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ABSTRACT

There are a number of familial focal epilepsy syndromes, each with distinct
clinical characteristics. Here, we review the epilepsy phenotypes and the genetic
architecture of these syndromes. Using an illustrative clinical case, we describe
the important steps in making a diagnosis and ordering appropriate genetic tests.
Our discussion on the genetics of the familial focal epilepsies will provide a
framework for interpreting the results of genetic testing, and allow us to apply
this information to patient management.

Key words: familial focal epilepsy, focal epilepsy genetics, DEPDC5, mTOR,
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Clinical scenario

A 22-year-old woman was referred to the neurology outpatient clinic for management
of focal impaired awareness seizures. She described stereotyped events that begin
with a rising epigastric sensation and a feeling of anxiety, followed by a period of
impaired awareness. These events started three months earlier and were occurring
approximately once a week. Her father has witnessed many of the events and
reported that during each of them she would rub her fingers together repetitively and
make chewing actions with her mouth. She does not respond to anyone during the
episodes. They each last for approximately one minute, and afterwards she feels tired.
Her EEG showed left temporal interictal spikes and her MRI brain was normal. Her
father has a history of seizures from sleep, and her paternal uncle has epilepsy but no
further details are known.

The clinical and electrophysiological evidence is convincing for temporal lobe
epilepsy, and there appears to be a strong family history, so you wonder whether
there may be an identifiable genetic cause for her focal epilepsy.

Questions

1. Which group of patients with focal epilepsy should have genetic testing?

2. Could this family have an autosomal dominant focal epilepsy syndrome?

3. Will finding a causative gene influence the management of your patient with
focal epilepsy?
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Genetic architecture of focal epilepsy

Focal epilepsies account for more than half of all cases
of epilepsy. A genetic cause for non-acquired focal
epilepsy was initially suggested by population studies
and twin studies. Twin studies showed a higher
concordance of mesial temporal lobe epilepsy in
monozygotic twins when compared to dizygotic twins
[1], and population studies have shown a 2.5-fold
increased risk of focal epilepsy in first-degree relatives
of probands with focal epilepsy when compared to
the general population [2].

Recently, a number of familial focal epilepsy syn-
dromes have been identified, leading to the discovery
of many genes that are now known to cause focal
epilepsy in familial cases. These discoveries have
revealed a complex genetic architecture in the familial
focal epilepsies that involves a wide range of clinical
phenotypes, inheritance patterns and both locus and
genetic heterogeneity.

We will discuss the clinical characteristics of each of the
familial focal epilepsy syndromes, highlighting the
importance of careful phenotyping to optimally ascertain
the focal epilepsy characteristics in the patient and their
relatives. We will discuss the genetics of these
syndromes and the significance of making a genetic
diagnosis. This will provide a framework to help us
answer the questions raised by our case vignette. The
learning objective for this paper maps to Learning
Objective 1.2 (Genetic Testing) of the ILAE competency-
based educational curriculum in epileptology [3].

Autosomal dominant sleep-related
hypermotor epilepsy (ADSHE)

The first familial focal epilepsy to be recognized was
ADSHE, previously known as autosomal dominant
nocturnal frontal lobe epilepsy. ADSHE is characterized
by seizures from sleep that usually begin in childhood
and persist throughout adulthood. The seizures are
typically brief tonic or hyperkinetic seizures that tend to
occur in clusters shortly after falling asleep or before
waking. Daytime attacks are rare. Auras are common and
awareness is often preserved during the seizure [4, 5].
Most patients have a relatively benign course and
respond well to carbamazepine. However, some people
have a more severe phenotype, with drug resistance or
co-morbid conditions, including psychiatric disorders
and intellectual disability [6].

Variants in a number of genes have been shown to
cause ADSHE including CHRNA4, CHRNB2 and
CHRNA2, which encode subunits of the nicotinic
acetylcholine receptor. Mutations in these genes

account for a minority of cases [7]. More recently,
pathogenic variants in DEPDC5 and KCNTT have also
been shown to cause ADSHE [8-10].

Knowing the underlying genetic cause may help
determine the likely course of ADSHE, and therefore
guide patient counselling. For example, some mis-
sense variants in the KCNT1 gene, which are known to
cause both familial and sporadic cases of ADSHE,
result in a more severe phenotype compared to
ADSHE caused by variants in CHRNA4 and CHRNB2.
Variants in KCNTT result in an earlier age of onset,
higher penetrance, co-morbid psychiatric symptoms
and intellectual disability [10].

Autosomal dominant epilepsy with auditory
features (ADEAF)

ADEAF is a familial focal epilepsy characterized by
seizures that originate in the lateral temporal lobe,
causing prominent auditory auras and, in some cases,
receptive aphasia. The most commonly reported
auditory symptoms are poorly formed sounds such
as ringing or buzzing noises, but can include voices
and even a sudden loss of surrounding noise [11-13].
Seizures typically begin in adolescence or early
adulthood, and individuals can have focal aware
seizures, focal impaired awareness seizures, and focal
to bilateral tonic-clonic seizures. In some individuals,
seizures may be triggered by sudden external sounds
[14]. The interictal EEG is often normal but in some
cases shows epileptiform discharges over the tempo-
ral region [14, 15]. Seizures tend to be well controlled
on medication [11-13].

Like the other familial focal epilepsies, ADEAF is
genetically heterogeneous. The most common gene
associated with this condition is LGI7 (table 7). Genetic
testing can reveal a causative mutation in LG/7 in 30-50%
of families [12, 13]. Variants in the gene encoding for
the protein, Reelin, (RELN) have been reported in a
further 17% of families with ADEAF [16], but data
curation by ClinGen in 2019 classified the claim for
pathogenicity as “disputed” (https://search.clinicalgen-
ome.org/kb/gene-validity/c654081c-5abd-4f86-a3f7-
90d7f117b93d-2019-05-01T16:00:00).

Familial focal epilepsy with variable foci
(FFEVF) and the GATOR1-related familial
focal epilepsies

FFEVF is a familial syndrome characterized by
multiple family members with focal epilepsy, where
the focus of seizures can differ between family
members, but remains constant in each individual.
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¥ Table 1. Genes definitely implicated in familial focal epilepsy syndromes.

Familial focal epilepsy syndrome

Familial focal epilepsy with variable foci

Genes

DEPDC5, NPRL2, NPRL3

Autosomal dominant sleep-related hypermotor epilepsy DEPDC5, CHRNA4, CHRNA2, CHRNB2, NPRL2, NPRL3, KCNT1

Autosomal dominant epilepsy with auditory features
Familial mesial temporal lobe epilepsy

Familial neonatal epilepsy

Familial neonatal-infantile epilepsy

Familial infantile epilepsy

LGI1

DEPDC5 (but most unknown)
KCNQ2, KCNQ3

SCN2A

PRRT2, SCN2A, SCN8A

For example, a single family may have individuals
who have temporal lobe epilepsy and other mem-
bers of the same family who have frontal lobe or
even parietal or occipital lobe epilepsy. The time of
seizure onset varies from infancy to adult life and
the severity can vary significantly between family
members, some of whom may have co-morbid
neuro-psychiatric conditions [17-20].

FFEVF has been recognized in a number of large
family pedigrees displaying autosomal dominant
inheritance with a penetrance of ~60% [19]. These
large families with FFEVF are rare, but they are
important, as they led to the discovery of variants in
DEPDC5 as the usual cause. Causative variants in
DEPDC5 account for ~80% of families with FFEVF
[19], and since the discovery of DEPDC5 in these
large families, this gene has been shown to be a
cause of many cases of familial focal epilepsy where
there may be only two or a few family members
affected. These smaller families can present as
either familial temporal lobe epilepsy, familial
frontal lobe epilepsy or as a mixture of different
focal epilepsies in the same family [9, 19-22].
Variantsin DEPDC5 have also been found toaccountfor
~13% of families with ADSHE [9], and a similar
percentage of families with ADEAF [21]. In addition to
the non-lesional focal epilepsies, variants in DEPDC5
have been shown to cause malformation-associated
focal epilepsies, including focal cortical dysplasia and
subcortical grey matter heterotopia; within a family
certain affected individuals may have a demonstrated
malformation and others may have a normal MRI
[20, 23]. Finally, the importance of variants in DEPDC5
in focal epilepsies is underscored as it emerged as the
leading candidate gene in genome-wide assessments of
variants in the Epi4K consortium study where family
pairs of focal epilepsy were assessed [25], and the Epi25
collaborative where family history was not an entry
criterion [26].

The protein encoded by DEPDC5 is a member of the
GATOR1 complex, which inhibits the mammalian
target of rapamycin (mTOR) pathway, which is
important for cell growth and proliferation. Dysregu-
lation of this pathway is known to be important in
other conditions such as tuberous sclerosis and
certain types of cancer [27]. Pathogenic variants in
the NPRL2 and NPRL3 genes, which encode a different
part of the GATOR1 complex, have also been shown to
cause familial focal epilepsies, including familial cases
of focal cortical dysplasia [28, 29]. Whilst patients with
mutations in GATORT genes have a wide range of
focal epilepsy phenotypes, they share a common
biological mechanism for their focal epilepsy, which
raises the possibility of a common treatment targeted
at this molecular pathway.

Familial mesial temporal lobe epilepsy
(FMTLE)

FMTLE was first recognized in twins, where its strong
geneticbasiswas demonstrated by high concordancein
monozygotic twins [1]. FMTLE has since been described
in a large number of families. It typically begins in
adolescence or early adulthood and is characterized by
focal aware seizures with prominent psychic or
autonomic features, sometimes with focal impaired
awareness seizures, which infrequently progress to
bilateral tonic-clonic seizures. Bilateral tonic-clonic
seizures are typically in sleep. These focal seizures
most commonly manifest as either intense déja vu,
dream-like states, stereotyped flashbacks, fear, epigas-
tricdiscomfort, flushing or olfactory sensations [30, 31].
In contrast to ADEAF, the molecular basis of this form
of inherited temporal lobe epilepsy remains largely
undiscovered, with the exception of some small
pedigrees with DEPDC5 variants (see above). None-
theless, the familial form of mesial temporal lobe
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epilepsy (MTLE) represents a large proportion of
inherited focal epilepsies, and has been shown to
account for ~20% of new diagnoses of non-lesional
MTLE when detailed interviewing of family members
is undertaken [32]. Without direct questioning of
relatives, this syndrome typically goes unrecognized
as many affected individuals only experience focal
aware seizures with déja vu which are perceived as
‘physiological’ experiences. Clinical genetic analysis
suggests complex inheritance rather than an autoso-
mal dominant pattern, which is rare in FMLTE [30].
This form of FMTLE highlights the usefulness of
collecting a detailed history from family members, as
making this diagnosis is important for patient
counselling, including reassurance that, in most cases,
itis arelatively benign syndrome that responds well to
medication. There are, however, families with a more
severe form of FMTLE who tend to have an earlier age
at onset, antecedent febrile seizures, hippocampal
sclerosis, and drug resistance [33].

Other familial focal epilepsies

Familial neonatal epilepsy (FNE), familial neonatal-
infantile epilepsy (FNIE) and familial infantile epilepsy
(FIE) are autosomal dominant focal epilepsy syn-
dromes. In FNE, seizures begin in the first week of life
and remit by 4-6 months of age [34]. In contrast, for FIE,
seizures usually begin around six months of age and
remit within one year of onset and remarkably, some
develop paroxysmal dyskinesias in mid-childhood
[35, 36]. In FNIE seizures begin at any time within the
first six months in different family members [37]. All
three syndromes are characterized by brief focal
seizures, including focal motor seizures, which can
alternate sides from seizure to seizure. Other focal
seizure types occur, including focal impaired aware-
ness seizures and focal to bilateral tonic-clonic
seizures. Children are developmentally normal, and
only a minority have epilepsy in later life.
Pathogenic variants in KCNQ2 are the most common
cause of FNE [38] whereas variants in PRRT2 are the
most common cause of FIE [39], and variants in SCN2A
usually cause FNIE [37]. Causative variants in KCNQ3
and SCN8A have also been described [40, 41].

Other familial focal epilepsies have been described
such as partial epilepsy with pericentral spikes [42],
but they are rare and the genetic etiology is not well
understood. The genetics of childhood epilepsy with
centro-temporal spikes (previously benign rolandic
epilepsy) remains unclear, but rare dominant forms
with speech dyspraxia associated with GRIN2A
pathogeneic variants [43] and recessive families with
exercise-induced dystonia and variants in TBC1D24
have been described [44].

Returning to our case

Returning to our case vignette, it is quite possible that
our patient has a familial focal epilepsy syndrome, and
the differential diagnoses include a familial temporal
lobe epilepsy or FFEVF. At the next clinic appointment
you were able to clarify that the patient’s father has
infrequent seizures from sleep and occasional sei-
zures from wakefulness. His EEG demonstrated
interictal frontal lobe epileptiform activity. You were
able to speak to the patient’s paternal uncle with
epilepsy and he described having infrequent focal
impaired awareness seizures, which were often
preceded by a prominent feeling of intense déja vu.
With this more detailed family history, it was
confirmed that there are two family members with
temporal lobe epilepsy and one with likely frontal
lobe epilepsy. Your patient was keen to know the
cause of her epilepsy, and you explained that there are
genes that are known to cause mixed focal epilepsies
in families, and that testing for these genes can be
done efficiently with an epilepsy gene panel.

Genetic testing

Anumber of studies have evaluated the diagnosticyield
of genetic testing in familial focal epilepsies. When
genetic testing is done on patients with focal epilepsy
and a family history of epilepsy, the chance of finding a
causative variantis currently somewhere in the order of
15% [25, 45-48]. This is significantly higher than theyield
in sporadic cases of focal epilepsy, where genetic
testing reveals a causative variant in less than 1% of
cases [25, 28, 49].

If we look at a specific type of focal epilepsy, for
example, focal epilepsy with auditory features, we see
that genetic testing in familial cases reveals a causative
variant in 30-50% of cases [12, 13], compared to
around 2% of sporadic cases [50-52].

The geneticarchitecture of the focal epilepsiesis notyet
fully understood, but many genetic causes are now
known, and in familial cases, can be efficiently tested
for. Careful phenotypingisimportantas we know that if
a patient has sleep-related hypermotor epilepsy, and a
family history of the same, then genetic testing may
reveal causative variants in CHRNA4, CHRNB2,
CHRNA2, KCNTT or DEPDC5. In contrast, as we see in
our case, if there is a family history of a mixture of
different types of focal epilepsy then the chance of
finding a causative variant in DEPDC5, NPRL2 or NPRL3
is quite high (table 7).

Practical management considerations

Identifying a familial focal epilepsy syndrome has
implications for patient counselling and can also
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potentially alter management strategies. If an autosomal
dominant syndrome such as ADSHE, ADEAF or FFEVF is
identified then we can say with some confidence that the
likelihood of the trait being passed on to the children of
an affected individual is in the realm of ~30-40%, based
on the incomplete penetrance of these conditions. In an
alternative scenario where a patient has a focal epilepsy
but no autosomal dominant familial syndrome is
identified, we could, based on population studies, quote
a ~3% risk of epilepsy in their first degree relatives [2].
Moreover, these autosomal dominant syndromes are
often relatively benign epilepsies which are well
controlled on monotherapy. However, as outlined
above, some of the familial focal epilepsies such as
ADSHE caused by pathogenic variants in KNCTT have
aworse prognosis, and therefore knowing the specific
genetic etiology may allow for more accurate
counselling.

In the relatively common group of patients with a
familial focal epilepsy due to mutations in genes
related to GATORT and the mTOR pathway, there are
a number of potential management implications for
genetic counselling and for therapeutics. In genetic
counselling, it is important to appreciate the
heterogeneity of DEPDCS5 epilepsies and neuropsy-
chiatric phenotypes: even parents with less severe
epilepsies carry some risk of having severely
affected children.

Therapies that target GATORT are already in use in
the treatment of other mTORopathies such as
tuberous sclerosis and some cancers. It is possible
that these therapies, or future precision medicines
targeted at other parts of the mTOR pathway
could be used to treat the wide variety of epilepsy
phenotypes caused by a disruption in this
common molecular pathway. Moreover, the discov-
ery that mutations in GATORT1 genes can cause focal
epilepsy due to focal cortical dysplasia raises the
possibility of curative surgical resection in these
patients, as with careful neuroimaging, subtle lesions
may be found in these patients who were previously
thought to have lesion-negative focal epilepsy.

Thus, the identification of a familial focal epilepsy
syndrome is important for patient counselling, and
can lead to the identification of a specific gene
mutation which offers the prospect of more accurate
prognostication and the possibility of a mutation-
specific management strategy.

Case resolution

In our case, the epilepsy gene panel revealed a
pathogenic missense variant in DEPDC5. Our patient
was keen to know the risk of epilepsy in her children,
and was counselled that they have a ~30-40% chance

Familial focal epilepsy syndromes

of having a focal epilepsy, though the exact type and
severity is not possible to predict. We explained that
this estimate is based on studies of other families who
have multiple members with focal epilepsy and a
DEPDC5 variant that displayed an autosomal domi-
nant pattern of inheritance with ~60% penetrance
[9, 19-22], which means each family member has a 50%
chance of inheriting the variant and a ~60% chance
that the variant would result in a focal epilepsy (60% x
50% = 30-40%.) We explained that these figures were
approximations only, as the genetic architecture of
familial epilepsies is not yet fully understood. She was
referred to a clinical genetics service for further
counselling. She was kept on carbamazepine and
remained seizure-free.

As more genes are discovered in focal epilepsy, the
diagnostic yield of genetic testing will increase, and
more molecular targets for precision medicine will be
discovered. Thus, knowing that our patient harbors a
mutation in DEPDC5 means that she and her family
may benefit from future therapeutic options tailored
to their genotype. W

Key points

e Each of the familial focal epilepsy syndromes has
distinct clinical characteristics.

e Careful phenotyping can allow identification of a
familial syndrome, which can inform us about the
likely inheritance patterns, and significantly
increase the diagnostic yield of genetic tests.

* A number of different genes are known to cause
familial focal epilepsies (summarized in table 1.)

e Mutations in DEPDC5, NPRL2 and NPRL3 result in
dysregulation of the mTOR pathway and are the
most common cause of familial focal epilepsy.
These genes can be efficiently tested for with
epilepsy gene panels.

e Knowing the genetic cause of your patient’s
epilepsy can provide valuable prognostic
information.
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TEST YOURSELF

(1) In familial focal epilepsy syndromes:

A. Accurate identification of the familial focal epilepsy syndrome rarely helps to provide accurate

information for genetic counselling

B. The majority of affected patients develop refractory epilepsy
C. Patients with familial focal epilepsy with variable foci who have causative variants in DEPDC5 may have

cortical malformations

D. Itis important to identify familial mesial TLE (FMTLE) as the syndrome as 80% of patients with FMTLE have

causative variants in CHRNB2
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(2) In families with autosomal dominant sleep-related hypermotor epilepsy (ADSHE), in which gene might causative
variants be found?
A. CHRNA4
B. GRIN2A
C. CSTB
D. SLC2AT

(3) In familial focal epilepsy with variable foci (FFEVF):
A. Affected family members have generalized polyspikes on their EEGs
B. There is an autosomal dominant inheritance pattern with a penetrance of ~60%
C. The majority present by six years of age
D. Causative variants in DEPDC5 are seen in ~15-20% of affected families

Also, try our online MCQs at http://www.geneticliteracy.info/GL-test3.

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.
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