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ABSTRACT ARTICLE HISTORY
X-linked Opitz G/BBB syndrome (XLOS) is a multiple congenital disorder inherited in an X-linked Received 3 July 2019
manner. XLOS may be suspected, in prenatal age, on the basis of sonographic findings in the Revised 26 September 2019
second and/or third trimester of gestation. Pathogenetic variants in MID1 gene have been  Accepted 4 October 2019
reported in individuals with XLOS. Prenatal genetic testing is offered for pregnancies at risk, in
which the mutation in the family has been identified. To date no cases of prenatal diagnosis, First tri .

. . irst trimester; molecular
based on first-trimester ultrasound data, have been reported. We present a case of a fetus at 12 analysis; prenatal diagnosis;
gestational weeks with ultrasound multiple anomalies, including increased nuchal translucency, ultrasound; XLOS
heart defects, cleft lip and palate, enlarged fourth ventricle absence of ductus venosus and
family hystory of XLOS. The genetic prenatal test detected the c(0).1286-1G>T mutation of
MID1 gene. Data about prenatal ultrasonographic findings consistent with XLOS are limited to
second and third trimester. This is the first case reporting ultrasound detectable midline defects
suggestive of XLOS as early as the first trimester of gestation. This case also suggests that when
multiple anomalies are detected in a fetus with normal chromosomal structure, the possibility of
a monogenic disorder must be considered.

KEYWORDS

Introduction In the last decade, the importance of the first-tri-
mester diagnosis of fetal malformations has been
highlighted especially in fetuses with abnormal
nuchal translucency (NT). An increased NT is generally
associated with increased risk of genetic anomalies.
Cytogenetic and cytogenomic analyses identify aneu-
ploidy, chromosomal rearrangements, copy number
variants (CNVs) in about 30-40% of pregnancies with
increased NT [10,11]. However, if these analyses are
normal, the possibility of Mendelian disease, due to
single-gene mutation(s) must be considered.

The case we describe is the first report of a diagno-
sis of XLOS in a fetus with ultrasonographic evidence
of heart and facial defects in the first trimester.

X-linked Opitz G/BBB syndrome (XLOS) was first
described by Opitz in 1969. Its prevalence ranges from
1:50,000 to 1:100,000 males [1]. XLOS is a multiple
congenital disorder characterized by facial anomalies,
heart defects, laryngo-tracheo-esophageal defects and
genito-urinary  abnormalities.  Neurodevelopmental
delay and intellectual disability are observed in about
50% of affected males. These manifestations have
been associated with mutations of MID1 gene, map-
ping to the short arm of the X chromosome (p22.2
band) (OMIM # 300552). Approximately 100 mutations
have been found along the entire length of the MID1
gene, in both sporadic and familial cases of XLOS
[2-6]. MID1 protein acts as an E3 ubiquitin ligase asso-
ciated with the microtubules implicated in the control Materials and methods
of phosphatase 2A protein, integrin alpha-4, and
serine/threonine-protein kinase 36 levels [7-9].
Prenatal diagnosis by chorionic villus sampling  Written informed consent to perform genetic
(CVS) and amniocentesis can be offered to the couple prenatal analysis was obtained by the couple, accord-
when the mother carries a known mutation. ing to the internal procedure for Prenatal Diagnosis.

Chorion villi sampling (CVS)

CONTACT Antonella Izzo @ antonella.izzo@unina.it @ Department of Molecular Medicine and Medical Biotechnologies, University Federico I, Via S.
Pansini 5, Naples 80131, Italy
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Figure 1. (a) Transverse view showing the cleft in the alveolar ridge and upper lip (arrow). (b) Sagittal view of the lower limb

with tibia and fibula and the twisted foot.

Chorionic villi (CV) selection, purification and DNA
extraction from CV was performed, as previously
described [12].

Karyotype and comparative genomic
hybridization array (a-CGH)

Karyotype analysis was performed on GTG-banded
metaphases from CVS (short and long-term cultures)
at a resolution of 400 bands according to standard
cytogenetic protocols.

The high-resolution a-CGH analysis was performed
on DNA extracted from cultured villi using Agilent HD
4 x 180-K chips (Agilent Technologies Italia SpA,
Cernusco sul Naviglio, Italy) in accordance with the
manufacturer’s guidelines for the whole genome
screening. The arrays were scanned by the Agilent
SureScan Dx microarray Scanner and analyzed using
Cytogenomics (Agilent Technologies Italia SpA,
Cernusco sul Naviglio, Italy) and Genoglyphix software
(Signature Genomics, Spokane, WA, USA), referring to
the GRCh37/Hg19 Genome Assembly.

MID1 mutation screening

Genomic DNA sample from mother was extracted
from peripheral blood leukocytes using the “Nucleon”
procedure (GE Healthcare, Little Chalfont, UK). To
detect maternal cell contamination, the CVS DNA and
the maternal DNA were analyzed together for a larger
spectrum of short tandem repeats, as previously
reported [12,13].

Exon 8 of the MID1 gene (ENST00000317552.8) was
amplified by PCR using novel primers, including neigh-
boring flanking regions, to detect the familial
MIDT mutation.

Case presentation

A 31-years-old pregnant woman, gravida 3, nullipar-
ous, at 12 weeks of gestation, was referred to the
Prenatal Diagnosis Unit of Federico Il University
Hospital in Naples. The transabdominal ultrasound
scan showed a single viable intrauterine pregnancy.
The crown-rump length (CRL) was 64.6mm and the
fetal heart rate was within the normal range (153
beats per minute). The NT was 2.8 mm, which resulted
above 95th centile for gestational age. Head shape,
cerebral falx, ventricles, and choroid plexi were nor-
mal. However, in both cross-section and sagittal views,
the posterior fossa appeared abnormal, with an
enlarged fourth ventricle. Ductus venosus was absent.
A cleft lip and palate were found (Figure 1(a)). The
abdominal wall was intact, the bladder and kidneys
were visible but there was a single umbilical artery.
A unilateral club foot was observed (Figure 1(b)).

The woman reported that during her second preg-
nancy, she delivered a male baby affected by XLOS,
carrying the mutation in exon 8 of MIDI gene
€(0).1286-1G >T. She was found to be the carrier of
the same mutation.

Due to the ultrasound findings and maternal anam-
nesis, an assumption of XLOS was formulated and
an invasive procedure for prenatal molecular testing
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was suggested. After adequate counseling, the couple
opted for prenatal diagnosis by CVS. Karyotype,
Comparative Genomic Hybridization array (a-CGH) and
gene-specific DNA analysis were performed from CVS.
The fetus exhibited a normal male karyotype (46, XY)
and a normal a-CGH result.

The DNA analysis showed the mutation c(0).1286-
1G>T in MID1 gene, thus confirming, within 1 week,
the sonographic XLOS suspicion by molecu-
lar diagnosis.

After counseling, the couple opted for terminating
the pregnancy.

Discussion

Very few cases describing ultrasound features of
fetuses affected by XLOS were previously reported
(Table 1) [14-17]. All data refer to fetuses in the
second or third trimester of gestation; they include
brain (enlarged cisterna magna, abnormal cerebellum),
facial (cleft lip, hypertelorism) and cardiac anomalies
and hypospadias.

Some of these defects were detected in the pre-
sented case, who as early as at 12 weeks of gestation
presented with an increased NT associated with a cleft
lip and palate, an enlarged fourth ventricle, single
umbilical artery, a unilateral club foot and agenesis of
ductus venosus. Some of these findings could be sug-
gestive of Patau or Edward’s Syndromes, which were
excluded by the karyotype analysis.

Cleft lip and palate is the most common facial
abnormality characterizing XLOS with an incidence of
around 50% in males with identified MID1 mutations
[3,18]. Diagnosis of cleft lip and palate in the first
trimester is feasible, and a detection rate for genetic
anomalies of about 24% has been reported [19].

Brain abnormalities, including increased fourth ven-
tricle, have an incidence ranging from 6.3 to 51% in
males with MID1 mutations [3,18]. Also abnormalities
of posterior fossa as well agenesis of ductus venosus
have been previously reported in maternally inherited
XLOS [14,17]. NT increase might be ascribed to this
last defect.

Associations between single umbilical artery, club
foot, and XLOS have not yet been described, even
though skeletal abnormalities are reported in 5.9% of
affected males [18].

To the best of our knowledge, this is the first case
reporting ultrasound features of XLOS in the first
trimester. The clinical history and the abnormal thick-
ness of NT have induced the accurate study of the
anatomy of the fetus, with particular attention to

districts generally interested in XLOS. The malforma-
tions detected during pre-CVS ultrasonography were
in themselves nonspecific, which makes it difficult to
characterize the condition based on the clinical signs
alone. In this case, the personal history strongly sug-
gested the prenatal diagnosis of XLOS, even though
karyotype and a-CGH were required to exclude the
presence of chromosomal abnormalities.

This case report demonstrates that in a fetus carry-
ing a MID1 mutation, ultrasound abnormalities related
to XLOS may be possible also in the first trimester if
anatomical regions poorly studied during a standard
early ultrasonographic examination are investigated.
Indeed an expert operator may identify a significant
proportion of fetal anomalies during the first-trimester
scan. For example, detection rate might reach up to
100% for cleft lip and palate and around 40% for
limb defects.

In conclusion, in agreement with recent literature
[20], this report highlights that, in cases of fetal
multiple malformations in which chromosome analysis
fails to detect a structural anomaly, exome sequencing
can add clinically relevant information. This suggests
that an integrated ultrasound-molecular approach is
necessary to allow proper genetic counseling and
decision making in the pregnancy.
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