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Abstract 

Heart septal defects (HSD) are the common congenital malformations affecting 

over ~1% of live births accounting for 50% of Congenital Heart Defects (CHD). 

HSD is a genetically heterogeneous defect and the genetic basis involved in the 

pathogenesis highly remains unknown. Transcription factors such as NKX2-5, 

GATA4andTBX5play a major role during the septogenesis. Mutations in these 

genes results in the malformation of septum leading to Atrial Septal Defects 

(ASD), Ventricular Septal Defects (VSD) and AtrioVentricular Septal Defects 

(AVSD). We selected 125 subjects with ASD, VSD and AVSD phenotypes and 

50healthy controls. They were evaluated using Echocardiography and included 

as per the extensive clinical criteria. DNA was extracted and DNA sequencing 

were performed on the patients sample and controls. All the coding regions and 

flanking introns of NKX2-5, GATA4 and TBX5 were amplified by polymerase 

chain reaction and sequenced. Three polymorphisms c.543G>A (rs72554028), 

c.63A>G (rs2277923) and c.606G>C (rs3729753) in NKX2-5 gene, three 

variations c.55G>A (rs1139240), c.419C>T (rs115372595) and intronic SNP at 

intronic/exonic boundaries of exon6c.998-128T>C (rs3729853) in GATA4 gene. 

No notable variation was identified in TBX5 gene.  These findings may be useful 

in understanding the mechanism and the prevalence of GATA4 (~1%) and 

NKX2-5 (~1-4%). Further investigation is required to find the association of 

these variants and correlate the mutant genotype with diseased phenotypes. 
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factors, Single nucleotide Polymorphisms, Mutations. 

INTRODUCTION 

Heart Septation Defects (HSD)is the most common type of birth defects in humans affecting 

50% of Congenital Heart Disease (CHD) population[13]. Heart defects are heterogeneous and 

complex traits since both environmental and genetic factors have been implicated in its 

pathogenesis. Many genes have been identified and found to play a major role in the regulation 

of septal formation.The etiology has a strong genetic component and environmental factors as 

evidenced by extensive studies on epidemiology[8,16]. Major advances in the understanding the 

underlying genetic causes of heart septation defects have provided insight into the genetic 

pathways involved. These genetic factors are the core transcription factors involved in the early 
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stages of cardiogenesissuch as NK2 transcription factor, locus 2 (NKX2-5),GATA transcription 

factor 4 (GATA4)and T-box transcription factor 5 (TBX5). They are predominantly expressed in 

the heart and has been documented to have functional and physical interactions with each other 

to regulate distinct developmental processes during heart development[5, 8]. The ability to 

modify these genes in animal models is providing a better understanding of the role of these 

genes in common pathways leading to diverse forms of cardiac defects. However, our 

understanding of these basic processes should lead to molecular-based treatment and 

prevention options for those individuals at risk for such birth defects. Variants of several genes 

encoding transcription modulators, signal transduction, and structural proteins are known to 

cause Mendelian pattern of heart disease. Recent studies are evidenced that genes to be linked 

to non-syndromicCHD are NKX2-5, GATA4 and TBX5[17, 32]. The frequency of cardiac septation 

defects reflects the complexity of cardiogenesis, which involves processes such as cell 

proliferation, migration, differentiation, and morphogenetic interactions.  

NKX2-5 and GATA4 were the first CHD-causing genes identified in large affected families. 

Mutations in TBX5 causes Holt-Oram syndrome [4, 8]. These three genes having a well-

established role in the pathogenesis of septal defect have been studied by candidate gene 

approaches and linkage analysis [18].In view of these significant advances, etiology of these 

defects is still poorly understood. We aimed to hypothesize the mechanism of NKX2-5, GATA4 

and TBX5 genes involved in septation and their interactions in critical cardiac morphogenetic 

processes. The identified genetic variants could imply new diagnostic possibilities. Sequence 

variations in these cardiac transcription factor genes have been identified as a causative factor 

for many HSD cases. The proposed study is an attempt to gain insight into the etiology of HSD 

and also to identify the genetic basis by screening the potential pathological mutations in NKX2-

5and GATA4 genes in the selected subjects. Though mutations in these genes have been 

reported with low frequency in heart septation defects earlier, we expect and extend the 

analysis to include more patients to enhance our understanding of septation defects. Study of 

genomic sequence variation in these selected genes is likely to uncover genetic basis of 

monogenic as well as multifactorial causation.  

 

MATERIALS AND METHODS 

Study Subjects:One hundred and twenty five patients’ peripheral blood samples and 60 healthy 

controls subjects were collected hospital based from Kasturba Hospital, Manipal after informed 

consent and included in the study group based on selection criteria. The study subject collected 

consists of pediatric live births beyond one year of age and adult patients.The details of the 

patients and their family have been noted by a standard questionnaire which includes 

demographic characteristics and birth details of patients and parents. All the parents of 

participants’ are also interviewing by a standardized questionnaire. A written informed consent 

was taken from patient/ guardian.  Hospital-based controls, equal in number as the subjects 

from same ethnic background and free from diseases i.e., unrelated to cardiac disease and 

within the same age category and sex of cases are randomly collected. Subjects who are 

diagnosed with Cardiac septation defects and healthy individuals unrelated to those with CHDs 

were included whereas, patients with syndromic CHDs were excluded from this study. 

Echocardiography was done in all recruited patients to find out type of septumand defect size. 

The clinical phenotypes of patients with cardiac septation defects including rapid breathing, 

fatigue, cyanosis, heart murmur, failure to thrive were noted in case proforma. Familial history 

and cardiac profile such as ECG, Systolic functions, auricle dilations, RVSP and PAH were also 

recorded.  

Genomic DNA from peripheral blood was extracted from all the samples using Phenol-

Chloroform method [3]and stored at -20oC till use.Whole exons and partial flanking introns of 

selected genes (NKX2-5, GATA4 and TBX5) are amplified by PCR. PCR was performed in a 25µl 

mixture containing 10x PCR buffer, 50ng genomic DNA, 10pmol/ µl of forward and reverse 

primers, 1.5mmol/L MgCl2, 4% DMSO, 4mmol dNTPs and Taq DNA polymerase. The thermal 

cycling was performed using the following protocol: 94oC initial denaturation for 5 minutes 

followed by 94oC for 30 seconds, 57oC -67oC for 30 seconds and 72oC for 30 seconds for 35 
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cycles. A final extension was conducted at 72oC for 7 minutes. The amplified PCR products are 

then sequenced by the Big Dye Terminator ABI Prism sequencing kit (Applied Biosystems, 

Foster City, CA, USA), and run on ABI 3130 XL sequencer. Acquired sequences are compared 

using NCBI BLAST or CLUSTAL W and analyzed using bioinformatics tools such as Ensemble, 

Mutation Taster, PANTHER, PROVEAN and SIFT to identify the sequence variation.  

 

RESULTS AND DISCUSSION 

Hundred and four patients with Ostiumsecundum-ASD, 9 patients with Sinus Venosus ASD, 10 

patients with Peri-membranous VSD and 1 patient with AVSD were diagnosed. Age and sex- 

wise distribution of these patients along with clinical phenotypes are represented in figure 2 

(A). Ostiumsecundum type of ASD (n=59) is highly diagnosed in females (47.2%) and less in 

males (36%). Sinus venosus type of ASD is more in females (n=7; 5.6%) than in males (n=2; 

1.6%) and Peri-membraneous type of VSD is similar in both males and females (n=5; 4%) 

Muscular VSD and AVSD is found only in male (n=1; 0.8%). Age and gender of the patients 

selected for molecular screening shows male: female ratio with respect to age ranging from 1 

year to 80years represented in figure 2 (B). More number of subjects with respect to male: 

female ratio at the age of diagnosis was seen in the age ranging from 21-30yrs. Size of the septal 

defects among the study subjects ranges from maximum size 42mm and minimum size is 

around 5mm in HSD patients as represented in the figure 2 (C). 

Direct sequencing was performed for 100 samples for all the exons of NKX2-5.Three reported 

polymorphisms were identified in NKX2-5 gene; c.543G>A (rs72554028) in 1 ASD patients, 

c.63A>G (rs2277923) in 58 ASD patients and 2 VSD patients and c.606G>C (rs3729753) in 2 

ASD patients.We performed sequencing for95 samples for all the exons of GATA4 gene.Two 

reported SNP variations c.55G>A (rs1139240) in exonic region 2 found in 4 ASD patients and 

c.419C>T in exonic region6 found in one ASD patient; one reported SNP c.998-128T>C 

(rs3729853) in the intronicregion of intron-exon boundaries of Exon 6 of GATA4 gene found in 

19 ASD patientswere identified. Direct sequencing performed for 50 samples for all the exons of 

TBX5 gene. No notable SNP variations were identified in TBX5 gene.Electropherogram of all the 

sequence variations has been represented in Table 2. 

Studies have shown that NKX2-5, GATA4 and TBX5 interact with each other in order to regulate 

developmental process during cardiac morphogenesis hence, reduced transcription factor 

dosage of these three genes results in the heart septation defects [13, 30, 32, 33]. Genes 

associated with CHDs have been represented in Table 1.Sixty mutations in NKX2-5, 72 

mutations in GATA4 and 35 mutations in TBX5 have been reported in the literature. 

Synonymous variants are documented to alter the conformation,function and expression of 

proteinsthrough mechanisms of affecting,mRNA structure, protein foldingsplicing 

accuracyandfidelity of translation [25, 34].In the present study, we found three reported 

polymorphisms in NKX2-5 gene c.543G>A (rs368489876), c.63A>G(rs2277923) and 

c.606G>C(rs3729753) as represented in Table 2. Subsequent studies have revealed that these 

three polymorphisms are suspected to be implicated in CHD risk in the Caucasian population. 

C.63A>G is found to be significantly associated with the septal defects and reported that 

approximately 20% of the transcriptional activity of NKX2-5 will be weakened [30]. Another 

study, proposed that c.63A>G variant was not significantly associated with ASD, but with 

VSD[27]. In our study this polymorphism is found more in ASD compared to VSD.In our study, 

we found two non-synonymous variants in GATA4 gene c.55G>A (rs1139240) and c.419C>T (rs 

115372595) represented in Table 2. These polymorphisms are predicted to be disease causing 

as per Mutation Taster database. We also found one intronic SNP which has been reported; 

rs3729853 in 19 patients, in the intronic/exonic boundaries of Exon 6 in GATA4. In conclusion, 

these findings may be useful in understanding the mechanism and the prevalence of GATA4 and 

NKX2-5mutations. Further investigation is required to find the association of these variants and 

correlate the mutant genotype with diseased phenotypes. Extending analysis with more number 

of subjects may provide an insight in understanding the mechanism involved in the 

pathogenesis of heartseptation defects in relation to these three transcriptionalproteins.  
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In conclusion, these findings may be useful in understanding the mechanism and the prevalence 

of GATA4 and NKX2-5 mutations. Further investigation is required to find the association of 

these novel variants and correlate the mutant genotype with diseased phenotypes. Extending 

analysis including functional assays with more number of subjects may provide an insight in 

understanding the mechanism involved in the pathogenesis of septal defects in relation to these 

three transcriptional proteins.  

 

Table 1: Literature survey of genes associated with congenital heart defects 
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Figure 1: Genomic organization of NKX2-5(2 exons), GATA4 gene (7 exons) and TBX5 

(10exons). Exons are represented by the solid box. 
 

 
Figure 2: A) Gender-wise distribution of clinical phenotypes. B) Age-wise distribution of the 

patients for Molecular Screening. C) Defect size of the septum among the study subjects. 
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