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Abstract
Objective − The aim of this study was the molecular characterization of a very rare de-novo 4.5 Mb duplication at Xp11.22-p11.23
in an 18-month-old boy with hypotonia and developmental delay, and to correlate these findings with a clinical phenotype and
to expand the knowledge of this genetic abnormality. Case Report − The patient is unable to utilize the large muscle systems to
move from place to place, assume a stable posture when moving, and to raise himself to a standing position. He is incapable of
coherent speech. Single nucleotide polymorphism (SNP) was performed using the Affymetrics Cytoscan High Density platform
and maternal fluorescence in situ hybridization (FISH) analysis was used to determine the inheritance pattern. Chromosome
microarray test found Xp11.23-p11.22 (48,237,630-52, 737, 268) x2 including numerous OMIM genes (start: SSX4 to end:
SSX7) and SHROOM4. Maternal FISH analysis did not detect duplication of Xp11.23. Conclusion − This is de novo change in
our patient most likely occurred as a new mutation that was not inherited from either parent.
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Introduction
In 2009, Giorda et al. (1) identified inherited and
de novo recurrent Xp11.22-p11.23 microduplication in two males and six females. They examined a
wide cohort of patients presenting with syndromic
intellectual disability (ID). Seventeen new patients
with microduplications of Xp11.22-p11.23 were
reported in 2015 by Nizon et al (2). The size of
microduplications ranged from 331 kilo base pairs
(Kb) to 8.9 mega base pairs (Mb). Patients shared
several common major characteristics: language
impairment, moderate to severe ID, focal epilepsy
with activation during sleep evolving in some patients to continuous spikes-and-waves during slow
sleep, abnormal electroencephalogram (EEG), excessive weight, hypotonia, variable and nonspecific
anomalies of the extremities and early onset of puberty in females (2). In the most published cases, X

chromosome microduplication was inherited from
the healthy mother. The carrier mothers were asymptomatic because they showed severely skewed
X inactivation of the rearranged X chromosome.
However, it was shown that on the short arm of
the X chromosome, especially on the Xp11 region,
clusters of genes can escape inactivation (3) and the
excess of X-inactivation escaping genes may be associated with mental impairment (4).
We report here phenotypic and molecular characterization of a de-novo 4.5 Mb duplication at
Xp11.23-p11.22 in an 18-month-old boy with hypotonia and developmental delay.

Case Report
Here we describe an 18-month-old boy (Fig. 1) unable to utilize the large muscle systems in his body
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to move from place to place, assume a stable posture
when moving, and to raise himself to a standing
position. Floppy since birth, he smiled at 3 months
and used a raking grasp. At 12 months he was interactive but the parents’ main concern was the child’s
developmental delays. After receiving physical
therapy the boy was making progress. He moved
around by rolling but was not speaking. At that
period he started to bear weight on his leg and he
could sit with support and started waving but was
not able to hold his bottle. Self help, raking grasp
and cognitive function were delayed. Although he
was slightly underweight at birth, his growth at 12
months of age was good. At 18 months the patient
was cooperative throughout the evaluation and able
to follow one step commands but was not able to
extend his arms backward to prevent himself falling. When becoming unbalanced the patient was
slow to extend his hands forward or to the side.
Also, he was not able to transition to sitting from
supine to prone or to pull himself from sitting to
standing, and was moving around the environment
by rolling. This boy was a second child of a healthy
33-year-old woman and a non-consanguineous
33-year-old man whose family history was unremarkable. Their first child was a 6-year-old healthy
girl. The boy was born full-term weighing 3 kg.
Pregnancy was complicated by maternal hypertension. He spent 3 extra days in the hospital due to
low blood sugar and was treated with an intravenous (IV) sugar drip. His hearing and vision were
determined to be functional. Lower lip frenulum
was tied and he had fifth finger clinodactyly.
SNP microarray analysis was performed using
the Affymetrix Cytoscan HD platform (LabCorp)
applying methodology provided by the manufacturer. 250 ng of total extracted genomic deoxyribonucleic acid (DNA) was digested with NspI and
after ligation to NspI adaptors was amplified using
Titanium Taq with a GeneAmp polymerase chain
reaction (PCR) System 9700. PCR products were
purified, DNA was fragmented, biotin labeled and
hybridized using Chromosome Analysis Suite. The
analysis was based on the GRCh37/hg19 assembly. Truly balanced chromosome alterations will

Fig. 1. The Patient Is Unable to Utilize the Large Muscle
System to Raise Himself to a Standing Position.

not be detected by this analysis. The threshold for
mosaicism is variable, depending on the size of segment. This test was developed and its performance
characteristics determined by LabCorp. It has not
been cleared or approved by the Food and Drug
administration. Multiplanar multisequence magnetic resonance imaging (MRI) brain without and
with IV gadolinium was done when the patient was
10-month-old. Maternal FISH analysis was used to
determine inheritance pattern.
Chromosome microarray test found Xp11.22p11.23 (48,237,630-52, 737, 268) x2 including numerous OMIM genes (FTSJ1, SYP, SFROOM4, and PQBP1; start: SSX4 to end: SSX7)
and SHROOM4. The hole genome SNP microarray (Reveal) analysis detected an interstitial duplication of chromosomal segment listed (Fig. 2).
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Fig. 2. The Most Common Duplicated Genes in the Xp11 Region. Duplications in Our Patient Are Highlighted in Red.

Maternal FISH analysis did not detect duplication
of Xp11.23.

Discussion
Human X chromosome Xp11.22-p11.23 region
is susceptible to recurrent chromosome rearrangement resulting in 4.5 Mb microduplication (1).
So far it is reported that about 70 people had this
duplication. In most cases in women with X chromosome duplication the X chromosome with the
extra bit is usually inactivated. Since the active X
chromosome is the normal one it would not be expected to have any adverse effect on development,
health or functioning. For these reasons, the mother of our child patient was advised to perform a
genetic analysis with her and based on the results to
be given genetic advice. But in some cases inactivation seems to be either random or it is skewed in
favor of the X chromosome with the extra bit. In
males usually these X chromosome rearrangements
are inherited from a healthy mother.
As in our case the maternal DNA FISH analysis did not find duplication of Xp11.23 we have
pure de novo 4.5 Mb duplication. This duplication
includes 47 genes of which 14 have already been
associated with genetic disorders. Our patient had
duplication of POBP1; the mutation was associated with syndromic ID including microcephaly,
short stature, spasticity, and occasional heart and
renal malformation (5, 6). In 2016, Moey et al. (7)
reported that gains in Xp11.22 including IQSEC2
caused ID, were associated with hyperactivity and

attention/hyperactivity disorder, and were likely
to be dosage-sensitive in males. Protein encoded
by PQBP1 is preferentially expressed in the brain
(8). In experimental cellular models overexpression of the POBP1 protein decreased cell growth
and increased sensitivity to stress resulting in a loss
of Purkinje and glandular cells in the cerebellum
and loss of spinal motor neurons (9). In some patients focal seizures were activated during sleep and
PQBP1 and SLS35A2 proteins were suggested as
candidates for epilepsy (2). Although our patient
has no history of epilepsy and EEG was normal,
the parents had trouble rousing the boy from sleep
on two occasions. He was clammy, disoriented, and
have been almost unconscious. Duplicated synaptophysin (SYP) codes a protein of the synaptic vesicle membrane and mutations have been associated
with ID and epilepsy (10). Pinar et al. in 2018 (11)
reported a small duplication of only SSX1, SSX9,
SXX3 and SXX4 at Xp11.23 in a 23-month-old girl
with epilepsy and global developmental delay. The
patient had very severe ID and died at 25 months
of age from severe pneumonia. Duplicated FTSJ1
and SHROOM4 genes are referred to as candidates
for developmental delay (2). SHROOM4 encodes a
member of the APX/Shroom family, and encoded
protein may play a role in cytoskeletal architecture.
The mutation of these genes is found in the Xlinked Stocco dos Santos syndrome characterized
by cognitive disabilities (12, 13).
It should also be noted that there are people
with an Xp11.22 duplication who have developed
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normally and have no speech, behavior, learning or
health difficulties (4).

Conclusion
The patient has a large duplication containing multiple genes many of which are important for normal development. Many children have speech delay,
cognitive deficits, sleep disorders and epilepsy. Since
the mother does not have the duplication this de
novo change in the patient most likely occurred as
a new mutation that was not inherited from either
parent.
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