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Abstract

Background The discrepancy between the results of cytogenetics and the results of chromosome microarray analy-
sis (CMA) has often led to confusion over genetic counselling for prenatal diagnosis.

Case presentation The prenatal ultrasound results of a congenital heart defect (CHD) foetus displayed an apartial
endocardial pad defect and permanently dilated coronary sinus and left superior vena cava at 21 weeks of gestation.
Cytogenetic analysis, CMA, fluorescent in situ hybridization (FISH) and multiplex ligation-dependent probe amplifica-
tion (MLPA) with foetal cord blood samples were used to detect the genetic aetiology. Routine G-binding cytogenetic
analysis showed normal karyotypes in both the foetus'and parents’blood samples. CMA results demonstrated that
there were 53.973-Mb recurrent CNVs at Xp22.33-p11.22, as confirmed by MLPA assay.

Conclusions Herein, we described the CNV of six duplications at Xp22.33-p11.22 and the 53.973 Mb duplication CNV
that was not found in foetal cord blood samples by conventional cytogenetic methods, and it was confirmed by CMA
and MLPA. Our novel findings will provide helpful information for prenatal diagnosis and genetic counselling for foetal
CHDs.

Keywords Congenital heart defects, Copy number variations, Chromosome microarray analysis, Multiple ligation-
dependent probe amplification, Single nucleotide polymorphisms

Introduction

While standard cytogenetic evaluation revealed only
normal karyotypes in the foetal cells investigated, the
explanation of abnormal foetal phenotypes, except for
environmental and chromosomal abnormalities, can-
not exclude false-negatives due to the limitations of
this technique. The discrepancy between the results of
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cytogenetics and the results of chromosome microarray
analysis (CMA) has often led to confusion over genetic
counselling for prenatal diagnosis.

CMA and Multiple ligation-dependent probe ampli-
fication (MLPA) without cell culture can uncover some
cytogenetic abnormalities that cannot be found by stand-
ard cytogenetic valuation. In addition, congenital heart
defects (CHDs) are structural anomalies of the heart or
blood vessels that arise during cardiac embryogenesis.
Several studies have indicated that CNVs are the major
genetic cause of cardiovascular disease.

Here, we describe a case of six duplications at Xp22.33-
p11.22 for foetal CHDs detected in cord blood cells but
not confirmed by conventional chromosome analysis,
which, in theory, duplication of such a 53.973 Mb frag-
ment should be detectable at the chromosomal level.
Our novel findings will provide useful information for
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prenatal diagnosis and genetic counselling for foetal
CHDs.

Case description

A 30-year-old woman, gravida 3 para 0, was included
in this study. There was no prenatal diagnosis for two
previous pregnancies, one ectopic pregnancy and one
missed abortion. Neither the pregnant woman nor her
husband had a family history of genetic diseases. Foetal
CHDs were diagnosed by routine prenatal ultrasound at
21 weeks of gestation. Umbilical cord blood and parents’
peripheral blood were collected after written informed
consent was obtained. G-banding karyotype analysis with
peripheral blood samples were collected from the par-
ents. Cytogenetic analysis was performed according to
the standard protocol with a 400-band resolution.

In the CMA experiment, the detection of CNVs was
applied with the use of Infinium Global Screening Array
(lumina, San Diego, CA) comprising 650K Oligo
Probes. Peripheral blood from parent and foetal cord
blood samples was applied for the following measure-
ment. A QIAamp DNA Mini Kit (Qiagen, Hilden, Ger-
many) was used to extract the DNA. This microarray was
constructed for the sole purpose of identifying DNA copy
number gains and losses associated with chromosomal
imbalances. The array was scanned by the Illumina iScan
microarray scanning system. Raw data were uploaded
in KaryoStudio 1.4.3.0 Build 37 software (Illumina, San
Diego, CA), and log R ratios and BAFs were calculated by
normalization to a reference ‘cluster, which was gener-
ated from a set of 2000 ~ 3000 clinical samples.

The MLPA was applied by Chengdu Precision Medicine
Laboratory following the manufacturer’s instructions
[1]. DNA was isolated from foetal cord blood for further
detection. MLPA (P160) was utilized to detect gene exon
duplications in the sample to be tested, and normal DNA
was used as a control. Twenty-three probes of NLGN4X,
PUDP, STS, ANOSI and GPRI43 exon located at
Xp22.32 in the kit were included for detection. Data were
analysed using Coffalyser Software from MRC-Holland
(Amsterdam, The Netherlands). The results were consid-
ered to have six duplications when the ratio was between
3.0 and 3.5. Fluorescent in situ hybridization (FISH) was
performed using standard protocols with an Aneuploidy
analysis kit (Abbott Molecular Inc., Des Plaines, IL, USA)
with the cells from the nonculture cord blood samples
located within the X/Y,18 chromosomal centromere
region. Data analysis was performed using a BX61 Olym-
pus epifluorescence microscope (Olympus, Tokyo, Japan)
with Applied Spectral Imaging FISH View 6.0 software
(Applied Spectral Imaging, Inc., Carlsbad, CA, USA). The
chromosome region with the information was provided
by the DECIPHER Database (http://decipher.sanger.ac.
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uk), the Online Mendelian Inheritance in Man database
(http://omim.org/), ClinGen database (http://dosage.clini
calgenome.org/), DGV database (http://dgv.tcag.ca/dgv/
app/home), the UCSC database (http://genome.ucsc.edu)
and the National Venter for Biotechnology Information
(https://pubmed.ncbi).

This female foetus showed an approximate 8.5mm
primary atrial septal defect (Fig. 1A) and blood com-
munication between the left and right atrium (Fig. 1B)
at 21weeks of gestation. A vascular shadow with an
inner diameter of 2.6 mm was detected on the left side
of the pulmonary artery (Fig. 1C), which merged into
the dilated coronary sinus (Fig. 1D). A partial endo-
cardial pad defect and a permanently dilated coronary
sinus and left superior vena cava were diagnosed as foe-
tal CHDs. Foetal cord blood samples were collected to
measure the morphological structure of chromosomes,
which depicted a normal karyotype (Fig. 2A). Further-
more, FISH depicted a normal result, indicating that the
duplication region does not include the X centromere
region (Fig. 2B). The peripheral blood of the parents was
also used to analyse the karyotype, which were normal.
The CMA results of the foetus demonstrated that there
were recurrent CNVs at Xp22.33-p11.22 (arr [hgl9]
Xp22.33-p11.22 (178,624-54,151,362) x 6) (Fig. 2C). The
pathological CNVs in this female foetus were approxi-
mately 53.973Mb and encompassed 266 OMIM genes.
It has been suggested that these CNVs are associated
with CHD occurrence [2]. The duplications of recurrent
CNVs were confirmed by MLPA. The results illustrate
that there are six duplications in this region (Fig. 2D).
To define the source of these recurrent pathological
CNVs, the peripheral blood of the parents was collected
for CMA analysis. The results showed that both parents
had normal CMA results. In addition, based on guide-
lines for the interpretation of genetic variants [3] and
similar CNV phenotypes observed in the literature [2],
we classified the variant as clearly pathogenic based on
the ACMG (https://www.acmg.net/)/ClinGen guidelines
[4]. The couple was informed of the genetic test results
and the meaning of the CNV findings, and in conjunc-
tion with the foetal ultrasound results and family history,
they requested termination of the pregnancy based on
informed consent.

Discussion

In the present clinical case, the prenatal ultrasound
results of the foetus illustrated a partial endocardial pad
defect and a permanently dilated coronary sinus and
left superior vena cava with, which were diagnosed as
foetal CHDs (Fig. 1). We found pathological CNVs with
six duplications at Xp22.33-p11.22 by CMA and MPLA,
which is the first finding of CHDs with recurrent CNVs
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Fig. 1 The results of prenatal ultrasound. A The primary atrial septal defect and (B) the communication of blood between the left and right atrium.
CThe vascular shadow on the left side of the pulmonary artery and (D) merge into the dilated coronary sinus. LA left atrium; RA, right atrium; LV, left
ventricle; RV, right ventricle; PLSVC, perpetual left superior vena cava; PA, pulmonary artery; AQ, aorta; T, trachea; SVC, superior vena cava

of six duplications. However, G-binding cytogenetic
results demonstrated a normal karyotype in this female
foetus. A previous study found that there was a patho-
genic de novo CNV at Xp22.31 (6,455,151-8,132,677) in
a foetus with a single ventricle, in which the size of the
CNV was 1.68 Mb and the foetus had a normal karyotype
[5]. We speculate that there might be a possible reason
for this phenomenon, which is the centromere loss of the
fragment during cell culture of samples. The centromere
is a chromosomal structure that is critical for the accu-
rate segregation of genetic information during mitosis
and meiosis [6, 7]. It has been proven that the gain or loss
of centromeres is important for genomic evolution and
independent segregation of genes. In this case, the cur-
rent fragment of CNVs on the X chromosome may have
been lost due to the absence of centromeres when cultur-
ing foetal umbilical cord blood samples; as in conven-
tional karyotyping procedures, blood samples undergo
2 growth cycles (72hour) of in vitro amplification in the
presence of culture media.

Chromosomal imbalance due to partial monosomy/
trisomy, uniparental disomy (UPD), and activation of
recessive gene pathogenic variants may cause clinical
abnormalities through several different genetic mecha-
nisms. Clinically significant and pathological CNVs were
found in 21% of CHD patients [8]. A previous study

reported mimic CNVs at Xp22.33-p11.22 in three foe-
tuses from a family diagnosed with CHDs [2]. The first
pregnancy was a dichorionic twin pregnancy with two
male foetuses, and the second pregnancy had one male
foetus. There is a rare novel 52.9Mb CNVs of chromo-
some Xp22.33-p11.2 duplications in all three foetuses.
They claimed that the foetus and parents had normal kar-
yotypes. Their study revealed that a rare novel Xp22.33-
p11.22 duplication might contribute to severe CHDs. The
Xp22.33-p11.22 region contains several critical genes,
such as steroid sulfatase (STS), anosmin 1 (ANOSI), X
chromosomal neuroligins (NLGN4X), haloacid dehy-
drogenase-like hydrolase domain-containing protein 1
(HDHD1, also named PUDP) and G-protein coupled
receptor 143 (GPR143) [9]. STS belongs to the sulfatase
family and hydrolyses several 3p-hydroxysteroid sul-
phates, which serve as metabolic precursors for oestro-
gens, androgens, and cholesterol [10]. Large deletions/
duplications of the STS gene are associated with X-linked
ichthyosis (XLI) and are inherited in a recessive manner
on the X chromosome [11]. Several previous studies have
proven that the STS gene in the Xp22.3 chromosome
is associated with some inherited diseases, including
Turner syndrome and Klinefelter syndrome [12]. ANOS1
is located on the X chromosome and can encode the
extracellular glycoprotein anosmin-1. It has been shown
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Fig. 2 The detection of the foetus with the foetal cord blood sample. A Chromosomal G-banding of the foetus. B FISH results of interphase of cord
blood cells of the foetus with the FIHS CEP X/Y18 probe. The green signals indicate CEP X, and the light blue signals indicate CEP 18. C The result

of chromosomal microarray analysis (CMA) in the foetus. The CMA result revealed a recurrent CNV at Xp22.33-p11.22 (arr [hg19] Xp22.33-p11.22
(178,624-54,151,362) x 6), and the length of the duplication was 53.973 Mb (the relevant CNV region with a red arrow indicated). D The result of
multiplex ligation-dependent probe amplification (MPLA) in the foetus. The MPLA result shows there are six duplications of CNVs at Xp22.33-p11.22
(the relevant CNV region with a black arrow indicated). The y-axis demonstrates the ratio signal compared to the normal control (ratio 1). The MLPA

probes are displayed on the x-axis

that this protein plays an important role in central nerv-
ous system development, such as Kallmann syndrome
(KS) [13]. More than 20 genes are related to KS. A previ-
ous study demonstrated that KS resulting from ANOSI
pathogenic variant is an X-linked recessive inheritance
disease [14]. Neuroligins (NLGNs) are postsynaptic cell
adhesion molecules that have critical functions in syn-
apse maturation, and NLGNs are located on the human X
chromosome, which is called NLGN4X [15]. It has been
demonstrated that variants in NLGN4X are a potential
pathogenic mechanism for male bias in autism spectrum
disorder [16, 17]. Otherwise, partial duplication of the
NLGN4X gene (Xp22.32) is related to cognitive deficits
[18]. PUDP encodes a member of the haloamide dehalo-
genase-like (HAD) hydrolase superfamily. Diseases asso-
ciated with PUDP genes include ichthyosis, intellectual
disability, X-linked and tricuspid valve stenosis [9, 19,
20]. Our MLPA results demonstrated six duplications in
the exon region of STS, partial duplication in the exon

and intron regions of NLGN4X, and the exon regions of
PUDP, ANOSI and GPR143 (Fig. 2D).

This study demonstrated that duplications at Xp22.33-
p11.22 can be detected by CMA and MLPA but not by
conventional cytogenetic methods with blood samples.
Several cases have been reported where standard cytoge-
netic investigation failed to confirm true CNV in cell
cultures established from foetal and placental tissues. In
such a situation, CMA or MLPA analysis should provide
a more effective means of assessing ploidy for specific
chromosomes by offering the advantage of analysis of
many nondividing cells. Furthermore, the recurrent and
pathological CNVs of Xp22.33-p11.22 are associated with
the occurrence of foetal CHDs. Future research into the
functional influence of recurrent duplications will widen
our knowledge and understanding of CHD aetiologies.

In conclusion, we reported and described six duplica-
tion CNVs in the Xp22.33-p11.22 region that were not
detected by conventional cytogenetic methods. The novel
finding will expand the understanding of the potential
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impact of this specific CNV on the patient’s health and
confirm the reported pathogenic variants, which should
help to improve genetic counselling, carrier identification
and prenatal diagnosis in affected families and expand
the insights of prenatal diagnosis of foetal CHDs.
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CNVs Copy number variations
CMA Chromosome Microarray Analysis

MLPA Multiplex ligation-dependent probe amplification
CHDs Congenital Heart Defects
SNPs Single nucleotide polymorphisms
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