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plays an important role in cellular calcium
homeostasis. Under physiological conditions
NCX removes Ca2+ from the cell lumen of
excitable cells and is involved in regulatory
processes. Under pathological conditions, NCX
can reverse direction and contribute to cell
damage by Ca2+ overloading. These critical
functions have fueled the debate over the
pharmacological potential of NCX since many
years. Inhibition of the reversed mode of NCX is
thought
to
be
beneficial
in
ischemia/reperfusion injury. Moreover, inhibition
of NCX has been proposed to exhibit an antiarrhythmic effect. On the other hand the risk of
inadvertent NCX inhibition as a secondary drug
effect is poorly investigated and unspecific
NCX inhibition is usually not tested during drug
development

Conclusion. Our findings clearly demonstrate
the presence of functional NCX in hiPSC-CMs
which until now has been poorly investigated.
A substantiation of the relevance of
electrogenic transporters within the cardiac
safety field could be demonstrated by the
effects of CiPA reference compounds such as
Bepridil or Azimilide. Further studies are
necessary, but at this time we can state that
we could put some perspective on an
intriguing role of NCX for safety pharmacology
and could outline the relevance for further
investigations of the electrogenic transporter.
The SURFE2R technology applied here allows to
generate new insights into the physiology and
pharmacology needed.

based method (SSM based electrophysiology)
we recorded specific NCX current responses of
high amplitude. Furthermore, we developed a
screening assay to test compound effects on
NCX in HEK293 with high efficiency.

Objectives. We investigated NCX function
and pharmacology in iPSC-CM and in
overexpressing HEK293 cells in order to be able
to rank the relevance of such electrogenic
transporter investigations within the field of
safety pharmacology.

Assay performance: Signal and baseline amplitude, success rate and signal to baseline ratio.

Results. NCX currents in iPSC-CM or NXC1
expressed in HEK cells showed similar calcium
affinity and were sensitive to nickel, KB-R7943
and SEA0400. Furthermore, on NXC1, we
investigated the effect of 28 CiPA compounds
that were previously tested within the HTS ion
channel working group on NaV1.5, CaV1.2,
KvLQT1 and Kir2.1 ion channels (Kramer et al.,
2020). We found that e.g. Bepridil inhibited the
transporter with an IC50 of 9.5 µM, Azimilide
revealed an IC50 of 160 µM.
- Amran et al., Cardiovascular
Drug Reviews, Vol. 21, No. 4, pp.
255–276
- Antoons et al., Pharmacology
& Therapeutics 134 (2012) 26–42
- Herrmann et al.,
Cardiovascular Research (2013)
99, 780–788
- Huag, JPTM 87 (2017) 11–23
-Lee and Hryshko,
Cardiovascular Drug Reviews,
Vol. 22, No. 4, pp. 334–347

- Watanabe, et al., J.
Pharmacol.Sci.102, 7 – 16 (2006)
- Matsuda, et al., 2001. JPET.
298(1): 249-256
- Watanabe & Kimura., 2001.
Jpn. J. Pharmacol. 85: 370-375
- Gintant, G., Sager, P. T., &
Stockbridge, N. (2016). Nature
Reviews. Drug Discovery, 15(7),
457–471.

SSM-based electrophysiology was employed to
measure NCX activity in hiPSC CMs. A special

method was developed to apply SSM based
electrophysiology directly to cardiomyoctes, instead of
membrane preparations. Experiments were performed
using the SURFE2R N1. Characteristic properties of NCX
were investigated.

Applying this assay
it was possible to
reveal large NCX
specific currents in
iPSC derived CMs.

Current amplitude was
compared
to
overexpressing HEK293
cells. Calcium affinity
was tested in CMs and
HEK cells. KB-R7943 and
SEA0400, two inhibitors
largely
specific
for
NCX,
inhibited
the
currents
with
high
affinity.

Cartoon view of SSM-based
sensor and readout principle.

Individual NCX current response in a single well (left) and overview of a full 96 well plate

Human iPSC derived cardiomyocytes have
large NCX currents

Cardiomyocytes attached and in suspension bevor
addition to the SURFE2R sensor.

A screening assay for NCX inhibitors implementing SSM-based electrophysiology in 96-well format

Methods. By developing a suitable sensor-

NCX function triggered in the assay and NCX raw
current traces generated in different types of cells.

Calcium affinity in hiPSC cells and HEK cells.

NCX was overexpressed in HEK293 cells and the plasma
membrane was purified and applied to the SSM sensor.
SURFE2R 96SE instrument and
96-well sensor plate

Solid
Supported
Membrane
(SSM)-based
electrophysiology was applied to establish a
medium-throughput screening assay for NCX.

NCX activity was triggered by application of Ca2+ to the Na+ loaded
membrane vesicles on the sensor. Currents can be triggered
repetitively with a stable amplitude. Nanions SURFE2R 96SE platform
was used for application and recording.
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Astemizole

NC by testing of plate to
plate reproducibility and
in-plate
success
rate.
Three
known
NCX
inhibitors
were
tested
applying the assay layout.

Bepridil
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C_high

Validation of the assay using different NCX
inhibitors vs DMSO as vehicle control.

In each well the baseline was measured followed by two
applications of calcium for a full activation. Sequentially a
compound was applied twice followed by a wash out
attempt. Amplitudes of the full activation were homogenously

Ongoing: Is NCX is inhibited by proarrhythmic drugs?
High TdP Risk
Azimilide
Bepridil
Dofetilide
I butilide
Quinidine
Vandetanib
Disopyramide
Sotalol
intermediate TdP Risk
Astemizole
Chlorpromazine
Cisaprid
Clarithromycin
Clozapine
Domperidone
Droperidol
Terfenadine
Pimozide
Risperidon
Ondansetron
No/very low TdP Risk
Diltiazem
Loratidine
Metoprolol
Mexiletine
Nifedipin
Nitrendipin
Ranolazine
Tamoxifen
Verapamil

SEA 0400

C_low

Left: Heatmap of a 96 well sensor displaying the maximum current amplitude before and after
addition of different compounds. Right: Current amplitude over time during the complete assay
course: Basline, maximum current (2x), inhibitor (2x), wash out (2x)

C_low [µM] C_high [µM]

Performance of the
assay was validated

DMSO Control

0

SSM-based electrophysiology is a sensor-based method,
which allows the resolution of low amplitude electric events
in biological membranes, bringing the advantages of
electrophysiology to the transporter field. Unlike in cellbased electrophysiology, a large capacitive sensor coated
with a high amount of membrane vesicles or
proteoliposomes is used. In this way any process that
generates an electrical potential can be registered with
high amplification. This results in a much better signal to
noise ratio.

Compound

1

% Inhibition

Background. The Na+/Ca2+-exchanger (NCX)

The effect of 28 drugs categorized as
high,
intermediate,
and
low
proarrhythmic risk in the CiPA paradigm
were evaluated (Gintant et al., 2016, see

Table) using the established screening assay.
Each compound was tested at a low and a high
concentration, depending on solubility.
Four of them, including Bepridil, a known
unspecific NCX inhibitor, caused an inhibition of
more than 50% at concentration below 10 µm,
further seven showed significant inhibition at
higher concentrations. Three compounds caused
a disturbance of the measurement.
IC50’s
were
estimated
using
the
two
concentration datapoints and assuming that a
full block can be reached. We started
characterizing the compounds showing the
highest affinity, however this step is still ongoing.
Further verification of these results is planned.

distributed. Wells with very low amplitude were not used for analysis.
Each plate contained one row of DMSO control additions. The
following 11 rows were used for compound testing. Each compound
was tested in two concentrations (4 wells). This delivers 22 averaged
datapoints for 11 compounds per plate.

Ongoing: Cross-validation
using Patch-Clamp E-phys
We started developing a HTS Patch-Clamp assay
to cross validate the results of the SSM-based
experiments. Using the same HEK293 cell line
overexpressing NCX1, NCX activity was triggered by
application of a voltage ramp. Wash in of calcium
enlarged the current, whereas nickel decreased the
observed current response, as expected. In a next step we
intend to verify the specificity of the observed currents by
using SEA0400 before testing the most potent hits from the
SSM-based assay.

Overview of all tested compounds: The upper left corner contains
compounds with highest potency

Current response in an individual well.
Back trace: After nickel addition.
Stimulation: Ramp from +60 to -120 mV.

List of compounds used separated
into risk categories depending on
risk factor designated by the CiPA
initiative (“CiPA Compounds as of
May 10, 2016,” n.d.).
Colour coding: Yellow and light
yellow inhibited NCX currents, grey
caused disturbances and white
showed no effect.

Inhibition of NCX in hiPSC cells and HEK cells using different specific NCX inhibitors.

Compound characterization aproach: Multi point IC50

Overview of all tested compounds which showed activity. IC50 estimation
assuming a potential full block.

Screenshot (DataControl, Nanion) of a 384 well plate during a patch-clamp experiment
(SyncroPatch 384i). Green and blue coloured wells have a suitable seal resistance and
show potential NCX current. The current peak during a ramp voltage is plotted over time.

