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We report a 4-year, 4-month-old male with a 10.43 Mb duplication of chromosome region 5q31.2-q32 present-
ing with a general delay in psychomotor development including moderate to severe intellectual disability, lan-
guage delays and gross and fine motor delays. Based on comparison with the only case of a similar duplication
reported in the literature, we suspect that an extra copy of PURA in our patient may be involved in the early
onset intellectual disability and seizures. Further studies and reports of cases with similar duplications could pro-

ccH vide additional information about the influence of this gene on the phenotype of patients with a 5q31.2-q32

Delay duplication.
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Delayed psychomotor development (DPMD) is defined as a delay in
various developmental domains such as fine and/or gross motor skills,
language, cognition, social and personal competencies and activities of
daily living. As any of these domains can be more or less compromised,
DPMD is a heterogeneous entity not only in terms of its etiology but also
in terms of its phenotypic profile (Ferreira, 2004). The prevalence of the
condition is estimated to be 1 to 3% in children below the age of three
years (Hochstenbach et al., 2009). A significant delay is defined as one
that is two standard deviations below the mean for children of the
same age.

The subject of this case report is a 4-year, 4-month-old boy with a
general delay in psychomotor development (Table 1). He was delivered
by preterm cesarean section (35 weeks and 4 days) following a dizygot-
ic twin pregnancy complicated by intrauterine growth restriction and
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single umbilical artery. The patient was twin A and had a birth weight
of 1.5 kg, while his twin brother had a birth weight of 3.665 kg. He
was kept in an incubator for one week and discharged without any in-
tercurrent events. The patient's parents are non-consanguineous, are
both healthy and were 36 years old at the time the children were
born. The patient was identified as having moderate development
delay at the age of 1 year and started having epileptic seizures at five
months, as well as hypothyroidism and repeated cases of bronchiolitis
until the age of eight months. The patient currently has approximately
one epileptic seizure per week. Branchiootorenal syndrome was
suspected as the patient presented with bilateral preauricular tags
(Fig. 1), but normal abdominal ultrasound and otoscopy showed that
the patient did not meet diagnostic criteria (Palheta-Neto et al., 2007).

At 4 years and 4 months of age the patient is 94 cm tall (P5), weighs
13.2 kg (P10) and has a head circumference of 46.5 cm, indicating mild
growth retardation. Clinical examination revealed the preauricular tags
mentioned above and a triangular face (Fig. 2) without any other facial
dysmorphia. Gait was broad-based with external rotation of the feet,
and the parachute reflex was absent. Muscle tone was normal. The pa-
tient goes to school with his brother, and according to his parents his so-
cial interaction with family members and classmates is good although
he does not feed himself or eat solid food. His parents say that he is
afraid of loud noises.
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Table 1
Patient's general developmental delay.
Milestones Age
Developmental milestones
Recognized mother's face and voice Normal
Social laugh 3 months
Responded to games, held foot and put it in his mouth 2.5 years
Helped when being dressed, ate with his fingers 1.5 years
Ate on his own with a spoon 4 years
Ate well on his own 4 years
Controlled sphincters and referred to himself by his 4 years and 4

name months

Played in a group 2 years
Brushed his teeth 3 years and 4
months
Undid his buttons Not yet
Put on his shoes Not yet
Washed his face Not yet
Language milestones
Responded to his name Normal
Spoke two or more meaningful words 2.5 years
Spoke 10 or more words 3 years
Said short phrases Not yet
Made complete sentences Not yet
Conjugated verbs Not yet
Motor milestones
Supported his head 1 year
Lifted his head and shoulders when prone 1.5 years
Sat without support 1.5 years
Walked with help or with support 2.5 years
Ran 3 years and 4
months
Walked in a coordinated manner Not yet
Rode a tricycle Not yet

Laboratory tests (amino acids and plasma quantitative chromatogra-
phy) were all normal. Kidney, liver, gastrointestinal and ophthalmolog-
ical exams were normal. The only endocrinological disease identified
was hypothyroidism; diabetes was ruled out. His echocardiogram was
normal. MRI at the age of 1.5 years revealed frontal polymicrogyria.
EEG at 3 years diagnosed epilepsy. His karyotype was normal. The pa-
tient is currently receiving therapy for vitamin D deficiency.

Array-CGH was first performed with DNA extracted from peripheral
blood of the patient and his parents using a bacterial artificial chromo-
some (BAC)-based microarray (SignatureChip Whole Genome; Signa-
ture Genomic Laboratories, Spokane, WA) as described elsewhere
(Ballif et al., 2008). The size of the duplication was established more ac-
curately with a 135 K-feature oligonucleotide-based array
(SignatureChip Oligo Solution™, version 2.0, custom-designed by Sig-
nature Genomics and made by Roche NimbleGen, Madison, WI) using
methods described elsewhere (Duker et al., 2010). Metaphase fluores-
cent in situ hybridization (FISH) was performed with chromosomes

Fig. 1. Appendages on the right and left tragi in a patient with DPMD and a 10.43 Mb
duplication on chromosome 5q31.2-q32.

Fig. 2. Triangular face.

from the patient and his parents using BAC clone CTD-2589F14 from
531 as described in Traylor et al., 2009.

Oligonucleotide-based array-CGH revealed a 10.43 Mb duplication
of the coordinates (hg19) chr5:137887286-148318387 (Fig. 3), which
was confirmed by interphase FISH. Based on its size and the number
of affected genes, this duplication was expected to be clinically signifi-
cant. The 10.43 Mb duplication included at least 120 OMIM genes. Par-
ents were not tested for the duplication.

The most similar case reported in the literature was that of a 44-
year-old female with an approximately 10 Mb duplication of the
5q31.3-5q32 region associated with late-onset partial lipodystrophy
like that found in Barraquer-Simons syndrome, ichthyosis, epilepsy
and glomerulonephritis (Faguer et al,, 2011). The patient had a moder-
ate-to-severe intellectual disability during childhood and developed ep-
ilepsy at the age of 19 years (Faguer et al., 2011). Lipodystrophy started
at the age of 10 years, and at 44 years the patient developed focal and
segmental glomerulonephritis with glomerulosclerosis and non-mono-
clonal mesangial IgA deposits, culminating in acute kidney failure,
swelling of the legs and hypertension (Faguer et al., 2011). Chromo-
some analysis revealed a partial trisomy in the 5q31.3-5q32 region,
and array-CGH analysis allowed this approximately 10 Mb duplication
to be mapped precisely (minimum size chr5:139869758.149581689
(9.71 Mb); maximum size chr5:139535886.149759172 (10.22 Mb),
UCSC hg19 coordinates (Fig. 3) (Faguer et al., 2011).

There is ~1.3 Mb duplicated in this previously reported patient
(Faguer et al., 2011) and not in ours (involving at least 24 genes, includ-
ing PPARGC1B and MIR143HG). The authors attributed the patient's late-
onset lipodystrophy to the PPARGC1B gene (Faguer et al., 2011), which
is not included in our patient's duplication. The only similarities be-
tween this previously reported patient and our proband are intellectual
disability and epilepsy, which in the adult female patient manifested
only after the age of 10 years (Faguer et al., 2011). Her additional symp-
toms, including lipodystrophy, ichthyosis and glomerulonephritis, were
also later-onset, so it is possible that our patient could be at risk for these
conditions in the future. Alternatively, as these symptoms could be due
to genes not duplicated in our patient, he may not develop these fea-
tures. Proximally, ~2 Mb duplicated in our patient was not included in
that were not in the previously reported patient's duplication (involving
at least 30 genes, like PURA). However, at least at age 5, there are not
significant phenotypes present in our patient and absent in the other.

A gene of clinical importance, located within the proband's duplica-
tion, would be PURA (purine-rich element binding protein A). Heterozy-
gous mutations and deletions of this gene, as in 5q.31.3 microdeletion
syndrome, cause neonatal hypotonia, encephalopathy with or without
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Fig. 3. Genomic positions of the duplications in our patient and a previously reported patient. An ideogram of chromosome 5 is shown at the top of the figure, with an enlarged view of
5q31.2q32 beneath (using hg19 coordinates). Blue bars represent the minimum size of duplications; dashed horizontal lines extend through gaps in coverage to show the maximum size of
duplications. Green boxes represent genes of note within the region; all gene content is not shown. (For interpretation of the references to color in this figure legend, the reader is referred

to the web version of this article.)

epilepsy, seizures, moderate to severe developmental delay and learn-
ing disability (Seema et al., 2014; Bonaglia et al., 2015). Given that
many dosage-sensitive genes will result in abnormal phenotypes
when deleted and duplicated, it is possible that inclusion of PURA in
our patient's duplication (and its absence from the previously reported
duplication) may be clinically significant and contribute to his early
onset neurodevelopmental abnormalities.

Further studies and reports of cases with similar duplications could
provide additional information about the influence of these genes on
the phenotype of patients with a 5q31.2-q32 duplication.
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