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In vitro profiling against ion channels beyond hERG as an early 
indicator of cardiac risk 



1) Introduction (hERG, LQTs)

2) Generalized cardiac liability assay workflow

3) Rationale for screening ion channels beyond hERG

4) Development and validation of automated 
electrophysiology assays for ion channels beyond hERG

5) Future directions

Outline of presentation
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Ion channel genes associated with inherited LQT syndrome

rareNaV1.5LQT10

rareCaV1.2LQT8

rareKir2.1LQT7

rareMIRP1LQT6

1%minKLQT5

5-10%NaV1.5LQT3

25-30%hERGLQT2

30-35%KCNQ1LQT1

FrequencyChannelGene



Phase 0
Rapid influx of Na+ (I Na) 

due to opening of NaV1.5
channels causes 

depolarisation

Phase 1
Repolarisation initiated 

by closure of NaV1.5 
channels and activation 
of transient outward IK to

currents (e.g. Kv4.3)

Phase 2
Plateau sustained mainly by inward Ca2+ currents 
(ICa) due to CaV1.2 channels and in some cell types 

late Na+ currents (I NaL) opposing the repolarising 
effects of slow outward rectifier (IKs) currents 
(KCNQ1) and in atrial cells ultra rapid currents 

(IKUR , Kv1.5). Athough rapid rectifier currents (IK R,
hERG) activate they quickly inactivate. Phase 3

Repolarisation continues due 
to closure of 

CaV1.2 channels and recovery 
of rapid outward rectifier (IKr) 

currents ( hERG)

Phase 4
Resting state – resting membrane potential in ventri cle cells is 
dominated by inward rectifier K currents (I Kl Kir2.1 ) (and in SA 

pacemaker cells by HCN4 channels, I h aka If)

The ventricular cardiac action potential



Customer workflow: Cardiac safety
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CardiacProfiler TM service

� hERG

• Ionworks, PatchXpress and/or manual patch clamp
• Single concentration and/or concentration response analysis
• Membranes for radioligand binding

� Cardiac ProfilerTM panel

• Liability profiling against 8 key cardiac channels:
– hERG, KCNQ1/minK, CaV1.2, NaV1.5, KV4.3/KChiP2, KV1.5, HCN4, 

Kir2.1, 
– can accommodate individual or multiple compounds

• Profiling against each individual channel also available
• Single concentration and/or concentration-response analysis
• Ionworks (PatchXpress in development)

The panel has been validated by benchmarking agains t reference
compounds with known channel activity and in vivo e ffects
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Profiling cardiac ion channels: beyond hERG



Redfern, W.S. et al. Cardiovasc Res 2003 58:32-45

Effects of hERG block can be modified by activity at other channels:
1 – Redfern et al. analysis

Class Ia and III anti arrhythmics

Withdrawn due to TdP

Numerous reports of TdP

Isolated reports of TdP

No reports of TdP



Martin RL et al. (2004) J Cardiovasc Pharmacol 43:369-379 

Effects on hERG are modified by activity at other channels:
2 – Multi-channel blockade



Acquired LQTs can be associated with cardiac channels other than 
hERG: Alfuzosin

Lacerda AE et al. (2008) J Pharm Exp Therapeutics 324:427-433
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Development and validation of automated 
electrophysiology assays for ion channels beyond 

hERG



� Cav1.2/b2a/a2d1
� Cav2.2/b3/a2d1

� Nav1.1
� Nav1.2
� Nav1.3
� Nav1.4
� Nav1.5
� Nav1.6
� Nav1.7
� Nav1.8 (rat)
� Nav1.8

� Kv1.1
� Kv1.2
� Kv1.3
� Kv1.4
� Kv1.5
� Kv1.6
� Kv1.7
� Kv1.8

� Kv2.1
� Kv2.1/Kv9.2

� Kv3.1
� Kv3.2
� Kv3.3

� Kv4.2/KChip2
� Kv4.3/KChIP1
� Kv4.3/KChIP2

Sodium Potassium Calcium

Voltage-Gated:

� GluR6 (GRIK2)

� GABAA a1/b3/g2
� GABAA a3/b3/g2

� Kv7.1/KCNE1
(KCNQ1/minK)

� Kv7.2/Kv7.3 

� hERG-CHO
� hERG-HEK

� Kir2.1

� HCN1
� HCN2
� HCN3
� HCN4

Other

Ligand-Gated:

� TRPV1
� TRPV3
� TRPA1

� nAChR a1/b1/d/e
� nAChR a3/b4

Cardiac Profiler Panel
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Benchmarking the cardiac profiling panel

Flecainide - Class I antiarrhythmic
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Cardiac Profiler panel

– Compound submission preferences
• Frozen in compound plate, stock solution, dry compound

– Promised turnaround
• Panel is run monthly for customers wishing to submit few 

compounds
• For greater numbers it can be run on compound receipt, with 2- to 

4-week turnaround

– Data report formats
• Report sent by e-mail, followed by hard copy, ftp portal

– Flexibility in offerings
• Standard panel of 8 channels
• Define your own panel if certain channels not required



Evaluation of automated e-phys assays for cardiac safety 
assessment beyond hERG

• Collaborative project involving a consortium of 4 major Pharma
companies and Millipore

• Co-ordinated by Cambridge Healthtech Associates (CHA)

• Well-characterized compound set tested against 8 different 
cardiac ion channel assays using 2 different assay platforms 
(Ionworks and PatchXpress)

– Compounds submitted by member companies with associated 
preclinical and clinical data sets (IKr, APD, QT, plasma conc etc.etc.)

• 76 in total, of which 25 are proprietary, 51 public domain

• Carried out as blinded study (cmpd identities only subsequently deconvoluted)
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hKir2.1 hHCN4

CHA Consortium - IonWorks Controls

Controls on every plate: DMSO (0.3%) vehicle contro ls, high (max. block) and low (approx IC 50)



CHA Consortium- IonWorks Controls
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Definitions used for fits

� no significant effect = highest conc. 
blocked <20%

� Partial block = highest conc. 
blocked 20-40%. 

� Fit only when highest concentration 
blocks >40% (logistic)

CHA Consortium- Representative example of IonWorks da ta 

Mibefradil
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R = 0.94

Correlation between IonWorks and manual patch clamp



Correlation between IonWorks and PatchXpress data 

R = 0.82
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Profile summaries for public domain compounds – Clas s 1 

Class Ia and III anti arrhythmics



Redfern et al. Class 2 - Terfenidine
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Profile summaries for public domain compounds – Clas s 2
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Profile summaries for public domain compounds – Clas s 3

Numerous reports of TdP



www.millipore.com/drugdiscovery/dd3/ionchannel

M ibefradil
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Why use Millipore’s Cardiac ProfilerTM Panel?

Workflow proposed by Redfern et al . 2003; frequently employed today

1) hERG IC50 from transfected mammalian cell line
2) Test for effects on mammalian cardiac AP in any w ell-characterized in vitro prep
3) Look for QT effect in vivo

•If do not have #2 capability in 
house, can use full panel in a 
predictive study
•Saves time and amount of drug 
relative to #2
•Does not replace required AP 
studies

•If have #2 capability in house, can 
use full panel in a mechanistic  
study
•Obviates customer need to keep 8 
cell lines in culture at all times

Redfern et al . also state: If drug slows repolarization in a conce ntration-
dependent manner consistent with hERG activity, it c an reasonably assumed 
that effects at other channels are unlikely: e.g. cisapride
If it does not, need to investigate other channels (e.g. terfenadine)   



Future Directions

• Frozen cells
– CardiacProfilierTM lines underway

• Additional cell lines
– Please talk to us

• FlexLab assays
– FLIPRTETRA, IW, PX and manual patch clamp available for subclone

selection and detailed profiling for your assay platforms(s)
– MOA studies of your compound



Summary and conclusions

• A panel of key ion channels with potential for drug-induced cardio-toxic 
effects has been identified

• Automated electrophysiology assays for each of the human channels 
have been developed for profiling compounds

• These assays have been validated by benchmarking against a range of 
reference compounds with known preclinical and clinical properties

• This panel is designed to complement low thoughput, complex APD 
studies avoiding potential discrepancies arising from species 
differences

• This should prove useful for “first-tier” screening to aid prioritization of 
early stage compounds and for flagging potential liabilities
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