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Array-based technologies have led to the identification of man)'

novel microdclction and microduplication syndromes demon-
strating multiple congenital anomalies and intellectual disability
(MCA/ID). We have used chromosomal microarray analysis for

the evaluation of patients with MCA/ID and/or neonatal hypo-
tonia. Three overlapping de novo microdeletions at 5q31.3 with
the shortest region of overlap (SRO) of 370 kb were detected in

three unrelated patients. These patients showed similar clinical
features including severe neonatal hypotonia, neonatal feeding
difficulties, respiratory distress, characteristic facial features,
and severe developmental delay. These features are consistent
with the Sq3 1.3 microdeletion syndrome originally proposed by
Shimojima et al., providing further evidence that this syndrome
is clinically discernible. The 370 kb SRO encompasses only four
Ref Seq genes including neuregulin 2 (NRG2) and purine-rich
element binding protein A (PURA). NRG2is one of the members
of the ncurcgulln family related to neuronal and glial cell growth
and differentiation, thus making NRG2 a good candidate [or the

observed phenotype. Moreover, PURA is also a good candidate
became Pllm-deficient mice demonstrate postnatal neurological
manifestations. 2012 Wile) Periodicals, rnc,

Key words: 5q.ll.3 deletion syndrome: I1COI1.lt.1Ihypotonia: ncu-
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INTRODUCTION

Recently developed array-based technology has identified many
Dovel rnicrodeletion and microduplication syndromes demon-
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strating multiple congenital anomalies and intellectual disability
(MCA/ID) [Li and Andersson, 2009]. Because of a high detection
ratio compared to conventional cytogenetic technology, array-

based analysis has been suggested as the first-tier cytogenetic
diagnostic test for patients with MCA/ID [Miller et al., 2010].
However, the detailed clinical presentation and/or candidate genes
responsible for the respective phenotypes in mallY such newly

detected syndromes remain to be elucidated.
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Several constitutionalmicrodeletions involving 5q31 have been
reported [Mosca et al., 2007; Shimojima et al., 2011]. Recently,
Shimojima et al, reported two patients with overlapping micro-
deletions at 5q3L3. Their condition was named the Sq3J.3 micro-
deletion syndrome because the patients showed clinical features
including severe developmental delay, distinctive facial features,
and delayed myelination [Shimojima et al., 20l1J. \Ale have iden-
tified and characterized three additional patients with microdcle-
lions at Sq31.3 that overla p with the deleted regions observed in the
patients reported by Shimojima et al. [20 Ill. These patients
exhibited strikingly similar clinical features to those observed in
the patients reported by Shirnojima et al. The genotype-phenotype
correlation of these patients narrowed the shortest region of overlap
(SRO) of 5q31.3 microdeletion syndrome in this study.

One patient was initially deposited in the DECIPHER database
(Database of Chromosomal In balances and Phenotype in Humans
using Ensemble Resources, https.z/decipher.sauger.ac.uk). and the
corresponding DECIPHER number is given.

PATIENT AND METHOD
Clinical Report
Patient 1. This 6-year-old Japanese boy was born at 40 weeks

and 6 days to healthy parents without perinatal events. Birth weight
was 3,888 g (>97th centilc), length 52.5 cm (>97th centile) and
head circumference 37 em (>97th centile). Soon after birth he was
noted to have hypotonia and was admitted to a neonatal intensive
care unit (NICU). His early course was relevant for mild respiratory
distress and severe feeding difficulties prompting tube feedings. At
3 months of age, he was suspected to have Prader-Willi syndrome
(PWS) because of neonatal hypotonia, developmental delay
and feeding difficulties, but normal DNA methylation studies
excluded this diagnosis [Kubota et al., 19971.1n the neonatal period,
his face appeared hypotonic. He did not have limbs or genital

FIG. 2. Facial appearance of Patient 1 (A) and Patient 2 (B). Anarrow
forehead with prominence of the metopic region, lateral
sparseness of the eyebrows, hypertelorlsm, depressed nasal
bridge, open-tented mouth, marked philtrum, and micrognathia are
noted.

FIG. 1. Braln MRI(T2weighted axial Images atthe level of basal ganglia) of Patient 1 at4 years and 7 months [A), Patient 2 at 1 year and 10 months (B),
and Patient 3 at 10 days of age. (A) Mild temporal lobe atrophy Is shown, but myelination delay is not evident. (B) Incomplete myelination at the
anterior 11mbInternal capsule Indicates mild myelination delay. (e) Asimplified frontal gyral pattern and diffuse mild T2 weighted high signal
Intensity In the white matter are demonstrated.



HOSOKI ET AL. 1893

abnormalities. His motor development was severely delayed. He
acquired head control and rolled over at 2 years of age. He
developed tonic seizures during sleep at the age of 4 years. Electro-
encephalogram (EEG) demonstrated multifocal spike foci. The use
ofvalproic acid and nitrazeparn successfully controlled his epilepsy.
MRI of the brain performed at 4 years and 7 months of age, showed
mild temporal lobe volume loss but no other structural anomalies.
Myelination delay was norevident (Fig. 1A). At6 years of age. he was
unable to sit alone. His weight, height and head circumference were
17.6 kg (25th centile), II 0 ern (25th centilc), and 50.7 em (50
ccnrile), respectively, He still required tube feedings. His mental
development was profoundly delayed with no meaningful words.
He presented with facial dysmorphic features that include a narrow
forehead with prominence of the metopic region, lateral sparseness
of the eyebrows, hypertclorisrn, depressed nasal bridge, high palate.
open-tented mouth, marked philtrum, and micrognathia (Fig. 2A).

Patient 2. This 12-year-old Japanese girl was born at 42 weeks
and 2 days to healthy parents. Delivery was uneventful and she did
not have neonatal asphyxia. Birth weight was 3.372 g (90th centile),
length 55.0 ern (>97th centile) and head circumference 34.3 cm
(75th centile). At day 3. she was noted to have hypotonia and
feeding difficulties and tube feedings were initiated on day 7. She
developed respiratory distress at day 10 and she was transferred to
NICU for oxygen therapy. Her condition gradually improved, and
oxygen therapy was stopped in a month. but tube feedings con-
tinued for additional 50 days. Her development was significantly
delayed and she acquired head control at 6 months. and was able to
walk without support at 6 years. MIU at I year and 10 months did
not show structural abnormalities, but demonstrated mild myeli-
nation delay (Fig. IB). She had no meaningful words at 12 years
indicating severe intellectual disability. She bad dysmorphic facies
with narrow forhead and prominence of the metopic region, lateral
sparseness of the eyebrows, hypcrtelorism, downslanting palpebral
fissures. depressed nasal bridge. open and tented mouth, high
palate, marked philtrum. and micrognathia (Fig. 28). She did
not have short stature, limb. or genital abnormalities. She did
not have epilepsy. EEG at 9 years did not show epileptics discharges.
while background activity was relatively slow for her age.
Patient 3 (DECIPHER #248784). This 15-month-old boy was

• born at 37 weeks and 1 day of gestational age with a birth weight of
3.150 g to a then 33-year-old female via spontaneous vaginal
deli ver)'. The prcgnancy was complicated by type j diabetes mellitus
and a history of group B streptococcus infection. Mild respiratory
distress was seen after delivery. He then developed multiple epi-
sodes of apnea and was noted to have severe axial hypotonia. He also
showed feeding difficulties due to laryngomalacia. He was evaluated
by the Genetic Service at 34 days of age because of severe axial
hypotonia, neonatal feeding difficulties and hypoventilation. Clin-
ical examination revealed his weight, length. and head circum-
ference to be 3,945 g (50th WHile), 54 ern (75th ccntile), and 38 ern
(90th WHile), respectively. His facial features revealed a narrow
forehead, prominence of the metopic region, hypertelorism,
depressed nasal bridge, high palate, open-tented mouth, marked
philtrum, and micrognathia. His physical examination revelead
undescended right testis, axial hypotonia and diminished reflexes in
all four extremities. His brain MRI at 10 days of age showed a
simplified frontal gyral pattern and diffuse mild T2 weighted high

signal intensity in the white matter (Fig. 1C). At his last neurological
clinic visit at 15 months of age he had significant central hypotonia
but his deep tendon reflexes were present and equal bilaterally. The
patient was also found to have hypcrekplcxia. An EEG video
monitoring study done at the same age was mildly abnormal
due to diffuse background slowing without asymmetry between
hemispheres. The described clinical events captured during this
recording (eye deviation upward to the left at rest or during
photic stimulation, startle response, and blank staring spells) did
not have an EEG correlation suggesting the diagnosis of non-
epileptic spells. He was found to have moderate global develop-
mental delay but he continued to make developmental progress, He
achieved head control. rolled both ways. lifted his head up and was
able to do prop silting. He cooed and smiled but had no intclligible
words.

Microarray Analysis
Genome-wide copy number changes were investigated using the
Genomc- Wide Human SNP Nsp/Sty Array Kit 5.0 for Patient I and
Patient 2 (Affymetrix, Santa Clara, CA) or Agilcnt platform (Baylor

A

FIG. 3. A: DNAarray analysis of three patients with microdeletlon
encompassing Sq31.2-q31.3. B: FISHanalysis using RPll-
277010 BAC clone (green) In 5q31.3 and RP11-701H24 BAC

clone (red) In 15q11.2 confirmed 5q31.3 microdeletlon In Patient
1 (A) and Patient 2 (B). Arrowhead Indicates the deletion

on chromosome 5. The FISH photograph was not available for

Patient 3.
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Molecular C~togenetic Anal~sisCollege of Medicine array Version 7.1) for Patient 3. Genechip
Command Console Software (AGCC) 3.0.1 (Affymctrix) was
used to summarize a probe information and the Partek suites
v 6.4 software (Ryoka system, Tokyo, Japan) to determine
genomic copy number and genotyping data for Patient 1 and
Patient 2. Genome coordinates were according to the 36.1 build
(March 2006) of the human reference genome at the UCSC data-
base (http://genome.ucsc.edu/).This study was approved by the
Institutional Review Board Committee of Hokkaido University
Graduate Scbool of Medicine, and written informed consents were
obtained from the parents of the enrolled patients.

A fluorescence in situ hybridization (FISH) was performed to
confirm the deletions. Peripheral blood lymphocytes from tWO

patients were used to prcpare chromosomes, and RPII-277010
BAC clone located in Sq3 1.3 overlapping region and RPII-701H24
I3AC clone located in ISqll.2 for internal control were used as
probes for Patient I and Patient 2, and RP 11-831Ll BAC clone
located in Sq31.3 was used for Patient 3. FISH was performed
according to the standard procedure as described [Harada et al.,
2002J.

TABLE I. Clinical Features In Patients WIth Sq31.3 Deletion

Our study /\ Shimojima et al. [2011]

Patient 3 Patient 1 Patient 2
Patient 1 Patient 2 [Decipher 248784) (Decipher 253734) (Decipher 4681)

Gender Male Female Male Male Female
Current age [years) 6 12 1 3/12 1 6/12 8
Deletion 5q31.2q32 5q31.3 5q31.2q31.3 5q31.2q31.3 5q31.3
Size (Mb) 5.38 1.16 1.58 5.04 2.57
Origin De novo De novo De novo De novo De novo

[paternal) [maternal) (paternal)
Neonatal features

Hypotonia + + + + +
Feeding difficulties + + + + +
Respiratory problems Respiratory Respiratory Respiratory Recurrent na

distress distress distress apnea pneumonia
Development

Motor development delay Severe Severe Moderate Severe Severe
Speech delay Severe Severe na na + (apraxic]

Neurological features
Epilepsy + + [Lennox Gastaut)
EEG epileptic discharges + + +
Brain image (rr or MRI) Brain Delayed Simplified frontal Brain Brain

I(.olume loss myelination gyral pattern and volume loss volume loss
mild T2 high in delayed delayed

the white matter myelination myelination
Facial features

tow-set ears + +
Narrow forehead + + + + +
Prominence of the metopic region + + + na na
Sparse eyebrows + + + +
Tclccanthus + + + + +
Blepharoptosis ± (only left eye) + + +
Downslanting palpebral fissures + +
Depressed nasal bridge + + + + +
Short nose with upturned nostrils + +
High arched palate + + + + +
Tented mouth + + + + +
Marked philtrum + + + + +Micrognathia + + + na na

Other
Limb anomaly Polydactyly na

Cardiac abnormality
(right hand)

+ + na
ne, not available,

<:»
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Microarray analysis detected a 5.4 Mb deletion in 5q31.2q32 [arr
5q31.2-q32(l38,899,205-144 ,275,780)x I] in Patient I, a 1.2 Mb
deletion in 5q31.3 [aIT 5q31.3(l39,219,584-140,379,177)x I] in
Patient 2, and a minimum of 1.581 Mb and a maximum of
1.666 Mb [arr 5q31.2q31.3( 138,OI1,434-139,592,820)xl] in Patient
3 (Fig. 3A). These deletions were subsequently confirmed by FISH
(Fig. 313). These deletions were not present in the parents of Patients
1 and 2 indicating their de novo origin. SNPs genotyping in the
deleted region demonstrated that the deletion of Patient I was of
paternal origin, and that of Patient 2 was of maternal origin (data
not shown). The parental origin of the deletion in Patient 3 was not
determined as this was lost to follow-up.

DISCUSSION
Recently, Shirnojima et a1.,20 I I reported on two patients who share
a deletion of a region similar to the deleted region observed in our
patients. The patients reported by Shimojima et al. demonstrated
similar clinical features to our patients (Table I).Vile identified three
additional patients with an overlapping deletion at 5q31.3. The
patients showed strikingly similar clinical features including neo-
natal hypotonia, neonatal feeding difficulties that required tube
feedings, respirator)' distress, and severe developmental delay. They
also exhibited facial dysrnorphic features with narrow forehead,
metopic prominence, lateral sparseness of the eyebrows, hyper-
relorism, depressed nasal bridge, open and tented mouth, marked
philtrum and micrognathia (Table J). The new data support the

notion that 5q31.3 microdelction represents a clinically recogniz-
able syndrome.

The three patients presented here showed severe neonatal hypo-
tonia, neonatal feeding difficulties, respiratory distress and char-
acteristic facial features which were compatible with 5q31.3
microdeletion syndrome. Some, but not all of these clinical features
and facial characteristics like the open-tented mouth and myo-
pathic facial expression could be associated with the severe hypo-
tonia of antenatal origin. Therefore, the causative genes of the
5q31.3 microdelction syndrome may playa fundamental role in the
proper development of the muscle tone and neuronal function.
However, this possibility will require further elucidation with
additional studies.

Shimojima ct al. 120 II] emphasized the significant delay of
myelination demonstrated by brain MRI in patients with the
5q31.3 microdeletion syndrome. However, myelination delay
was not common in this study although myelination delay was
not able to be assessed in Patient 3 because MRI was taken during
neonatal period. Rather, the brain MRI findings of three patients
indicated variable abnormalities with mild volume loss of the brain,
mild myelination delay, and a simplified frontal gyral pattern.
Further collection of neuroimaging information will be valuable
to delineate the developmental brain changes in patients with this
syndrome.

Mosca et al. [2007 j reported a patient carrying a microdclction in
Sq31.2 with intellectual disability (Fig. 4A). An additonal patient
with a rnicrodelction illSq31.2 has been reported in the DECI PHER
database (Fig. 4A). These patients have overlapping deletions and

I~
6q31.S

5q31.3deletionSYndrome~::::!:=~~~§~~~;~====:J"Mien, 1 I
~:~~l~ I

~:~II:~
Reported Synd~ro~me~==:r=:JMoxa 2004
[l.~9091
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FIG. 4. A: Map of the overlapping deletions at 5q31.3. Shortest region of overlap (SROj from three currently reported patients and two patients by
ShimoJima et al. (2011] defines 370kb region. Note that these deletions are not overlapped with mlcodeletlons at Sq31.2. B:The SROcontains four
RefSeq genes.
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demonstrated similar clinical features although detailed informa-
tion is not available for the latter patient. They show relatively mild
developmental delay compared to patients harboring the Sq31.3
microdeletion, and the neonatal hypotonia is not very severe. These
patients may represent a 5q31.2 microdeletion syndrome that is
distinct from the Sq31.3 microdeletion syndorme.

Three patients with overlapping rnicrodelcrions in Sq31.3 are
herein presented and compared to two previously reported patients
(Fig. 4A). When the boundaries of the deletions observed in these
patients were compared, the SRO, including only four RefSeq genes
[Pruitt et al., 2007] (Fig. 4B) was narrowed to 370 kb ill Sq31.3. Out
of the four Ref Seq genes, NRG2 and punA are well characterized
functional genes, while the functioiiof the remaining two genes,
C501f53 and C50rf32, has not been characterized.

NRG2 is one of the members of the neuregulin gene family that
are related to growth and differentiation of neurons and glial cells
IFalls, 2003], and its causative role has been pointed out by
Shimojima et al. [2011].

PURA encodes a sequence-specific single-stranded DNA-
binding protein [Khalili et al., 2003 L and is related to pathogenic
changes in fragile X-associated tremor/ataxia syndrome [lin et al.,
2007]. The role of the PURA protein in normal brain is not known.
Puro deficient mice showed a neurologic phenotype consisting of
tremor and spontaneous seizures [Khalili et al., 2003]. Thus, PURA
may have a significant role in brain development. Therefore, PURA
still remains a good candidate for the neurocognitive features
observed in the Sq31.3 rnicrodeletion syndrome, although the
patients with 5q31.3 microdeletion do not demonstrate tremor
or epilepsy which were cardinal features of Pllrtl-deficient mice.

In conclusion, we have described three additional patients with
Sq31.3 microdeletion syndrome, and confirmed that the syndrome
is clinically discernible. The critical region for this chromosome
abnormality has been narrowed down to a 370 kb region that
encompasses NRG2 and PURA. Further studies of infants with
the syndrome may help to identify the genes in the SRO responsible
for the clinical abnormalities in this microdeletion.
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