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KCNQ2 and KCNQ3 potassium
channels are critical for proper brain func-
tion, as mutations in either Kcnq2 or
Kcnq3 have been associated with multiple
pediatric epilepsy disorders.1 In most neu-
rons, KCNQ2 and KCNQ3 channels are
found as heteromers (KCNQ2/3) mediat-
ing the M-current, a non-inactivating
potassium conductance that activates as
neurons approach action potential thresh-
old.2 Additionally, KCNQ2/3 channels
underlie the medium afterhyperpolariza-
tion (mAHP) and, depending on cell
type, contribute to the slow afterhyperpo-
larization, thus preventing runaway activ-
ity following trains of action potentials.2,3

Despite great progress in our understand-
ing of the physiological, biophysical and
trafficking properties of KCNQ2/3 het-
eromers,2 the lack of selective KCNQ2
and KCNQ3 channel blockers and the
fact that constitutive Kcnq2-knockout
mice die soon after birth has made it chal-
lenging to explore the precise role of indi-
vidual KCNQ2 and KCNQ3 channels in
neuronal excitability. In a new publica-
tion,4 Soh et al address this knowledge
gap by crossing newly developed Kcnq2-
and Kcnq3-floxed mice to the Emx1-ires-
Cre driver line, which express cre recombi-
nase in »90% of cortical neurons starting
at »E10.5. Using these mouse models,
the authors demonstrate the essential role
for KCNQ2 in controlling neuronal
excitability.

Previous studies showed that knockin
mice expressing loss-of-function mutations
to KCNQ2 and KCNQ3 channels mim-
icking those observed in human epilepsy
could lead to seizures and death.5 Soh et al
extended these findings by showing that
deletion of Kcnq2—but not Kcnq3—from
cortical pyramidal neurons is sufficient for

the development of aberrant EEG activity
and leads to death by the third week of life.
Electrophysiological recordings from pyra-
midal neurons in the CA1 subregion of the
hippocampus showed that in the absence
of KCNQ2 channels the M-current was
reduced by »85%, whereas the mAHP
was reduced by »50–60%. The reduction
to the mAHP also led to prolonged after-
depolarization likely leading to the higher
number and frequency of action potentials
observed in Kcnq2-null neurons. Unlike
Kcnq2-null neurons, Kcnq3-null neurons
had near-normal excitability and mAHP
even though the M-current was reduced by
approximately 50%.

The authors also found that loss of
KCNQ2 channels resulted in a greater
decrease in expression of the remaining
cortical KCNQ channels, KCNQ3 and
KCNQ5, while Kcnq3 deletion only
resulted in small reductions in KCNQ2
and KCNQ5 protein levels. Further phar-
macological analysis suggested that, in the
absence of KCNQ3, KCNQ2 channels
are still functional, possibly compensating
for the loss of KCNQ3 channels. There-
fore, the observed severe phenotype of
Kcnq2 conditional-knockout mice might
simply be due to the global loss of cortical
KCNQ channels, thereby decreasing the
likelihood of compensation by other
KCNQ channels.

While the Soh et al.4 study critically
expands our understanding of KCNQ2/3
channel function in pyramidal neurons, it
also introduces several new questions. For
instance, KCNQ2/3 channels are highly
expressed in the distal region of the axon
initial segment (AIS) where they co-local-
ize with Nav1.6, a voltage-gated sodium
channel (VGSC) also implicated in pedi-
atric epilepsies and the initiation of action
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potentials.6,7 Does loss of KCNQ2/3
channels lead to higher activity of Nav1.6?

One could envision that the overlap of
KCNQ2/3 channels with sodium chan-
nels might limit their persistent activity at
subthreshold membrane potentials, lead-
ing to increased excitability and prolonged
afterdepolarization.6,7 Increased persistent
sodium current might also lead to greater
contribution to the mAHP following
trains of action potentials. As the mAHP
hyperpolarizes the membrane potential it
will also transiently close the persistent
sodium current leading to an amplified
hyperpolarization, as the closing of inward
sodium current is functionally similar to
the opening of a potassium channel. A
greater contribution of sodium channels
to the mAHP might lead to action poten-
tial synchronization. The involvement of
VGSCs to the mAHP might explain the
discrepancy between the large M-current
reduction (measured in the presence of
TTX, a VGSC blocker) and the persis-
tence of the mAHP in Kcnq2- and Kcnq3-
null neurons. Additionally, as KCNQ2
channels bind to CK2,8 a kinase required

for the proper localization of VGSC to
the AIS, KCNQ2 loss might also change
the local concentration of CK2, leading to
mislocalization of VGSCs in the AIS and
a change in action potential properties.
Future work combining Kcnq2, Kcnq3
and sodium channel knockout mice might
clarify these questions.

The aberrant cortical activity measured
with EEG recordings in Kcnq2-null neu-
rons suggests a hyperexcitable cortical net-
work. Therefore, does loss of KCNQ2
channels also lead to increased spontane-
ous and/or mini EPSC activity? Does it
also homeostatically affect IPSC activity?
As cortical interneurons also express
KCNQ2/3 channels, does conditional
KCNQ2/3 deletion simultaneously from
both interneurons and pyramidal neurons
exacerbate or alleviate cortical hyperexcit-
ability? This is an important issue, as the
role of KCNQ2/3 channels in interneuron
physiology has been largely unexplored
compared to the plethora of studies on
KCNQ2/3 channels in pyramidal and
sensory neurons. Lastly, what leads to the
premature death of Kcnq2 conditional

knockout mice—bradycardia, respiratory
failure, or both?

In summary, the availability of Kcnq2-
and Kcnq3-floxed mice will be invaluable
for genetically defining the role of
KCNQ2/3 channels throughout the ner-
vous system and could also contribute to a
better understanding of Kcnq2 and Kcnq3
epilepsy-related disorders.
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