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ABSTRACT - Familial focal epilepsy with variable foci (FFEVF) is an autoso-
mal dominantdisorder characterized by focal seizures arising from different
brain lobes in differentfamily members. Currently, the diagnosis of this syn-
drome mainly depends on the combination of semiology and EEG after
exclusion of other types of familial focal epilepsy. Mutations in dishev-
elled, Egl-10, and pleckstrin domain-containing protein 5 (DEPDC5) have
been recently identified as a common cause of this syndrome. We stud-
ied a Chinese four-generation FFEVF family with nine affected individuals.
Targeted next-generation sequencing was performed for the proband and
the suspected mutation was confirmed by Sanger sequencing. Magne-
toencephalography (MEG) was applied to two MRI-negative patients with
refractory epilepsy. We identified a novel splice site mutation in DEPDC5
(c.280-1 G>A) in this family. The MEG results showed different dipole-
clustered areasin these two patients. This is the first report of the use of MEG
to confirm a diagnosis of FFEVF, in a Chinese family with a novel DEPDC5
mutation. Furthermore, the MEG results also revealed the possibility of
surgical resection for these two intractable patients.

Key words: DEPDC5, familial focal epilepsy with variable foci, refractory
epilepsy, magnetoencephalogram

Familial focal epilepsy with variable individual has only one type of
foci (FFEVF) is a disorder character- seizure. Currently, the diagnosis of
ized by focal seizures arising from this syndrome mainly depends on
different brain lobes in different the combination of semiology and
family members, and typically each  EEG after exclusion of other types

*This study has not been previously presented at any meeting.
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of familial focal epilepsy (Scheffer et al., 1998).
Although FFEVF has generally been considered as
an epilepsy syndrome without cerebral structural
lesions, malformation of cortical development (MCD),
especially focal cortical dysplasia (FCD), has been
reported recently. Moreover, surgical resection turned
out to be a favourable approach for FFEVF patients
with suspected FCD (Scheffer et al., 2014; Baulac et
al., 2015; Scerri et al., 2015). Pedigree studies have
revealed an autosomal dominant inheritance pattern,
and mutations in dishevelled, Egl-10, and pleck-
strin domain-containing protein 5 (DEPDC5) have
been recently identified as a common cause of this
syndrome. Variation in severity and incomplete pene-
tration are two striking features of FFEVF (Dibbens et
al., 2013; Ishida et al., 2013).

DEPDC5 encodes a ubiquitous protein that plays
an important role in brain development from early
embryonic development. Together with nitrogen per-
mease regulator-like-2 (NPRL2) and NPRL3, it provides
GTPase-activating protein activity towards rags com-
plex 1 (GATOR1), an inhibitor of the mammalian target
of rapamycin (mTOR) complex 1 pathway.

This pathway regulates cell growth, proliferation, and
apoptosis by acting on the cell cycle, transcription,
and translation (Bar-Peled et al., 2013). Abnormal neu-
ronal migration and disturbed neuronal excitability,
which may lead to epileptogenesis, were observed in
DEPDC5 knock-out mice (Marsan et al., 2016; Ribierre
et al., 2018). DEPDC5 is not only a common gene
affected in familial focal epilepsy, such as FFEVF, but
variants have also been reported in other epilepsy
syndromes, such as benign epilepsy of childhood
with centro-temporal spikes (BECTS) (Lal et al., 2014),
epileptic spasms (Carvill et al., 2015), sudden unex-
pected death in epilepsy (SUDEP) (Nascimento et
al., 2015), and malformation of cortical development
(Scheffer et al., 2014; Baulac et al., 2015; Scerri et al.,
2015; Cen et al., 2017).

In this study, we report a four-generation FFEVF family
with a novel splice site mutation in the DEPDC5 gene.
To confirm the diagnosis, we performed magnetoen-
cephalography (MEG) in two patients with refractory

epilepsy.

Case study

We studied a Chinese four-generation FFEVF family
with nine affected individuals. Electroclinical informa-
tion was collected from direct interview and medical
records. Written informed consent was obtained from
all participants and guardians of minors. This study was
approved by the ethics committees of Xuanwu Hospi-
tal Capital Medical University.

The pedigree of the four-generation family is shown
in figure 1. The average onset age of the family was
9.3 years (three months to 20 years), but the onset age
of the proband and her daughter (I11-7 and IV-5) was
earlier.

The proband (Ill-7) was a 32-year-old female who
had seizure onset at three months after birth. She
had recurrent impaired awareness seizures with auto-
nomic features, such as flushing and tachycardia. Most
seizure attacks were preceded by an aura of déja-vu.
She was diagnosed clinically with temporal epilepsy.
EEG confirmed the diagnosis and showed sharp and
slow wave complexes predominantly in the right tem-
poral area (Sph-R, Fp2). She was treated with multiple
antiepileptic drugs (AEDs), including oxcarbazepine
(OXCQ), valproicacid (VPA), clonazepam (CZP), and lam-
otrigine (LTG). However, she still had three to five
seizure attacks per week.

The proband’s daughter (IV-5) was a three-year-old
female who had recurrent episodes that included a
“strange” smile and transient respiratory arrest from
three months after birth. Her clinical presentation
was hard to classify in terms of any particular type of
epilepsy. Ictal and interictal EEG showed diffuse slow
waves at seizure onset, and we could not locate the
origin of seizures. She was also refractory to drug treat-
ment which included OXC, VPA, LTG, phenobarbital
(PB), and phenytoin (PHT), and she stillhad 8-10 seizure
attacks per day.

The proband’s father (11-6) had seizure onset at 20 years
old. He had several refractory nocturnal hypermotor
seizures per month, which were poorly controlled
by multiple drugs (OXC, PB, and PHT). Frontal lobe
epilepsy was highly suspected.

The proband’s grandfather (1-2), uncles (l1-5), aunt (11-
8), two cousins (l11-2, 111-4), and niece (IV-1) all had a
history of epilepsy, however, they were free of seizure
attacks from middle age and the types of seizure were
unclassified. The proband’s aunt (I1-8) and niece (IV-1)
were treated with CBZ, and they stopped their treat-
ment two years after becoming seizure-free. Other
members were unable to recall the name of the drug
used due to the early termination of treatment.

Neuroimaging study

Magnetic resonance imaging (MRI) was performed for
two patients with refractory epilepsy (the proband and
her daughter; 111-7 and IV-5). However, no abnormal-
ity was observed on brain MRI. We then performed
MEG in these two patients and used the single equiv-
alent current dipole (ECD) method and Neuromag
software (Elekta Neuromag) to localize the spikes. For
the proband (111-7), the dipoles mainly clustered at the
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Figure 1. Pedigree of the Chinese FFEVF family. Affected individuals are indicated by black solid squares (males) or black solid circles
(females). Unaffected individuals are indicated by open symbols. Deceased individuals are indicated by slashes (/). The proband is
indicated by an arrow. Individuals with a mutation in DEPDCS5 are indicated by (m/+), and individuals tested for mutations and found
to be negative are indicated by (+/+). Individuals whose blood samples were unavailable are indicated by (?).

bottom of the right frontal lobe (figure 2A). However, in
her daughter (1V-5), the dipoles mainly clustered in the
left parietal lobe around the angular gyrus (figure 2C).

Genetic study

A novel splice site mutation in DEPDC5 (c.280-1 G>A)
was identified in the proband (I11-7) using a targeted
next-generation sequencing epilepsy panel (figure 3).
This mutation was verified by Sanger sequencing in
available members and revealed that besides five
affected individuals (l1-6, 11-8, 111-2, IV-1, 1V-5), two
unaffected members (111-5, [11-10) also carried this
mutation. Four individuals (11-5, I11-4, IV-3, IV-4) refused
to participate in this study, and their blood samples
were unavailable. This mutation was not found in
1000 Genomes, EXAC, or in silico prediction programs
(Human Splicing Finder 3.1), and the mutation was sug-
gested to affect splicing due to an alteration in the
wild-type acceptor site.

Discussion

We report a novel splice site mutation in a Chinese
FFEVF family and applied the non-invasive method of
MEG to locate the epileptogenic site, which assisted us
in confirming the diagnosis for this family.

In FFEVF, the origins of seizures are different among
family members. Currently, the diagnosis of FFEVF is

mainly based on the combination of EEG and semi-
ology (Scheffer et al., 1998). However, it is difficult to
localize the origins of epileptic discharges, and the
clinical manifestation may be atypical. In the present
study, we could not locate the origin of seizures in
individual 1V-5 according to her EEG. MEG is a non-
invasive method which can be used to record the
undamped magnetic signals generated by small elec-
tric currents in neurons. MEG has excellent spatial
resolution; sources can be localized with millimetre
precision. It is more accurate and less subject to dis-
tortion than EEG. The results of MEG in these two
drug-resistant patients eliminated any doubt in the
diagnosis of FFEVF by showing that the dipoles clus-
tered in different lobes in each individual. Therefore,
we propose that MEG can be used to accurately diag-
nose this disorder.

After the diagnosis of FFEVF, we performed targeted
next-generation sequencing in this family and iden-
tified a heterozygous novel splice site mutation in
DEPDC5 (c.280-1G>A), which was located in exon 6
in nine affected individuals and two unaffected indi-
viduals. The incomplete penetration in this pedigree
is consistent with former studies. Haploinsufficiency
was speculated to be the underlying mechanism of
the DEPDCb5-related epilepsy syndrome. Based on
previous studies, transcribed mRNA with nonsense
mutations and a premature stop codon will be digested
by the nonsense-mediated decay system (NMD) which
leads to haploinsufficiency (Ishida et al., 2013; Picard et
al., 2014).
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Figure 2. Neuroimaging results and interictal EEG of two drug-resistant patients. (A) MRI and MEG of proband (l11-7); MRI shows no
obvious lesion, however, MEG shows dipoles mainly clustered at the bottom of the right frontal lobe. (B) Interictal EEG of proband (Il1-
7); EEG shows sharp and slow wave complexes predominantly at FP2 and bilateral sphenoid derivations. (C) MRl and MEG of individual
IV-5; MRI shows no obvious lesion, however, MEG shows dipoles mainly clustered in the left parietal lobe around the angular gyrus.
(D) Interictal EEG of individual I1V-5; EEG shows a generalized sharp and slow wave complex.

Although  DEPDC5-associated FFEVF has been
regarded as a non-lesional epilepsy syndrome, a
growing number of studies have revealed that this
mTOR repressor plays a role in MCD, especially FCD.
Histopathological studies of resected brain tissue
have revealed FCD lla in some patients, as well as
activation of the mTOR pathway in DEPDC5-related
FCD patients (Scerri et al., 2015). The “second-hit”
theory was introduced based on secondary effects
from genetic and environmental factors in order

to explain the formation of FCD and the variation
between patients (Scheffer et al., 2014; Baulac et al,,
2015). Further research has strengthened this theory
based on the discovery of a second brain somatic
DEPDC5 mutation with a higher rate of mosaicism in
the seizure onset zone (SOZ) than in the surround-
ing epileptogenic zone (EZ) (Ribierre et al.,, 2018).
Taken together, we propose that for drug-resistant
patients carrying a DEPDC5 mutation, MCD should be
suspected.
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Figure 3. DEPDC5 mutation in the FFEVF family; DNA sequence chromatograms show the mutation in DEPDC5 identified in the family

studied.

For drug-resistant patients carrying DEPDC5 muta-
tions, surgery proved to be a good approach
with favourable outcome. In a previous study, five
patients carrying DEPDC5 mutations underwent surgi-
cal resection, and all these patients had electroclinical
phenotypes highly suggestive of FCD II; three patients
became seizure-free and significantimprovement was
achieved in another (Baulac et al., 2015). Generally, we
rely on MRI to identify MCD, however, MRI may be
negative in nearly 29% patients. MEG has previously
been applied for presurgical localization of epilepsy,
and may be particularly important for those with no
lesion visible on MRI (RamachandranNair et al., 2007).
Consistent with the family reported here, both the
proband and her daughter had negative brain MRI. The
findings of dipole-clustered areas in these patients not
only helped us make the diagnosis, but also revealed
the possibility of surgical resection.

To conclude, we identify a novel splice site DEPDC5
mutation in a Chinese FFEVF family. Furthermore, we
applied MEG for the first time to confirm the diagno-
sis of FFEVF by locating the epileptogenic site in two
refractory patients with negative MRI, which also pro-
vided guidance for possible surgical resection in the
future. O
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(3) What is the advantage of MEG compared to EEG?

TEST YOURSELF

(1) What disorder should be suspected in refractory patients with DEPDC5 mutation?

(2) Why can affected members in the same FFEVF family with DEPD C5 mutation have different clinical severity?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.

294

Epileptic Disord, Vol. 21, No. 3, June 2019


http://www.ncbi.nlm.nih.gov/pubmed?term=DEPDC5 mutations in families presenting as autosomal dominant nocturnal frontal lobe epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=MEG predicts outcome following surgery for intractable epilepsy in children with normal or nonfocal MRI findings
http://www.ncbi.nlm.nih.gov/pubmed?term=Second-hit mosaic mutation in mTORC1 repressor DEPDC5 causes focal cortical dysplasia-associated epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Familial cortical dysplasia type IIA caused by a germline mutation in DEPDC5
http://www.ncbi.nlm.nih.gov/pubmed?term=Familial partial epilepsy with variable foci: a new partial epilepsy syndrome with suggestion of linkage to chromosome 2
http://www.ncbi.nlm.nih.gov/pubmed?term=Mutations in mammalian target of rapamycin regulator DEPDC5 cause focal epilepsy with brain malformations: DEPDC5 focal epilepsy


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /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 false
  /GrayImageMinResolution 150
  /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 false
  /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 (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU <FEFF00530065007400740069006e006700730020006f00660020004a004c00450020002d002d00200043006f0072006c00650074005f00500072006500730073005f00560038>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


