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Jnunencuna — eeBeaeHue

* OKono 1% nopen (bonee 60 maH Ha NnaHeTe
* [loytn 3 mnH B CLLA
* B petctBe — ao 10 net n —nocne 60-tn
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Anunencuay geTeu

* TpaBMbl NPU POXAOEHUNN
* UHdeKuum

* BpoxaeHHble aHOMaNnu
* BblCOKaAa TemnepaTypa




dnunencus B cpeaHem Bo3pacTte
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~ ¢ NHdeKunn

* ANKOTo/b

* Ctumynupytowime
npenaparhbl

* [NoboyHble 3PPeKTbI
NleyeHuns



Anunencua y NOXMAbix Ntogeu

* Onyxonb mo3ra
* UHCYynbT




Jdnuaencua — HapylweHune
XMMUYecKoro 6anaHca

» Alcohol
» Cocalne

* Other Drugs




,ﬂ,pyrme NPUYNHDBI SNMNUAETNCUNA

HM3KNN YPOBEHb Caxapa B KPOBU
HN3KUW YPOBEHb KMCIOPOAa

HN3KMM YPOBEHb HAaTPUA

HN3KMM YPOBEHb KasibLMA

PacCTPOUCTBA NEYEHU NN MOYEK



ANUNencnum reHeTU4ecKom Npupoabl

* [eHeTn4Yeckme gedeKTbl MOHHbIX KaHaN0B
NPMBOAAT K HapyLLeHnAM BO3Oy»KaeHUA MO3ra

e 0606ueHHble NpuNaaKu:
— NPUCTYMNbl B 0O60UX NOAYLIAPMAX TONOBHOINO MO3ra

— reHepanmM3oBaHHble TOHNUYECKUE-KIOHNYECKNE
NPUCTYNbI

— INUNencma oTCyTCTBUA
— MunoknoHunyeckan



2NnUnencna: oCHOBHble BUAbI

* YacTuyHble anunaenTnyeckune npmnnagxKku
° FEHepaI'IVBOBaHHbIe AnNnnenTnvyeckmne npmnagku

Generalized'S
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Partial Seizure

[eHepannsoBaHHble: 063 YacTuyHble: Ha4ano B
nonyLwapms OorpaHMYeHHOW 30He MO3ra



FEHepaJ'II/BOBaHHbIe TOHUN4HEeCkne-
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JdNuaencua oTcyTcTemA
Petit Pal seizure



JdNuaencua oTcyTcTemA

Georg Thieme Verlag = Neurologische Differanzialdiagnoss



MOTOpPHbIE 30HbI KOpPb

\
A

Motor Strip

Motor Strip.

BepxHAA MOTOpPHAA 30Ha: Hu>XHAA mOTOpPHAA 30Ha:
KOHTPONb HUXKHEN YacTh Tena KOHTpOb KOpnyca 1 BEpXHEN
4acTn Tena




3aTblIOYHAA A0NA — 3pUTeIbHaA Kopa

3putenibHaA 30HA KOpbl:
BcnbiWwKKY cBeTa, 3puTenbHble rasitoynHaumum



BucoyHaa 4o1A — CNoXKHaAaA Unu
NpPOCTadA YaCTUYHaA annnencua

* OCTaHOBKa aKTUBHOCTM
* CmAaTeHuUe
* BpemeHHaAa notepa NamAaATU

° OprIBOL-IHbIe dBTOMaTn4yeCkme ABnNKeH"nAd, He
OCO3HaBafA I'IOBTOpeHI/II\/JI



HYacTnMyHaa moTopHaA anuaencua




g borelLobe Seizug Hayano B BUCOYHOM 30HE:
- C/IOXKHble YacCTUYHbIe NPUNaaKu

* [ONOBOKpYXeHue,

* rosioBHasa 60/b,

* OHEeMEeHMe KOHeYyHoCTeu
* 1IerKOMbICZIEHHOCTb

* HeobObl4yHble OLLYyLLEHUA:

— TpeBora, NaHuKa
— JEXA BIO (y»xe supen), KAME BIO (Hukoraa)

— OLYLLEeHNA BKYCa, 3BYKa, PpacCTPoMNCTa 3peHuns,
CTPaHHble 3anaxu



[TpU4YnHa: HapyweHunA
BO3OYXAEeHUS/TOPMOIKEHMUHS



Inhibition and Excitation

GABA Glutamate

Anxiolytic
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banaHc mexay Bo30yXAeHUEM U
TOPMOXEHUEM

GABA
Inhibition
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Seizures,
hyperactivity




MyTtaunn TAMK peuenTtopos

CHu»KeHue noteHumana nokosa (K+ KaHanbl)
N3meHeHne ceoncTtB Na+ KaHanoB
N3meHeHue cBoicTe Ca’t KaHa0B

A3meHeHue CB-B U-HYRKJTEOTUAHbIX KAHA/10B



Epilepsy and Channelopathies

Na* channels

K* channels

GABA, channels

Ca?* channels

Acetylcholine receptor channels



Nervous system channelopathies -1

Disease Channel protein
Achromatopsia type 2 Cyclic nucleotide-gated channel, a3 subunit
Achromatopsia type 3 Cyclic nucleotide-gated channel, B3 subunit

Aland Island eye disease
Andersen-Tawil syndrome
Benign familial infantile epilepsy

Cav1.4: calcium channel, voltage-gated, L type, ac1F subunit
Kir2.1: potassium channel, inwardly-rectifying, subfamily J, member 2
Nav2.1: sodium channel, voltage-gated, type Il, a subunit

Benign familial neonatal epilepsy

Kv7.2: potassium channel, voltage-gated, KQT-like subfamily, member 2
Kv7.3: potassium channel, voltage-gated, KQT-like subfamily, member 3

Bestrophinopathy, autosomal-recessive
Central core disease
Charcot-Marie-Tooth disease type 2C

Bestrophin 1
RyR1: ryanodine receptor 1
Transient receptor potential cation channel, subfamily V, member 4

Childhood absence epilepsy

¥ -aminobutyric acid A receptor, a1 subunit
Y -aminobutyric acid A receptor, a6 subunit
Y -aminobutyric acid A receptor, B3 subunit
Y -aminobutyric acid A receptor, ¥ 2 subunit
Cav3.2: calcium channel, voltage-gated, T type, a.1H subunit

Cognitive impairment with or without cerebellar ataxia

Cone-rod dystropy, X-linked, type 3

Congenital distal spinal muscular atrophy
Congenital indifference to pain, autosomal-recessive

Congenital myasthenic syndrome

Nav1.6: sodium channel, voltage-gated, type VIIl, o subunit
Cav1.4: calcium channel, voltage-gated, L type, ac1F subunit
Transient receptor potential cation channel, subfamily V, member 4
Nav1.7: Sodium channel, voltage-gated, type IX, o subunit
Cholinergic receptor, muscle nicotinic, a1 subunit

Cholinergic receptor, muscle nicotinic, B1 subunit

Cholinergic receptor, muscle nicotinic, & subunit

Cholineraic receptor. muscle nicotinic, € subunit




Nervous system channelopathies -2

Congenital stationary night blindness type 1C
Congenital stationary night blindness type 2A
Deafness, autosomal-dominant, type 2A

Deafness, autosomal-recessive, type 4, with enlarged
vestibular aqueduct

Dravet syndrome

Transient receptor potential cation channel, subfamily M, member 1
Cav1.4: calcium channel, voltage-gated, L type, ac1F subunit

Kv7.4: potassium channel, voltage-gated, KQT-like subfamily, member 4
Kird.1: potassium channel, inwardly-rectifying, subfamily J, member 10

Nav1.1: sodium channel, voltage-gated, type |, a subunit
Y -aminobutyric acid A receptor, ¥ 2 subunit

Early infantile epileptic encephalopathy type 7

Early infantile epileptic encephalopathy type 11
Early infantile epileptic encephalopathy type 13
Early infantile epileptic encephalopathy type 14

Kv7.2: potassium channel, voltage-gated, KQT-like subfamily, member 2
Nav2.1: sodium channel, voltage-gated, type I, a. subunit

Nav1.6: sodium channel, voltage-gated, type VIIl, a. subunit

Kce4.1: potassium channel, subfamily T, member 1

EAST/SeSAME syndrome

Episodic ataxia type 1

Episodic ataxia type 2

Episodic ataxia type 5

Familial episodic pain syndrome
Familial hemiplegic migraine type 1
Familial hemiplegic migraine type 3

Kird.1: potassium channel, inwardly-rectifying, subfamily J, member 10
Kv1.1: potassium channel, voltage-gated, shaker-related subfamily, member 1
Cav2.1: calcium channel, voltage-gated, P/Q type, ac1A subunit

CavB4: calcium channel, voltage-gated, B4 subunit

Transient receptor potential cation channel, subfamily A, member 1

Cav2.1: calcium channel, voltage-gated, P/Q type, ac1A subunit

Nav1.1: sodium channel, voltage-gated, type |, a subunit

Generalized epilepsy with febrile seizures plus (GEFS+)

NavB1: sodium channel, voltage-gated, type |, B subunit
Nav1.1: sodium channel, voltage-gated, type |, a subunit
Y -aminobutyric acid A receptor, ¥ 2 subunit




Nervous system channelopathies -3

Generalized epilepsy with paroxysmal dyskinesia

Hereditary hyperekplexia

Hyperkalemic periodic paralysis
Hypokalemic periodic paralysis type 1
Hypokalemic periodic paralysis type 2
Juvenile macular degeneration

K 1.1: potassium channel, calcium-activated, large conductance, subfamily M,

a1 subunit

Glycine receptor, a1 subunit

Glycine receptor, B subunit

Nav1.4: sodium channel, voltage-gated, type IV, a subunit
Cav1.1: calcium channel, voltage-gated, L type, a1S subunit
Nav1.4: sodium channel, voltage-gated, type IV, a subunit
Cyclic nucleotide-gated channel, B3 subunit

Juvenile myoclonic epilepsy

Y-aminobutyric acid A receptor, a1 subunit
CavB4: calcium channel, voltage-gated, B4 subunit

Malignant hyperthermia susceptibility

Mucolipidosis type IV
Multiple pterygium syndrome, lethal type

Multiple pterygium syndrome, nonlethal type (Escobar variant)
Myotonia congenita, autosomal-dominant (Thomsen disease)
Myotonia congenita, autosomal-recessive (Becker disease)

RyR1: ryanodine receptor 1

Cav1.1: calcium channel, voltage-gated, L type, a.1S subunit
TRPML1/mucolipin 1

Cholinergic receptor, muscle nicotinic, a1 subunit
Cholinergic receptor, muscle nicotinic, & subunit

Cholinergic receptor, muscle nicotinic, ¥ subunit

Cholinergic receptor, muscle nicotinic, ¥ subunit

CIC-1: chloride channel 1, voltage-gated

CIC-1: chloride channel 1, voltage-gated



Nervous system channelopathies -4

Nocturnal frontal lobe epilepsy type 1 Cholinergic receptor, neuronal nicotinic, ct4 subunit

Nocturnal frontal lobe epilepsy type 3 Cholinergic receptor, neuronal nicotinic, B2 subunit

Nocturnal frontal lobe epilepsy type 4 Cholinergic receptor, neuronal nicotinic, a2 subunit

Nocturnal frontal lobe epilepsy type 5 K4.1: potassium channel, subfamily T, member 1

Paramyotonia congenita Nav1.4: sodium channel, voltage-gated, type IV, a subunit
Paroxysmal extreme pain disorder Nav1.7: Sodium channel, voltage-gated, type IX, a subunit
Potassium-aggravated myotonia Nav1.4: sodium channel, voltage-gated, type IV, a subunit
Primary erythermalgia Nav1.7: sodium channel, voltage-gated, type IX, a subunit
Retinitis pigmentosa type 45, autosomal-recessive Cyclic nucleotide-gated channel, B1 subunit

Retinitis pigmentosa type 49, autosomal-recessive Cyclic nucleotide-gated channel, a1 subunit

Retinitis pigmentosa type 50, autosomal-dominant Bestrophin 1

Scapuloperoneal spinal muscular atrophy Transient receptor potential cation channel, subfamily V, member 4
Small fiber neuropathy Nav1.7: sodium channel, voltage-gated, type IX, a subunit
Spinocerebellar ataxia type 6 Cav2.1: calcium channel, voltage-gated, P/Q type, ac1A subunit
Spinocerebellar ataxia type 13 Kv3.3: potassium channel, voltage-gated, Shaw-related subfamily, member 3
Vitelliform macular dystrophy Bestrophin 1

Vitreoretinochoroidopathy Bestrophin 1



Some heritable epilepsies

e -generalized epilepsy with febrile seizures
plus related disorders (GEFS+),

e - autosomal-dominant nocturnal frontal lobe
epilepsy (ADNFLE),

* - benign febrile neonatal convulsions (BFNC)

 -generalized epilepsy with paroxysmal
dyskinesia (GEPD).



Generalized epilepsy with febrile
seizures plus (GEFS+)

beyond early childhood

seizures with fever

affect approximately 3% of all children under
Six year

Main causes of dysfunction:

— Na* channel a subunit SCN1A
— Na* channel B subunit SCN1B
— GABA, receptor



[eHepannsoBaHHaA annaencua:
dbebpunbHble cyaoporu (CuHapom
[1pasena)

ANeTCKaa anunnencus

NPUCTYNbI NPU BbICOKOW TemnepaType
npumepHo 3% aeten Ao 6 net
OCHOBHbIE NPUYUHDI:

— myTauum a cybbeanHumubl Nat KaHana (SCN1A)
— myTauuu B cybvegmHuubl Na* kaHana (SCN1B)
— MyTtauuun GABA, peuenTtopa



Nd Cndnnel imutduors In pauceni

with epilepsy

* Deletion
O Mis-sense mutation
B1 B2
III (é
1233 Gi 123 &é 123
Carboxyl Carboxyl

Amino
Carboxyl

Avanzini and Franceschetti, 2003



Generalized epilepsy with febrile seizures plus (GEFS+)

GEFS* genes: Neuronal Sodium Channel

Multiple mutations in the four

C121W transmembrane domains

Recurren
Mutation

Cell
membrane

\

-missing 5 amino acids in the N-terminus (170 _E74del)
-C121W mutant at the disulfide bond



Generalized epilepsy with febrile seizures plus (GEFS+)

GEFS* genes: Neuronal Sodium Channel

x4 * Navl.1l KaHan—oaunH n3 9
e cybbeamHmLL

C121w

* JKcnpeccupyetca B [AMK-
eprmyecknx HeMpoHax

* MyTauuun B B cybbeanHuue:
— noTtepAa 5 a.Kucnot
— myTauma C121W

-missing 5 amino acids in the N-terminus (170_E74del)
-C121W mutant at the disulfide bond



Mutations in Na* channel patients with epilepsy

GEFS+
SMEI SMEIb
ICEGTC

IS,CGE,CFE MAE SIGEI

Catterall et al., 2010



MyTtaunn Na KaHanos

* HapyweHune "romeoctasa’ Bo3byKaeHMA
* J/leyeHuUe 3aTPyAHEHO



banaHc mexay Bo30yXAeHUEM U
TOPMOXEHUEM

GABA
Inhibition
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Seizures,
hyperactivity
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Generalized epilepsy with febrile seizures plus (GEFS+)

First genetic evidence of GABA, receptor dysfunction in
epilepsy: a mutation in the y2-subunit gene

I

MNter

1TmM 1mM
l/ J 200 nA
30s
al B2y2 o1 B2Y2xo89Mm

Baulac et al., Nature Genet., 2001
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MyTtaunn TAMK, peuenTtopa
npusoaAallne K anmnencumn

GABA, receptor subunit gene mutations associated with epilepsies

¥2(Q1X) SMEI
(Dravet syndrome)
B3(P11S; S15F)
CAE

51 B3(G32R) ¢ 12(R43Q)
g ) CAE CAE, FS
P.
@ J @
' (@) S(E177A) FS,

... GEFS+
& ......... . ..‘.0 Y2(R138G)
Fs
cceee®®®” .0000"
e i

8(R220H, R220C)
JME,GEFS+

0.1(A322D) JME  «1(S326fs328X)

CAE “~

M

1A KCC2

y2 (W390X) FS,

Noncoding region mutations: GEFS+

v2(IVS6+2T —» G) CAE, FS

Polymorphisms in the 3 promoter CAE

C QN
v2(Q351X) FS, SME! (Dravet syndrome) —SJ oco0®

TRENDS in Molecular Medicine




GABA,R dysfunction in epilepsy

* Childhood absence epilepsy:

— premature stop codon (S326fs328X) in al GABA
subunits (Maljevic et al., 2006)

— (R46W) in a6 GABA (Hernandez et al., 2011)
— beta 3 GABA (Tanaka et al., 2008)
— truncated y2 subunit (Tian et al., 2012)



JleyeHune

A - B '
Cl cr i K
C
NKCC1 KC
GABA
receptor
Depolarization Hyperpolarization

* beH30AMa3enunHbLI:

— Inasenam, Knopasenart, daypasenam

* mHrnbmposaHmne NKCC1 aktuBaumnsa KCC2
TPaHCNOPTEPOB.

* Xnpypruma



Absence epilepsy (" petite mal” seizure)
two of every 1,000 people
absence seizures are brief (< 20-30 sec)
can occur 50-100 times a day

results from an abnormal synchronization of the
thalamocortical circuit



JdNuaencua oTcyTcTemA
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P/Q channel dysfunction may be linked to
episodic ataxia and epilepsy

[1] Etracellular [V
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- 30% decrease of P/Q Ca?* channels
density

Current densify

Treatment: pharlacologicald activators of Ca%* channels

Rajakulendran et al., J.Physiol., 2010



VACC are heterologous multimers

Outside cell

1 1 1 Membrane

Inside cell 0
Pore

Voltage sensing Inactivation

Amino
terminus Carboxy
terminus

Each alpha1subunit has 4 homologous repeat domains, each
comprised of 6 transmembrane segments
alpha1 modulated by other subunits

C




Channelopathies of Cav2.1

Cav1 A ((X1S)
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100
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Three distinct diseases from distinct
mutations of P/Q channel.

* Familial Hemiplegic Migraine (FHM)
Intermittent headache with aura and
paraesthesia, hemiplegia, hemianopia or
dysphasia.

« Episodic Ataxia type 2 (EA2) Intermittent
cerebellar disturbance incl, vertigo, diplopia and
nystagmus. Mild progressive cerebellar atrophy.
Rarely associated with absence seizures.

« Spinocerebellar Ataxia type 6 (SCAG6)
Progressive cerebellar degeneration.
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Clinical approaches)

supports Therapeutic education :

Behavioral strategies to prevent
the consequences
of seizures
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JleyeHne pe3ncTeHTHbIX NaToN0rnm

* OnpepgeneHne NCTOYHUKA
* XUpyprua



bonb “ KaHanonatmu

Peripheral terminal Dorsal root ganglion Spinal cord

Action potential
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TRP KaHanbl B HEPBHOU CUCTEME

‘Heat

TRPV1

TRPV2?

TRPV3

TRPV4

TRPV1 (acid)

TRPA1

(acid/base)

nerve terminals
Other TRP channels
in spinal cord?



bonb v KaHanonaTtuu

G-6e/10K aKTUBMpPYyeMbIe KaHanbl
ArOHUCT-aKTUBUPYEMbIe KaHanbl
[loTeHUMan-ynpasaaemblie KaHanbl

TRP (transient receptor potential) - kKaHanbl



HCN KaHanbl

MOHHbIE KaHa/ibl aKTUPYEMbIE
LMKANYecKumMm Hykneotnaamm (CNG1-4)

aKTUBMpPYEMbIe rMnepnoaapusaLmnen
HYKneoTna-ynpasasembole kaHanol ( HCN1-4)
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HCN kKaHanonatuu: anuaencus

ACN1: G47V S100F S272P H279Y R297T D401H
ACN2: R527Q delPPP E515K S126L
ACN2

é

P,
—

.

delPPP (p.719-721) |
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HCN kKaHanonatuu: anuaencus

Gene Mutations Phenotype
HCN1 G47V 5100F 5272P Early infantile epileptic
H279Y R297T D401H encephalopathy (Dravet-like
syndrome)
HCNZ R527Q) Idiopathic generalized epilepsy
delPPP Febrile seizures (FS); genetic epilepsy
with FS plus (GEFS+
ES15K Idiopathic generalized epilepsy
5126L FS

S126L \
o g R5270Q E5S15K




HCN KaHanonatum
* Inunencus:

— HCN1: G477V S100F S272P H279Y R297T D401H
— HCN2: R527Q delPPP E515K S126L

* bosb:
— BocnanntenbHasa (HCN2)
— HenponaTtnyeckaa (HCN1)
* bonesHb [NapKMUHCOHA

— HCN2 n HCN4 B ponam. HEMPOHAX cpeaHero mo3ra
HCN2 n /’\
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Periodic Paralysis, Epilepsy, o COOH
Long QT Syndrome NH2

KCh

COOH
NHz
Periodic Paralysis,
Episodic Ataxia, Epilepsy,
Long QT Syndrome

CaCh

Periodic Paralysis,
Episodic Ataxia, Epilepsy,
Familial Hemiplegic Migraine
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Ha namaTtb
KaHanonaruu:

* MyTaunum MHOIMMX KNaccoB aCCOLUUPYIOTCA C
bonesHAMMU

* PasHble myTauuu MOryT NPUBOAUTL K OAHUM
KaHanonatmam

* OCHOBHbIe KaHasoNaTUun 3NUAENCUm.
— Na* channel a and B subunit
— GABA, receptor
— Ca?* channels
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Table. Recognized Human Channelopathies

Disease uene lon Channel
Hyperkalemic periodic paralysis  SCN4A Sodium channel
Paramyotonia congenital SCN4A Sodium channel
Potassium-aggravated myotonia SCN4A Sodium channel
Hypokalemic periodic paralysis =~ CACNLA3 Calcium channel
type 1
Myotonia congenita CLCN1 Chloride channel
Andersen-Tawil syndrome KCNJ2 Potassium channel
Congenital myasthenic syndrome CHRNA,  Acetylcholine receptor
CHRNB,
CHRNE
Episodic ataxia KCNAT Potassium channel
with myokymia (type 1)
Episodic ataxia CACNATA Calcium channel
with nystagmus (type 2)
Familial hemiplegic migraine CACNATA Calcium channel
type 1
Familial hemiplegic migraine ATP1A2  Sodium-potassium
type 2 transporter
Spinocerebellar ataxia type 6 CACNATA Calcium channel
Myasthenic syndromes CHRNA,  Acetylcholine receptor
CHRNB,
CNRNE
Hereditary hyperekplexia GLRA1 Glycine receptor
Long QT syndrome type 1 KVLAT1  Potassium channel
Long QT syndrome type 2 HERG Potassium channel
Long QT syndrome type 3 SCN5A Sodium channel
Long QT syndrome type 4 ANK2 Ankyrin B
AR LT syucreme type 5 minK Potassium channel
Long QT syndrome type 7 KCNJ2 Potassium channel






