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Wolf~Hirschhorn syndrome (WHS) is a contiguous gene dele-
tion syndrome associated with growth retardation, developmen-
tal disabilities, epileptic seizures, and distinct facial features
resulting from a deletion of the short arm of chromosome 4.
The Wolf~-Hirschhorn Syndrome Critical Region WHSCR2
includes the LETMI gene and 5 end of the WHSCI gene. A
haploinsufficiency of WHSCI is thought to be responsible for a
number of WHS characteristics. We report on a 2-year-old male
with severe growth retardation, microcephaly and a characteris-
tic facial appearance. He had no internal anomalies and his
developmental milestones were mildly delayed. An array-CGH
analysis revealed loss of genomic copy numbers in the region
4p16.3, which included FGFR3, LETM]1, and WHSCI. The size of
the deletion was only 109 kb. The deletion included the impor-
tant genes in WHSCR2. We suspect that haploinsufficiency of
WHSCI is the most probable cause of the growth deficiency,
microcephaly, and characteristic facial features in WHS.

© 2013 Wiley Periodicals, Inc.

Key words: WHSCI; LETMI; Wolf-Hirschhorn syndrome;
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INTRODUCTION

Wolf-Hirschhorn syndrome (WHS) is a contiguous gene deletion
syndrome associated with growth retardation, developmental dis-
abilities, epileptic seizures, and distinct facial features resulting
from a deletion of the short arm of chromosome 4. Two critical
regions for WHS have been mapped to a 200 kb area about 1.9 Mb
from the 4p telomere. Wolf~Hirschhorn Syndrome Critical Region
1 (WHSCR1)isa 165 kb stretch proximal to the FGFR3and LETM1
genes [Wright etal., 1997]. Zollino et al. [2003] and Rodriguez et al.
[2005] established a new critical region, WHSCR2. WHSCR?2 is
distal to WHSCR1 and directly adjacent to it. WHSCR2 includes the
LETM1 geneand 5’ end of the WHSC] gene. But the distal boundary
of WHSCR?2 is not well defined. South et al. [2008] and Engbers
et al. [2009] reported patients with deletions distal to both critical

© 2013 Wiley Periodicals, Inc.
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regions. WHSCI is a member of a nuclear receptor binding SET
domain (NSD) protein that forms a family of three histone—
methyltransferase proteins. A haploinsufficiency of WHSCI is
believed to be responsible for a number of WHS characteristics.

We report on a patient with severe growth retardation, micro-
cephaly, and a characteristic facial appearance. An array-CGH
analysis revealed loss of genomic copy numbers in the region
4p16.3, which included FGFR3, LETMI, and 5’ end of WHSCI.
The size of the deletion was only 109 kb. Haploinsufficiency of the
genes and clinical features of the patient are discussed.

CLINICAL REPORT

The 2-year-old male propositus was the second-born child of a 26-
year-old mother and a 30-year-old father, both healthy and non-
consanguineous. Fetal echogram revealed intrauterine growth re-
tardation. He was born at 39 weeks of gestation by induced delivery.
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His birth weight was 1,580 g (—3.4 SD), body length 40.5 cm
(—4.1 SD), and OFC 29.5 cm (—2.2 SD).

The patient fed poorly and his physical growth was severely
retarded from early infancy. However, his developmental mile-
stones were mildly delayed. He was able to roll over at 10 months of
age, and sat alone at 12 months of age. He started to walk
independently at 14 months of age. Generalized hypotonia was
not present.

Physical examination identified dysmorphic features, including
microcephaly, triangular face, apparent hypertelorism, prominent
glabella, high nasal bridge, bilateral low set ears, downslanting
palpebral fissures, short philtrum, high palate, downturned mouth,
and micrognathia (Fig. 1). Hearing and visual acuity were normal.
Abdominal exam revealed no abnormalities. External genitalia were
normal. His weight was 6.4 kg (—4.4 SD), length was 75.7 cm
(—4.4 SD) and head circumference was 42 cm (—4.1 SD). His
development quotient (DQ) was 71 at 2 years and 6 months of
age by the Japanese standard method. His DQ for three subscales,
posture-motor, cognition-adaptation and language-social, were
123, 68, and 65, respectively. His gross motor development was
rather advanced. He showed hyperactivity and aggressive behavior.
He could speak several words and short phrases. He understood
simple sentences. Gradually, his food intake improved. He was free
from febrile convulsions and epileptic seizures.

Results of neuroradiological examinations including brain CT
and MRI were normal. Cardiac and abdominal echograms were
normal. EEG showed no epileptic discharges. Routine laboratory
tests were normal. His karyotype by G-banded analysis was 46,XY.
Array-CGH analyses were performed to reveal submicroscopic
chromosomal aberrations.

MATERIALS AND METHODS

After obtaining informed consent, peripheral blood samples were
drawn from the patient and his parents. Genomic DNA was
extracted using the QIAquick DNA extraction kit (QIAgen, Valen-
cia, CA).

Based on the hypothesis that the patient might have submicro-
scopic chromosomal aberrations, an array-CGH analysis was per-
formed using the SurePrint G3 Hmn CGH + SNP 180K
Mircroarray Kit (Agilent Technologies, Santa Clara, CA).

Metaphase nuclei were prepared from peripheral blood lym-
phocytes by standard methods and used for FISH with human BAC
clones selected from the UCSC genome browser (http://www.
genome.ucsc.edu) as described elsewhere [Shimojima et al., 2009].

RESULTS

By array-CGH analysis, loss of genomic copy numbers was identi-
fied in the region 4p16.3, which included FGFR3, LETMI, and 5’
end of WHSCI (Figs. 2 and 3). FISH analyses confirmed the deletion
(Fig. 4). No other significant copy number changes or long contig-
uous stretches of homozygosity were detected. The karyotype of the
patient was arr 4p16.3 (1,792,001-1,900,840) x 1 dn. The size of
the interstitial deletion was 109 kb. FISH results for the parents
were normal suggesting a de novo deletion (data not shown). The
parents of the patient were studied by FISH only.

DISCUSSION

A patient with severe growth retardation, microcephaly and
characteristic facial features had a submicroscopic deletion of
4p16.3. Although he had the core WHS features, they were less
marked. His gross motor function was beyond average. But he
demonstrated mild delay in cognitive and language skills. He did
not have internal anomalies including cardiac malformations and
renal hypoplasia. He was free from seizures. No structural CNS
defects were observed.

The deletion involved only three genes, FGFR3, LETM1, and 5’
end of WHSCI. Although the distal boundary of WHSCR?2 is not
well defined, the segment was almost compatible with WHSCR2. As
the 3’ end of WHSCI is preserved, WHSCI may have retained
function due to partial deletion of a gene with multiple apparent
isoforms. Major transcription isoforms of WHSCI seem to use 5’
end of the gene. Deletion of the 5’ end of the gene will affect its
function the reported deletion results in the stated haploinsuffi-
ciency of this gene.

FGFR3-related skeletal disorders are caused by gain of function
mutations. Fgfr3—/— mice show severe skeletal anomalies and
inner ear defects, however, Fgfr3+/— mice show no phenotypic
abnormalities [Colvin et al., 1996; Deng et al., 1996]. The hap-
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loinsufficiency of FGFR3 may not have affected the patient’s clinical
features.

LETM] is deleted in almost all patients with WHS and has been
suggested as a candidate gene responsible for seizures. Schlickum
et al. [2004] showed that LETM1 is evolutionarily conserved and
exhibits homology to a putative yeast protein involved in mito-
chondrial morphology. They suggested that some neuromuscular
features of WHS may be caused by mitochondrial dysfunction.
Dimmer et al. [2008] found that human LETMI is located in the
inner mitochondrial membrane, exposed to the matrix and oligo-
merized in higher molecular weight complexes of unknown com-
position. They reported that down-regulation of LETM I expression
did not disrupt these complexes, but led to fragmentation of the
mitochondrial network and “necrosis-like” death. Fibroblasts from
a WHS patient displayed reduced LETM I mRNA and proteinlevels,
but mitochondrial morphology was unaffected. McQuibban et al.
[2010] identified the Drosophila ortholog of LETM1I and named
the gene DmLETMI. They demonstrated that the product of
DmLETM]I function as a mitochondrial osmoregulator through
its K(4+)/H(+) exchange activity. Conditional inactivation of
DmLETMI results in roughening of the adult eye, mitochondrial
swelling and developmental lethality in third-instar larvae, possibly
the result of deregulated mitophagy. Neuronal specific down-

regulation of DmLETMI1 results in an impairment of locomotor
behavior in the fly and reduced synaptic neurotransmitter release.

South et al. [2007] reported two patients with terminal micro-
deletions in 4p16.3 that exclude the WHS critical regions. Both
patients showed significant postnatal growth delay, mild develop-
mental delays, and feeding difficulties. Their facial features were not
typical for WHS. A portion of LETM1 was deleted in the patient
with seizures. Their results supported the hypothesis that a gene in
WHSCR2, LETMI, plays a direct role in seizure development. Maas
et al. [2008] reported that a patient with the 1.4 Mb terminal 4p
deletion without the LETMI deletion did present with seizures.
They suggested that another gene in the terminal region may cause
the epilepsy. Battaglia et al. [2009] reported that epilepsy occurred
in 81 patients (93%) among 87 WHS patients within the first 3 years
of life. Status epilepticus occurred in 50% of the patients under
3 years of age. Although our patient is still 2 years and 6 months old,
heisfree from epileptic seizures. Beside the extent of the 4p deletion,
seizures are a prognostic factor for degree of intellectual disability
[Zollino et al., 2008]. We suppose that LETM1 haploinsufficiency
may not always cause epileptic seizures. The mild degree of intel-
lectual disability in our patient may come from absence of seizures.
We are planning further clinical observation with repeated EEG
studies.
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WHSCI is a member of a family of methyltransferase proteins.
The nuclear receptor binding SET domain (NSD) protein isa family
of three HMTases, NSD1, NSD2/MMSET/WHSC1, and NSD3/
WHSCILL. NSD proteins are critical in maintaining chromatin
integrity. Haploinsufficiency of NSD1 is the major cause of Sotos
syndrome [Kurotaki et al., 2002]. NSD3/WHSCILI closely resem-

bles NSD2. No genetic disorders are known to be associated with
NSD3/WHSCILI.

Nimura et al. [2009] found that mouse Whscl governed
H3K36me3 along euchromatin by associating with the cell-type-
specific transcription factors Salll, Sall4, and Nanog in embryonic
stem cells, and Nkx2—5 in embryonic hearts, regulating the expres-
sion of their target genes. Whscl-deficient mice showed growth
retardation and various congenital anomalies, including congenital
cardiovascular anomalies. The effects of Whscl haploinsufficiency
were increased in Nkx2—5 heterozygous mutant hearts, indicating
their functional link. Nimura et al. [2009] proposed that WHSCI
functions together with other genetic factors to prevent the inap-
propriate transcription that can lead to various pathophysiologies.

Hajdu et al. [2011] reported that the WHSCI1 protein is a
member of the DNA damage response pathway. WHSCI localizes
to sites of DNA damage and replication stress and is required for
resistance to many DNA-damaging and replication stress-inducing
agents. They proposed that WHSC1 has important roles in the DNA
damage and DNA replication stress response. The developmental
and neurological impairment in WHS may be explained by the
defect in DNA damage and replication.

Van Buggenhout et al. [2004] identified six mild WHS patients
with small 4p deletions using a micro-array CGH analysis. WHSC1
was the only common deleted gene. They concluded that WHSC1
haploinsufficiency is essential to the development of the typical
facial appearance. Engbers et al. [2009] reported a 1.9-year-old girl
with developmental delay and several facial characteristics remi-
niscent of WHS, who carried a terminal 4p16.3 deletion. The
FGFRLI gene was deleted, but WHSCI was preserved. The patient
had no microcephaly and only mild intellectual disability. Her body
length was 81 cm (5th centile for age). They suggested that FGFRLI
represents a plausible candidate gene for part of the facial character-
istics of WHS. Izumi et al. [2010] reported a patient with a 1.3 Mb
interstitial deletion of 4p16.3 involving WHSCI and suggested that
WHSCI haploinsufficiency contributed to the pathogenesis of
severe developmental delay.

Luoetal. [2011] reported a 54 kb deletion of 4p16.3 thatincludes
LETM]I. The patient exhibited no facial features of WHS. She was
referred for testing at 1 year of age, presenting with microtia, renal
agenesis, Duane anomaly and a congenital heart defect. These data
suggest that loss of LETM1 is not responsible for the characteristic
facial features in WHS and other candidate genes in the critical
region may be involved.

We suspect that haploinsufficiency of WHSCI is the most
probable cause of severe growth deficiency, microcephaly and
characteristic facial features in our patient. However, his DQ was
71 at 2 years and 6 months of age. This indicates that WHSCI
haploinsufficiency is not enough to cause severe intellectual dis-
ability. Our patient showed less marked craniofacial features of
WHS. We suggest that WHCS1 and other distally located genes have
cumulative effect on the severe intellectual disability and typical
craniofacial features in WHS.

In conclusion, we reported on a patient with a 109 kb deletion in
4p16.3 with a mild phenotype of WHS. The deletion was compati-
ble with WHSCR2. This patient is a good model to understand the
role of WHSCI. We suppose that single gene disorder of WHSC1
might have similar conditions.

-1562 -



OKAMOTO ET AL.

1469

ACKNOWLEDGMENTS

We thank for the family for their cooperation. This study was
supported by the Health and Labor Research Grants in 2012 by
Ministry of Health, Labor and Welfare in Japan.

REFERENCES

Battaglia A, Filippi T, South ST, Carey JC. 2009. Spectrum of epilepsy and
electroencephalogram patterns in Wolf~Hirschhorn syndrome: Experi-
ence with 87 patients. Dev Med Child Neurol 51:373-380.

Colvin JS, Bohne BA, Harding GW, McEwen DG, Ornitz DM. 1996.
Skeletal overgrowth and deafness in mice lacking fibroblast growth factor
receptor 3. Nat Genet 12:390-397.

Deng C, Wynshaw-Boris A, Zhou F, Kuo A, Leder P. 1996. Fibroblast
growth factor receptor 3 is a negative regulator of bone growth. Cell
84:911-921.

Dimmer KS, Navoni F, Casarin A, Trevisson E, Endele S, Winterpacht A,
Salviati L, Scorrano L. 2008. LETM1, deleted in Wolf~Hirschhorn
syndrome is required for normal mitochondrial morphology and cellular
viability. Hum Mol Genet 17:201-214.

Engbers H, van der Smagt JJ, van ’t Slot R, Vermeesch JR, Hochstenbach R,
Poot M. 2009. Wolf-Hirschhorn syndrome facial dysmorphic features in
a patient with a terminal 4p16.3 deletion telomeric to the WHSCR and
WHSCR 2 regions. Eur ] Hum Genet 17:129-132.

Hajdul, Ciccia A, Lewis SM, Elledge SJ. 2011. Wolf~Hirschhorn syndrome
candidate 1 isinvolved in the cellular response to DNA damage. Proc Natl
Acad Sci USA 108:13130-13134.

Tzumi K, Okuno H, Maeyama K, Sato S, Yamamoto T, Torii C, Kosaki R,
Takahashi T, Kosaki K. 2010. Interstitial microdeletion of 4pl6.3:
Contribution of WHSC1 haploinsufficiency to the pathogenesis of
developmental delay in Wolf-Hirschhorn syndrome. Am ] Med Genet
Part A 152A:1028-1032.

Kurotaki N, Imaizumi K, Harada N, Masuno M, Kondoh T, Nagai T,
Ohashi H, Naritomi K, Tsukahara M, Makita Y, Sugimoto T, Sonoda T,
Hasegawa T, Chinen Y, Tomita Ha HA, Kinoshita A, Mizuguchi T,
Yoshiura Ki K, Ohta T, Kishino T, Fukushima Y, Niikawa N, Matsumoto
N. 2002. Haploinsufficiency of NSD1 causes Sotos syndrome. Nat Genet
30:365-366.

Luo Y, Hermetz KE, Jackson JM, Mulle JG, Dodd A, Tsuchiya KD, Ballif BC,
Shaffer LG, Cody JD, Ledbetter DH, Martin CL, Rudd MK. 2011. Diverse
mutational mechanisms cause pathogenic subtelomeric rearrangements.
Hum Mol Genet 20:3769-3778.

MaasNM, Van Buggenhout G, Hannes F, Thienpont B, Sanlaville D, Kok K,
Midro A, Andrieux J, Anderlid BM, Schoumans J, Hordijk R, Devriendt
K, Fryns JP, Vermeesch JR. 2008. Genotype—phenotype correlation in 21

patients with Wolf~Hirschhorn syndrome using high resolution array
comparative genome hybridisation (CGH). ] Med Genet 45:71-80.

McQuibban AG, Joza N, Megighian A, Scorzeto M, Zanini D, Reipert S,
Richter C, Schweyen R], Nowikovsky K. 2010. A Drosophila mutant of
LETM1, a candidate gene for seizures in Wolf~Hirschhorn syndrome.
Hum Mol Genet 19:987-1000.

Nimura K, Ura K, Shiratori H, Ikawa M, Okabe M, Schwartz R], Kaneda Y.
2009. A histone H3 lysine 36 trimethyltransferase links Nkx 2-5 to Wolf—
Hirschhorn syndrome. Nature 460:287-291.

Rodriguez L, Zollino M, Climent S, Mansilla E, Lopez-Grondona F,
Martinez-Ferndndez ML, Murdolo M, Martinez-Frias ML. 2005. The
new Wolf-Hirschhorn syndrome critical region (WHSCR-2): A descrip-
tion of a second case. Am ] Med Genet Part A 136A:175-178.

Schlickum S, Moghekar A, Simpson JC, Steglich C, O’Brien R], Winter-
pacht A, Endele SU. 2004. LETM1, a gene deleted in Wolf~Hirschhorn
syndrome, encodes an evolutionarily conserved mitochondrial protein.
Genomics 83:254-261.

Shimojima K, Paez MT, Kurosawa K, Yamamoto T. 2009. Proximal
interstitial 1p36 deletion syndrome: The most proximal 3.5-Mb micro-
deletion identified on a dysmorphic and mentally retarded patient with
inv(3)(p14.1q26.2). Brain Dev 31:629-633.

South ST, Bleyl SB, Carey JC. 2007. Two unique patients with novel
microdeletions in 4p16.3 that exclude the WHS critical regions: Impli-
cations for critical region designation. Am J Med Genet Part A 143A:
2137-2142.

South ST, Hannes F, Fisch GS, Vermeesch JR, Zollino M. 2008.
Pathogenic significance of deletions distal to the currently described
Wolf-Hirschhorn syndrome critical regions on 4p16.3. Am ] Med Genet
Part C Semin Med Genet 148C:270-274.

Van Buggenhout G, Melotte C, Dutta B, Froyen G, Van Hummelen P,
Marynen P, Matthijs G, de Ravel T, Devriendt K, Fryns JP, Vermeesch JR.
2004. Mild Wolf~Hirschhorn syndrome: Micro-array CGH analysis of
atypical 4p16.3 deletions enables refinement of the genotype—phenotype
map. ] Med Genet 41:691-698.

Wright TJ, Ricke DO, Denison K, Abmayr S, Cotter PD, Hirschhorn K,
Keindnen M, McDonald-McGinn D, Somer M, Spinner N, Yang-Feng T,
ZackaiE, Altherr MR. 1997. A transcript map of the newly defined 165 kb
Wolf-Hirschhorn syndrome critical region. Hum Mol Genet 6:317-324.

Zollino M, Lecce R, Fischetto R, Murdolo M, Faravelli F, Selicorni A, Butté
C, Memo L, Capovilla G, Neri G. 2003. Mapping the Wolf~Hirschhorn
syndrome phenotype outside the currently accepted WHS critical region
and defining a new critical region, WHSCR-2. Am J Hum Genet 72:590—
597.

Zollino M, Murdolo M, Marangi G, Pecile V, Galasso C, Mazzanti L, Neri G.
2008. On the nosology and pathogenesis of Wolf-Hirschhorn syndrome:
Genotype—phenotype correlation analysis of 80 patients and literature
review. Am | Med Genet Part C Semin Med Genet 148C:257-269.

-153 -



AMERICAN JOURNAL OF

medical genetics

1p34.3 Deletion Involving GRIK3: Further Clinical
Implication of GRIK Family Glutamate Receptors
in the Pathogenesis of Developmental Delay

Toshiki Takenouchi,* Noriko Hashida,! Chiharu Torii,? Rika Kosaki,? Takao Takahashi,! and

Kenjiro Kosaki®*

!Department of Pediatrics, Keio University School of Medicine, Tokyo, Japan

ZCenter for Medical Genetics, Keio University School of Medicine, Tokyo, Japan

3Division of Medical Genetics, National Center for Child Health and Development, Tokyo, Japan

Manuscript Received: 20 May 2013; Manuscript Accepted: 25 August 2013

A growing body of evidence suggests an association between
microdeletion/microduplication and schizophrenia/intellectual
disability. Abnormal neurogenesis and neurotransmission have
been implicated in the pathogenesis of these neuropsychiatric
and neurodevelopmental disorders. The kainate/AMPA-type
ionotropic glutamate receptor (GRIK = glutamate receptor, ion-
otropic, kainate) plays a critical role in synaptic potentiation,
which is an essential process for learning and memory. Among
the five known GRIK family members, haploinsufficiency of
GRIK1, GRIKZ, and GRIK4 are known to cause developmental
delay, whereas the roles of GRIK3 and GRIKS5 remain unknown.
Herein, we report on a girl who presented with a severe develop-
mental delay predominantly affecting her language and fine
motor skills. She had a 2.6-Mb microdeletion in 1p34.3 involving
GRIK3, which encodes a principal subunit of the kainate-type
ionotropic glutamate receptor. Given its strong expression
pattern in the central nervous system and the biological function
of GRIK3 in presynaptic neurotransmission, the haploinsuffi-
ciency of GRIKS is likely to be responsible for the severe devel-
opmental delay in the proposita. A review of genetic alterations
and the phenotypic effects of all the GRIK family members
support this hypothesis. The current observation of a micro-
deletion involving GRIK3, a kainate-type ionotropic glutamate
receptor subunit, and the neurodevelopmental manifestation in
the absence of major dysmorphism provides further clinical
implication of the possible role of GRIK family glutamate
receptors in the pathogenesis of developmental delay.

© 2013 Wiley Periodicals, Inc.
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INTRODUCTION

An emerging paradigm suggests that intellectual disability and
schizophrenia are associated with microdeletion/microduplication
at several specific genetic loci [Crespi et al., 2010; Malhotra and
Sebat, 2012]. This association is best exemplified by the chromo-
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some locus 16p11.2, where microdeletion/microduplication are
associated with autism and schizophrenia [Weiss et al., 2008;
McCarthy et al., 2009]. These studies have led to the identification
of a candidate gene (KTCD13) that has been implicated in the cell
cycle during neurogenesis [Golzio et al., 2012].

Along with abnormal neurogenesis, the pathogenesis of major
neurodevelopmental and neuropsychiatric illnesses involves aber-
rant neurotransmission. Among the major neurotransmitters,
glutaminergic and GABAergic systems play critical roles [Stawski
et al., 2010; Niciu et al., 2012]. Both metabotropic and ionotropic
types of glutamate receptors are known to exist: the latter has been
subclassified into NMDA (N-methyl-p-aspartate), and kainate/
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AMPA  (a-amino-3-hydroxy-5-methyl-4-isoxazole-4-propionic
acid) receptors [Egebjerg et al.,, 1991]. The kainate/ AMPA receptor
is widely expressed in the central nervous system and is a key
molecule in synaptic plasticity, an essential process for learning and
memory [Bortolotto et al., 1999; Schmitz et al., 2001].

The kainate receptor (GRIK=glutamate receptor, iono-
tropic, kainate) is a tetrameric receptor composed of three
principal subunits, GRIK1-3 (formerly GluR5-7), and two aux-
iliary subunits, GRIK4-5 (formerly KAI-2)[Fernandes
et al., 2009]. Compared with other kainate/AMPA receptors,
the GRIK3-containing kainate receptor has an atypical
electrophysiological function: it has a very low affinity to kai-
nate/glutamate because of fast desensitization [Schiffer
et al., 1997; Perrais et al., 2009]. Indeed, Grik3™/~ mice exhibit
markedly impaired short- and long-term synaptic potentiation
[Pinheiro et al., 2007]. This discrepant electrophysiological
property in GRIK3 suggests that the presence of other subunits
cannot compensate for defective GRIK3.

Several nucleotide polymorphisms in GRIK3 are known to be
associated with major neuropsychiatric illnesses, such as schizo-
phrenia and recurrent major depressive disorder [Begni
et al., 2002; Schiffer and Heinemann, 2007; Kilic et al., 2010].
However, the phenotypic effect of GRIK3 deletion remains to be
elucidated.

CLINICAL REPORT

The proposita was an 8-year-old Japanese girl born to nonconsan-
guineous parents. She was born at 37 weeks of gestation with a birth
weight 0f 1,818 g (—3.0 SD) and a length of 44.5 cm (—1.9 SD). She
exhibited poor weight gain during infancy and was fed via tube
feeding until the age of 5 years. In addition to her failure to thrive,
she exhibited severe delays in psychomotor development. She
gained head control at the age of 8 months, and she walked
independently at the age of 2% years. A physical examination
showed no focal neurological deficits, major physical deformities,
or dysmorphisms except for mild retrognathia and slightly down-
slanting palpebral fissures (Fig. 1A).

At the age of 8 years, an experienced child psychologist blindly
evaluated her developmental status for multiple axes, based on the
Japanese standard developmental scales and a parental interview.
This evaluation demonstrated marked impairment predominantly
in her language and fine motor skills, compared with her gross
motor skills and sociality (Fig. 1B).

Gross Motor Development

She was able to run, but she was unable to stand on one foot.
She could throw a ball, but she could not catch one. Her gross
motor skills were equivalent to an age of 3.5 years.

Fine Motor Development

She was able to pinch objects, but she was unable to stack blocks. She
was barely able to complete a simple puzzle. She could scribble, but
she could not draw lines. Overall, her fine motor skills were
equivalent to an age of approximately 1.5 years.

Sociality

Motivation/
Concentration

Fine Motor

Language Development

She was able to speak four words: “bye-bye,” “dada,” “mama,”
and “good.” She did not point to objects, but she chose objects
and pictures that she wanted. She understood a few words
using sign language. Her language development was equivalent
to 1.5 years.

Social Development

She was able to drink from a cup and to wash her hands without
assistance. She could eat with a spoon and a fork but required
significant assistance. She required help to brush her teeth and to
change her clothes. Her social development was equivalent to
approximately 3 years of age.

Motivation/Concentration

She lacked the necessary concentration and motivation to complete
tasks. We considered her attention span/concentration as being
equivalent to approximately 3 years of age.

MOLECULAR ANALYSIS

A microarray analysis using an array CGH platform (ISCA
4 x 180k; Agilent Technologies, CA) revealed a de novo 2.6-Mb
deletion in 1p34.3, extending from position 34,632,258-37,241,519
(NCBI36/hg18, March 2006). The deleted interval included 44
genes (Fig. 2).
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DISCUSSION

A young girl with a 1p34.3 microdeletion manifested a severe
developmental delay without any major recognizable dysmor-
phism. The 2.6-Mb microdeletion included GRIK3, which encodes
a subunit of a kainate-type ionotropic glutamate receptor that
is strongly expressed in the central nervous system [Bettler
et al., 1992].

From the standpoint of the 1p34.3 microdeletion, two candidate
genes for developmental delay have been previously reported. A boy
with autistic spectrum disorder who had a de novo 3.3-Mb micro-
deletion in 1p34.2p34.3 was reported, and his autistic phenotype
was attributed to RIMS3 (OMIM 611600)[Kumar et al., 2010].
Another boy with autistic spectrum disorder had a 4.1-Mb micro-
deletion in 1p34.2-34.3 and exhibited a severe developmental delay,
microcephaly, and facial dysmorphism. SLC2A1 (OMIM 138140)
was considered a candidate gene for his developmental delay
[Vermeer et al., 2007]. Since neither RIMS3 nor SLC2A1 was
included in the deleted interval in the proposita, the mechanistic
basis for the severe developmental delay was thought to differ.

Father

Among the genes located in the deleted interval in the proposita, the
biological function of the GRIK3 gene made it the most plausible
candidate for the severe developmental delay. The developmental
characteristics of the proposita, which included significant deficits
in language with spared gross motor function, were not incompat-
ible with aberrant glutamate neurotransmission. This reasoning
was also supported by observations in Grik3™'~ mice, as these mice
exhibit impaired synaptic transmission [Pinheiro et al., 2007].
Wereviewed the genetic alterations of the kainate receptor family
subunits, GRIK1-5, and their neuropsychiatric and neurodevelop-
mental manifestations (Table I). Associations between polymor-
phisms in each GRIK family member and major neuropsychiatric
illnesses, such as schizophrenia and bipolar disorders, have been
repeatedly demonstrated by multiple groups [Begni et al., 2002;
Jamain et al, 2002; Pickard et al, 2006; Schiffer and
Heinemann, 2007; Kilic et al., 2010; Sampaio et al., 2011; Yosifova
et al., 2011; Hirata et al., 2012]. Patients with deletions of GRIK
family genes and non-syndromic intellectual disability have also
been reported by several authors [Pickard et al., 2006; Motazacker
et al,, 2007; Bonaglia et al., 2008; Haldeman-Englert et al., 2010].
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The present report provides an additional piece of missing infor-
mation regarding the neurobehavioral effects of genetic alterations
in GRIK family genes, namely, the effect of a GRIK3 deletion. It is
possible that GRIK3 represents the causative locus at 1p34 that has
been implicated in a linkage study of schizophrenia [DeLisi
etal., 2002] and in a genome-wide transcriptome analysis of autism
spectrum disorders [Luo et al., 2012].

From a clinical standpoint, it is notable that while attempting to
determine the etiology of the developmental delay, we were inci-
dentally able to detect two causative genes for autosomal dominant
late-onset diseases in the microarray analysis. Heterozygous and
digenic mutations in GJB3 and COL8A2 could lead to autosomal
dominant deafness 2B (OMIM 612644) [Xia et al.,, 1998; Liu
et al., 2009] and two types of corneal dystrophy, that is, polymor-
phous posterior corneal dystrophy (OMIM 609140) and Fuchs
endothelial corneal dystrophy (OMIM 136800) [Biswas et al.,
2001], respectively. Since most causative mutations in GJ/B3 and
COL8A2 are missense mutations, not truncating mutations, the
mechanistic basis of these entities may be dominant-negative
mutations, rather than haploinsufficiency. If so, the deletions of
GJB3 and COL8A2 might not be clinically relevant.

In conclusion, we document a young girl with a microdeletion
involving GRIK3, a kainate-type ionotropic glutamate receptor
subunit. This predominant neurodevelopmental manifestation
in the absence of major dysmorphism provides further clinical
implication of the role of GRIK family glutamate receptors in the
pathogenesis of developmental delay.
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