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Developmental and Epileptic 
Encephalopathies

Scheffer et al ILAE Classification 2017



Epileptic Encephalopathy

‘the epileptic activity itself contributes to 

cognitive and behavioural impairments beyond 

that expected from the underlying pathology 

alone (e.g. cortical malformation)’

ILAE Commission for Classification, 2010



• Frequent epileptic activity

• Frequent seizures usual

• Multiple seizure types

• Developmental slowing or regression

Epileptic Encephalopathy



Epileptic Encephalopathy – any age

Seizures
and/or frequent 
epileptiform activity

Developmental
slowing or 
regression
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Developmental impairment

Epileptic Encephalopathy superimposed 
Remediable component? AED selection 

Move to GENE encephalopathy

Wide range of comorbidities

Outcome may be poor even 
though seizures stop

Developmental and Epileptic Encephalopathy

KCNQ2 encephalopathy
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Developmental and Epileptic EncephalopathiesDevelopmental and Epileptic Encephalopathies



1 month 10 years0 1 year

Developmental and Epileptic EncephalopathiesDevelopmental and Epileptic Encephalopathies

Early onset DEE
< 3 months

Infantile DEE
3 mths – 2 yrs

Developmental and
Epileptic Encephalopathy

Epilepsy with 
myoclonic atonic 

seizures

Epilepsy-aphasia 
LKS/ CSWS

Ohtahara syndrome

Early myoclonic 
encephalopathy

Epilepsy of infancy with 
migrating focal seizures 

Dravet syndrome

West syndrome

Rasmussen Syndrome

Focal lesional epilepsy
eg. hypothalamic hamartoma, hemimegalencephaly, tuberous sclerosis 

Lennox Gastaut
syndrome



Developmental and Epileptic Encephalopathies 

DNA repair
Transcriptional regulation
Axon myelination
Protein translation/modification
Peroxisomal function
Channelopathies
Synaptic dysfunction

> 100 genes



Benign Severe

Phenotypic spectrum of genetic epilepsies

Self-limited epilepsies Developmental and 
Epileptic Encephalopathies



The image part with relationship ID rId2 was not found in the file.

Epilepsy syndrome Genetic disease

Gene

Self-
limited 

epilepsy

Developmental and 
Epileptic Encephalopathy 



The image part with relationship ID rId2 was not found in the file.

One gene many syndromes

SCN1A
Genetic 

Epilepsy with 
Febrile 

Seizures Plus

Developmental and 
Epileptic 

Encephalopathies



The image part with relationship ID rId2 was not found in the file.

SCN1A

Developmental and Epileptic 
Encephalopathies 

Epilepsy 
with 

myoclonic-
atonic 

seizures

Epilepsy of 
Infancy with 

Migrating 
Focal Seizures

Dravet 
syndrome

Early 
Onset 
DEE
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Mosaicism



Developmental and Epileptic Encephalopathies 

• Most patients have a dominant de novo mutation

• Recessive, X-linked and mitochondrial inheritance 

can also occur

• Recurrence risk given: very low



Poduri et al Science 2013



Mosaicism in 
probands

• 8/113 (7.5%) Dravet probands mosaic
• Milder phenotype if truncating mutation
• Deep sequencing of mutation 

- median coverage 1281 x, 20-7320x)
• Genetic counseling implications

Mosaicism in the patient



Two affected children 
and unaffected parents 



Targeted sequencing to detect 
post-zygotic mutation in unaffected parents

“capture” pathogenic variant, multiplex with 
universal primers

ACTTCGGATGACCG
ACTTCGGATGTCCG



Sensitivity to detect low level mosaicism
Sanger – 20% mosaicism

proband

mother

father

Whole Exome Sequencing

0 ALT calls,
46x

proband

mother

father

Single molecule MIPs

proband

mother

father
11% 
ALT 
calls

200 x
coverage



Mosaicism rates in patients with 
apparently ‘de novo’ mutations

Myers, Scheffer, Mefford et al, NEJM, 2018

154 trios with 
mutations in

33 genes

123 trios
Parents had 

>200 
captures

3 probands were mosaic
STXBP1, PCDH19, GNAO1

25% 29% 32%



Parental mosaicism rates in patients with 
apparently ‘de novo’ mutations

8.3% probands
had parental 
mosaicism

154 trios with 
mutations in

33 genes

120 trios
Parents had 

>200 
captures

10 positive

110 
negative

Myers, Scheffer, Mefford et al, NEJM, 2018



Parental mosaicism
Mutation Origin % Mosaicism

SCN1A p.Ile483Metfs*18 Father 28% (AFFECTED)

SCN1A p.S1516* Mother 17%  (AFFECTED)
SCN1A p.R101W Father 16% 
SCN8A p.L1331V Father 13% (AFFECTED)
GNB1 p.A326T Father 11%

KCNT1 p.R950Q Father 9%
SLC6A1 p.A334P Mother 9%
DNM1 p.R237Y Father 6%

CACNA1A p.A713T Mother 6%
KCNQ2 p.V567D Mother 3%

*



Parental mosaicism
Mutation Origin % Mosaicism

SCN1A p.Ile483Metfs*18 Father 28% (AFFECTED)

SCN1A p.S1516* Mother 17%  (AFFECTED)
SCN1A p.R101W Father 16% 
SCN8A p.L1331V Father 13% (AFFECTED)
GNB1 p.A326T Father 11%

KCNT1 p.R950Q Father 9%
SLC6A1 p.A334P Mother 9%
DNM1 p.R237Y Father 6%

CACNA1A p.A713T Mother 6%
KCNQ2 p.V567D Mother 3%

*



Parental mosaicism
Mutation Origin % Mosaicism

SCN1A p.Ile483Metfs*18 Father 28% (Affected)

SCN1A p.S1516* Mother 17%  (Affected)
SCN1A p.R101W Father 16% 
SCN8A p.L1331V Father 13% (Affected)
GNB1 p.A326T Father 11%

KCNT1 p.R950Q Father 9%
SLC6A1 p.A334P Mother 9%
DNM1 p.R237Y Father 6%

CACNA1A p.A713T Mother 6%
KCNQ2 p.V567D Mother 3%

*

Lower
% mosaicism
Unaffected



Families with two affected children
Unaffected parents

+/mut +/mut

+/+6% mosaic

DNM1 (6%)

+/mut +/mut

6% mosaic+/+

CACNA1A (6%)

Developmental and Epileptic Encephalopathy



3/10 families: mosaic parent mildly affected

+/mut +/mut

+/+

SCN1A (28%)

28% mosaic

FS FS

SCN1A (17%)

+/+ 17% mosaic

+/mut

Dravet syndrome

+/mut

+/+

SCN8A (13%)

13% mosaic

FS+

FS+

MAE – Epilepsy with Myoclonic-Atonic seizures

+/mut

Myers, Scheffer, Mefford et al, NEJM, 2018



Parental Mosaicism underestimated
• 8% probands with DEE had parental mosaicism - also SCN1A (Xu et al 2015)

• More sensitive tools detect low levels of mosaicism 

• Higher % mosaicism correlate with affected parents 

• Detecting parental mosaicism crucial

• Before second affected child

• For reproductive counseling and family planning

• Change testing practices in clinic

Myers, Scheffer, Mefford et al, NEJM, 2018
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Precision medicineOne-size-fits-all medicine



Precision MedicineOne-size-fits-all medicine



• Gene
• Function

– Gain
– Loss

• Pathway 

Precision 
Medicine



Precision 
Medicine

Does the specific sodium channelopathy matter? 

• Gene
• Function

– Gain
– Loss

• Pathway 



4              5              6               7               8               9               10              11            12               13               14 
Age (months)



Precision 
Medicine

Does the specific sodium channelopathy matter? 

SCN1A DEE - Dravet
• Seizure exacerbation with 

sodium channel blockers 
✖ carbamazepine
✖-✔ lamotrigine

• Seizure control 
✔ topiramate 
✔ stiripentol
✔ clobazam
✔ valproate

SCN8A EE
SCN2A EE
• Seizure control with 

sodium channel blockers
✔ carbamazepine
✔ phenytoin 
✔ oxcarbazepine

Dalic et al DMCN 2014 
Larsen et al Neurology 2015
Howell et al Neurology 2015

• Gene
• Function

– Gain
– Loss

• Pathway 
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Replace the protein deficit



Precision 
Medicine
• Gene
• Function

– Gain
– Loss

• Pathway 

Replace the protein deficit
Cerliponase alfa for Neuronal Ceroid Lipofuscinosis CLN2

• 3 yr old - language delay, 
seizures, regression

• Lysosomal storage disease
• Recessive mutations TPP1
• Deficient Tripeptidyl peptidase 1
• Cerliponase alfa – recombinant 

TPP-1 enzyme



Neuronal ceroid lipofuscinosis:
Enzyme replacement therapy

• Intra-cerebroventricular infusion in 
24 children, 3-16 yrs, for 48 weeks

 Stop disease progression



Precision 
Medicine
• Gene
• Function

– Gain
– Loss

• Pathway 

Loss of function mutation

Increase function
• Wild type allele

– Increase expression
– Block dominant negative effect 

• Mutant allele
– Skip truncation

• AntiSense Oligonucleotide (ASO)
– Modifies pre-mRNA splicing to promote 

increased production of protein



Antisense Oligonucleotide (ASO)
modifies pre-mRNA splicing of SMN2 gene 

to produce full length SMN protein



Precision 
Medicine
• Gene
• Function

– Gain
– Loss

• Pathway 

Gain of function mutation

• Block gain of function
• Restore normal levels of function
• Challenges 

– Block increased function 
• In right cell
• In right network
• At right developmental time

– Not to reduce to loss of function phenotype



Heron et al Lancet 2002; Howell et al Neurol 2015; Wolff et al Brain  2017

Gain-of-function
Loss-of-function

SCN2A epilepsies



Heron et al Lancet 2002; Howell et al Neurol 2015; Wolff et al Brain  2017

SCN2A epilepsies



Anti-epileptic drug response in SCN2A encephalopathy

Onset < 3 mth gain of function Onset > 3 mth loss of function  

Seizure free No effectSeizure reduction Wolff et al Brain  2017

Sodium 
Channel
Blockers 
effective

{



Antisense oligonucleotide therapy for 
SCN2A gain-of-function epilepsies

Steven Petrou, Melody Li, Nikola Jancovski, Paymaan Jafar-najad, 
Lisseth Burbano, Alex Nemiroff, Kelley Dalby, Snezana Maljevic, 

Christopher Reid, Frank Rigo



Early infantile SCN2A encephalopathy
R1882Q Gain of function mutation

Berecki, Petrou et al PNAS 2018

Action potential firing from dynamic clamp model



Scn2a R1882Q mouse
Recurrent Early infantile DEE variant

• Strong seizure phenotype - onset P1
• Severe mortality – most die by P22

• ASO targeting mouse Scn2a
 reduce gain of function and 
restore to normal levels of protein

0 20 40 60
0

50

100

Postnatal day



ASO mediated knockdown of Scn2a
rescues the disease phenotype of 
Scn2a gain-of-function DEE mice

Petrou et al AES 2018
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Cinchona Tree Bark

Milligan et al Ann Neurol 2014

Disease severity
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Migrating 
Focal Seizures

ADNFLE

Gain of function correlates 
with epilepsy severity

Quinidine - dose dependent 
reversible inhibition



Anecdotal reports of Precision Medicine in human KCNT1 diseases
• 25 mth girl Migrating Focal Seizures – seizures improved, 

small developmental gains (Bearden Ann Neurol 2014)

Boy with Migrating Focal Seizures
80% seizure reduction

Girl with focal epilepsy & regression
Quinidine: no benefit

Mikati et al Ann Neurol 2015



• 3 days of quinidine 900 mg/day versus placebo
– Decrease to 600 mg, then 300 mg if toxicity
– Cardiac monitoring

• Video-EEG monitoring  precise seizure counts
• Mean 10 seizures per night  (2-42)

Quinidine in 
KCNT1 severe NFLE

Randomised 
Double-blind 

Cross-over 
Placebo-controlled 

Inpatient 
Trial



Patient Age
Dose / 
day

Focal seizures in 72 hours

Placebo Active Change

1 M 54y 900mg - - -

2 M 43y 600mg - - -

3 F 17y 300mg 50 58 +16%

4 M 15y 300mg 63 59 -6%

5 F 30y 300mg 32 47 +47%

6 M 28y 300mg 14 16 +14%

• 900mg & 600mg 
caused long QT

Mullen et al 2018

• Very large number of seizures 
(14/night)

• Exacerbation in 3 of 4 patients
• No statistical effect - adequately 

powered
• Doses too low?
• Study too short?
• Different ages and 

different  diseases?

Quinidine in KCNT1
severe NFLE



• Too expensive for targeted therapy for each gene?
• Pathway: one treatment many genetic diseases

Precision 
Medicine

• Gene
• Function

– Gain
– Loss

• Pathway 

Pathway precision therapies

• mTOR pathway
• Focal cortical dysplasia
• ? Surgery
• mTOR inhibitors
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Epilepsy genetics 
will transform 

treatment of Drug-
Resistant Epilepsies 

• Reproductive counseling
• Parental mosaicism
• Patient mosaicism

• Gene therapy
• ASO promising in mice

• Rigorous controlled trials 
of new therapeutics


