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Common 
•  Prevalence 4-8/1000 
•  Life time incidence 3% 

Key symptom = seizures 



Nature Reviews 2006 





• Disturbance in balance excitatory / inhibitory 
forces 

 Inhibition 

 Excitation 



Idiopathic(Genetic) 

Stroke 

MR/CP 

Head trauma 

Brain tumor 

Infection 

Others 

From: Annegers JF. The Epidemiology of epilepsy. In: Elaine Wyllie. 
The Treatment of Epilepsy. 



Ion channel genes 

ALG13 GABRG2 PLCB1 

ARHGEF9 GRIN2A PRRT2 

ARX GRIN2B PNKP 

ATP1A2 HCN1 SCN1A 

CDKL5 KCNJ11 SCN1B 

CHD2 KCNQ2 SCN2A 

CHRNA4 KCNQ3 SCN8A 

CHRNB2 KCNMA1 SLC25A22 

CHRNA2 KCNT1 SLC2A1 

DEPDC5 LGI1 SPTAN1 

FOXG1 MEF2C STXBP1 

GABRA1 NRX1 SYNGAP1 

GABRB3 PCDH19 TBC1D24 





◦ Humans: > 70 potassium channel genes 

◦   Small family of voltage gated KCNQ genes: 
KCNQ1-5 
  KCNQ1: cardiac arrythmia  
  KCNQ2/3: epilepsy 
  KCNQ4: deafness 



• Encoding voltage gated potassium 
channel subunit Kv7.2 
•  Hyperpolarisation 
•  Stabilizes neuronal excitability 



Front. Pharmacol., 23 March 2012 



•  Mostly familial 
•  Seizures onset between 2 - 8 days, remission within 

first months of life 
•  Investigations normal  
•  Psychomotor development normal 





 KCNQ2 screening offered for neonatal 
seizures in diagnostic unit 
◦  2010: 1 patient: refractory seizures and 

psychomotor regression 

 Literature 
◦   4 case reports of patients with neonatal 

seizures and intellectual disability 
 (Dedek et al 2003, Borgatti et al 2004, Schmitt et al 2005, Steinlein 

et al. 2007) 



•  KCNQ2 and KCNQ3 screening in 80 
patients with unexplained neonatal or 
early onset epileptic encephalopathy 
•  Onset of seizures < 3 months 
•  Slowing of psychomotor development  
•  Metabolic screening normal 
•  Imaging: no explanation 
•  Genetic screening for relevant genes normal 

Weckhuysen et al, Ann. Neurol. 2012 



 No KCNQ3  mutations 
  7 novel KCNQ2 mutations in 8/80 patients (10%) 
  Inheritance 
  Heterozygous 
  Almost all mutations de novo 
  1 mosaic father with benign neonatal seizures 

Weckhuysen et al, Ann. Neurol. 2012 





   



  September 2014 
◦  62 patients with KCNQ2 encephalopathy 

described in literature 
  44 different mutations 







•  10% of patients with neonatal epileptic 
encephalopathy of unknown etiology 
•  KCNQ2 encephalopathy mutations 
  Novel: not reported in BFNS 

•  Inheritance 
  de novo 
 1 mosaic father with benign seizures 



•  Neonatal onset 
1 patient onset at 5 months 

•  Seizure type at onset 
Motor seizures, prominent tonic component 
Often autonomic features: apnea, desaturation, bradycardia 

•  Dramatic onset, multiple sz daily 
•  Abnormalities on EEG 
•  Range of severity of intellectual disability 





    BFNS           KCNQ2 mutation           KCNQ2 
                                                  encephalopathy 

? 

20-50% reduction of current.  



Orhan et al., Annals of Neurology, 2014 



Orhan et al., Annals of Neurology, 2014 

5/7 mutations: dominant negative effect on channel function 



Miceli et al., PNAS 2013 



- Transgenic adult mice carrying dominant negative KCNQ2 mutation 
-  recurrent spontaneous seizures 
-  impaired spatial learning 
-  marked hyperactivity 



KCNQ2 encephalopathy KCNQ2 BFNS   

-‐	  Mostly	  	  Inherited	  	  	   -‐ 	  Mostly	  de	  novo	  

          Effect mutation + genetic background   









 Mutations => loss of function 
◦  Potassium channel opener retigabine 

Orhan et al, 2014 

Miceli et al, 2013 







◦ Clinical 
  No strict correlation seizure severity – outcome 

◦  Functional 

  Infrequent seizures 
  Impaired spatial learning 







  Range of age of onset? 
  Additional clinical features? 
◦  Severe metabolic acidosis during prolonged seizures 
◦  Severe behavioral problems, irritability 
◦  Autistic features, hypersensitivity to noise 
◦  ... 

  Correlation seizure frequency/duration -
outcome? 

  Treatment response to existing AED?  
◦  Effect on seizures + cognition 

  Effect of newer potassium channel openers? 
  …… 



◦ USA: Rational Intervention 
for KCNQ2 Epileptic Encephalopathy (RIKEE) 
patient database  

◦  Europe: ad hoc  
  23 additional non-reported European patients 

  7 Belgium 
  8 new mutations 
  5 treated with RTG 
  Prospective trial? 





 What are the consequences of different 
KCNQ2 mutations 
◦  Potassium channel function 
◦  Excitability of neurons 
◦  Brain functioning 
◦  Brain structure 

 Reversal of mutational effect  
◦ Retigabine and other drugs 
◦ Gene therapy 
◦ Time frame 



   Oocytes 



  Neurons <= induced Pluripotent Stem Cells 
(iPSC) 

  (Animal models) 
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KCNQ2 mutations 
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