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Developmental and epileptic encephalopathy (DEE) associated with 
KCNQ2‐R581Q loss‐of‐function mutation
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KCNQ2‐DEE neurons exhibit enhanced spontaneous bursting on MEAs
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Chronic inhibition of M‐current in control neurons phenocopies KCNQ2‐DEE   

1 sec

4 
m

V
5 ms

20
 m

V
-63

-61

-59

-57

fA
H

P
 (m

V
)

fAHP

10789

1.4

1.8

2.2

2.6

H
al

f-w
id

th
 (m

se
c)

AP Half-Width

-7.5

-6.5

-5.5

-4.5

-3.5

m
A

H
P

 (m
V

)

114

95

mAHP

-3.6

-3.2

-2.8

-2.4

-2

-1.6

sA
H

P
(m

V
)

46

47

***

*
***

***

***

*

***

NS

sAHP

Simkin et al., 2021, eLife

Current-Clamp

KCNQ2‐DEE neurons and control neurons chronically treated with 
XE991 exhibit faster AP repolarization and larger post‐burst AHPs 
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KCNQ2‐DEE neurons and control 
neurons chronically treated with XE991 
exhibit enhanced bursting propensity
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Maladaptive enhancement of SK/BK channels leads to enhanced AHPs and 
bursting in KCNQ2‐DEE neurons and XE991 treated control neurons
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Gene expression qPCR
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Developmental Time Course of KCNQ2‐DEE Neurons Unanswered questions:

1) Is maladaptive Ca2+‐dependent K+
channel upregulation and bursting a 
result of reduced M‐current specifically 
or the resulting hyperexcitability?

2) Is this bursting a common phenotype 
amongst KCNQ2‐DEE patient neurons 
with other KCNQ2 mutations?

Simkin et al., 2021, eLife

3

4

2

6

7

5
1

8
12

13-
15 16

17

18
20

19

0



Retigabine: Activator of M-current, excitability+ 5µM Retigabine
4AP: Blocker of other K+ channels, excitability+ 500µM 4AP

XE991: Blocker of M-current+ 1µM XE991Chronic 
treatment 
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N = 18 wells/condition averaged from 16 electrodes/well
(3 independent differentiations)

Chronic inhibition of K+ channels and increased neuronal activity with 4AP 
does not phenocopy KCNQ2‐DEE maladaptive phenotype
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4AP: Blocker of other K+ channels, excitability+ 500µM 4AP

XE991: Blocker of M-current+ 1µM XE991Chronic 
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Chronic inhibition of K+ channels and increased neuronal activity with 4AP 
does not phenocopy KCNQ2‐DEE maladaptive bursting phenotype



Common bursting phenotype amongst KCNQ2‐DEE patient‐specific iPSC‐
derived excitatory neurons with different KCNQ2 mutations
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