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Molecular biology and genetics of epilepsy.∗

L. James Willmore and Yuto Ueda

Abstract

Genetic and molecular biological methodologies are being applied to the study of patients
with epilepsy at an ever-increasing pace. Accurate classification of epilepsy within large families
has allowed identification of genes through linkage analysis and then isolation of gene products.
Mutations causing ion channel abnormalities coupled with clinical patterns of focal epilepsy syn-
dromes are beginning to change our thinking about the etiology of recurrent seizures in all patients.
Molecular methodology is beginning to have impact on understanding of the mechanisms of ac-
tions of drugs used to treat epilepsy and will have an impact on how future treatments are designed.
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MolecularBiologyandGeneticsofEpilepsy

L.JamesWillmore andYutoUeda

DepartmentsofNeurologyandPharmacologyandPhysiology,SaintLouisUniversitySchoolofMedicine,and
DepartmentofPsychiatry,MiyazakiMedicalCollege,Miyazaki889-1692,Japan

Geneticandmolecularbiologicalmethodologiesarebeingappliedtothestudyofpatientswith
epilepsyatanever-increasingpace.Accurateclassificationofepilepsywithinlargefamilieshas
allowedidentificationofgenesthroughlinkageanalysisandthenisolationofgeneproducts.
Mutationscausingionchannelabnormalitiescoupledwithclinicalpatternsoffocalepilepsysyn-
dromesarebeginningtochangeourthinkingabouttheetiologyofrecurrentseizuresinallpatients.
Molecularmethodologyisbeginningtohaveimpactonunderstandingofthemechanismsofactions
ofdrugsusedtotreatepilepsyandwillhaveanimpactonhowfuturetreatmentsaredesigned.
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W hileseizuresareknowntocomplicatestructural
andmetabolicillnesses,epilepsyresultsfrom

alternationsinfundamentalmechanismsofbrainand
membranefunctionthatresultinrecurrentseizures
withoutcauseotherthanchangesinthenervoussystem.
Epilepsyisarubricthatcollectsadiverseyetcommon
groupofdisordersthathaveallmannerofetiologic
mechanismsandclinicaloutcomes.
Definingthegenescausingepilepsyrequiresaclear

definitionofseizurebehaviorsthatarestable,anunremit-
tingclinicalcourse,andabundantclinicalmaterial.
Thereinliethechallengesforunderstandingthemolecular
biologyofepilepsy.Accuratenosologicalobservations
followedbyfirmclassificationbaseduponallaspectsofa
patient’sclinicaldilemmaarecriticaltothetaskofdefining
thegeneticsofepilepsy.Whileunderstandingthemodeof
inheritanceandtheetiologyofgeneticepilepsysyndromes
formsthebasisforgeneticcounseling,knowingthebasic
mechanismofepilepsyshouldleadtodevelopmentof

specifictherapies.

Geneticmethodology

Patternsofmolecularandgeneticchangethatresultin
epilepsyvaryfrommutationstotripletrepeatdisorders,
andincludealteredmitochondrialfunction.Whilethe
specificproteineectofalteredgenefunctioncommonly
isunknown,somegeneticabnormalitiescanresultin
channeldysfunction,changeinreceptoreciency,altered
productionoftransporterproteins,orneocorticalstruc-
turalchangessuchasmigrationalabnormalities.Aswith
mostgeneticdiseases,single-genedisorderscausing
epilepsyarediculttolocate.DNApolymorphismwith
twoormoreallelesincloseproximityprovidesastrategy
ofuseofgeneticmarkersforlinkageanalysis［1］.Ifthe
polymorphismislocatednearthegeneofinterestthen
theywillbelinkedduringcrossoversthatoccurin
meiosis;theyco-segregate.Duringanalysis,theproba-
bilitytheobservedassociationsarecausedbylinkageis
calculatedandtheprobabilitythattheobservationwasby
chanceisestimated.Aratioofthesetwoprobabilitiesis
expressedatlog oraLODscore.Ascoreof＞3
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meanstheoddsare1,000to1oflinkageisacceptedas
proof.ALODof－2isproofthatlinkagedoesnot
exist.Geneticlinkageidentifiesthechromosomeand
thencethelocationofthedefectivegene［1］.
Techniquesofmolecularbiologicalresearchhavebeen

appliedtodiscernchromosomallocationsofalteredgenes
associatedwithseveralspecificepilepsysyndromes.
Thesedisorderscommonlyareorganizedbaseduponthe
internationalclassificationofseizuresandtheepilepsies
［2,3］.Somesyndromesappeartohavesimplemen-
delianinheritance,whileothersmustresultfromcomplex
geneinteraction.Forexamplegenomicscanningof91
familieswithidiopathicgeneralizedepilepsysuggesteda
commonlocusforthatformofepilepsyonchromosome
18［4］.LociassociatedwithJuvenileMyoclonicEpi-
lepsy(JME)werelocalizedonchromosome6while
non-JMEtypesofgeneralizedepilepsywereassociated
withchromosome8.Durneretal.［4］suggestthata
susceptibilitylocuson18maybeassociatedwithseizure
expressionwithassociatedgenomiceectsthatare
requiredfromotherloci.Further,thisscanningstrategy
isofgreatinterestbecauseofthepotentialforgenetic
classificationoftheidiopathicgeneralizedepilepsies［4］.

MolecularBiologyofEpileptogenesis

Clinicalphenotypeshavebeencriticaltoearlygenetic
studiesandwillcontinuetobecriticaltodevelopmentsin
themolecularbiologyofepilepsy.However,laboratory
studiesarebeginningtosuggestthatregulationofen-
dogenousseizureabatementsystemsthatareunder
genomiccontrolmaybeoperateinthedevelopmentof
epilepsy.Forexample,themolecularregulationof
glutamateappearstobeimportantintheprocessof
epileptogenesis.ThreetypesofcDNAs,encodinghigh-
anitysodium-,potassium-dependentglutamatetrans-
portershavebeencloned,theirdistributionestimatedand
theirrolesproposed［5］.Mostglutamateisclearedfrom
theextrasynapticspacebytheactionofhighanityglial
transportersGLASTandGLT-1［6］.Morethan60
ofglutamatetransportisprovidedbytheseglialproteins.
Preparationofknockdownandknockoutsofglutamate
transporterinmicesuggesttheseproteinsareimportant
［6-8］.Amygdaloidkindlingcausesdiminishedproduc-
tionofglialtransporterwithinthepiriformcortexand
amygdalaofrats［9］.Kainicacid-inducedseizurescause
modestincreaseintheexpressionofglutamatetransport-
ers［10］.

NeuronalGABAtransporterprovidesglutamatefor
GABAsynthesis［11］ratherthanhavingaprotective
function［12］.GABAsynthesisdependsonuptakeof
glutamateasametabolicprecursorwithsubsequent
decarboxylationbyglutamicaciddecarboxylase［11］.
Variousmodelsoffocalepilepsyhaveshowncollapseof
productionofglialglutamatetransporterproteins［13］.
Inaddition,GABAtransporterproteinsareup-regulated
inseizinganimalsinthesameregions［14］.GABA
uptakebyhigh-anitytransportersismediatedbyNa
dependentsubclassesofproteinslocatedonneuronsand
gliathatare［15,16］highlyselectiveandlocalizedtopre-
andpostsynapticneuronsandtoglialcells.

IdiopathicGeneralizedEpilepsy(Table1)

Benignfamilialneonatalconvulsions(EBN1)isan
autosomaldominantneonataldisorderthattypicallyaects
achildwithseizuresbeginningonday2or3oflife.Most
seizuresresolvecompletelyby6monthsofage,butthe
patternisnotcompletelybenign,with10-14 ,develop-
inglaterepilepsy［17,18］.Leppertetal.［19］linked
BenignFamilialNeonatalConvulsions(BFNC)toCMM6
andRMR6regionsonchromosome20q.Linkageanaly-
sisfromamultiplexedfamilycontaining19peoplewith
BFNCshowedlocalizationattwoDNAregionson20q
［19,20］butalocuson8qwasfoundinonefamily［21］.
Thesemarkersarevariabletandem repeatsusinga
9-base-paircoresequenceofGNNGTGGG.Investiga-
torsobservedafour-generationpedigreeof50members
and19aectedindividuals.LODscorewas5.77with
pooledFrenchdata.
PositionalcloningstudiesofBFNChaveshownthat

genesfornovelvoltage-gatedpotassiumchannels,called
KCNQ2andKCNQ3correspondto20qand8qrespec-
tively［22,23］.PositionalcloningshowedEBN1on20q
［24,25］withencodinggeneKCNQ2forthisvoltage-
gateddelayedrectifyingpotassium channel.Specific
dysfunctionassociatedbymutationsofpotassiumchan-
nelssuggestsaneectonthresholdsofexcitabilityof
neurons［26］.Voltagedependentpotassiumchannelsare
instrumentalinrepolarizationthatfollowsmembrane
depolarizationbyNa andCa.Channelopathyfrom
mutationinKCNQ1isknowntocausecardiacconduction
abnormalities［27,28］.
KCNQ3alsoencodesaproteincharacteristicofa

voltage-gatedpotassium channel;thereisabout50
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homologywithKCNQ2［22,29］.ASer248Phemuta-
tionappearstoaltergatingproperties［30-32］.Proteins
codedbyKCNQ2and3arecoexpressedinmanybrain
regions［24,25］andresultinalteredfunctionofthe
channels［29］.

Benignepilepsy
ininfantsoccursin3patterns［33］.Fukuyama(citedby
Vigevanoetal.［33］)reportedabenignoutcomeof
infantswithpartialseizures.Theseinfantshadbland
developmentalhistoryandthenhadonsetofpartial
seizuresfrom 3monthsto20monthsofage［34］.
Seizurestendtohaveadurationof30-200secandare
characterizedbyarrestofmotionandalteredresponsive-
nesswithablankstareandsomemildconvulsivemove-
ments.Motorpatternsincludeeyedeviation,headrota-
tionandmildclonicmovementsinthecontextofocca-
sionaloralmovements.IctalEEGshowslowvoltage
patternswiththetaordeltafrequenciesintemporal
regions［33］.Durationoftreatmentvariesfrom1to3
yearswithfollowupof3-10yearsandmostpatientsare
seizurefreeandwithnormaldevelopment［33］.Benign
epilepsiesofinfancymaybegeneralizedinpatternandbe
associatedwithmyoclonusaswell［33,35］.
Benigninfantilefamilialconvulsionsaredicultto

define［35］,butthepatternofinheritanceappearstobe
autosomaldominant.Seizuresbeginbetween3and7

monthsoflife.Ictalbehaviortypicallybeginswitharrest-
edmotionandisfollowedbyaslowdeviationofthehead
andeyestooneside.Bodytoneincreases,thepatient
becomescyanoticandthereislimbmyoclonus.Seizures
generallyarebriefbutclusterat8-10perday.EEG
interictallyisnormal,butduringtheseizuresslowwaves
andspikesintheoccipital-temporalareasareobserved.
Almostallofthesepatientscontinuetodevelopnormally.
Pyridoxinedependenceordeficiencymustbeexcluded.
Sincethebenignnaturerequiresobservationovertimeto
bediscerned,mostpatientsaretreatedwithantiepileptic
medication.Linkagesto20q13.2andto19phavebeen
reported［36］.AswithBFNC,alteredpotassiumchan-
nelshavebeenidentified［33,35］.Onegroupoffamilies
didnothaveanallelicformoftheEBN1gene［37］.

Childhood
AbsenceEpilepsy(CAE)isknowntobeabenign,
age-dependentandage-limitedform ofepilepsy［38］.
Clinicalcharacteristicsareanabruptonsetofsevere
impairmentofconsciousnesswithnoverbalorothertype
ofresponsetocommands［39］.Patientsdonotrecall
eventsthatoccurredduringtheseizure.Clinicalonsetis
within3secofEEGdischargeonset.Meandurationis
12secandmanyoccureachday,fromtenstohundreds
perday.EEGshows3persecregularspikeandslow
wavedischargesthataregeneralized.Forcedoverbreath-

GeneticsofEpilepsyApril2002

Table1 Idiopathicgeneralizedepilepsy

Syndrome Locus Gene Function

Benignfamilialneonatalconvulsions［19］

(EBN1)
(EBN2)［21］

20q13.3
8q24

KCNQ2
KCNQ3

Altered voltage-gated
potassiumchannels［22］

Childhoodabsenceepilepsy［46］ 8q24

Juvenileabsenceepilepsy［51］ 21q22.1 GRIK1 GluR5-kainatereceptor

Juvenilemyoclonicepilepsy［57,59］ 6p21.2-p11
15q14

-

CHRNA7
α7subunitofnicotinic
acetylcholinereceptor

Generalizedepilepsywithfebrileseizuresplus 2q［139］

19q13.1［26］

Febrileseizures［97］

FEB1
FEB2
FEB3

8q13-21
19p13.3
2q24

-

SCN1B
-

Sodiumchannelβsubunit

Idiopathicgeneralizedepilepsy［4］ 8q24;18

Familialadultmyoclonicepilepsy 8q24［66］

WithpermissionofBCDecker,Inc.
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ingprovokesseizures.Althoughsomewhatcircular,
includingapatientinthissyndromerequiresastrict
definitionforinclusion.Patientswithearlyonset(4-12
yearsold,meanof6years)havethebestprognosis.
OccurrenceofmentalretardationoralteredEEGback-
grounddoesnotfitthissyndrome.Patientstypically
undergocompleteremission2-6yearsafteronset.
Absenceseizuresarelikelytocontinueifmyoclonus

occursduringseizuresorthereisanatoniccomponent.
PhotosensitiveresponseontheEEGmaybeamarkerfor
poortreatmentresponse.Poorresponsetotreatment,or
developmentofintractableabsenceseizuresislikelyto
occurifgeneralizedtonic-clonicsesizures(GTCS)occur
withtheonsetorbeforetheonsetofabsenceseizure
manifestation.Patientswiththepuresyndromehave
GTCSonlyin3 ofcases［40］.Inoneseriesonly
65 remitted.Ofthosewithoutremission,42 evolved
totypicalJME［40］.Predictionwasaidedbythe
occurrenceofmyoclonusorbyGTCS.Oneseriesof53
patientsolderthan20yearsthatfitthepuredefinition
whenseizuresbeganhadabout10 persistenceof
absenceseizureswhile26 hadmostlyisolatedGTCS
［40］.
Earlyworkersrecognizedapatternwithinfamiliesof

probandswithCAEthatsuggestedcomplexautosomal
dominantinheritance［41,42］.Indeed,notonlyisCAE
commoninfamiliesofprobands,with15-44 of
patientshavingapositivefamilyhistoryforepilepsy,but
monozygotictwins［43］havea75 concordance［44,
45］.
Linkageat8q24［46］issuggestediftheprobandhas

CAEwithtonicclonicseizuresandthelessspecificEEG
patternofmultispikeandslowwavepatternswith3.4Hz
spikewavepatterns.WhiletypicallydefinedCAEtends
toabateinlateadolescence,persistenceofseizureswith
evolutiontojuvenilemyoclinicepilepsyhasbeensuggest-
edtolinkto1p［47］.

Juvenileabsence
epilepsyhasalateronset,intheteenageyears.This
formofabsenceepilepsyhasalesswell-definedEEG
patternwhencomparedtotheregular3HzofCAE.A
greaterpercentageofthesepatientsexperiencetonicclonic
seizures,reaching80［48-50］.Allelicassociationhas
beenreportedwithGRIK1,aGluR5kainatereceptor
genesuggestinglocalizationon21q22.1［51］.

Juvenilemyo-
clonicepilepsyhaspatternsofclinicalseizuresandEEG
alternationswithinthefamiliesofprobandsthathave

suggestedvariouspatternsofgenetictransmission,in-
cludingcomplexinheritancewithunderlyingautosomal
dominant,autosomalrecessiveormultipleloci［52-56］.
Onegroupfoundsupportforlinkageto6pwithco-
migrationlinkedtoBF(properdinfactor)-HLAloci［57］.
Morespecificlocalizationto6q21.2q11［58］wassuggest-
edusingDNApolymorphicmarkers.Furthersupportto
6phasbeenreported［59-61］butsomehavederived
exclusionoftheHLAregion［62］andexclusionof
chromosome6aswell.Ofinterest,acandidategene
strategyappliedtothirty-fourJEM familiesrevealed
linkagewithheterogeneityin15q14regionthatencodes
thealpha7subunitoftheneuronalacetylcholinereceptor
(nAChR-CHRNA7)［63］.Linkageto8q24hasbeen
suggested［64］butnotconfirmed［65］.Thispatternof
observationfollowedbylackofreplicationmayberelated
tothevariedphenotypeswithinfamiliesanduseof
variationincriteriaforeitherinclusionorexclusioninto
multiplexedfamilies.

Familialadultmyoclonicepilepsyisabenignepilepsythat
occursinJapanese;ithasapatternofautosomaldomi-
nantwithlaterageofonsetthatJME.Patientsexperi-
encelimbmyoclonusbutnotuponawakeningandwith
raretonicclonicseizures.Neurologicalexaminationis
normalandEEGpatternsshowgeneralizedspikeor
polyspikeandslow-wavedischarges.Fourfamilieshave
showsmappingto8q24［62,64,66］.

Localization-RelatedPartialEpilepsies
(Table2)

Autosomaldominantnocturnal
frontallobeepilepsy(ADNFLE)patientshavebrief
nocturnalmotorseizuresandmayhavesecondarilygener-
alization.Onsettypicallyis10-20yearsofage.ADN-
FLEhasmappedto20q13.2-q13.3［67］.Mutationsalter
functioninCHRNA4,ageneencodingthealpha4
subunitoftheneuronalnicotinicacetylcholinereceptor
(nAChR)［68,69］.Thesereceptorsarefoundinall
layersoffrontalcortex［70］andarethoughttobe
presynapticinlocationandfunctiontomodulateneuro-
transmitterrelease;theyarehetero-pentamericligand-
gatedionchannels.TwomutationsintheM2transmem-
branedomainreducetheecacyofthechannelby
reducingCa permeability［71,72］.Anadditional
familywithADNFLEhasmappedto15q24［73］,a

Willmoreetal. ActaMed.Okayama Vol.56,No.260

4

Acta Medica Okayama, Vol. 56 [2002], Iss. 2, Art. 1

http://escholarship.lib.okayama-u.ac.jp/amo/vol56/iss2/1



regionlocatedneartheCHRNA3-5andCHRNB4.
Thispartialepilepsysyndromewasdefinedin6fam-

iliesfrom3dierentregionsoftheworld［74-76］.One
particularlylargemultiplexedAustralianfamilyshowed
autosomaldominantinheritancewith75 penetrance
［67］.LinkageanalysiswithaLOD scoreof9.29
suggested20q13.2.Positionalcandidategenework
producedisolationofthegeneticdefecttoCHRNA4that
codesforthealpha4subunitoftheneuronalnicotinic
acetylcholinereceptor.Thismissensemutationhasserine
replacingphenylalanineatcodon248［77］.Thealtered
nicotinicAchR［78］resultsinrestrictedcalciumpermea-
bilitywiththatissaidtocauseenhanceddesensitization
sensitivityofthealpha4beta2receptor.Anotherlocus
on15q24isnearcontrolforalpha3alpha5andbeta4
subunitsforthesamenAchR［73］.

Benignepilepsywithcentraltemporalspikes
(BECTS)syndromehasonsetbetween3-16years,
consideredawindowofchildhood-olderthaninfancyand
beforepuberty.Patientsexperienceunilateralmotoror
sensoryseizuresduringsleep.Seizuresarebrief,infre-
quentandrarelygeneralized.Patientsaremostcommon-
lyneurologicallynormalanddonotexperienceanyaltered
cognitivefunction.Remissionoccursintheseconddec-
adeoflife［79］.Geneticeectsaresuggestedgiventhe
occurrenceofvarioustypesofepilepsyinfamiliesof
patients.Clinicalpatternsincludeperioralparesthesias
withipsilateralfacialmyoclonus.Lossofconsciousness
mayoccur,withpatientsutteringgutturalnoises.On
occasionpatientsmayexperienceaGTCS.Although10-
13 ofpatientshavejustoneseizureabout20 become

intractable,havingseveralseizureseachdayorevenwith
clustersofseizures.Seizuresaretypically30-120secin
duration.About75 ofpatientshaveseizuresonly
duringsleep［79］.Accuratediagnosisispossiblewitha
carefulclinicalhistoryandanEEGobtainedwhilethe
patientissleepingsinceabout30 displaythetypical
polyphasicdipolethatistangentialtotheperirolandic
regions［80,81］.Familialpatternsofinheritance［82］
suggestedassessmentwithlinkagesuggestedfor15q14,
intheregioncodingfortheneuronalacetylcholinere-
ceptor［83］andforsomefamilieswithJME［63］.
BECTSmapstoCHRNA7regionofnAChRgene［83］.
Akindredwithrolandicepilepsyhasbeendescribed,with
speechdyspraxiaaddedandshowinganticipationtypical
fortripletrepeatdisorders［84］.

Famil-
ialtemporallobeepilepsywasidentifiedintwinstudies
［85］withsimplepartialseizures,occasionalcomplex
partialseizuresandonlyinfrequentgeneralization.Onset
isinlateadolescence.Patternofinheritanceappearstobe
autosomaldominantwithpartialpenetrance.Linkage
suggestedto10qinonefamilywithauditorycomplaintsin
additiontotemporallobeepilepsypatterns［86］.

Autosomaldominant
partialepilepsywithauditoryfeatureshaveseizuresthat
arecomplexpartialinpatternandmaysecondarilygener-
alize［87］.Thesepatientsaredistinguishedbyauditory
auras［86］.Kindredswithmarkerslinkingtochromo-
some10q22-24havebeenreportedbutageneproduct
hasnotbeendefined［87,88］.

Table2 Idiopathicpartial-onsetepilepsy

Syndrome Locus Gene Function

Autosomaldominantnocturnalfrontallobeepi
lepsy［67］

20q13.2-13.3
15q24［73］

CHRNA4
CHRNA3/5/7and
CHRNB4

α4subunitofnicotinic
acetylcholinereceptor

-

Benigninfantilefamilialconvulsions 9q11-13

Familialtemporallobeepilepsy 10q［86］

Partialepilepsywithvariablefoci［89］ 2

Partialepilepsywithauditorysymptoms［88］ 10q22-q24

Benignepilepsywithcentro-temporalspikes 15q14［83］ CHRNA7(possible) Neuronal nicotinic
acetylcholinereceptor
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Familialpartialepilepsywithvariablefociis
associatedwithapatternofnocturnalordiurnalpartial
seizuresthatmaybecomplexandoftemporal,frontal,
centralorparietalorigin.Linkagetochromosome2has
beenreported［89］.

Febrile seizures occur
between6monthsand48monthsoflife［90］.Fever
appearstoprecipitatetonicortonic-clonicseizuresin
otherwisenormalpatients.Somepatientswithfebrile
seizureshaverecurrentepisodesduringchildhood［90,
91］,butsubsequentepilepsyisinfrequentunlessthe
eventsarecomplexinpattern［92］.Althoughcausation
hasspawnedspeculation,ageneticcomponenthasbeen
recognizedbecauseofpatternsthatoccurinfamilies［93,
94］andingreaterconcordanceamongmonozygotictwins
whencomparedtodizygoticcohorts［43,95］.Specula-
tionaboutthemodeofinherence,probablycomplexin
pattern,issupportedbyreportingofseveralloci.One
familyhasshownautosomaldominanttransmissionand
linkageon8q13-21(FEB1).AnotherUSfamilywith
manygenerationsavailableforstudysuggestedlinkageto
19p13.3(FEB2).Noconsistentpatternhasbeenfound,
butsomeotherfamilieslinkto19pwhileothersdonot
linkto8q［96］.Onefamilyhaslinkedto2p23-24
(FEB3)［97］.

Generalizedepilepsywithfebrileseizuresplus
(GEFS＋)wasidentifiedinafour-generationAustralian
family［98］Patientshavemanyfebrileseizuresduring
infancyandthenhaveafebrileseizuresthathavean
absence,myoclonic,oratonicpatternuntilabatementin

adolescence.Linkageto19p13.1hasbeenreported［26］.
OnefamilywithGEFS＋ appearstoshowalocuson
2q21-33［99］,andheterogeneityhasbeenreportedas
well［100］.Apointmutationhasbeenidentifiedinthe
regulatorybeta1subunitofthevoltage-gatedsodium
channel(SCN1B)［101,102］.Thischangesahighly
conservedcysteinetoatryptophanthatisthoughtto
disruptadisulfidebridgecriticalformaintainingafoldin
theextracellulardomainofaprotein.Changeinabeta
subunitofthesodiumchannelcouldalterthegating
propertiesofthechannel［103,104］.Xenopusoocyte
studiesshowthemutatedgenereducessodiumchannel
expressionwithslowedinactivationandslowedrecovery
from inactivation［26］.Genescodingforseveral
isoformsofthealpha-subunitofvoltage-gatedsodium
channelsarelocatedinthisregion,makingitofinterest
inFEB3aswell［105,106］.Suchchangesthatreduce
sodiumchannelexpressionwouldresultinslowerinactiva-
tion,andslowedrecoveryfrominactivation［107,108］.
Dysfunctionalsodiumchannelscouldcausealteredtrans-
membranepotentialtendingtowardloweringthresholdfor
depolarization［23］.Whytheclinicalproblemoffever
triggersseizuresremainsunknown.

Neuronalmigrationdisorders(Table3)

Lissencephalyisassociatedwith
childrenwhoarementallyretardedandhavefacial
dysmorphicchangesalongwithepilepsy.Clinicalpatterns
ofseizuresincludemyoclonic,tonic,andtonicclonic
seizures,withinfantilespasmsoccurringcommonly.

Table3 Symptomaticepilepsy

Syndrome Locus Gene Function

Periventricularnodularheterotopia Xq28 Filamin1［118］ Actin-binding
phosphoprotein

Subcorticalbandheterotopia-doublecortex Xq21-24 Doublecortin［113］

Isolatedlissencephaly［109］ 17p13.3 PAF Platletactiviating
factor
acetylhydrolase

Progressivemyoclonicepilepsy
Unverricht-Lundborg［121］

LaforaBodymyoclonus［126］
21q22.3
6q24

CSTB-CystatinB
EPM2A-Laforin

-

Proteintyrosinephosphatase

Myoclonicepilepsywithraggedredfibers Mitochondria:tRNA
(lys)［131］

AtoG-8344tRNA(lys) Respiratory chain enzyme
deficiencies

WithpermissionofBCDecker,Inc.
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Arrestofneuronalmigrationbetween9and13weeks
causesreductioninthenumberofgyriandthephenotype
ofaregionofsmoothsurface.Cortexisthickenedwith
enlargedventriclesandhypoplasiaofthecorpuscallosum.
Corticallayersarepoorlyorganized,displaying4cortical
layersandthepresenceofdiuseneuronalheterotopia
［109］.TheMiller-DiekersyndromeandisolatedLissen-
cephalysequencehasamutationintheLIS1geneencod-
inganon-catalyticsubunitofplateletactivatingfactor
(PAF)acetylhydrolase,aheterotrimericenzymethat
inactivatesPAF［110,111］.Howthisalteredenzyme
causesalteredneuronalmigrationisunknown.

X-linkedLissencephalyanddoublecortex,classical
Lissencephaly,occursinhemizygousmaleswithmilder
eectsinheterozygoticfemaleswheresomeneurons
migrateabnormallytosubcorticalwhitemattercausinga
subcorticalbandheterotopia［112］.Themutatedgene
codesforDCXordoublecortin［113,114］.Analysisof
mutationsofDCX haveshownmissensemutations,
frameshiftmutationsandsplicesitemutation［110,114,
115］.DCXisexpressedinfrontallobesinadultsbut
widelyexpressedinfetalbrain［110,114,115］.Func-
tionofDCXisunknownatthistime.
Periventricularheterotopiaareformedofneuronsin

regionsthatfailtomigrateandarefoundasnodulesalong
thewallsofventricles.ThisX-linkeddominantdisorder
islethaltomaleswhilefemaleshaveseizuresandother
systemicsignsbutwithnormalIQ［116,117］.Locusis
mappedtoXq28witharegionalgeneFLN1thatencodes
anactin-bindingproteinfilamin1［118］.Patientshave
shownpointmutationandaframeshiftmutationwith
resultanttruncationoftheFLN1protein.

ProgressiveMyoclonusEpilepsies

Thisheterogeneousgroupofdebilitating,sometimes
fatalepilepticencephalopathiescausesegmentalarrhyth-
micmyoclonus,massivemyoclonus,GTCSorclonic
seizureswithorwithoutabsence,dementia,andprogres-
siveneurologicaldeficitsespeciallyofcerebellarorigin.

Thisdisorderhasbeendescribed
worldwide,notjustintheBalticregions［119］.Clinical
patternstendtobeuniform,withdebilitating,slowly
progressive,stimulussensitivemyoclonus.Onsetis
between6-18years.GeneralizedclonicandGTCsei-
zuresmayappearonawakening.Valproicaciddelays

progression.Mildataxiaispresent,andmildintellectual
deteriorationanddementiaoccurlateindiseasewith
patientsbecomingincapacitatedinabout5years［120］.
Inheritanceisautosomal-recessivewithvariableprogres-
sion;21q22.3linkagein12Finnishfamilieswith68
membersand26aected.LODwas10.08［121］.
Mappinglocatedseveralhighlypolymorphicmi-

crosatellitemarkerswithacriticalregionof～175Kb.
SeveralcDNA fragmentswereisolatedthatencode
cystatinB,acysteineproteaseinhibitor.Southernblots
revealedanunstableregionofDNAinthenoncoding
regionupstreamofthetranscriptionstartsiteofthe
cystatinB.Thisregioncontainsanexpansionofa
polymorphicdodecamer(5’’cccgccccgcg-3’).Thisexpan-
sionofadodecameristhefirstexampleofinstabilityof
arepeatunitotherthantrinucleotidesandaccountsfor
about92 ofpatients.Rangeoftheexpansionvaries
from30copiesupto75copies［96,122-125］.

Thisfatalprogressivemyo-
clonicsyndromehasapatternofautosomalrecessive
inheritance,withseizuresbeginninginearlyadolescence
buttheymaystartaslateas18years.Patientscommonly
diewithin5-10yearsafterfirstsymptoms.Symptoms
beginwithGTCS,absenceordropattackswithsubtle
irregularorasymmetricmyoclonus.Withprogressionthe
myoclonusbecomesalmostconstant.Photicinduced
high-voltage,spikewavesandpolyspikesinterruptthe
slowbackgroundoftheEEG.Dementia,dyspraxis,and
visuallossleadtovegetativestate.Cytoplasmicinclu-
sionsinbrain,muscle,liver,andskinareperiodic
acid-Schi positiveandcontainpolyglycosans.In38
familieswith16containingconsanguinity,localizationwas
foundto6q24［126］wherethegeneEPM2Acodesfor
aproteintyrosinephosphatasecalledLaforin［127-129］.

Mitochondrialdis-
orderscommonlypresentwithseizures［130］.Mitochon-
drialencephalopathyisassociatedwithsegmentalor
generalizedmyoclonus.MERRFsyndrome(Myoclonic
epilepsyandraggedredfibersyndrome)hasaclinical
constellationofmyopathy,ataxia,deafnessanddementia
withprogressivemyoclonicepilepsy［126］.Mostcom-
monpathogenicmutationisAtoGtransitionatposition
8344intRNA-lys［131］.Thisheteroplasmicmutation
hasvariedproportionofmutatedDNAinfamilies.This
mutationresultsinprematureterminationoftranslationof
mitrochondrialmRNAswithresultantreducedpolypep-
tidesynthesis［132-134］.
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MolecularNeuropharmacology

Knowledgeoffundamentalsofthemolecularbiology
ofepilepsyshouldleadtoanotherlevelofdrugdevelop-
ment.Forexample,valproatereducesexcitatorysynaptic
transmissionresponsibleforsynchronizationofcellfiring
thatleadstoepilepticbursting［135-137］.Valproate
interferes with excitatory synaptic processes and
suppressesdepolarizationinducedbyNMDA.However,
VPAhasamoleculareectaswellwithresultingup-
regulationofglutamatetransporterproteinproduction
resultingintheinactivationoftheeectofglutamateby
terminationofactionfollowingenhancedtransportfrom
thesynapticcleft［138］.Inaddition,Uedaetal.［138］
demonstratedthatvalproatedown-regulatestheproduc-
tionofGABAtransporterproteins,aneectthatshould
resultin prolongation oftheinhibitory eecton
intrasynapticGABA.Futureworkshouldraisequestions
aboutthedetailsofionchannelopathythatmaybespecific
toepilepsyandhowdrugscanbedesignedtoaecthighly
specifiedseizuredisorders.
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