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The cardiac electrical activity and the long QT syndrome 
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Cardiac IKs and IKr complexes in heart.  

	In	addition	to	interactions	of	channel		and		subunits	for	both	complexes,	the	Kv7.1		subunit	encoded	by	
KCNQ1	also	associates	with	yotiao	(AKAP9)	in	heart,	which	recruits	signaling	molecules	PP1,	PKA,	and	
phosphodiesterase	4D3	(PDE4D3)	to	the	IKs	complex.	In	brain,	yotiao	also	associates	with	specific	isoforms	
of	adenylyl	cyclase	(AC).	

Ackerman	and	Mohler.	Circ	Res.	2010;107:457-465.)	



Liu,	M.	et	al.	(2014)	Cardiac	sodium	channel	mutations:	why	so	many	phenotypes?	
Nat.	Rev.	Cardiol.	doi:10.1038/nrcardio.2014.85	

The Nav1.5 (SCN5A) channel is part of a macromolecular 
complex 



•  	Type	1 	KCNQ1	(KvLQT1) 	50%	

•  	Type	2 	KCNH2	(HERG)	 	35%	

•  	Type	3 	SCN5A 			8%	

•  	Type	5	&	6 	KCNE1,	KCNE2 	<	5%	

•  	Type	4	&	7 	Ankyrin	B,	KCNJ2 	<	2%	

•  	Type	8	to	type	16	

Long QT Syndrome: Subdivision of genotyped patients 



Remaining LQTS 	Gene 	 	Protein	 	Current 
Type	4 	 	 	Ankyrin	B 	Ankyrin 	 	Na+/K+	ATPase	and	

	 	 	 	 	 	 	others	
	
Type	5 	 	 	KCNE1 	 	MinK 	 	Iks	
Type	6 	 	 	KCNE2 	 	MiRP1 	 	Ikr	
Type	7 	 	 	KCNJ2 	 	Kir2.1 	 	Ik1	
Type	8 	 	 	CACNA1C 	CaV1.2 	 	ICa-L	
Type	9 	 	 	CAV3 	 	Caveolin	3 	INa	
Type	10 	 	 	SCN4B 	 	SCNβ4	subunit 	INa	
Type	11 	 	 	AKAP-9 	 	Yotiao 	 		Iks	
Type	12 	 	 	SNTA-1 	 	Syntrophin-α1 		INa	
Type	13 	 	 	KCNJ5 	 	Kir3.4 	 	IkAch	
	
Type	14 	 	 	CALM1 	 	Calmodulin	1 	Defective	Ca2+	 	

	 	 	 	 	 	 	signalling	
Type	15 	 	 	CALM2 	 	Calmodulin	2 		
Type	16 	 	 	CALM3 	 	Calmodulin	3 		

	 	 		

Type 17 or CPVT3: Bi-allelic mutation in TECRL gene 

Long QT Syndrome: Subdivision of genotyped patients 



Goldenberg	and	Moss.	Journal of the American College of Cardiology, Volume 51, Issue 24, 2008, 2291–2300 

Distinctive	T-Wave	Patterns	in	the	3	Major	LQTS	Genotypes:	LQT1:	typical	broad-based	T-wave	pattern	(corrected	QT	
[QTc]	570	ms);	LQT2:	typical	bifid	T-wave	(QTc	583	ms);	and	LQT3:	typical	late-onset	peaked/biphasic	T-wave	(QTc	
573	ms).	

Genotype and ECG 



Genotype - Phenotype, LQT registry 



Genotype - Phenotype, LQT registry 



Schwartz	PJ	et	al.	Circulation.	2001;103:89-95.	

Triggers for cardiac events in LQT1, LQT2 and LQT3 



Schwartz	PJ	et	al.	Circulation.	2001;103:89-95.	

Kaplan-Meier cumulative survival curves showing time interval 
between birth and first cardiac event 
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Exercise and Swimming induced long QT1 



Post-Partum Cardiac Arrest 



Makiyama	et	al.	J	Am	Coll	Cardiol.	2008;52:1326–34	

Gain of Function Mutation in SCN5A 



Siyong Teng et al. Cardiovasc Res 2009;83:473-480 

Loss of Function Mutations in SCN5A 



Diminution or Loss of IKs current in LQT1 due to KCNQ1 Mutations 
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Segregation of A1116V and K897T in the LQTS pedigree.  

Lia Crotti et al. Circulation. 2005;112:1251-1258 



Murphy et al. Heart Rhythm. 2012;9: 590–597 

Normal	conducted	beats	(red	arrows)	are	interrupted	by	frequent	premature	beats	and	2–3	beat	runs	of	tachycardia	with	a	
variable	cycle	length	(white	arrows).	

LQTS in a fetus at 19 weeks' gestation presenting with ventricular tachycardia 
and severe hydrops fetalis: Fetal Doppler Echocardiogram and 
Magnetocardiogram. 

SCN5A:	p.Leu409Pro	



Murphy	et	al.	Heart	Rhythm.	2012;9:	590-597	

Effect of Leu409Pro Mutation in Neonatal and Adult SCN5A 

Mutant	channels	show	a	sustained	inward	current	during	membrane	depolarization	



SCN5A: Neonatal vs Adult Isoform 



Steven Poelzing et al. Circulation. 2006;114:368-376 

Rescue of the Aberrant function by H558R Polymorphism: In Vitro 



Such SNP influence still requires more Clinical studies 

Our	patient	data	 Het: Arg282Gly 
Het: His558Arg SCN5A	

Non-symptomatic son of a Symptomatic (Syncope) Mother 



Jean-Marc Lupoglazoff et al. Journal of the American College of Cardiology. 2004; 43: 826–830 
  

 Long QT syndrome in neonates : Conduction disorders associated 
with HERG mutations and sinus bradycardia with KCNQ1 mutations 



Jean-Marc Lupoglazoff et al. Journal of the American College of Cardiology. 2004; 43: 826–830 
  

 Long QT syndrome in neonates : Conduction disorders associated 
with HERG mutations and sinus bradycardia with KCNQ1 mutations 



Sinus Bradycardia with KCNQ1 mutations in Adult	

Father:	46	b/min	 Mother:	53	b/min	

Heterozygous	c.387-5T>A	Mutation	



ECG: First day 



ECG of the Neonate 
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Bi-Allelic Mutation in KCNH2 Gene 



Standard	12-lead	electrocardiogram	from	case	1	recorded	at	presentation.	The	
rhythm	was	sinus	at	83	beats/min	with	a	prolonged	QT	interval	
(corrected	QT	interval	651	ms).	Evidence	for	T-wave	alternans	was	present	in	
lead	II.	

Heart	Rhythm	2016;13:2012–2019	

Calm-2 mutation and long QT syndrome 
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Pedigree of Five Generations of a Family with the Long-QT Syndrome 
and Catecholaminergic Polymorphic Ventricular Tachycardia. 

Beckmann	BM,	Wilde	AA,	Kääb	S.	Dual	inheritance	of	sudden	death	from	cardiovascular	causes.	N	Engl	J	Med.	2008;358:2077-8.		
	



Challenging Case 



Challenging Case 



Genotype: Is there a Synergy between SCN5A and ANK2 ? 
    

	R:	13	yrs		 	N:	11	yrs	

SCN5A:	Y1995X	
TRDN:	G444E	

F:	9	yrs	 A:	3	yrs	

M:	29	yrs		 A:	19	yrs		 ANK2:	E2410Q	
TRDN:	G444E	

SCN5A:	Y1995X	
ANK2:	E2410Q	
TRDN:	G444E	(homozygous)	

SCN5A:	
Y1995X	
ANK2	and	
TRDN:	not	
known	

SCN5A:	normal	
ANK2:	not	known	
TRDN:	not	known	

SCN5A:	normal	
ANK2:	not	known	
TRDN:	not	known		

SCN5A:	normal	
ANK2:	not	known	
TRDN:	not	known	

SCN5A:	
Y1995X		
ANK2	and	
TRDN:	not	
known	

ICD	implanted	

Y1995X:		SCN5A	
ANK2	and	TRDN:	not	known	

13	yrs	23	yrs	
20	yrs	

Genotype		
not	known	

My	suspicion	goes	for	SCN5A	and	ANK2.	TRDN	(G444E)	is	possibly	a	polymorphism	in	Arab	population	??	

Genotype	of	the	Deceased	are	not	known	



Challenging Case 



Itcho	Hanabusa	(1652–1724).		

Blind monks examining an elephant 



Conclusion 

● Clinical Phenotype, Family History for the Disease,  
 ECG phenotype, QTc interval 

 
● Main Genes: KCNQ1, KCNH2, SCN5A 
 
● Important genes: KCNE1, KCNE2, ANK2 
 
● Rare but very important: CALM1, CALM2, CALM3, TECRL 
 
● Occasionally Multiple Genes might be involved 
 
● Once again: Clinical Phenotype should not be forgotten 
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Thank	you!	


