacts, and a pro-

regenerative state. This suggest that THIK-1 may play a role in local myelin dynamics.  

The contribution of THIK-1 to a pro-regenerative microglial state in the grey matter following a large-

scale demyelinating injury is less clear. In mice, the degree of de-myelination and microglial activation 

state differs in different cortical layers [13]. In deep layers (V), there was extensive demyelination and 

microglial activation, while in upper layers (II/III), the microglia remained in a ramified surveillance state 

and there was less demyelination in response to cuprizone This process was not altered in THIK-1 

knockout mice, suggesting that THIK-1 was not necessary for this protective microglial state, though 

compensation cannot be ruled out.  

 

Alcohol dependence: THIK-1 has been implicated in alcohol dependence behavior in rodents [4; 14]. 

THIK-1 activity plays a role in the excitation of ventral tegmental area (VTA) neurons, the reward center 

of the brain, in response to ethanol consumption [4]. The excitation of VTA neurons in response to 

ethanol occurs in part due to the inhibition of THIK-1. In mice, decreasing THIK-1 levels promotes binge 

drinking behavior [14]. It has been hypothesized that genetic variants in the KCNK13 gene may affect 

susceptibility to alcoholism and binge drinking, though genetic variants in KCNK13 have not yet been 

identified, and the relevance to humans has not yet been established [15].  
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Anesthesia:  THIK-1 is inhibited by a certain class of inhaled anesthetics, including halothane and 

isoflurane [1]. At least in rodents, the preservation of activity in the respiratory motor system, despite a 

general lack of systemic motor responses during anesthesia, may be related to the impact of these 

agents on THIK-1 [16]. Neurons in the retrotrapezoid nucleus of the rodent brainstem are important 

regulators of the respiratory motor system. The activity of these neurons increases in response to these 

inhaled anesthetics due to the inhibition of THIK-1 [16].  

It has also been hypothesized that the inhibition of THIK-1 may play a role in anesthesia-related 

cognitive dysfunction and inflammation due to the impact of THIK-1 on microglial surveillance [7]. 

Microglia ramification and process complexity decreases in response to isoflurane, which is consistent 

with the effect of THIK-1 inhibition on microglia. Due to its coupling with inflammasome activation, a 

post-surgical/anesthesia rebound in THIK-1 activity may potentiate neuroinflammation. It has not yet 

been determined whether changes in THIK-1 activity are associated to long-term consequences of 

anesthetic exposure.  

 

Ataxia: There is currently no evidence linking altered THIK-1 activity to ataxia, however, there is growing 

appreciation for the contribution of microglia to cerebellar ataxia [17]. The microglia in the cerebellum 

have a unique transcriptome, which allows for the maintenance of a hyper alert state of continual 

surveillance. Due to the role of THIK-1 in surveillance, it may play a role. In the rodent cerebellum, THIK-

1 is implicated in the activity of Purkinje cells [18]. However, the expression of THIK-1 in the cerebellum 

appears to be lower than in many other brain regions according to the human protein atlas [3], and 

more information is needed to determine whether or not THIK-1 contributes to cerebellar function in 

humans.  

 

APOE4 interactions: Not established  

 

 

Aging and related health concerns:  THIK-1 may play minor roles in the susceptibility to inflammatory 

pain and atrial fibrillation, but more conclusive human data is needed.  

 

Types of evidence:  

• Several laboratory studies on THIK-1 function or expression 
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Inflammatory pain: THIK-1 ACTIVITY IS SENSITIVE TO PAIN STIMULI IN RODENTS (Preclinical) 

Potassium channels have been shown to play a role in inflammatory pain via their contribution to setting 

the resting membrane potential of cells [19]. Changes to the membrane potential influences the 

threshold for sensory neurons to be activated by stimuli, thus, differences in the activity/expression of 

these potassium channels can increase or decrease the threshold for pain. In rats, THIK-1 is expressed in 

dorsal root ganglion, including neurons involved in pain processing [20; 21]. Lower levels of THIK-1 

expression following a cutaneous inflammatory pain stimulus (Complete Freund's Adjuvant) were 

associated with an increase in behaviors indicative of spontaneous pain [21]. A reduction in the levels of 

THIK-1 increases the resting membrane potential, which lowers the threshold to activate neurons in 

response to pain-inducing stimuli. THIK-1 expression appears to be sensitive to the levels of pro-

inflammatory mediators. However, a separate study has shown that THIK-1 is one of many potassium 

channels modulated by inflammatory pain-inducing stimuli, and THIK-1appears to be a minor 

contributor relative to some of the other channels [20]. The relevance of THIK-1 in the mediation of 

inflammatory pain in humans remains to be determined.  

 

Atrial fibrillation: THIK-1 IS REDUCED IN ATRIAL FIBRILLATION (Preclinical)  

Two pore potassium channels play important roles in cardiac function and have been proposed as anti-

arrhythmic targets [22]. THIK-1 channels have been found to be expressed in the human heart, primarily 

in the atria [23]. Levels were found to be reduced in patients with atrial fibrillation, and heart failure [23; 

24]. In a pig model (atrial burst pacing), atrial fibrillation was associated with a 66% reduction in cardiac 

levels of THIK-1 [22]. The activity of THIK-1 was also found to be sensitive to anti-arrhythmic drugs in cell 

culture [22]. This suggests that individuals with lower levels of THIK-1 activity may be at higher risk for 

atrial fibrillation.  

 

 

Safety:  Scant safety data is available. Due to redundancies, the effects of THIK-1 inhibition are expected 

to be minor and context-dependent. THIK-1 modulators may impact and/or be impacted by anesthesia.  

 

Types of evidence:   

• 0 studies for THIK-1 specific inhibitors 

• Several laboratory studies using non-specific inhibitors and/or knockout animals 

 

Published literature on the safety of THIK-1 specific inhibitors is lacking. Most studies use potassium 

channel inhibitors that are not specific for THIK-1 and/or THIK-1 knockout animals. THIK-1 knockout 

https://www.alzdiscovery.org/


 

7 

Last updated on August 22, 2022  

mice are viable [8] suggesting that THIK-1 does not have an essential function and/or that its activity can 

be at least partially compensated for by other potassium channels. Overall, the phenotypes seen with 

the loss of THIK-1 activity, such as reduced microglial ramification, a decrease in ADP/ATP-induced 

neuroinflammation, an increased propensity for binge drinking, an increase in sensitivity to 

inflammatory pain, and an increased risk for atrial fibrillation are all quite minor in rodents/animal 

models [8; 11; 14; 21; 22]. Due to the differential expression profile for THIK-1 between humans and 

rodents, some of these rodent phenotypes may not translate to humans. Side effects for THIK-1 

modulators would be expected to be subtle and context-dependent, such that they may not be 

apparent under physiological conditions in otherwise healthy animals/individuals.  

 

Drug interactions: Interactions have not been established, however, based on preclinical models, THIK-1 

inhibitors may have interactions with alcohol, anesthesia, and arrhythmia-related drugs.  

 

Sources and dosing:   

 

THIK-1 modulators are under development, but none are currently available for research or human use.  

 

Research underway:   

 

THIK-1 inhibitors are in clinical development; however, the details of this work have not been made 

public. Additionally, there are efforts underway to develop specific THIK-1 activators [25].  

 

Search terms:  

Pubmed, Google:  THIK-1; KCNK13 

• Alzheimer’s disease, brain, neuroinflammation, aging, cardiovascular  
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