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We report on a 16-year-old boy with a maternally inherited ~18.3 Mb Xq13.2-q21.31 duplication delimited by
aCGH. As previously described in patients with similar duplications, his clinical features included intellectual dis-
ability, developmental delay, speech delay, generalized hypotonia, infantile feeding difficulties, self-injurious be-
havior, short stature and endocrine problems. As additional findings, he presented recurrent seizures and
pubertal gynecomastia. His mother was phenotypically normal and had completely skewed inactivation of the
duplicated X chromosome, as most female carriers of such duplications. Five previously reported patients with
partial Xq duplications presented duplication breakpoints similar to those of our patient. One of them, a fetus
with multiple congenital abnormalities, had the same cytogenetic duplication breakpoint. Three of the reported
patients sharedmany features with our proband but the other had some clinical features of the Prader-Willi syn-
drome. It was suggested that ATRX overexpression could be involved in the major clinical features of patients
with partial Xq duplications. We propose that this gene could also be involved with the obesity of the patient
with the Prader-Willi-like phenotype. Additionally, we suggest that the PCDH11X gene could be a candidate for
our patient's recurrent seizures. Inmales, the Xq13-q21 duplication should be considered in the differential diag-
nosis of Prader-Willi syndrome, as previously suggested, and neuromuscular diseases, particularly
mitochondriopathies.

© 2016 Published by Elsevier B.V.
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1. Introduction

Males with Xq13-q21 duplications have short stature, intellectual
disability, developmental delay, speech delay, generalized hypotonia,
infantile feeding difficulties, endocrine problems, short palpebral fis-
sures, epicanthic folds, ptosis, tented vermilion of the upper lip and
downturned corners of themouth, and genital anomalies such as hypo-
plastic genitalia with undescended testes. On the other hand, most of
the female carriers are asymptomatic with an inactive duplication-
bearing X chromosome.

Interestingly, patientswith X-linked intellectual disability associated
or not with alpha-thalassemia (MIM 301040, MIM 309580) have a phe-
notype similar to those with the Xq13-q21 duplication, including fea-
tures such as short stature, intellectual disability, developmental delay,
hypotonia, hypogonadism, cryptorchidism, epicanthic folds, ptosis and
inverted V-shaped upper lip (Lugtenberg et al., 2009). This disorder
comprises several syndromes reported separately, including Chudley-

Lowry, Juberg-Marsidi, Carpenter-Waziri, Holmes-Gang and Smith-
Fineman-Myers, found to be caused by mutations in the ATRX gene,
located at Xq21.1 (alpha thalassemia/mental retardation syndrome X-
linked, MIM 300032).

We report on a boywith an Xq13.2-q21.31 duplication inherited from
his phenotypically normal mother. His chromosome rearrangement was
identified by routine chromosome analysis and characterized by high res-
olution karyotyping and oligonucleotide aCGH analysis. We compare the
patient's phenotype to five previously reported patientswithmolecularly
delimited similar duplications.

2. Materials and methods

This study was approved by the Research Ethics Committee of the
Universidade Federal de Minas Gerais (project number 0007.0.203.000-
10). The written informed consent was undersigned by the patient's
parents.
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2.1. Clinical report

The 16-year-old boy (Fig. 1) was the fourth child of a non-
consanguineous healthy couple. He was born at term by elective
Cesarean section, with weight of 3020 g (25–50th centile), length
of 45 cm (10–25th centile) and head circumference of 35 cm (75–
90th centile). A previous male sibling died of an unknown cause,
17 h after birth, and two sisters were phenotypically normal. In
the newborn period he presented feeding difficulties, with poor
sucking, and at age 15 days he weighed 1900 g (b3rd centile). Neo-
natal screening for hypothyroidism and phenylketonuria were
negative.

His growth and neuropsychomotor development were delayed; he
walked without support and spoke his first words at age 3 years. Al-
though calm, he had a self-injurious behavior (for instance, he bit him-
self and hit his head on thewall), first notedwhen hewas 4 years old. At
age 2 years, the diagnosis of hypothyroidism was established, and he
made use of levothyroxine until the age of 5 years and 6 months,
when the thyroid function normalized. He underwent surgical correc-
tion of cryptorchidism and bilateral inguinal hernia at 6 years. From
age 7 to 13 years he presented recurrent seizures, treated by carbamaz-
epine since the first episode.

Examined at 10 years of age, his height was 118.2 cm (b3rd centile),
and hisweightwas 20.2 kg (b3rd centile). He presented intellectual dis-
ability, impaired social interaction, language impairment (spoke a few
words), facial and generalized hypotonia, normal tendon reflexes, bilat-
eral ptosis, tented mouth, high-arched palate, low-set protruding ears,
pectus excavatum, genu varum and joint hyperextensibility. Ophthalmo-
logic examination and brain computed tomography (CT) scan did not
show abnormalities; nuclear magnetic resonance (NMR) of the brain
documented mild dilatation of lateral ventricles, spectroscopy showed
an increased lactate peak and the electroencephalogram showed the
presence of nonspecific changes. Venous blood gases, ammonia, lactate,
ions, complete blood count with platelets, blood glucose, uric acid, cre-
atine phosphokinase-total (CKT), urine qualitative reactions and chro-
matography of oligosaccharides in urine and blood amino acid were
normal. TSH, T3, T4 and T3-reverse were performed at 12-years of age
and the results were within the normal range. He entered puberty at
age 12 and since then presented bilateral generalized gynecomastia
(Fig. 1). Currently at age 16, his height is 152 cm (b3rd centile), his
weight is 53 kg (10–25th centile) and he has adult genitalia, axillary
hair, and thin mustache (beardless).

Chromosome analysis revealed a 46,XY,dup(X)(q13q23) karyotype.
His mother presented the same tandem duplication. His maternal
grandmother karyotypewas normal, and his grandfather refused exam-
ination. Recently, his sister had a hypotonic male child that needed
gastrostomy diet due to poor sucking; his karyotype showed the same
duplication.

2.2. Cytogenetic analysis

Chromosome preparations from the patient and his mother were
obtained from cultured peripheral blood lymphocytes. In order to ob-
tain high-resolution chromosomes we combined thymidine cell syn-
chronization with ethidium bromide addition. Chromosome analysis
was performed after GTG-banding and fluorescence in situ hybridiza-
tion (FISH)was carried outwith a flow-sortedwhole-humanX chromo-
some probe labeled and detected according to standard procedures.

2.3. X chromosome inactivation

The X chromosome inactivation pattern was analyzed in the
patient's mother after 5-bromodeoxyuridine (5-BrdU) incorporation
and acridine orange staining, according to Latt (1973) with modifica-
tions. Briefly, leukocytes were cultured for 40 h in medium with
0.2 mg/ml 5-BrdU (Sigma-Aldrich, Saint Louis, MO, EUA) and then for
6 h in 5-BrdU free medium containing 0.2 mg/ml thymidine (Sigma-Al-
drich). The X inactivation pattern was analyzed in 50 cells. The methyl-
ation status of the androgen-receptor gene was determined in a DNA
sample extracted from peripheral blood, as previously described
(Allen et al., 1992). The resulting PCR products were analyzed on an
ABI-310 Genetic Analyzer, and product length and peak areas were
obtained using the Gene Mapper Software v4.0 (Applied Biosystems,
Foster City, CA).

2.4. aCGH analysis

GenomicDNAwas isolated from the patient's and hismother's blood
cells using the Qiagen DNA extraction kit (Santa Clara, CA). Microarray-
based comparative genomic hybridization (aCGH)was performed using
anX-chromosomededicated 44Kmicroarray (customdesign 2008) and
theWhole Human Genome CGHMicroarray 60K (Agilent Technologies
Inc., Santa Clara, CA, USA), following the manufacturer's protocol.
Scanned images of the arrays were processed with the Feature Extrac-
tion software (Agilent Technologies). We applied the Genomic Work-
bench software (Agilent Technologies) for calling CNVs using the
Aberration Detection Method 2 statistical algorithm (sensitivity thresh-
old of 6.7). Duplications or deletions were considered when the log2
ratio of the Cy3/Cy5 intensities of a region encompassing at least three
probes was N0.3 or b−0.3, respectively. Mapping data were analyzed
using the UCSC genome browser - NCBI Build 37, hg19.

3. Results

High resolution chromosome analysis of the patient showed
a partial duplication of the X chromosome long arm
[46,XY,dup(X)(q13.3q22.1)]. The same duplication was detected in his

Fig. 1. (A, B) Frontal and lateral views of patient at 12-years of age, showing facial hypotonia, bilateral ptosis, low-set protruding ears and tented mouth. (C) Patient at 16-years of age,
showing gynecomastia.
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