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Congenital heart disease(CHD) is the most frequent malformative pathology seen in newborns, with an
incidence of 10/1000 births, and is considered a major cause of neonatal morbidity and mortality. About one
third of congenital heart disease cases are of genetic origin, particular copy number variations being described
as possible nonsyndromic and syndromic congenital heart disease causes. Here, we set out to find whether the
MLPA technique could be used as a first-tier screening assay in newborns with apparently nonsyndromic CHDs,
and thus to genetically confirm the CHD diagnosis. The study cohort included 60 newborns diagnosed with
apparently nonsyndromic congenital heart disease, recruited for a period of 18 months. MLPA analysis was
performed using the SALSA MLPA P311 and P250 kits. 10 newborns (16.67%) showed known genetically
relevant copy number variations, namely three patients with 22g11.21 deletion, that were diagnosed with
DiGeorge syndrome, and seven patients with a probable single exon 8p23.1 duplication that will be subjected to
further molecular testing, in order to correctly assess their diagnosis. We can conclude that the screening of
patients with apparently nonsyndromic congenital heart disease may lead to their early and correct diagnosis,
and thus them benefitting from the detection of clinically relevant copy number variations using the MLPA
technique.
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Congenital heart disease (CHD) is the most frequent malformative pathology seen in newborns, with an incidence of
10/1000 births [1]. Part of a genetic syndrome, or stand alone, CHDs are considered a major cause of morbidity and
mortality, as 24-50% of neonates who die because of a birth defect actually have a heart defect [2, 3].

About one third of CHDs are of genetic [4] (such as chromosome abnormalities and single gene disorders) and
epigenetic origin, the rest being of unknown etiology, possibly environmental and multifactorial. Since several important
phenotypic changes seen in syndromic conditions, such as developmental delay or dysmorphic facial features are usually
not apparent in neonates, a heart defect may be the first symptom seen at this age and thus the investigation of its etiology
is extremely important, leading to a correct early diagnosis and appropriate treatment. The American Heart Association’s
2007 scientific statement indicated four reasons that highlighted the importance of determining the genetic cause of the
child's heart defect, as follows: (a) other important organ systems may be involved; (b) possible clinical prognosis
information; (c) the genetic reproductive-related risk may be increased within the family; (d) the same genetic testing may
be appropriate for other family members [5].

The full extent of copy number variation (CNV) implication in the occurrence mechanism of CHDs is not entirely
known, although CNVs have been described as possible CHD causes, being found in both nonsyndromic and syndromic
cases [6]. Unfortunately, only a fraction of patients harboring large gDNA alterations can be diagnosed by standard
cytogenetic techniques, due to the thechniques’ limited cytogenetic resolution (5-10Mb) [7], therefore higher resolution
molecular techniques have to be used. Multiplex ligation-dependent probe amplification (MLPA) is a valuable tool for the
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detection of known CNVs, with a relatively low cost and a straightforward technique. The MLPA method has been
previously used to diagnose CHDs in children, but not in neonates, and the diagnosis rate varied [1, 6, 8], being mainly
dependent on patient selection and the MLPA kit used.

In the present study we set out to find whether CNV testing, namely the MLPA technique could be used as a first-tier
screening assay in newborns with apparently nonsyndromic CHDs, and thus to confirm clinical CHD diagnosis.

Experimental part
Material and methods

The study cohort included newborns diagnosed with apparently nonsyndromic CHDs, recruited from a tertiary
neonatal intensive care unit from central Romania, from January 2016 to May 2018, for a period of 18 months. Patients
exhibiting only minor heart defects, such as atrial and/or ventricular septal defects were not included in the present study.
Additional exclusion criteria included children coming from diabetic mothers (including gestational diabetes) and mothers
diagnosed with systemic diseases, as well as obesity. Patients’ clinical assessment included the evaluation of CHD
familial history. Cardiac assessment consisted in transthoracic echocardiography and chest X-ray.

The study protocol was approved by the ethics committee of the local medicine university and of the county hospital,
and was carried out in accordance with their recommendations. An informed consent was obtained from all subjects’
parents or legal guardians, according to the World Medical Association Declaration of Helsinki, revised in 2000,
Edinburgh.

Genomic DNA was isolated from peripheral blood leukocytes using the PureLink Genomic DNA Mini Kit (Thermo
Fisher Scientific, Waltham, USA).

gDNA was amplified using a Veriti Thermal Cycler (Applied Biosystem, Foster City, USA) and MLPA analysis was
performed using the SALSA MLPA P311 and P250 kits (MRC-Holland, Amsterdam, The Netherlands) according to the
manufacturer’s protocol. The SALSA MLPA P311 kit amplifies 6 coding exons of GATA4 and 2 additional probes
upstream of GATA4, as well as one CTSB-9, downstream of GATA4, corresponding to chromosome band 8p23.1, the 2
exons of NKX2-5, corresponding to chromosome band 5935.1, 7 of the 10 exons of TBX5 and one intron, corresponding to
chromosome band 12924.21, 3 exons of BMP4 and one intron, corresponding to chromosome band 14g22.2, 2 exons of
CRELD1 corresponding to chromosome band 3p25.3 and three probes in the 22911 region. Patients positive for 22q11.2
deletion syndrome were further tested with the SALSA MLPA P250 kit for diagnosis confirmation. This kit contains
probes for the detection of CNVs in the 4q, 8p, 9q, 10p, 17p, 22911.2 and 22913 regions and can be used to diagnose
DiGeorge syndrome, DiGeorge syndrome type Il as well as other disorders associated with deletions/duplications in these
regions.

MLPA products were subjected to capillary electrophoresis using a 3500xL Dx Genetic Analyzer (Applied Biosystem,
Foster City, USA) with a 50-cm 24 capillary array using POP7 polymer. Data were collected using the Gene Mapper
software (Applied Biosystem) and later interpreted with the help of Coffalyser software (MRC-Holland). Abnormal
profiles were discarded, and these patients were retested from the initial DNA sample. Ten unrelated control DNA
samples were included as a reference population, and based on their results, patients in the 0.7-1.3 category were
considered to have two gene copies.

Results and discusisons

A total of 60 patients were included in the present study, 19 (31.7%) females and 41 (68.3%) males, none of them
having any first-degree relatives diagnosed with CHDs.

The cardiac phenotype consisted in the following defects: transposition of great arteries (18 cases, 30%), coarctation of
the aorta (18 cases, 30%), pulmonary valve atresia/stenosis (8 cases, 13,3%), tricuspid valve atresia/stenosis (4 cases,
6.7%), aortic stenosis (3 cases, 5%), hypoplastic left heart syndrome (2 cases, 3,3%), common arterial trunk (2 cases,
3,3%), total anomalous pulmonary venous drainage (1 case, 1.7%), persistent ductus arteriosus (1 case, 1.7%), left
coronary artery to coronary sinus fistula (1 case, 1.7%), complete atrioventricular canal defect (1 case, 1.7%) and
aortopulmonary fenestration (1 case, 1.7%).

In 45 cases Prostaglandin E1 treatment was introduced to maintain the permeability of the ductus arteriosus until the
optimum surgery moment, as follows: in 23 cases the systemic circulation was ductal dependent, while in 22 cases
pulmonary circulation was dependent on the patency of the arterial ductus.

Pregnancy ultrasound monitoring diagnosed 53.3% of included cases with CHD before birth, while in 7 cases (11.7%)
the pregnancy was not monitored.

The mean birth weight was 3107 grams (1840grams-5100grams), 28.3% were small for gestational age (SGA), 3.3%
large for gestational age (LGA) and 68.4% had a normal weight (AGA), according to Lubchenco [9] intrauterine growth
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curves. In our study, 10 newborns were premature, the rest having the gestation age between 37 and 42 weeks. None of
them was postmature.
After MLPA analysis, 10 newborns (16.67%) showed the copy number abnormalities presented in Table 1.

Tahle 1
COPY NUMBEE. ABNOEMALITIES IDENTIFIED IN OUR PATIENTS AFTEE MLPA ANAT YSIS
GENDER: F-FEMALE, M-MALE;
BIRTH WEIGHT: AGA-APPROFPRIATE FOR GESTATIONAL AGE 2500grams-4000grams, SGA-Small FOR. GESTATIONAL AGE
<2500grams, LGA-LARGE FOR. GESTATIONAL AGE =4000grams

Patient no. Imbalance Chromosome band Cardiac Aszociated Birth Deecease
and gender phenotype malformations’ Weight
pathologies
S deletion 2291131 coarctation of the venmculomegaly SGA ves, postoperative
aorta
40 m deletion 2291131 coarctation of the hepatic cyst LGA no
aorta
3T deletion 12g1111 coarctation of the nomne AGA no
aorta
I8, m duplication 3pdid pulmonary valve left cheanal afresia AGA yes, precperative
stenosis
EVES duplication 2pdil coarctation of the none AGA yes, preoperative
aorta
37, m duplication 2pdil coarctation of the none AGA no
aorta
30 m duplication 2pdid pulmonary valve nomne AGA no
stenosis
456, m duplication 3pdid pulmonary valve none AGA no
stenosis
32 m duplication 2pdil persistent ductus none AGA no
arteriosus
30, m duplication 2pdil pulmonary valve left Fadney LGA no
stenosis hydrenephrosis

As subtle phenotypic characteristics are often difficult to be seen early on in life [2], especially in neonates, CHDs may
be among the first symptoms in pathologies involving CHD as part of the clinical spectrum. Several studies have shown
the importance of CNVs in a significant number of CHD patients [1, 6, 8, 10, 11], but all existing studies focused their
attention on children or fetuses, none trying to establish a diagnosis at birth or in the neonatal period. Early determination
of a CHDs’ genetic origin is important, as these children bare an increased risk of postoperative complications [12], and
thus, the awareness of possible associated extracardiac abnormalities may be decisive for the optimal therapeutic
management [6], be it surgical [13] or drug administration [3, 14]. Additionally, this diagnosis can be used for the correct
genetic counseling of patients (i.e. in their adulthood) and their families [12].

CNVs pathogenicity is an intensively studied topic, as they are rather common among the general population, making
up approximately 12% [2] of an individual’s genome, and yet several CNVs are considered potentially pathogenic in the
context of patients with cardiovascular malformations, when exhibiting at least one of the following characteristics: (a)
occurrence in a dosage sensitive CHD-causing gene with a similar phenotype, (b) occurrence in a region known to be
disease associated, (c) occurrence in a gene-rich region, (d) large size of the deletion or duplication, (e) de novo or rare
CNVs (occurring in <1% of healthy individuals) [15].

In our study the MLPA detection rate was 16.67% (10/60 cases), comparable to the 3.2-33.33% rates indicated in
previous studies [1, 6, 8, 10] that investigated CNVs associated to CHD in children, this variation being probably a
consequence of patient selection criteria and MLPA kit used, rather than technique limitations. The apparently low
detection rate should be interpreted in the light of current knowledge, as there may be up to 400 genes involved in CHD
pathogenesis, many of which still not identified [12], therefore genetic testing of individuals with isolated apparently
nonsyndromic CHD:s is still a low-yield exercise [12], but improvements are predicted for the near future.

DiGeorge syndrome or 22g11.2 deletion syndrome is the second main cause of CHD [1, 16], and expectedly, it was the
most frequently diagnosed disorder in our study, with an incidence of 5% (3/60 patients), all being heterozygous. Our
diagnosis rate was smaller than that of Monteiro et al.[1], but they included only syndromic patients. On the other hand,
the studies of Sgrensen et al.[6] and Campos et al.[8] reported detection rates of only 0.49% and 2.56% respectively,
while that of El Malti et al.[10] identified no patients with 22q11.2 deletion syndrome. These results may be due to the
method of selecting patients, as the studies cited above enrolled patients with both common and complex CHDs in
syndromic as well as with isolated CHD, while our patients were all with apparently nonsyndromic CHDs. Because the
P311 MLPA kit only contains three probes in the 22q11 DiGeorge region we opted for a second testing with the P250
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MLPA kit, and thus confirmed the diagnosis for our patients. If it were not for the CHD diagnosis, our patients might have
left the hospital undiagnosed, as no other phenotypical modifications we observed (e.g. cleft lip/palate, facial
dysmorphism) and other typical features of this syndrome, such as immune, developmental and behavioral deficits are
expressed only after the neonatal period.

On the other hand, we cautiously interpreted the results of the 7 patients with GATA4 gene exonl duplication, as
MLPA single exon deletions/duplications in other pathologies have been previously reported as possible pitfalls [17] in
the correct diagnosis of patients, and even according to the MLPA manufacturer’s protocol these findings should be
confirmed by long-range PCR and qPCR. Therefore, our patients will be subjected to further molecular testing, in order to
correctly assess their diagnosis. The GATA4 gene encodes a protein involved in embryogenesis and myocardial
differentiation and function, and its involvement in CHD occurrence was previously reported, both in syndromic patients
(in 8p23.1 duplication syndrome [18] associated with TNKS1 and SOX7 genes) as well as non-syndromic CHDs
associated to modifications in the gene’s exonl [19].

Our study is the first to study known clinically relevant CNVs in neonatal patients with apparently nonsyndromic
CHDs, at least in Romania and Eastern Europe. One the other hand, weaknesses of our study might be the relatively small
number of cases, and the fact that we used only one diagnosis technique, namely MLPA, even though we used multiple
MLPA SALSA Kits.

Conclusions

Our study indicates that the multiplex ligation-dependent probe amplification technique can be used as a first-tier
screening tool for patients with apparently nonsyndromic congenital heart disease, providing early and correct diagnosis
of known clinically relevant copy number variations with possible future clinical and therapeutic implications in these
neonates.
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