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(57) ABSTRACT 

Isolated polynucleotide molecules, and peptides encoded by 
these molecules, are used in the analysis of human cardiac 
potassium channel minK subunit variants, as Well as in 
screening and diagnostic applications relating to a D85N 
polymorphism in the KCNEl gene encoding the human 
cardiac potassium channel minK subunit polypeptide. By 
analyzing biological samples from a subject, it is possible to 
type a human cardiac potassium channel minK subunit With 
regard to the KCNE1-D85N polymorphism, for example, in 
the context of screening for susceptibility to drug-induced 
cardiac arrhythmias. 
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METHOD OF SCREENING FOR SUSCEPTIBILITY 
TO DRUG-INDUCED CARDIAC ARRHYTHMIA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based on and claims priority to 
US. Provisional Application Serial No. 60/158,696, ?led 
Oct. 8, 1999, the entire contents of Which are herein incor 
porated by reference. 

Grant Statement 

[0002] This Work Was supported by NIH grant P01 
HL46681. Thus, the US. Government has certain rights in 
the invention. 

TECHNICAL FIELD 

[0003] The present invention relates to isolated polynucle 
otide molecules useful for analyzing cardiac potassium 
channel minK subunit variants, and to screening and diag 
nostic uses thereof relating to a polymorphism in the 
KCNE1 gene encoding the cardiac potassium channel minK 
subunit polypeptide. Among such uses are methods for 
determining the susceptibility of a subject to drug-induced 
cardiac arrhythmias based on an analysis of a biological 
sample isolated from the subject. 

Table of Abbreviations 

ANOVA analysis of variance 
APD action potential duration 
Asn or N asparagine 
ASO allele-speci?c oligonucleotide 
Asp or D aspartate 
ATP adenosine triphosphate 
BSA bovine serum albumin 
CI con?dence interval 
CL cycle length 
KCNEl gene encoding cardiac potassium 

channel minK subunit polypeptide 
KCNQl cardiac potassium channel gene 
? full length 
EAD early after depolarization(s) 
GSHosc glutathione synthetase 
HAT hypoxanthine, aminopterin, thyrnidine 
HERG cardiac potassium channel gene 
IKt rapid cardiac delayed recti?er 

potassium current 
IKS SlOW cardiac delayed recti?er 

potassium current 
KDa kilodalton 
KLH keyhole limpet hernocyanin 
L liter(s) 
LAT ligation activated translation 
LCR ligase chain reaction 
LQTS long QT syndrome 
minK cardiac potassium channel subunit 

polypeptide encoded by KCNEl 
rnsec millisecond(s) 
NAG n-acetyl glutamate 
NASDA TM nucleic acid sequence-based 

ampli?cation 
NHGRI National Human Genome Research 

Institute 
NO nitric oxide 
PBSCT peripheral blood stem-cell 

transplantation 
PCR polymerase chain reaction 
RCR repair chain reaction 
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-continued 

Table of Abbreviations 

REF Restriction endonuclease ?nger 
printing 

SCNSA a cardiac voltage-dependent sodium 
channel oL-subunit gene 

sec second 

SSCP single strand conformation 
polymorphism 

SDA strand displacement activation 
WT Wild type 

BACKGROUND ART 

[0004] Cardiac arrhythmias are a cause of substantial 
morbidity and mortality in adults. A variety of therapeutic 
agents commonly used to treat arrhythmias, along With other 
non-cardiac drugs, sometimes provoke potentially danger 
ous disturbances of cardiac rhythm. Prolongation of the 
cardiac action potential by blocking the rapidly activating 
cardiac delayed recti?er potassium current, IKI, is the 
desired therapeutic effect of many anti-arrhythmic agents, 
but is an inadvertent adverse effect of certain antihistamines, 
antidepressants, gastric motility promoters, and other agents. 
Generally Without Warning, 1-10% of patients receiving 
action potential prolonging drugs Will develop marked pro 
longation of the electrocardiographic QT interval or poly 
morphic ventricular tachycardia (torsades de pointes). See 
Roden, D. M.,N. Engl. J. Med. 331:785-791 (1994); Roden, 
D. M.,AmJ Cardiol72144B-49B (1993); Carlsson, L., et al., 
J. Pharmacol. Exp. T her 282:220-227 (1997); Mohammad, 
S., et al., Am. J. Physiol. Heart Circ. Physiol. 273:H2534 
H2538(1997); Rampe, D., et al., FEBS Lett 417:28-32 
(1997); Woosley, R. L., et al., JAIVIA 269:1532-1536 (1993); 
Suessbrich, H., et al., FEBS Lett 385:77-80 (1996); Weis 
senburger, J., et al., Clin ExpAllergy 29 (Suppl. 3):190-196 
(1999); Jackman, W. M., et al.,Prog CardiovascDis 31:115 
172 (1988); LaZZara, R. Eur Heart J 14:H88-H92(1993); 
Tan, H. L., et al., Ann. Intem. Med. 122:701-714 (1995). 

[0005] Congenital long QT syndrome (LQTS) is an inher 
ited condition of abnormal cardiac repolariZation character 
iZed clinically by an increased risk of torsades de pointes. 
See Keating, M. T. Medicine (Baltimore) 75:1-5 (1996); 
Vincent, G. M.Annu. Rev. Med. 49:263-274 (1998); Roden, 
D. M., et al., Circulation 94:1996-2012 (1996). The majority 
of LQTS subjects appear to harbor mutations in either of tWo 
cardiac potassium channel genes, HERG and KCNQ1 (see 
Curran, M. E., et al., Cell 80:795-803 (1995) and Wang, Q., 
et al., Nature Genet. 12:17-23 (1996)), While additional 
cases are caused by mutations in genes encoding potassium 
channel regulatory subunits KCNE1 and KCNE2 (see 
SplaWski, I., et al., Nature Genet. 17:338-340 (1997); 
Abbott, G. W., et al., Cell 97:175-187 (1999)), a cardiac 
voltage-dependent sodium channel ot-subunit SCN5A (see 
Wang, Q., et al., Cell 80:805-811 (1995)), and otheruniden 
ti?ed gene products (see Schott, J. J., et al., 57:1114-1122 
(1995)). 
[0006] A feW anecdotal reports have attempted to associ 
ate the presence of rare sequence variants in KCNQ1 and 
KCNE2 to drug-induced LQT in the absence of an overt 
congenital phenotype. See Abbott, G. W., et al., Cell 97:175 
187 (1999); SchulZe-Bahr, E., et al., Circulation 96:1 
211(1997); Napolitano, C., et al., Circulation 96:1-211 
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(1997); Donger, C., et al., Circulation 96:2778-2781 (1997); 
Priori, S. G., et al., Eur Heart] 18:324(1997). However, in 
these cases, the described alleles Were absent in the general 
population, indicating that they are only rare causes of 
drug-induced arrhythmia susceptibility. Thus, the preva 
lence of drug induced cardiac arrhythmias in the general 
population remains unexplained and uncharacteriZed. 

[0007] Therefore, drug-induced cardiac arrhythmias con 
tinue to represent the Achilles heel of efforts to develop safe 
and effective anti-arrhythmic agents. Moreover, drug 
induced cardiac arrhythmias also occur during treatment 
With non-cardiac drugs that have unintended effects on 
cardiac repolariZation. For example, as many as 10% of 
patients treated With quinidine, sotalol, and ibutilide Will 
develop excessive QT interval prolongation or exhibit the 
precipitous occurrence of torsade de pointes. This unpre 
dictable adverse reaction can occur in the absence of iden 
ti?able risks factors such as hypokalemia, hypomagnesemia, 
concomitant treatment With other IKr blockers, and recent 
conversion from atrial ?brillation. See Tan, H. L., et al.,Ann. 
Intem. Med. 122:701-714 (1995). 

[0008] A method that can predict individual susceptibility 
to drug-induced arrhythmias Would have substantial clinical 
utility and Would meet a long-felt need in the art. HoWever, 
such a method is currently not available in the art. 

DISCLOSURE OF THE INVENTION 

[0009] A method of screening for susceptibility to a drug 
induced cardiac arrhythmia in a subject is disclosed. The 
method comprises: (a) obtaining a biological sample from 
the subject; and (b) detecting a D85N polymorphism of a 
KCNE1 gene encoding a cardiac potassium channel minK 
subunit polypeptide in the biological sample from the sub 
ject, the presence of the D85N polymorphism indicating that 
the susceptibility of the subject to a drug-induced cardiac 
arrhythmia. 
[0010] Preferably, the polymorphism of the minK 
polypeptide comprises a G to A transition in the single exon 
of the KCNE1 gene, more preferably at nucleotide 281 of a 
cDNA that corresponds to the KCNE1 gene. More prefer 
ably, the G to Atransition at nucleotide 281 of the cDNA that 
corresponds to the KCNE1 gene further comprises a change 
in the triplet code from GAC to AAC or GAT to AAT, Which 
encodes a KCNE1 polypeptide having an asparagine (Asn or 
N) moiety at amino acid 85, instead of an aspartate (Asp or 
D) moiety. Hence, the polymorphism is referred to as the 
KCNE1-D85N polymorphism. 

[0011] Kits and reagents, including oligonucleotides, 
nucleic acid probes and antibodies suitable for use in car 
rying out the methods of the present invention and for use in 
detecting minK polypeptides and KCNE1 polynucleotides 
are also disclosed herein. 

[0012] It is therefore an object of the present invention to 
provide polynucleotide molecules that can be used in ana 
lyZing a cardiac potassium channel minK subunit gene 
(KCNE1) in vertebrate subjects. 

[0013] It is also an object of the present invention to 
provide for the determination of KCNE1 genotype in ver 
tebrate subjects and particularly human subjects, based on 
information obtained through the analysis of nucleic acids, 
including genomic DNA and cDNA, derived from tissues 
from the subject. 
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[0014] It is yet another object of the present invention to 
provide a ready method for determining KCNE1 genotype. 

[0015] It is still a further object of the present invention to 
provide polypeptide and polynucleotide molecules for use in 
generating antibodies that distinguish betWeen the different 
forms of KCNE1 Which constitute the KCNE1-D85N poly 
morphism. 

[0016] It is yet a further object of the present invention to 
provide methods for diagnosing clinical syndromes related 
to and associated With the KCNE1-D85N polymorphism. 

[0017] Some of the objects of the invention having been 
stated hereinabove, other objects Will become evident as the 
description proceeds, When taken in connection With the 
accompanying DraWings and Examples as best described 
hereinbeloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic of the location of missense 
alleles in KCNE1. This schematic model of KCNE1 gene 
product illustrates tWo congenital LOT alleles (S74L, 
D76N) and the D85N polymorphism in the cytoplasmic 
carboxyl terminus. 

[0019] FIG. 2 depicts functional characteristics of 
KCNQ1 co-expressed With KCNE1 alleles. 

[0020] FIG. 2A depicts representative Whole-cell current 
recordings from cells expressing KCNQ1 With WT-KCNE1. 
Cells Were depolarized to +60 mV in 20 mV increments 
from a holding potential of —80 mV for 4 sec, folloWed by 
repolariZation to —50 mV. 

[0021] FIG. 2B depicts representative Whole-cell current 
recordings from cells expressing KCNQ1 With KCNE1 
D85N (same pulse protocol as in FIG. 2A). 

[0022] FIG. 2C depicts comparison of current activation 
determined With a test potential of +40 mV (holding poten 
tial —80 mV) for KCNQ1+WT-KCNE1 and KCNQ1+ 
KCNE1-D85N 

[0023] FIG. 2D depicts comparison of deactivating tail 
currents recorded at —50 mV folloWing an activating pre 
pulse to +60 mV for KCNQ1+WT-KCNE1 and KCNQ1+ 
KCNE1-D85N. 

[0024] FIG. 3 is a graph depicting the effect of repetitive 
depolariZation on function of KCNQ1 co-expressed With 
KCNE1 alleles. Cells expressing KCNQ1 With either WT 
KCNE1 or KCNE1-D85N Were repeatedly depolariZed to 
+60 mV for 1 sec and repolariZed to —50 mV for 780 msec. 
Data plotted are the ratios of current recorded at the end of 
each depolariZing pulse to that of the ?rst depolariZing pulse. 
(* =p<0.05). 
[0025] FIG. 4 depicts the simulated effects of IKr block on 
ventricular action potentials. Results from LRd model simu 
lations using a train of 40 action potentials (APs) folloWed 
by a brief pause (2500 msec). The last tWo APs are shoWn 
for tWo conditions: (Panel A) Data simulated With the IK5 
characteristics of KCNQ1+WT-KCNE1. (Panel B) Data 
simulated With the IK5 characteristics of KCNQ1+KCNE1 
D85N. 47% IKr block was sufficient to cause EADs in 
KCNQ1+KCNE1-D85N (Panel B) While 100% IKr block 
failed to produce EADs in KCNQ1+WT-KCNE1 (Panel A). 
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For the simulations, the mathematical formulation for IK5 
Was modi?ed from the LRd (VisWanathan, P. C., et al., 
Circulation 99:2466-2474 (1999)) to match the experimen 
tal data presented in FIG. 2 as folloWs: 'CXs1=A/((7.19E— 
5*(v+30)/(1—EXP(—0.148*(v+30))))+B*(v+30)/ 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Cardiac arrhythmias are a signi?cant cause of 
morbidity and mortality among people living in industrial 
iZed nations. Drugs commonly used to treat this Widespread 
problem can at times promote rather than suppress arrhyth 
mias. Drug-induced or acquired long QT syndrome (LQTS) 
is a Well recogniZed, but generally unpredictable, premoni 
tory condition that foreshadoWs the occurrence of poten 
tially fatal cardiac arrhythmias. See Roden, D. M., N. Engl. 
J. Med. 331:785-791 (1994); Roden, D. M., Am J Cardiol 
72:44B-49B (1993); Carlsson, L., et al.,]. Pharmacol. Exp. 
Ther. 282:220-227 (1997); Mohammad, S., et al., Am. J. 
Physiol. Heart Circ. Physiol. 273:H2534-H2538(1997); 
Rampe, D., et al., FEBS Lett417128-32 (1997); Woosley, R. 
L., et al., JAMA 269:1532-1536 (1993); Suessbrich, H., et 
al., FEBS Lett 385:77-80 (1996); Weissenburger, J., et al., 
Clin ExpAllergy 29 (Suppl. 3):190-196 (1999); Jackman, W. 
M., et al., Prog Cardiovasc Dis 31:115-172 (1988); LaZZara, 
R. Eur Heart] 14:H88-H92(1993); Tan, H. L., et al., Ann. 
Intem. Med. 122:701-714 (1995). 

[0027] Disclosed herein is the surprising observation that 
a common single nucleotide polymorphism in the KCNE1 
gene encoding the potassium channel regulatory subunit 
minK occurs at a signi?cantly higher frequency among 
patients With acquired LQT than in the general population. 
Also disclosed herein is the surprising observation that the 
polymorphism correlates to subtle kinetic changes in the 
minK-dependent cardiac potassium current, IK5 that confer 
an increased risk of pause-dependent, arrhythmogenic, early 
afterdepolariZations in the setting of partial IKr block, indi 
cating that the presence of the polymorphism confers a 
susceptibility to drug-induced cardiac arrhythmias. 
[0028] To elaborate, the single nucleotide D85N polymor 
phism in the KCNE1 gene encoding the cardiac potassium 
channel minK subunit Was more prevalent in a cohort of 98 
acquired LQT subjects than in an unselected control popu 
lation (7.1% vs. 1.4%, p<0.01; odds ratio 5.6, 95% Cl=1.6 
to 19.2). The polymorphic allele alters the functional prop 
erties of heterologously expressed KCNQ1 cardiac potas 
sium channels and reduces the contribution of the corre 
sponding cardiac current, 1K5, to cardiac repolariZation. Most 
drugs that cause LQT block another major repolariZing 
cardiac potassium current, In, and computer modeling of 
cardiac action potentials revealed that suppression of IKr in 
the presence of the KCNE1-D85N polymorphism produces 
an arrhythmogenic substrate during sloW heart rates or 
folloWing a long diastolic pause, tWo common clinical 
settings for the emergence of drug-induced arrhythmias. 
These data support the observation of reduced repolariZation 
reserve as a risk factor for acquired LQT and provide the 
identity of a susceptibility allele in KCNE1. 

[0029] The polymorphism is characteriZed by an amino 
acid substitution, aspartate/asparagine at amino acid 85, in 
the minK subunit polypeptide encoded by the KCNE1 gene. 
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A single nucleotide change in the KCNE1 gene is respon 
sible for the polymorphism of KCNE1. Particularly, a G to 
A transition With the single eXon of the KCNE1 gene 
changes the triplet code from GAC/GAT for aspartate to 
AAC/AAT for asparagine and leads to the D85N amino acid 
change in the encoded minK subunit polypeptide. Thus, the 
polymorphism is referred to herein as in the claims as the 
“KCNE1-D85N polymorphism”, “KCNE1-D85N”, and/or 
the “D85N polymorphism”. 

[0030] In light of these discoveries, manipulation of 
nucleic acid molecules derived from the tissues of vertebrate 
subjects can be effected to provide for the analysis of 
KCNE1 genotypes, for the generation of peptides encoded 
by such nucleic acid molecules, and forscreening and diag 
nostic methods relating to the KCNE1-D85N polymor 
phism. Nucleic acid molecules utiliZed in these conteXts can 
be ampli?ed, as described beloW, and generally include 
RNA, genomic DNA, and cDNA derived from RNA. 

[0031] A. Polynucleotide Screening Methods 

[0032] In accordance With the present invention, a method 
of screening for susceptibility to drug-induced cardiac 
arrhythmias in a subject is provided. The method compris 
ing: (a) obtaining a nucleic acid sample from the subject; and 
(b) detecting a D85N polymorphism of a KCNE1 gene in the 
nucleic acid sample from the subject, the presence of the 
D85N polymorphism indicating that the susceptibility of the 
subject to drug-induced cardiac arrhythmias. 

[0033] As used herein and in the claims, the term “poly 
morphism” refers to the occurrence of tWo or more geneti 
cally determined alternative sequences or alleles in a popu 
lation. A polymorphic marker is the locus at Which 
divergence occurs. Preferred markers have at least tWo 
alleles, each occurring at frequency of greater than 1%. A 
polymorphic locus can be as small as one base pair. 

[0034] As used herein and in the claims, the term “gene” 
is used for simplicity to refer to a functional protein, 
polypeptide or peptide encoding unit. As Will be understood 
by those in the art, this functional term includes both 
genomic sequences and cDNA sequences. “Isolated substan 
tially aWay from other coding sequences” means that the 
gene of interest, in this case, the KCNE1 gene, forms the 
signi?cant part of the coding region of the DNA segment, 
and that the DNA segment does not contain large portions of 
naturally-occurring coding DNA, such as large chromo 
somal fragments or other functional genes or cDNA coding 
regions. Of course, this refers to the DNA segment as 
originally isolated, and does not exclude genes or coding 
regions later added to the segment by the hand of man. 

[0035] Useful nucleic acid molecules according to the 
present invention include those Which Will speci?cally 
hybridiZe to KCNE1 sequences in the region of the G to A 
transition that leads to the D85N change in the encoded 
minK polypeptide. Typically these are at least about 20 
nucleotides in length and have the nucleotide sequence 
corresponding to the region of the G to A transition at base 
281 of the consensus KCNE1 cDNA sequence (SEQ ID 
NO.:1 and GenBank accession number M26685), Which 
changes the triplet code from GAC/GAT to AAC/AAT. The 
term “consensus sequence”, as used herein, is meant to refer 
to a nucleic acid or protein sequence for KCNE1 or minK, 
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the nucleic or amino acids of Which are known to occur With 
high frequency in a population of individuals Who carry the 
gene Which codes for a normally functioning protein, or 
Which nucleic acid itself has normal function. 

[0036] Provided nucleic acid molecules can be labeled 
according to any technique knoWn in the art, such as With 
radiolabels, ?uorescent labels, enZymatic labels, sequence 
tags, etc. According to another aspect of the invention, the 
nucleic acid molecules contain the G to A transition at base 
281 of SEQ ID NO: 1. Such molecules can be used as 
allele-speci?c oligonucleotide probes, as disclosed in the 
Examples presented herein. 

[0037] Body samples can be tested to determine Whether 
the KCNE1 gene contains the D85N polymorphism. Suit 
able body samples for testing include those comprising 
DNA, RNA or protein obtained from biopsies, including 
liver and intestinal tissue biopsies; or from blood, prenatal; 
or embryonic tissues, for example. 

[0038] In one embodiment of the invention tWo pairs of 
isolated oligonucleotide primers are provided, e.g., SEQ ID 
NOS: 5 & 6 and SEQ ID NOS: 7 & 8, discussed in the 
Examples. These sets of primers are derived from the 
KCNE1 single exon, the location of the KCNE1-D85N 
polymorphism employed in the present invention produce 
236 and 258 base pair fragments, respectively. 

[0039] The oligonucleotide primers are useful in diagnosis 
of a subject at risk for developing drug-induced cardiac 
arrhythmias. The primers direct ampli?cation of a target 
polynucleotide prior to sequencing. These unique KCNE1 
exon oligonucleotide primers Were designed and produced 
based upon the G to A transition associated With the 
KCNE1-D85N polymorphism. 

[0040] In another embodiment of the invention isolated 
allele speci?c oligonucleotides (ASO) are provided, e.g., 
SEQ ID NO: 9. Sequences substantially similar thereto are 
also provided in accordance With the present invention. The 
allele speci?c oligonucleotides are useful in diagnosis of a 
subject at risk developing drug-induced cardiac arrhythmias. 
These unique KCNE1 exon oligonucleotide primers Were 
designed and produced based upon the G to A transition 
associated With the KCNE1-D85N polymorphism. 

[0041] The terms “substantially complementary to” or 
“substantially the sequence of” refer to sequences Which 
hybridiZe to the sequences provided (e.g. SEQ ID NO: 9) 
under stringent conditions as disclosed herein and/or 
sequences having suf?cient homology With SEQ ID NO: 9, 
such that the allele speci?c oligonucleotides of the invention 
hybridiZe to the sequence. The term “isolated” as used 
herein includes oligonucleotides substantially free of other 
nucleic acids, proteins, lipids, carbohydrates or other mate 
rials With Which they can be associated, such association 
being either in cellular material or in a synthesis medium. A 
“target polynucleotide” or “target nucleic acid” refers to the 
nucleic acid sequence of interest e.g., a minK-encoding 
KCNE1 polynucleotide. Other primers Which can be used 
for primer hybridiZation are readily ascertainable to those of 
skill in the art based upon the disclosure herein of the 
KCNE1-D85N polymorphism and its association With drug 
induced cardiac arrhythmias 

[0042] The primers of the invention embrace oligonucle 
otides of sufficient length and appropriate sequence so as to 
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provide initiation of polymeriZation on a signi?cant number 
of nucleic acids in the polymorphic locus. Speci?cally, the 
term “primer” as used herein refers to a sequence compris 
ing tWo or more deoxyribonucleotides or ribonucleotides, 
preferably more than three, and more preferably more than 
eight and most preferably at least about 20 nucleotides of the 
KCNE1 gene Wherein the DNA sequence contains the G to 
A transition at base 281 relative to KCNE1 as set forth in 
SEQ ID NO:1. The allele including guanine (G) at base 281 
relative to KCNE1 as set forth in SEQ ID NO: 1 is referred 
to herein as the “KCNEla allele”, the “D85 allele”, or the 
“aspartate-encoding allele”. The allele including adenine 
(A) at base 281 relative to KCNE1 as set forth in SEQ ID 
NO: 3 is referred to herein as the “KCNElb allele”, the “N85 
allele”, or the “asparagine-encoding allele”. 

[0043] An oligonucleotide that distinguishes betWeen the 
KCNE1a and the KCNE1b alleles of the KCNE1 gene, 
Wherein said oligonucleotide hybridiZes to a portion of the 
KCNE1 gene that includes nucleotide 281 of a cDNA that 
corresponds to the KCNE1 gene When said nucleotide 281 
is guanosine, but does not hybridiZe With said portion of said 
KCNE1 gene When said nucleotide 281 is adenosine is also 
provided in accordance With the present invention. An 
oligonucleotide that distinguishes betWeen the KCNE1a and 
the KCNE1b alleles of the KCNE1 gene, Wherein said 
oligonucleotide hybridiZes to a portion of the KCNE1 gene 
that includes nucleotide 281 of the cDNA that corresponds 
to the KCNE1 gene When nucleotide 281 is adenosine, but 
does not hybridiZe With the portion of the KCNE1 gene 
When nucleotide 281 is guanosine is also provided in accor 
dance With the present invention. Such oligonucleotides are 
preferably betWeen ten and thirty bases in length. Such 
oligonucleotides can optionally further comprises a detect 
able label. 

[0044] Environmental conditions conducive to synthesis 
include the presence of nucleoside triphosphates and an 
agent for polymeriZation, such as DNA polymerase, and a 
suitable temperature and pH. The primer is preferably single 
stranded for maximum efficiency in ampli?cation, but can be 
double stranded. If double stranded, the primer is ?rst 
treated to separate its strands before being used to prepare 
extension products. The primer must be suf?ciently long to 
prime the synthesis of extension products in the presence of 
the inducing agent for polymeriZation. The exact length of 
primer Will depend on many factors, including temperature, 
buffer, and nucleotide composition. The oligonucleotide 
primer typically contains 12-20 or more nucleotides, 
although it can contain feWer nucleotides. 

[0045] Primers of the invention are designed to be “sub 
stantially” complementary to each strand of the genomic 
locus to be ampli?ed. This means that the primers must be 
suf?ciently complementary to hybridiZe With their respec 
tive strands under conditions Which alloW the agent for 
polymeriZation to perform. In other Words, the primers 
should have suf?cient complementarity With the 5‘ and 3‘ 
sequences ?anking the transition to hybridiZe thereWith and 
permit ampli?cation of the genomic locus. 

[0046] Oligonucleotide primers of the invention are 
employed in the ampli?cation method Which is an enZymatic 
chain reaction that produces exponential quantities of poly 
morphic locus relative to the number of reaction steps 
involved. Typically, one primer is complementary to the 
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negative (—) strand of the polymorphic locus and the other 
is complementary to the positive (+) strand. Annealing the 
primers to denatured nucleic acid folloWed by extension 
With an enzyme, such as the large fragment of DNA poly 
merase I (KlenoW) and nucleotides, results in neWly syn 
thesiZed + and — strands containing the target polymorphic 
locus sequence. Because these neWly synthesiZed sequences 
are also templates, repeated cycles of denaturing, primer 
annealing, and extension results in exponential production 
of the region (i.e., the target polymorphic locus sequence) 
de?ned by the primers. The product of the chain reaction is 
a discreet nucleic acid duplex With termini corresponding to 
the ends of the speci?c primers employed. 

[0047] The oligonucleotide primers of the invention can 
be prepared using any suitable method, such as conventional 
phosphotriester and phosphodiester methods or automated 
embodiments thereof. In one such automated embodiment, 
diethylphosphoramidites are used as starting materials and 
can be synthesiZed as described by Beaucage et al., Tetra 
hedron Letters 22:1859-1862 (1981). One method for syn 
thesiZing oligonucleotides on a modi?ed solid support is 
described in US. Pat. No. 4,458,066. 

[0048] Any nucleic acid specimen, in puri?ed or non 
puri?ed form, can be utiliZed as the starting nucleic acid or 
acids, providing it contains, or is suspected of containing, a 
nucleic acid sequence containing the polymorphic locus. 
Thus, the method can amplify, for example, DNA or RNA, 
including messenger RNA, Wherein DNA or RNA can be 
single stranded or double stranded. In the event that RNA is 
to be used as a template, enZymes, and/or conditions optimal 
for reverse transcribing the template to DNA Would be 
utiliZed. In addition, a DNA-RNA hybrid Which contains 
one strand of each can be utiliZed. Amixture of nucleic acids 
can also be employed, or the nucleic acids produced in a 
previous ampli?cation reaction herein, using the same or 
different primers can be so utiliZed. The speci?c nucleic acid 
sequence to be ampli?ed, i.e., the polymorphic locus, can be 
a fraction of a larger molecule or can be present initially as 
a discrete molecule, so that the speci?c sequence constitutes 
the entire nucleic acid. It is not necessary that the sequence 
to be ampli?ed be present initially in a pure form; it can be 
a minor fraction of a complex mixture, such as contained in 
Whole human DNA. 

[0049] DNA utiliZed herein can be extracted from a body 
sample, such as blood, tissue material (eg cardiac tissue), 
and the like by a variety of techniques such as that described 
by Maniatis et. al. in Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor, NY, p 280-281 (1982). If the 
extracted sample is impure, it can be treated before ampli 
?cation With an amount of a reagent effective to open the 
cells, or animal cell membranes of the sample, and to expose 
and/or separate the strand(s) of the nucleic acid(s). This 
lysing and nucleic acid denaturing step to expose and 
separate the strands Will alloW ampli?cation to occur much 
more readily. 

[0050] The deoxyribonucleotide triphosphates dAT P, 
dCTP, dGTP, and dTTP are added to the synthesis mixture, 
either separately or together With the primers, in adequate 
amounts and the resulting solution is heated to about 
90-100° C. from about 1 to 10 minutes, preferably from 1 to 
4 minutes. After this heating period, the solution is alloWed 
to cool, Which is preferable for the primer hybridiZation. To 
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the cooled mixture is added an appropriate agent for effect 
ing the primer extension reaction (called herein “agent for 
polymerization”), and the reaction is alloWed to occur under 
conditions knoWn in the art. The agent for polymeriZation 
can also be added together With the other reagents if it is heat 
stable. This synthesis (or ampli?cation) reaction can occur at 
room temperature up to a temperature above Which the agent 
for polymeriZation no longer functions. Thus, for example, 
if DNA polymerase is used as the agent, the temperature is 
generally no greater than about 40° C. Most conveniently the 
reaction occurs at room temperature. 

[0051] The agent for polymeriZation can be any compound 
or system Which Will function to accomplish the synthesis of 
primer extension products, including enZymes. Suitable 
enZymes for this purpose include, for example, E. coli DNA 
polymerase 1, KlenoW fragment of E. coli DNApolymerase, 
polymerase muteins, reverse transcriptase, other enZymes, 
including heat-stable enZymes (i.e., those enZymes Which 
perform primer extension after being subjected to tempera 
tures sufficiently elevated to cause denaturation), such as 
Taq polymerase. Suitable enZyme Will facilitate combination 
of the nucleotides in the proper manner to form the primer 
extension products Which are complementary to each poly 
morphic locus nucleic acid strand. Generally, the synthesis 
Will be initiated at the 3‘ end of each primer and proceed in 
the 5‘ direction along the template strand, until synthesis 
terminates, producing molecules of different lengths. 

[0052] The neWly synthesiZed strand and its complemen 
tary nucleic acid strand Will form a double-stranded mol 
ecule under hybridiZing conditions described herein and this 
hybrid is used in subsequent steps of the method. In the next 
step, the neWly synthesiZed double-stranded molecule is 
subjected to denaturing conditions using any of the proce 
dures described above to provide single-stranded molecules. 

[0053] The steps of denaturing, annealing, and extension 
product synthesis can be repeated as often as needed to 
amplify the target polymorphic locus nucleic acid sequence 
to the extent necessary for detection. The amount of the 
speci?c nucleic acid sequence produced Will accumulate in 
an exponential fashion. PCR. A Practical Approach, ILR 
Press, Eds. McPherson et al. (1992). 

[0054] The ampli?cation products can be detected by 
Southern blot analysis With or Without using radioactive 
probes. In one such method, for example, a small sample of 
DNA containing a very loW level of the nucleic acid 
sequence of the polymorphic locus is ampli?ed, and ana 
lyZed via a Southern blotting technique or similarly, using 
dot blot analysis. The use of non-radioactive probes or labels 
is facilitated by the high level of the ampli?ed signal. 
Alternatively, probes used to detect the ampli?ed products 
can be directly or indirectly detectably labeled, for example, 
With a radioisotope, a ?uorescent compound, a biolumines 
cent compound, a chemiluminescent compound, a metal 
chelator or an enZyme. Those of ordinary skill in the art Will 
knoW of other suitable labels for binding to the probe, or Will 
be able to ascertain such, using routine experimentation. 

[0055] Sequences ampli?ed by the methods of the inven 
tion can be further evaluated, detected, cloned, sequenced, 
and the like, either in solution or after binding to a solid 
support, by any method usually applied to the detection of 
a speci?c DNA sequence such as dideoxy sequencing, PCR, 
oligomer restriction (Saiki et al., Bio/Technology3: 1008 
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1012 (1985), allele-speci?c oligonucleotide (ASO) probe 
analysis (Conner et al., Proc. Natl. Acad. Sci. USA. 801278 
(1983), oligonucleotide ligation assays (OLAs) (Landgren 
et. al., Science 241:1007, 1988), and the like. Molecular 
techniques for DNA analysis have been revieWed (Landgren 
et. al., Science 242:229-237 (1988)). 

[0056] Preferably, the method of amplifying is by PCR, as 
described herein and in US. Pat. Nos. 4,683,195; 4,683,202; 
and 4,965,188 each of Which is hereby incorporated by 
reference; and as is commonly used by those of ordinary 
skill in the art. Alternative methods of ampli?cation have 
been described and can also be employed as long as the 
KCNE1 locus ampli?ed by PCR using primers of the 
invention is similarly ampli?ed by the alternative tech 
niques. Such alternative ampli?cation systems include but 
are not limited to self-sustained sequence replication, Which 
begins With a short sequence of RNA of interest and a T7 
promoter. Reverse transcriptase copies the RNA into cDNA 
and degrades the RNA, folloWed by reverse transcriptase 
polymeriZing a second strand of DNA. 

[0057] Another nucleic acid ampli?cation technique is 
nucleic acid sequence-based ampli?cation (NASBATM) 
Which uses reverse transcription and T7 RNA polymerase 
and incorporates tWo primers to target its cycling scheme. 
NASBATM ampli?cation can begin With either DNA or RNA 
and ?nish With either, and ampli?es to about 108 copies 
Within 60 to 90 minutes. 

[0058] Alternatively, nucleic acid can be ampli?ed, by 
ligation activated transcription (LAT). LAT Works from a 
single-stranded template With a single primer that is partially 
single-stranded and partially double-stranded. Ampli?cation 
is initiated by ligating a cDNA to the promoter olignucle 
otide and Within a feW hours, ampli?cation is about 108 to 
about 109 fold. The QB replicase system can be utiliZed by 
attaching an RNA sequence called MDV-1 to RNA comple 
mentary to a DNA sequence of interest. Upon miXing With 
a sample, the hybrid RNA ?nds its complement among the 
specimen’s mRNAs and binds, activating the replicase to 
copy the tag-along sequence of interest. 

[0059] Another nucleic acid ampli?cation technique, 
ligase chain reaction (LCR), Works by using tWo differently 
labeled halves of a sequence of interest Which are covalently 
bonded by ligase in the presence of the contiguous sequence 
in a sample, forming a neW target. The repair chain reaction 
(RCR) nucleic acid ampli?cation technique uses tWo 
complementary and target-speci?c oligonucleotide probe 
pairs, thermostable polymerase and ligase, and DNA nucle 
otides to geometrically amplify targeted sequences. A2-base 
gap separates the oligo probe pairs, and the RCR ?lls and 
joins the gap, mimicking normal DNA repair. 

[0060] Nucleic acid ampli?cation by strand displacement 
activation (SDA) utiliZes a short primer containing a recog 
nition site for HincII With short overhang on the 5 ‘ end Which 
binds to target DNA. A DNA polymerase ?lls in the part of 
the primer opposite the overhang With sulfur-containing 
adenine analogs. HincII is added but only cuts the unmodi 
?ed DNA strand. A DNA polymerase that lacks 5‘ eXonu 
clease activity enters at the cite of the nick and begins to 
polymeriZe, displacing the initial primer strand doWnstream 
and building a neW one Which serves as more primer. 

[0061] SDA produces greater than about a 107-fold ampli 
?cation in 2 hours at 37° C. Unlike PCR and LCR, SDA does 
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not require instrumented temperature cycling. Another 
ampli?cation system useful in the method of the invention is 
the QB Replicase System. Although PCR is the preferred 
method of ampli?cation if the invention, these other meth 
ods can also be used to amplify the KCNE1 locus as 
described in the method of the invention. Thus, the term 
“ampli?cation technique” as used herein and in the claims is 
meant to encompass all the foregoing methods. 

[0062] In another embodiment of the invention a method 
is provided for diagnosing or identifying a subject having a 
predisposition or higher susceptibility to developing drug 
induced cardiac arrhythmias, comprising sequencing a target 
nucleic acid of a sample from a subject by dideoXy sequenc 
ing, preferably folloWing ampli?cation of the target nucleic 
acid. 

[0063] In another embodiment of the invention a method 
is provided for diagnosing a subject having a predisposition 
or higher susceptibility to developing drug-induced cardiac 
arrhythmias, comprising contacting a target nucleic acid of 
a sample from a subject With a reagent that detects the 
presence of the KCNE1 polymorphism and detecting the 
reagent. 

[0064] Another method comprises contacting a target 
nucleic acid of a sample from a subject With a reagent that 
detects the presence of the G to A transition associated With 
the KCNE1-D85N polymorphism, and detecting the transi 
tion. A number of hybridiZation methods are Well knoWn to 
those skilled in the art. Many of them are useful in carrying 
out the invention. 

[0065] Nucleic acid hybridiZation Will be affected by such 
conditions as salt concentration, temperature, or organic 
solvents, in addition to the base composition, length of the 
complementary strands, and the number of nucleotide base 
mismatches betWeen the hybridiZing nucleic acids, as Will 
be readily appreciated by those of ordinary skill in the art. 
Stringent temperature conditions Will generally include tem 
peratures in eXcess of 30° C., typically in eXcess of 37° C., 
and preferably in eXcess of 45° C. Stringent salt conditions 
Will ordinarily be less than 1,000 mM, typically less than 
500 mM, and preferably less than 200 mM. HoWever, the 
combination of parameters is much more important than the 
measure of any single parameter. See eg Wetmur & David 
son, J. Mol. Biol. 31:349-370 (1968)). 

[0066] Accordingly, a nucleotide sequence of the present 
invention can be used for its abilityto selectivelyform dupleX 
molecules With complementary stretches of the KCNE1 
gene. Depending on the application envisioned, one employs 
varying conditions of hybridiZation to achieve varying 
degrees of selectivity of the probe toWard the target 
sequence. For applications requiring a high degree of selec 
tivity, one typically employs relatively stringent conditions 
to form the hybrids. For eXample, one selects relatively loW 
salt and/or high temperature conditions, such as provided by 
0.02M-0.15M salt at temperatures of about 50° C. to about 
70° C. including particularly temperatures of about 55° C., 
about 60° C. and about 65° C. Such conditions are particu 
larly selective, and tolerate little, if any, mismatch betWeen 
the probe and the template or target strand. 

[0067] Of course, for some applications, for eXample, 
Where one desires to prepare mutants employing a mutant 
primer strand hybridiZed to an underlying template or Where 
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one seeks to isolate polypeptide coding sequences from 
related species, functional equivalents, or the like, less 
stringent hybridization conditions are typically needed to 
alloW formation of the heteroduplex. Under such circum 
stances, one employs conditions such as 0.15M-0.9M salt, at 
temperatures ranging from about 20° C. to about 55° C., 
including particularly temperatures of about 25° C., about 
37° C., about 45° C., and about 50° C. Cross-hybridizing 
species can thereby be readily identi?ed as positively 
hybridiZing signals With respect to control hybridiZations. In 
any case, it is generally appreciated that conditions can be 
rendered more stringent by the addition of increasing 
amounts of formamide, Which serves to destabiliZe the 
hybrid duplex in the same manner as increased temperature. 
Thus, hybridiZation conditions can be readily manipulated, 
and thus Will generally be a method of choice depending on 
the desired results. 

[0068] In certain embodiments, it is advantageous to 
employ a nucleic acid sequence of the present invention in 
combination With an appropriate reagent, such as a label, for 
determining hybridiZation. A Wide variety of appropriate 
indicator reagents are knoWn in the art, including radioac 
tive, enZymatic or other ligands, such as avidin/biotin, Which 
are capable of giving a detectable signal. In preferred 
embodiments, one likely employs an enZyme tag such a 
urease, alkaline phosphatase or peroxidase, instead of radio 
active or other environmentally undesirable reagents. In the 
case of enZyme tags, calorimetric indicator substrates are 
knoWn Which can be employed to provide a reagent visible 
to the human eye or spectrophotometrically, to identify 
speci?c hybridiZation With complementary nucleic acid 
containing samples. 

[0069] In general, it is envisioned that the hybridiZation 
probes described herein are useful both as reagents in 
solution hybridiZation as Well as in embodiments employing 
a solid phase. In embodiments involving a solid phase, the 
sample containing test DNA (or RNA) is adsorbed or 
otherWise af?xed to a selected matrix or surface. This ?xed, 
single-stranded nucleic acid is then subjected to speci?c 
hybridiZation With selected probes under desired conditions. 
The selected conditions depend interalia on the particular 
circumstances based on the particular criteria required 
(depending, for example, on the G+C contents, type of target 
nucleic acid, source of nucleic acid, siZe of hybridiZation 
probe, etc.). FolloWing Washing of the hybridiZed surface so 
as to remove nonspeci?cally bound probe molecules, spe 
ci?c hybridiZation is detected, or even quanti?ed, via the 
label. 

[0070] The materials for use in the method of the inven 
tion are ideally suited for the preparation of a screening kit. 
Such a kit can comprise a carrier having compartments to 
receive in close con?nement one or more containers such as 

vials, tubes, and the like, each of the containers comprising 
one of the separate elements to be used in the method. For 
example, one of the containers can comprise an amplifying 
reagent for amplifying KCNE1 DNA, such as the necessary 
enZyme(s) and oligonucleotide primers for amplifying target 
DNA from the subject. 

[0071] The oligonucleotide primers include primers hav 
ing a sequence selected from the group including, but not 
limited to: SEQ ID NOs:5-9, or primer sequences substan 
tially complementary or substantially homologous thereto. 
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Oligonucleotide primers comprising target ?anking 5 ‘ and 3‘ 
polynucleotide sequence have substantially the sequence set 
forth in the ?anking 5‘ and 3‘ portions of SEQ ID NOS: 1 and 
3, and sequences substantially complementary or homolo 
gous thereto. Other oligonucleotide primers for amplifying 
KCNE1 Will be readily ascertainable to those of skill in the 
art after revieW the disclosure of the present invention 
presented herein. 

[0072] A kit in accordance With the present invention can 
further comprise solutions, buffers or other reagents for 
extracting a nucleic acid sample from a biological sample 
obtained from a subject. Any such reagents as Would be 
readily apparent to one of ordinary skill in the art are Within 
the scope of the present invention. By Way of particular 
example, a suitable lysis buffer for the tissue or cells along 
With a suspension of glass beads for capturing the nucleic 
acid sample and an elution buffer for eluting the nucleic acid 
sample off of the glass beads comprise a reagent for extract 
ing a nucleic acid sample from a biological sample obtained 
from a subject. 

[0073] Other examples include commercially available 
extraction kits, such as the GENOMIC ISOLATION KIT 
A.S.A.P.TM (Boehringer Mannheim, Indianapolis, Ind.), 
Genomic DNA Isolation System (GIBCO BRL, Gaithers 
burg, Md.), ELU-QUIKTM DNA Puri?cation Kit (Schleicher 
& Schuell, Keene, NH), DNA Extraction Kit (Stratagene, 
La Jolla, Calif.), TURBOGENTM Isolation Kit (Invitrogen, 
San Diego, Calif.), and the like. Use of these kits according 
to the manufacturer’s instructions is generally acceptable for 
puri?cation of DNA prior to practicing the methods of the 
present invention. 

[0074] G. Polypeptide/Antibody Screening Methods 

[0075] In another embodiment, the present invention pro 
vides an antibody immunoreactive With a minK polypeptide 
or KCNE1 polynucleotide. Preferably, an antibody of the 
invention is a monoclonal antibody. Techniques for prepar 
ing and characteriZing antibodies are Well knoWn in the art 
(See eg AntibodiesA Laboratory Manual, E. HoWell and 
D. Lane, Cold Spring Harbor Laboratory, 1988). More 
preferred antibodies distinguish betWeen the different forms 
of the minK polypeptide (e.g., SEQ ID NOS: 2 and 4) Which 
comprise the KCNE1-D85N polymorphism. 

[0076] Brie?y, a polyclonal antibody is prepared by 
immuniZing an animal With an immunogen comprising a 
polypeptide or polynucleotide of the present invention, and 
collecting antisera from that immuniZed animal. A Wide 
range of animal species can be used for the production of 
antisera. Typically an animal used for production of anti 
antisera is a rabbit, a mouse, a rat, a hamster or a guinea pig. 
Because of the relatively large blood volume of rabbits, a 
rabbit is a preferred choice for production of polyclonal 
antibodies. 

[0077] As is Well knoWn in the art, a given polypeptide or 
polynucleotide can vary in its immunogenicity. It is often 
necessary therefore to couple the immunogen (e.g., a 
polypeptide or polynucleotide) of the present invention) 
With a carrier. Exemplary and preferred carriers are keyhole 
limpet hemocyanin and bovine serum albumin 
(BSA). Other albumins such as ovalbumin, mouse serum 
albumin or rabbit serum albumin can also be used as 
carriers. 



US 2003/0108924 A1 

[0078] Reagents for conjugating a polypeptide or a poly 
nucleotide to a carrier protein are Well known in the art and 
include glutaraldehyde, m-maleimidobencoyl-N-hydrox 
ysuccinimide ester, carbodiimide and bis-biaZotiZed benZi 
dine. 

[0079] As is also Well knoWn in the art, immunogencity to 
a particular immunogen can be enhanced by the use of 
non-speci?c stimulators of the immune response knoWn as 
adjuvants. Exemplary and preferred adjuvants include com 
plete Freund’s adjuvant, incomplete Freund’s adjuvants and 
aluminum hydroxide adjuvant. 

[0080] The amount of immunogen used of the production 
of polyclonal antibodies varies, inter alia, upon the nature of 
the immunogen as Well as the animal used for immuniZation. 
A variety of routes can be used to administer the immuno 
gen, e.g. subcutaneous, intramuscular, intradermal, intrave 
nous and intraperitoneal. The production of polyclonal anti 
bodies is monitored by sampling blood of the immuniZed 
animal at various points following immuniZation. When a 
desired level of immunogenicity is obtained, the immuniZed 
animal can be bled and the serum isolated and stored. 

[0081] Thus, in one aspect, the present invention contem 
plates a method of producing an antibody immunoreactive 
With a minK polypeptide encoded by a KCNEl gene, the 
method comprising: (a) transfecting recombinant host cells 
With a KCNEl polynucleotide that encodes the minK 
polypeptide; (b) culturing the host cells under conditions 
sufficient for expression of the polypeptide; (c) recovering 
the polypeptide; and (d) preparing antibodies to the polypep 
tide. The present invention also provides antibodies pre 
pared according to the method described above. 

[0082] A monoclonal antibody of the present invention 
can be readily prepared through use of Well-knoWn tech 
niques such as those exempli?ed in Us. Pat. No. 4,196,265, 
herein incorporated by reference. Typically, a technique 
involves ?rst immuniZing a suitable animal With a selected 
antigen (e.g., a minK polypeptide or KCNEl polynucle 
otide) in a manner suf?cient to provide an immune response. 
Rodents such as mice and rats are preferred animals. Spleen 
cells from the immuniZed animal are then fused With cells of 
an immortal myeloma cell. Where the immuniZed animal is 
a mouse, a preferred myeloma cell is a murine NS-l 
myeloma cell. 

[0083] The fused spleen/myeloma cells are cultured in a 
selective medium to select fused spleen/myeloma cells from 
the parental cells. Fused cells are separated from the mixture 
of non-fused parental cells, for example, by the addition of 
agents that block the de novo synthesis of nucleotides in the 
tissue culture media. Exemplary and preferred agents are 
aminopterin, methotrexate, and aZaserine. Aminopterin and 
methotrexate block de novo synthesis of both purines and 
pyrimidines, Whereas aZaserine blocks only purine synthe 
sis. Where aminopterin or methotrexate is used, the media is 
supplemented With hypoxanthine and thymidine as a source 
of nucleotides. Where aZaserine is used, the media is supple 
mented With hypoxanthine. 

[0084] This culturing provides a population of hybridomas 
from Which speci?c hybridomas are selected. Typically, 
selection of hybridomas is performed by culturing the cells 
by single-clone dilution in microtiter plates, folloWed by 
testing the individual clonal supernatants for reactivity With 
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an antigen-polypeptides. The selected clones can then be 
propagated inde?nitely to provide the monoclonal antibody. 

[0085] By Way of speci?c example, to produce an anti 
body of the present invention, mice are injected intraperi 
toneally With betWeen about 1-200 pg of an antigen com 
prising a minK polypeptide. B lymphocyte cells are 
stimulated to groW by injecting the antigen in association 
With an adjuvant such as complete Freund’s adjuvant (a 
non-speci?c stimulator of the immune response containing 
killed Mycobacterium tuberculosis). At some time (e.g., at 
least tWo Weeks) after the ?rst injection, mice are boosted by 
injection With a second dose of the antigen mixed With 
incomplete Freund’s adjuvant. 

[0086] A feW Weeks after the second injection, mice are 
tail bled and the sera titered by immunoprecipitation against 
radiolabeled antigen. Preferably, the process of boosting and 
titering is repeated until a suitable titer is achieved. The 
spleen of the mouse With the highest titer is removed and the 
spleen lymphocytes are obtained by homogeniZing the 
spleen With a syringe. Typically, a spleen from an immu 
niZed mouse contains approximately 5><107 to 2><108 lym 
phocytes. 
[0087] Mutant lymphocyte cells knoWn as myeloma cells 
are obtained from laboratory animals in Which such cells 
have been induced to groW by a variety of Well-knoWn 
methods. Myeloma cells lack the salvage pathWay of nucle 
otide biosynthesis. Because myeloma cells are tumor cells, 
they can be propagated inde?nitely in tissue culture, and are 
thus denominated immortal. Numerous cultured cell lines of 
myeloma cells from mice and rats, such as murine NS-l 
myeloma cells, have been established. 

[0088] Myeloma cells are combined under conditions 
appropriate to foster fusion With the normal antibody-pro 
ducing cells from the spleen of the mouse or rat injected With 
the antigen/minK polypeptide. Fusion conditions include, 
for example, the presence of polyethylene glycol. The result 
ing fused cells are hybridoma cells. Like myeloma cells, 
hybridoma cells groW inde?nitely in culture. 

[0089] Hybridoma cells are separated from unfused 
myeloma cells by culturing in a selection medium such as 
HAT media (hypoxanthine, aminopterin, thymidine). 
Unfused myeloma cells lack the enZymes necessary to 
synthesiZe nucleotides from the salvage pathWay because 
they are killed in the presence of aminopterin, methotrexate, 
or aZaserine. Unfused lymphocytes also do not continue to 
groW in tissue culture. Thus, only cells that have success 
fully fused (hybridoma cells) can groW in the selection 
media. 

[0090] Each of the surviving hybridoma cells produces a 
single antibody. These cells are then screened for the pro 
duction of the speci?c antibody immunoreactive With an 
antigen/minK polypeptide. Single cell hybridomas are iso 
lated by limiting dilutions of the hybridomas. The hybrido 
mas are serially diluted many times and, after the dilutions 
are alloWed to groW, the supernatant is tested for the 
presence of the monoclonal antibody. The clones producing 
that antibody are then cultured in large amounts to produce 
an antibody of the present invention in convenient quantity. 

[0091] By use of a monoclonal antibody of the present 
invention, speci?c minK polypeptides and KCNEl poly 
nucleotides can be recogniZed as antigens, and thus identi 
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?ed. Once identi?ed, those polypeptides and polynucle 
otides can be isolated and puri?ed by techniques such as 
antibody-af?nity chromatography. In antibody-af?nity chro 
matography, a monoclonal antibody is bound to a solid 
substrate and exposed to a solution containing the desired 
antigen. The antigen is removed from the solution through 
an immunospeci?c reaction With the bound antibody. The 
polypeptide or polynucleotide is then easily removed from 
the substrate and puri?ed. 

[0092] The present invention thus also provides a method 
of screening a biological sample for the presence of a minK 
polypeptide encoded by a KCNE1 polynucleotide. A bio 
logical sample to be screened can be a biological ?uid such 
as extracellular or intracellular ?uid or a cell or tissue extract 

or homogenate. Abiological sample can also be an isolated 
cell (e.g., in culture) or a collection of cells such as in a tissue 
sample or histology sample. A tissue sample can be sus 
pended in a liquid medium or ?xed onto a solid support such 
as a microscope slide. Hepatic tissues comprise particularly 
contemplated tissues. 

[0093] Preferably, antibodies Which distinguish betWeen 
the D85 minK polypeptide and the N85 minK polypeptide 
are provided. Such antibodies can comprise polyclonal 
antibodies but are preferably monoclonal antibodies pre 
pared as described hereinabove. 

[0094] In accordance With a screening assay method, a 
biological sample is exposed to an antibody immunoreactive 
With the polypeptide Whose presence is being assayed. 
Typically, exposure is accomplished by forming an admix 
ture in a liquid medium that contains both the antibody and 
the candidate polypeptide. Either the antibody or the sample 
With the polypeptide can be af?xed to a solid support (e.g., 
a column or a microtiter plate). 

[0095] The biological sample is exposed to the antibody 
under biological reaction conditions and for a period of time 
sufficient for antibody-polypeptide conjugate formation. 
Biological reaction conditions include ionic composition 
and concentration, temperature, pH and the like. 

[0096] Ionic composition and concentration can range 
from that of distilled Water to a 2 molal solution of NaCl. 
Preferably, osmolality is from about 100 mosmols/l to about 
400 mosmols/l and, more preferably from about 200 mos 
mols/l to about 300 mosmols/l. Temperature preferably is 
from about 4° C. to about 100° C., more preferably from 
about 15° C. to about 50° C. and, even more preferably from 
about 25° C. to about 40° C. pH is preferably from about a 
value of 4.0 to a value of about 9.0, more preferably from 
about a value of 6.5 to a value of about 8.5 and, even more 
preferably from about a value of 7.0 to a value of about 7.5. 
The only limit on biological reaction conditions is that the 
conditions selected alloW for antibody-polypeptide conju 
gate formation and that the conditions do not adversely 
affect either the antibody or the polypeptide. 

[0097] Exposure time Will vary inter alia With the biologi 
cal conditions used, the concentration of antibody and 
polypeptide and the nature of the sample (e.g., ?uid or tissue 
sample). Techniques for determining exposure time are Well 
knoWn to one of ordinary skill in the art. Typically, Where the 
sample is ?uid and the concentration of polypeptide in that 
sample is about 10_1°M, exposure time is from about 10 
minutes to about 200 minutes. 
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[0098] The presence of polypeptide in the sample is 
detected by detecting the formation and presence of anti 
body-polypeptide conjugates. Techniques for detecting such 
antibody-antigen (e.g., minK subunit polypeptide) conju 
gates or complexes are Well knoWn in the art and include 
such procedures as centrifugation, af?nity chromatography 
and the like, binding of a secondary antibody to the anti 
body-candidate receptor complex. 

[0099] In one embodiment, detection is accomplished by 
detecting an indicator af?xed to the antibody. Exemplary and 
Well knoWn such indicators include radioactive labels (e.g., 
32P, 1251, 14C), a second antibody or an enZyme such as horse 
radish peroxidase. Techniques for affixing indicators to 
antibodies are Well knoWn in the art. Commercial kits are 
available. 

[0100] In another aspect, the present invention provides a 
method of screening a biological sample for the presence of 
antibodies immunoreactive With a minK polypeptide 
encoded by a KCNE1 polynicleotide. In accordance With 
such a method, a biological sample is exposed to a KCNE1 
polypeptide under biological conditions and for a period of 
time sufficient for antibody-polypeptide conjugate formation 
and the formed conjugates are detected. 

[0101] In another aspect, the present invention contem 
plates screening assay kits for detecting the presence of a 
minK polypeptide encoded by a KCNE1 polynucleotide in 
biological samples, Where the kits comprise a ?rst container 
containing a ?rst antibody capable of immunoreacting With 
the polypeptide, With the ?rst antibody present in an amount 
suf?cient to perform at least one assay. Preferably, the assay 
kits of the invention further comprise a second container 
containing a second antibody that immunoreacts With the 
?rst antibody. More preferably, the antibodies used in the 
assay kits of the present invention are monoclonal antibod 
ies. Even more preferably, the ?rst antibody is af?xed to a 
solid support. More preferably still, the ?rst and second 
antibodies comprise an indicator, and, preferably, the indi 
cator is a radioactive label or an enZyme. 

[0102] In another aspect, the present invention contem 
plates screening assay kits for detecting the presence, in a 
biological sample, of antibodies immunoreactive With a 
minK polypeptide encoded by a KCNE1 polynucleotide, the 
kits comprising a ?rst container containing a minK polypep 
tide that immunoreacts With the antibodies, With the 
polypeptide present in an amount suf?cient to perform at 
least one assay. The reagents of the kit can be provided as a 
liquid solution, attached to a solid support or as a dried 
poWder. Preferably, When the reagent is provided in a liquid 
solution, the liquid solution is an aqueous solution. Prefer 
ably, When the reagent provided is attached to a solid 
support, the solid support can be chromatograph media or a 
microscope slide. When the reagent provided is a dry 
poWder, the poWder can be reconstituted by the addition of 
a suitable solvent. The solvent can be provided. 

[0103] Summarily, the detection and screening assays 
disclosed herein are used as a part of a screening method. 
Human KCNEl-encoding polynucleotides as Well as their 
protein products can be readily used in clinical setting to 
screen for and to diagnose susceptibility to drug-induced 
cardiac arrhythmias in humans. 
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EXAMPLES 

[0104] The following Examples have been included to 
illustrate preferred modes of the invention. Certain aspects 
of the following Examples are described in terms of tech 
niques or procedures found or contemplated by the present 
inventors to Work Well in the practice of the invention. These 
Examples are exempli?ed through the use of standard labo 
ratory practices of the inventors. In light of the present 
disclosure and the general level of skill in the art, those of 
skill Will appreciate that the folloWing Examples are 
intended to be exemplary only in that numerous changes, 
modi?cation, and alterations can be employed Without 
departing from the spirit and scope of the invention. 

Methods and Materials Used in Examples 

[0105] Study Subjects. Genomic DNA samples Were 
obtained from 98 patients Who experienced excessive pro 
longation of the QT interval (>600 msec) or Who developed 
torsades de pointes during treatment With antiarrhythmic 
agents or various other drugs associated With acquired 
LQTs. Patients in this category exhibited a normal rate 
corrected QT interval (QTc <450 msec) in the drug-free 
state. Informed consent Was obtained from each study sub 
ject. Genomic DNA Was isolated from peripheral blood 
leukocytes using standard methods. See Sambrook, J ., et al., 
Molecular Cloning: a Laboratory Manual (Cold Spring 
Harbor, NeW York, NY, 1989). 
[0106] Approximately one third of patients exhibited this 
phenotype remarkably early in the course of treatment, and 
in some cases after only the ?rst feW doses. The femalezmale 
ratio in this study population is 2.1, and 97% of patients 
Were Caucasian. The 450 sample NHGRI Polymorphism 
Discovery Resource panel (Collins, F. S., et al., Genome 
Research 8:1229-1231 (1998)) Was used as a control group. 

[0107] Molecular Genetics. TWo overlapping regions of 
the KCNE1 coding sequence Were screened for the presence 
of nucleotide sequence polymorphisms by single-strand 
conformation analysis as described by Orita, M., et al., Proc 
Natl Acad Sci USA 86:2766-2770 (1989). Oligonucleotide 
primer pairs used to amplify the KCNE1 coding sequence 
Were: section I (corresponding to nucleotides 2-238 of SEQ 
ID NO: 1-GenBank sequence accession number M26685), 
forWard primer: 5‘-TGC AGC AGT GGAACC TTA AT-3‘ 
(SEQ ID NO:5), reverse primer: 5‘-CTT CTT GGA GCG 
GAT GTA GC-3‘ (SEQ ID NO:6); and section 11 (corre 
sponding to nucleotides 178-436 of SEQ ID NO:1), forWard 
primer: 5‘-ACT GGG ATT CTT CGG CTT CT-3‘ (SEQ ID 
NO:7); reverse primer: 5‘-TTT AGC CAG TGG TGG GGT 
TC-3‘ (SEQ ID NO:8). Ampli?cation reactions Were carried 
out using 200 ng genomic DNA, 0.5 pM primers, 0.2 mM 
deoxynucleotide triphosphates, and Taq polymerase. 

[0108] Single-strand conformation analysis Was per 
formed on 0.5><MDETM acrylamide based gels (FMC Cor 
poration, Philadelphia, Pa.) electrophoresed overnight at 4 
Watts and stained With silver nitrate. Abnormal conformers 
Were excised from dried gels, eluted into sterile Water, 
reampli?ed using the original primers, and sequenced using 
dye terminator chemistry. The presence of the KCNE1 
D85N polymorphism Was con?rmed independently on PCR 
ampli?ed genomic DNA using an allele-speci?c oligonucle 
otide (ASO) hybridiZation assay With a 32P end labeled 
primer: 5‘-GAG TCC MT GCC TGG CAA-3‘ (SEQ ID 
NO:9). 
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[0109] Site-directed Mutagenesis. Mutagenesis of human 
KCNE1 cDNA (SEQ ID NO:1) (encoding the minK 
polypeptide) using a one-step recombinant polymerase 
chain reaction (PCR) strategy Was performed to create the 
D85N mutation. A forWard (sense) primer, 5‘-TAC ATC 
CGC TCC MG AAG CTG GAG CAC TCG MC GAC CCA 
TTC AAC GTC TAC ATC GAG TCC AAT GCA TGG CM 
GAG AAG GAC AAG-3‘ (SEQ ID NO:10) spanning nt. 
217-300 of SEQ ID NO:1, and a reverse primer 5‘-TCG ATC 
GTC TAG AGA TCA GCG GCC GCT CTT-3‘ (SEQ ID 
NO:11), Were used to create the mutation (changed codon 
underlined) and incorporate restriction sites for BstXI and 
XbaI in the ?nal 266 bp product. Ampli?cations (20 cycles) 
Were performed using 20 ng of KCNE1 cDNA as template 
and Taq DNA polymerase. Final products Were puri?ed by 
spin-column chromatography (kit available from Qiagen, 
Valencia, Calif.), digested With BstXI and XbaI, and the 
resulting 241 bp fragment ligated into the corresponding 
sites in the plasmid pRc/CMV-KCNE1. The ampli?ed 
region Was sequenced entirely in the ?nal construct to verify 
the mutation and to exclude polymerase errors. 

[0110] Cell preparation and transfection. Chinese hamster 
ovary K1 (CHO-K1) cells Were obtained from the American 
Type Culture Collection, Manassas, Va., accession no. CCL 
61 and cultured in Ham’s F-12 media (Gibco-BRL, Grand 
Island, NY.) supplemented With 10% fetal bovine serum, 2 
mM L-glutamine, and 1% penicillin/streptomycin in an 
humidi?ed, 5% CO2 incubator at 37° C. Mammalian expres 
sion plasmids encoding either full-length KCNQ1 or HERG 
Were provided by Michael Sanguinetti (University of Utah, 
Provo, Utah). CHO-K1 cells Were transiently transfected 
using the Lipofectamine transfection reagent according to 
the supplier’s instructions (Life Technologies, Inc., Rock 
ville, Md.). Potassium channel encoding DNAs Were co 
transfected With a plasmid containing the CD8 antigen 
(provided by Dr. Richard Horn, Jefferson Medical College, 
Philadelphia, Pa.) to facilitate recognition of transfected 
cells using micro-beads conjugated to CD8 antibodies 
(DynaBeadsTM from Dynal, Oslo, NorWay) prior to electro 
physiological recording. Cells Were used in experiments 48 
to 72 hours after transfection. 

[0111] Electrophysiology and data analysis. Potassium 
currents Were recorded at room temperature (20-22° C.) 
using the Whole-cell patch clamp technique. Electrode resis 
tances ranged from 1-2 MQ When ?lled With a solution 
containing (in mM): 110 KCl; 5 KZATP; 2 MgCl2; 10 Hepes; 
and 5 K4BAPTA, pH 7.2. The bath solution for all experi 
ments contained (in mM): 145 NaCl; 4 KCl; 1.8 CaCl2; 1.0 
MgCl2; 10 Hepes; and 10 glucose, pH 7.35. Voltage-clamp 
command pulses Were generated using pCLAMP6TM soft 
Ware (v6.0.4, Axon Instruments, Inc., Foster City, Cailf.). 
Currents Were ?ltered at 5 kHZ (—3 dB, 4-pole Bessel ?lter). 
An AXOPATCHTM 200 integrating patch clamp ampli?er 
(Axon Instruments, Inc., Foster City, Calif.) Was used With 
series resistance compensation. Voltage-clamp protocols 
Were employed to record K+ currents over a range of 
membrane potentials. The holding potential for all pulse 
protocols Was —80 mV, and speci?c protocols are described 
in the ?gure legends. Data Were analyZed using SIGMA 
PLOTTM softWare (Jandel Scienti?c, San Rafael, Calif.). 
[0112] The voltage-dependence of channel activation Was 
derived by ?tting tail current amplitudes (normaliZed to the 
maximum) With a BoltZmann equation: 



US 2003/0108924 A1 

[0113] Where V1 /2 is the membrane potential at Which 50% 
activation occurs and k is a slope factor. For a quantitative 
description of deactivation, tail currents could be Well ?t by 
a monoexponential function 

[0114] Where tO is the time at the beginning of the repo 
lariZing voltage step, and "c is a time constant. Activation Was 
similarly described by ?tting a biexponential function to the 
data (y=A1*e_(t_tO)/‘1+A2*e_(t_tO)/‘2) Where A1 and A2 are 
amplitude terms, and "c1 and "52 are time constants). Pooled 
data are presented as meansistandard errors, and statistical 
comparisons are made by one-Way or multifactorial AN OVA 
With p<0.05 considered signi?cant. 

[0115] Simulation of Cardiac Action Potentials. Simula 
tions Were conducted using the theoretical dynamic model of 
a mammalian ventricular action potential (LRd model) as 
described by VisWanathan, P. C., et al., Circulation 99:2466 
2474 (1999). The model includes membrane ionic channel 
currents formulated mathematically using the Hodgkin 
Huxley approach, as Well as ionic pumps and exchangers. It 
also includes processes that regulate intracellular concen 
tration changes of Na”, K+ and Ca2+. For the Examples, the 
formulation of the sloW delayed recti?er potassium current, 
IKS, Was modi?ed to ?t the experimental voltage clamp data 
obtained from KCNQ1+WT-KCNE1 and KCNQ1+KCNE1 
D85N channels. Action potential simulations Were per 
formed by stimulation of a hypothetical cell 40 times at a 
constant cycle length (CL) of 1000 msec. After 40 stimuli, 
an additional stimulus Was applied folloWing a pause of 
2500 msec. 

Example 1 

KCNEl Polymorphism in Acquired LQT Patients 

[0116] Because of its role in assembly of the ion channel 
complex underlying the sloWly activating repolariZing car 
diac potassium current, IKS, KCNEl Was examined for 
single strand conformational polymorphisms in patients 
With acquired LQTs. KCNEl comprises a single coding 
exon that Was successfully ampli?ed in tWo overlapping 
segments from genomic DNA. A previously reported 
sequence variant (Lai, L. -P., et al., Gene 151:339-340 
(1994)) that results in the substitution of a glycine residue 
for serine-38 Was observed in acquired LQT patients at the 
same frequence as the general population suggesting that 
this allele Was not a susceptibility factor. 

[0117] A second KCNEl polymorphism, reported by Tes 
son, E, et al., JMol Cell Cardiol 28:2051-2055 (1996) Was 
also observed in this population. This allele results in the 
replacement of Asp-85 With Asn (designated as KCNEl 
D85N), a residue located in the cytoplasmic carboxyl 
terminal domain of KCNEl near tWo knoWn mutations that 
cause congenital LQTs (FIG. 1). This polymorphism Was 
observed in 7 of 98 (7.1%) acquired LQTs patients, and in 
only 1.4% of control samples from the NHGRI Polymor 
phism Discovery Resource panel (Yates-corrected chi 
square=9.04, p=0.003). These data indicate that KCNEl 
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D85N is associated With increased risk of drug-induced 
arrhythmia (relative risk 3.1, 95% Cl=1.47 to 4.76; odds 
ratio 5.57, 95% Cl=1.64 to 19.22). All drug-induced LQTs 
subjects carrying KCNE1-D85N Were heteroZygous forthis 
allele, and 6 of the 7 allele positive subjects Were female. 

Example 2 

Functional Consequences of KCNE1-D85N 

[0118] To determine the effects of KCNE1-D85N on car 
diac potassium channel function, CHO-K1 cells Were 
cotransfected With a recombinant KCNQl plasmid (encod 
ing KvLQTl) in combination With Wild-type KCNE1(WT 
KCNEl) or KCNE1-D85N cDNA. Channel function Was 
assessed With Whole-cell patch clamp recording using volt 
age-clamp protocols optimiZed to examine detailed kinetic 
properties of the expressed potassium currents. Coexpres 
sion of KCNQ1 With either WT-KCNEl or KCNE1-D85N 
produced similar sloW activating outWard currents that 
closely resemble cardiac IKS. The magnitudes of the 
expressed current (normaliZed to cell capacitance) measured 
at the end of a 4 second test pulse over a range of membrane 
potentials from a holding potential of —80 mV Were not 
signi?cantly different betWeen groups of cells transfected 
With WT-KCNEl or KCNE1-D85N (FIGS. 2A and 2B). 

[0119] Next, Whether KCNE1-D85N altered the gating 
properties of KCNQ1 Was examined. The voltage-depen 
dence of activation Was not signi?cantly different betWeen 
cells transfected With WT-KCNEl or KCNE1-D85N (WT 
KCNE1:V1/2=13.4:4.1 mV, k=12.6:1.1 mV, n=8; KCNEl 
D85N: V1/2=20.6:2.7 mV, k=14.9:1.6 mV, n=17). HoW 
ever, KCNE1-D85N produced sloWer KCNQ1 channel 
activation, and accelerated the rate of KCNQ1 deactivation 
(FIGS. 2C and 2D) as compared With WT-KCNEl. Time 
constants for activation determined at a test potential of +40 
mV Were signi?cantly greater for KCNQl expressed With 
KCNE1-D85N than With WT-KCNEl (KCNE1-D85N: 
‘i=368i51 msec, T2=2153i207, n=16; vs WT-KCNEl: 
"55220130 msec, "c2=1429:122, n=11; p<0.05 for both sets 
of values), indicating a sloWer time course of channel 
activation. Deactivation of KCNQ1, assessed by measuring 
the exponential decay of “tail” currents during a repolariZing 
voltage-step (—50 mV) folloWing channel activation at +60 
mV, Was more rapid When KCNQ Was co-expressed With 
KCNE1-D85N than When KCNQ Was co-expressed With 
WT-KCNEl (KCNE1-D85N: 'c=295:36 msec, n=17, vs 
WT-KCNEl: 'c=469:56 msec, n=14; p<0.05). Together the 
combined effects of sloWer activation and more rapid deac 
tivation observed for KCNQ1 channels assembled With 
KCNE1-D85N (FIG. 2) suggest that IK5 current generated 
from this molecular substrate contributes less to the steady 
state level of repolariZing potassium currentthan channel 
complexes containing WT-KCNEl. 

[0120] Because IK5 is a sloWly activating and deactivating 
current that modulates the duration of the action potential 
primarily during repetitive stimulation, a pulse train protocol 
Was utiliZed to examine the effect of KCNE1-D85N in this 
context. Cells expressing KCNQl With either WT-KCNEl 
or KCNE1-D85N Were repeatedly depolariZed to +60 mV 
for 1 sec and repolariZed to —50 mV for 780 msec. After 10 
successive depolariZations, outWard current in cells express 
ing WT-KCNEl containing channel complexes had mark 
edly increased, While only a minimal increase of current Was 
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observed in KCNE1-D85N expressing cells (FIG. 3). After 
the 10th pulse, WT-KCNE1 channel current increased 
3.3103 fold, While KCNE1-D85N current increased only 
1910.3 fold (p=0.015). This result illustrates the signi?cant 
impact of KCNE1-D85N on the magnitude of IK5 during 
repetitive stimulation. 

[0121] KCNE1 has also been demonstrated to augment 
expression levels of recombinant HERG channels or cellular 
IKr in vitro (Yang, T., et al., Circ Res 77:1246-1253 (1995); 
Mcdonald, T. V., et al., Nature 388:289-292 (1997); Bianchi, 
L., et al., Hum Mol Genet 8:1499-1507 (1999)), but might 
not be its true subunit partner in vivo (Abbott, G. W., et al., 
Cell 97:175-187 (1999)). Therefore, the functional charac 
teristics of HERG co-expressed With either WT-KCNE1 or 
KCNE1-D85N Were compared. Current-voltage relation 
ships, voltage-dependence of activation, and the rate of 
HERG inactivation Were not signi?cantly different betWeen 
channel complexes formed With the tWo KCNE1 alleles. 
Sensitivity to block by 1 nM quinidine Was also tested, and 
no difference betWeen the tWo channel complexes Was 
observed. Therefore, the impact of the KCNE1-D85N poly 
morphism on the function of HERG channels formed in 
vitro is minimal. 

Example 3 

Simulation of Action Potential Effects of 
KCNE1-D85N 

[0122] The impact of the biophysical changes observed for 
KCNE1-D85N containing channels on cardiac repolariZa 
tion cannot easily be assessed directly in the human heart. 
Therefore, computer simulations of cardiac action potentials 
that incorporated the observed kinetic changes in IK5 gating 
associated With KCNE1-D85N Were utiliZed. 

[0123] To simulate action potential changes arising from 
KCNE1-D85N, the mathematical formulation forWild type 
IKs (VisWanathan, P. C., et al., Circulation 99:2466-2474 
(1999)) Was modi?ed (see legend to FIG. 4) to reproduce 
the experimentally determined activation and deactivation 
kinetics of KCNQ1 channels expressed With either WT 
KCNE1 or KCNE1-D85N (FIG. 2). This IK5 formulation 
prolonged the action potential duration (APDQO) by 18% 
during pacing at a constant 1000 msec cycle length due to 
the sloWer activation of KCNE1-D85N-containing channels 
and the resultant smaller repolariZing current. After 40 such 
stimuli (CL=1000 msec), insertion of a 2500 msec pause did 
not elicit arrhythmogenic early afterdepolariZations (EADs), 
consistent With the nascent KCNE1-D85N clinical pheno 
type. Moreover, complete IKr block prolongs the APD9O of 
the post-pause AP in WT-KCNE1 simulations, but this does 
not result in EADs (FIG. 4A). By contrast, 47% IKr block is 
sufficient to cause EAD development in KCNE1-D85N 
simulations (FIG. 4B). Most of the simulation studies Were 
conducted assuming that 100% of the channels contained 
KCNE1-D85N. Simulations performed With a 1:1 
WT-KCNElzKCNEl-D85N mixture demonstrated a similar 
propensity for EAD development that required a greater 
degree of IKr block (83%). 

Discussion of Examples 

[0124] The Examples involved ?rst identifying a cohort of 
patients Who exhibited exaggerated QT prolongation or 
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drug-induced torsade de pointes While being treated With 
anti-arrhythmic drugs and other agents knoWn to block IKY, 
and then examining candidate genes mapped previously as 
congenital LQTs loci. The Examples indicate that KCNE1 
D85N occurs at a signi?cantly higher rate among drug 
induced arrhythmia patients than in the general population, 
Which further indicates that this is a candidate susceptibility 
allele. In this context, susceptibility is distinctfrom overt 
disease in that environmental stimuli (ie. drug treatment) or 
concomitant acquired disease is necessary for expression of 
the latent genetic defect. 

[0125] The frequency of KCNE1-D85N in the general 
population (1.4%) indicates that this is a common polymor 
phism that is expected to occur in approximately 3.5 million 
Americans. If 1-2% of the general population is indeed at 
greater risk for drug-induced arrhythmias, prospective test 
ing for KCNE1-D85N in accordance With the present inven 
tion has great utility in predicting at-risk individuals prior to 
initiation of anti-arrhythmic and other therapy. Once iden 
ti?ed, such individuals are subjected to different treatment 
options (e.g., different medications). 
[0126] The mechanism by Which KCNE1-D85N confers 
increased risk of drug-induced arrhythmia involves the 
reduction in steady-state 1K5. The Examples suggest that 
impairment of a physiological reserve in myocardial repo 
lariZation that normally protects individuals from the severe 
effects of metabolic and pharmacologic IKr suppression 
confers susceptibility to drug-induced arrhythmia in any 
condition associated With reduced IKI. The small reduction 
in 1K5 effectiveness caused by the association of KCNEl 
D85N With KCNQ1 is sufficient to render myocardium more 
vulnerable to the occurrence of early afterdepolariZations 
(EADs). Based on the computer simulation of cardiac action 
potentials described herein, this susceptibility allele has its 
greatest impact during episodes of bradycardia or folloWing 
a long pause during concomitant partial IKr block. These 
simulations mimic the clinically observed pause-dependent 
triggering of torsade de pointes in the acquired long QT 
syndrome as described by El-Sherif, N., et al., J Am Coll 
Cardiol 33:1415-1423 (1999); Gilmour, R. F. J., et al.,JAm 
Coll Cardiol 30:209-217 (1997). 

[0127] In summary, the presence of a susceptibility poly 
morphism, KCNE1-D85N, in a signi?cant proportion of 
patients With drug-induced arrhythmias has been demon 
strated. The biophysical and electrophysiological mecha 
nism by Which this susceptibility allele confers an increased 
risk of arrhythmogenic substrates in the setting of pharma 
cologic suppression of repolariZing cardiac potassium cur 
rents has also been demonstrated. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOs: 11 

<210> SEQ ID NO 1 
<2ll> LENGTH: 436 
<2 12> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
<220> FEATURE: 

<221> NAME/KEY: CDS 
<222> LOcATION: (29)..(418) 
<300> PUBLICATION INFORMATION: 

<303> JOURNAL: Biochem. Biophys . Res. Commun. 

<304> VOLUME: 161 
<306> PAGES: 176-181 

<307> DATE: May-1989 
<308> DATABASE AccEssION NUMBER: GenBank M26685 
<309> DATABASE ENTRY DATE: 1994-03-30 

<400> SEQUENCE: 1 

otgoagoagt ggaaoottaa tgoooagg atg ato otg tot aao aoo aoa gog 

99C 
Gly 
25 

aag 
Lys 

tto 

ooo 

Pro 

aog 
Thr 

10 

aao atg 

Asn Met 

otg 
Leu 

gag 
Glu 

aoo otg 

ttt 

Phe 

tog 
Ser 

goo 
Ala 

otg 
Leu 

99C 
Gly 

oto 

Leu 

45 

ato 

aoo 

Thr 
otg 
Leu 

aag 
Lys 
15 

otg 
Leu 

30 

goo 
Ala 

ogo 
Arg 

oto 

Leu 

tao 

Tyr 
gto 
Val 

atg otg ago 

1 

tgg 
Trp 

‘399 
Arg 

atg 
Met 

tao 

oag 
Gln 

too 

Ser 

gta 
Val 
50 

ato 

gag 
Glu 

ooo 

Pro 

35 

otg 
Leu 

ogo 

aoa 

Thr 

20 

ogo 
Arg 

9951 
Gly 

too 

5 

gtt 
Val 

ago 
Ser 

tto 

Phe 

aag 

oag 
Gln 

agt 
Ser 

tto 

Phe 

aag 

Met Ile Leu Ser Asn Th]: Th]: Ala 

gqt 
Gly 

oag 
Gln 

gao 
Asp 

99C 
Gly 
40 

tto 

Phe 
99C 
Gly 
55 

otg gag 

52 

100 

148 

196 

244 
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-oontinued 

Phe Thr Leu Gly Ile Met Leu Ser Tyr Ile Arg Ser Lys Lys Leu Glu 
60 65 70 

cac tcg aac gac cca ttc aac gtc tac atc gag tcc gat gcc tgg caa 292 

His Ser Asn Asp Pro Phe Asn Val Tyr Ile Glu Ser Asp Ala Trp Gln 
75 80 85 

gag aag gac aag gcc tat gtc cag gcc cgg gtc ctg gag agc tac agg 340 
Glu Lys Asp Lys Ala Tyr Val Gln Ala Arg Val Leu Glu Ser Tyr Arg 

90 95 100 

tcg tgc tat gtc gtt gaa aac cat ctg gcc ata gaa caa ccc aac aca 388 
Ser Cys Tyr Val Val Glu Asn His Leu Ala Ile Glu Gln Pro Asn Thr 
105 110 115 120 

cac ctt cct gag acg aag cct tcc cca tga accccaccac tggctaaa 436 
His Leu Pro Glu Thr Lys Pro Ser Pro 

125 

<2 10> SEQ ID NO 2 
<211> LENGTH: 129 
<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 2 

Met Ile Leu Ser Asn Thr Thr Ala Val Thr Pro Phe Leu Thr Lys Leu 
1 5 10 15 

Trp Gln Glu Thr Val Gln Gln Gly Gly Asn Met Ser Gly Leu Ala Arg 
20 25 30 

Arg Ser Pro Arg Ser Ser Asp Gly Lys Leu Glu Ala Leu Tyr Val Leu 

Met Val Leu Gly Phe Phe Gly Phe Phe Thr Leu Gly Ile Met Leu Ser 
50 55 60 

Tyr Ile Arg Ser Lys Lys Leu Glu His Ser Asn Asp Pro Phe Asn Val 
65 70 75 80 

Tyr Ile Glu Ser Asp Ala Trp Gln Glu Lys Asp Lys Ala Tyr Val Gln 
85 90 95 

Ala Arg Val Leu Glu Ser Tyr Arg Ser Cys Tyr Val Val Glu Asn His 
100 105 110 

Leu Ala Ile Glu Gln Pro Asn Thr His Leu Pro Glu Thr Lys Pro Ser 
115 120 125 

Pro 

<2 10> SEQ ID NO 3 
<211> LENGTH: 436 
<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 
<220> FEATURE: 

<221> NAME/KEY: CDS 
<222> LOCATION: (29 ) . . (418) 

<400> SEQUENCE: 3 

ctgcagcagt ggaaccttaa tgcccagg atg atc ctg tct aac acc aca gcg 52 
Met Ile Leu Ser Asn Thr Thr Ala 

1 5 

gtg acg ccc ttt ctg acc aag ctg tgg cag gag aca gtt cag cag ggt 100 
Val Thr Pro Phe Leu Thr Lys Leu Trp Gln Glu Thr Val Gln Gln Gly 

10 15 20 

ggc aac atg tcg ggc ctg gcc cgc agg tcc ccc cgc agc agt gac ggc 148 
Gly Asn Met Ser Gly Leu Ala Arg Arg Ser Pro Arg Ser Ser Asp Gly 
25 30 35 40 










