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Genetic counseling: definition

* Process by which the patients, or relatives at
risk of an inherited disorder, are advised of:

ne consequences and nature of the disorder

ne probability of developing or transmitting it

ne options open to them in management and

family planning

* Accurate genetic counseling is based on the
identification of disease causing genetic or
chromosomal variants




Procreation options for families

affected with Mendelian epilepsies
with severe outcome
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Requires definite genetic diagnosis in the index
case and determination of parental status




Prenatal diagnosis

VILLI SAMPLED VIA THE ABDOMEN
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» For X-linked disorders it is possible to perform fetal
sex determination in maternal blood before PND




Preimplantation genetic diagnosis

In vitro fertilization

Genetic study in 1
blastocyst cell

Same conditions as
PND but only for
inherited diseases

Mother < 40 years
of age




Favorable situations for PND/PID

* Mendelian or chromosomal disorders: a gene
or chromosomal variant is highly related to

disease

e Best configuration:
— High penetrance
— Homogeneous expressivity
— Good genotype phenotype correlations

— X-linked recessive disorder (females not usually
affected)




The two main categories of genetic
factors

Strong influence
of a major gene

Mendelian epilepsies

High amplitude effect,
high risk of disease

Limited influence
of a given gene

Multifactorial epilepsies

Risk factors, neither
necessary nor sufficient




“Idiopathic”/genetic generalized
epilepsy

Often familial occurrence

Higher risk to be have epilepsy for 1st degree
relatives of patients

But rarely consistent with a Mendelian mode
of inheritance

Usually multifactorial inheritance with several
genetic risk factors and environmental factors




Genetic risk factors and GGE

Female, 2 years: absence epilepsy with falls -> remission (valproate
discontinued)

6 years: childhood absence epilepsy -> remission (stop discontinued)
13 years: myoclonia at awakening, 2 GTCS

No cognitive impairment

No family history of epilepsy

Chr 15 Chr 15: 22228880-23666403, 1.43 Mb
Chromosome View

CGH Pane sl o

CGH Pane
-1 0

15913.3
microdeletion




Variability of clinical expression of the 15913.3
microdeletion

Intellectual disability,
autism, GGE

(0.3% cases,
0% controls)

Schizophrenia GGE
(0.2% cases,

0,01% N~ T —7 <0,02%

controls) controls)

(1% cases,

¥

Odds ratio : 68 [29 — 181]
Inherited in 80% of cases (half of them unaffected)




High genetic heterogeneity of
Mendelian epilepsies

Early myoclonic
encephalopathy Dravet syndrome

PIGA, SETBP1, SIK1, SCN1A, GABRA1, GABRG2, HCN1,
S5LC25A22 KCNAZ2,5CN1B, STXBP1 }

Early-onset epileptic
encephalopathy

KCNQZ, AARS, CACNAZDZ, Infantile spasms

NECAPI, PIGA, . ALG13, DNM1, FOXG1 duplications,

QARS, SCNEA  * cpKi5, SCN2A | GABRA1,GABRB3, GRIN1, GRIN2A,
Early infantile ep g : MEF2C, NEDDL4, NDP, NRXN1, PIGA,

encephalopathy 97 PLCB1, PTEN, SCA2,SCN1A, SCN2A,
(Ohtahara syndrc| v SCNSA, SETBP1, SIK1, SLC25A22,
KCNQ2 " SLC35A2, SPTAN1, ST3GAL3, STXBP1,
KCNT1, PIGQ TBC1D24, TCF4

Tuberous sclerosis complex
T5C1, TSC2, DEPDC5, GATOR1
Epilepsy of infancy with migrating focal
seizures

KCNT1, SCN2A, SCN1A
PLCB1, QARS, SCN8A, SLC25A22, TBC1D24,
SLCI2A5 I

Other predominantly myoclonic epilepsies
Onset 0-1 years: EEF1A2, MEF2C, SCN1A, SLC2A1, SPTAN1, SYNGAP1, TBC1D24

Other predominantly focal or Other predominantly multifocal /
multifocal epilepsies, onset 0-6 mon focal epilepsies, onset 6-12 mon
ARHGEFS9, DEPDC5, SCN1A, ARHGEF8, DEPDC5, FOXG1 mutations,
TBC1D24, PNKP, SLC2A1 MBD5, PIGO, SLC13A5

<6 mon 6-12 mon




Autosomal recessive disorders




Early-onset DEE with autosomal
recessive inheritance

Multifocal seizures, day 1

Drug resistant (> 100
seizures/day) O

EEG: migrating partial .349T>A c.1258C>T
selzures p.Phe117lle p.Arg420Cys

2 inherited variants in
SLC12A5 -

Encodes the K+/Cl-
transporter KCC2 c.349T>A c.1258C>T

Functional studies may p.Phe117lle . p.Arg420Cys
help to understand the
pathological consequences




X-linked disorders




X-linked (recessive) epileptic disorders

e Christianson’s syndrome with ESES
* Intragenic deletion of SLC9A6

T

X: 134847873-135308394, 460 Kb
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X-linked (recessive) epileptic disorders

Boy with epilepsy and
intellectual disability

No family history

Normal brain MRI

No dysmorphic feature
* p.(Ser918Thr) of CASK

v il
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X-linked (recessive) epileptic disorders
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Moog et al., Orphanet J Rare Dis 2015
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Role in disease ?




Segregation study for X-linked
disorders
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Segregation study for X-linked
disorders
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X-linked disorders and variable
expressivity in females (KIAA2022)

Males
* |nherited loss of function
mutations

* Severe intellectual disability,
microcephaly, autistic features

* Generalized epilepsy in some

Van Maldergem et al., 2013




X-linked disorders and variable
expressivity in females (KIAA2022)

Males Females
* |nherited loss of function e De novo loss of function
mutations mutations

Severe intellectual disability, Mild to severe intellectual
microcephaly, autistic features deficiency

Generalized epilepsy in some Intractable myoclonic epilepsy

J | Ki34fs

R322* RE28" G1018fs
R322* RE28*

L Females

[asrs ]
Van Maldergem et al., De Lange et al., 2013




PCDH19 and epilepsy in females

Cellular mterference

¢ 0

Gargons Filles

Normal individual B Mutated males
(male or female)

PCDH19-negative cells

PCDH19-positive cells
onl only

Epilepsy and

mental retardation

» Female-restricted
epilepsy and mental

retardation (Dibbens et al.,
2008)

» Dravet-like syndrome
(Depienne et al., 2009)




Autosomal dominant disorders




Self-limiting epilepsies in infancy
(Benign familial epilepsies)
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Cognitive impairment

KONGZ vt oo
Epilepsy > KCNQ3 variable severity

[ Benign Familial Neonatal

Infantile Epilepsy ] SCN2A No

Benign Familial Infantile

it e | DRRT2 No

(only if homozygous)




Genetic febrile seizures plus
(GEFS+) and phenotypic variability

Febrile and non febrile
seizures

‘ Febrile and non febrile
seizures + mild intellectual
disability

. Dravet syndrome

M  Missense variant of SCN1A




GRIN2A and Landau-Kleffner syndrome / focal
epilepsy with CSWS

Family 1 Family 3

(@

D_ WTWT | MWT
DZz9 EF31
MWT  MWT
. arz2a TBS 784 3m a0z 303 10-114 48119
‘ MWT  MWT  MWT MWT  MWT  MWT MWT  WTWT
EF30 EF27 EF25  EF28 ... ., EF24 arr 16p13.2 (10,227,121 x2, arr 16p13.2 (9,908,477 2, p.Tyr1387"

MWT  MWT  MWT - WT/WT MWT 10,246,239-10,321,503 x 1, 9,915,756-9,915,815 =1,
10m354mB62 x2) 9,934,830 x2) Lesca et al., 2013

B C5WSS

@ LKS High variability of cognitive impairment

O Atypical rolandic epilepsy

@ Typical rolandic epiepsy | in patients with LOF variants of GRIN2A

OJ BCE

@ CTs only Incomplete penetrance in some

B Dysphasia

I Verbal dyspraxia individuals (parents)

B Absence apilepsy




DEPDCS5 focal epilepsy

Family 2 (c.1458C>T [ p.Arg487")

Vg p )

DEPDC5
= é}{l‘}[{) o nonsense

| E)Qli ilil cb IEE;IO variant (stop)

A Picard et al., 2014

£y e

* Nocturnal > diurnal seizures, since the age of 2
e Several episodes per night, drug resistant
* Incomplete penetrance (50%)




DEPDC5 and lesionnal focal
epilepsies

Family B DEPDC5¢.21C>G (p.Tyr7")

| I , « FCD lla ->
; m,.++ - +m,,,i+,+ hemimegalencephaly

n 1[J_-l Ei bdésﬁa
e magmie me me sl e 2nd hit = somatic
mutation in

dysplastic tissue ?
(Baulac et al., 2015)

Scheffer et al., 2014




De novo (autosomal dominant)

variants




KCNQZ2-related epilepsies

(Millichap et al., 2016)

Self-limiting epilepsy Early-onset developmental epileptic
(Benin Familial Neonatal Epilepsy) encephalopathy

O Missense variants ] ]
@® Missense variants

O Loss-of-function variants




Genes involved in both mild and severe
phenotypes

m Mild phenotype (usually inherited) | Severe phenotype (usually de novo)

SCN1A GEFS+ Dravet syndrome

SCN1B GEFS+ Dravet syndrome (homozygous
mutations)
SCN2A Benign Familial neonatal-infantile EOEE
Epilepsy
SCN8A Benign familial infantile epilepsy EOEE
and paroxysmal choreoathetosis

KCNQ2 Benign familial neonatal epilepsy EOEE

SLC2A1  Refractory generalized or focal De Vivo syndrome
epilepsy (early absence epilepsy)

GABRA1 Idiopathic generalized epilepsy EOEE
GABRG2 GEFS+ EOEE

GRIN2A  Epilepsy-aphasia syndrome EOEE
Modified from Helbig and Abou Tayoum, 2016




« Sporadic » cases and genetic risk

O
L » Any recurrence risk ?




« Sporadic » cases and genetic risk

de novo mutation ?

X -Linked ?

Autosomal dominant with incomplete
penetrance ?

Mitochondrial inheritance ?
Chromosomal inheritance ?




« Sporadic » cases and genetic risk

de novo mutation ?

X -Linked ?

Autosomal dominant with incomplete
penetrance ?

Mitochondrial inheritance ?
Chromosomal inheritance ?

The lack of family history does not exclude a Mendelian disorder
... and recurrence risk for the family between 1 and 50%




Dravet syndrome

Onset at 9 months

Febrile and non febrile
sejzures

Drug-resistant epilepsy
Intellectual disability

EEG normal at onset,
then slowing of
background and
multifocal anomalies

>

SCN1A pathogenic
variant not found in
blood-extracted DNA

from the parents




Family recurrence of Dravet syndrome

Q
L m O

e Recurrence in a half-brother

e Parental germline/somatic mosaicism in 9% of patients
with Dravet syndrome (Depienne et al., 2011)
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de novo variants and et germline mosaicism

Risk for all de novo gene variant or chromosomal anomaly
PND can be proposed for future pregnancies of the parents
(even if separated)




Conclusion

Should be offered to most families after
genetic diagnosis, even when the disease-
causing variant had occurred de novo

Mandatory for family planning (prenatal/
premplanation diagnosis) -> when possible
before a pregnancy !

Should be based on acurate genetic diagnosis
Simple and more complex situations




THANK YOU FOR YOU ATTENTION !

ANY QUESTIONS ?

EMAIL: GAETAN.LESCA@CHU -LYON.FR




