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Introduction

The incidence of PS has been evaluated in approximately
1:32,000 by Frère-Maia et al1 and by McGillivray and Lowry.2

The condition is usually sporadic but a familial recurrencewith
different inheritance patterns has been also observed.3 PS
affects mostly males than females, occurs on right side around
55 to 61% of cases,4,5 and has been variably reported with
several associated anomalies and comorbidities.3 The PS etio-
pathogenesis is still unknown. The prevailing theory is an
interruption of the embryonic blood supply of the subclavian
arteries during a critical period of the embryonic development
at about the 5 to 6weeks of gestation6. Hence, it is thought that
its range of features can bedetermined due to theblood supply

leveldisruption.However, geneswhich regulate theembryonic
development of pectoral girdle may also be involved in this
disorder7. PS has been also described in association to several
other features and conditions, such asdextrocardia,8Möebius’s
syndrome, vertebral abnormalities, and undescended testes.
Extracorporeal intercostal liver herniation and thoracic mye-
lomeningocele, renal agenesis, and megacalycosis of the ipsi-
lateral kidney has been reported.9–12 Conditions, such as
malignancies11,12 and other rare disorders, may be found to
be associated to PS but these events are usually considered as
not directly correlated.

We describe a left-sided PS patient carrying a de novo 1.5
Mb Xp22.31 duplication retrieved in addiction to a complex
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Abstract Poland’s syndrome (PS; OMIM 173800) is a rare congenital syndrome which consists of
absence or hypoplasia of the pectoralis muscle. Other features can be variably
associated, including rib defects. On the affected side other features (such as of breast
and nipple anomalies, lack of subcutaneous tissue and skin annexes, hand anomalies,
visceral, and vertebral malformation) have been variably documented. To date,
association of PS with central nervous system malformation has been rarely reported
remaining poorly understood and characterized. We report a left-sided PS patient
carrying a de novo 1.5 Mb Xp22.31 duplication diagnosed in addiction to strabismus,
optic nerves and chiasm hypoplasia, corpus callosum abnormalities, ectopic neurohy-
pophysis, pyelic ectasia, and neurodevelopmental delay. Since, to our knowledge, this
features’ association has not been previously reported, we argue that this case may
contribute to further widening of the variability of PS phenotype.
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central nervous system (CNS) malformation, neurodevelop-
mental delay, and several other first reported features. Since
this atypical clinical picture has not been previously de-
scribed, we defined the presented clinical frame as a further
contribution in widening variability of the PS phenotype.

Case Report

The proband is a 10-year-oldmale, second by birth order, born
by a Caesarean section from nonconsanguineous healthy
parents after an uneventful pregnancy in which a positive
serology for Toxoplasma gondiiwas detected in the last trimes-
ter. Birth weight was 3,300g. On the physical examination he
showed double hair whorl, poliosis circumscripta/segmented
heterochromiaof scalp hair in the right parietooccipital region,
convergent squint of the right eye, an hypoplastic left pectoral
region,mild scoliosis, syndactylyof the II and III toes on the left
foot, and bilateral flat foot (►Fig. 1). Growth parameters were
normal;weight, 28.200kg (25–50°pc);height, 135 cm(25–50°
pc); occipitofrontal circumference (OFC) 51.3 cm (10° pc). Over
the time the childwas also diagnosedwith hyperopic astigma-
tism, language delay, and intellectual disability.

Investigations
Ultrasound of the pectoral muscles showed a reduction in
the thickness of the muscles. The eye examination showed
convergent squint of the right eye; fundoscopy revealed
bilateral temporal pallor of the optic disc. He was subjected
to a phoniatric counseling that prescribed speech therapy
and to an audiological evaluation which was normal. Blood
tests revealed an Ig (immunoglobulin) A deficiency, meta-
bolic tests (ammonium, lactate, phenylalanine, and congeni-
tal disorders of glycosylation [CDG]) resulted within the
normal range. His magnetic resonance imaging (MRI) brain

scan showed a reduced caliber of the optic nerves and chiasm
associated to palpebral and periorbital edematous tissues on
the right; uniformly thinned corpus callosumwith dysplasia
of the splenium, and ectopia of the posterior lobe of the
pituitary gland was also detected. Abdominal ultrasound
revealed ectasia of the left renal pelvis (10mm) plus an
ipsilateral accessory inferior pole renal artery. Dynamic renal
scintigraphy highlighted a low-grade hydronephrosis with
decreased excretory function in the dilated left kidney and
increasing pelvic dilatation. By quantitative PCR assay of
toxoplasma and cytomegalovirus (CMV) on Guthrie’s card
of his neonatal screening, it was possible to exclude a related
infectious disease caused by the two pathogens.

Genetic Testing
DNAs of the propositus and parents were extracted with
Puregene DNA Isolation Kit (Gentra System, Minneapolis,
Minnesota, United States) according to the manufacturer’s
instruction. CGH-array analysis was performed by using
Cytofure ISCA 8�60K v.2 (OGT) with a resolution of 50 to
100Kb according to the manufacturer’s instructions. Array
slides were analyzed through the Cytofure Analysis Soft-
ware; the quality score (DLRS) was <0.25. Results show
genome-wide array analysis of the propositus and parents
showed a patient’s de novo 1.5Mbduplication at the Xp22.31
subband, ranging from 6.552.712 to 8.097.511 (GRCh37,
May 2009) which harbors the following The University of
California Santa Cruz (UCSC) genes: HDHD1A, STS, PUDP,
PNPLA4, VCX, and the microRNA MIR4767 (►Fig. 2).

Discussion

The child here reported exhibited in association with some
typical features of PS, a complex set of scalp hair, ocular,

Fig. 1 Our proband’s main features of double hair whorl, poliosis circumscritta/segmented heterochromia of hair, convergent squint of the
right eye, and hypoplastic left pectoral region.
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cerebral, and renal anomalies. Renal anomalies consisted of
low-grade hydronephrosis, with decreased excretory func-
tion in the dilated left kidney and accessory renal arteries in
the inferior pole of the left kidney. A rare association of PS,
hand and genitourinary anomalies (renal agenesis, duplex
collecting system, ureteropelvic junction obstruction, hypo-
spadias, and undescended testicles) was previously de-
scribed as acropectororenal field defect.13 Moreover,
Briner and Thiel described a patient with a right-sided PS
andmegacalycosis of the ipsilateral kidney,11 and Assadi and
Salem described a 7-month-old patient with PS and renal
agenesis.10 Anomalies of the renal system have been
reported to occur in approximately 11% of cases with PS
and upper limb involvement.5 Thus, in patients with PS, it is
recommended to perform diagnostic imaging procedures,
such as ultrasonography, to exclude renal involvement.

Our patient shows a rearrangement in the Xp22.31 region
that, to our knowledge, has never been associated to PS.
Individuals carrying Xp22.31 rearrangements have been
reported in the literature in approximately 0.4% of cases
with developmental delay/intellectual disability (DD/ID) but
also in approximately 0.15% of controls or proband’s unaffect-
ed parents and in approximately 0.4% of cases.14 Our research
group published a case report of a child affected by micro-
cephaly, autism spectrum disorder, and intellectual disability,
inwhich a Xp22.31 duplicationwas also detected.15 Themost
frequently reported neurological involvement in patients car-
rying Xp22.31 rearrangements consists of autism spectrum
disorder (ASD) and DD/ID. In this view, three large cohorts of
patients with Xp22.31 duplication have been reported in this
decade. Li et al16described35 individuals including12patients
from the literature where DD/ID was reported in 24, ASD in 9,
hypotonia in 7, and seizures in 4 patients, respectively. Liu
et al17 reported on 14 individuals with this segmental aneu-
ploidy where eight manifested with DD/ID, seven with ASD,
four with hypotonia, and two with epileptic seizures. Other

features fromthat study includedfivepatientspresentingwith
anabnormalhead circumference (fourwithmacrocephalyand
onewithmicrocephaly). Esplin et al14 described nine patients,
DD/ID and seizures were observed in all patients, talipes in
three, and ASD and hypotonia were seen in two patients.
Finally, a single report from Faletra et al18 described a patient
with dysmorphic features and neurological involvement in-
cluding DD/ID, talipes, and hypotonia. The phenotype expres-
sion in affectedduplication carriers is variable; the clinical and
severe manifestations exhibited by affected individuals have
been hypothesized to be linked to a seconddeleterious genetic
mutation19 or a concomitant presence of different genetic
variants expression.

Moreover, althoughoptic disc anomalies canbe retrieved in
PS (since they have been reported at least in a patient with
coloboma of the optic disc/morning glory syndrome,20,21 and
inanother caseofopticdysplasia/papillorenal syndrome,22 the
proband brain MRI showed severe hypoplasia of optic nerves
and chiasm. In patients with optic nerve hypoplasia (ONH),
neuroimaging also showsabnormalities inventricles orwhite-
orgray-matterdevelopment, septoopticdysplasia, hydroceph-
alus, and corpus callosumabnormalities.23–25 This last feature
was also documented in our patient in addition to a posterior
lobe of the pituitary gland ectopia. Indeed, it has been de-
scribed that incidence of neurologic abnormalities is greater in
patients with bilateral optic nerve hypoplasia (65%) than
patients with unilateral ONH.23 Moreover, ONH occurs in
less than 10% of children with corpus callosum hypoplasia,
while a pituitary dysfunction is uncommon in children with
corpus callosum hypoplasia and no optic nerve hypoplasia.23

In a patient who presents pectoral muscles hypoplasia, it is
necessary to exclude the involvement of other organs with
careful clinical examination and targeted diagnostic investi-
gations. On the other hand, a patient with evidence of optic
nerve hypoplasia should be assessed for presence of neurolog-
ic, radiologic, and endocrine associations.

Fig. 2 ideogrammatic representation of the human Xp22.31 region and those loci harbored within (HDHD1A, STS, PUDP, PNPLA4, and VCX).
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In this view, it is worthy of mention that in 1990 Larizza
and Maghnie reported a 9-year-old boy with Poland’s syn-
drome and anatomical abnormalities of the pituitary gland
(hypoplasia of both sella and anterior lobe of the pituitary
gland with absence of the pituitary stalk and ectopia of the
posterior lobe) associated with growth hormone deficien-
cy.26 In our case, MRI brain showed ectopia of the posterior
lobe of the pituitary gland. The anterior lobe and the stalk of
the pituitary gland appeared normal, and the child auxo-
logical parameters were retrieved within the normal range,
without deficiency of growth hormone (GH).

PS abnormalities can be associated to another clinical
entity, the Möbius syndrome, which is characterized by
unilateral or bilateral congenital facial nerve paralysis with
impairment of ocular abduction frequently associated with
limb anomalies.27However, the cranial nerve examination in
our patient did not find any facial nerve dysfunction.

The clinical manifestations presented by this boy share
some phenotype features (i.e., DD/ID, hair anomalies, corpus
callosum abnormalities, and others) with patients affected by
FG syndrome inwhich a similar gene localization atXp22.3has
been reported by Dessay et al.28 The FG syndrome (OMIM
305450) is an X-linked disorder presenting with DD/ID, con-
genital hypotonia, constipation, or anal malformations, and a
distinctive appearance with macrocephaly, tall and broad
forehead, cowlicks, and telecanthus in which a gene localiza-
tion at Xp22.3 (FGS3) has been reported.29 In this syndrome,
brain MRI may show corpus callosum abnormalities with
dilatation of lateral ventricles and, less frequently, periven-
tricular nodular heterotopias, mild cerebellar defects, and
reduced periventricular white matter with the Chiari-1 mal-
formation.29 It is difficult to establish a clear correlation
between the clinical expressions presented by the boy and
those reported in FG syndromes, since both the disorders
displayed a wide variable phenotype. Clinical and genetic
relationship between PS and FG needs to be confirmed by
further observations, as it may hypothesized that the two
syndromesmay share same genetic components or the region
encompassed by the duplication have a partial role in both FG
and PS phenotypes.

As reported by Vaccari et al30 duplication/deletion of
genomic regions can be rarely associated to PS. On the other
hand, Tassano et al31 report a clinical experience of a patient
with PS and DD/ID in which a chromosome 6q21q22.1 dele-
tionwas found. In our case, the clinical presentation involving
not only thehypoplasia of thepectoralismusclebut a complex
set of manifestations lead us to hypothesize that various
events aside the duplication may have played a relevant
pathogenic role. The common, yet nonspecific, clinical mo-
dalities of presentation in individuals with Xp22.31 duplica-
tion might be explained by variable expressivity, decreased
penetrance, and skewed X-inactivation in female.15,18 All of
these hypotheses need to be further confirmed. Additionally,
the duplication might act not directly but rather predispose
the patients to the action of other factors that cause the
clinical features.15 The region duplicated in our patient at the
Xp22.31 subband encompasses the following loci: PUDP,
PNPLA4, VCX, and the microRNA MIR4767 whose protein

biological functions are poorly understood, and have not
yet been linked to the human nosology, plus the steroid
sulfatase (STS) gene encoding for a STS which serves for a
membrane-bound microsomal enzyme that hydrolyzes
several 3-β-hydroxysteroid sulfates serving as metabolic
precursors for estrogens, androgens, and cholesterol. To
date, only the last one was annotated in OMIM (308100) as
responsible for an X-linked ichthyosis form.14,18 Thus, the
present report provides further knowledge on the potentially
pathogenetic role of the Xp22.31 duplication and extends the
clinical features previously described in PS cohort with an
impressive coexistence of features (i.e., renal, optic, and
neurological) which were almost formerly individually
reported. Although the pathogenic role of this copy number
variant rests unclear, its genomic modifier effect as a deter-
mining factor appears highly suggestive. In this view, it is
therefore possible to hypothesize a multifactorial causative
role inwhich a dosage-sensitive effect of one or more of those
genes harboredwithin, could synergistically contribute to the
composite phenotype retrieved, as well as to its variable
clinical expressivity.

Since, to our knowledge, the features presented by the
child in its complex has not been previously reported, we
argue that this report may be worthy in extending the
knowledge of the Poland syndrome and its variable clinical
expression.
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