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Abstract

The Glutamate receptor, ionotropic, delta 2 gene codes for an ionotropic glutamate delta-2 receptor, which is selectively
expressed in cerebellar Purkinje cells, and facilitates cerebellar synapse organization and transmission. The phenotype associated
with the deletion of Glutamate receptor, ionotropic, delta 2 gene in humans was initially defined in 2013. In this case report, the
authors describe 2 brothers who presented with developmental delay, tonic upward gaze, nystagmus, oculomotor apraxia,
hypotonia, hyperreflexia, and ataxia. They were found to have a homozygous intragenic deletion within the Glutamate receptor,
ionotropic, delta 2 gene at exon 2. Our patients serve as an addition to the literature of previously reported children with this rare

clinical syndrome associated with Glutamate receptor, ionotropic, delta 2 deletion.
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Glutamate receptor, ionotropic, delta 2 gene located on chro-
mosome 4q22.1 which encodes the glutamate receptor subunit
delta-2 is selectively expressed in cerebellar Purkinje cells and
is crucial for cerebellar functions." Human phenotype associ-
ated with deletions in the Glutamate receptor, ionotropic, delta
2 gene was first described in 2013 with clinical features includ-
ing cerebellar ataxia, tonic upgaze, nystagmus, and develop-
mental delay.>® The authors describe the clinical
characteristics of 2 brothers with this rare syndrome.

Cases

The older brother presented at 7 years of age with develop-
mental delay and ataxia. Developmental history was significant
for the following gross motor delays: patient acquired head
control at 1.5 years of age, sat without support at 3 years of
age, stood with support at 6 years of age, stood without support
and walked at 7 years of age. He spoke few single words at 3
years of age and 2-word phrases at 5 years of age. At the age of
7 years, he had a vocabulary of only 50 to 60 words and could
use simple 3-word phrases. Currently, at the age of 9 years, he
can speak longer sentences, read picture books, write his name,
and use an iPad for games. He recognizes colors and alphabets,
can follow simple commands, and ambulate with a walker.

Neurological examination revealed frequent intermittent tonic
upward gaze (Figure 1), vertical and horizontal nystagmus on
eye movements, oculomotor apraxia (saccadic initiation failure
and impaired voluntary pursuit), severe central hypotonia,
hyperreflexia, and limb and truncal ataxia. Musculoskeletal
examination revealed thoracolumbar kyphosis and scoliosis.
Remainder of the physical examination was within normal lim-
its. The younger brother presented at the age of 4 years with
motor and speech delay. He could not sit independently, stand,
or walk and could speak only limited single words. He spoke
his first words at the age of 2 years. At the present age of 6
years, he can form 2-word phrases, follow simple commands,
and ambulate with a walker. Neurological examination showed
intermittent tonic upward gaze, vertical and horizontal nystag-
mus on eye movements, oculomotor apraxia (saccadic
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Figure 1. Older (A) and younger (B) brother showing tonic upgaze
and their corresponding sagittal T1 magnetic resonance (MR) image
showing cerebellar atrophy (C and D).

initiation failure and impaired voluntary pursuit), central hypo-
tonia, hyperreflexia, and limb and truncal ataxia, however, the
clinical manifestations were milder as compared to his brother.
Remainder of the examination was normal.

Both brothers were born at full-term after an uneventful
pregnancy to parents of Egyptian origin from the same village.
They were small for their corresponding age at the time of
presentation. Medical and family history was otherwise unre-
markable. Electroencephalogram testing excluded seizures as
possible etiology for intermittent tonic upgaze and nystagmus.
Magnetic resonance imaging of the brain revealed cerebellar
atrophy (Figure 1). The whole-genome single-nucleotide poly-
morphism microarray analysis detected a 166-kb homozygous
intragenic deletion of the Glutamate receptor, ionotropic, delta
2 gene at 4q22.1 — 22.1 (93, 472, 963—93, 639, 305) involv-
ing exon 2. This was confirmed by quantitative polymerase
chain reaction. Microarray analysis also revealed extended
contiguous regions of allele homozygosity in chromosomes
1, 3, and 4 (33.92 Mb) and chromosomes 1, 3, 4, and 7
(71.30 Mb) in older and younger brothers, respectively, indi-
cating distantly related parentage.

Discussion

Glutamate receptor, ionotropic, delta 2 gene deletions in
humans were first described in 2013.%* To the best of our
knowledge, 8 patients with Glutamate receptor, ionotropic,

delta 2 deletions and similar neurological presentations have
been reported to date.>* The homozygous deletion 4q22.1 —
22.1 involving exon 2 detected in our patients was present
within a larger 16.01 Mb region of homozygotic stretch
(4921.3924 [87, 018, 487—103, 213, 305] hmz). Mapping of
the deleted region using University of California, Santa Cruz
genome browser (http://genome.ucsc.edu/) indicated that Glu-
tamate receptor, ionotropic, delta 2 is the only gene present in
that deleted region.” Since the deleted region is within a region
of homozygosity, which increases the risk of autosomal reces-
sive disorders associated with the genes in that region, and
Glutamate receptor, ionotropic, delta 2 is the only gene identi-
fied in the deleted region, the authors conclude that this dele-
tion is responsible for the phenotype of our patients. Their
asymptomatic parents were presumed to be heterozygous car-
riers of the deletion.

Biallelic deletions in Glutamate receptor, ionotropic, delta 2
leading to a syndrome of cerebellar ataxia and tonic upgaze
were described in 4 children from 2 unrelated families.” Three
children from a consanguineous family of Jordanian heritage
had a homozygous deletion of Glutamate receptor, ionotropic,
delta 2 exon 4, whereas the child from the second family of
Mexican heritage had compound heterozygous deletions
involving Glutamate receptor, ionotropic, delta 2 exon 2. All
of the affected individuals exhibited gross motor, speech
delays, truncal and appendicular ataxia, tonic upgaze, and nys-
tagmus. Hypotonia was noted only in children with exon 4
homozygous deletion.” The 2 brothers described in this report
with homozygous deletion involving exon 2 displayed all of
these features including hypotonia.

In another study, Utine et al® identified homozygous partial
deletion of Glutamate receptor, ionotropic, delta 2 exons 3 and
4 in 3 children in 1 large consanguineous Turkish family who
presented with cerebellar ataxia, nystagmus, oculomotor
apraxia, hypotonia, pyramidal signs, and developmental delay.
Interestingly, these children did not exhibit tonic upgaze like
our patients. In another study, homozygous deletion of exon 2
(93422866_93754032) of Glutamate receptor, ionotropic, delta
2 was described in a patient with ataxia, dysarthria, nystagmus,
tonic upgaze, impaired peripheral vision, and retinal dystro-
phy.* Of note, this deletion overlaps with the deleted region
in our patients. However, our patients did not have these
reported visual defects.

The role of the Glutamate receptor, ionotropic, delta 2 pro-
tein in the human brain is not clearly understood. Extensive
studies in mice have demonstrated that its mouse ortholog,
Glutamate receptor, ionotropic, delta 2 (Grid2), is primarily
expressed in cerebellar Purkinje cells and plays a critical role
in synapse organization and modulation of synaptic transmis-
sion which is essential for cerebellar development and func-
tion.""*° A recent study illustrated a strikingly similar
expression pattern in the developing human cerebellum, which
may indicate a similar function of Glutamate receptor, iono-
tropic, delta 2 in humans.?> Glutamate receptor, ionotropic,
delta 2 loss-of-function mouse mutants show ataxia and mild
cerebellar volume loss,>’ thus reiterating the clinical
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manifestations seen in human counterparts with Glutamate
receptor, ionotropic, delta 2 deletions. Additionally, larger
spontaneous and random eye movements have been demon-
strated in such mice that are comparable to nystagmus seen
in humans.? The similar role of Glutamate receptor, ionotropic,
delta 2 is further supported by an additional study that demon-
strated the expression of Glutamate receptor, ionotropic, delta 2
in human and murine retina.*

The siblings depicted here are children of Egyptian descent
with a syndrome of cerebellar ataxia and tonic upgaze associ-
ated with Glutamate receptor, ionotropic, delta 2 deletions. Our
patients further add to the repertoire of phenotype associated
with Glutamate receptor, ionotropic, delta 2 deletions.

Acknowledgments
The authors thank the patients and their family for participation.

Author Contributions

AV contributed to conception and design, contributed to acquisition,
analysis, and interpretation, critically revised the manuscript, and agrees
to be accountable for all aspects of work ensuring integrity and accuracy.
SE and VT contributed to design, contributed to acquisition and analysis,
critically revised the manuscript, and drafted the manuscript. XM con-
tributed to conception and design, contributed to analysis and interpreta-
tion, critically revised the manuscript, gave final approval, and agrees to
be accountable for all aspects of work ensuring integrity and accuracy

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Takayama C, Nakagawa S, Watanabe M, Mishina M, Inoue Y.
Light- and electron-microscopic localization of the glutamate
receptor channel delta 2 subunit in the mouse Purkinje cell. Neu-
rosci Lett. 1995;188(2):89-92.

2. Hills LB, Masri A, Konno K, et al. Deletions in GRID2 lead to a
recessive syndrome of cerebellar ataxia and tonic upgaze in
humans. Neurology. 2013;81(16):1378-1386.

3. Utine GE, Haliloglu G, Salanci B, et al. A homozygous deletion in
GRID2 causes a human phenotype with cerebellar ataxia and atro-
phy. J Child Neurol. 2013;28(7):926-932.

4. Van Schil K, Meire F, Karlstetter M, et al. Early-onset autosomal
recessive cerebellar ataxia associated with retinal dystrophy: new
human hotfoot phenotype caused by homozygous GRID2 deletion.
Genet Med. 2015;17(4):291-299.

5. Kent WJ, Sugnet CW, Furey TS, et al. The human genome browser
at UCSC. Genome Res. 2002;12(6):996-1006.

6. Matsuda K, Miura E, Miyazaki T, et al. Cblnl is a ligand for an
orphan glutamate receptor delta2, a bidirectional synapse organi-
zer. Science. 2010;328(5976):363-368.

7. Kashiwabuchi N, Ikeda K, Araki K, et al. Impairment of motor
coordination, Purkinje cell synapse formation, and cerebellar long-
term depression in GluR delta 2 mutant mice. Cell. 1995;81(2):
245-252.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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 false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


