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WHOLE EXOME SEQUENCING

Hypothesis free

 Rare variants

 Known chromosomal or
single gene disease has
been excluded

« Large genes

» Multigene testing is more
expensive
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@ ® The genetic landscape of the epileptic encephalopathies of

CrossMark

infancy and childhood

Amy McTague*, Katherine B Howell*, ] Helen Cross, Manju A Kurian, Ingrid E Scheffer

Until 2001, the cause of epileptic encephalopathies was
unknown, and they were thought to probably be due to a
so-called symptomatic cause such as an acquired insult. A
minority of cases undoubtedly have symptomatic causes in
which a child has a structural aetiology such as a stroke or
hypoxic-ischaemic encephalopathy underlying their
epileptic encephalopathy. An exception is West syndrome,
in which almost 30% of patients have an acquired
aetiology.” The structural abnormality is associated with an
epileptiform focus, leading to epilepsy and developmental
regression.  Similarly, malformations of cortical

. development can be associated with an epileptic

encephalopathy, as exemplified by tuberous sclerosis
complex. In these cases, the underlying cause of the

2months. malformation should still be sought and is often genetic,”*

although environmental causes are well recognised.”
S L
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MUTATION ANALYSIS

WES: No candidate variant found

Array CGH




Whole Exome Sequencing in Intractable
Pediatrics Epileptic Patients: King
Chulalongkorn Memorial Hospital Experiences

Tayard DESUDCHITY, Chupong ITTTWUT?, Ponghatai DAMRONGPHOL1!%, Kanya SUPHAPEETIPORN?), Vorasuk
SHOTELERSUK?

 Whole exome sequencing (WES) were performed 1n
36 intractable pediatrics epilepsy patients (19 Males,
17 female) at King Chulalongkorn Memorial
Hospital from January 2015- August 2016.

* Twenty-three exome results (63.9%, 10 males, 13
females) revealed mutations in epilepsy related
genes.




Whole Exome Sequencing in Intractable
Pediatrics Epileptic Patients: King
Chulalongkorn Memorial Hospital Experiences

Tayard DESUDCHITY, Chupong ITTIWUT?, Ponghatai DAMRONGPHOL1!?, Kanya SUPHAPEETIPORN?), Vorasuk
SHOTELERSUK?

Negative in 13 patients (36.1%, 9 males, 4 females)

Positive

sodium channels muations (9, 25 %, including

SCNI1A (5, 13.9%), SCN2A (2, 5.6%), SCNSA (2,
5.6%).




1 cases each of pyridoxal-5-phosphate responsive
epilepsy, (PNPO, 1, 2.8 %),

3 ALDH7AI1(17 year old, 1 from Rajburi, 1 from
Ayuthaya)

2 congenital hypotonia-seizure due to PIGA mutation (2,
5.6%)

* NK: A novel hemizygous missense ¢c.268T>C (p.Tyr90His)
* NA: A heterozygous C1030_1032delCTT(p.Leu344del)

2 siblings with progressive-photosensitive-myoclonic
epilepsy due to FARS2 mutation (2 patients, 5.6%).




5+1 more patients (13 %) were 1dentified with different
epilepsy related mutations

- PCDHI19,
KCNA2,

Onset 5m, MRI NI, 1t EEG NI-> Later Gen swc VPA/LEV/FYCOMPA

KCNMALI,

Onset 7m,cataplexy, ini EEG Nl->gen SZ, MRI NI,LEV, upgaze palsy

KCNTI,

 Status epilepticus, 10Hz eye blink (Facial myokymia)

SLCIA2,

onset 3m, MRI NI, LEV/TMP Sz stopped Dr. Thitiporn, heterozygous missense c.244G>A (p.Gly82Arg)

GABRAI

Onset 6m+fever, MRI N1, Novel chr5:161309645 G/ A heterozygous, depth:403/193,GABRA1 gene




“Daignosed clinically”

» 2 x pyridoxine dependent epilepsy,
* 1 x pyridoxal-5-phosphate responsive epilepsies

« 2/5:SCNI1A were diagnosed clinically (5, 13.9 %)
and exome results provide confident to adjust,
reduce or discontinue anticonvulsants.




“Benefit on Pt Care”

« 18 x patients (50 %), exome ->
* new diagnosis -> better seizure control
- SCN2A

- SCN1A
* myoclonic epilepsies ( KCNA2 and FARS?2).




“Negative Result”

13 x patients with no identifiable mutation,

three patients have early infantile epileptic
encephalopathies,

three patients with myoclonic epilepsies,
two patients had autism with epilepsies,
four patients had status epilepticus at various ages and

one with clinical nocturnal frontal lobe epilepsy.




Exome 1n Ped. Neuro (@Chula

Paroxysmal kinesogenic Dyskinesia

Non Paroxysmal kinesogenic Dyskinesia(KC)

2 x PANTOTHENATE KINASE-ASSOCIATED
NEURODEGENERATION; PKAN (MV): NBIA1

Many more “Unknown” : Infantile spasm x 2,
Ohtahara,?? Unknown significant




Case 1: PJ

* A four month old Thai girl with prolong seizure
without fever > 30 min, precipitated by fever. Rx:IV
Diazepam & Dilantin 20 mg / kg & 6 hours
intubation. CSF / CT brain (-)

Second episode of seizure with fever > 10 min five
days later, with fever 39 C. Rx DZP/ PHT, D/C
home on PHT

Seen (@ Chula at five month old. , VPA started &
increased. Had 2-3 Sz/ month. Can sit (@ 5m/o.




Case 1: PJ

DZP added -> Seizure freq. decreased, still had 2 sz
with fever /3 months.

EEG Normal x 2 (@ 3 months and 5 months.
MRI Normal @ 1 year old.

Had another status epilepticus @ 1 year old w/o
fever, Rx PHY 20 mg/ kg x 2 at BRH-> not

improved -> Rx Phenobarbital & Midazolam drip.

What 1s your Dx & Management ?




Casel:PJ

Presumptive Dx : Dravet
Syndrome

Please avoid “Strong
Sodium Channel AED”
PHT/CBZ/LTG!

Rx : Phenobarbital / BZD /
TPM

Developmental stimulaton

Hearing / Vision scrrening




Casel:PJ

Seizure free 1-2 years with
break through seizure with
fever

Develpmental delayed

Exome test 2015 : SCN1A




Dravet Syndrome
Evolution of symptoms

Initial presentation: Febrile seizures in 1% year of life
 Often prolonged febrile seizures/febrile status
Evolve to Hemiclonic (alternating) or generalized tonic-clonic seizures
Seizures provoked by modest hyperthermia (e.g. hot bath)
Rarely have fever without seizure
Development usually normal at time of onset

By age 2y, unprovoked seizures may begin including Myoclonic, GTC,
Complex partial, absence, atonic

- Patients experience frequent admissions with status epilepticus initially, both
convulsive and nonconvulsive

EEG may be normal initially, but progressively worsens to generalized
slowing, generalized spike/polyspike wave, multifocal independent spike
wave

Development plateaus then progressively declines around 1 year of age or
with the appearance of other seizure types

American Epilepsy Society 2015 PC Slide-19




Dravet Gait

Some children with Dravet Syndrome will develop a
characteristic apraxic gait demonstrated below

American Epilepsy Society 2015 PC Slide-20




The JAMA Network

From: Progressive Gait Deterioration in Adolescents With Dravet Syndrome

Arch Neurol. 2012;69(7):873-878. doi:10.1001/archneurol.2011.3275

Figure Legend:

Figure 2. Crouch gait is characterized by increased hip and knee flexion and ankle dorsiflexion in the sagittal plane throughout the
stance phase and is accompanied by bony malalignment in the transverse plane of medial femoral torsion, lateral tibial torsion, an
planoabductovalgus of the feet.

Copyright © 2016 American Medical

Date of download: 3/29/2016 Association. At rights Teserved:




Evaluation: Dravet Syndrome

EEG: may be normal at initial presentation, but typically shows
generalized slowing, generalized and multifocal spike wave discharges
by the time unprovoked seizures begin

MRI: often normal, but may show some cerebral atrophy or
hippocampal sclerosis

Genetic testing: SCN1A- at least 70% of patients have mutation in
SCN1A, the vast majority are de novo

Other mutations are also rarely reported to be associated with Dravet
phenotype including:

SCN2A, SCN1B, SCN8A, SCN9A, GABRG2, STXBP1

American Epilepsy Society 2015 PC Slide-22




SCNIA

Location: 2g21-34

Functio%: Ionltaﬁe g d Na channel (NaV1.1) — mutations may lead to
increased Na influX, thus excitation

Most mutatigns are frameshift, nonsense, or splice-site mutations which
produce nonfunctional protein

Missense mutations are also found

Testing strategies: DNA sequencing or Deletion Testing
73-92% of mutations are detectable by DNA sequencing
8-27% have large scale or whole gene deletions
Microdeletions within SCN1A present in 2-3%

Rare reports of duplication or amplification

Location of mutation within the gene is important

Approximately 15% of Dravet syndrome have no mutation identified

American Epilepsy Society 2015 PC Slide-23




Treatment Strategies-SCN
disorders

Abnormal SCN1A channels disproportionately affect GABA
neurons (Yu, et al 2006)

Benzodiazepines

Clobazam —dosed 0.2-1mg/kg/d divided bid/tid
Valproic acid

Stiripentol — not FDA approved in US

Topiramate

Phenobarbital — not as well tolerated secondary to cognition

DRUGS TO AVOID: carbamazepine, lamotrigine,
oxcarbazepine may worsen seizures — specifically, myoclonus

American Epilepsy Society 2015 PC Slide-24




Associated SCN1A Conditions:
Genetic Epilepsy with Febrile Seizures Plus

Age of onset: 6m-6y

Seizure types: classic febrile seizures which persist beyond 6
years, often with afebrile GTC, absence, myoclonic and focal
seizures of variable frequency.

EEG: variable findings. May be normal or often have
generalized spike wave

Key features: febrile seizures beyond 6 years and strong family
history of similar febrile and afebrile seizures

Prognosis: varies, though often the phenotypes of family
members is similar

Treatment: varies. Decision to start treatment rests on the need
based on frequency of seizures.

American Epilepsy Society 2015 PC Slide-25




Exome 1n Epilepsy

EXOME TESTING TO FIND THE CAUSE HAS MANY BENEFITS

Personal Usefulness to Patients & Families® " Medical Usefulness to Doctors8

¢ Enables risk identification in family members

*  Allows for reproductive planning

*  Ends the quest for a diagnosis

*  Ameliorates parental guilt or shame

¢ Allows for connection to resources and community

In some cases, enables changes in medical management

Allows for prediction of epilepsy progression

Enables genetic counseling (many mutations shown to be de novo*)
Enables enrollment in clinical trials and research

Can decrease the time/cost of diagnostic and treatment odyssey
*De novo — A spontaneous gene alteration that arises in the developing child; not inherited.

EXOME TESTING CAN HELP ADVANCE RESEARCH

Advancing our understanding of the genetic I
causes of epilepsy will allow us to improve
the ways we anticipate, prevent, diagnose,
and treat epilepsy. I

M‘F&

www.CUREepilepsy.org/EGI

Precision therapies are already The Goal:

available for some patients 8
Gene Treatment
SLC2A1  Keto diet

POLG Avoid certain medicines
ALDH7A1 Vitamin B6

AILORED INDIVIDUAL TREATMENTS




Whole Genome Sequencing

Moore's Law

N I H National Human Genome
Research Institute

genome.gov/sequencingcosts

A e i e e e e e

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013




No diagnosis obvious..... .o

cases)

epilepsies with

polygenic Hildebrand MS, et al. J Med Genet 2013
inheritance

¢

epilepsies with a
&= Major acquired cause
trauma, hypoxia,

\ vascular etc.
( Genetic ) .( Acquired )

single gene
epilepsies

Same model applicable to intellectual disability and autism




Look for the specific

e SCNI1A : Look for the
“Dravet Gait”

- Avoid SC : PHT,CBZ,
- Rx VPA,TPM,Frisium,
fypompa

« “Myoclonus”
- PME, Lafora

- KCNA2:
Lev,VPA ,LTG,Fycompa?2

- FARS?2

P-Slide 29




Look for the specific

e SCNI1A : Look for the
“Dravet Gait”

- Avoid SC : PHT,CBZ,
- Rx VPA,TPM,Frisium,
fypompa

« “Myoclonus”
- PME, Lafora
- KCNA2

 FARS2 : VPA, Clona,Dec
Pheno, add fycompa

P-Slide 30







EEG : initially Normal-> Gen SWC 1n 2558(9 yo)

Video EEG : Recorded events has no EEG correlate

Clinical Dx : Cataplexy DDx

* MRI : normal

* Neimann-PICK screen send to Taiwan : Normal
* No response to all cataplexic drugs / AEDs




Exome : KCNMAI




Novel mutation KCNMAIL:
Generalized epilepsy with Cataplexy

.0001 GENERALIZED EPILEPSY AND PAROXYSMAL DYSKINESIA
KCNMAI, ASP434GLY [dbSNP:rs137853333] [ClinVar]

In all 13 affected members of a family with generalized epileptic seizures and paroxysmal nonkinesigenic

dyskinesia or both (GEPD; 609446), Du et al. (2005) found a 1301A-G transition in exon 10 of the KCNMA1
gene, resulting in an asp434-to-gly (D434G) amino acid change in the regulator of conductance for K+
(RCK) domain. In affected members of this family, alcohol triggered dyskinesia. Du et al. (2005) suggested

that the gain-of-function mutation D434G may have a synergistic effect with ethanol in the triggering of
symptoms. *




Thank you
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