Roberto Mutani
Dipartimento di Neuroscienze

Universita di Torino

Aspetti neurobiologici della
farmacoresistenza

Novara, 3 Ottobre 2009



Patient Outcomes

Categories of response to treatment
(N=780)
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Seizure
control

No
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Schmidt e Loscher, Epilepsia 2005




Ipotesi neurobiologiche della FR

Trasportatori di farmaco
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Perdita di efficacia degli AED (tolleranza?)
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Review generale
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The multidrug transporter hypothesis of drug resistance
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Sovraespressione di Pgp e MRP 1,2 e 5 nel
tessuto cerebrale epilettogeno

1. Acquisita, conseguenza del ripetersi delle
crisi
comparsa tardiva di FR, evoluzione
progressivadel | 0epi | essi a

2. Intrinseca su base genetica, da polimorfismo
del geni codificanti per | trasportatori

Presenza di FR ab initio



AEDs quali substrato dei trasportatori

Baltes et al, Neuropharmacology, 2007;
Luna-Tortos et al, Neuropharmacology, 2008;Pharmaceutical Research 2009

Funzione di substrato:

dimostrata per:
PB, PHT, CBZ, VPA, FBM, LTG, TPM, GBP,
TGB, LEV
(con dissocliazione per TPM,substrato solo per PGB)

non dimostrata per:
PGB e ZNS



2.

3.

AEDs quali substrato dei trasportatori

Baltes et al, Neuropharmacology, 2007;
Luna-Tortos et al, Neuropharmacology, 2008;Pharmaceutical Research 2009;
Lazarowski et al, Epilepsia 2007

AEDsn di s s o (@d es.tTPM)
Differenza fra tessuto cerebrale di modelli ed umano
Alcuni AEDs con funzioni deboli di substrato

In pazienti FR con livelli subterapeutici di AEDs puo
la sovraespressione di trasportatori essere un
fenomeno non limitato alla BBB ma sistemico?
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Ipotesi neurobiologiche della FR
Ipotesi del bersaglio molecolare

N\

Il ripetersi delle crisi e/lo | 0 ud AED, agenti
sugli ionofori Na* e sui recettori GABA,,
sI accompagna a modificazioni plastiche che
rendono | bersagli meno sensibili al | 0 a
degli AED (FR tardiva)

Polimorfismo dei geni codificanti per le varie
unita dello i1onoforo Na* , riduzione deli
recettori GABA, e modificazioni circuitali
GABAergiche (displasie corticali)

(FR ab initio)
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OUTCOMES OF STATUS EPILEPTICUS
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Current Opinion in Neurology 2009, 221 50-156

Purpose of review

Drug resistance is an important clinical problem in epilepsy, affecting a substantial
number of patients globally. Mechanisms underlying drug resistance need to be
understood to develop rational therapies. Genetics offers one route to better
understanding, and thus potentially treating, drug resistance.

Recent findings

Several important advances in epilepsy genomics and in understanding of drug
resistance have occurred, on a background of rapid advances in genomic research
across human diseases. An increasing number of genetic changes, ranging from poi
mutations to large chromosomal rearrangements, have been identified in patients
with epilepsy, broadening our understanding of causation. Elegant experiments have
been undertaken to explore the consequences of detected mutations. In some cases
there have been implications for drug resistance in epilepsy. However, much work
remains to be done to better understand the interplay between genomics of diseas
(epilepsy), genomics of drug response (pharmacogenomics of antiepileptic drugs) an
genomics of drug resistance.

Summary

Major developments in technologies and methodologies, evolving confidence in
high-throughput and genome-wide approaches, and a continuing research effort
into the genetics of inherited and sporadic epilepsies are beginning to uncover
mechanisms that may contribute to drug resistance — there is reason for hope of bette
treatments to come.

Keywords
antiepileptic drugs, chromosome, epilepsy, genetics, resistance

Curr Opin Meurel 2201 50 -156
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Table 1 Genetic causes of refractory epilepsies

Inheritance Phenotype Genotype
Monogenic  lon channel disorders Dravet syndrome spectrum SCN1A
Dravet syndrome GABRGZ
GEFS+ (MAE and TLE) SCNTA and SCNTE
Autosomal dominant nocturnal frontal lobe epilepsy CHRNA4, B2, A2
Monion channel disorders Lissencephaly-subcortical band heterotopia spectrum LIST and DCX, TUBATA
Periventricular nodular heterotopia FLNA and ARFGEF2
Polymicrogyria GPR56
Tuberous sclerosis T5C1 and TSC2
Lissencephaly, agenasis corpus calosum and abnormal genitalia  ARY
West syndrome ARX
Rett and Rett-like syndrome MECFZ and CDKLS
Epilepsy and mental retardation in female patients PCDHTS
Early infantile epileptic encephalopathy STXBF1
Progressive myoclonic epilepsies  ULD EPM1T
LD EPM2A and EPM2E
MNCLs
Infantile CLNT
Late infantile CLNZ
Finnish variant CLNS
Gipsy variant CLNG
Turkish variant CLNT
Juvenile CLNS
Juvenile vanant CiNg CLNB
Adult 7
MERFF tRNA
Sialidosis NEU
Galactosialidosis PPCA
Gaucher type Il GBA
DREPLA CAG repeats
Refractory IGE ? GLUT1
Del 1 p 36 4p-
Polygenic Chromosomal abnormalities Angelman syndrome 158g11-g13 del
Invdup 15
Miller-Dieker syndrome Del 17p13.3
Other Trisomy 18
Ring 20

Genotype-phenotype correlations. DRPLA, dentate-rubro-pallido-Luysian atrophy; GEFS+, epilepsy with febrie seizures plus; IGE, idiopathic
generalized epilepsy; LD, Lafora body disease; MAE, myoclonic astatic epilepsy; MERFF, yoclonic epilepsy with ragged red fibres; NCL, neuronal
ceroid lipofuscinosis; TLE, temporal lobe epilepsy; ULD, Unverricht=Lundborg disease.

Sisodiva e Marini. Curr Opin Neurol 2009




Genomics of epilepsy

{5 ic=s .
Genomics of drug Pharmacogenomics

The genomics of epllepsy causation, drug response and drug resistance
may be formed by completely, partly or nonoverlapping sets of vanants.
For most patients, the set of variants i1s not well understood. For some
individuals, for example, those with severe drug-resistant epilepsy due to
SCENTA mutation, the vanants influencing each of these charactenstics
might well overlap or be identical.

Sisodiya e Marini, Curr Opin Neurol 2009
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Approccio genomico alla sindrome di Dravet
Sisodiya e Marini, Curr Opin Neurology 2009

Mutazioni nel gene SCN1A : da GEFS+ alla S. di Dravet

Biologia delle crisi: ridotta densita degli ionofori Na*
nella S.di Dravet negliinterneuroni inibitori
Ippocampali

FR . AEDs Nat*-bloccanti

Possibile risposta: AEDs GABAergici
(Stiripentolo?)



Effetti genici delle terapie non farmacologiche
Sisodiya e Marini, Curr Opin Neurology 2009

Prospettive

Le possibili cause geniche di FR potrebbero
essere dedotte dalle modificazioni geniche
assoclate alle terapie

Dieta chetogenica, stil mo

nature .
necuroscicence

2-Deoxy-p-glucose reduces epilepsy progression by
NRSF-CtBP—-dependent metabolic regulation of

chromatin structure

Mireia Garriga-Canut!*?, Barry Schoenike!**, Romena Qazi?, Karen Bergendahl', Timothy ] Daley’,
Rebecca M Pfender!, John F Morrison!, Jeffrey Ockuly!, Carl Stafstrom!, Thomas Sutula! & Avtar Roopra’




