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Source: HGMD professional 2017.2 (6,125 variants)

Allelic Heterogeneity in the Epilepsies
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Source: HGMD professional 2017.2

Gene Number of variants
SCN1A 1934
SCN2A 375
SCN3A 19
SCN8A 173
KCNQ2 379
KCNQ3 40
KCNT1 65
KCNB1 55
KCNA2 24
Glutamate receptors 332
GABA receptors 228
Acetylcholine receptors 45

Source: HGMD professional 2020.1

Allelic Heterogeneity in the Epilepsies



Epilepsia  May 2018

Gene Positive Cases % of Positive Cases
SCN1A 322 24.8%
KCNQ2 159 13.2%
SCN2A 96 7.4%
SCN8A 30 3.6%
Totals 607 49%

70-gene panel and array CGH



Variants of Unknown Significance in
Channelopathy-associated Epilepsy

KCNQ2
Pathogenic
Likely Pathogenic
VUS
Conflicting
Benign/Likely Benign

ClinVar



Conventional patch clamp:

- 16 measurements/person/day
- days-weeks per mutation 

Functional Evaluation of Ion Channels Variants 

Patch clamp electrophysiology is the gold standard



Automated patch clamp:

- 768 measurements per hour
- multiple variants per day

SyncroPatch 768PE

Patch clamp electrophysiology is the gold standard

#DasMachine-NU

Functional Evaluation of Ion Channels Variants 



Functional Evaluation of KCNQ2 Variants 

MaxCyte-STX

Electroporation Automated patch-clamp

Syncropatch 768PE
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Functional Evaluation of KCNQ2 Variants 
KCNQ2 + KCNQ3 co-expression



Electroporation of KCNQ2 and KCNQ3 in CHO cells 
evaluated by flow cytometry

Percent Co-transfected: 88%

Functional Evaluation of KCNQ2 Variants 



Syncropatch recording of KCNQ2 and KCNQ3

Functional Evaluation of KCNQ2 Variants 



Syncropatch recording of KCNQ2 and KCNQ3

Functional Evaluation of KCNQ2 Variants 

20 µM XE991
Block currents



Functional Consequences of KCNQ2 Variants

80 variants



Variants with prominent loss-of-function

WT

T274M

F305del

Functional Consequences of KCNQ2 Variants



Variants with prominent loss-of-function

Functional Consequences of KCNQ2 Variants

WT



Variants with abnormal activation voltage dependence

Functional Consequences of KCNQ2 Variants



Functional Consequences of KCNQ2 Variants

Loss LossGain Gain



Functional Consequences of KCNQ2 Variants

BFNE
EE



KCNQ2
Variant
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CMV

KCNQ2
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CMV

KCNQ3-stable
CHO Cells

Dominant-negative paradigm

Functional Consequences of KCNQ2 Variants



Dominant-negative paradigm
Homozygous

KCNQ2 
variant

Heterozygous
KCNQ2 
variant

6/10
(60%)

19/32
(59%)

Functional Consequences of KCNQ2 Variants



Expression of WT KCNQ2 in KCNQ3 stable CHO cells

Pharmacological Effects of Retigabine
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Expression of WT KCNQ2 in KCNQ3 stable CHO cells

Pharmacological Effects of Retigabine
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Peak current (% control) Activation ∆V1/2

KCNQ2 Variant Responses to Retigabine
Expression of KCNQ2 variants in KCNQ3 stable CHO cells

Response to 10 µM retigabine

Not all KCNQ2 variants respond to retigabine



KCNQ2 Variant Responses to Retigabine
Expression of KCNQ2 variants in KCNQ3 stable CHO cells

Not all KCNQ2 variants respond to retigabine

250 ms 25
 p
A/
pF

Control Retigabine 10  μM
KCNQ2-R144Q



KCNQ2 Variant Responses to Retigabine
Expression of KCNQ2 variants in KCNQ3 stable CHO cells

Response Non-response

Retigabine 10  μM



Summary

• KCNQ2 channelopathy is an important cause of monogenic epilepsy

• Many KCNQ2 variants have unknown clinical significance

• Automated patch clamp can decrypt variants of unknown significance

• Loss of function KCNQ2 variants are not all retigabine responsive

• Functional studies may help classify KCNQ2 VUS
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