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Abstract

The idiopathic generalized epilepsies (IGE) comprise two major groups: the classical IGE and
generalized epilepsy with febrile seizures plus (GEFS+). The classical IGE syndromes include
childhood absence epilepsy; juvenile absence epilepsy; juvenile myoclonic epilepsy; and epilepsy
with generalized tonic-clonic seizures alone. GEFS+ is a familial epilepsy syndrome, characterized
by a spectrum of phenotypes. The phenotypes of GEFS+ include febrile seizures (FS), febrile seizures
plus (FS+), FS/ FS+ and absences, myoclonic, atonic or partial seizures, myoclonic-astatic epilepsy
and severe myoclonic epilepsy of infancy. Our study of 121 individuals in 20 families, where 84 had
previously recognized GEFS+ phenotypes, expands the phenotypic spectrum of GEFS+ syndrome to
include afebrile generalized tonic-clonic seizures with generalized spike wave or normal EEG in the
absence of FS. To date, there are three ion channel genes (SCN1A, SCN1B and GABRG?2) confirmed
as having a role in GEFS+, but none has been implicated in the majority of patients with GEFS+
phenotypes, such as those found in small families. Indeed it is likely that in most families, GEFS+
is a polygenic disorder resulting from the cumulative effect of a number of genes of lesser effect
rather than the genes so far characterized in the few large families ascertained. Small GEFS+ families
and bilineal inheritance in some add support for complex inheritance in a significant proportion of
families. The phenotypes of classical IGE occur in some GEFS+ families. The percentage of classical
IGE phenotypes is 9% (11/121) of affected individuals in our study. This suggests that classical IGE
phenotypes and GEFS+ phenotypes overlap in some GEFS+ families. Our study provides new insights
into the inter-relationship of GEFS+ and classical IGE, where shared genetic determinants probably
account for the overlap of these syndromes in some families.

INTRODUCTION the large families reported, yet insights into the
susceptibility genes for complex inheritance of
GEFS+ in smaller kindreds are just beginning
to emerge.

Here, we report 20 new GEFS+ families
varying in size from 2 affected members to 12
affected individuals. We analyze the phenotypes
within these families and compare them with
previously reported GEFS+ families. In addition,

Generalised epilepsy with febrile seizures
plus (GEFS+) is a genetic epilepsy syndrome
diagnosed on the basis of a number of family
members with phenotypes within the GEFS+
spectrum.! The phenotypes of GEFS+ include
febrile seizures (FS), febrile seizures plus (FS+),
FS/ FS+ and absences, myoclonic, atonic or

partial seizures, myoclonic-astatic epilepsy and
severe myoclonic epilepsy of infancy (or Dravet
syndrome). Although GEFS+ is an idiopathic
generalised epilepsy (IGE), it is only rarely seen
in association with the classical IGE syndromes
of childhood absence epilepsy, juvenile myoclonic
epilepsy and juvenile absence epilepsy.”

There are three ion channel genes (SCNIA,
SCNI1B and GABRG?2) confirmed as having a
role in GEFS+. Mutations of these genes have
been found in a small number of large multiplex
GEFS+ families where the inheritance of seizures
is consistent with autosomal dominant inheritance.
Small GEFS+ families are more frequent than

we examine the overlap of GEFS+ and IGE
phenotypes found within a subset of families.

EPILEPSY PHENOTYPES IN GEFS+
FAMILIES

Our study of 121 individuals distributed in
20 families had seizures, 84 with previously
recognized GEFS+ phenotypes: FS in 37, FS+ in
16, FS+ with other seizure types (absence, atonic)
in 7, myoclonic-astatic epilepsy in 7, and partial
epilepsy with or without FS in 17 individuals.
In 8 families, an additional 11 individuals had
IGE: childhood absence epilepsy in 5, juvenile
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myoclonic epilepsy in 5, juvenile absence
epilepsy in 1. Twenty six individuals had other
phenotypes: afebrile generalized tonic-clonic
seizures in 5, Lennox-Gastaut syndrome in 1,
unclassified seizures in 17, unconfirmed seizures
in 3 individuals.

In studying many families with GEFS+, we
have occasionally encountered family members
who have isolated or rare afebrile generalized
tonic-clonic seizures. In our new families, we
found 5 individuals who had afebrile generalized
tonic-clonic seizures without preceding FS.
The EEG results were normal in 3 patients; no
EEG results were available for the other two.
Baulac et al reported an individual with afebrile
generalized tonic-clonic seizures associated with
an SCNIA mutation in a GEFS+ family.® Bonanni
et al reported 7 GEFS+ families with 39 affected
individuals without mutations of known GEFS+
genes.” Six individuals in four families had
afebrile generalized tonic-clonic seizures. Two
of these 6 individuals showed 3 Hz generalised
spike and wave on EEG and were classified as
IGE with generalized tonic-clonic seizures. These
data suggest that isolated afebrile generalized
tonic-clonic seizures also form part of the GEFS+
spectrum.

THE PHENOTYPES OF GEFS+ AND
CLASSICAL IGE OVERLAP FAMILIES

In 20 GEFS+ families, the phenotypes of GEFS+
and classical IGE overlapped in 8 families. The
classical IGE phenotypes in GEFS+ families
included five childhood absence epilepsy patients
(one twin pair) in 4 families, five juvenile
myoclonic epilepsy patients in 4 families, and 1
juvenile absence epilepsy patient in one family.
In these 11 classical IGE patients 2 had a history
of FS.

This is not the first time that classical IGE
have been found in GEFS+ families. Molecular
studies have shown that GABAA receptor
subunit gene mutations may occur in GEFS+ and
classical IGE families. Specifically GABRG2 gene
mutations have been reported in a large family
with GEFS+ and childhood absence epilepsy
phenotypes.? Sodium channel subunit mutations
more commonly are found in GEFS+ families
but classical IGE may also be seen. For example,
early-onset absence epilepsy without FS occurred
in one member of a GEFS+ family with a SCN1B
mutation.’ Rare individuals in GEFS+ families
have been reported with juvenile myoclonic
epilepsy. In some cases they carry the familial
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sodium channel SCN1A mutation®; whereas, in
others they do not.?

EVIDENCE FOR COMPLEX INHERITANCE
IN SOME GEFS+ FAMILIES

In 20 GEFS+ families, 10 families were consistent
with autosomal dominant inheritance. Bilineal
inheritance was present in 8 families, involving
14 affected members. Another 2 GEFS+ families
were small, each only had 2 affected members.
Bilineal inheritance and small GEFS+ families add
support for complex inheritance in a significant
proportion of families.

This study expands the phenotypic spectrum of
GEFS+ syndrome to include afebrile generalized
tonic-clonic seizures with generalized spike wave
or normal EEG in the absence of FS. Our findings
emphasize the inter-relationship of GEFS+ and
IGE; shared genetic determinants probably
account for the overlap of these syndromes in
some families.

REFERENCES

1. Singh R, Scheffer IE, Crossland K, Berkovic SF.
Generalised epilepsy with febrile seizures plus: a
common, childhood onset, genetic epilepsy syndrome.
Ann Neurol 1999; 45:75-81.

2. Marini C, Harkin LA, Wallace RH, Mulley JC,
Scheffer IE, Berkovic SE. Childhood absence epilepsy
and febrile seizures: a family with a GABA(A)
receptor mutation. Brain 2003;126(Pt 1):230-40.

3. Escayg A, Heils A, MacDonald BT, Haug K, Sander
T, Meisler MH. A novel SCN/A mutation associated
with generalised epilepsy with febrile seizures plus-
-and prevalence of variants in patients with epilepsy.
Am J Hum Genet 2001; 68:866-73.

4. Lerche H, Weber YG, Baier H, et al. Generalised
epilepsy with febrile seizures plus: further
heterogeneity in a large family. Neurology 2001;
57:1191-8.

5. Audenaert D, Claes L, Ceulemans B, Lofgren A, Van
Broeckhoven C, De Jonghe P. A deletion in SCNIB
is associated with febrile seizures and early-onset
absence epilepsy. Neurology 2003; 61:854-6.

6. Escayg A, MacDonald BT, Meisler MH, et al.
Mutations of SCNIA, encoding a neuronal sodium
channel, in two families with GEFS+2. Nature
Genetics 2000; 24:343-5.

7. Bonanni P, Malcarne M, Moro F, et al. Generalised
epilepsy with febrile seizures plus (GEFS+): clinical
spectrum in seven Italian families unrelated to
SCNIA, SCNIB, and GABRG2 gene mutations.
Epilepsia 2004; 45:149-58.

8. Wallace RH, Scheffer IE, Barnett S, et al. Neuronal
sodium-channel alphal-subunit mutations in
generalised epilepsy with febrile seizures plus. Am
J Hum Genet 2001; 68:859-65.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


