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Current
Sodium current (INa)

Calcium current (ICa)

Na-Ca exchanger (Iti)

Transient Outward (ITo)

Delayed Rectifier Slow (IKs)

Delayed Rectifier Fast (IKr)

Inward Rectifier Slow (IK1)
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Pace maker current (If)

Action Potential Phases
0 = depolarization
1 = fast repolarization

3

4

1  fast repolarization
2 = plateau
3 = terminal repolarization
4 = resting

Protein Gene
Nav 1.5 SCN5A

CACNA1C

NCX1

Cav 1.2

SLC8A1

KvLQT1/minK KCNQ1/KCNE1

Kv4.2/Kv4.3 KCND2/KCND3

HERG/MiRP

Kir2.1

KCNH2/KCNE2

KCNJ2

HCN4hHCN4
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E t d d h t l QT
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Extended phase two cause long QT s dsyndrome.



SHORT QT SHORT QT SHORT QT SHORT QT 
•QTc interval 
•tall peaked T
•Autosomal d

SQTS1: KCNHSQTS1: KCNH
SQTS2: KCNQ
SQTS3: KCNJ

OPEN ISSUOPEN ISSU
••PrevalencePrevalence
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••What is ShWhat is Sh

SYNDROMESYNDROMESYNDROMESYNDROME
< 320 msec; 

T waves
dominant

H2H2
Q1
J2

UESUES
e (probably low)e (probably low)(p y )(p y )
hort QT?hort QT?



Gain of function of KGain of function of KGain of function of KGain of function of K

SQTS1 SQTS
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KK++ channels and ECGchannels and ECGKK++ channels and ECGchannels and ECG

S2 SQTS3

IKs
IKr
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penetrant forms of penetrant forms of 
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penetrant forms of penetrant forms of penetrant forms of penetrant forms of 

to Tto T
penetrant forms of penetrant forms of 

to Tto T
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cts or incompletely cts or incompletely 
LQTS predisposing LQTS predisposing 
cts or incompletely cts or incompletely 
LQTS predisposing LQTS predisposing LQTS predisposing LQTS predisposing 

TdP TdP 
LQTS predisposing LQTS predisposing 
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 DEFECT  DEFECT 

++
UGSUGS

Environmental Environmental 
TriggersTriggers

C EVENTSC EVENTSC EVENTS C EVENTS 



Control – Pre Treatment 

QTc 437msQTc 430ms

Cisapride 30mg    
QTc 530msQTc 523ms

p g

VF
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VF

Cisapride 30mg

QTc 595ms QTc 590ms

After Cisapride Withdrawal

QTc 428msQTc 430ms

After Cisapride Withdrawal

Napolitano C et al. JCE, 2000Napolitano C et al. JCE, 2000



Kindred: MA012: MutaKindred: MA012: Muta
Proband: 69 yrs,Proband: 69 yrs, ��

QTc: 445 msQTc: 445 ms
Gene CarrierGene Carrier

Son:  50 yrs, Son:  50 yrs, ��
QTc: 430 msQTc: 430 msQTc: 430 msQTc: 430 ms
Gene CarrierGene Carrier

Son: 44 yrs, Son: 44 yrs, ��
QTc: 398 msQTc: 398 ms
Gene CarrierGene Carrier

Nephew: 9 yrs, Nephew: 9 yrs, ��
QTc: 392 msQTc: 392 ms
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QTc: 392 msQTc: 392 ms
Non Gene CarrierNon Gene Carrier

ation in ation in KvLQT1KvLQT1 genegene



DrugDrug--Induced TdP:Induced TdP:DrugDrug--Induced TdP:Induced TdP:

11 77

**
11 77

** **
22 33 5544

6666

VV VV TT VV TT TT II GG YY GG DD KK VV PP

Y315CY315C

K LQT1K LQT1 HH VV VV TT VV TT TT II GG YY GG DD KK VV PP
YY
YY
YY

KvLQT1KvLQT1--Hu:Hu:
KvLQT1KvLQT1--RN:RN:
KvLQT1KvLQT1--CE:CE:
KvLQT1KvLQT1--XL:XL:

VV VV TT VV TT TT II GG GG DD KK VV PP
VV VV TT VV MM TT VV GG GG DD II YY PP
VV VV TT VV TT TT II GG GG DD KK VV PP
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: KCNQ1 mutation: KCNQ1 mutation: KCNQ1 mutation: KCNQ1 mutation

66 7711 22 33 44 55

PP QQ TT WW VV GG KKPP QQ TT WW VV GG KK
PP RR -- -- -- -- --
PP VV GG AA LL TT KK
PP QQ TT WW II GG KK

Napolitano C et al. JCE, 2000Napolitano C et al. JCE, 2000
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QTc clusters

Mutation carriers wiMutation carriers wi
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12% incidence of syncope 12% incidence of syncope ––

Non genetically affectedNon genetically affectedNon genetically affectedNon genetically affected
Genetically affectedGenetically affected

00 20 40 60 80 600 620 640 660 680 00500 520 540 560 580 600 620 640 660 680 700

s (20ms)

ith normal QT interval: ith normal QT interval: 
4% incidence of cardiac arrest 4% incidence of cardiac arrest 

Napolitano et al JAMA 2005Napolitano et al JAMA 2005
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SNPs  may predSNPs  may pred
Common variantsCommon variants

SNPs  may predSNPs  may pred
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22222.2.
s of genes called s of genes called 

2.2.
s of genes called s of genes called s of genes called s of genes called 
dispose to TdPdispose to TdP
s of genes called s of genes called 
dispose to TdPdispose to TdP
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CARDIACCARDIAC

lity SNP’s lity SNP’s 
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UGSUGS
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SNPs
Single Nucleotide Polymorphisms



DNADNADNADNA
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SNPs
Single Nucleotide Polymorphisms

FrequentFrequentFrequentFrequentqq
Well distributed Well distributed 
StableStable

qq
Well distributed Well distributed 
StableStable
Functional?Functional?Functional?Functional?



Nitric oxyde synthasNitric oxyde synthasNitric oxyde synthasNitric oxyde synthas

GenomeGenome--wide association studywide association study
extremes of a populationextremes of a population--basedbasedextremes of a populationextremes of a population basedbased
3,966 subjects from the KORA c3,966 subjects from the KORA c

Validated cohort in two indepenValidated cohort in two indepenValidated cohort in two indepenValidated cohort in two indepen
subjects from Germany and 1,8subjects from Germany and 1,8
Framingham Heart Study. Framingham Heart Study. 

This genomeThis genome--wide study identifwide study identif
regulator of neuronal nitric oxidregulator of neuronal nitric oxid
that modulates cardiac repolarizthat modulates cardiac repolarizthat modulates cardiac repolarizthat modulates cardiac repolariz

The minor allele of the NOS
explains up to 1 5% of QT in
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explains up to 1.5% of QT in

se and QT intervalse and QT intervalse and QT intervalse and QT interval

y on 200 subjects at the y on 200 subjects at the 
d QT interval distribution ofd QT interval distribution ofd QT interval distribution of d QT interval distribution of 
cohort in Germanycohort in Germany

ndent samples of 2 646ndent samples of 2 646ndent samples of 2,646 ndent samples of 2,646 
805 subjects from the US 805 subjects from the US 

fied NOS1AP (CAPON), a fied NOS1AP (CAPON), a 
de synthase, as a new target de synthase, as a new target 
zationzationzation. zation. 

1AP genetic variant 
nterval variationnterval variation. 

Arking DE et al.  Nat Genet 2006



Polymorphisms Polymorphisms 
and QT and QT 

Polymorphisms Polymorphisms 
and QT and QT and QT and QT and QT and QT 

The analysis of additive effects byThe analysis of additive effects byThe analysis of additive effects byThe analysis of additive effects by
an allelic score explained a an allelic score explained a 10.5 10.5 
msms difference in QTc between difference in QTc between 
extreme groups and 0.95% ofextreme groups and 0.95% ofextreme groups and 0.95% of extreme groups and 0.95% of 
trait variance (trait variance (PP<0.00005). <0.00005). 

Samples from the KORA study
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 in LQTS genes in LQTS genes
intervalinterval
 in LQTS genes in LQTS genes
intervalintervalintervalintervalintervalinterval

yy

897TT 897KK
y y 

+ KCNQ1 + KCNQ1 
rs757092 (intron 1) rs757092 (intron 1) 

Pfeufer, A. et al. Circ Res 2005;96:693-701



KCNH2 K897T pKCNH2 K897T p
functionalfunctional

KCNH2 K897T pKCNH2 K897T p
functionalfunctionalfunctionalfunctionalfunctionalfunctional

Paavonen et al.  Cardiovascular Research
2003;59:603-611
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polymorphism is polymorphism is 
lly active lly active 

polymorphism is polymorphism is 
lly active lly active lly active lly active lly active lly active 

Ansen et al. AJP
2004;286:H2434-H2441



Allelic variants andAllelic variants andAllelic variants andAllelic variants and

“DNA variants in the coding reDNA variants in the coding re
QT disease genes predisposing 
identified in   10% to 15% of af

d i tl i dipredominantly in genes encodin

Y t
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Yang et a

d TdP: how often?d TdP: how often?d TdP: how often?d TdP: how often?

egions of congenital long-egions of congenital long-
to aLQTS can be 
ffected subjects, 

ill b it “ng ancillary subunits.“

l Ci l ti 2002l Ciculation 2002



Genetic variants Genetic variants 
metabolism of QT metabolism of QT metabolism of QT metabolism of QT 

G ti f t lG ti f t lGenetic factors may playGenetic factors may play
role in inlfuencing the efrole in inlfuencing the ef

t b li f QT lt b li f QT lmetabolism of QT prolonmetabolism of QT prolon
Genetic variants of the gGenetic variants of the g
present in poor metabolpresent in poor metabol
prone to accumulation oprone to accumulation o
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that modify drug that modify drug 
 prolonging drugs   prolonging drugs   prolonging drugs.  prolonging drugs. 

i t ti t ty a very important y a very important 
ficiency of ficiency of 

i di dnging drugs.nging drugs.
gene for CYP2D6 are gene for CYP2D6 are 
lizers who are more lizers who are more 
of compounds.of compounds.



ConcluConcluConcluConclu

Beside gender drugs and mBeside gender drugs and mBeside gender, drugs and mBeside gender, drugs and m
may rpedispose to TdPmay rpedispose to TdP
“Forme fruste” of LQTS cau“Forme fruste” of LQTS cauForme fruste  of LQTS cauForme fruste  of LQTS cau
drug induced TdP (Circulatidrug induced TdP (Circulati
SNPs of genes that regulateSNPs of genes that regulateg gg g
or decrease) are likely to coor decrease) are likely to co
susceptibilitysusceptibility
SNPs of genes that eg lateSNPs of genes that eg lateSNPs of genes that regulateSNPs of genes that regulate
that affect repolarization arthat affect repolarization ar
TdPTdP
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usionsusionsusionsusions

metabolic abnormalitiesmetabolic abnormalitiesmetabolic abnormalities metabolic abnormalities 

use approximately 8% ofuse approximately 8% ofuse approximately 8% of use approximately 8% of 
on 2002)on 2002)
e QT durations ( increase e QT durations ( increase Q (Q (
ontribute to TdP ontribute to TdP 

e metabolism of d gse metabolism of d gse metabolism of drugs e metabolism of drugs 
re likely to play a role in re likely to play a role in 


