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Voltage-gated Kv7.2 and Kv7.3 channels, belonging to the Kv7 or KCNQ potassium channel family, are
responsible for regulation of M-currents,1 a low-threshold, depolarization-activated K+ current, uniquely
suited to suppress bursting and epileptiform activity, while permitting maintenance of responses to
ordinary excitatory inputs.2 Pharmacological activation of such channels may be a strategy to treat
hyperexcitability conditions such as epilepsy and neuropathic pain. After discontinuation of the
anticonvulsant retigabine,3 the identification of novel Kv7.2/Kv7.3 channel activators is an unmet medical
need with promising therapeutic efficacy. In the present work, we show the generation of cell lines stably
expressing different isoforms of KCNQ potassium channels and their characterization in functional assays
to allow generation of High-Throughput Screening (HTS) data for the identification of novel Kv7.2/Kv7.3
(KCNQ 2/3) openers.

INTRODUCTION

The transfected cell lines were used to develop 2 different assays suitable to identify Kv7.2/Kv7.3 openers:
A) Fluorescence-based FLIPR-TETRA assay using a Thallium sensitive dye; B) Q-Patch voltage clamp assay.
Retigabine and ICA-069673 as reference activators and TEA-Cl as reference inhibitor were used.

FLUORESCENCE-BASED SCREENING ASSAY TO DISCOVER NOVEL KCNQ 2/3 CHANNEL OPENERS

ICA-069673 was chosen as reference
opener for Kv7.2.
Retigabine was selected as reference
opener for Kv7.3.

ICA-069673  and retigabine dose-response curves in 
Kv7.2/Kv7.3 and MOCK cells.
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A. A reduction of ICA-069673-induced signal by TEA-Cl treatment can be
appreciated in both Kv7.2 and Kv7.2/Kv7.3.

B. A reduction of retigabine-induced signal by TEA-Cl treatment can be
appreciated only in Kv7.2/Kv7.3 but not in the homomeric Kv7.3.
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Functional discrimination between isoforms at FLIPR with TEA-Cl

The  functional 
discrimination 

between isoforms at 
FLIPR-TETRA  indicates 
that the two subunits 

coexist in the 
heteromeric clone.

EC50 1.78E-06 EC50 1.04E-06
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The human genes for Kv7.2 and Kv7.3 channel subunits were
synthetized and cloned in suitable mammalian expression vectors.
Kv7.2 and Kv7.3 constructs were stably transfected into CHO K1 cell
line to generate 3 cell lines expressing the different Kv7.2/Kv7.3
hetero-tetramers, Kv7.2 and Kv7.3 homo-tetramers.
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Q-Patch_Voltage clamp protocol:
cells were held at -80 mV and the Kv current was evoked by 1-1.5 sec-long
depolarization steps (+10 mV) ranging from -100 mV to +20 mV, followed
by a depolarization step at 0 mV (200msec) and back to -80 mV (1min). At
0 mV the current was measured as the state of the channel exactly before
the depolarization at each V imposed in the conditioning phase.

Current traces were analyzed in two areas, as pointed by
the numbers 1 (late current) and 2 (tail current)
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The value of EC50 is extrapolated
from the saturation curve.

ΔV 1/2 = V 1/2 (@30µM) - V 1/2 (DMSO)

1. Current densities (pA/pF) at the end of each depolarization
were measured. This value is then plotted against its own
voltage step to obtain the I/V relationship.
2. Instantaneous current at 0 mV is plotted against the
preconditioning voltage step value then fitted with a Boltzmann
equation and normalized to the maximal (extrapolated) value to
obtain the activation curve. The activation curve represents the
probability of channel opening from 0 to 1 on Y scale.

The V1/2 (mV) value representing
the voltage at which the
channels are activated at 50%.

The EC50 value is a measure of  the 
drug potency

Functional discrimination between isoforms at Q-Patch16 X with TEA-Cl

Activation curves for three representative compounds

IC50 1.5 mM
in Kv7.2/Kv7.3 an inhibition of ~50%,
confirming the presence of the
heteromeric isoform

IC50 0.19 mM
TEA-Cl causes a complete
inhibition of the K+ current
in Kv7.2 at 3 mM

IC50 nc
almost no effect of TEA-Cl is
observed in the isoform Kv7.3

The ΔV1/2 value is a measure of  
the drug efficacy

Angelini has combined a fluorescent and an electrophysiological method to generate high
quality data to develop a HTS campaign in order to identify novel Kv7.2/Kv7.3 openers as
potential therapeutics for neurological disorders characterized by high excitability.

PATCH-CLAMP BASED SCREENING ASSAY TO DISCOVER NOVEL KCNQ 2/3 CHANNEL OPENERS

CONCLUSIONS
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A proprietary library of 35000
compounds was tested against
CHO-K1 Kv7.2/Kv7.3 cells in the
FLIPR based HTS. 30 hits
identified, with micromolar
activity, were characterized in
dose response curves in
electrophysiology in an
automated Q-patch 16 X system.
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