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L'epilessia e un disturbo neurologico che si
manifesta con crisi ricorrenti sostenute dalla
scarica parossistica di un gruppo di neuroni
della corteccia cerebrale.

la scarica di un neurone
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Classificazione

Si distinguono In

IDIOPATICHE (indipendenti da lesioni cerebrali)
SINTOMATICHE (derivanti da lesioni cerebrali o malformazioni del

cervello)
CRIPTOGENETICHE (la causa scatenante non é conosciuta)
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Nella prima la predisposizione alla crisi & presumibilmente costituzionale,
nella seconda si collega a lesioni di varia origine (traumi cranici, encefaliti
pregresse, tumori) dell'encefalo.

Dal punto di vista clinico si distinguono:

un‘epilessia generalizzata, in cui la sofferenza interessa tutte le zone
cortical,

una parziale, in cui la sofferenza é localizzata in un numero ristretto
di aree.
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Tra le epilessie parziali merita un posto a parte I'epilessia psicomotrice,
legata a una sofferenza del lobo temporale. L'epilessia generalizzata si
distingue in grande male e piccolo male.
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a) Generalised seizure: b) Focal seizure:
both halves of the brain are the seizure activity begins in
affected simultaneoushy one half of the brain

Epileptic seizures can be divided into the
following types:

Generalised Focal Non-specific
seizures seizures seizures
e.g. grand mal, e.g. partial e.g. SelZures
absence complex In new-borns
SelZUres,

one-sided
myoclonic

selZures



Incidence of Epilepsy Seizure Types

Other generalized Absence

8%
% Unclassified
Partial unknown 3%
7%
Generalized
tonic-clonic
23%
Co”.‘p'ex Myoclonic
partial 3%

36%

Simple partial
14%

Hauser WA. Epilepsia. 1992;33(suppl 4):S6-S14.



stroke PATIENT-RELATED FACTORS
“'m _ 1. - genetic background - alcohol, drug abuse
- severity ad oy = - age - other ilinesses & treatments
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PRIMARY INURY | SECONDARY INJURY
(at the time of insult) ‘ (
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- neuronal death (acute) (epileptogenesis) - excitotoxicity
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autosomal dominant nocturnal frontal lobe epilepsy

generalized epilepsy with febrile seizures plus

childhood absence epilepsy

juvenile myoclonic epilepsy
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subunita mutanti nicotiniche
neuronali a4 e B2

subunita al e B1 del canale
voltaggio-dipendente del sodio e
la subunita y2 del GABA

mutazioni sulla y2 del GABA,

mutazioni sulla al del GABA,



Una mut uo determinare un cambiamento fenotipico essenzialmente in
due modi

(g':prodotto che ne deriva ha una funzione ridotta o assente MUTAZIONI “LOSS
FUN

Il prodotigeh deriva ha acquisito una nuova funzione anomala
MUTAZI ‘SN OF FUNCTION”

Loss of function. A. Muta-
zione in un gene recessivo. |l
prodotto mutato non com-
porta alcuna perdita di funzi-
one perché 'allele sano com-
pensa per la perdita. B. La mu-
tazione in entrambe gli alleli
comporta una situazione di
loss of function.



Una mutazi determinare un cambiamento fenotipico essenzialmente in
due modi:

Il prodotto che ne deriva ha una funzione ridotta o assente MUTAZIONI “LOSS
OF FUNCTN"

Il prodotto
MUTAZIO

eriva ha acquisito una nuova funzione anomala
OF FUNCTION”"

Situazione normale e

gain of function. A. |
due alleli presenti sui due
geni sono sani. B. Mutazi-
one in uno dei due alleli
dominanti. La mutazione
comporta una situazione
di gain of function.



Epilepsy and migraine

Ma* K* Ca? GABA, Nicotinic
Epllepsy SCN1A KCNOQ2  CACNAIH GABRAT (CHRNAZ
SCNIB  KCNQ3 GABRB3 CHNRA4
SCN2A  KCNMAT GABRG2 CHRNE2
Migralne 5CN1A CACNATA
N lar di &Y. D
euromuscular |5nrqers 4 A
Ma* K+  Ca? cr Nicotinic AT e
Myasthenia CHRNAT \ W
Fetal akinesla CHRNB! '|
CHANG

CHRND Cerebellar ataxia and excessive startle

CHRNE

K* Ca* Glycine
el b L Ataxia KCNA1 CACNAIA
Perlodic  SCN4A KCNJ2  CACNAIS . KCNC3
paralysis

Hyperexplaxia GLRAT
Pain SCNoA GLRE
Erythema

Kullmann 2010



Neocortical
principal cell

GABRD
(8 GABA,)
IGE

Interneuron

GABRA1, GABRG2
(al, y2 GABA,)
GEFS+,CAE, JME

CHRNA2, CHRNA4, CHANB2 =
4 h e
S %ﬁﬁ;’ SCN1A, SCN2A, SCN18B

(Nav1.1, Nav1.2, Navj1)
GEFS+, BFNIS, SMEI, ICEGTC

KCNQ2, KCNQ3
(Kv7.2,Kv7.3)
BENC KCNMA1

(BK)

Epllepsy with dyskinesia

Thalamic reticular C(Ach:f
nucleus neuron EA2 + absence epilepsy

Kullmann 2010



What do the monogenic epilepsies tell us about
epilepsy mechanisms?

Gene Protein Phenotype

SCN1A Na* channels a. subunit of Na, 1.1 GEFS+, SMEI, FHM
SCN2A a subunit of Na, 1.2 BFIS

SCN1B B, subunit GEFS+

KCNMAl K* channels BK channel Epilepsy + paroxysmal dyskinesia
KCNQ2 M current BFNC

KCNQ3

KCNA1 Kvl1.1 EAL + epilepsy

CACNA1A Ca?* channels P/Q-type Ca?* channel EA2 + epilepsy, FHM, SCA6
CLCN2 Cl-channel ClC-2 IGE

CHRNA4 Nicotinic ACh o, Subunit ADNFLE

CHRNB2 recepiors B, subunit

GABRG2 GABA, receptors v, subunit GEFS+

GABRA1 o, subunit JME, absence epilepsy
LGI1 Not channels Epitempin ADPEAF / LTLE

EFHC1 Myocloninl JME




Epilepsy: the simple view

Prediction
Epilepsy should result from:
Loss of function mutations causing decreased inhibition
GABA, receptors
K* channels v
Gain of function mutationg causing increased excitation
glutamate receptors
Na* channels
Ca?* channels 2

X
?
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B Truncation O Missense A Splicesite A Deletion
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Mild Moderate Severs Truncation
Missense Missense Missense Loss of function
Febrile seizures GEFS+ D5
Febrile seizures Febrile seizures Febrile seizures
Generalized seizures Generalized seizures

Myoclonic seizures

Atypical absence seizures

Ataxia Catterall 2014

Cognitive impairment



Epilepsy-Causing Mutations in SCN1A
Qo Bl B2
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Table 1

Functional Effects of the SCNI4 Sodium Channe] Mutations that Cause (GEF5+

Increased Sodiem Chanme] Aconafy

Muntation | Chanmel | Cell Trpe Effecr:
LCNIBENT a1 2 HEE 1 Use-dependence, Fasser recovary Som slow mactreton
TETIM a1 1 Nenopes cocyies | T Peruiskacs
WIEME | M ll Neropecs cocyies | Memiree volase-dependance
WIZHE | b1l | wAXl T Parsismocs
REIHEH | ll | denopes cocyms | | Use-depemdence, Fauer recovary
RIMHEH | bh¥all | =AXI T Parsistencs
RIMEH | hdhl4 | wAN] Fastar recovary
RISHEC i ll | =AXI T Parsismace
DIE6SY | a ll | JMenopes cocyms | T Periseoce
Decreased Sedinm Chansel Acoviry
Muntation | Chanmel | Cell Trpe Effecr:
RETGC ha 11 | Jenopes coryms | Positve Volaee-depandonce, Slowar mecovery oo low macteanon, | Corrent
TET5M a1 1 Xeropecs oocyies | T Slow macireaton
TET5M h*a l4 | wA] T Fast and slow macthation
VI3EL | e ll | =AX] Mo soditem coment
TL6 550 h*h,11 | =AXI Positrre volmpe-dopandanca
RIS57C h*all | =AXI Pezittre voimpe-dopandanca, | Cormer
ALSEFV | BMa,ll | mAX Mo soditmn coment

Escayg and Goldin 2010



Ligand-gated channelopathies

GLUTAMATE ﬁ

Pre and postsynaptic
modifications

C 0
Physiological or

structural properties of
receptors
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Acetylcholine

i GABA
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Vescicol
sinaptiche

Cellula postsinaptica
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Trasportatore X

Terminale presinaptico

Decarbossilasi
dell'acido
glutammico

}lGap.
Glutammato

Glutamminasi
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Recettore GABAg —> IPSP's

Glutammato \

Membrana postsinaptica

Recettore

Cellula gliale
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GAB A'Ti succinica

Succinate

Chetoglutarato/ Ciclo




Presynaptic Glia

Glutamate

Metabolism
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Subunits: Y Ssubunits:
ol-6, p1-3, v1-3, 8, R1a, R1b and R2
e, Band

Recettori per il GABA (acido y-
amminobutirrico)

Subunits:
p1-3

\j



GABA ,-Rs

e Recettori GABA, (ionotropo)

- Recettori ionotropi ligando-dipendenti

- Funzionano essi stessi da canali ionici permettendo il passaggio di
Cl- se aperti dal neurotrasmettitore

- Sono attivati da: GABA
Muscimolo
Isoguvacina
- Sono inibiti da: Bicucullina
Gabazina



GABA-Rs

* Recettori GABAg (metabotropo)

- Sono associati a canali Ca%* e K* attraverso l'attivazione di proteine
G

- Sono attivati da: GABA
Baclofene

- Sono inibiti da: faclofene
saclofene



GABA-Rs

* Recettori GABA:

- Sono considerati un sottotipo di recettori GABA,. Derivano da varie
isoforme della subunita p e sono associati a canali per il CI". E
tessuto specifico per la retina.

- Sono attivatida: GABA
CACA ac. Amminocrotonico- 4- cis
TACA ac. Amminocrotonico-4- trans
- Sono inibitida: TPMPA ac. metilfofidico
- Sono resistenti a: Bicucullina
Barbiturici
Benzodiazepine
Baclofene






Meccanismo lonotropo Metabotropo lonotropo
Subunita ofyden® 0| e P
Tempo di apertura 2-20ms ] e 150 ms
c aCo10(la
GABA 10 uM (ECy, 10 uM (ECy, 1 uM (ECyy,
Muscimolo Agonista Inattivo Agonista parziale
Baclofen Inattivo Agonista Inattivo
Bicucullina Antagonista competitivo Inattivo Inattivo
Picrotoxin Antagonista non competitivo Inattivo Antagonista non competitivo




GABA site
Agonists
Antagonists

BARBITURATE site
Depressants (also ethanol?)
Excitants?

BENZODIAZEPINE site
Agonists (depressants)
Antagonists
Inverse agonists

STEROID site
Anesthetics
Excitants?

PICROTOXININ site
Convulsants
Depressants?

Chloride
channel

1) Media la neurotrasmissione inibitoria
%2) Ionotropo, selettivo per gli ioni CI™
3) Pentamero (2a, 2p, y)

4) Siti di legame per farmaci quali barbiturici
e benzodiazepine




h two classes of GABA , receptors

Y2 receptors a5/8/ax/PX receptors

Low affinity Zn2*-insensitive High affinity Zn2"-sensitive
y g

Phasic Tonic



Table 16-1. Distributions and Novel Pharmacological and Physiological Properties of the Major
GABA , Receptor Subtypes in the Rat Brain

Isoform Eelatve Location Pharmacology/property
abundance
o 152y2 40% Most brain areas; hippocampal, Common coassembly
cortical interneurons; BZ-typel
cerebellar Purkanje cells Zn-insensitive
o 2532 15% Spinal cord motoneurons, BZ-tvpe 11
hippocampal pyramidal cells Moderately Zn-sensitive
o 3Fy2/3 10% Cholinergic, monaminergic neurons BZ-type II, abecarnil-sensitive
o2yl 10% Bergmann glia, thalamus, BZ mverse agonist-enhanced
hypothalamus
o 353y2/3 3% Hippocampal pyramidal cells BZ-type II, zolpidem-insensitive, moderate Zn-sensitivity
o652 2% Cerebellar granule cells BZ agonist-insensitive, moderate Zn-sensitivity
o658 3% Cerebellar granule cells Insensitive to all BZ, GABA high affinity high Zn-sensitivity
steroid-insensitive
ey 2% Cortical, hippocampal pyramidal BZ agonist-insensitive, low steroid sensitivity
cells; striatuim
oed5 28 4% Thalamus, dentate granule cells Insensitive to all BZ, GABA high affinity high Zn sensitivity,

steroid-insensitive
All other 11% Throughout CINS

BZ. benzodiazepine Modified from McKernan and Whiting [20] with permission.
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GABA,-Rs

Pentamerica
4 domini transmembranari

Loop intracellulare fra i domini 3
ed

Sono stati identificati 16 geni
responsabili per le subunita del
recettore

Le subunita sono state divise in
7 classi a1-6, B1-3,v1-3,0,¢, e
pl-3

la maggior parte dei sottotipi di
recettori GABA, siano formati da
subunitaa, P ey







Fig. 1. Model of GABA , receptors with location of two binding sites
tfor GABA and one for benzodiazepine allosteric modulators.



Chromosome location
Gene Protein (human)

GABA,-Rs
GABRAI al 5q31.1-33.2

GABRA2 a2 4p12-p13
GABRA3 a3 Xq28
a@ GABRA4 a4 4pl14-ql2

GABRA5 a5 15q11-q13
GABRA6  ab 5q31.1-33.2
GABRBI Bl 4p12-p13
GABRB2 B2 5q31.1-33.2
GABRB3 B3 15q11-q13
Probabilita’ di apertura e e durata gﬁgﬁgg z; gg;l—lqglz
delle. aperture GABRG3 v3 15q11-q13
condizionata da: GABRD1 51 1p
‘benzodiazepine (+,) GABREI & Xq28
-barbiturici pl 6q14-q21
‘anestetici (-¢) p2 6q14-q21

-alcol

‘ormoni steroidei ()



Benzodiazepine

Barbiturici W“

GABA + - —
diazepam s Exan

b 1 sec

5mvV

© 2005 edi.ermes milano



Intermediate ring

Additional ring of prolines
in anion channels




GABAA receptors:
nosological map of mutations
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- Childhood Absence @) Febrile seizures Ga|anopou|0u 2010
@ Juvenile Myoclonic Epilepsy @ ADEFS+



A. Corticothalamic network 'B. Spike-wave complexes

& GABAergic interneuron N
O—* Excitatory neurons Cortex « EEG

2 1\ channels  Nas/k+ AP

Sensory afferents

Galanopoulou 2010



GiABA A receptor mutations in epilepsy and seizunes

Saeure fvpe Mot dion Twpe ol mutstion Site ol moaation  Funetionsl eTaet o F masfion Helerence
wplepay
Amosomal dommant  GABRAL(AIZZD)  Mmosense M3 domaan Low amphtsde GABA cuments |56,57]
IME reduced aurface sopramon,
mreass] GARA BCS0
GARRD (B2 20H Mo ins e Fxiracd ol ar Low amplitode GARA cwrenis, [46]
dommnain inpained trafficin g7
CAE GABRAL (97 53eiC,  Frameshifi muiaton M3 domain o msen se-mesdiated mEMA decay, [14.17]
S30aFazER) Premnasane degradation in ER
fiermm nadian
GABRAG (AW ) Mmsense Extrace hilar Na change in GABA A curment [18]
domam
GARRRY (-89TTC Promoger region Diecreassd tmnscription {impairad [19]
by morp hesm) Neci-3 bndmng)
GABRES (P 15, Missere Fxsacdhilas My pesighy ccaylasion? [20]
S15F, G32E) domnain
GAHRHY Aasociation analyai [1%]
CAE + febrile GABRGE (R430) blisa enae Excraeal bl ar Diecreased aurface expraasion, ER (24,57, 124]
Benmmes damam reterrtian, Altered berood icepm e/ 26273 234]
GARA bmding 7
(V&S + 2 T=3) Exan & sdpping MI-M2 linker Exoni siopi ng. pramasam: [37]
Premasre termmadion ER referdion and
ReTEN A an degradation va nondunctio nal
O
ADEFEA GARRGZ (K2Z8M)  Msserse MZ-M3 Imker Descreased (A BA A current [3€]
{ e irace hulas) ammpliuds, Intact DZ potesiaton
GARRGE (W390X)  Pramaturs M3-Md Imker ? [127]
R i on (i mcallalary
GABRD(EITTA) Miins enine Extracd lalar Low amphisade GABA cwrents [46]
(RZ20Cy o ain i pained walicking?,
GABEA4(TI20A)  Missense 1 [1%]
Also aeen in eontrols
IGE, ADEFS+ GARRF(V 10M) Miss eroe Exraca bl ar t [1%]
Tettrabe sea muren damnam
OABRE (Y385, Mumss emse Extraca bul ar T [18]
ESZK) damain Also presemt i cangrols
SMET ADEF&+ GARRGE (A S51X) Pramasare M3} limioer ER retention [42,121]
Setrure type ! Nlutation Type of mutstion Site of mutation  Functional ¢Tet o f mutation Reference
EMET GABRGZ((M0Y)  Premasre Txwace kilar ER redention [49]
ReT Feddi on dosinadn
Febrile astoures GABRGHRIMNG)  Misenss Exctrascad bul as Inereased fan phase deseramizaion,  [44]
domnamn reduced amanivity to dismepam
GARRE (G5a5) Misesos Extraca bl ar ? [1%]
damam
Angelnan syndrame 15q11-13 dedetan Dedetsom, matermally  15g11-13 Diecreased eoprasmon af svolved |60]

inheited {may inchide GABRRE,

Benes
GABRAS, GABRGY)




Acetylcholine-Rs
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Neurotransmitter
Pore binding pocket

' Cytoplésm

Unwin 1993

Copyright © 2002, Elsevier Science (USA). All rights reserved.
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Table 1

Distribution of nAChRE subtypes in the central nervous system (adapted from Gotti &
Clement, 2004).

3 oid o5 b o7 (2 (A3 4

Cerebral cortex

Frontal ] » » »
Parietal ] »
Occipital
Temporal » » L] L] » » » L]
[nsular
Enthorinal cortex ] ] ] ] ]
Subiculuwm ] ] » » »
Hippocampus ] ] » » L
Thalamiis
Basal ganglia
Caudate ] ] ] ]
Putame n ] ] » » » » »
Globus pallidus
Brainstem
Midbrain ] »
Pons

Medulla oblongata
Cerebellum » » L] » » L]
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FIG.1. Geographic and physical

distribution of the different muta-

QAS248F tions associated with autosomal

0482521, dominant nocturnal frontal lobe

epilepsy (ADNFLE). A: World-

wide map with the localization of

the families in which the different

ADNFLE mutations were identi-

B V287M /L. fied. B: Schematic representation
E of a neuronal «4B2 nicotinic ace-
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L in inset, a blowup of the second
transmembrane (TMIl) domain

Vv and the location of the different
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Bertrand et al., 2002
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