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Abstract

eate the fetal phenotypes of the syndrome.

asymptomatic mother.

studies.

Objective To share our experience on prenatal diagnosis of 7q11.23 microduplication syndrome and to further delin-

Methods A retrospective study was conducted to evaluate seven cases of dup7q11.23 syndrome diagnosed prena-
tally by chromosomal microarray (CMA). Clinical data were reviewed, including maternal characteristics, indications
for prenatal diagnosis, sonographic findings, CMA results, pregnancy outcomes and follow-ups.

Results Seven cases, including 2 pairs of MCDA twins, were prenatally identified with dup7q11.23 syndrome. The
most common prenatal sonographic features were ventriculomegaly, low-lying conus medullaris, and dilated ascend-
ing aorta. All 7 fetuses presented with typical 7q11.23 duplications (1.40-1.55 Mb). Parental chromosome analysis

was performed in four pairs of parents, and indicated that the duplications of Case 6 and 7 were inherited from their

Conclusion Our case series suggest that prenatal features of dup7qg11.23 cases are diversified, with ventriculomegaly
and low-lying conus medullaris being the most common intrauterine phenotypes. Additionally, cleft palate, dilated
ascending aorta, and renal abnormalities were also observed, and should be taken into consideration in subsequent

Keywords dup7q11.23 syndrome, Prenatal diagnosis, Sonographic features, Chromosomal microarray

Introduction

Williams-Beuren syndrome (WBS) (OMIM 194050) is
a common microdeletion syndrome caused by inter-
stitial deletions of the 7q11.23 region. Most 7q11.23
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microdeletions are de novo, while inherited deletions are
rare [1, 2]. Prenatal phenotypic features of WBS, include
intrauterine growth retardation and congenital cardio-
vascular abnormalities. More recently, the reciprocal
microduplication of the same chromosomal region impli-
cated in WBS has been identified in several patients who
underwent chromosome microarray, because of intellec-
tual disability (ID), mild facial dysmorphism, language
impairment and congenital malformations [3—5]. Paren-
tal transmission of dup7ql1.23 syndrome is compara-
tively common [6]. Unlike its reciprocal deletion, to the
best of our knowledge, there is very little information on
the intrauterine phenotypes of dup7q11.23 syndrome.
This study provides a comprehensive overview of the
clinical features, intrauterine phenotypes, and molecu-
lar cytogenetic results of seven fetuses with dup7q11.23
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syndrome identified by single nucleotide polymorphism
array (SNP-array). The results are compared with pub-
lished data of fetuses with duplication 7q11.23 syndrome
to identify distinguishing and shared features.

Material and methods

Subject

Three singleton pregnancies and two pairs of mono-
chorionic diamniotic (MCDA) twin pregnancies were
enrolled. Each case underwent a routine ultrasound
scan at a primary hospital, and be referred to our Medi-
cal Genetic Center for reassessment. Their initial inva-
sive prenatal diagnosis indications include high risk for
trisomy 21 and trisomy 7 by noninvasive prenatal test-
ing (NIPT) (case 1) and anomalies on ultrasonography
(case 2-7). After ultrasound reassessment and genetic
counseling, all pregnant women received genetic diag-
nostic testing. The mean maternal age was 27.8 years,
ranging from 23 to 31 years. Follow-up data on height,
weight, facial features, physical activity, adaptive behav-
ior, language and personal-social behavior were collected
in newborns. This study has been approved by the Insti-
tutional Review Board/ Medical Ethics Committee of
Guangdong Women and Children Hospital (IRB refer-
ence number: 201801073). Written informed consent
was obtained from each participating family.

Cytogenetic and molecular analyses

G-banding (320-400 bands) was performed on meta-
phase chromosomes of amniotic fluid cells using stand-
ard procedures [7]. Genomic DNA was extracted from
fetal uncultured amniotic fluids and their parents’
peripheral blood using the Lab-Aid 820 automation sys-
tem (Zee San Biotech Company, Fujian, China). SNP-
array analysis was performed on a commercial CytoScan
750 K Array (Affymetrix, Santa Clara, CA) contain-
ing 750,436 25-85mer oligonucleotide probes, includ-
ing 550,000 nonpolymorphic probes and 200,436 SNP
probes. The labeling and hybridization of the genomic
DNA was performed following the manufacturer’s pro-
tocol. Results were analyzed by Affymetrix Chromosome
Analysis Suite software [8].

For twin pregnancies, short tandem repeat (STR) assay
was performed to determine the zygosity, and eliminate
maternal contamination. Twenty-six STR loci were com-
pared. If all loci were identical, the two fetuses were con-
sidered monozygotic.

Medical exome sequencing

Genomic DNA was extracted using a Qiagen DNA
blood mini kit (Qiagen GmbH, Hilden, Germany).
Library preparation and target enrichment were per-
formed using a SureSelectXT Clinical Research Exome
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kit (Agilent Technologies, Santa Clara, CA) according
to the manufacturer’s specifications. Then, Trio-Medical
Exome Sequencing (Trio-MES) was performed using
2% 150 bp in the paired end mode of the NextSeq 500
platform (Illumina, San Diego, CA) to obtain an average
coverage of above 110x, with 97.6% of target bases cov-
ered at least 10x. Sequence quality analysis and filtering
of mapped target sequences were performed with the
‘varbank’ exome and genome analysis pipeline v.2.1 as
described previously [9]. Analysis of genetic results was
based on the genomic variation database (http://dgv.tcag.
ca/dgv/app/home), DECIPHER database (https://decip
her.sanger.ac.uk/), and OMIM database (http://www.
ncbinlm.nih.gov/omim). The found variants were further
verified by Sanger sequencing.

Results

Intrauterine phenotypes

A total of seven fetuses were diagnosed with 7q11.23
microduplication syndrome and their intrauterine phe-
notypes were assessed retrospectively. Clinical charac-
teristics and genetic results are shown in Table 1. The
following abnormalities were identified by prenatal
ultrasonography: ventriculomegaly (Case 3, 6, 7 shown
in Fig. 1d, k, 1), low-lying conus medullaris (Case 2, 6, 7
shown in Fig. 1c), cleft palate (Case 2 shown in Fig. 1b),
Dilated ascending aorta (Case 6, 7 shown in Fig. 1i, j),
hyperechogenic aortic valve (Case 1 shown in Fig. 1a),
anencephalus (Case 5 shown in Fig. 1g), severe hydrone-
phrosis of the left kidney with dilatation of the left ureter
(Case 3 shown in Fig. le, f), short long bones (Case 2).
All the nuchal translucency thickness of the seven fetuses
were < 95th percentile for their gestational age.

Cytogenetic and molecular analyses

All 7 fetuses underwent G-banded karyotype analy-
sis, no abnormal karyotype was found. They had differ-
ent sizes and loci of chromosome microduplications
in the 7q11.23 region, ranging from 1.4 to 1.5 Mb. The
ELN gene duplications were identified by CMA in all 7
fetuses. The duplications in chromosome 7ql1.23 are
shown in Fig. 2. No other pathogenic microdeletions or
microduplications were found. All the STR loci of the
two pairs of MCDA twins were identical. The family of
Case 2 accepted Trio-MES, and additionally detected a
de novo heterozygous pathogenic variant ¢.3472G>A
(p.G1158S) in COL2A1 gene (NM_001844). Three pairs
of parents (Case 1, 4—7) underwent CMA, and parents
of Case 2 accepted Trio-MES. The results indicated that
the dup7q11.23 of Case 6 and 7 were inherited from their
asymptomatic mother, while in the other cases duplica-
tion was de novo.
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Fig. 1 (a) The ultrasound examination of the first case with a hyperechogenic of fetal aortic valve (white arrow). b The ultrasound images

of the second case in oblique view through oral fissure, showing break in echo of palatine bone horizontal plate(white arrow). ¢ The ultrasound
images of the second case showed a low-lying conus medullaris, the CM located at the L4 level. d, k, I The ultrasound view showed left

mild ventriculomegaly in case 3(d), and bilateral mild ventriculomegaly in case 6 and 7(k,). e, f The ultrasonic examination of the third case

showed severe hydronephrosis of the left kidney with dilatation of the left ureter. g, h The ultrasonic examination of the fourth case showed

an absent upper cranial vault and no cerebral tissue above the level of the orbits in the coronal view (g) and the coronal view (h). i, j The ultrasound
images of the sixth and seventh cases showed the inner diameter of the ascending aorta was widened in the left ventricular outflow tract view
and the long axis of the aortic arch view
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Fig. 2 The breakpoints and covered genes of each microduplication of the seven fetuses, including the well-known OMIM disease-causing gene
ELN (130,160) and NCF1 (608,512). All the cases consisted of typical deletions (1.40-1.55 Mb)

Follow ups

After genetic counseling, three pairs of parents (Case 1,
2, 4 and 5) requested to terminate the pregnancy. Parents

of the other cases decided to continue the pregnancy. The

infants were born prematurely by cesarean section (CS)
for suspected fetal distress. Case 6 and 7 were delivered at
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32*° gestational age, their birth weights were 1.15 kg (2nd
percentile)/1.25 kg (4th percentile), their head sizes were
29 cm (25th percentile)/29 cm (25th percentile), and their
lengths were 39 cm (6th percentile)/40 cm (12th percen-
tile). The appearances of the twin brothers are consistent
with recognizable facial phenotypes, including straight
and neatly placed eyebrows, broad forehead, and high
broad nose. Their apgar score were 7 at 1 min after birth.
After positive pressure ventilation, blood oxygen satu-
ration was 80-82%, and the ph of umbilical cord blood
indicated 7.18 and 7.21, respectively. Their apgar scores
were both 9 and 9 at 5 and 10 min, so they were trans-
ferred to Neonatal Intensive Care Unit (NICU). Both
twins showed mild ventriculomegaly on central nervous
system MRI without epilepsy or vomiting. After sympto-
matic treatment, they were discharged after 21 days and
24 days, respectively. Regular check-ups showed dilation
of the ascending aorta, but no other cardiac symptoms
for the time being. Their growth and development were
normal at one year of age. Fetus 3 was delivered at 323
gestational age. The newborn also had aberrant facieses,
including broad nasal bridge, eyelid edema, and short
philtrum. Her birth weight was 2.1 kg (72th percentile),
head size was 31 cm (80th percentile), length was 44 cm
(71st percentile). The APGAR scores of her was 9, 10 and
10 at 1, 5 and 10 min, respectively. The ph of umbilical
cord blood indicated 7.3. She was transferred to NICU
for premature birth, and was diagnosed with patent duc-
tus arteriosus (PDA) and hydronephrosis. After symp-
tomatic treatment, she was discharged after 7 days. She
underwent laparoscopic pyeloplasty and transcatheter
occlusion of patent ductus arteriosus at the age of 3 and
6 months, respectively. Postoperative follow-up ultra-
sound was performed every month. The cardiac ultra-
sound showed no obvious abnormality, but the urological
ultrasound indicated the left kidney atrophy by degrees.
Despite this, she had normal growth and development at
one year old.

Discussion

The chromosome 7q11.23 region is widely recognized
because it contains the critical genes leading to Williams
Beuren microdeletion and microduplication syndromes
[10, 11]. It is flanked by 3 main clusters of low-copy
repeats (LCR) named proximal (LCR-P), central (LCR-
C), and distal (LCR-D), and it encompasses many and
highly transcribed genes. Indeed, its gene density and
transcriptional rate are significantly higher when com-
pared with other segments of chromosome 7 [12]. To
date, the genes between LCR-P and LCR-C have been
marked as causative of these two disorders. The region
involved in rearrangement is 1.4-1.5 Mb in length,
encompassing about 26 to 28 genes, between the NSUNS5
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gene on the centromeric end and GTF2IRD2 gene on
the telomeric end [10, 13, 14]. Notable genes include
ELN, coding for elastic fibers, in connection with con-
nective tissue abnormalities and cardiovascular disease;
and NCFI, in connection with the risk of hypertension.
Less than 100 cases of 7q11.23 microduplication syn-
drome have been described in the literature. Although
the clinical phenotype of individuals with dup7q11.23
syndrome is not completely delineated, it is agreed that
it is associated with milder and less distinct clinical fea-
tures than its reciprocal microdeletion syndrome .[10,
13, 14]. Common clinical features of 7q11.23 duplication
include delayed speech and developmental delay, learn-
ing difficulties, variable cognitive functions (from normal
to intellectual disability), autism, characteristic facial fea-
tures (broad forehead, high, broad nose, short philtrum,
thin lips), growth issues (head size, height), congenital
malformations (heart defects—PDA, subaortic stenosis,
and aortic dilatation, renal anomalies, undescended tes-
tis, brain malformations), and epilepsy [3, 10, 15-18].

Most dup7ql1.23 syndrome cases are diagnosed in
childhood or adulthood due to language impairment,
intellectual disability, mild facial dysmorphisms and con-
genital malformations [19]. However, very little prenatal
information has been collected. A report by Dang et al.
described two fetuses with dup7ql11.23 syndrome car-
rying a typical 1.4-1.5 Mb duplication. One case with
dup7q11.23 syndrome presented with lateral ventriculo-
megaly and polyhydramnios, while the other one showed
choroid plexus cyst by prenatal ultrasonography [19].
Marcato et al. reported a fetus with dup7ql11.23 syn-
drome, manifested with increased NT, absence of nasal
bone, inversion of the “a” wave of the ductus venosus,
and mild bilateral ventriculomegaly, lissencephaly-type
abnormality [21]. Various congenital malformations were
reported in the postnatal literatures, including many mal-
formations which we assume that could be detected in
prenatal ultrasonography, such as heart defects (subaor-
tic stenosis and aortic dilatation), brain malformations
(ventriculomegaly, agenesis of corpus callosum, poste-
rior fossa cysts and cerebellar vermis hypoplasia), renal
anomalies, cleft lip and/or palate [16—18]. Among fetuses
diagnosed with 7q11.23 microduplication syndrome in
our case series, the following intrauterine phenotypes
were identified: ventriculomegaly (42.9%, 3/7), low-lying
conus medullaris (42.9%, 3/7), dilated ascending aorta
(28.6%, 2/7), cleft palate (14.3%, 1/7), hyperechogenic
aortic valve (14.3%, 1/7), anencephalus (14.3%, 1/7),
severe hydronephrosis of the left kidney with dilatation
of the left ureter (14.3%, 1/7). In addition, fetal short long
bones in Case 2 were suspected to be caused by the de
novo pathogenic variant in COL2A1, which was associ-
ated with hypochondrogenesis type 2.
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The structural malformations observed prenatally in
our research were consistent with those reported in the
literature. The ventriculomegaly was the most common
sonographic feature observed in our case series, and was
also reported in previous prenatal studies [20, 21]. The
ventriculomegaly on brain imaging has been reported in
several affected children and adult cases of dup7q11.23
syndrome as well [3, 16, 22, 23]. The ultrasound images
of the fetus 2 showed a median cleft of the hard palate. It
is a common congenital anomaly that has been reported
in several affected children and adults [3, 17, 23]. Case 3
has severe hydronephrosis of the left kidney and dilata-
tion of the ureter, which is consistent with two affected
children in previous reports [10]. In our case series, there
were three cases suspected of aortic disease. Case 1 had
hyperechogenic aortic valve, Case 6 and 7 were MCDA
twins with dilated ascending aorta (z-scores for the aorta
were 1.95 and 2.09, respectively). Congenital cardiac
defects have been reported in many pediatric and adult
cases as well [16, 19], especially patent ductus arterio-
sus and aortopathy. Since patent ductus arteriosus is a
postnatal diagnosis, it could not be identified prenatally.
Parrott et al. presented a series of eight children and
one adult with 7q11.23 microduplication syndrome, all
of them had aortic dilation. The dilated ascending aorta
was a rather specific abnormality repeatedly observed in
pediatric and adult cases, and also in our prenatal cases.
Moreover, three fetuses in our study showed a low-lying
conus medullaris (CM). The CM position is important
and abnormal position is associated with tethered cord,
characterized by walking difficulty and sensory dysfunc-
tion in infants. Detection of a low-lying CM is essential
in prenatal evaluation [24, 25], and we should stay alert
if the CM below the L3 level after 23 weeks of gestation.
In Fetus 2, the CM located at the L4 level at 24 weeks of
gestation, but the fetus was aborted due to multiple mal-
formations and no follow-up was available. Fetus 6 and 7
were MCDA twins both found low-lying CM at 24 weeks,
the CM ascend to L2-3 at 32 weeks, and follow-up to
1 year old showed no associated symptom.

The ELN gene is considered the most critical and
extensively explored gene in WBS. It encoded elastin
protein (Elastin), which is a major component of the
elastic fibers that strengthen connective tissue through-
out the body. Its haplo-insufficiency is reported to
cause supravalvular aortic stenosis (SVAS) in patients
with WBS. The comparison have been made to the
apparent opposite phenotypes caused by the 7q11.23
deletion and duplication, including opposing dysmor-
phic features and the relative strength/weakness in
expressive language [17]. Moreover, SVAS was com-
monly observed in WBS, and aortic dilation was usually
identified in individuals with 7q11.23 microduplication
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syndrome [17]. Here in our case series, this phenom-
enon was also found in prenatal cases (Case 6 and 7).
While the SVAS in WBS has been attributed to ELN
deletion, we postulate that a gene dosage effect of ELN
may be the underlying cause for the prenatal dilated
ascending aorta in these patients with the microdupli-
cation. However, the exact cause of aortic dilation in
these patients remain unknown at this time.

Phenotype of 7q11.23 microduplication syndrome
could be variable in the family series, ranging from
apparent normal phenotype to delayed speech, autis-
tic spectrum manifestations, intellectual disability,
and cardiac abnormalities [26]. In the prenatal genetic
counseling of 7q11.23 microduplication, it may not be
accurate to predict the postnatal performance of off-
spring based on the symptoms of other positive mem-
bers of the family. In our study, Case 6 and 7 were
MCDA twins, and their 7q11.23 microduplication were
inherited from their asymptomatic mother. They had
typical facial features, dilation of the ascending aorta,
and mild ventriculomegaly by the age of one year, fol-
low-ups (cardiac, neural) on annual basis is onging.
There was another pair of MCDA twins with 7q11.23
microduplication in our study, Case 4 and 5, but their
prenatal progress were different: Case 4 diagnosed with
anencephalus as early as 12 weeks of gestation, while
Case 5 showed no apparent abnormality up to 20 weeks
on labor induction. However, the prenatal phenotypes
of case 6 and case 7 were consistent, including ven-
triculomegaly, low-lying CM, dilated ascending aorta
at 24 weeks. Previous studies indicated that phenotypes
of 7q11.23 duplication syndrome may vary significantly
within a family, and this study further suggests that pre-
natal findings may be variable even for MCDA twins.

One limitation of our case series is that not all cases
underwent exome sequencing to rule out additional
molecular lesions. Case 2 is an example of how the short
bones may have been erroneously reported as a potential
association. We will conduct a thorough investigation to
avoid potentially erroneous associations in our subse-
quent research.

Conclusions

In summary, prenatal ultrasound findings of dup7q11.23
cases are diversified, with ventriculomegaly and low-lying
conus medullaris being the most common intrauterine
phenotypes. As frequently observed in adults and chil-
dren cases, cleft palate, dilated ascending aorta, and renal
abnormalities were also observed in the present prenatal
cases, and should be pay attention to in subsequent stud-
ies. These findings may provide important clues for pos-
sible prenatal diagnosis of dup7q11.23 syndrome.
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