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Background and Aims: Congenital heart defects (CHD) are the 

most common type of congenital disability. Copy number variations 

(CNVs) have been found as one of the genetic etiology of non-

syndromic CHD, and researchers have detected several pathogenic 

CNVs in patients with cardiac defects. 

Materials and Methods: In the present study, 70 patients with 

familial (20 patients) and sporadic (50 patients) non-syndromic CHD 

were evaluated to find whether CNVs in the GATA4, NKX2-5, TBX-

5, CREL, BMP4 genes, and 22q11.2 region contribute to the 

pathogenesis of non-syndromic CHD. We have used the Multiplex 

Ligation-dependent Probe Amplification (MLPA) technique as a 

molecular method to identify CNVs in predefined loci.  

Results: Normal MLPA results were demonstrated for GATA4, 

NKX2-5, TBX-5, CRELD, and BMP4 genes for all sporadic and 

familial cases. However, we found three patients with imbalances for 

the 22q11.2 region. One patient with 22q11.2 deletion showed 

tetralogy of fallot, and the other had ventricular septal defects/ 

pulmonary atresia/ multiple aortopulmonary collateral arteries. A 

duplication of the 22q11.2 region was detected in one patient with 

patent ductus arteriosus.  

Conclusion: Identifying genomic imbalances in 6% of the non-

syndromic sporadic patients indicates that recurrent CNVs could be 

associated with non-syndromic CHD. It seems that it is the first CNV 

analysis using MLPA carried out in Iranian patients with cardiac 

defects. We suggest that 22q11.2 imbalances should be considered in 

patients with cardiac lesions to provide an accurate diagnosis and 

appropriate genetic counseling in affected families.  
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Introduction

Congenital heart defects (CHD) with an  0.85-

1% incidence of live births are the most common 

congenital disabilities [1]. The genetic etiology 

of CHDs includes both single-gene mutations 

and chromosome abnormalities, about 10% and 

9-18% of CHD, respectively [2, 3]. Different 

studies have detected an increased number of 

rare copy number variations (CNVs), 

contributing to the risk of CHDs [4-7]. CNVs 

contribute to 10-15% of CHD based on clinical 

and research findings [8]. It is expected that 

these CNVs affect one or more dosage-sensitive 

genes implicated in heart development. Among 

these, 22q11.2, 8p23.1, and 5q35.1 deletions 

and/or duplications containing TBX1, GATA4, 

and NKX2-5 cardiac-related genes, respectively, 

are remarkable [4, 9, 10].   

The majority of CHDs are isolated, which means 

cardiovascular malformation is the only major 

phenotype in the patient at the time of diagnosis. 

About 25% of CHDs are associated with 

extracardiac anomalies and/or might be a part of 

a genetic syndrome [11]. Although many 

genomic syndromes are strongly associated with 

CHDs like Di-George, Williams–Beuren, Wolf-

Hirschhorn, and Cri-du Chat syndromes, CNVs 

have also been reported in isolated CHDs [7, 12].  

Multiplex Ligation-dependent Probe 

Amplification (MLPA) is a targeted technique 

for detecting known CNVs. The MLPA 

technique is a cost-effective, reliable, and rapid 

test with high specificity and sensitivity [13]. 

This study has been performed using MLPA kit 

P311-B1 to detect deletions/duplications of five 

critical heart developmental genes, including 

TBX5, GATA4, BMP4, NKX2-5, and CRELD1 

(3p25) and also the chromosomal region of 

22q11.2, in 70 Iranian patients with familial and 

sporadic non-syndromic CHDs.  

Materials and Methods 

Clinical information 

Seventy Iranian patients with various ethnic 

origins were included in the current study. All 

patients were referred to the pediatric cardiology 

and neonatal intensive care unit (NICU) of Tehran 

Children Medical Center, Tehran University of 

Medical Sciences, from February 2016 to May 

2018. The patients' median age at the study time 

was 18 months (2 months - 15 years). 

Twenty patients out of 70 were familial, and the 

other 50 were sporadic. In familial cases, there 

were at least two affected patients (first- or 

second-degree relatives) with non-syndromic 

CHD regardless of the CHD type (albeit the 

same type of CHD in each family was preferred). 

The type of CHD in sporadic cases was not 

important. Congenital cardiac malformations 

were diagnosed by echocardiography. Patients 

showed different kinds of heart anomalies 

(Tables 1,2). All patients were carefully assessed 

for any extracardiac features and for possible 

maternal exposure to teratogenic factors. 

Moreover, familial cases with a history of 

recurrent abortions were examined for 

balanced chromosomal abnormalities using the 

GTG-banding technique.  

Cytogenetic analysis 

Classical cytogenetics was performed according 

to standard protocol. High-resolution GTG 
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bandings (480-520 resolution) were used to 

exclude chromosomal abnormality in the 

examined patients.  

Molecular analysis 

Genomic DNA was extracted using the standard 

salting-out method. SALSA MLPA Kit  

P311-B1 (MRC-Holland, Amsterdam, The 

Netherlands) was used in our study, which has 

been designed for CNV screening in 5 

important cardiac-related genes, including 

TBX5 (12q24), GATA4 (8p23), BMP4 (14q22), 

NKX2-5 (5q35) and CRELD1 (3p25) and also the 

chromosomal region of 22q11.2. We followed the 

manufacturer's protocol as described in the MRC-

Holland catalog. MLPA results were analyzed 

using Gene Marker (Softgenetics LLC, State 

College, Pa., USA) and Coffalyser.Net 

software (MLPA analysis tool developed by 

MRC-Holland). The MLPA test was repeated 

for each observed variation to confirm the 

result. The test was also executed for parents 

of patients with abnormal results to determine 

whether it is de novo or inherited. This 

research study was approved by the Ethics 

Committee of the University of Social Welfare 

and Rehabilitation Sciences of Tehran, Iran 

(IR.USWR.REC.1395.132). 

 

Table 1. Clinical data of familial cases 

VSD= Ventricular septal defects; AD= Autosomal recessive; AR= Autosomal dominant; PFO= Patent foramen 

ovale; ASD= Atrial septal defect; AVSD= Atrioventricular septal defects; PDA= Patent ductus arteriosus; 

COA= Coarctation of the aorta; PA= Pulmonary atresia; MAPCA= Multiple aortopulmonary collateral arteries; 

TOF= Tetralogy of fallot; BAV= Bicuspid aortic valve; PS= Pulmonary stenosis 

Family No. CHD phenotype 
Inheritance 

pattern 
Family No. CHD phenotype 

Inheritance 

pattern 

1 
Single ventricle (Small left 

ventricle), Large VSD  
AD 11 

Large PM/VSD, Small 

PFO/ASD,  

AVSD, PH  

AR/AD 

2 Large PDA, PFO  AD 12 TOF AD/AR 

3 
Large VSD (Sub Aortic), 

sever Co A 
AD 13 Large Apical VSD, PS  AD 

4 Secundum ASD  AR/AD 14 

Large ASD/ Functionaly 

single Ventricle (left 

ventricle)  

AR/AD 

5 PA/VSD, MAPCA  AR 15 Small ASD, large VSD  AD 

6 Sever ASD  AD 16 

Large PM/VSD, 

 PS (sub valvar and 

valvar) 

AD 

7 TOF AD 17 
BAV, mild AS, mild AR, 

mild AS 
AD 

8 Secundum ASD AR/AD 18 ASD AD 

9 TOF  AD 19 VSD AD 

10 BAV AR 20 VSD/PS AD 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
9i

1.
90

87
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir
 o

n 
20

22
-0

8-
28

 ]
 

                               3 / 8

http://dx.doi.org/10.18502/ijml.v9i1.9087
https://ijml.ssu.ac.ir/article-1-414-en.html


S. Khaksari et al. 

 

International Journal of Medical Laboratory 2022;9(1): 65-72. 68 

Table 2. Number of defects detected by echocardiography in sporadic cases 

Echo Numbers Echo Numbers 

Atrial septal defect 7 Coarctation of the aorta/Bicuspid aortic valve 1 

Patent ductus arteriosus 4 
Large ventricular septal defects / sever pulmonary 

stenosis 
1 

Ventricular septal defect 4 Alcapa 1 

Tetralogy of fallot 5 Left ventricular outflow tract obstruction 2 

Total anomalous pulmonary 

Venous connection 2 Large discrete semicircular subaortic stenosis 1 

Pulmonary stenosis 3 
Side by side ventricle- Ventricular septal defect –

Pulmonary hypertension  
1 

Pulmonary atresia/ Ventricular 

Septal defect/ Multiple 

aortopulmonary collateral 

arteries 

1 
Pulmonary valve stenosis/ Tricuspid regurgitation/ 

patent foramen ovale 
1 

Patent ductus arteriosus/ Atrial 

septal defect 1 
Moderate left atrioventricular valve regurgitation –

Complete atrioventricular septal defect  
1 

Aortic valve/ Ventricular septal 

defect 
1 

atrial septal defect / Ventricular septal defect/ tricuspid 

atresia 
1 

Double outlet right ventricle/ 

Sever pulmonary stenosis/ 

Ventricular septal defect 

1 

Large ventricular septal defect/ large patent ductus 

arteriosus/ bicuspid aortic valve/ sever, Pulmonary 

hypertension  

1 

Double outlet right ventricle/ 

Mild pulmonary stenosis/ 

Trivial aortic insufficiency 

1 
Severe Coarctation of the aorta/ Ventricular septal 

defects/ Patent ductus arteriosus  
1 

Ventricular septal defect/ 

Pulmonary atresia 1 others 7 

 

Results 

Cytogenetic analysis 

None of the patients and their parents (with a 

history of two or more spontaneous pregnancy 

losses) showed chromosome abnormality.  

Molecular analysis 

No CNV was observed in GATA4, BMP4, 

NKX2-5, TBX5, or CRELD1 genes in all the 

familial or sporadic patients (70 cases). 

However, in 2 out of 50 sporadic patients, the 

MLPA test identified a heterozygous deletion 

in the 22q11.2 region, including CDC45, 

GP1BB, and DGCR8 genes. One of the 

patients was diagnosed with Tetralogy of 

Fallot (TOF) and the other one presented with 

Ventricular Septal Defect (VSD)/ Pulmonary 

atresia (PA)/ major aortopulmonary collateral 

arteries (MAPCAs) that is also considered as a 

form of TOF. Moreover, we detected a 

duplication of 22q11.2, including all the 

CDC45, GP1BB, and DGCR8 genes in the 

third patient with Patent Ductus Arteriosus 

(PDA). All three patients' parents showed 

typical results for the 22q11.2 region, 

indicating a de novo basis for the CNVs in this 

region. 

Discussion 

According to different studies, rare CNVs 

contribute to all forms of CHD. CNVs' 

involvement in CHD etiology has been 
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reported in both syndromic CHD and isolated 

CHD [14, 15]. Although, as expected, the 

diagnostic yield of CNVs is higher in 

syndromic CHD [18]. In a meta-analysis of 

array CGH studies in prenatally diagnosed 

CHD, Jansen et al. showed a diagnostic yield 

of 12% for detecting CNVs in the unselected 

population of fetuses with CHD. In this report, 

the CNV detection rate was about 3.4% when 

only isolated CHDs were considered; however, 

the latter was made when 22q microdeletions 

had been excluded [19]. Postnatal studies also 

support an excellent yield of detecting 

pathogenic CNVs in isolated and syndromic 

CHD [18, 20]. In a study performed by Geng 

et al., the diagnostic yield of CNV detection 

was 14.1-20.6% for syndromic CHD and 4.3-

9.3% for isolated CHD [18]. 

In the present study, we used MLPA to survey 

the 22q11.2 region and GATA4, NKX2-5, 

TBX5, BMP4, and CRELD1 genes for CNV in 

70 patients with isolated CHD (50 sporadic 

and 20 familial cases). No CNV was detected 

in familial patients. It was not surprising since 

our studied group was small, and more 

importantly, the monogenic mutations are the 

most common etiology in pedigrees with 

familial recurrence of CHD [2, 21]. 

Accordingly, Nozari et al. performed the 

whole exome sequencing technique for these 

familial cases and identified monogenic 

variants in some patients [22]. Of 50 patients 

with sporadic isolated CHD, three cases were 

identified with 22q11.2 copy number variation 

(6%); two of them showed deletions (4%), and 

one had duplication (2%). In two other similar 

studies which had used MLPA for CNV 

analysis in CHD, Li et al. reported an 

identification rate of about 4% for 22q11.2 

CNVs (3% for deletion and 0.6% for 

duplication of the same region) [9], and Mutlu 

et al. showed a diagnostic yield of 6.7% for 

22q11.2 CNVs, all of which were deletions. 

The patients' population in the first group 

included both syndromic and isolated CHD, 

but the latter had studied only non-syndromic 

patients. None of these studies identified CNV 

in genes present in the MLPA kit p-311 [23].  

Several readings mention that one of the most 

common CNVs contributing to CHDs is 

22q11.2 deletion [24]. 22q11.2 deletion 

syndrome, affecting approximately 1 in 4,000 

individuals, is the most common genetic 

syndrome. CHD is present in 60%-75% of 

patients with 22q11.2 microdeletion in 

different forms as well as interrupted aortic 

arch type B, truncus arteriosus, TOF, and VSD 

in about 50%, 33%, 15%, and 5–10% of cases, 

respectively [24, 25-28]. The 22q11DiGeorge 

syndrome phenotype is highly variable, 

including short stature, hypocalcemia, 

immunodeficiency, dysmorphic facial features, 

palatal anomalies, cognitive impairment, 

various neuropsychiatric disorders, and cardiac 

defects [25].  

In our study, the detection rate of 22q11.2 

deletion was 2 of 50 (4%). One of the patients 

presenting with 22q11DS had TOF, and the 

other one showed VSD/ PA/ MAPCAs that is 

also considered as a form of TOF. TOF is the 

most common cyanotic congenital cardiac 

disease, with 1 per 3000 live births. TOF 

accounts for 10% of all CHDs [29-30]. In two 

different studies performed by Greenway et al. 
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and Gioli-Pereira et al. on sporadic isolated 

TOF, 22q11.2 deletions were identified in 2 of 

114 (~2%) and 8 of 123 (6.5%) patients, 

respectively [7, 31]. The latter group suggested 

non-syndromic TOF patients with 22q11 

microdeletion have a higher risk for 

pulmonary atresia. Genetic screening would be 

necessary for the correct supervision and more 

specific genetic counseling. 

22q11.2 duplication is the reciprocal product 

of the same region deleted in 22q11.2DS, and 

its frequency is about one-half of that of 

deletion 22q11.2 [32]. Patients with this 

duplication perform with a highly variable 

phenotype ranging from normal to severely 

affected. The clinical characteristics include 

facial features, congenital heart defects, 

learning disabilities, hearing loss, and 

development delay, some of which are similar 

to the 22q11.2DS phenotype. This phenotypic 

variability for 22q11.2 microduplication 

syndrome can explain why these patients  

are diagnosed less frequently than its 

corresponding microdeletion syndrome [33, 

34]. According to Hasten et al., the prevalence 

of CHD in 22q11.2  duplication is 25%, and 

cardiac anomalies occur in the broader 

spectrum compared to 22q11.2 deletion [35]. 

We detected 1 of 50 patients (2%) with 

22q11.2 duplication in the present study. The 

heart defect in the patient was PDA. Breckpot 

et al. investigate a cohort of 46 sporadic 

patients with severe non-syndromic CHD and 

demonstrated pathogenic CNVs in 2 subjects, 

one of which was a 22q11.2 duplication which 

was similar to our study. This group had 

carried out a careful clinical examination to 

exclude syndromic cases. The cardiac anomaly 

in a patient with 22q11.2 duplication was 

AVSD [17]. In the study performed by Li et 

al., an identification rate of 0.6% was reported 

for 22q11.2 duplication. The patient in this 

study had been diagnosed with PDA without 

any extracardiac symptoms [9]. 

Conclusion 

Large CNVs spanning several genes affect 

some other important organs, aside from the 

heart, is expected. However, it is considered 

that CHD may be the first diagnosable 

symptom in these patients. Besides, there is a 

variable phenotypic expression for some 

CNVs like 22q11.2 deletions and duplications, 

and there are several reports for isolated CHDs 

resulting from CNVs overlapping syndromic 

regions, including the 22q11.2 CNVs. 

Therefore, the analysis of CNVs containing 

cardiac genes in CHD patients, even those 

with isolated CHD, can lead to an early 

diagnosis and improved management of the 

disorder in these patients. More specific 

genetic counseling can be carried out for such 

families. This is notably important when 

patients are infants or young children. Our 

study suggests that 22q11.2 CNVs have a 

notable frequency in isolated CHD and should 

not be considered only for syndromic type. 

MLPA test as a relatively fast and inexpensive 

technique can be utilized in diagnostic 

laboratories to identify these CNVs despite the  

presence or absence of extracardiac anomalies.  

Conflict of Interest 
The authors declare that they have no competing 

interests. 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
9i

1.
90

87
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir
 o

n 
20

22
-0

8-
28

 ]
 

                               6 / 8

http://dx.doi.org/10.18502/ijml.v9i1.9087
https://ijml.ssu.ac.ir/article-1-414-en.html


EARLY DIAGNOSIS OF NON-SYNDROMIC CHD PATIENTS USING MLPA 

 

71 International Journal of Medical Laboratory 2022;9(1): 65-72. 

Acknowledgments 
We greatly appreciate the University of Social 

Welfare and Rehabilitation Sciences research 

deputy for funding this project (Grant Number: 

801/95/5/1249). We would also like to thank the 

patients and their families for contributing to this 

study. We appreciate the help of the laboratory 

staff of the Genetics Research Center of the 

University of Social Welfare and Rehabilitation 

Sciences. We also thank the Children Medical 

Center of Tehran University of Medical Sciences 

staff for their excellent assistance in recruiting and 

providing clinical data.  

 

 

References 

[1]. van der Linde D, Konings EE, Slager MA, 

Witsenburg M, Helbing WA, Takkenberg JJ, et 

al. Birth prevalence of congenital heart disease 

worldwide: a systematic review and meta-

analysis. J Am Coll Cardiol. 2011; 58(21): 2241-

247. 

[2]. Zaidi S, Choi M, Wakimoto H, Ma L, Jiang J, 

Overton JD, et al. De novo mutations in histone--

modifying genes in congenital heart disease. 

Nature 2013; 498(7453): 220-23. 

[3]. Hartman RJ, Rasmussen SA, Botto LD, Riehle-

Colarusso T, Martin CL, Cragan JD, et al. The 

contribution of chromosomal abnormalities to 

congenital heart defects: a population-based 

study. Pediatric Cardiol. 2011; 32(8): 1147-157. 

[4]. Glessner JT, Bick AG, Ito K, Homsy JG, 

Rodriguez-Murillo L, Fromer M, et al. Increased 

frequency of de novo copy number variants in 

congenital heart disease by integrative analysis of 

single nucleotide polymorphism array and exome 

sequence data. Circ Res. 2014; 115(10): 884-96. 

[5]. Soemedi R, Wilson IJ, Bentham J, Darlay R, 

Töpf A, Zelenika D, et al. Contribution of global 

rare copy-number variants to the risk of sporadic 

congenital heart disease. Am J Human Genet. 

2012; 91(3):489-501. 

[6]. Tomita-Mitchell A, Mahnke DK, Struble CA, 

Tuffnell ME, Stamm KD, Hidestrand M, et al. 

Human gene copy number spectra analysis in 

congenital heart malformations. Physiol Genom. 

2012; 44(9): 518-41. 

[7]. Greenway SC, Pereira AC, Lin JC, DePalma 

SR, Israel SJ, Mesquita SM, et al. De novo copy 

number variants identify new genes and loci in 

isolated sporadic tetralogy of Fallot. Nature 

Genet. 2009; 41(8): 931-35. 

[8]. Kim DS, Kim JH, Burt AA, Crosslin DR, 

Burnham N, Kim CE, et al. Burden of 

potentially pathologic copy number variants is 

higher in children with isolated congenital heart 

disease and significantly impairs covariate-

adjusted transplant-free survival. J Thorac 

Cardiovasc Surg. 2016; 151(4): 1147-151. 

[9]. Li Z, Huang J, Liang B, Zeng D, Luo S, Yan T, 

et al. Copy number variations in the GATA4, 

NKX2‐5, TBX5, BMP4 CRELD1, and 22q11. 2 

gene regions in Chinese children with sporadic 

congenital heart disease. J Clinic Lab Analysis 

2019; 33(2): 22660. 

[10]. Pehlivan T, Pober BR, Brueckner M, Garrett S, 

Slaugh R, Van Rheeden R, et al. GATA4 

haploinsufficiency in patients with interstitial 

deletion of chromosome region 8p23. 1 and 

congenital heart disease. Am J Med Genet. 1999; 

83(3): 201-206. 

[11]. Goldmuntz E, Paluru P, Glessner J, Hakonarson 

H, Biegel JA, White PS, et al. Microdeletions and 

microduplications in patients with congenital heart 

disease and multiple congenital anomalies. 

Congenit Heart Dis. 2011; 6(6): 592-602. 

[12]. Erdogan F, Larsen LA, Zhang L, Tümer Z, 

Tommerup N, Chen W, et al. High frequency of 

submicroscopic genomic aberrations detected 

by tiling path array comparative genome 

hybridisation in patients with isolated 

congenital heart disease. J Med Genet. 2008; 

45(11): 704-709. 

[13].  Sørensen KM, El‐Segaier M, Fernlund E, 

Errami A, Bouvagnet P, Nehme N, et al. 

Screening of congenital heart disease patients 

using multiplex ligation‐dependent probe 

amplification: Early diagnosis of syndromic 

patients. Am J Med Genet. 2012; 158(4): 720-25. 

[14]. Lander J, Ware SM. Copy number variation in 

congenital heart defects. Curr Genet Med Rep. 

2014; 2(3): 168-78. 

[15]. Huber J, Peres VC, de Castro AL, dos Santos 

TJ, da Fontoura Beltrao L, de Baumont AC, et al. 

Molecular screening for 22Q11. 2 deletion 

syndrome in patients with congenital heart 

disease. Pediatr Cardiol. 2014; 35(8): 1356-362. 

[16].  Warburton D, Ronemus M, Kline J, Jobanputra 

V, Williams I, Anyane-Yeboa K, et al. The 

contribution of de novo and rare inherited copy 

number changes to congenital heart disease in an 

unselected sample of children with conotruncal 

defects or hypoplastic left heart disease. Hum 

Genet. 2014; 133(1): 11-27. 

[17]. Breckpot J, Thienpont B, Arens Y, 

Tranchevent LC, Vermeesch J, Moreau Y, et al. 

Challenges of interpreting copy number variation 

in syndromic and non-syndromic congenital 

heart defects. Cytogenet Gen Res. 2011; 135(3-

4): 251-59. 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
9i

1.
90

87
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir
 o

n 
20

22
-0

8-
28

 ]
 

                               7 / 8

http://dx.doi.org/10.18502/ijml.v9i1.9087
https://ijml.ssu.ac.ir/article-1-414-en.html


S. Khaksari et al. 

 

International Journal of Medical Laboratory 2022;9(1): 65-72. 72 

[18]. Geng J, Picker J, Zheng Z, Zhang X, Wang J, 

Hisama F, et al. Chromosome microarray testing 

for patients with congenital heart defects reveals 

novel disease causing loci and high diagnostic 

yield. BMC Genom 2014; 15(1): 1127. 

[19].  Jansen F, Blumenfeld Y, Fisher A, Cobben J, 

Odibo A, Borrell A, et al. Array comparative 

genomic hybridization and fetal congenital heart 

defects: a systematic review and meta‐analysis. 

Ultrasound Obstet Gynecol. 2015; 45(1): 27-35. 

[20]. Connor JA, Hinton RB, Miller EM, Sund KL, 

Ruschman JG, Ware S. Genetic testing practices 

in infants with congenital heart disease. Congenit 

Heart Dis. 2014; 9(2): 158-67. 

[21]. Fahed AC, Gelb BD, Seidman J, Seidman CE. 

Genetics of congenital heart disease: the glass 

half empty. Circ Res. 2013; 112(4): 707-20. 

[22]. Nozari A, Aghaei-Moghadam E, Zeinaloo A, 

Alavi A, Ghasemi Firouzabdi S, Minaee S, et al. 

A pathogenic homozygous mutation in the 

pleckstrin homology domain of RASA1 is 

responsible for familial tricuspid atresia in an 

Iranian consanguineous family. Cell J. 2019; 

21(1): 70-7. 

[23]. Mutlu ET, Aykan HH, Karagoz T. Analysis of 

gene copy number variations in patients with 

congenital heart disease using multiplex 

ligation-dependent probe amplification. Anatol J 

Cardiol. 2018; 20(1): 9-15. 

[24]. Mlynarski EE, Sheridan MB, Xie M, Guo T, 

Racedo SE, McDonald-McGinn DM, et al. 

Copy-number variation of the glucose transporter 

gene SLC2A3 and congenital heart defects in the 

22q11.2 deletion syndrome. Am J Human Genet. 

2015; 96(5): 753-64. 

[25].  Russell MW, Chung WK, Kaltman JR, Miller 

TA. Advances in the understanding of the 

genetic determinants of congenital heart disease 

and their impact on clinical outcomes. J Am 

Heart Assoc. 2018; 7(6): 1-15. 

[26]. McDonald-McGinn DM, Sullivan KE, Marino 

B, Philip N, Swillen A, Vorstman JA, et al. 

22q11.2 deletion syndrome. Nature Rev Dis 

Primers 2015; 1(1): 1-9. 

[27]. McDonald-McGinn DM, Sullivan KE. 

Chromosome 22q11. 2 deletion syndrome 

(DiGeorge syndrome/ velocardio facial syndrome). 

Medicine 2011; 90(1): 1-18. 

[28]. Peyvandi S, Lupo PJ, Garbarini J, Woyciechowski 

S, Edman S, Emanuel BS, et al. 22q11.2 deletions in 

patients with conotruncal defects: data from 1,610 

consecutive cases. Pediatr Cardiol. 2013; 34(7): 

1687-694. 

[29]. Sanchez-Castro M, Eldjouzi H, Charpentier 

E, Busson PF, Hauet Q, Lindenbaum P, et al. 

Search for rare copy-number variants in 

congenital heart defects identifies novel 

candidate genes and a potential role for 

FOXC1 in patients with coarctation of the 

aorta. Circul Cardiovascul Genet. 2016; 9(1): 

86-94. 

[30].  O'Brien P, Marshall AC. Cardiology patient 

page. Tetralogy of Fallot. Circulation 2014; 

130(4): 26-9. 

[31]. Gioli-Pereira L, Pereira AC, Bergara D, 

Mesquita S, Lopes AA, Krieger JE. Frequency of 

22q11.2 microdeletion in sporadic non-

syndromic tetralogy of Fallot cases. International 

J Cardiol. 2008; 126(3): 374-78. 

[32]. Ou Z, Berg JS, Yonath H, Enciso VB, Miller 

DT, Picker J, et al. Microduplications of 22q11.2 

are frequently inherited and are associated with 

variable phenotypes. J Am College Med Genet. 

2008; 10(4): 267-77. 

[33]. de La Rochebrochard C, Joly-Helas G, 

Goldenberg A, Durand I, Laquerriere A, 

Ickowicz V, et al. The intrafamilial variability of 

the 22q11.2 microduplication encompasses a 

spectrum from minor cognitive deficits to severe 

congenital anomalies. Am J Med Genet. 2006; 

140(14): 1608-613. 

[34]. Hu P, Ji X, Yang C, Zhang J, Lin Y, Cheng J, 

et al. 22q11.2 microduplication in a family with 

recurrent fetal congenital heart disease. Euro J 

Med Genet. 2011; 54(4): 433-36. 

[35]. Hasten E, McDonald-McGinn DM, Crowley 

TB, Zackai E, Emanuel BS, Morrow BE, et al. 

Dysregulation of TBX1 dosage in the anterior 

heart field results in congenital heart disease 

resembling the 22q11.2 duplication syndrome. 

Human Mol Genet. 2018; 27(11): 1847-857. 

 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
9i

1.
90

87
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir
 o

n 
20

22
-0

8-
28

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.18502/ijml.v9i1.9087
https://ijml.ssu.ac.ir/article-1-414-en.html
http://www.tcpdf.org

