
Abstract
Objective

To determine how the 
disease-associated A421V variant of 
the KCNC1 gene affects the intrinsic 
physiology of fast-spiking GABAergic 
parvalbumin-expressing interneurons 
(PV-INs), and to create a schema for 
how KV3.1 dysfunction results in 
neural circuit hyperexcitability.

Methodology

Electrophysiological recordings 
of PV-INs in cortical layers II/III and 
layer IV of WT (wildtype) mice and a 
novel mouse model of the A421V 
variant of KCNC1 (Kcnc1-A421V/+) 
were performed to examine and 
compare their intrinsic physiological 
properties.
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Conclusion
• AP frequency of Kcnc1 PV-INs is significantly lower than WT PV-INs. Kcnc1 PV-INs 
undergo depolarization block at higher current injections, whereas WT PV-INs do not.

• No significant difference in upstroke velocity for either genotype. However, Kcnc1 
PV-INs have a significantly slower downstroke velocity than WT PV-Ins. AP amplitude 
and APD50 of Kcnc1 PV-INs are greater than WT PV-INs.

• Vrest of Kcnc1 PV-INs is significantly more depolarized than WT PV-INs, while Vthreshold 
of Kcnc1 PV-INs is significantly more hyperpolarized.

Interpretation
• The Kcnc1-A421V/+ mutation may result in a reduction of K+ current density, leading 
to dysfunctional KV3.1 channels that impair the firing of fast-spiking GABAergic PV-INs.

• With a significantly slower downstroke velocity, Kcnc1 PV-INs will take a longer period 
of time to repolarize, which impairs the recovery from inactivation of NaV channels 
required for high-frequency repetitive firing typical of PV-INs.

• As current injection strength increases, Kcnc1 PV-IN repolarization may be too slow to 
completely offset membrane depolarization. Subsequent APs could fire with fewer and 
fewer NaV channels until Kcnc1 PV-INs fail to fire APs at suprathreshold potentials.

Next Steps
Since KV3.1 is also 
prominently expressed at 
PV-IN synapses, the intrinsic 
physiology of the 
Kcnc1-A421V/+ mutant may 
affect synaptic excitability. 
The synaptic connectivity of 
WT and A421V mice can be 
examined and compared 
using a technique called 
‘multipatching.’ Furthermore, 
the effects of KV3-specific 
modulators on PV-IN 
physiology can be tested.
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Background
The KCNC1 gene encodes the KV3.1 subunit of voltage-gated potassium channels, 
which are specifically expressed in fast-spiking GABAergic interneurons in the 
hippocampus and neocortex. The unique kinetic properties of the KV3.1 channel render 
it a key contributor to membrane repolarization and the termination of action potentials. 
These properties also enable neurons to sustain high-frequency firing, crucial for 
learning and memory, sensory processing, and the regulation of sleep-wake cycles. 
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Mutations affecting KV3 channels  
lead to severe neurological conditions, 
including ataxias, movement disorders, 
and epilepsies. However, KCNC1 had not 
been linked to human disease until the 
gene was recently implicated in MEAK 
(myoclonus epilepsy and ataxia due to K+ 
channel mutation). Since then, the A421V 
(p.Ala421His, c.1262C > T) mutation has 
been identified as a recurrent KCNC1 
variant in patients who present with 
developmental and epileptic 
encephalopathy (DEE).

The A421V variant of the KCNC1 gene is a 
loss-of-function missense mutation that occurs between 
SF (the selectivity filter) and the PVP (Pro-Val-Pro) hinge 
on transmembrane segment 6 of KV3.1 (voltage-gated 
potassium channel 3.1).

How does the 
Kcnc1-A421V/+ mutation 

affect the intrinsic physiology 
of PV-INs?

How can KV3.1 dysfunction lead to 
neural circuit hyperexcitability and 
developmental and epileptic 
encephalopathy (DEE)?

Conclusion

Compared to WT PV-INs, Kcnc1 PV-INs 
have:

• significantly slower downstroke velocity
→ significantly higher AP amplitude
→ significantly higher APD50

• tendency to undergo depolarization block
at higher current injections
→ significantly lower AP frequency

Interpretation

major reduction of K+ current density

impaired firing of fast-spiking 
GABAergic PV-INs

insufficient levels of inhibition

neural circuit hyperexcitability

Kcnc1-A421V/+ mutation 
in KV3.1 channels

Methods

Results

depolarization block - increasing current injections cause sustained depolarizations of the membrane, leading to the inactivation of voltage-gated 
sodium channels; the reduced availability of voltage-gated sodium channels prevent (‘block’) neurons from firing APs
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above: example initial AP traces in WT and Kcnc1-A421V/+ PV-INs;  
below: phase-plot analysis (n = 15, 8 mice; n = 14, 6 mice)

A novel mouse model of KCNC1 encephalopathy was generated due to the 
recurrent variant KCNC1-p.A421V. Results indicate that PV-INs - which are 
known to powerfully control inhibition in the cerebral cortex and specifically 

express Kcnc1 - are prominently impaired in Kcnc1-p.A421V mice. Analysis of 
electrophysiological recordings identified a range of cellular defects consistent 

with potassium channel dysfunction. 


