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MLPA analysis of 32 foetuses with a congenital heart defect and 1 foetus 
with renal defects – pilot study. The significant frequency rate of presented 

pathological CNV
Andrea Stefekovaa,b, Pavlina Capkovaa,b, Zuzana Capkovaa,b, Vaclava Curtisovaa, Josef Srovnalc,d, Enkhjargalan Mrackaa,b, 

Eva Klaskovab,d, Martin Prochazkaa,b

Aims. The aim of this retrospective study was to determine the detection rate of the pathogenic copy number variants 
(CNVs) in a cohort of 33 foetuses – 32 with CHD (congenital heart defects) and 1 with kidney defect, after exclusion of 
common aneuploidies (trisomy 13, 18, 21, and monosomy X) by karyotyping, Multiplex ligation – dependent probe 
amplification (MLPA) and chromosomal microarray analysis (CMA). We also assess the effectivity of MLPA as a method 
of the first tier for quick and inexpensive detection of mutations, causing congenital malformations in foetuses.
Methods. MLPA with probe mixes P070, P036 – Telomere 3 and 5, P245 – microdeletions, P250 – DiGeorge syndrome, 
and P311 – CHD (Congenital heart defects) was performed in 33 samples of amniotic fluid and chorionic villi. CMA 
was performed in 10 relevant cases.
Results. Pathogenic CNVs were found in 5 samples: microdeletions in region 22q11.2 (≈2 Mb) in two foetuses, one distal 
microdeletion of the 22q11.2 region containing genes LZTR1, CRKL, AIFM3 and SNAP29 (≈416 kb) in the foetus with 
bilateral renal agenesis, 8p23.1 (3.8 Mb) microdeletion syndrome and microdeletion in area 9q34.3 (1.7 Mb, Kleefstra 
syndrome). MLPA as an initial screening method revealed unambiguously pathogenic CNVs in 15.2 % of samples.
Conclusion. Our study suggests that MLPA and CMA are a reliable and high-resolution technology and should be used 
as the first-tier test for prenatal diagnosis of congenital heart disease. Determination of the cause of the abnormality 
is crucial for genetic counselling and further management of the pregnancy.

Key words: congenital heart defect, bilateral renal agenesis, clinical variability, copy number variants

Received: November 16, 2020; Revised: December 10, 2020; Accepted: March 17, 2021; Available online: March 31, 2021
https://doi.org/10.5507/bp.2021.019
© 2022 The Authors; https://creativecommons.org/licenses/by/4.0/

aDepartment of Medical Genetics, University Hospital Olomouc, Czech Republic
bFaculty of Medicine and Dentistry, Palacky University Olomouc, Olomouc, Czech Republic
cInstitute of Molecular and Translational Medicine, Faculty of Medicine and Dentistry, Palacky University Olomouc, Czech Republic
dDepartment of Pediatrics, University Hospital Olomouc, Czech Republic
Corresponding author: Pavlina Capkova, e-mail:pavlina.capkova@fnol.cz

INTRODUCTION

Congenital heart defects (CHD) are the most com-
mon group of structural abnormalities at birth, with an 
estimated prevalence of 1-5% of live births, constituting 
one of the main causes of infant morbidity and mortal-
ity1,2. The early detection of foetus malformations in 
prenatal diagnosis is crucial for the assessment of the 
further possible comorbidities. As not all comorbidities 
are detectable by ultrasound, it is recommended that in all 
pregnancies with CHD, CNVs should be excluded, using 
appropriate methods including cytogenetic techniques, 
FISH, and DNA mutation analysis (MLPA, array CGH), 
targeting especially areas linked to known syndromes3.

CHDs are either isolated or syndromic. In syndromic 
cases extra-cardiac abnormalities may be present in the 
foetus. Extra-cardiac malformations have a substantial 
role in cardiac diseases and their detection in patients 
with CHD is very important. Proper diagnosis and early 
treatment of these abnormalities have a great impact on 
a patient’s life quality. Extra-cardiac malformations, such 

as intra-abdominal organ defects associated with genetic 
syndromes, are observed from 7% to 50% in cases with 
congenital heart diseases. Extra-cardiac abnormalities 
were observed in 10 % (ref.4) and 31% (ref.5) cases, per-
formed in Czech Republic mainly in two retrospective 
studies. As a result, the risk of morbidity and mortality 
of these patients is increased6-8. Abnormalities of the 
central nervous system, gastrointestinal system, kidneys, 
urogenital system, as well as of the abdominal wall are 
among frequent extra-cardiac malformations9. Congenital 
renal agenesis is the complete absence of renal tissue. This 
can be unilateral (unilateral renal agenesis, URA) and 
bilateral (bilateral renal agenesis, BRA). Bilateral renal 
agenesis is incompatible with life10.

Significance of CNV in patients with a congenital heart 
defect and extra-cardiac malformations

Approximately 20–25% of cardiac malformations are 
associated with a genetic cause11. Chromosomal aberra-
tions are a frequent cause of CHDs and in these patients 
extra-cardiac malformations are often seen12,13. The most 
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common are trisomy 13, 18, 21, or monosomy X. CNV 
are also relatively common causes of CHD (e.g. micro-
deletion 22q11.2, 7q11.23, 1p36.33). Studies of patients 
with CHD indicate that CNVs are a major genetic cause 
of cardiovascular disease, occurring in 3–25% of patients 
with extra-cardiac abnormalities and in 3–10% with iso-
lated heart defects14. The pathogenic significance of a par-
ticular CNV is highly dependent on the position of its 
breakpoints, the genomic content of deleted or duplicated 
segments, and the genomic area in which the CNV is situ-
ated. While copy number variations are now regarded as a 
major cause of genetic disease, it is important to underline 
that not all CNVs are pathogenic.

MATERIALS AND METHODS

CHD patients
We tested 32 samples of amniotic fluid from preg-

nancies with foetuses with heart defects and one sample 
of a foetus with a congenital renal defect detected by ul-
trasound. Ultrasound examination was performed in the 

Institute of foetal medicine, University Hospital Olomouc 
and patients were counselled by a clinical geneticist of the 
Department of Medical Genetics, there.

18 foetuses were male and 15 were female. The age of 
patients was 19 – 39 years and the gestation age ranged 
from 19–24 weeks.

Samples were isolated by QIAamp DNA Mini Kit 
(Qiagen, CA, USA). DNA concentration and purity were 
evaluated using the NanoDrop2000 spectrophotometer 
(Thermo Scientific, Waltham, USA). Signed informed 
consent was obtained from patients.

Cytogenetic analysis
All samples were processed and karyotyped according 

to standard laboratory protocols. Samples with common 
trisomies were excluded from the study group. All ana-
lyzed samples had normal karyotypes.

Multiplex ligation-dependent probe amplification (MLPA)
Probe mixes P070, P036 – Telomere 3 and 5, P245 – 

microdeletions, P250 – DiGeorge syndrome, and P311 
– CHD (MRC-Holland, Amsterdam, Netherlands) were 

Table 1. Distribution of the types of heart defects in the cohort.

Type of heart defect n

Septal defects VSD 15

ASD 1

AVSD 5

Ventricular defects hypoplastic left ventricle 2

Valvular defects mitral stenosis 1

mitral dysplasia 1

tricuspid stenosis 1

tricuspid atresia 3

tricuspid insufficiency 2

pulmonary atresia 1

pulmonary stenosis 1

Defects of pulmonary arteria hypoplasia 3

atresia 2

stenosis 2

Defects of the aorta and aortic arch aortic atresia 2
coarctation of the aorta 3

aorta connection to VSD 1

right side aortic arch 2

hypoplasia of aortic arch 1

coarctation of aortic arch 1

Pathology of great arteries transposition 4

malposition 2

unspecified 2

Tetralogy of Fallot 4

Double-outlet right ventricle (DORV) 3

Hypoplastic right heart 3

n, number of presented defects
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used for the DNA analysis according to the manufactur-
er’s protocol. A mix of 1 μL PCR product, 13.46 μL Hi-Di 
formamide and 0.54 μL LIZ-GS500 Size Standard (Life 
Technologies) was analysed by capillary electrophoresis 
in an ABI 3130 Genetic Analyser (Applied Biosystems, 
Foster City, USA). MLPA data were collected using 
GeneMapper software (Applied Biosystems, Foster City, 
USA), and subsequently analysed with three control sam-
ples by the Coffalyser software.

All pathogenic CNVs were verified either with an-
other probe mix or with an independent method (FISH, 
aCGH). FISH – probes DG/VCFS critical region at 
22q11.2 and 8p23.1 (D22S75, Cytocell, UK, RP11-235I5, 
BlueGnome) was performed according to the manufactur-
er ’s protocol. CMA (Affymetrix, Santa Clara, USA) was 
performed in collaboration with the Institute of Molecular 
and Translation Medicine in Olomouc, Czech Republic.

RESULTS

This retrospective study included 32 foetuses with 
congenital heart disease and 1 foetus with bilateral renal 
agenesis. In our small cohort pathogenic CNVs were de-
tected by MLPA analysis in 5 cases (15.2%) (Table 2). The 
spectrum of heart malformations was wide, ranging from 
simple lesions such as septal defects to complex defects, 
e.g., tetralogy of Fallot or the transposition of great arter-
ies. The most frequently encountered abnormalities were 
ventricular septal defect, atrioventricular septal defect, 
and abnormal position of great arteries (Table 1).

22q11.2 deletion syndrome
22q11.2 deletion was the most prevalent condition, 

found in three male foetuses.  This well-known microde-

letion containing CLTCL1, HIRA25, CDC45, CLDN5, 
GP1BB, TBX1, TXNRD2, DGCR8, ZNF74, KLHL22, 
MED15, SNAP29, and LZTR1 genes was revealed in pa-
tient 1a, who had a tetralogy of Fallot. We do not have 
any additional information about this patient.

Patient 2a – male foetus, inherited the microdele-
tion from his mother. The microdeletion contained 
the CLTCL1, HIRA25, CDC45, CLDN5, GP1BB, 
TBX1, TXNRD2, DGCR8, ZNF74, KLHL22, MED15, 
SNAP29, and LZTR1 genes and its size was estimated 
as 2 Mb. Ultrasound examination of the foetus bilateral 
talipes equinovarus; ventricular septal defect and mega-
vesica were found at autopsy. The mother presented with 
thrombocytopenia, hypothyroidism, amblyacousia, and 
psychiatric disease; as a child she had an operation for 
cleft palate and patent ductus arteriosus. These features 
are typical of DiGeorge syndrome which was diagnosed in 
the mother and the foetus. According to the MLPA result, 
the deleted region was similar in patients 1a and 2a.

In the third foetus (3a) with the loss at 22q11.2, CHD 
was suspected as a cause of IUD, however bilateral renal 
agenesis without cardiac abnormality was found at autop-
sy. Using MLPA we found deletion of two genes - SNAP29 
and LZTR1 in the foetus. The size of the microdeletion 
was determined by CMA as 416 kb, and the method re-
vealed a deletion of two additional genes - CRKL and 
AIFM3 in this location.

8p23.1 deletion syndrome
A complete atrioventricular septal defect, common 

ventricles and atrioventricular valve, aortic hypoplasia, 
transposition of great arteries, pulmonary stenosis, and 
hyperechogenic fetal bowel were revealed in female foe-
tus 4a in a primigravida woman, aged 20 at 21 weeks 
of pregnancy. Ultrasonographic examination at the 1st 

Fig. 1. The result from sample 3a analysed by Coffalyser software. Bigger red round points show a 
peak pattern in the deleted EHMT1 region (probe mix P250 DiGeorge syndrome).
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trimester was normal and first trimester combined screen-
ing was negative. Family history was negative regarding 
CHD. The pathogenic microdeletion of the 8p23.1 region 
was revealed by MLPA analysis in the foetus. The micro-
deletion was verified by whole genome SNP-microarray 
and its size was determined as 3.8 Mb [8p23.1 (8105359-
11898209)x1]. The deleted region contained genes 
CLDN23, MFHAS1, ERI1, PPP1R3B, TNKS, MSRA, 
PRSS55, RP1L1, SOX7, PINX1, XKR6, MTMR9, BLK, 
GATA4, NEIL2, FDFT1, and CTSB. The patient decided 
to continue the pregnancy. She delivered at term a baby 
small for gestational age (weight 2470 g), Apgar score was 
8-9-9. Hypotonia, acrocyanosis, and neck webbing were 
observed after delivery. The baby died at one week of age 
due to cardiac insufficiency.

9q34.3 deletion 
In a female foetus 5a ventricular septal defect, aortic 

atresia, mitral valve defect, double-outlet right ventricle, 
and left sided talipes equinovarus were detected during 
US examination. Nuchal translucency at the first-trimester 
screening was 2.6 mm. The loss of EHMT1 was discovered 
using MLPA analysis with probe mix P250 DiGeorge syn-
drome (Fig. 1) and was confirmed by probe mix Telomere 
3 and 5. The size of the microdeletion was determined 
by the whole genome SNP-microarray. The result of the 
CMA analysis was 9q34.3 (139263899-141018984)x1, the 
size of the deletion was 1,7 Mb and contained 98 RefSeq 
genes, some of them were CARD9, NOTCH1, TRAF2, 
COBRA1, NELF, ZMYND19, ARRDC1, EHMT1, 
CACNA1B. This finding is consistent with Kleefstra 
syndrome. The pregnancy was terminated.

DISCUSSION

Congenital heart malformations
Methods such as FISH, MLPA, and chromosome mi-

croarray analysis are suitable for detecting chromosomal 
deletions. A common deletion size of approximately 3 
Mb leads to the deletion of about 45 genes at 22q11.2 and 
results from recombination at rearrangement hotspots15. 
There are low copy repeats (LCR) in the common dele-

tion region, marked A to D, and they are vulnerable to 
rearrangements. The deletions are caused by non-allelic 
homologous recombination that creates deletions of vari-
able size, where 3 Mb, 2 Mb, and 1.5 Mb are the most 
common (Fig. 2.) (ref.23,31). The sizes correspond to dele-
tions flanked by LCR-A to D, LCR-A to C and LCR-A 
to B, respectively16.

It is well-known that 22q11.2 is the second main 
cause of CHD (ref.17) after Down syndrome12, and this 
syndrome was the most frequent disorder in our cohort 
(9.1%). This is consistent with the findings of other stud-
ies [7.3% (ref.13), 6.4% (ref.18) and 8.5% (ref.19)]. The most 
common extra-cardiac malformations in this syndrome 
affect the central nervous system, kidneys, urinary tract, 
genital system, gastrointestinal, and respiratory system9,20.

There is a considerable variability in clinical pre-
sentations associated with deletions in this region20-22. 
Apparently, the heterozygotic loss of particular genes 
has a different impact. This phenomenon is demon-
strated in our case with congenital kidney malformations 
(CMK) without CHD. Prenatally detected heart defects 
are frequently associated with malformations of other 
organs. In one study the authors found that CDC45 is 
a causative gene in craniosynostosis23, deletion of genes 
HIRA, DGCR8, and SNAP29 suggests a possible etio-
logic association with anomalous pulmonary venous con-
nection (APVC) (ref.24). Haploinsufficiency of TBX1 is 
considered as the major contributor to the 22q11.2DS 
phenotype, as it has been associated with CHD and pal-
ate anomalies25-27. 

Congenital kidney and urinary tract anomalies are 
present in approximately 30% of the patients with the 
DiGeorge syndrome28-30. We found a loss of SNAP29 and 
LZTR1 genes by MLPA, and CRKL and AIFM3 genes 
by aCGH in the region 22q11.2 in the foetus, where the 
autopsy revealed only bilateral renal agenesis. Very similar 
410kb deletion in the same area was found in the foetus P6 
with bilateral renal agenesis (Fig. 2.) (ref.31). The authors 
carried out functional studies using zebrafish and mice. 
Inactivation of CRKL in the mouse model induced de-
velopmental defects similar to those observed in patients 
with congenital urinary anomalies. It has been assumed 
that a recurrent 370kb deletion in 22q11.2 locus is a cause 

Fig. 2. The most common deletions in LCR region in DiGeorge syndrome, comparing our findings with literature.
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of renal defects in DiGeorge syndrome and in sporadic 
congenital kidney and urinary tract anomalies. Of the 9 
genes at this locus, SNAP29, CRKL, and AIFM3 appear 
to be crucial to the phenotype, with haploinsufficiency of 
CRKL emerging as the main genetic factor31.

Faivre et al.32 reported the first case of an 8p23.1 dele-
tion ascertained prenatally. A second-trimester ultrasound 
examination revealed a posterior left sided diaphragmatic 
hernia, with intra-thoracic stomach and spleen without a 
heart defect. Cytogenetic analysis showed a terminal dele-
tion of the short arm of chromosome 8p23.1. The region 
8p23.1 contains genes that are involved in the develop-
ment of heart such as SOX7 (ref.33) and GATA4 (ref.34). 
This deletion was also found in a study where 94% of 
tested patients had a cardiac disease and 22% of patients 
had a congenital diaphragmatic hernia35. Recently stud-
ies in mice showed that interstitial deletions of 8p23.1 
associated with congenital heart disease and frequently 
include deletion of the GATA4 gene. The cardiac malfor-
mations seen in these mice included septal defects, right 
ventricular hypoplasia, endocardial cushion defects and 
cardiomyopathy36. Guimiot et al.37 described maternally 
inherited 5.6 Mb deletion in the foetus with an AV canal, 
the most common CHD encountered in interstitial 8p23.1 
deletion35,38. A 5.25Mb deletion in 8p23.1 was found in a 
foetus with atrio-ventricular septal defect39. 

Kleefstra syndrome (KS) is caused by a mutation in 
EHMT1 gene described by Kleefstra et al.40,41. The syn-
drome is defined by intellectual disability, childhood hy-
potonia and distinct facial features with a large spectrum 
of additional clinical symptoms42,43. In patients with the 
disorder, heart defects, recurrent infections, and various 
anomalies in brain anatomy are frequently observed41. 
Guterman et al.44 reported a foetus with increased nu-
chal translucency (3.1 mm), coarctation of the aorta and 
short corpus callosum. aCGH was performed following a 
detection of a cardiac defect, and revealed a 870kb dele-
tion at 9q34.3 which included EHMT1 gene. However, 
previously reported cases were associated with other 
structural chromosomal abnormalities in addition to the 
deletion45-47. The DNA analysis was considered depending 
on ultrasound assessment result in prenatal cases45-50 or 
visible clinical characteristics in postnatal cases51-54.

Incidence of CNVs in the foetuses with CHD
Van den Veyver et al. (ref.55) analysed the potential 

utility of CNV analysis in cases of advanced maternal age 
or abnormal ultrasound findings. They found pathogenic 
CNVs in 5% of 300 cases and gained new important in-
formation by chromosome microarray in 2.3%.

Studies published thus far estimate that CNVs contrib-
ute to disease burden in approximately 3–25% of patients 
with CHDs with extra - cardiac anomalies (ECAs) and 
3–10% of patients with isolated CHDs, indicating that 
CNV analysis can provide valuable diagnostic informa-
tion in this patient population14. Notably, many of these 
studies performed 22q11.2 FISH before CNV analysis 
and excluded patients with positive results suggesting that 
the actual yield of chromosome microarray testing in the 
CHD population is even higher.

To date, it has been shown that approximately 40% of 
familial CHD, 20% of sporadic CHD, and 50% of CHD 
with extra - cardiac congenital anomalies have an identifi-
able genetic etiology56. A determination of precise etiology 
diagnosis has important implication for genetic counsel-
ling and an initiation of right subsequent treatment. The 
use of appropriate genetic methods is important for an 
early detection of syndromic causes.

These studies indicate that pathogenic CNVs can be 
detected in foetuses both with isolated CHDs and CHD 
with ECAs. Therefore, many laboratories use CMA as the 
first-tier test for detection of CNV in foetuses with CHD. 
However, detection of VOUS CNV can cause additional 
burden to the parents. In these cases, MLPA might be 
used as the targeted screening for clinically relevant CNV 
detection.

Apart from probemix P250 – DiGeorge we also sug-
gest using probe mix P311 – CHD which covers relevant 
genes involved in cardiogenesis.

CONCLUSION

Our retrospective study investigated the presence of 
copy number variants in foetuses with congenital heart 
and kidney defects. CNVs are an important part of the 
genetic diversity evolution and disease susceptibility. 
Detection and association with phenotypes are an im-
portant step for better understanding the aetiology of the 
disorder57

. The use of specific molecular genetics methods 
allows us quickly and effectively detect genetic defects 
prenatally. 

MLPA was used as a targeted test to determine CNVs. 
In our study of 33 cases of prenatally detected congenital 
malformations MLPA detected CNVs in 5 of them and 
proved its potential as a rapid diagnostic test in this con-
text. MLPA testing with probe mix P250 and P311 is a reli-
able and fast tool for detection of the pathogenic CNVs 
in the foetuses with CHD. However, as we detected one 
further microdeletion with probe mixes P070 and P036, 
we recommend combining the probe mixes P250, P311, 
P245 and Telomere 3 and 5. Moreover, using these probe 
mixes proved to be useful in testing not only foetuses with 
CHD but also in foetuses with a different congenital de-
fects and increased detection rate with a detection of a 
rare and very small (nested) microdeletion in the region 
22q11.2. For the relatively high frequency of microdele-
tion 22q11.2 in prenatal testing and its segregation with a 
highly variable phenotype (wide spectrum of CHD, some 
with limited detectability by an ultrasound examination 
during pregnancy) it might be helpful to routinely screen 
for the microdeletion in the prenatal diagnosis.

Our study shows that using MLPA as the first line ge-
netic test was highly effective in the detection of clinically 
significant chromosomal abnormalities in foetuses with 
congenital heart disease. MLPA is a low-cost technique 
convenient especially for detection of recurrent patho-
genic CNVs in prenatal diagnosis of CHD. Comparing to 
CMA, MLPA was easier to perform, analyse and interpret 
in the diagnostic setting.
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We conclude that our approach of using the combina-
tion of the P250, P311, P245, P036, and P070 MLPA kits 
is a suitable initial screening tool in patients with heart 
malformations. However, as MLPA is a targeted test, rare 
CNVs could be missed. For this reason, it is appropriate 
to supplement MLPA with other techniques, such as mi-
croarray or NGS analysis. 
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