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Introduction

ÁA common question is epilepsy inherited?  
How and when?

Á'ÅÎÅÔÉÃÓ ÉÓ ȰÔÈÅ ÓÔÕÄÙ ÏÆ ÈÅÒÅÄÉÔÙȱ

ÁThis talk will therefore be about the genetics 
of epilepsy



Overview
ÁA Brief History of Epilepsy Genetics

ÁBasic concepts of genetics

Á7ÈÁÔ ÁÒÅ ÍÙ ÃÈÉÌÄȭÓ ÃÈÁÎÃÅÓ ÏÆ ÇÅÔÔÉÎÇ 
epilepsy?

ÁGenetic Testing.  Worth it?

ÁThe future: Pharmacogenetics





History of Epilepsy 
Genetics

Hippocrates (400 B.C.E.) 

On the Sacred Disease

Recognized epilepsy could 

be inherited

Through history this has 

been another burden 

for person w epilepsy



Photograph and EEG of Constance and 
Kathryn, identical twins both w/ childhood 
absence epilepsy, both with seizure onset 
at age 6 years!

Vadlamudi, L. et al. Neurology 2004;62:1127-1133



Concordance rate for epilepsy in
IDENTICAL vs. FRATERNAL Twins

Epilepsy or 

not

Same Different Concordance 

Rate

Identical

Twins

29 109 0.35

Fraternal

Twins

11 214 0.09



Study Year

Number of 

probands

Number of 

offspring

Affecte

d

N %

Conrad 1937 519 1,568 70 4.5

Alstrom 1950 897 339 10 3.0

Harvald 1951 162 252 11 4.4

Lennox 1951 4,231 1,237 34 2.7

Tsuboi and Endo 1977 263 506 12 2.4

Annegers et al. 1978 336 687 25 3.6

Janz and Scheffner 1980 384 672 24 3.6

Beck-Mannagetta et 

al.

1989 427 840 39 4.6

*Probands (parents) had any kind of epilepsy; single seizures were excluded.

Source: Beck-Mannagetta and Janz 1991 (12).

Risk for epilepsy in children of 
parents with epilepsy (any type)





Peas, Genes, and DNA



The Structure of the Genome



Genes, Protein, and Disease

Gene Protein

Mutation



What We Know Today

ÁEpilepsy frequently does have a genetic 
basis

ÁHundreds of inherited conditions have 
seizures as feature

ÁOnly a few of these conditions have 
seizures as their ONLYfeature



How do Genetic Factors cause 
Epilepsy?

ÁChromosomal abnormalities

ÁGenes involved in BRAIN FORMATION 
(migration)

ÁGenes involved in BRAIN METABOLISM

ÁGenes involved in BRAIN COMMUNICATION 
(ion channel function)



Chromosomal Abnormalities



Chromosome Abnormality



Brain Formation: Genes are 
GPS for the Developing Brain



Brain Communication



Brain Metabolism

Gene 
(DNA)

Enzyme

Mutation
Toxic 

Metabolite

Substrat
e, eg. 
Fat



So, how is Epilepsy 
Inherited?



Ƨ3ÔÒÏÎÇƨ 'ÅÎÅÓ

ÁAre biologically very important.  Therefore 
ȰÂÁÄȱ ÓÔÒÏÎÇ ÇÅÎÅÓ ÈÁÖÅ ÏÂÖÉÏÕÓÌÙ ȰÂÁÄȱ 
effects

ÁStrong Genes are rare

ÁHowever when they occur in a family, the can 
occur very commonly in the family tree



Simple Inheritance (Mendel)



Epilepsy Genes and Simple 
Inheritance
Á4ÈÅÒÅ ÁÒÅ ÖÅÒÙ ÆÅ× ȰÓÔÒÏÎÇȱ ÅÐÉÌÅÐÓÙ ÇÅÎÅÓ 

out there (sharks)

ÁOver 10 have been identified to date

ÁȰ3ÔÒÏÎÇȱ ÇÅÎÅÓ ÁÃÃÏÕÎÔ ÆÏÒ ÖÅÒÙ ÆÅ× ÃÁÓÅÓ ÏÆ 
epilepsy



Known Major Epilepsy Genes
Gene Syndrome Yr Discovered

CHRNA4 ADNFLE 1995

KCNQ2 BFNS/(myokymia) 1998

KCNQ3 BFNS 1998

SCN1B GEFS+ 1998

SCN1A GEFS+/(SMEI) 2000

CHRNB2 ADNFLE 2000

GABRG2 CAE/FS/GEFS+ 2001

SCN2A GEFS+/(BFNIS) 2001

GABRA1 ADJME 2002

LGI1 ADPEAF 2002

CLCN2 JME 2003

EFHC1 JME 2004



Weak Genes and Complex 
Inheritance

ÁWeak genes may not be powerful 
enough to cause epilepsy alone, but 
may be an influencing factor, with other 
genes or environment stimuli

ÁȰ2ÕÎÓ ÉÎ ÔÈÅ &ÁÍÉÌÙȱ

ÁMost medical diseases, e.g. high blood 
pressure



Reasons for Complex Inheritance

ÁNo single gene causes the disease in the family

Á-ÁÎÙ ÂÁÄ Ȱ×ÅÁËȱ ÇÅÎÅÓ ÃÁÕÓÅ ÔÈÅ ÄÉÓÅÁÓÅ
ĞSchool of piranha

ĞIon channel polymorphisms and idiopathic 
generalized epilepsy

ÁEnvironmental factors contribute 
ÅSmoking with alpha -1-antitrypsin mutation 

increases risk of early emphysema





What does this all mean for the patient 
with epilepsy?

Question: Can predict if a child will have 
epilepsy?

Answer: Most times we can only give 
very rough odds



Case study: Counseling risk

Á33 year old woman with epilepsy is 
planning to get pregnant, but she first 
×ÁÎÔÓ ÔÏ ËÎÏ×ȣ

ÁȰ7ÈÁÔȭÓ ÔÈÅ ÃÈÁÎÃÅ ÍÙ ÃÈÉÌÄ ×ÉÌÌ ÈÁÖÅ 
ÓÅÉÚÕÒÅÓȩȱ



Assessing Risk: Patient Factors
Exclude Non - Genetic Causes of Epilepsy

ÁCentral nervous system infection

ÁStroke

ÁBrain Trauma

ÁAlcohol

ÁBrain tumors

Á$ÅÇÅÎÅÒÁÔÉÖÅ $ÉÓÅÁÓÅ ɉ0ÁÒËÉÎÓÏÎȭÓ 
Disease)

ÁStatic Conditions from birth



Classification of Seizures

Generalized Focal

Focus



Patient Factors: Determine Seizure Type 
and Epilepsy Syndrome

ÁShe first noted bilateral muscle jerks 
riding on a school bus at age 15

ÁFirst GTC at age 16 preceded by jerks

ÁNormal exam

ÁGeneralized polyspike wave on EEG 
superimposed on normal background

ÁEpilepsy well-controlled on LTG



Assessing Risk: Family Factors

Questions to ask about family members with 
epilepsy

1) Seizure type or types

2) Triggering factors (fever, alcohol)

3) Other nongenetic  risk factors

4) Age of onset



Case study: Family History



Genetic risk to offspring
Risk Factors based on Parent

Á Parent Gender: 
ĞMaternal effect (2.8-8.7%)
Ğ Father (1.0-3.6%)

Á Age of onset 
Ğ < 20 (2-6%)
Ğ 20+ (1.0-2.8%)

Á Increases with # of affected

ÁGeneralized spike wave on EEG (4-6%)



Effect of Parent Seizure Type



So what do we tell her?

ÁGeneralized epilepsy, Juvenile 
Myoclonic Epilepsy

ÁA remote relative has IGE, no first 
degree relatives: Likely Complex 

ÁGene testing not possible at this point 
for syndromes with complex 
inheritance



4ÈÅ ÂÏÔÔÏÍ ÌÉÎÅƛƚ

ÁPopulation risk to offspring: 1%

ÁPatient factors

ĞMom has epilepsy: 6%

ĞEarly onset: 6%

ĞGSW EEG: 6% 

ĞMyoclonic Seizures: 4-8%

Á> 90% chance child will be seizure free



-ÏÍ ÈÁÓ ÁÎÏÔÈÅÒ ÑÕÅÓÔÉÏÎƛ

ÁȰ)Æ ÍÙ ÃÈÉÌÄ ÇÅÔÓ ÅÐÉÌÅÐÓÙȟ ×ÉÌÌ ÉÔ ÂÅ ×ÏÒÓÅ 
than mine?  Will she be  developmentally 
delay from the epilepsy?

Á$ÏÅÓ ÅÐÉÌÅÐÓÙ ÓÙÎÄÒÏÍÅ ȰÂÒÅÅÄ ÔÒÕÅȱȩ



Identical vs. Fraternal twins

Identical Twins

Ğ29 twins had 
epilepsy

Ğ25/29 had same 
type of epilepsy

ÁFraternal Twins

Ğ11 concordant for 
epilepsy

Ğ1/11 concordant for  
seizure type and 
syndrome



Epilepsy Syndromes in Concordant and 
Discordant Identical Twins

Syndrome Concordant Discordant

Idiopathic 

Generalized
12 9

Idiopathic

Localization -

Related

2 3

Symptomatic

Generalized

0 2

Symptomatic

Localization -

Related

3 53

Undetermined 8 43



Epilepsy Syndrome, Same or 
Different in a Child?

Á3ÙÎÄÒÏÍÅÓ ÄÏ ÎÏÔ ÁÌ×ÁÙÓ ȰÂÒÅÅÄ ÔÒÕÅȱ ÂÕÔ 
most often do!

ÁThe most heritable epilepsies tend also to be 
benign (childhood absence epilepsy)



%ØÃÅÐÔÉÏÎÓ ÔÏ ÂÅ Á×ÁÒÅ ÏÆƛƚƚ

ÁTuberous 

Sclerosis

ÁRare genetic 

cause of epilepsy 

w/ other features

Å





Role of Genetic Testing

ÁThere are no official guidelines for when and 
who should be tested

ÁMost often there is complex inheritance and 
there is no definite genetic test to send

ÁMany genetic tests are very expensive and 
may not be covered by insurance



Role of Genetic Testing 
(Continued)

ÁPatients with epilepsy associated with 
developmental delays or other features may 
benefit from other types of genetic test:

ĞMicroscopic examination of the chromosomes

ĞMetabolic tests- Blood tests to see how some 
genes are functioning

ĞMRI and other clinical features might suggest 
other genetic tests



Role of Genetic Tests

ÁFor some patients, genetic testing is very 
important 

ĞTo help guide medical therapy (eg, decide what 
drugs to avoid)

ĞDetermine the long term prognosis

ĞFamily planning





Pharmacogenetics : The Future

ÁInitiating seizure medications

ĞWhat drug?

ĞWhat dose?

ÁNew onset epilepsy: 40-ΫΦϻ ×ÏÎȭÔ 
respond to seizure medication

ÁPharmacogenetics- Use individual 
genetic variation to predict response



How Pharmacogenetics works in 
theory

ÁGenes influence how well each 
ÓÅÉÚÕÒÅ ÍÅÄÉÃÁÔÉÏÎ ȰÂÉÎÄȱ ÔÏ  
their targets (where they work) 
in the brain

ÁGenes (eg. in the liver) influence 
how much seizure medication 
reaches the brain

ĞToo little: Seizures

ĞToo much: Side effects





Conclusion

ÁAdvances in epilepsy genetics will alter how 
we treat epilepsy from diagnosis to treatment

ÁMore research remains to be done!

ÁHave multiple family members with epilepsy?  
Consider joining a research study




