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Abstract:

Background

Congenital heart defects (CHDs) represent the biggest fraction of
morbidity and mortality of all congenital anomalies worldwide. CHDs have
complex inheritance patterns and multifactorial aetiologies. Research over the
past two decades has established firmly the role of genetics in the development
of these congenital defects. CHDs can be clinically classified into syndromic and
non -syndromic. Cardiac septal defects account for the greatest proportion of all
CHDs in humans and represent approximately about 50% of all CHD. Cardiac
septal defects include atrial septal defects (ASD), ventricular septal defects
(VSD), and atrioventricular septal defects (AVSD).

Objective: The main aim of the work is to determine whether NKx2.5 gene
mutations were the cause of the cardiac phenotype among patients of the studied
sample.

Subjects & Methods: In our study, 30 patients with congenital cardiac septal
defects were included. Detailed history taking, clinical examination,
echocardiography and karyotyping were done to all patients. Molecular screening
of NKX2.5 gene was done to all patients.

Results: Screening results revealed 9 mutations in NKx2.5 gene in the form of 4
disease causing mutations (3 of them were novel mutations) and five detected
variants which turned to be polymorphisms.

Conclusion: VSD is the commonest phenotype among our patients. NKx2.5 gene
mutations might be the cause of cardiac septal defect among patients of the
studied sample.

Recommendation: Aiming for proper genotype/ phenotype correlation; larger
sample size and screening of all genes known to cause cardiac septal defects are
recommended.

Keywords: Congenital heart Diseases-Cardiac septal defects- NKx2.5 gene
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Introduction

Congenital heart disease (CHD) is a complex trait, as both environmental

and genetic factors have been implicated in its pathogenesis. The aetiology of

CHD has a strong genetic component, as shown by extensive epidemiological

studies in large series of consecutive births (Burn et al., 2002).

CHD are the most common developmental errors in humans, affecting

about 5- 8 out of 1,000 new-borns and are estimated as a major cause of prenatal

birth losses (Posch et al., 2010).

CHD is a major cause of infant morbidity and mortality. The clinical

outcome is largely dependent on the severity of the defect, the presence of extra

cardiac anomalies, and surgical complications (Breckpota et al., 2011).

Defects of cardiac septation are the most common forms of CHDs and

account for approximately 50% of all CHDs. Cardiac septation defects include

atrial septal defects (ASDs), ventricular septal defects (VSDs), and

atrioventricular septal defects (AVSDs) (Posch et al., 2010).

Understanding the aetiology of CHD will help clinicians in managing the

patient. It may help in identifying possible complications of surgery or treatment,

as patients with genetic syndromes are generally at higher risk of operative

mortality and morbidity (Formigari et al., 2009). Also helping geneticists in

offering proper counselling for CHD families and possibly providing them with

accurate prenatal diagnosis for future pregnancies (Landis, et al., 2013).

Congenital heart defects arise from an abnormal heart development,

induced either by environmental influences, altered gene dosage / function or by

combinations of both (Bruneau, 2008).
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About 20% of cases are genetic in origin and can be attributed to

multifactorial causes (most sporadic isolated cases); chromosomal anomalies

(numerical or structural), Mendelian syndromes (as Holt–Oram syndrome), non-

syndromal single gene disorders (as CHD caused by mutations in NKX2-5 and

GATA4, TBX5 genes). While 80% of cases are due to environmental factors as;

maternal diabetes, low peri-conceptional folate, maternal febrile illness (e.g.

rubella) and teratogenic drugs (e.g. Retinoic acid and maternal antidepressants)

(Bruneau, 2008).

Chromosomal anomalies account for about 8%–10% of cases presenting

with syndromic CHD. Down syndrome being the most common chromosomal

anomaly seen, followed by Velocardiofacial syndrome (VCFS) (Roos-Hesselink

et al., 2005). CHD could be divided into Syndromic and non-syndromic. CHD

patients with a second major anomaly, developmental delay or dysmorphism are

considered syndromic and represent about 22- 25% of all CHDs (Oyen et al.,

2009).

CHD can be associated with extra- cardiac anomalies and in some cases

can be diagnosed as being part of a syndrome. About 3%–5% of CHD can be

attributed to Mendelian syndromes where a single mutation in the DNA results

in pathological consequences, following a Mendelian inheritance pattern.

Examples are Noonan Syndrome and RASopathies, Connective Tissue Disorders

as Marfan syndrome, Ehlers-Danlos syndromes, rare Genetic Syndromes as 1p36

deletion syndrome, Jacobsen syndrome and finally single gene syndromic

disorders as CHARGE syndrome, Kabuki syndrome (Soemedi et al., 2012).

Most recently Chromosome microarray analysis has provided a new tool

to understand the genetic basis of syndromic CHD resulting from microdeletion

or microduplication of genetic material, allowing the delineation of new

syndromes. Improvements in sequencing technology have led to increasingly

comprehensive testing for aortopathy, cardiomyopathy, single gene syndromic
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disorders, and Mendelian-inherited congenital heart disease (Ware and Jefferies,

2012).

Human genetic studies have discovered numerous numbers of mutations

causing isolated or syndromic CHD. Thus, nucleotide mutations in over 20 -30

genes have been implicated in sporadic or familial non-syndromic CHD and over

twice as many in syndromic CHD.  To date the contribution of many of these

genes in CHD pathogenesis still remains doubtful (Barriot et al., 2010).

Chromosomal loci and genes implicated in non-syndromic septal defects

include 5p, 8p23.1 GATA4, 14q11.2 MYH6,7p14.2 TBX20,15q14

ACTC1,4q32.3 TLL1,5q35.1 NKX2.5, 6q24.1 CITED2, 8p23.1 GATA4,

6q24.1CITED2, 5q35.1 NKX2.5, 1p31-21 unknown, 3p25.1 RELD1, 6q22.31

GJA1 (Pierpont et al., 2007). Genes that encode transcription factors have been

found to be associated with cardiac septal defects and include TBX5, NKX2.5,

and GATA4 (Posch et al., 2010).

Increasing evidence demonstrates that genetic variation in the NKX2.5

gene, which encodes a homeobox-containing transcription factor crucial to

cardiogenesis, is an important molecular determinant for CHD (Wage et al.,

2011).

Indeed, more than 40 heterozygous NKX2.5 germline mutations have

been observed in individuals with CHD, and these are spread along the coding

region, with many shown to impact protein function. Thus, NKX2.5 appears to

be hyper mutable, yet the overall detection frequency in sporadic CHD is about

2% (Reamon-Buetlner and Borlak, 2010).

The NKX2.5 gene was cloned in 1996 and since then, it was shown to

be one of the most common known genetic causes of human CHD. NKX2.5 plays

critical roles in later stages of cardiac development, especially cardiac septation

and development of the conduction system. Mutations in NKX2.5 gene cause


