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ABSTRACT - De novo mutations in the GRINT gene have been recently
reported as the molecular cause of a broad-spectrum early-onset neuro-
logical phenotype. Here, we describe a five-year-old girl with an early-onset
epileptic encephalopathy associated with an infantile hyperkinetic move-
ment disorder and oculomotor abnormalities. Whole-exome sequencing
identified a novel p.Met641Leu de novo variant in the GRINT gene as the
cause of the phenotype. In silico analysis suggested that the p.Met641Leu
variant would alter the gating property of the ion channel, with the
involved methionine residue facing towards the ion pore. Long-term sys-
tematic video-EEG allowed us to report on the electroclinical history and,
specifically, on the semiology of the hyperkinetic movement disorder and
oculomotor abnormalities resembling oculogyric crises in our patient. Our
findings and areview of the recent literature reinforce the notion of GRIN1-
encephalopathy as a recognizable neurological phenotype that should be
suspected in early-onset epilepsy associated with hyperkinetic movement
disorders. [Published with video sequence on www.epilepticdisorders.com]

Key words: GRINT gene, epileptic encephalopathy, oculogyric crisis, hyper-
kinetic movements, NMDA receptors

NMDA

Early-onset epileptic encephalo-
pathies (EOEEs) represent a group
of severe neurological disorders
characterized by refractory epilepti-
form activity, cognitive regression
(or arrest), and poor prognosis

(Scheffer et al, 2017).
receptors are cationic channels
permeable to Na+, K+, and Ca2+
that play a crucial role in excita-
tory neurotransmission throughout
the central nervous system (CNS)
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(Lemke et al., 2016). The GRINT gene encodes the
GIuN1 subunit, structurally involved in all NMDA
receptors and recently implicated in neurodevelop-
mental disorders, in association with both de novo and
biallelic variants (Lemke et al., 2016; Rossi et al., 2017).
Although the combination of some clinical features
might help in differentiating this condition from other
similar epileptic encephalopathies, a specific pheno-
typic associated with GRIN7-related disorders remains
to be clarified. Here, we report on detailed systematic
video-EEG and clinical evolution of a patient carrying
a GRINT de novo variant, presenting with EOEE and
infantile movement disorder.

Case study

The patient was a five-year-old girl born at 36 weeks of
gestation from pregnancy complicated by threatened
abortion. At birth, growth parameters were all within
normal range. No perinatal pathology was disclosed. At
43 days of life, daily seizures appeared, characterized
by unilateral eyelid and perioral myoclonus, cyanosis
affecting the lips, tonic posture of the upper limbs,
and clonic jerks of the lower ones, followed by facial
rush, eructation, and flatulence. These seizures usually
appeared after meals. At that time, the neurologi-
cal examination evidenced poor reactivity to sounds
and visual stimuli and axial hypotonia. Auditory and
visual evoked potentials were unremarkable. By 12
months of age, the frequency of seizures significantly
increased. The girl presented with sudden weeping,
staring, and tonic hyperextension of the upper limbs,
mainly when she was falling asleep. Throughout the
following months, seizures were daily and prolonged,
characterized by eye deviation and a scared gaze,
generalized increased tone, and psychomotor agita-
tion. Several antiepileptic drugs were tried such as
levetiracetam, valproate, lamotrigine, carbamazepine,
barbiturates, hydrocortisone, and ACTH, with poor
results. At present, the patient presents with several

daily oculomotor abnormalities resembling oculogyric
crises, most of which are induced by visual fixation (see
video sequence).

Global psychomotor delay was observed early in
infancy. The patient never achieved head control or
the ability to sit or stand and did not gain any lan-
guage skills. Severe axial hypotonia and distal dystonic
posturing (mainly affecting the fists and ankles) were
observed since the first months of life. She presented
with choreoathetoid and stereotyped movements (see
video sequence).

At the last examination, at five years of age, she
still presented with poor reactivity to sounds and
visual stimuli. The patient showed severe axial hypo-
tonia with absent head and trunk control, as well as
feeding difficulties. Dystonic posturing of the hands
(claw hands), equinovarus deformity, and brisk osteo-
tendineous reflexes were evident upon neurological
examination. Brain MRI, performed at two months
and three years of age, revealed non-progressive
paratrigonal white matter hyperintensity with partial
involvement of the tapetum and left hippocam-
pal atrophy (figure 1A-D). Extensive diagnostic and
metabolic work-up was unrevealing, and the patient
also underwent molecular investigation including
array comparative genome hybridization (array-CGH)
and panel sequencing for 96 EOEE-causing genes that
were both reported as normal.

Neurophysiological investigations

Normal EEG background activity was recorded at the
onset of seizures with isolated and sporadic unusual
spiky theta waves, mainly during quiet sleep (see video
sequence). A neonatal electrical pattern persisted dur-
ing sleep up to two months of corrected age (figure 2A).
The onset of deterioration of EEG activity occurred at
the age of two years with an appearance of unusual
slow, low-voltage activities with superimposed high-
voltage spikes on bilateral central regions, with no

Figure 1. (A) Axial and (B) coronal fluid-attenuated inversion recovery (FLAIR) MRI images showing paratrigonal white matter hyper-
intensity with partial involvement of the tapetum (red arrows). (C) Coronal T2 and (D) FLAIR MRI showing left hippocampal atrophy

with increased T2 signal.
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Figure 2. (A-E) Evolution of EEG in the patient: (A) quiet sleep state at 46 days of life, with diffuse and continuous slow, low-medium-
voltage activity with recurrent superimposed theta sharp waves and spindle-like sequences on right fronto-central regions; (B)
awake/drowsy state at three months of age, with recurrent, high-voltage delta waves on bilateral occipital regions, mostly asynchronous;
(C) awake/drowsy state at 12 months of age, with recurrent, synchronous, high-voltage delta waves on bilateral posterior regions; (D)
during sleep at two years of age, showing diffuse slow, low-voltage activity with isolated high-voltage spikes on bilateral central regions,
with no evidence of spindles; and (E) during sleep at four years of age, showing recurrent interictal high-voltage, bilateral spike-wave
discharges at 1-1.5 Hz on bilateral centro-temporal regions, followed by brief sequences of slow delta activity, interspersed with brief
tracts of diffuse background slowing with a “quasi-periodic” pattern. The physiological figures of Stage 2 sleep (spindles and vertex

spikes) are poorly organised.

evidence of spindles during Stage 2 sleep (figure 2B-
D). At four years of age, the EEG during sleep showed
recurrent, interictal, high-voltage, bilateral spike-wave
discharges at 1-1.5 Hz on bilateral centro-temporal
regions, followed by brief sequences of slow delta
activity, interspersed with brief tracts of diffuse back-
ground slowing, with a multifocal “quasi-periodic”
pattern (figure 2E).

Whole-exome sequencing

Clinical whole-exome sequencing (WES) was per-
formed for the proband and her unaffected parents
(figure 3). The Nextera Rapid Capture Enrichment
kit (Illumina) was used according to the manufac-
turer’s instructions. Libraries were sequenced with an
[llumina HiSeq3000 using a 100-bp paired-end proto-
col. Sequence alignment with the human reference
genome (UCSC hg19) and variants call and annota-
tion were performed using an in-house pipeline, as

described elsewhere (Mencacci et al., 2016). The raw
data of single nucleotide variants (SNVs) and indels
was then filtered. Only exonic and donor/acceptor
splicing variants were considered. In accordance with
the pedigree and phenotype, priority was given to
rare variants (<1% in public databases, including the
1000 Genomes project, NHLBI Exome Variant Server,
Complete Genomics 69, and Exome Aggregation
Consortium [EXAC v0.2]) that fit a recessive or a de
novo model and are located within genes previously
associated with EOEE.

The de novo GRINT variant identified by WES in the
proband (c.1921A>T; p.Met641Leu) was confirmed by
traditional Sanger sequencing. The detailed conditions
for sequencing analysis are available upon request.

Discussion

We report the clinical and video-EEG history of a
patient presenting with EOEE, severe psychomotor
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Figure 3. Clinical whole-exome sequencing (WES) for the
proband (1I-1) and her unaffected parents (I-1, 1-2).

delay, and a complex hyperkinetic movement dis-
order with stereotypies, carrying a de-novo (novel)
p.Met641Leu heterozygous variant in the GRINT gene,
as detected by WES trio analysis. In contrast to the
majority of the reported cases, although our patient
presented with neonatal-onset seizures with an early
immature and atypical EEG pattern, onset of multi-
focal “quasi-periodic” discharges was not evidenced
before the age of five years. Choreo-athetoid move-
ments and motor stereotypies were mostly evident
within infancy, but became less evident at the last visit
at five years, when oculogyric crises were predom-
inant. Global EEG background activity later became
disorganized with loss of physiological sleep architec-
ture at the age of five years. However, the onset of a
multifocal “quasi-periodic” pattern and seizure wors-
ening did not induce any neurodevelopmental and/or
epileptic course modifications. According to these
findings and in the light of the newly updated Inter-
national League Against Epilepsy (ILAE) Classification,
GRIN-1 encephalopathy might be defined as “devel-
opmental and epileptic encephalopathy” (Scheffer et
al., 2017). The role of NMDAR is increasingly empha-
sized in neurodevelopment (Lemke et al., 2016; Chen

et al., 2017, Zehavi et al., 2017). Moreover, GRINT
variants are likely to affect function of both NMDA
and dopamine D1 receptors, thus likely explaining
the associated extrapyramidal symptoms (Lee et al.,
2002). To date, more than 30 patients with GRIN7
mutations and epilepsy have been reported; the major-
ity with de novo heterozygous variants and three
unrelated families with inherited homozygous vari-
ants (Ohba et al., 2015; Lemke et al., 2016; Rossi et
al., 2017; Zehavi et al., 2017). Despite the core clinical
phenotype including developmental delay, muscu-
lar hypotonia, hyperkinetic movements (including
chorea and dyskinesia), and oculomotor abnormali-
ties (Ohba et al., 2015; Lemke et al., 2016; Zehavi et al.,
2017), some features such as epilepsy and a degree
of cognitive and behavioural dysfunction appear to
be relatively heterogeneous. Although 19 patients
previously presented with epilepsy with a different
age at onset and severity, only four patients were
reported to present with unclassified EOEE accord-
ing to Ohba et al. (2015) and three presented with
infantile spasms according to Lemke et al. (2016).
Non-specific neuroradiological findings in previous
patients, as in ours, did not seem to influence clinical
severity.

As in our case, de novo pathogenic variants mostly
cluster in the transmembrane domains of the gene,
however, no clear-cut genotype-phenotype correla-
tion has so far been ascertained. A variant involving
the same Met641 residue (p.Met641lle) has been
previously reported in a 14-year-old male showing
a different phenotype from that observed in our
case. Breath-holding attacks were the main seizure
type. Abnormal eye movements, tonic posture of
unilateral limbs, severe intellectual disability, and
hyperreflexia were further phenotypic features. Focal
epileptiform discharges were evident on the EEG from
the onset of seizures, at the age of three months
(Lemke et al., 2016). The overlapping phenotypes
of several EOEEs may complicate their systematic
categorization. Detailed reports of electroclinical
features and evolution, as well as neurodevelop-
mental outcomes, are mandatory in order to define
novel syndromic entities and may further support
clinical work-up, parent counselling, and treatment
options. [

Supplementary data.
Summary  didactic  slides  are
www.epilepticdisorders.com website.

available  on the
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Legend for video sequence

(A) EEG recorded at the age of one month and 22
days during sleep shows diffuse and continuous
slow, low-medium-voltage activity with recurrent
superimposed theta sharp waves and spindle-
like sequences on right fronto-central regions.
(B) Oculogyric movements, sucking automatisms,
and choreoathetoid and stereotyped movements
of the four limbs while awake, concomitant with
posterior medium-voltage, 4-5-Hz activity with no
epileptiform discharges (at two years and five
months). (C) Persistence of oculogyric, choreoa-
thetoid, and stereotyped movements, associated
with diffuse background slowing and artefacts,
with no clear epileptiform discharges. (D) Ocu-
lomotor movements, resembling oculogyric crises
(right upward eye deviation, converging move-
ments, blinking with pupil dilation, and some
opsoclonic jerks), mostly induced by visual fixation,
are associated with high-voltage, bi-triphasic spikes
and polyspikes on right centro-temporal-occipital
regions (at five years and four months).

Key words for video research on
www.epilepticdisorders.com

Phenomenology: oculoclonic seizures, hypermotor
seizure

Localization: posterior cortex (right)

Syndrome: not applicable

Aetiology: genetic disorder

GRINT1-related early-onset epileptic encephalopathy

References

Chen W, Shieh C, Swanger SA, et al. GRINT mutation asso-
ciated with intellectual disability alters NMDA receptor
trafficking and function. | Hum Genet 2017; 62: 589-97.

Lee FJ, Xue S, Pei L, etal. Dual regulation of NMDA
receptor functions by direct protein-protein interac-
tions with the dopamine D1 receptor. Cell 2002;111:
219-30.

Lemke JR, Geider K, Helbig KL, et al. Delineating the GRINT
phenotypic spectrum: a distinct genetic NMDA receptor
encephalopathy. Neurology 2016; 86:2171-8.

Mencacci NE, Kamsteeg EJ, Nakashima K, etal. De novo
mutations in PDET0A cause childhood-onset chorea with
bilateral striatal lesions. Am | Hum Genet 2016;98:
763-71.

Ohba C, Shiina M, Tohyama J, etal. GRINT mutations
cause encephalopathy with infantile-onset epilepsy, and
hyperkinetic and stereotyped movementdisorders. Epilepsia
2015; 56: 841-8.

Rossi M, Chatron N, Labalme A, et al. Novel homozygous
missense variant of GRINT in two sibs with intellectual dis-
ability and autistic features without epilepsy. Eur Hum Genet
2017; 25:376-80.

Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classification
of the epilepsies: Position paper of the ILAE Commis-
sion for Classification and Terminology. Epilepsia 2017;58:
512-21.

Zehavi Y, Mandel H, Zehavi A, etal. De novo GRINT
mutations: an emerging cause of severe early infantile
encephalopathy. Eur ] Med Genet 2017; 60: 317-20.

Epileptic Disord, Vol. 20, No. 5, October 2018

427


http://www.ncbi.nlm.nih.gov/pubmed?term=GRIN1 mutation associated with intellectual disability alters NMDA receptor trafficking and function
http://www.ncbi.nlm.nih.gov/pubmed?term=Dual regulation of NMDA receptor functions by direct protein-protein interactions with the dopamine D1 receptor
http://www.ncbi.nlm.nih.gov/pubmed?term=Delineating the GRIN1 phenotypic spectrum: a distinct genetic NMDA receptor encephalopathy
http://www.ncbi.nlm.nih.gov/pubmed?term=De novo mutations in PDE10A cause childhood-onset chorea with bilateral striatal lesions
http://www.ncbi.nlm.nih.gov/pubmed?term=GRIN1 mutations cause encephalopathy with infantile-onset epilepsy, and hyperkinetic and stereotyped movement disorders
http://www.ncbi.nlm.nih.gov/pubmed?term=Novel homozygous missense variant of GRIN1 in two sibs with intellectual disability and autistic features without epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=ILAE classification of the epilepsies: Position paper of the ILAE Commission for Classification and Terminology
http://www.ncbi.nlm.nih.gov/pubmed?term=De novo GRIN1 mutations: an emerging cause of severe early infantile encephalopathy


<<
  /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
  /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

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /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


