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Chromosomal deletion including 5q31 is rare and only a few
patients have been reported to date. We report here on the first
two patients with a submicroscopic deletion of Sq31.3 identified
b) microarray-based comparative genomic hybridization. The
common clinical features of both patients were marked hypo-
tonia, feeding difficult} in infancy severe developmental
delay, and epileptic/nonepilcpric encephalopathy associated
with delayed myelination. Both patients also shared characteris-
tic facial features, including narrow forehead, low-set and
abnormal auricles, bilateral ptosis, anteverted narcs, long phil-
trum, tented upper vermilion, edematous cheeks, and high
palate. The deleted region contains clustered PCDHs, including
and PCDHG, which are highly expressed in the brain where they
function to guide neurons during brain development, neuronal
differentiation, and synaptogenesis. The common deletion also
contains neuregulin 2 (NRG2), a major gene for neurodevelop-
meat. We suggest that 5q31.3 deletion is responsible for severe
brain developmental delay and distinctive facial features, and
that the common findings in these two patients representing a
new rnlcrodeletion syndrome. We need further investigations
to determine which genes are responsible for the patients'
characteristic features .. t· 2011 \\'iler-Li~s, Inc.

Key words: microdclction; 5q313; array-based comparative ge-
nomic hybridization (aeGI{)j developmental delay: protocadhcrin
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INTRODUCTION
Interstitial deletions of the long arm of chromosome 5 are rare,
except in the 5q35.2q35.2 region that includes the2-Mb NSDllocus
which is associated with Sotos syndrome [Visser and Matsumoto,
2003]. Although patients with proximal deletions that encompass
the 5ql5 to q22 region experience mild developmental delays, those
with distal deletions that encompass the 5q22 to q3J region are
more severely handicapped, fail to thrive, and present with signifi-
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cant craniofacial dysmorphism and joint dislocations or contrac-
tures [Garcia-Minaur et aI., 2005]. Furthermore, there are only a
few reports of patients with deletions encompassing the 5q31.3
region [Felding and Kristoffersson, 1980; Kramer et al., 1999; Arens
et al., 2004].

Recently, we encountered 2 patients with severe developmental
delay and distinctive facial features. Microarray-based comparative
genomic hybridization (aCGH) analyses identified a common
rnicrodeletion of 5q31 in both patients. Radiological examination
yielded characteristic finding with delayed myelination in both
patients. The details of these cases are discussed in this report. Data
on the patients were deposited in the DECIPHER database
(Database of Chromosomal Imbalances and Phenotype in Humans
using Ensembl Resources, https:lldecipher.sanger.ac.uk), and the
corresponding DECIPHER number is given.
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CLINICAL REPORTS
Patient 1 (DECIPHER #TWM253734]
A Japanese boy was born at 40 weeks 5 days gestation by caesarean
when labor had failed to begin. He is the first child of a 30-year-old
father and a 26-year-old mother at the time of his birth. His birth
weight was 2,925g (-0.3SD),length 50crTI (+O.5SD), and head
circumference 35 em (+ 1.3 SD). Postaxial polydactyly of the right
hand was noted. Patent ductus arteriosus (PDA) and a small
ventricular septal defect (VSO) were revealed by echocardiography;
PDA was surgically treated when he was 52 days old, and the small
VSD was observed but not treated. He showed failure to thrive due
to severe hypotonia and feeding difficulty, and aspiration was
suspected because of recurrent pneumonia. Tube feeding was
initiated at 6 months of age. Although he had no epileptic episodes,
his electroencephalography showed spike waves on the right side of
the posterior and occipital regions during natural sleep. Auditory
brainstcm response revealed obscure fIIwaves in both sides, and the
threshold was 40 dB. His median nerve conductive velocity (NCV)
showed a delay with 32.5 I11/s (-2.1 SO) on the left and 30.5m/5
(-2.5 SD) on the right. His posterior tibial NCV was also revealed to
be delayed with 27.6 m/s (-3.2 SO) on both sides. These findings
indicated peripheral neuropathy.

At 18 months of age, he showed delayed growth and microceph-
aly with height 76.4 ern (-1.6 SO), weight 8.7 kg (-1.7 SO), and
head circumference 42.8 em (-3.0 SO). He showed distinctive
features including narrow forehead, low-set and abnormal auricles,
bilateral ptosis, epicanthic folds, depressed nasal bridge, antcverted
nares, long philtrum, tented upper vermilion, edematous cheeks,
and high palate (Fig. IA). His developmental milestones were
markedly delayed with no contact eye movements, no smile re-
sponse, and no head control. Brain magnetic resonance imaging
(M Rl) revealed reduced volume of the cerebrum and severely
delayed myelination (brain appearance was that of an 8-month-
old child) in T2-weighted imaging (Fig. 2A). Chromosomal
G-banding showed a normal male karyotype.

FIG. 1. Patient facial features. (A) Patient 1 at 18 months old. (8)
Patient 2 at 6 years old.

FIG. 2. Brain MRI findings with T1·welghted images (A, D) and
T2·welghted images (B, C,E). Patient 1 at 4 months (A, B) and
18 months old (e). Patient 2 at her ageof4 years and 4 months old
(0, E). Both patients showed reduced volume of the cerebrum
associated with hypomyelination.

Patient 2 (DECIPHER #4681]
An 8-year-old French girl had no family history and no consan-
guinity in her parents. There was no complication during pregnan-
cy. She was born with a birth weight of3,700 g (+0.5 SO), a length of
52cm (+1.0S0), and a head circumference of 36cm (+1.0S0).
Since early infancy, she showed feeding difficulties due to severe
hypotonia. She had severe developmental delay with sitting at
11 months. Since the age of 12 months, she suffered epileptic
seizures which were drug-resistant (hydrocortisone, clonazeparn,
topiramate, lamotrigine). Her epileptic status was diagnosed as
Lennox-Gastaut syndrome.

She was of relatively small stature at a height of 121 ern
(-1.5 SO). had a weight of 16.7 kg (-2.5 SO), and head circumfer-
ence of 50 ern (-1.5 SO). She was not able to walk unassisted and
was apraxic for speech. Her features were distinctive with narrow
forehead, low-set ears, bilateral ptosis, downslanting palpebral
fissures, anteverted narcs, long philtrum, tented upper vermilion.
edematous cheeks. and high palate (Fig. IB). Strabismus was also
noted. Brain MRl examination showed venlriculornegaly with
reduced volume of the cerebrum, particularly in the frontoparietal
regions, and marked hypomyelination (Fig. 2B). Conventional
chromosome analysis showed a normal female karyotype.

MATERIALS AND METHODS
For further evaluation, microarray-bascd comparative genomic
hybridization (aCGH) analyses, using Human Genome CGH Mi-
croarray 105A for Patient 1 and 44A for Patient 2 (Agilent Tech-
nologies, Santa Clara, CAl, were performed according to the
manufacturer's protocol, with genomic ONAs extracted from
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peripheral blood samples. The identified aberrations were con-
firmed by fluorescence in situ hybridization (FISH) analyses, and
both patients were also analyzed by FISH. Parental origin of the
deletion in Patient 1 was determined using the rnicrosatellite
marker D5S 1979 according to methods described elsewhere
[Komoike et al., 2010J. Information regarding the primers used
for the marker was obtained from the in-silico library (http://
genorne.ucsc.edu/).

RESULTS
Losses of genomic copies of5q31.3 were identified in both patients.
Patient I showed a S.O-Mb deletion with molecular karyotyping as
arr chr5g3J.2q31.3(J37,538,788-142,574,719)(hglS)xl and Pa-
tient 2 showed a 2.6-Mb deletion with molecular karyotyping as
arr chr5g31.3q31.3(139,117,448-141,682,547)(hgIS)xl (Fig. 3).
FISH analyses with only one signal for the targeted probe confirmed
the deletion (Fig. 4), and subsequent parental FISH analyses using
the same probe showed no abnormality in their parents (data
not shown), indicating de novo occurrence. Patient I shared
the D5S1979 allele with his mother but not with his father
(Fig. 4). This indicated that the deletion was paternally derived,
and the final karyotype was ish dcl(5)(q31.2q31.3)(RP 11-678N8xl)
dn pat.

DISCUSSION
Both the patients in the present study showed an overlapping
deletion of the region that included 5q31.3. The clinical features
that were common for both patients were marked hypotonia,
feeding difficulties in infancy, severe developmental delay, and
epileptic/nonepileptic encephalopathy. Both patients also showed
similar characteristic facial features, including a narrow forehead,
low-set and abnormal auricles, bilateral ptosis, anteverted nares,
long philtrum, tented vermilion of the upper lip, edematous
cheeks, and high palate. Another characteristic finding was delayed
myelination of the white matter, as identified by M Rl examination.
Thus, these findings are consistent, recognizable, and clinical
features of 5q31.3 deletion.

To the best of our knowledge, five reports on patients with
chromosome Sq31 deletions arc available in the literature (Fig. 5).
The first patient reported by Felding and Kristoffersson had man-
ifestations similar to those of our patients [Fclding and Kristof-
fersson, 1980J. Kramer et al. [1999J reported on a patient with
5q31 g33 deletion whose condition was severely impaired; this
patient showed congenital anomalies and died in the neonatal
period. Arens et al. [2004J reported a patient with 5q22.1q31.3
deletion whose clinical findings included growth retardation,
moderate psychomotor retardation, and mild facial dysmorphisms .
were similar to those of our patients. However, the severity of
the developmental delay was milder than that of our patients,
because she could walk without support and could speak a few
words. These three patients were suspected to carry deletions of
5q31.3, but the deletion regions were ambiguous in conventional
G-banding examination, and no neuroirnaging test was available.
We were thus unable to compare these patients with ours.

Patient 1

Patlen\2

FIG. 3. The results of aCGHfor chromosome 5. The aberrant areas
of chromosome 5q31.2q31.3 are expanded in "GeneView" using
CGHAnalytics version 4.0 (Agilent) with the ADM·2algorithm at a
threshold of 6.0. Thevertical axis indicates gain or loss of genome
copy number and the horizontal axis Indicates the physical
position on chromosome S. The aberrant areas are Indicated by
blue and red rectangles. Dots Indicate the positions of the probes
and green dots Indicate log, ratio under -0.5. Physical map
corresponding to the highlighted area Is depicted below the aCGH
data. Rectangles Indicate the pcsitlons ofthe UCSCgenes (hg18).
Colored rectangles indicate the genes Included In the overlapped
deletion region, and the genes showing high expression in the
brain are Indicated In red. Italic symbols Indicate gene names.

Tzschach et al, [2006J reported on a patient with failure to thrive,
psychomotor retardation, and mild facialdysmorphic features who
carried a de novo deletion of 5q23.3q31.2, which did not overlap
with those of our patients [Tzschach et al., 2006]. Mosca et al. [2007]
reported a girl presenting with an abnormal cry, upslanting palpe-
bral fissures, hypertelorisrn, anteverted nostrils, microretrognathia,
growth retardation, and an adenoid cyst at the base of the tongue
[Mosca et al., 2007]; the chromosomal deletion in this girl partially
overlapped with that in Patient 1 of the present study, but the
deletion did not involve the 5q31.3 band (Fig. 5).

In the present study, the common 2.6-Mb deletion region within
the chromosomal band 5q31.3 is gene rich, containing 40 genes
(UCSC Human genome browser, March 2006; http://genome.
ucsc.edu/). The 1110st intriguing finding is that the deleted region
contained 5 genes classified as the protocadherin (PCDH) family
which can be further divided into two main categories including
clustered and non-clustered [Morishita and Yagi, 2007]. The
clustered PCDHs including PCDHA, PCDHB, and PCDHG, which
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FIG. 4. Molecular cytogenetic validations for Patient 1. Two-color
FISHanalysis for patient 1 (left) using a combination of the BAC
clones RPl1·94J21 (red) and RPl1-678N8 (green) as probes
according to methods described elsewhere. A single green signal
Indicates the deletion of this region onthe chromosome 5 (arrow).
Mlcrosatellite marker analysis of 05S1979 (right) separated on
a polyacrylamide gel and visualized by staining with ethldium
bromide. Thebands for this patient are common only with those of
the mother. m, molecular size marker; P, patient; F, father; M,
mother. BACclones RPl1-94J21 and RPl1-678N8 were selected
from UCSCHuman genome browser build 2006 (http://
genome.ucsc.edu/cgi·bln/hgGateway) .

and Biederer, 2006]. Although clustered PCDHs are suspected to
have more important roles than non-clustered PCDHs in neuronal
development, human diseases that are associated with clustered
PCDHs have not yet been reported. The genomic organization of
PCDHA and PCDHG includes multiple variable exons and a set of
constant exons, similar to the gene encoding immunoglobulins and
Tvcell receptors [Morishita and Yagi, 2007; Takeichi, 2007). These
cxons are combined by cis-splicing of the mRNA, leading to the
production of a large n umber of isoforms and generating more than
50 transcripts from each gene, with various extracellular domain
sequences IMorishita and Yagi, 2007; Takeichi, 2007]. Because of
these characteristics, PCDHA and PCDHG are classified as clustered
PCDHs. The expression mechanism of clustered PCDHs is also
unique; different mouse neurons were found to express different
sets of Perilla and Pcdhg, indicating monoallelic gene expression that
is unique to the clustered PCDI-is [Esurni et al., 2005; Hirayama and
Yagi,2006].

Although mutations of human PCDHA, PCDHB, and PCDHG
have not been reported, hypomorphic Pcdhn mutant mice
exhibit enhanced contextual fear conditioning and abnormal
spatial learning [Fukuda et al., 2008J. Morpholino-based reduction
in levels of full-length Pcdh 1a protein results in a dramatic increase
in the extent of neuronal programmed cell death [Emond
and Iontes, 2008). These observations are similar to those in
Pcdhg-/- mice that exhibit a loss of spinal interneurons [Wang
et al., 2002]. Heterozygous mice of both Perilla and Pcdhg have not
been reported to show any neurological pathologies [Wang et al.,
2002; Fukuda et al., 2008J; however, functional relevance of both
PCDHA and PCDHG to human disorders cannot be denied,
because mice heterozygous for the knockout alleles such as
Nsdl and Foxel show no manifestations [Rayasarn et al., 2003;
Aldinger et al., 2009]. Henri-allelic deletions of the human
hornogues, NSDJ and FOXCl, are associated with human
disorders, i.e., Sotos syndrome and Dandy-Walker malformation,
respectively. These findings suggest the biological difference
between mice and human.

Another study showed that myelination functions as a trigger
for the decline in Pcdha expression [Morishita et aI., 2004J.
Delayed myelination was another characteristic of our patients
and may be associated with the deletions of PCDI-lA. Furthermore,
PCDHA and PCDHG exhibit monoallelic expression [Esurni et al.,
200SJ. Thus, partial monosomy of5q31.3 may affect the function of
PCDHA and/or PCDHG.

Byuse of the UCSC genome browser, 6 genes other than PCDHA
and PCDHG were found to be highly expressed in the brain
among the 40 genes included in the common deletion region
(Supplemental Table SI online). Neuregulin 2 gene (NRG2) was
one of the 6 genes. NRG2 is a member of the neuregulin family of
signaling proteins that mediate cell-cell interactions in the nervous
system and other organs lRimer, 2007J. Recent genetic, transgenic,
and postmortem brain studies support a potential contribution of
NRGl-erbB4 signaling in schizophrenia [Banerjee et al., 2010J.
Furthermore, NRG2 is predominantly expressed by neurons in the
central nervous system and exerts its effects on the perisynaptic
Schwann cells at the neuromuscular junction [Longart et al., 2004;
Rimer, 2007), suggesting a possible association of NRG2 with
neurological diseases. The findings of histological examinations of

are sequentially organized on the Sq31.3 region (Fig. 3) [Yagi,
2008J. The other non-clustered PCDHs, PCDHI and PCDH12,
were also included in this region. PCDJ-Is are highly expressed
in the brain where the), play roles in directing neurons during brain
development, neuronal differentiation, and synaptogenesis [Akins

Chromosome5

Fe!dine (It 8l. leBO

Aren, .1 01. 2004

Kramer ur .1.. 1999

I '

Patient I }
Patient 2 This study

Tzseh.oh 0101.2006

Mosoa 01 et: 2007

FIG. 5. Physical maps of the 5q31.3 region depict the regions
deleted in the previously reported patients. Black rectangles
Indicate the rangeof the deletion, and the rectangles with diagonal
lines Indicate the suspected deletion region based on G-banded
karyotyplng. The reference author names are also Indicated.
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the brain of Nrg2 transgenic mice did not differ from those of the
wild-type or heterozygous mice; however, homozygous knockout
mice showed severe growth retardation, increased morbidity,
and reduced reproductive capacity [Britto et al., 2004). Thus, the
peripheral neuropathy in Patient 1 may be attributable to NRG2
deletion.

In this study, we reported the first two patients with deletions of
the Sq3J.3 region. We suggest that the deletion ofSq31.3, including
clustered PCDHs and NRG2, lead to severe developmental delays,
distinctive facial features, and delayed myelination. These charac-
teristic manifestations comprise a new recognizable microdeletion
syndrome. Although many genes in this region arc highly expressed
in the brain, the genes that specifically contributed to the unique
characteristics of our patients could not be determined, because the
crucial functions of the genes involved in thedeletion region remain
to be elucidated. Further studies need to be conducted to identify
the genes that were associated with the characteristic features
of our patients. Microcephaly was observed in Patient I, but the
head circumference of Patient 2 was within normal limit. Therefore,
the gene associated with microcephaly ill Patient I might be
excluded from the deletion region that was common to both
patients.
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