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Epilepsi er ikke én sygdom - aetiologi
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Epilepsigenetik — hvad ved vi i 20247
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Workflow for genetisk udredning ved epilepsi
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Hvornar skal genetisk testing overvejes?

Genetisk testning er anbefalet anbefalet ved!:

Tidligt indsaettende epilepsi (<4ar): (EI)DEEs, SeLNE, SeLFNIE, SelLIE

Epilepsi + udviklingshaemning, autisme eller anden komorbiditet

* Progressive myoklone epilepsier

Specifikke familizere fokale epilepsisyndromer: ADSHE, ADEAF

Genetisk testning bgr overvejes ved! :

* MR-negative behandlingsrefraktaere fokale epilepsier som led i kirurgiudredning

» Epilepsi som fglge af strukturelle hjernemisdannelser

ADSHE, autosomal dominant sleep related hypermotor epilepsy; ADEAF, autosomal dominant epilepsy with auditory features; CGH, comparative genomic hybridization; CSF, cerebrospinal fluid; (EI)DEE,
(early infantile) developmental and epileptic encephalopathies; EEG, electroencephalography; MRI, magnetic resonance imaging; NGS, next generation sequencing; SeLlE, self-limited infantile epilepsy;
SeLFNIE, self-limited familial neonatal-infantile epilepsy; SeLNE, self-limited neonatal epilepsy; VUS, variants of uncertainty significance; WES, whole exome sequencing; WGS, whole genome sequencing.  Krey |, et al. Epileptic Disorders 2022;24:765—86;



Den humane arvemasse og testningsmetoder
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* 46 kromosomer, 3.000 millioner baser

« Kodende DNA dvs. gener: 1-2 %

+ Gener:
o 20.000 gener
o 7.000 er sygdomsrelaterede
o 800 kan give epilepsi
o 50% uden kendt funktion

cell

-

nucleus
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chromosome

DNA

Adapted fram Mational Human Gename Researsh Institute
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- Intellectual disability or other neurodevelopmental
disorders (wide-ranging phenotype and severity)

« Family history

- Early onset

« Febrile seizures

« Malformations of cortical development

Epilepsy (wide-ranging
phenotype and severity) =

Adult patient « Dysmorphisms
« Other neurological/sy ic manifi ions
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* Reappraisal of results -+ Testing of mitochondrial genome.
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sequencing process. - Testing of epigenetic variants.
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Genetisk udredning - hvad kan man forvente?
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Modified from Grangeon et al, The journal of headache and pain, 2023: 24:12



Genetisk udredning — hvad kan man forvente?
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« Progressive myoklone epilepsier:

- Epileptiske encefalopatier:

« Familicere fokale epilepsier:

« Isolerede fokale epilepsier

- Idiopatisk/genetisk generaliserede epilepsier:

SYDDANSKUNIVERSITET.DK

70% (~30 gener; CSTB, EPM2A, NHLRC1)

30-40% (~300 gener; SCN1A, STXBP1, CDKL5)

30-90% (~40 gener; PRRT2, KCNQ2, SCN2A)

5-10% (~40 gener; DEPDC5, NPRL2/3, SCN1A )

3% (~5 gener; GABRA1, SLC2A1)
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Gentagelsesrisikoen for fgrstegradsslaegtninge til personer med
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isoleret fokal epilepsi eller IGE/GGE
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Figure 1 Age-specific cumulative incidence of epilepsy in first-
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Peljto AL, Brain. 2014 Mar;137(Pt 3):795-805
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Testning af blod er ikke altid nok - Somatiske varianter i strukturelle hjernemisdannelser

~30%: mMCD/FCD1 og ~60%: FCD2/HME
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Dissecting the genetic basis of focal cortical dysplasia: a large cohort study.

Baldassari S’ 2~3-4‘ Ribierre T12 3-4, Marsan E! 2-3-4‘ Adle-Biassette HS-E], Ferrand-Sorbets Sa, Bulteau CS‘ Dorison NB, Fohlen MB, Polivka MT‘ Weckhuysen
512348 Dorfmaller GB, Chipaux Ms‘ Baulac 510.11.12.13,

Meurol Genet. 2018 Oet 31;2(8):2118. eCollection 2016 Dec.

Germli d ti tati in the MTOR in focal cortical dysplasi d epil .
%- SYDDANS KLU ermline and somatic mutations in the gene in focal cortical dysplasia and epilepsy.

Maller RS!, Weckhuysen 57, Chipaws M, Marsan E', Taly /1, Bebin EM', Histt SM!, Prokop JW!, Bowling KM®, Mei D', Conti'/!, de Is Grange P, Ferrand-
Sorbets ', Dorfmiiller G, Lambreca /', Larsen LH', Lequern E', Guerrini R", Rubboli G', Cooper GM', Baulac 5.




Hvorfor skal man lave genetisk testning

« Kan give vished

« Prognose

« Familieplanlaagning

« Mgde ligesindede - fa et netvaerk

« Guide behandling
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Patient

Oyrer et al., 2018
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Gentest hjalp dem til raske tvillinger

The Magic and Power of Our SCN8A Family

November 10, 2016, Credit to Merily Delgado for compiling and thanks to families for sharing this collection of photos.
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Velkommen til Dravet Danmark CURE GABA A VARIANTS ALLIANCI

Bridging the gap between patients, neurologists, and scientists
Move to Cure STXBP1 Disorders

Making learning about epilepsy cool
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¢

AMELAS TATTESTE VENNER ER UDENLANDSKE M@DRE TIL BORN
MED SAMME SJALDNE GENFEJL SOM AMELAS SON

Amela H. Topic og hendes mand, Mustafa Topic, manglede desperat svar og kontakt til ligesindede, da
deres s@n Arian for 7 ar siden fik en ekstremt sjaelden genetisk diagnose. Der var ingen hjzelp at hente,

sa Amela matte selv handle.
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EPICARE - det europeeiske referencenetveerk for sjeeldne og komplekse epilepsier

Rare epilepsies leaflets .\4/) .
Patient and caregivers leaflets are developed to give precise and accessible informations on rare and complex epilepsies. With one part for healthcare E p I CA R E

profesionnals, and one part for patients and their families or carers, these documents detail comprehensively what to expect when facing a rare epilepsy.
and how to manage care.

Unless mentioned otherwise, all leaflets are in english. We are working on translating them in as many languages as possible with the help of patients

associations all over Europe, so check back regularly!

Read and download the following leaflets:

Qd‘) ¢ Dravet Syndrome leaflet (EN) / Dravet versione italiana (IT) / Dravet Versiunea romana (RO) /
Dravet hrvatska verzija (HR) / Dravet deutsche Version (DE) / Dravet Norsk versjon (NO) / Dravet

POtientS 8\ srpska verzija (RS) / Dravet Svensk version (SE)

¢ Hypothalamic Hamartoma leaflet / Hypothalamic Hamartoma Versiunea romana (RO) /

CO regiver Hypothalamic Hamartoma Hrvatska verzija (HR)

¢ Ring Chromosome 20 leaflet / Ring Chromosome 20 Hrvatska verzija (HR) / R(20) eAAnvikr
leaflets £kdoon (GR) / R(20) Lietuvitka versija
¢ Alternating Hemiplegia of Childhood leaflet (EN) / AHC Hrvatska verzija (HR) / AHC Versione

%« European italiana (IT) / HAI Versidn espafola / Version francaise (FR)

L]
..i e e GLUT1 Deficiency Syndrome leaflet (EN) / GLUT1 Hrvatska verzija (HR) / GLUT1 Versiunea
Gromp romana (RO) / Glutl Deutsche Version (DE) / Glutl versione italiana (IT)

e CDKLS5 Deficiency Disorder leaflet (EN) / CDKL5 Versién espariola (ES) / CDKL5 Versao
portuguesa (PQ) / CDKL5 Hrvatska verzija (HR) / CDKL5 Versiunea romana (RO)
* Lennox-Gastaut syndrome leaflet (EN) / Lennox-Gastaut syndrome Versiunea roména (RO) / Lennox-Gastaut Hrvatska verzija (HR)
o SYNGAP1 leaflet (EN) / SYNGAP1 Versiunea romana (RO) / SYNGAP1 Hrvatska verzija (HR)
e RETT Syndrome leaflet (EN) / RETT Hrvatska verzija (HR)
* Infantile Epileptic Spasms Syndrome leaflet (EN) / IESS Hrvatska verzija (HR)

3!-_.- SYDDANSKUNIVERSITET.DK e STXBP1 leaflet (EN) / STXBP1 Hrvatska verzija (HR) I A

These documents are being developed progressively. New ones should be added soon.



Patient journey KCNQ2-encephalopathy

....diagnosis....

....first symptoms....

FIRST SYMPTOMS (i)

Timeline: from the 14 day of life vp to 1 year

Clrir.nl signs / Symptoms

In most casas neanatal seizures occur in the first
days of Ke.

In some coses, the seizres present ofter 1
month and within the first year of life.

Epilepsy may be absant; in few coses, despite
no signs of seizures, on abnomal eeg
accompanies delays in development and or
bahavioral development.

Iduﬂlf patient needs

Poraniz need to be comectly informed about
how differant forms of seizures need to be
manoged.

Parants need to hove basic informmofion on
epilepsy and epilepiic sezures

Paranis need to be nformed their child could
have a severe cognitive disakbility

Poraniz need fo know how fo access early
rehabiltation

Ideal results/ Support
+ Paoranfs concems are faken serously and are

given reassurance.

+ Fomilies are given instructiors on how to

manage an epileptic attack should it recur
descripfion of emergency medicafion and
when to go to hospital

+ Rehobitafion plan

2. DIAGNOSIS

Timeline: from 2 months up to & years (normally at 2 years)

Clinical signs / Symplams

Developmental progress differs from chid to child, this disease effects the enfire Fespan of
the person

Even in the first few months overall development is delaved; people offected by o KCHG2
encephalopathy rarety become independent

The child has several different types of epleptic seirures: focal or generalized seizures, fonic-
clonic, myaclanic, spasms, with ar without o tigger factor

Sometimas seirures are related fo faver, somefimas they last longer. above all in the fist
waars of ife shatus epilepfious may recur. In most coses the sezures disoppear within the first
3-5 years of ife; however, severe/madium/light psychomaotor retardafion can remain
Comorbidifies con be present such os longuoge impairment, motor disfurbances,
behoviorol disorders, orthopedic ssues, visual problems. digestive difficulties, difficulty
swallowing and aufism.

Identify patient needs

.

Parents need aon odeguate explonafion of the diognoss ond relafive prognosis with
psychological support

Parents naad fo be offered genatic tesfing

Parants should understand that development is different from child to child

Farents have fo be sure of the diognosis [“benign” form of KCNG2raloted epilepsias versus
encephalopathy]

Parents need fo have indicafions of how to foce up foftreat epleptic seizures and what
ather non-phamaocological therapies their child might need

Parents should be informed if in their countries there are clinical studies on KCHGZ and if
their child can parficipate.

They must know how to keep their chid safe (detect seizures ot night, fever
managameant...].

Parents need fo know what social ossstance is available from the government.

ld-a:llmnillj‘ Support

Genetic consultancy, explanation of causes and the possibiity of reappearance.
Professional support is given fo foce up fo the diognosis and the family & directed to the
parent’s support group and/or the associafion.

Parents recaive clear instructions. emergency protocol, axplanafion of ks and how fo
minimize fhem.

Parents receive clear information about possible clinical studias in which their child can
parficipate with in-depth informafion on risk ond banefits.

It & important for the famity to know how important education and rehabiifafion are for the
development of the child and should be closely monitored

The family is given a document summanizing the social benefits ovailoble and offered for the
type of diseaase occording fo rasidancy.

©-

....Ireatment.....

3. TREATMENT

Timeline: ffalong

Clinical signs / Symploms
Epileptic encaphalopathy does not respond to medication,
parficularty during the first years of life. In children. semures
rasolve at around 3-5 years of oge. in other cases seizures
persist. Treatments should gim at contralling seizue acfivity,
mainhy during infancy, and reducing side effecis.
Considerable aftenfion should be poid to figgering foctors
and seizures prevention.

Identify pafient needs

+ Parents need counseling and professionals’ help.
Parents nead information on medications, sde
effects, on side-sffect monitaring in the lang term
Parents aclso need odvice on how to hande figgaring
foctors. on the condition, on the multiple ssues of severs
maotor and cognifive impaiment.
Parents need medical help fodvice on non-epileplic
symploms.
Advice on pre-schoal fschoolfaid.
Accass to clinical trials for new freatment opportunities.

Ideal resulis/ Suppart

= A regulor consultancy with health core professionols &
offered.

* Up-to-dote informafion is availabde for parents any fime.
Parents are informed on medicafion side effects ond on
follow-up blood test timing.

Hor-epileptic symptoms are affecfivaly freated.

Parents are offered suppart fo find o school f daily asistance
and care.

Healthcare centers involve pafients in research activity.

Ower the years physiahisis help families fo choose devices,
whose timely delivery is guaranieed by involved orthopedic
units.

O-

Timeline: 2-14 yaors

...follow up...

€& :+rouowuir CRD

Clinical signs/Symptoms

= Other problams

disabdity, behavioral,

issUEs may occur

Bke intellectual and mofor
orthopedic ond infestinal

Identify patient needs

= Parents nead

odvice and  evidence-based

information on additional symphoms
= Parents nead emaotional support

= Evidence-bosed

tharopias (psychomotricity,
behavioral

speech theropy, posfural re-educaotion,

therapy]

Ideal resulis/ Support

« Monitoring obove mentioned  Ewes ond i
possible, offaring any reatmeant;

= Developing standards for the quality of aodults’ life.

= Availobity of home andfor insfitutional care ot the

highest level.

= Defining a rehabilifation program (psychomofricity,
speech theropy, posfural re-education, behavioral

therapy]

European
Reference
Network

PER
g EpiCARE
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....Iransition...

5. TRANSITION

Timeline: 14 years and up

Clinical signs / Symploms
Trarsificn to adulthood

. Usually, saizures do not ococw anmy longer. However
problems relating to cognitive ond motor development
increase.
Ganerally, pafients with severe cognifive cutcome show
outisfic behovior or are diognosad with outism.
Comorbidity features increase.
In zaveral heatthcore centers the lack of cooperafion
betwean pediaficians and sarvices onented to adults
miay result in poor suppaort for patients and thair familiss.

Ideniify patient needs

. Pu'arﬂsneed-q'oqrsalhgund mppu'fmfhsﬁru‘nhnn to
adulthaod

= Treating odult patiants. considerng the severs. motor
impairmeant affecfing young patients

+ Monitoring  development, new freatmant npf:mﬂurlﬁem
behavior and newopsychotogical situaficn. N

Ideal resulis / Suppord

= A tronsifion process from peciu‘fnclcnsfoGPsﬁmLide
infroduced
Sefting up of a rehabiftafion plan for maintenance
Occupational theropy f day-core centers [/ residenticl
centers
Dedling with the increase of different problems such as
motor disability, swalowing smwes, behavior, social and
cognifive impaiment.
Community-basad group homes for young adulis, in view
of a long-ferm adulihood progrom “during. us" and
perspactive “oftarus" stoges

Co-funded by the European Union




Fra gendiagnostik til personlig medicin

3 e Genetics Identified
Hvad er personlig medicin? mutated ion channel
A [ h
I
DNA sequence

Functional analysis
in vitro

generme kan hjaelpe til at for

patiente 2dst kan bel o T

Det overordnede formal er at kunne diagnostices :o";:;s HEK cells Mmant:fmm
PERSONLIG sa behandlinge - neuronal cultures
MEDICIN TIL GAVN
FOR PATIENTERNE s

bygg
KLAR DIAGNOSE 4 Functiona natysis B

MALRETTET BEHANDLING
STYRKET FORSKNING Omfattende genetisk se, herunder bl.a. helgenomsekventering, samkering af data

[ LR
0g anvenc » af materiale fra biobanker ¢ del af realiseringen af strategien
s?;:%’iﬁ;&iggmgg; 2022 Anden molekylaerbiolc viden og kort ning, som fx analysen af vores proteine brain slices
0g andre nye teknc ; hastigt pa vej frem oqg skal inddrages i strategien Small molecules
it. Det er fx inden for billeddiagnostik, borgerskabte data og patient rapporterede - Repurposing
Oyrer etal., 2018 Molecular therapy |
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Neurotherapeutics (2022) 19:1353-1367
https://doi.org/10.1007/513311-022-01264-1

ORIGINAL ARTICLE

Check for
updates ‘

Impact of Genetic Testing on Therapeutic Decision-Making
in Childhood-Onset Epilepsies—a Study in a Tertiary Epilepsy Center

Allan Bayat'2@ - Christina D. Fenger'** - Tanya R. Techlo* - Anne F. Hajte' - Ida Nergaard® - Thomas F. Hansen** -
Guido Rubboli'® - Rikke S. Mgller'2 - Danish Cytogenetic Central Registry study group

Collecting phenotypic data
including data on genetic testing
done prior to study inclusion

2 Blood sample
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Children followed at the Danish

Exome sequencing

Identified pathogenic SNV, CNV
epilepsy centre or chromosomal abberation
| Solved 1A\ Solved Unsolved

QuMeMAcw T

SNP array
Targeted therapy = ./ \
Precision medicine Improved genetic Better perspectives for disease
[ counseling progression in children with epilepsy
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N ) 2y

Patients born from 2006-2011
and followed at the Danish
Epdepsy Center in 2016
(n =357)

Patients without eplleptic seizures
(n=27)

Patients with acquired brain insult
(n=35)

Consent for genetic testing was not obtained
{n=107)

Patients tound efigable for trial
based on mnclusion and
exclusion critenia
(n=188)

R——

Patlents reaching a genetic diagnosis {(by means of ]
chromasomal karyotyping, array, panel or exome
saquencing) at referral hospital prior to study mclusion
(n = 86)

Second step:
SNP aray (n = 87)

29% har en

genetisk diagnose (v 101

Number of genetically solved
cases

continues (n = 48)




Genanvendelse af allerede eksisterende laagemidler

Traditional Drug Development ! Drug Repositioning

2) Test drug for new
treatment application in
“human clinical trials.

) =

2) Develop potential drug
candidates.

I,.; acy -

design and synthesis

o

—

X cell culture as;ays

drugs approved 1 drugs approved for
for clinical use 1 new clinical use

A SYDDANSKUNIVERSITET.DK FlLAD‘lA
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EPILEPSI 2
@ FORENINGEN EPILEPSI RAD & REGLER OM FORENINGEN  ARRANGEMENTER

</

GENFORSQOG | CELLE FRA HAMSTER VISTE VEJ TIL GAMMEL
LYKKEPILLE, DER KUNNE HJZLPE MOD FREJS EPILEPSI

En genetisk diagnose giver mulighed for at finde skraeddersyet medicin, der kan hjaelpe mod epilepsien,
men som maske er udviklet til helt andre sygdomme. Forzeldre skal indsamle 400.000 kr. til jagten pa
den mest optimale medicin til deres son.

L]
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Take home messages

« Genetiske faktorer spiller en vigtig rolle ved epilepsi
« Ikke alle er kandidater til genetisk udredning

« En genetisk diagnose kan have mange fordele, men giver
ikke altid svar pa alt

THE FUTURE

« Fgrste skridt pa vejen mod praecisions-behandling er
praecisions-diagnostik

. ’
lasgnat - - ——

« Skraeddersyede behandlingsformer vinder mere og mere
frem, men er stadig kun tilgeengelige for en mindre
gruppe af personer med epilepsi

j.-
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Hvem kan I radfgre jer med?

EPILEPSI

- Epilepsiforeningen ‘Q, FORENINGEN

« Egen lzege/bgrnelaege/neurolog
« Klinisk Genetiske Afdelinger: Alle monogene sygdomme (kraever henvisning)

« Afdeling for epilepsigenetik og personlig medicin, Filadelfia

(genetics@filadelfia.dk) (kraever evt henvisning)

« Center for Sjeldne sygdomme: Syndrom mistanke (kraever henvisning)
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