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Definition:  Dilatation of cardiac cavities,  

   Impaired contractility and systolic function 

 

Aetiology:  Idiopathic, secondary, familial in at least 20-30% 

 

 Dilated Cardiomyopathy (DCM) 



SCN5A gene: Chronology 

1992:  Cloning and characterization of SCN5A (Gellens et al) 

1995:  Mapping SCN5A to chrom 3p21 (George et al) 

  SCN5A: candidate gene for Long QT Syndrome type 3 
 

1998:  SCN5A mutations in Brugada Syndrome (Chen et al) 

1999:  SCN5A mutations in Progressive Cardiac Conduction  

  Defect  (Schott et al) 

2003:  SCN5A mutations in Congenital Sick Sinus Syndrome (Benson et al) 

2004:  SCN5A mutation in dilated cardiomyopathy (McNair et al) 



SCN5A gene is ranked as the sixth most 
common cause of familial DCM 



DCM and Nav1.5 

Dilated cardiomypathy 



Index patient  

II-3, II-4, II-5: DCM 
Not genetically tested 

II-1 II-2 

III-1 III-2 

II-3 II-4 II-5 II-6 

I-1, 78 yrs I-2, accident 

Patient with conductance disturbances,  

AFib, Ventricular fibrillation and DCM  

Gosselin-Badaroudine et al., PlosONE , 2012;7(11):e48690.  



Genotyping 

Collecte de sang 

Séquençage 

Extraction de l’DNA 
PCR et dHPLC 



Identification of a novel SCN5A mutation 

CGC Arg (R) 
CAC His (H) 

219 

Gosselin-Badaroudine et al., PlosONE , 2012;7(11):e48690.  



Biophysical properties of SCN5A/R219H mutation 

Gosselin-Badaroudine et al., PlosONE , 2012;7(11):e48690.  



The omega current: Chronology 



Oocyte 

_ 

+ 

VElec 
IElec 

Succion 

VClamp 

The two microelectrode technique 



SCN5A/R219H revealed an inward current 
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Intracellular pH measurments 



SCN5A/R219H induce a proton current 
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SCN5A/R219H induce an intracellular acidification 
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Biophysical caracterization of the proton current 

pHo=6.00

pHo=8.40

50 ms

2
0

0
 n

A

pHo=7.40

pHo=6.80

Δ 5 mV 

-140 mV 

+40 mV 

-80 mV 200 ms 

N
o

rm
a

li
z
e

d
 Q

-V

0.0

0.5

1.0

Voltage (mV)

-160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60

H
+
 C

u
rr

e
n

t 
(n

A
)

-500

-400

-300

-200

-100

0

100

pHo= 8.40 (EH+ = -88.9mV) 

pHo = 7.40 (EH+ = -29.7mV)

pHo = 6.80 (EH+ = 5.8 mV)

pHo = 6.00 (EH+= 53.1 mV)

(E
H+

 = -90 mV)

Gosselin-Badaroudine et al., PlosONE , 2012;7(11):e48690.  



Intracellular mechanisms 



Mouse ES cells differentited into cardiac myocytes 

Embryoid body 

Formation 

Day 0 to day 2 of  differentiation 

Day 2 to day 5 
From day 5 

ES cells 
Hanging 

drop 



Nav1.5 / R219H 

C T T C N N C A T 

Nav1.5 / WT 

C T T C G A C A T 

Homologous recombination: CGA to CAC to obtain the 

heterozygous R219H mutation 
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LAH 
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Nav1.5 / WT Nav1.5 / R219H 



The BCECF ratiometric dye allow to measure the cellular 

acidification caused by the specific proton leak. 

pH = pKa - log
R-RpH 5( )
RpH8 -R( )

´
F
pH 5 l=440( )

F
pH8 l=440( )

R =
Fl=490( ) - Backgroundl=490( )
Fl=440( ) - Backgroundl=440( )



Cardiomyocytes expressing Nav1.5 / WT 

Cardiomyocytes expressing Nav1.5 / R219H 



Nav1.5 / WT Nav1.5 / R219H 
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  Cardiac myocytes derived from ES cells are good       

 model to study SCN5A mutations linked to DCM 

 The R219H mutation found at the heterozygous state: 

- Generate a proton leak 

- Unbalance the ionic homeostatsis 

 

CONCLUSION 

 The DCM is not an adaptative phenomena 
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LES CANAUX IONIQUES 

Cl- 
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COURANTS IONIQUE ET POTENTIEL D’ACTION 



POTENTIELS D’ACTION ET ECG 





XENOPUS LAEVIS: SYTÈME HÉTÉROLOGUE D’EXPRESSION 
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SCN5A/R219H SONT INCHANGÉES 
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DIRECTIONS FUTURES 

  Souris transgénique (Knocking) portant  
La mutation R219H 

Différencier les cellules ES en myocytes cardiaques 

 Reprogrammer les fibroblastes du patient en cellules 
iPS puis en myocytes 

//upload.wikimedia.org/wikipedia/en/5/5a/NIH_3T3.jpg




Conclusion 

– La mutation n’affecte pas les caractéristiques 
biophysiques du pore α 

 

– On observe un courant H+ passant à travers Nav1.5 
« Proton Wire » 

 

– Ce courant  semble être à l’origine du phénotype 
de  cardiomyopathie dilatée de nos patients 
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Specificity of R219H substitution 
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Phenotypes: Conduction disease and DCM 

Genotype: D1275N SCN5A 
McNair et al. Circulation 2004 

   

Phenotype: Atrial standstill and DCM 

Genotype: D1275N SCN5A and Cx40 pol. 
Groenewagen et al. Cir Res 2003 

   

 

 DCM and SCN5A gene 
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Thanks' for your kind attention!!!!!! 
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Let Us Meet Again 

We welcome you all to our future 
conferences of OMICS Group 

International   
 

Please Visit: 

www.omicsgroup.com 

www.conferenceseries.com 

http://cardiology.conferenceseries.com/ 
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