


ALADE Mission: To provide and promote epilepsy education and research
with excellence, quality, efficiency and humanistic approach for medical
and non-medical professionals in Latin America.
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PROGRAMA  – 07.02.2008

Morning session – 9:00 – 13:00
· Welcome � Group formation � Research topic distribution � Esper Cavalheiro (Brazil)
· LASSE-ALADE and the ILAE-Educational Program � Elza Márcia Yacubian (Brazil) and

Marco Tulio Medina  (Honduras)
· Transcultural aspects of the neuropsychiatric disorders � Naomar Monteiro de Almeida

Filho (Brazil)
· History of neuroscience research � Marina Bentivoglio (Italy)

Afternoon session – 14:30-18:30
· Epidemiology of the Epilepsies in Latin America � Carlos Acevedo (Chile)
· Classification of epileptic seizures � Vera Terra Bustamante (Brazil)
· Classification of the epileptic syndromes � Americo Sakamoto (Brazil)
· Epilepsy in Mesopotamia � Mario Fales (Italy)
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WELCOME – GROUP FORMATION – RESEARCH TOPIC
DISTRIBUTION
ESPER CAVALHEIRO (BRAZIL)
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LASSE-ALADE AND THE ILAE-EDUCATIONAL
PROGRAM
ELZA MÁRCIA YACUBIAN (BRAZIL) AND
MARCO TULIO MEDINA  (HONDURAS)
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TRANSCULTURAL ASPECTS OF THE NEUROPSYCHIATRIC
DISORDERS
NAOMAR MONTEIRO DE ALMEIDA FILHO (BRAZIL)
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HISTORY OF NEUROSCIENCE RESEARCH
MARINA BENTIVOGLIO (ITALY)
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EPIDEMIOLOGY OF THE EPILEPSIES IN LATIN AMERICA
CARLOS ACEVEDO (CHILE)
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CLASSIFICATION OF EPILEPTIC SEIZURES
VERA TERRA BUSTAMANTE (BRAZIL)
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CLASSIFICATION OF THE EPILEPTIC SYNDROMES
AMERICO SAKAMOTO (BRAZIL)
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EPILEPSY IN MESOPOTAMIA
MARIO FALES (ITALY)
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PROGRAMA  – 08.02.2008

Morning session – 9:00 – 13:00
· Focal epilepsies � EEG-clinical correlation � Tonicarlo Velasco (Brazil)
· Generalized epilepsies � EEG-clinical correlation  - Elza Márcia Yacubian (Brazil)
· Catastrophic epilepsies in the childhood � Maria Chiara Stefanini (Italy)
· West Syndrome � Patricia Campos Olezabal (Peru)

Afternoon session – 14:30-18:30
· Experimental Models/Basic mechanisms of the epilepsies � Giuliano Avanzini (Italy)/ Luiz

Mello (Brazil)/ João Pereira Leite (Brazil)
· Febrile status epilepticus: a translational approach � Solomon Moshé (USA)

Evening session
· Epilepsy-Neurotrasmitters-Neuroreceptors and comorbidities � Harry Stokes (Guatemala)
· Cognitive deterioration in epilepsy � Salvador Gonzales Pal (Cuba)
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FOCAL EPILEPSIES – EEG-CLINICAL CORRELATION
TONICARLO VELASCO (BRAZIL)
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GENERALIZED EPILEPSIES – EEG-CLINICAL CORRELATION
ELZA MÁRCIA YACUBIAN (BRAZIL)
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CATASTROPHIC EPILEPSIES IN THE CHILDHOOD
MARIA CHIARA STEFANINI (BRAZIL)
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WEST SYNDROME
PATRICIA CAMPOS OLEZABAL (PERU)
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EXPERIMENTAL MODELS/BASIC MECHANISMS OF THE
EPILEPSIES
GIULIANO AVANZINI (ITALY)/ LUIZ MELLO (BRAZIL)/ JOÃO PEREIRA
LEITE (BRAZIL)
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FEBRILE STATUS EPILEPTICUS: A TRANSLATIONAL
APPROACH
SOLOMON MOSHÉ (USA)
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EPILEPSY-NEUROTRASMITTERS-NEURORECEPTORS
AND COMORBIDITIES
HARRY STOKES (GUATEMALA)
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COGNITIVE DETERIORATION IN EPILEPSY
SALVADOR GONZALES PAL (CUBA)
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PROGRAMA  – 09.02.2008

Morning session – 9:00 – 13:00
· Pharmacodynamic- Receptors and pathways applied to AEDs - Regina P Markus  (Brazil)

Afternoon session – 14:30-18:30
· Pharmacokynetic applied to AEDs  - Teresa Della Costa (Brazil)

Evening Session
· Development of the cerebral cortex and neuronal migration � Marina Bentivoglio (Italy)
· Epilepsies related to cortical developmental malformations � Alejandro Scaramelli

(Uruguay)
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PHARMACODYNAMIC – RECEPTORS AND PATHWAYS
APPLIED TO AEDS
REGINA P. MARKUS (BRAZIL)
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DEVELOPMENT OF THE CEREBRAL CORTEX AND
NEURAL MIGRATION
MARINA BENTIVOGLIO (ITALY)
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EPILEPSIES RELATED TO CORTICAL DEVELOPMENTAL
MALFORMATIONS
ALEJANDRO SCARAMELLI (URUGUAY)
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PROGRAMA  – 10.02.2008

Morning session – 9:00 – 13:00
· Mechanism of actions of AEDs   -  G. Avanzini (Italy)
· Pharmacokinetics of AEDs   -    M. Bialer (Israel)
· Drug interactions in epilepsy  -   E Perucca (Italy)

Afternoon session – 14:30-18:30
· Clinical drug development - E. Perucca (Italy)
· Evidence-based therapy? Clinical trials vs clinical practice -T. Tomson (Sweden)
· Journal club - G. Avanzini/E Perucca/T Tomson/ M. Bialer
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MECHANISM OF ACTIONS OF AEDS
G. AVANZINI (ITALY)
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EVIDENCE-BASED THERAPY? CLINICAL TRIALS VS
CLINICAL PRACTICE
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JOURNAL CLUB
G. AVANZINI/E PERUCCA/T TOMSON/ M. BIALER
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Morning session – 9:00 – 13:00
· Spectrum of efficacy of AEDs - G. Avanzini (Italy)
· Adverse effects of AEDs   E. Perucca (Italy)
· When to start treatment and how? -T. Tomson (Sweden)

Afternoon session – 14:30-18:30
· Dose optimization and therapeutic drug monitoring - T. Tomson (Sweden)
· Seizure aggravation - E. Perucca (Italy)
· Interactive case discussions - G. Avanzini/E Perucca/T Tomson
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THE NEUROBIOLOGICAL
BASES OF AED RESISTANCE
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SUMMARY

It is estimated 20-25% of the epileptic patients fails to achieve good control with the
different antiepileptic drugs (AEDs) treatments, developing refractory epilepsy (RE).
The activity of the transporters as P-glycoprotein (P-gp), multidrug-resistance-associated
proteins (MRPs) and breast cancer resistant protein (BCRP), are directly related with the
multidrug resistance (MDR) phenomenon. According with other authors, we have observed
the over-expression of these all transporters in the brain of patients with RE. Several
experimental epilepsy models have demonstrated the inducible P-gp overexpression on
blood brain barrier (BBB) and brain parenchyma cells (astrocytes, neurons) related with
MDR phenotype and the impairment of brain AEDs access. Early P-pg detection in vessel-
related cells and later additional P-gp detection in neurons, correlated with the gradual loss
of protective effect of phenytoin, depending on intensity and time-constancy of seizure-
injury. The expression of P-gp and other multidrug-transporters in excretory organs suggests
they have a central role in drug elimination. Persistent low levels of AEDs in plasma or
increased liver clearance of 99mTc- MIBI (a P-gp substrate) in RE surgically treated cases
that showed P-gp brain over-expression were documented by our group. Additionally,
changes in known AED's targets (voltage-gated sodium channels, hyperpolarization-activated
current (IH) and GABA receptors) were also reported. P-gp neuronal expression described
in both clinical and experimental reports suggests an alternative mechanism related with
lower membrane potential (Δψ0 = -10 to -20) observed in P-gp-expressed cells as compared
to normal physiological Δψ0 of -60 mV. Under this situation and irrespective to the P-gp
pharmacoresistant property, MDR+ neurons could increase their sensitivity to new seizures
perhaps as an epileptogenic mechanism. The understanding of properties of these multidrug-
transporters can offer new tools for better selection of more effective preventive or
therapeutic strategies and avoid the invasive surgical treatments for RE.

KEY WORDS: Refractory epilepsy, MDR, BCRP, MVP. 99mTc-MIBI
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INTRODUCTION

Epilepsy is a neurological disorder affecting
1-2% of the general population (1 Commission
on Classification and Terminology of the
International League Against Epilepsy 1981).
Despite considerable advances in the
pharmacotherapy of epilepsy, about 30% of
epilepsy patients are refractory to antiepileptic
drugs (AEDs) (Collaborative Group for the Study
of Epilepsy 1992; Temkin 2001). These patients
can't to control the seizures after use of several
antiepileptic drugs (AEDs), even at maximum
tolerated doses administrated (Kwan &  Brodie
2000; Sander & Sillanpaa  1998) (Fig.1). In most
cases, a patient who is resistant to one major
AED also is refractory to other AEDs, although
these drugs act by different mechanisms.

 Reasoning and making decision in epilepsy,
each new diagnosed epilepsy case requires a
good identification of his epileptic syndrome, and
according with the corresponding classification,
the treatment is started. So, in ~ 60% of epileptic
patients, administration of one or two AEDs, is
enough to seizures control. However, ~40% of
epileptic patients repeatedly fail to control the
seizures with one AED after another or their
combinations, defining the Multidrug Resistance
(MDR) Phenotype. (Kwan & Brodie. 2000).

WHICH KEY MECHANISMS GOVERN EFFICACY OF

CNS DRUGS?

Anti-epileptic drugs (AEDs) are lipophilic
compounds that with adequate serum levels have
to traverse the blood-brain barrier (BBB) via the
lipid membranes. BBB is formed by the
endothelial cells lining the brain microvessels and
complex tight junctions linking adjacent
endothelial cells make these brain capillaries
tighter than peripheral capillaries to small
hydrophilic molecules.

AEDs have to bind to one or more target
molecules to exert their desired action. Thus,
pharmacoresistance could be caused by
modifications on drug target molecules, building
the "target theory" for pharmacoresistance. Many
channels, particularly those that shape the ongoing
electrical behavior of a neuron, are voltage-
dependent channels. The frequency with which
such channels open and close depends on the
membrane potential. Different types of channels
may either increase or decrease the amount of
time that they spend in the open state as the
voltage across the membrane is made more
positive. Upon depolarization of the membrane,
the Na+ channels activate and give rise to a fast
'transient' inward Na+ current responsible for the
rising phase of the action potential, and-in some

Figure 1: Behavior of responders and refractory patients
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cells-a slowly-inactivating 'persistent' current,
corresponding to the major targets of several first-
line AEDs. These AEDs block Na+ channels in
their resting state at hyperpolarized membrane
potentials with a voltage-dependent enhancement
of the block towards more depolarizing potentials.
The drugs acting on INaT channels display
voltage-dependent inhibition, associated with a
shift of the steady-state inactivation curve in a
hyperpolarized direction. This shift decreases the
availability of the Na+ channel during an action
potential and, therefore, reduces the excitability
of the cell. In this context, several mechanisms
can account for an altered sensitivity of Na+
channels in epileptic tissue. One possibility may
be an altered subunit composition of these
channels, where the downregulation of accessory
Na+ channel  1 and  2 subunits following
experimentally induced status epilepticus appears
to be a consistent finding. However, available
data indicate that altered sensitivity of Na+
channels may not be able to account for altered
efficacy of other AEDs such as valproic acid or
lamotrigine (Remy et al., 2003). This finding may
indicate that resistance to AEDs in epilepsy
patients is a complex phenomenon that possibly
relies on multiple mechanisms.

The pilocarpine model of epilepsy has been
frequently used to study changes in
pharmacosensitivity of drug targets. Leite and
Cavalheiro (1995) have provided some evidence
that high doses of common AEDs such as
carbamazepine, PHT and valproate reduce the
spontaneous seizure frequency in these animals.
This is in apparent contradiction to the finding
that Na+ channels in the same model are resistant
to carbamazepine. Similarly, experiments with
kindled rats based on their responsiveness to

PHT (Loscher et al., 1998), when rats
responsive to PHT were compared to a group of
rats that were not, no difference in PHT sensitivity
of INaT emerged. (For full revision of these
mechanisms see recently published article by
Stefan Remy and Heinz Beck, 2006).

All these data, suggests that other mechanisms
should be addressed to explain the Multidrug
resistant phenotype observed in refractory
epilepsy.

P-gp is predominantly located on the
endothelial luminal membrane of BBB and it is
estimated that lipophilic AEDs are also potential
substrates for efflux carriers of the BBB,
particularly P-gp. According with this observations,

studies in Mdr1a knockout (7/7) mice showed a
dramatic increase in the brain distribution of
compounds known to be P-gp substrates (Schinkel
et al 1994).  However, it is important to notices
that the only presence of P-gp at BBB level, as
normally described (Schinkel et al 1994; van
Asperen et al 1997), is not enough to produce
the impairment of AED's entrance in the brain, as
suggested by the treatment success in the epileptic
responders' patients. An overexpression or
functional up-regulation of P-gp at BBB and/or
brain parenchyma cells, together with other
transporters should be present to explain the
multidrug resistance phenotype observed in
refractory epilepsy. The mechanism of multidrug
resistance (MDR), initially described in tumor cells,
is due to the action of the P-glycoprotein, an
ATP- and Ca2+-dependent detoxifying pump that
extrudes potentially toxic compounds out of the
cells and can confer resistance levels of 1000-
fold or more to the expressing cells (Ling 1989,
Gottesman  & Pastan 1993).

Tishler et al. (Tishler et al. 1995) illustrated
the high expression of P-gp in the brain of
refractory epileptic patients that display MDR
phenotype, and this was subsequently confirmed
by others (D'Giano C et al.  1997; Lazarowski et
al. 1997; Sisodiya et al. 1999; Dombrowski  et al
2001; Sisodiya et al 2002).

ABC TRANSPORTERS: STRUCTURES AND

MECHANISMS OF ACTION

The multidrug resistance (MDR) phenotype is
a multifactorial phenomenon that is conferred by
distinct proteins belonging to one large named
"ABC transporters superfamily". Currently, 48
different members have been identified in the
human genome, 22 of them have been associated
with physiologic or pathological functions.
Particularly the P-gp, the multi-drug-resistance-
associated proteins (MRP1-7) and the Breast
Cancer Resistant Protein (BCRP) have been related
with the MDR phenotype.  Most ABC-transporters
have two transmembrane domains (TM) and two
cytosolic nucleotide-binding domains (NBDs)
(�tefaková et al. 2004). The breast cancer
resistance protein (BCRP), has only one TM domain
and one NBD, and is assumed to function as a
dimmer (Ejendal & Hrycyna 2002) (Fig. 2).

P-gp and others ABC-transporters are most
highly expressed in the apical membrane of
epithelial cells in the liver, kidney, intestine, colon,
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brain, testis, and placenta (Cordon-Cardo et al.
1990), suggesting that it plays a role in protecting
tissues against potential toxins.

Differentiating agents, hormones, oncogenes,
and transcription factors know to be evolved in
apoptosis, stress, inflammation and hypoxia (e.g.
p53, NFkB, NF-IL6, AP-1, HIF-1α) (Fig. 3)
(Cornwell & Smith 1993; Goldsmith et al. 1995;
Combates et al. 1994; Labialle et al 2002;
Comerford et al. 2002), can up-regulate the
expression of these transporters in previously non-
expressive cells as neurons (Ramos et al 2004,
Lazarowski et al 2007) or cardiomiocytes
(Lazarowski et al 2005a, Laguens et al 2007),
suggesting that P-gp and other MDR-like proteins
may be also involved in cell survival-death related
biological processes (Friesen et al 1997; Hirose
& Kuroda 1998; Abolhoa et al. 1999).

ABC TRANSPORTERS IN NORMAL BRAIN AND IN
CLINICAL REFRACTORY EPILEPSY

P-gp, MRPs and BCRP are normally expressed
in the BBB or the blood-CSF barrier (BCSFB),
playing all together a combined role to reduce
the brain penetration of many drugs. P-gp is
expressed on the apical side of the choroids'
plexus epithelia (Rao et al 1999) and at the
abluminal membrane of vascular endothelial cells
of the blood brain barrier (BBB) (Beaulieu et al.
1997) and it is also co-localization of P-gp with
glial fibrillary acidic protein (GFAP), rather than
the endothelial marker (GLUT1) suggesting that
P-gp is present at the astrocyte foot-ending-

processes on the luminal side of the endothelium.
MRPs proteins, which mediate the ATP-dependent
cellular export of organic anions, are expressed
in the brain microvessel endothelial cells;
however, whether MRP4 and MRP5 confer
refractoriness to AEDs is still unknown (Recently
revised by Loscher and Potschka (Loscher &
Potschka 2005). BCRP is normally located at the
BBB, mainly at the luminal surface of microvessel
endothelium. Thus, BCRP may give an additional
barrier to drug access to the brain (Cooray et al.
2002; Eisenblatter et al. 2003; Zhang et al, 2003).

About one-half of newly diagnosed patients
with epilepsy obtain full seizure control with the
first AED tried, and 13% more enter remission
with the addition of a second drug. The remaining
patients are not likely to obtain satisfactory seizures
control with any single drug or drug combination
(Collaborative Group for the Study of Epilepsy
1992) (Fig.4).

 After the potential association between P-gp
over-expression in the brain and refractory
epilepsy described by Tishler et al. (Tishler et al.
1995), several reports illustrated high levels of
P-gp and MRPs expression in epileptogenic brain
specimens from patients with refractory epilepsy
(RE). In these studies, P-gp was highly expressed
not only in vascular endothelial cells but also in
brain parenchymal cells (D'Giano et al.  1997;
Lazarowski et al.  1999; Sisodiya et al. 1999;
Dombrowski  et al 2001; Sisodiya et al 2002).
However it is still unclear whether this
overexpression of efflux transporters is

Figure 2: Typical structure of the ABC- transporters
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Figure 3: Transcription factors that up-regulates the MDR-1 gene expression

Figure 4: Reasoning and taking decisions in epilepsy
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constitutive and exists before the onset of epilepsy
or is a consequence of epileptic seizures, or drug
treatments, or both. The nature of ABC transporter
genes indicates that their expression can be
induced in previously non-expressive cells.
Consequently, overexpression of these proteins
could be observed in BBB-related cells and brain
parenchyma cells, including neurons from clinical
end experimental studies, however, the
pharmacological role of P-gp as expressed in
neurons still remains unclear (D'Giano et al.  1997;
Aronica et al. 2003; Volk et al. 2004; Lazarowski
et al. 2004a; Lazarowski et al 2004b).

The abnormal parenchyma cells presents in
the epileptogenic tissues from different RE
syndromes such as dysembryoplastic
neuroepithelial tumors, focal cortical dysplasias
and hippocampal sclerosis, could express P-gp
or MRP1 constitutively (Sisodiya et al. 2002).
However it is not known if these P-gp or MRP1
positive parenchyma cells are also epileptogenic
cells. Recently, in 3 cases of tuberous sclerosis
with refractory epilepsy, P-gp and MRP1 were
detected immunohistochemically in abnormal
balloon cells and dysplastic neurons, as well as
in normal parenchyma cells presents in brain
lesions from the epileptogenic cortical tubers but
not at normal brain areas (Lazarowski et al. 2004c).
These results indicates that in RE, the brain
expression of these transporters could be
secondary to constitutive mechanisms in abnormal
cells as well as induced mechanisms in normal
cells, and their presence only observed in the
cortical tubers, could also suggest a still non-
described potential epileptogenic-associated role.

Additionally, in the same 3 cases of tuberous
sclerosis mentioned, BCRP was only detected at
BBB level, however, a cytosolic non-ABC
transporter multidrug resistant protein named MVP
(mayor vault protein), was detected in the
cytoplasm of few ballooned cells in one of these
cases (Lazarowski et al. 2006). This last
observation is in according with previous reports
from Marroni M et al. and Sisodiya (Marroni et al
2003; Sisodiya et al 2003a).

The hypothesis of an inducible mechanism was
demonstrated in experimental epilepsy model of
our group (see below), and supported by most
recent clinical data from Sisodiya et al. (Sisodiya
& Thom 2003b), who studied P-gp and MRP1
expression in brain specimen from a fatal case of
human staus epilepticus. A net up-regulation of

both transporters in the hemisphere with cortical
dysplasia was found. Additionally, there was also
a widespread up-regulation of both transporters
in glia from the normal hemisphere reinforcing
the idea that seizures can induce the expression
MDR transporters.

BCRP and/or MVP (Mayor Vault Protein)
overexpression have been documented in some
clinical reports of different RE cases (Sisodiya et
al. 2003b; Vogelgesang et al 2004; Lazarowski et
al 2005b; Sisodiya et al 2006). And MVP was also
overexpressed in an experimental epilepsy model
(van Vliet et al. 2004).  Strikingly, we have been
recetly documented highly expressed BCRP in
the BBB and dysplastic and/or ballooned neurons
without brain P-gp overexpression,  in two children
with RE due to  transmantel cortical dysplasia
and refractory fatal satus epilepticus respectively
(Czornyj et al. 2004; Czornyj et al. 2005).

Whether over-expression of the P-gp and MRP
are demonstrated to be also a consequence of
the seizure-induced stress, this concept will give
a rational support to the criteria that "the repetitive
uncontrolled seizures are a high risk factor to
develop refractory epilepsy".

PERSISTENT SUB-THERAPEUTIC AEDS BLOOD

LEVELS OR 99MTC-MIBI-LIVER CLEARANCE IN
PATIENTS WITH REFRACTORY EPILEPSY AND BRAIN

MDR-1 GENE OVER-EXPRESSION.
Refractory epilepsy is described in patients

whom have adequate therapeutic levels of AEDs,
without control of seizures.  In spite that
therapeutic levels of phenytoin (PTH)  in blood
and CSF can be achieved 2 hours after
conventional loading doses of i.v. administration
of PTH (Rabinowicz et al 1997), in some cases,
patients can have persistent low plasmatic levels
of PHT (or at least one of the AEDs administered),
despite their scrupulous compliance with the
prescribed drugs regimen. In these cases, often
non-detectable errors for AEDs measurement
procedures methods are assumed. However, the
persistent low plasmatic levels of PHT (or other
AEDs) in spite of adequate drug administration
and their relationship with the brain expression
of P-gp in two pediatric patients with refractory
epilepsy were first reported by our group
(Lazarowski et al. 1997; Lazarowski 1999a;
Lazarowski et al. 2004a).

In both cases described, over-expression of
P-gp in the brain do not explain the inappropriate
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blood levels of AEDs obseerved but the results
might indicate that, at least in these cases, P-gp
over-expression could be a more general
phenomenon that results in the accelerated
clearance of AEDs not only from the epileptic
lesions but also from the blood and peripheral
tissues, perhaps in concert with other active
metabolic and excretory mechanisms. We suggest
that a systemic P-gp (or other ABC-transporters)
over-expression should be considered as a
potential additional mechanism responsible for
drug resistance to pharmacological epilepsy
treatment, and highly suspected in patients with
persistent sub-therapeutic drug plasma levels in
their laboratory controls.

Most drug metabolizing enzymes produce
either covalent modifications of functional groups
or conjugation of xenobiotic substrates with
endogenous co-substrates to facilitate drug
metabolism and excretion. The abundant
expression of P-gp in tissues where drug alteration
takes place suggests that P-gp plays central role
facilitating drug elimination or their metabolites.
Bile flow plays important functions during drug
metabolism. A large number of endogenous
"waste products" and xenobiotic are secreted into
the bile, often following oxidative or conjugative
metabolism by hepatic detoxifying systems. Most
canalicular transport elements involved in bile
formation are members of the ABC transporter
super-family, among them the glycoprotein P-gp
and MRPs.  In this regard it was recently
documented that P-gp is overexpressed in the
liver of chronic epileptic rats without  influences
on  phenytoin kinetics  (vanVliet  et al 2007).

99mTc-hexakis-2-methoxyisobutylisonitrile
(99mTc-MIBI) is used as a myocardial perfusion
imaging agent (Boucher et al. 1980). However,
99mTc-MIBI has been reported to be a transport
substrate for P-gp as not metabolized compound
and it is used for in vivo functional detection of
P-gp activity in different tumors (Hendrikse et al.
1998; Lazarowski 1999b; De Moerloose et al.
1999; Lazarowski et al 2006b). The normal
distribution of 99mTc-MIBI correlates with the active
efflux mediated by P-gp in excretory organs [Fig.
3]. For this reason, irrespective to the AED's
plasma levels of the patients, 99mTc-MIBI-HB-T½
could be a more robust parameter to evaluate the
excretory systems dependent of ABC-transporters.
The individuals with higher excretory function of
drugs could be porters of high expression of active

P-gp in these excretory systems.  According with
all these properties of 99mTc-MIBI, we recently
observed that the 99mTc-MIBI hepatic clearance
showed a differential accelerated pattern in
patients with pharmacorresistant epilepsy
(Vazquez et al. 2004). In this preliminary study,
the renal 99mTc-MIBI kinetic measurements did
not show differences between pharmacoresistant
epileptic patients and controls. However, in
patients with RE, 99mTc-MIBI hepatic clearance
(MIBI-HC) was significantly shorter than normal
controls and responder cases (p<0.001), indicating
that hepatic, but not the kidney excretion, could
somehow be involved with additional
pharmacokinetic changes favoring the
development of a pharmacoresistant phenotype.

To assess the potential relationship between
this accelerated kinetics and the brain over-
expression of P-gp, in a retrospective study, we
investigated five of cases with RE and faster MIBI-
HC.  These patients had mesial temporal sclerosis
and were surgically treated. In brain specimens
P-gp overexpression was documented in vascular
endothelium, glial cells and neurons in several
hipocampal areas investigated by
immunohistochemistry and RT-PCR methods, but
in contrast with previous report (Aronica et al.
2004 ),  MRP was not detected

USE OF CALCIUM CHANNEL BLOCKERS

In the pioneer report of Tishler and col. (Tishler
et al. 1995), it was documented that phenytoin did
not accumulate in MDR-1 expressing DAOYAR2
cells but, pre-incubation of these cells with
verapamil resulted in cellular accumulation of
phenytoin to concentrations similar to those
observed in DAOY (MDR-1 negative) control cells.

Our group has recently studied several
pediatric cases with persistent sub-therapeutic
AEDs blood levels and refractory epilepsy.
Nimodipine administration, together with AEDs,
resulted in notable improvement of both medical
condition and blood levels of AEDs. Importantly,
one of these patients described above (Lazarowski
et al. 2004a) showing P-gp over-expression in
brain, the combined therapy with phenytoin and
nimodipine resulted in increased plasmatic levels
of phenytoin and a decreased PHT clearance.

Recently, it was described an 11-years-old boy
who developed status epilepticus after a
prolonged right-side simple partial motor seizure,
which was unresponsive to long term aggressive
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treatment with several AEDs (Ianetti et al. 2005).
The control of seizures was achieved at a plasma
valproic acid level of 108 g/ml, but electrical
status epilepticus persisted, and the child
remained comatose. On day 37, a treatment with
verapamil (a calcium L-channel blocker) was
started, and 1.5 hour after the initiation the
infusion, the patient regained consciousness, was
able to breathe spontaneously, and the electrical
status, promptly disappeared.  The authors
suggested that verapamil, a known P-gp inhibitor
acted by facilitating the brain penetration of AEDs
simultaneously administrated to the patient,
however, because surgical treatment was not
developed, brain over-expression of P-gp can't
be confirmed in this case.

It is interesting to remark that the use of
nimodipine, showed a significant increasing T½
of 99mTC MIBI-liver-clearence of two RE patients
from the previously mentioned 99mTc-MIBI kinetic
study, which had an initial T½ of 99mTC MIBI-
liver-clearence of 1636 sec. and 1583 sec, and
after 2 months of nimodipine treatment, the T½
were increased to 2134 sec. and 2565 sec.
respectively. The outcome in a year follow up
both patients had an important clinical
improvement associated the kinetic changes,
diminishing the frequency seizures up 50%. One
of them was seizure free for four months (D'Giano
et al. 2005). Several progresses are coming from
use of more specifics and effective inhibitors of
P-gp and others ABC transporters. According with
the result related here, in association with AEDs
this stratagem could be an alternative treatment
in refractory epilepsy.

MULTIDRUG RESISTANCE GENE (MDR-1) IN
EXPERIMENTAL EPILEPSY MODELS

The brain expression of mdr-1 gene can be
induced in experimental models of epilepsy. Several
groups have demonstrated the over-expression of
P-gp in different epileptic models, such as a single
dose of intra-cerebroventricular kainate, chronic
epilepsy, and status induced, where the P-gp
expression on brain parenchyma cells as astrocytes
and neurons, was documented. (Seegers et al. 2002;
Rizzi et al. 2002; Lazarowski et al. 2002)

Recently, a very original study (Kwan et al.
2002) have investigated both mdr-1a and mdr-1b
rodent isoforms genes expression, in genetically
epilepsy-prone rats, after single audiogenic
stimulation. This model eliminates the induction
of mdr-1 gene produced by drugs, physical

restraint or implantation of electrodes. The authors
suggested that: 1) the expression of P-gp is
increased along with the seizure axis and 2) the
short-term audiogenic stimulation can induce the
expression of mRNA mdr-1a gene for periods as
long as seven days.

In our experience with a rat model of 3-
mercaptopropionic acid (MP)-induced seizures,
the daily induction of one convulsive episode for
4 consecutive days (MP-4), P-gp immunosatining
carried out using two different monoclonal
antibodies, resulted in high expression of P-gp in
vascular endothelial cells and adjacent astrocytes
located in the cortex, striatum and hippocampus.
However while some vessels showed negative
immunoreactivity, few neurons were
immunoreactive (Lazarowski et al. 2002). In a
second study a more extensive MP stimulation
was performed during 7 consecutive days (MP-
7)(Lazarowski et al 2004b). The immunostaining
was more enhanced in vessel-related cells
compared with MP-4 treatment. Additionally,
immunoreactivity selectively spread to distal
neurons. However, astrocytes neighboring these
positive distal neurons and some vessels were
negative.  Results observed in these experiments
indicated that mdr-1 over-expression depends on
the seizure-stress frequency. Also, this expression
exhibits a selective sequential pattern in term of
the type of cells affected: as the frequency of
the induced-seizures increased, more cells i.e.
endothelial cells, astrocytes and surrounding
neurons, became mdr-1 positive.

The early detection of P-pg in vessel-related
cells with the persistent non-reactive vessels and,
later the additional P-gp immunostaining in
neurons suggest that the expression of P-gp in
previously non-expressing cells is a progressive
process of selective cellular induction depending
on intensity and time-constancy of seizure-injury.
This observations are in agreement with the
potential develop of "P-gp-positive seizure-axis"
as proposed previously (Kwan et al. 2002). In
this context it is worth noting that in a recent
prospective study with 525 epileptic patients, it
was shown that the development of RE directly
correlated with the number and frequency of
epileptic crisis before initiation of drug therapy
(Sander & Sillanpaa 1998).

Because MDR1 gene expression is under control
of various transcriptional factors including NF B and
AP-1, found at high levels in the brain of epileptic
rats as well as in brain tissues of patients with
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temporal lobe epilepsy, further suggests that
sustained seizures may induce mdr-1 expression
independently from AEDs administration. However,
recently it was reported that the treatment with the
more common AEDs, could result in higher P-gp
brain expression as demonstrated in an experimental
model of Coriaria  lactone-induced status epilepticus
(Wang et al. 2003 ).

A more recent experiment of our experimental
group, demonstrated that long term treatment with
3.MP (13 days), animals developed refractory
epilepsy to phenytoin treatment and death in
status on 13th day.  However, additional treated
with nimodipine (2mg/kg, ip) clearly reversed
the refractory phenotype (Girardi et al. 2005) and
was also able to restore the normal hippocampal
pharmacokinetics of PTH. (Lazarowski et al.
2006c; Hocht et al. 2007). The increasing neuronal
expression of P-gp paralleled with the progressive
loss of protective effect of PTH and the death in
status epiepticus. Perhaps, the presence of P-gp
in neurons could play a role in the easier
development of new seizures or more severity
of them. In this regards, an alternative mechanism

to the classic pumping function of P-gp was
observed in cells expressing MDR-1 gene. These
cells exhibit significantly low membrane potential
(Δψ0 = -10 to -20) compared to the physiological
potential (Δψ0 of -60 mV), leading to reduced
(~30%) binding of the drug (Wadkins & Roepe
1997, Roepe 2000). In a speculative consideration,
this potential membrane alterations (Δψ0), not only
could contribute to develop the refractory
phenotype, but also, and as consequence of the
electric nature of neuronal function sensitive to
the membrane depolarization, P-gp expressed
neurons may play a role in the intrinsic
mechanisms of the epileptogenicity. Because a
significant and stable membrane depolarization
occurs in MDR1-expressed cells which exhibit
significant low membrane potential (Δψ0 = -10 to
-20) compared to normal physiological Δψ0 of -
60 mV, in case of neurons over-expressing P-gp
in epileptogenic tissues, this will lead to a
persistent reduced threshold to lower glutamic
stimuli triggering more seizures (Fig. 5). Is this
mechanism consistent with the "target
hypotheses" mentioned above?

Figure 5: Hypothesis: Are P-gp positive neurons' predepolarized?
In these conditions, low glutamic acid stimuli could induce a new seizure.
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CONCLUSIONS:
The ABC transporters as MDR-1, MRP-1 and

BCRP and additionally, the cytosolic MVP protein,
are related with the epileptic refractory
phenotype, and the understanding of their
molecular properties can give to us, new tool for
better selection of more effective therapeutic
strategies, and avoid the invasive surgical
treatments for Refractory Epilepsy
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PROGRAMA  – 13.02.2008

Morning session – 9:00 – 13:00
· Generic products of AEDs: Is it an issue? � M. Bialer (Israel)
· Are the adverse effects of phenobarbital overestimated? -T. Tomson (Sweden)
· Stopping AED treatment: When and how? - G. Avanzini (Italy)

Afternoon session – 14:30-18:30
· Guidelines for drug therapy of the epilepsies � Carlos Guerreiro (Brazil)
· The AEDs of the future � M. Bialer (Israel)
· Alternative therapy in childhood epilepsies � Jaderson Costa da Costa (Brazil)
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ARE THE ADVERSE EFFECTS OF PHENOBARBITAL
OVERESTIMATED?
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THE AEDS OF THE FUTURE
MEIR BIALER (ISRAEL)



278



279



280



281



282



283



284



285



286

ALTERNATIVE THERAPY IN CHILDHOOD EPILEPSIES
JADERSON COSTA DA COSTA (BRAZIL)
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PROGRAMA  – 14.02.2008

Morning Session – 9:00 – 13:00
· The normal and the pathologic hippocampal formation � Alexandre Valotta da Silva
· Neuroimaging  in epilepsies � Fernando cendes (Brazil)
· Neuropsychological evaluation of the epilepsies � Cândida Pires de Carmargo (Brazil)

Afternoon Session – 14:30-18:30
· Neurocisticercosis and epilepsy � Marco Tulio Medina (Honduras)
· Constructing guidelines for the study of the epilepsies � Arturo Carpio (Equador)
· Discussão de casos clínicos � genética das epilepsias � Iscia Lopes Cendes
· Síndromes epilépticas geneticamente determinadas: Aspectos clínicos e moleculares �

Iscia Lopes Cendes
· Genetic of the epilepsies � Iscia Cendes
· Epilepsy genetics: Genotyping can help clinical practice � A. Delgado-Escueta
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THE NORMAL AND THE PATHOLOGIC HIPPOCAMPAL
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NEUROIMAGING IN EPILEPSIES
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NEUROPSYCHOLOGICAL EVALUATION OF THE
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NEUROCISTICERCOSIS AND EPILEPSY
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CONSTRUCTING GUIDELINES FOR THE STUDY
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2A   ESCOLA LATINO-AMERICANA DE VERÃO EM EPILEPSIA

2A  ESCUELA LATINO-AMERICANA DE VERANO EM EPILEPSIA

2ND LATIN-AMERICAN SUMMER SCHOOL ON EPILEPSY

SÃO PAULO, SP, BRASIL FEBRUARY 2008

Caso 1:  Paciente do sexo masculino de 23 anos estudante de engenharia refere que aos 15
anos iniciou com episódios nos quais ouvia um som semelhante a uma motocicleta, alguns
desses episódios eram também acompanhados de visão distorcida  (face ou objetos). Esses
episódios acontecem pelo menos 1 vez a cada 6 meses. Nunca se importou muito com eles
até porque seu pai apresenta �episódios� semelhantes e nunca procurou auxílio médico
por essa razão, porém sua noiva que presenciou um desses �episódios� insistiu para que
ele procurasse o neurologista. O paciente nega qualquer outro evento mesmo durante o
sono (o que foi confirmado com a mãe), teve um desenvolvimento adequado e foi sempre
ótimo aluno. O exame geral e neurológico é normal. A história familiar revela que o pai do
paciente assim como 3 outros tios paternos (2 mulheres e 1 homem) também apresentam
episódios muito semelhantes e uma das tias conta que também tem �episódios� nos quais
sente uma �sensação estranha de familiaridade, como se já tivesse vivido aquela situação
ou ido a lugares que nunca freqüentou antes�. A outra tia paterna além dos �episódios�
apresentou também em uma única ocasião uma �convulsão� durante o sono. Somente a tia
que teve a convulsão usa medicação antiepilética os demais não usam medicação e consideram
os episódios como �normais� ou �coisa da família�.

DISCUSSÃO DE CASOS CLÍNICOS – GENÉTICA DAS
EPILEPSIAS

ISCIA LOPES CENDES
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Caso 2: Adolescente do sexo feminino de 16 anos de idade, natural de Monte Santo, MG e
procedente de Franca, SP. Refere que a partir dos 6 anos iniciou com quadro de �tremores�,
que inicialmente apareciam apenas durante a movimentação. O quadro foi piorando com o
aparecimento de �choques� principalmente em membros superiores (parecia que tinha
levado um �susto�), seguido de perda de equilíbrio ao andar e dificuldade para pegar
objetos (�errava o alvo�). Notou também que sua fala anda arrastada, como se estivesse
embriagada. O quadro foi a acompanhado de sintomas de labilidade emocional (como
choro fácil), mas não teve um declínio cognitivo perceptível até o momento. Refere
também que há 1 ano iniciou com �convulsões� que têm se repetido pelo menos 1 vez por
mês. Segundo a paciente o sintoma que mais a incomoda são os movimentos e os �choques�.
Fez uso de fenitoína por 4 meses depois do início das convulsões, mas teve que interromper,
pois sentiu uma piora importante do equilíbrio. Nega outros casos na família, é a segunda
filha de uma irmandade de 3 irmãos (ela e mais 2 irmãos homens). Nega consangüinidade
nos pais, mas ambos são nascidos em Monte Santo, uma pequena cidade do sul de MG com
6.000 habitantes.

Caso 3: Criança do sexo masculino de 1 ano e 3 meses, o terceiro filho de casal não
consangüíneo (tem outras 2 irmãs mais velhas) sendo que a mãe perdeu uma gestação
antes do nascimento dele aos 6 meses de gravidez de um feto masculino.  Procura o
serviço de neurologia infantil por apresentar retardo do desenvolvimento neurológico
identificado desde os primeiros meses (ainda não senta sozinho), acompanhado de crises
convulsivas desde os 6 primeiros meses. Refere ter feito uso de várias medicações
anticonvulsivantes sem um controle adequado das crises. Sua irmã mais velha (de 8 anos)
também teve algumas crises somente durante o sono e hoje faz uso de medicação com
bom controle. Nenhuma das 2 irmãs tem retardo mental. Mãe e pai são hígidos. Não há
nenhuma outra criança com quadro semelhante na família.

Caso 4: Recém-nascido (10 dias de vida) de parto normal sem intercorrências, foi
encaminhado ao neuropediatra por ter apresentado no berçário uma convulsão no terceiro
dia de vida. Recebeu alta do berçário usando fenobarbital, mas não mais teve qualquer
episódio. Atualmente país referem que a criança se comporta normalmente, com boa
sucção e bom ganho ponderal. O pai está reticente em manter a medicação pois ele
também teve uma convulsão única no período neonatal que nunca mais se repetiu. Todos
os exames para alterações metabólicas e infecciosas estavam normais no momento da
convulsão, mas mesmo assim a criança foi medicada com antibióticos e fenobarbital
endovenoso. Nenhuma outra criança na família tem ou teve crises e os pais não são
consangüíneos (mãe de origem italiana do interior de São Paulo e pai originário de Recife).

Caso 5: Criança de 6 anos com quadro de início aos 8 meses quando ocorreu a primeira
tônico-clônica em presença de febre, que foi seguida de outros episódios de crises tônico-
clônicas, sendo a maioria induzida por febre. Aos 2 anos apareceram também crises
mioclônicas. As crises são freqüentemente prolongadas, tendo levado levando à ocorrência
do status epilepticus em uma ocasião. O desenvolvimento neurológico foi normal antes do
início das crises, mas atualmente é comprometido. Até o momento não foi conseguido um
controle adequado das crises com medicação. Pais são hígidos sem consangüinidade, negam
casos semelhantes na família.
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O reconhecimento de que fatores genéticos
são importantes na etiologia das epilepsias vem
desde os tempos de Hipócrates. Na era moderna,
vários estudos têm demonstrado de forma científica
a importância desses fatores na determinação das
epilepsias generalizadas idiopáticas. No entanto,
as epilepsias focais eram vistas, até bem pouco
tempo, como determinadas predominantemente
por fatores ambientais. Recentemente, um número
cada vez maior de relatos tem documentado a
ocorrência de famílias segregando diversas formas
de epilepsia focal.

1. INTRODUÇÃO

Epilepsia é uma das condições neurológicas
mais comuns, ocorrendo em aproximadamente 1
a 1.5% da população geral1. A Classificação das
Epilepsias e Síndromes Epilépticas, proposta pela
ILAE (International League Agaisnt Epilepsy) divide
as epilepsias em idiopáticas, sintomáticas e
criptogênicas2. O grupo das epilepsias idiopáticas
corresponde a aproximadamente 50% do total das
epilepsias humanas1. É nas epilepsias idiopáticas
que a predisposição genética se apresenta de
maneira mais marcada. Inicialmente, acreditava-
se que as epilepsias idiopáticas generalizadas
apresentavam um forte componente genético, mas
que as epilepsias parciais eram predominan-
temente causadas por fatores ambientais. Foram
os estudos clínicos e eletrencefalográficos reali-
zados por Andermann que chamaram a atenção
para o envolvimento de fatores genéticos também
nas epilepsias parciais3,4. Mais recentemente, com
a identificação de síndromes especificas de
epilepsia parcial familiar5-7os estudos de genética
molecular das epilepsias idiopáticas parciais
tomou novo impulso8-10.

2. ESTUDOS DE EPIDEMIOLOGIA GENÉTICA

Desde os primórdios da medicina muito se tem
especulado sobre a base genética das epilepsias3,4.
Nos anos 50 e 60 vários estudos epidemiológicos

SÍNDROMES EPILÉPTICAS GENETICAMENTE
DETERMINADAS: ASPECTOS CLÍNICOS E MOLECULARES

ISCIA LOPES CENDES

demonstraram as primeiras evidências científicas
para uma predisposição genética nas várias formas
de epilepsia11-13. Nesses trabalhos se observou que
o risco de desenvolver epilepsia era de 1.5 a 5
vezes maior nos indivíduos com antecedente
familiar da doença do que na população geral 14,15.
Observou-se também em vários estudos que o risco
para familiares de pacientes com epilepsia
generalizada idiopática era aproximadamente 2
vezes maior do que o risco para indivíduos com
história de epilepsia parcial16-18. Estudando mais
de perto o tipo de fator genético envolvido na
susceptibilidade para epilepsia, Lennox em 195111

e Inouye em 196017 demonstraram que a
concordância clínica entre gêmeos monozigóticos,
quando comparada com a concordância em pares
dizigóticos, sugere a presença de um fator genético
importante, mas demonstra também que o modelo
de herança não é monogênico. Nos anos 70,
Andermann14 propôs o modelo multifatorial para
as epilepsias, no qual fatores genéticos e ambientais
interagem na determinação dos riscos de
recorrência familiar da doença. Atualmente, as
epilepsias, particularmente as idiopáticas, são vistas
como doenças complexas do ponto de vista da
herança genética18. Outros exemplos de doenças
geneticamente complexas são: diabetes juvenil,
hipertensão e doenças psiquiátricas como a
esquizofrenia e a psicose maníaco-depressiva19.
As doenças complexas são definidas como
condições nas quais a correspondência entre o
genótipo e fenótipo não é completa. Vários fatores
são responsáveis pela �complexidade� dessas
doenças, entre eles: penetrância incompleta,
presença de fenocópias, heterogeneidade genética,
herança poligênica ou multifatorial e alta
prevalência na população geral19-21.

3. A GENÉTICA MOLECULAR E O ESTUDO DAS

EPILEPSIAS

Com os avanços recentes da biologia molecular
as teorias sobre genes implicados na transmissão
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das epilepsias poderão ser finalmente compro-
vadas experimentalmente.

Existem duas estratégias básicas para se
localizar genes que causam doenças:

a) O teste de genes candidatos relacionados
com a alteração metabólica ou os mecanismos
fisiopatológicos da doença. b) A clonagem
posicional realizada sem o conhecimento a priori
das alterações metabólicas e/ou processos
fisiopatológicos de base. Essa última estratégia
utiliza técnicas de manipulação do DNA visando
o mapeamento genético. A utilização das técnicas
de clonagem posicional tem resultado em inúmeros
sucessos no mapeamento genético das doenças
neurológicas, cujos mecanismos são complexos
e pouco conhecidos. As epilepsias são um bom
exemplo dessa categoria de doenças.

Mesmo com o sequenciamento completo do
genoma humano, anunciado desde o ano 2000, a
estratégia de clonagem posicional permanece
útil. Isso porque o conhecimento da seqüência
do DNA não nos fornece informações precisas
da localização física dos genes ou de sua função.
Vale lembrar que o mapeamento do locus é
apenas o passo inicial para a identificação de um
gene que causa doença, e para alcançar tal
mapeamento podemos nos valer basicamente de
2 tipos de desenho experimental: estudos de
ligação e análise de associação22. A escolha
de um ou outro método se baseia no tipo de
efeito genético influenciando a doença em estudo.
Seja esse efeito na forma de um gene maior ou
de genes menores influenciando o fenótipo. Em
geral na presença de um únic gene, responsável
pela predisposição genética (herança monogênica)
émais comum o encontro de recorrência familiar,
levando à disponibilidade de grandes famílias com
vários indivíduos afetados para o estudo. A
situação oposta ocorre quando a característica em
estudo é influenciada por fatores genéticos mais
complexos, na forma de múltiplos genes influen-
ciando o fenótipo (herança poligênica), ou quando
existe a interação de fatores genéticos e ambien-
tais (herança multifatorial) na determinação final
das características clínicas da doença. Neste caso
a recorrência familiar é menos freqüente, levando
à necessidade do estudo de pacientes isolados
não relacionados.

Para a primeira situação, ou seja de genes maio-
res determinando o fenótipo e levando a grande
recorrência familiar utilizamos preferencialmente
os estudos de ligação. O estudo de ligação, é
baseado no conceito de recombinação e no prin-

cípio de que quando dois genes estão próximos
no mesmo par cromossômico eles não se segre-
gam independentemente. Dessa forma, pode-se
usar a porcentagem de recombinantes como um
indicador quantitativo da distância linear entre dois
genes em um mapa genético23. Portanto, se dois
genes estão ligados, significa que estão muito
próximos entre si e, conhecendo a posição cro-
mossômica de um desses genes, a posição cromos-
sômica do segundo gene pode ser inferida. Uma
das estatísticas mais comumente utilizadas para
confirmar ou afastar ligação é o lod score (Z) 24.

Se ao contrário, não observamos grande
recorrência familiar da doença e a maior parte
dos casos é dita isolada, damos preferência aos
estudos de associação, onde utilizamos material
proveniente de indivíduos doentes, não
aparentados, seguindo um desenho do tipo �caso-
controle�. No estudo de associação a freqüência
dos alelos nos indivíduos afetados (casos) é
comparada com a freqüência nos controles
(indivíduos sem a doença)22. A análise de
associação é mais útil do que a de ligação para
confirmar a suspeita da participação de um
determinado alelo na manifestação de uma certa
característica ou de um alelo existente em um
locus próximo ao responsável pela característica.
As associações podem ocorrer porque o próprio
gene marcador é o causador da patologia ou
porque o alelo do gene marcador está em
desequilíbrio de ligação com a mutação do gene
relacionado à doença25.

Segundo uma visão alternativa, podemos
considerar que a utilização desses dois estudos
na identificação de genes é complementar, uma
vez que a análise de ligação visa encontrar loci
possivelmente responsáveis pela expressão da
doença e o estudo de associação indica a presença
de um locus de susceptibilidade que aumenta a
chance do indivíduo apresentar a doença, mas
não garante que ela será expressa25.

Atualmente são utilizados marcadores mole-
culares microssatélites na maioria dos estudos de
ligação em humanos. Tais marcadores são
seqüências de DNA repetitivo em tandem de
dinucleotídeos26. Estes marcadores são mais
informativos nos estudos de ligação, por serem
numerosos e altamente polimórficos na população
humana, características que auxiliam na análise
das famílias genotipadas e conferem o máximo
de informação para estudos de ligação26.

Já nos estudos de associação, nos quais se têm
como base a comparação da freqüência alélica
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ou genotípica entre casos e controles o tipo de
marcadores mais utilizados atualmente são os
polimorfismos de base única ou SNPS22,28. Nesse
tipo de estudo, em geral, são formuladas duas
hipóteses: H

0
 para não associação e H

1
 para

associação. Utilizando cálculos estatísticos adequa-
dos, como testes de χ2, e analisando os resultados
de p-value, rejeita-se ou não H

0
. No caso de

rejeição de H
0
 fica mostrado associação entre gene

ou locus estudado e a doença. Neste tipo de
estudo, rejeita-se H

0
 para valores de p < 0,0122.

Os estudos de associação são utilizados na
detecção de genes de susceptibilidade à
determinada doença, os quais apresentam efeitos
discretos ou moderados na sua determinação22, o
que torna estes testes estatísticos mais adequados
para doenças poligênicas e multifatoriais25.

4. PROGRESSOS RECENTES NO MAPEAMENTO E
IDENTIFICAÇÃO DE GENES IMPLICADOS NAS

EPILEPSIAS.
Com o uso combinado das diferentes estratégias

para a localização e identificação de genes
implicados em doenças humanas vários loci para
diferentes formas de epilepsia humana já foram
localizados e alguns genes identificados. Como
esperado, a maior parte das epilepsias mapeadas
até o momento mostra uma herança genética
Mendeliana clássica (autossômica dominante ou
recessiva) ou são doenças degenerativas com
alterações bioquímicas conhecidas cujos genes já
haviam sido previamente identificados. Nessas
doenças as estratégias que tiveram sucesso foram
os estudos de ligação genética. As formas de
epilepsia mais comuns e que apresentam herança
genética mais complexa (poligênica e/ou
multifatorial) ainda desafiam os pesquisadores da
área e mesmo com os progressos nos estudos de
associação resultados concretos e replicáveis ainda
não estão disponíveis.

É importante diferenciar entre o mapeamento
de um locus para a doença e a clonagem de um
gene. O mapeamento do locus com a utilização
dos estudos de ligação é o passo inicial para a
identificação de um gene que causa doença. Mas
somente com a identificação do gene cujas
alterações (ou mutações) levam a doença podemos
começar a compreender melhor os mecanismos
básicos que levam ao aparecimento da epilepsia.

Com os avanços das técnicas de mapeamento,
novos genes responsáveis pela transmissão das
epilepsias deverão ser mapeados em um futuro
bem próximo. O desenvolvimento de novos

métodos de análise estatística e de novas técnicas
de biologia molecular possibilitarão a localização
de genes que predispõem as formas mais comuns
de epilepsia e que apresentam uma herança
genética complexa. Além disso, interações entre
múltiplos genes e fatores ambientais poderão ser
melhor investigadas. Isso possibilitará avanços
importantes no entendimento dos mecanismos
básicos responsáveis pela epileptogênese, o que
por sua vez poderá resultar em terapêutica mais
específica e eficiente.

OS TESTES MOLECULARES

As mutações são em última instância as
responsáveis pelas doenças genéticas. Hoje em
dia já existem disponíveis testes moleculares
específicos para uma série de mutações. Esses
testes tem desempenhado um papel cada vez
mais importante na prática clínica, já que
apresentam uma alta sensibilidade e especificidade
para o diagnóstico de uma série de doenças
neurológicas.

Os testes moleculares podem ser realizados a
partir do DNA, RNA e proteína, dependendo do
tipo de teste ou mesmo do tipo de mutação
envolvido. A característica principal do testes
molecular é ser altamente sensível e específico,
ou seja sua capacidade de fazer o diagnóstico é
muito alta (em várias ocasiões chegando a 100%)
e sua porcentagem de resultados falso positivos
muito baixa. No entanto, o teste molecular é
pontual, ou seja, o teste deve ser orientado por
uma suspeita clínica bem firmada. Principalmente
devido ao seu alto custo e necessidade de mão
de obra altamente especializada, quando se decide
por um teste molecular devemos saber o que
estamos procurando, qual(ais) o(s) gene(s)
possivelmente envolvido(s) ou até que tipo de
mutação específica pode estar causando a doença.

Ainda não existe uma recomendação consen-
sual sobre quando e como utilizar testes mole-
culares para epilepsias na prática clínica. Esse é
um assunto que está sendo discutido por
especialistas da ILAE e uma recomendação deve
ser divulgada em breve. No momento, recomenda-
se a utilização de muita cautela na indicação e
interpretação de testes moleculares para as
epilepsias (este assunto será discutido com mais
profundidade nas aulas teóricas e nas discussões
de casos durante o curso).

Uma grande dificuldade hoje em dia é se manter
atualizado sobre quais os testes disponíveis e
mesmo onde estão sendo realizados. Em nosso
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país, esse tipo de informação não está compilado
de maneira sistemática. Havendo interesse do
clínico nesse tipo de teste, o ideal é procurar por
grupos de pesquisa que têm interesse conhecido
na área. Em geral, esses grupos poderão orientar
sobre a disponibilidade dos testes moleculares
para situações específicas e o local onde poderão
ser realizados. Vale lembrar que nenhum teste
molecular é atualmente coberto pelo Sistema
Único de Saúde no Brasil.
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EPILEPSY GENETICS: GENOTYPING CAN HELP
CLINICAL PRACTICE
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PROGRAMA  – 15.02.2008

Morning session – 9:00 – 13:00
· Surgically treatable epilepsies and surgical treatment gap in Latin America � Américo

Sakamoto (Brazil)
· Localization of the epileptogenic zone by non-invasive methods � Silvia Kochen

(Argentina)
· Advanced multimodality imaging in the evaluation of intractable epilepsies � Csaba

Juhásh (USA)
· Pathophysiology and management of infantile spasms - Harry Chugani (USA)
· Epileptogenesis of cortical dysplasia � Gary Mathern (USA)

Afternoon session – 14:30-18:30
· Surgical approach to adulthood epilepsies: temporal lobe � Ricardo Centeno (Brazil)
· Surgical approach to adulthood epilepsies: extratemporal epilepsies � Ney Azambuja

(Brazil)
· Surgical approach to childhood epilepsies  - Helio Machado (Brazil)
· Vagus nerve stimulation � Mario Alonso Vanegas (México)
· Future perspectives in the treatment of the epilepsies � Manuel Campos (Chile)
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SURGICALLY TREATABLE EPILEPSIES AND SURGICAL
TREATMENT GAP IN LATIN AMERICA
AMÉRICO SAKAMOTO (BRAZIL)
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LOCALIZATION OF THE EPILEPTOGENIC ZONE BY NON-
INVASIVE METHODS
SILVIA KOCHEN (ARGENTINA)
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ADVANCED MULTIMODALITY IMAGING IN THE
EVALUATION OF INTRACTABLE EPILEPSIES
CSABA JUHÁSH (USA)
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PATHOPHYSIOLOGY AND MANAGEMENT
OF INFANTILE SPASMS
HARRY CHUGANI (USA)
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EPILEPTOGENESIS OF CORTICAL DYSPLASIA
GARY MATHERN (USA)
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SURGICAL APPROACH TO ADULTHOOD EPILEPSIES:
TEMPORAL LOBE
RICARDO CENTENO (BRAZIL)
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SURGICAL APPROACH TO ADULTHOOD EPILEPSIES:
EXTRATEMPORAL EPILEPSIES
NEY AZAMBUJA (BRAZIL)
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SURGICAL APPROACH TO CHILDHOOD EPILEPSIES
HELIO MACHADO (BRAZIL)
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VAGUS NERVE STIMULATION
MARIO ALONSO VANEGAS (MÉXICO)
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FUTURE PERSPECTIVES IN THE TREATMENT OF THE
EPILEPSIES
MANUEL CAMPOS (CHILE)
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PROGRAMA  – 16.02.2008

Presentation and discussion of research projects

Adjourn
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