Defective X-Gating of TASK-1 in a K AVLI
Novel Channelopathy Associated
with Sleep Apnea
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KCNK3 (TASK-1) has a high burden of de novo mutations in a novel channelopathy

* KCNK3 recently identified as one of 28 novel genes with a high burden N\ Probands show a common phenotype:
of de novo mutations linked to developmental delay in children
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* All probands with mutations in KCNK3 also had sleep apnea and '\ ‘ '_:"‘?i * Hypotonia and variable structural abnormalities
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* We now have identified 9 probands each heterozygous for one of 6 ~___ 7 WD) § N P > We termed the disease Developmental Delay with Sleep Apnea

separate de novo missense mutations in KCNK3 ) - ) (DDSA)
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TASK-1 implicated in sleep apnea Defective X-gating Pharmacology and regulation

Up to 1 billion people worldwide suffer from DDSA mutant channels have a higher open probability - BAY-1000493 - _ s WT
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A role for TASK-1 in sleep apnea was proposed because it is expressed 129D ' and  the singl-e
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Inhibitors of TASK-1 also in clinical trials for sleep apnea (KOALA trial) wwwwwmmr‘wwﬁgﬁwwwmmmmwmw-' ’ ' | 0t 100 10" 102 A1C

Rodstrom, et al. (Nature 2020) BAY 1000493 (nM)

But the evidence is mostly circumstantial. This study now provides the --mmwmmmmmummmmrmmmmmwmrmnnmmmnmmnu@mmwwmwmnmwwmmmm-

first clear link between TASK-1 and sleep apnea  BAY1000493 is an high affinity blocker of TASK-1. A similar drug is
| currently in clinical trials for treatment of sleep apnea.
 DDSA mutant channels retain ability to be inhibited by nanomolar
concentrations of BAY1000493
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Molecular Dynamics simulations demonstrate that DDSA mutations 104 Aggg  A293 — Carvedilol [ g | =2
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Gaq regulation involves non-canonical pathway (DAG inhibition) —— 10° 10" 102 10% 10 01 1102 103
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Inhibition by the physiological
regulators Diacylgylcerol and
Anandamide is reduced in
TASK-1 N133S compared to WT.
But regulation by external pH
mostly still intact.
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DDSA mutations cause a Gain-of-Function Reduced GPCR mediation Summary

Two electrode voltage clamp (TEVC) whole cell recordings in Xenopus | 10 uM Carbachol 10 uM Carbachol 300 pM ATP 300 uM ATP 5
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DDSA  mutants also display
increased  currents when co-
expressed with WT TASK-1 as
heterozygous channels and co- I
expressed with WT TASK-3 as L 239P
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' 50 Hieterozygous (WEmutan) 'Heterozygous' (WT.mutant) Clear link between DDSA mutations and Developmental Delay

voltage (mV) DDSA mutant channels exhibit almost no GPCR-mediated inhibition with Sleep Apnea

B Homomeric (WT + WT) Heteromeric either as homomeric or ‘heterozygous’ channels
[ 1'Heterozygous' (WT + mutant) TASK-1 + TASK-3 WT This amplifies the gain-of-function effect of DDSA mutants and also
| = _ demonstrates a GoF for the L239P mutant with more residual

current than WT after GPCR-mediated inhibition They have a higher open probability caused by a defective X-
gating
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DDSA mutations are gain-of-function even as ‘heterozygous’
channels

They are less sensitive to GPCR mediation
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DDSA mutations still retain sensitivity to inhibition by clinically
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