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GENETICS OF EPILEPSY

Bottom line: Epilepsy is a chronic brain disease that is characterized by an enduring predisposition to recurrent \
unprovoked epileptic seizures. A single gene mutation causes epilepsy in about 30% of affected individuals.!
Genetic testing should be considered for individuals with red flags, including: epilepsy with accompanying
dysmorphic features, intellectual disability, autism and/or cognitive regression; drug-refractory epilepsy; epilepsy
with multiple neurological co-morbidities; or a positive family history. Consultation with an epileptologist and/or a
clinical or biochemical geneticist may be warranted. Genetic testing may provide a specific diagnosis for the
individual with epilepsy and may end the diagnostic odyssey. This may help to guide management, provide
information on prognosis and more accurate recurrence risk counselling, and provide prenatal testing options.
@portantly, a molecular diagnosis may bring closure for the family and help them to network with support grouy

WHAT IS EPILEPSY?

Epilepsy is a chronic brain disease that is characterized by an enduring predisposition to recurrent
unprovoked epileptic seizures. Epilepsy is diagnosed when an individual has: 1) > two unprovoked or reflex
seizures (seizures that are consistently induced by a specific stimulus or trigger) more than 24 hours apart, 2)
one unprovoked or reflex seizure and a high probability of having another seizure (e.g. a child with Sturge-
Weber syndrome presenting with a first seizure) or 3) a recognizable epilepsy syndrome (e.g. an individual
with a characteristic history and clinical presentation plus EEG findings consistent with a condition such as
West syndrome).

How common is epilepsy?
Epilepsy is the second most common neurological condition. A recent meta-analysis reported the prevalence of
active epilepsy as 6.38 per 1000 persons.?

What do | need to know about the genetics of epilepsy?

Epilepsy is best described as a group of conditions. Not all epilepsies are genetic in origin. Most commonly, a
complex combination of genetic and non-genetic factors leads to a seizure disorder, with a genetic contribution
estimated to be present in up to 70% of affected persons. For this reason, twins and first degree relatives of
affected persons are at increased risk for epilepsy.? Only a fraction of the epilepsies as a whole can be explained by
monogenic inheritance, with epilepsy due to a mutation in a single gene that can be detected by genetic testing
occurring in about 30% of affected individuals. Certain types of epilepsy have a high likelihood of a genetic
etiology. These include:

e Epileptic and/or developmental encephalopathies (e.g. West syndrome)

e Progressive myoclonic epilepsies (e.g. Lafora disease)

e Epilepsies associated with malformations of cortical development (e.g. Tuberous Sclerosis complex)
e Suspected inborn errors of metabolism (e.g. urea cycle disorders)

e Familial focal epilepsies (e.g. autosomal dominant nocturnal frontal lobe epilepsy)

e Epilepsy with associated multiple co-morbidities/unusual features/organ anomalies

The available genetic testing methods have variable reported yields in selected patient populations with epilepsy,
for example, genomic microarray (yield 3-10%),%° targeted gene panels (yield 10-48.5%),° whole exome
sequencing (yield 11-72%).% The variability in testing yields may be attributed to variation in the number of genes
tested (in a targeted gene panel), research cohort size and inclusion criteria.
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HOW IS EPILEPSY USUALLY EVALUATED?

Detailed clinical evaluation is the first step. The electroencephalogram [EEG] is universally used as a diagnostic
measure in epilepsy. Investigations like video-EEG and brain MRI are usually indicated where the etiology is
uncertain, the seizures focal or prolonged, or the affected individual is refractory to antiepileptic drugs.

Initial Evaluation of an
Individual with Epilepsy

¢

Clinical Assessment
Epilepsy: age at onset, seizure types, known triggers, response to treatment
Developmental profile: developmental delays, intellectual disability, autism,
behavioural problems, regression, fluctuating course
Other neurological features: movement disorders, tone abnormalities, hearing
or vision disturbances
Systemic involvement: heart, kidney, liver anomalies
Unusual facial features or skin findings

Relevant family history

EEG
MRI Brain (Epilepsy Protocol)
Metabolic screening of blood, urine, skin
and/or CSF (if features are suggestive)

d

Red Flags for epilepsy with a possible genetic cause

e Associated developmental delay, intellectual disability, plateauing or
regression

e Associated features like dyskinesias, ataxias, or migraines

e Associated dysmorphic features or multiple congenital anomalies

o Refractoriness to medical management (with no apparent acquired cause)

e Presence of familial epilepsy, defined as at least 2 first-degree relatives on
the same side of the family with a similar epilepsy

e Features suggestive of an inborn error of metabolism

e Developmental and/or epileptic encephalopathy

¢ Distinctive patterns of malformations of cortical development identified
on neuroimaging studies

e Poor prognosis based on clinical and EEG findings or high likelihood of
lethal outcome

EH=0
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WHAT CAN MY PATIENT EXPECT AT A GENETICS CONSULTATION FOR EPILEPSY?

A geneticist will perform a detailed clinical evaluation, including taking details of seizures/epilepsy and
developmental profile, looking for associated neurological and other systemic co-morbidities or dysmorphisms,
and taking a 3-generation family history.

A decision will be made about genetic testing. If testing is appropriate, the benefits, risks and limitations of the
genetic testing chosen will be reviewed. Testing can detect several different types of genomic variation. Single
nucleotide variants or very small insertions and deletions can be evaluated by traditional or next-generation
sequencing methods. Larger pieces of missing genetic code (microdeletions/microduplications) could be evaluated
using microarray. Still larger duplications or deletions, some of which lead to formation of a ring chromosome, can
be detected by a karyotype. There are additional tests which assess gene activation or inactivation by methylation
(e.g. Angelman syndrome) or the presence of expanded repeat segments of code, (e.g. Fragile X syndrome). If a
single gene is suspected (e.g. SCN1A), testing of either that gene or a panel of genes could be initiated. The choice
of genetic test will depend on the clinical evaluation.” Please refer to the Genetics Education Canada Knowledge
Organization (GEC-KO) glossary for more information about the tests and disorders listed above.

WHAT DO THE GENETIC TEST RESULTS MEAN?

A positive result confirms the diagnosis of a genetic disorder. However, variable expressivity and incomplete
penetrance (see later) must be kept in mind. This result may have significant implications for treatment
considerations, surveillance, further management and counselling of specific recurrence risks.

A negative result does not rule out the diagnosis of a genetic disorder. It just implies that the specific test did not
pick up a particular genetic abnormality in that individual. Epilepsy syndromes show extensive genetic
heterogeneity, and a negative test for a given gene/gene panel does not mean the person does not have the
condition. Better epilepsy phenotyping, selection of appropriate genetic test or panel may be warranted.

Frequently, the test results indicate a variant of unknown significance (VUS). This means that the variant is not
known to be pathogenic or ‘disease-causing’ based on current knowledge. Nor is the VUS considered to be benign.
These variants may not have been reported and/or functionally characterized. They do not diagnose or rule out
any particular genetic condition. Further testing of the parents or other affected family members may be
requested to clarify the interpretation of these variants.

How DO | ORDER GENETIC TESTING?

A detailed clinical evaluation is a mandatory pre-requisite. If the epilepsy is uncontrolled, referral to, or
consultation with, a District or Regional Epilepsy Centre is recommended. If epilepsy is well controlled, or if there
are dysmorphic features, referral to a clinical geneticist is recommended. If there is developmental regression or
other clinical features suggestive of an inborn error of metabolism, consultation with a biochemical geneticist or a
physician with training in inherited metabolic disorders is strongly recommended. Refer to the ‘Red Flags for
epilepsy with a possible genetic cause’ box above.”

Individuals with the following types of epilepsy do not require genetic testing:
e  Benign focal epilepsy
e Typical idiopathic generalized epilepsy (e.g. childhood absence epilepsy, juvenile myoclonic epilepsy)
e [solated mesial temporal lobe epilepsy with hippocampal sclerosis
e Aclearly acquired epilepsy (e.g. occurring secondary to head trauma, CNS infection, hypoxia)

e Simple febrile seizures (if presentation becomes complex or atypical, genetic evaluation may be
warranted)
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WHERE DO | REFER MY PATIENT?

Find the contact information for your local genetics centre here. If you are in Ontario, information for referral
pathways to your District or Regional Epilepsy Centre can be found in reference 8. Do not hesitate to call and ask
to speak to a genetic counsellor or geneticist prior to referral if you have questions. They can also help you
determine the ordering requirements of your local laboratory (there are typically specific requisitions for genetic
testing, and some labs have restrictions on who can order these tests). For the most meaningful appointment and
appropriate triaging, it is important to include any previous investigations and consultation notes (e.g. genetic test
results, psychological assessments, brain imaging) along with your referral.

For community support and research opportunities for the affected person and their family, see Canadian Epilepsy
Alliance.

WHAT ARE THE BENEFITS OF GENETIC CONSULTATION [WITH OR WITHOUT GENETIC TESTING]?
Genetic testing may provide a specific diagnosis and may end the diagnostic odyssey. Further benefits may include:

Targeted treatment: Sometimes, the results of genetic testing may influence the ongoing treatment of seizures.
For example, individuals with GLUT1 deficiency syndrome benefit from a ketogenic diet, avoidance of sodium
channel blockers will help in Dravet syndrome, and there are various vitamin-responsive epilepsies.’

Appropriate surveillance: Depending on the gene and the expected inheritance, ‘at risk’ family members can be
screened for the same gene mutation.

Information on natural history: Once a genetic diagnosis is obtained, a more specific prognosis, with regard to
epilepsy and other neurological co-morbidities, can be explained to the affected person or their parents. Focused
systemic surveillance measures may be initiated. For example, a diagnosis of Tuberous Sclerosis will lead to
recommendations for periodic surveillance for brain, kidney, and heart tumours.

Recurrence risk counselling can be more accurate once the gene involved and the mode of inheritance are known.
Options for prenatal diagnosis in future pregnancies may be discussed. In the absence of a molecular diagnosis,
recurrence risk counselling based solely on empiric risks can be provided to at-risk individuals (e.g. a first degree
relative of the affected person).

A genetic diagnosis may also help the family to network with support groups and research collaborations.

Genetic consultation may also be valuable even in absence of genetic testing. It may provide the affected
person/family more information about the disease under consideration, short and long term psychosocial support,
and help to formulate future goals and facilitate family communication.

WHAT ARE THE LIMITATIONS AND COMPLEXITIES OF GENETIC TESTING FOR EPILEPSY?

Uninformative results: Frequently, the genetic tests identify variants which cannot be clearly classified as
pathogenic or ‘disease-causing’. They may have not been reported and/or functionally characterized. These are
called “variants of unknown significance”. They do not diagnose or rule out any particular genetic condition.

Genetic heterogeneity: A broad epilepsy group may have a number of causative genes. For example, a progressive
myoclonic epilepsy phenotype may be caused by mutations in genes CSTB, EPM2A, KCNC1, PPT1, TPP1, etc.

Variable expressivity: The same gene mutation may result in very different clinical phenotypes. The severity of
epilepsy may be very variable. For example, missense mutations in SCN1A can present as simple febrile seizures,
febrile seizure plus, or Dravet syndrome.*°

Incomplete penetrance: Some individuals who carry a gene mutation may never develop symptoms of the disease.
For example, a missense mutation in SCN1A has 60-70% penetrance.
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SURVEILLANCE AND MANAGEMENT

A genetic diagnosis may direct the testing of “at-risk” family members. It may also provide information about the
natural history of the epilepsy syndrome, response to specific drugs, associated neurological and other systemic
co-morbidities, and prognosis. This may guide the clinical and investigation-based follow up.

Individuals with epilepsy contemplating pregnancy can be informed of the risks associated with certain anti-
epileptic medication (e.g. valproic acid), the likelihood the medication will cause congenital anomalies or
intellectual disability, and risks related to breastfeeding. *

RESOURCES

Epilepsy resources:

Canadian Epilepsy Alliance: a Canada-wide network of grassroots organizations dedicated to the promotion
of independence and quality of life for people with epilepsy and their families, through support services,
information, and public awareness.
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