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VSD is the most common defect that occurs as a primary anomaly, 
with or without associated major cardiac defects [1]. Gerbode 
defect, a rare VSD “left ventricular-to-right atrial shunt” accounts 
for1% in congenital heart diseases [2]. The diagnosis of an Left 
Ventricle-Right Atrial (LV-RA) shunt is always challenging due to 
the limited diagnostic accuracy of 2D Echocardiography [3]. GD 
results in either congenital or acquired defect where congenital GD 
result from an indirect shunt i.e., intravalvular via perimembranous 
ventricular septum and the acquired GD results from direct shunt 
i.e., supravalvular via membranous ventricular septum [4,5]. 
Acquired GD have been described as a complication related to 
bacterial endocarditis, chest injuries, and myocardial infarctions and 
Congenital GD (CGD) follows a complex developmental process 
and is caused by multiple factors [6]. In some individuals, smaller 
defects gradually close on their own by the process of an aneurysm 
occurring by means of hyperplasia of connective tissue covering the 
leaflets of tricuspid valve touching the margin of the defect [7]. In due 
course of time, failure in closing may lead to other complications. 
Despite major advancements in the field of genetic analysis, there is 
still a lack of consensus among investigators regarding the number 
of genes responsible for the rare phenotypes such as CGD.

The septum formation is an important milestone in the heart 
morphogenesis, which is highly orchestrated by transcriptional 
factor genes mainly NKX2-5, GATA4, and TBX5 [8]. Several 
mutations in these transcription factor genes have been reported 
to lead to the cardiac septal defects [9]. The specific factors leading 
to complex VSDs remain unidentified till date. Understanding the 
aetiology and risk factors behind CGD, considering its multifactorial 
nature, becomes very important for assessing the implications of 
the defect [10,11].  Various studies have shown that the VSDs 
could be related to the sequence variations in patients and related 
families [12-14]. Through the present case series, we tried to find 
a correlation between the sequence variations in the NKX2-5, 
GATA4 and TBX5 genes and the role of these variations in causing 
GD. For this purpose, affected individuals with cardiac septal 
defects were assessed using two dimensional Transoesophageal 
Echocardiography (2DE-TEE) with colour flow Doppler and studied 
the three genes using automated DNA sequencing [15], so we 
sequenced the exon region along with the intron-exon boundaries 
of the subjected genes in three cases to explore the pathogenicity 
of the GD. 
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ABSTRACT
Gerbode defects are rare Ventricular Septal Defects (VSD) constituting approximately one percent cases of congenital heart diseases. 
The genetic predispositions towards the Gerbode Defect (GD) have remained an unexplored area of study till date. We investigated the 
genotype-phenotype correlation in patients with Gerbode VSD. Molecular genetic study on Sanger sequencing and subsequent data 
analysis showed that the contributing sequence variations in the NKX2-5, GATA4 and TBX5 gene lies in one of the highly conserved 
regions and this region is responsible for encoding a functional protein. The resulting genotype variation may be responsible for 
causing the diseased phenotype known as GD.

CASe 1  
A 31-year-old asymptomatic male with 7 mm moderate sized 
perimembranous VSD showing mild Tricuspid Regurgitation and 
moderate Pulmonary Arterial Hypertension. The echocardiography 
of the patient is represented in [Table/Fig-1]. The left to right shunt 
was found to be directed to Right Atrium (RA) through the tricuspid 
valve. Also, mildly dilated cardiac chambers with a forming aneurysm 
were observed to direct the VSD jet into RA and Right  Ventricle 
(RV). On comprehensive mutation screening of all the coding exons 
and flanking introns of NKX2-5 GATA4 and TBX5, we found the 
changes in NKX2-5, GATA4 and TBX5 genes to be as: 1) Two single 
nucleotide polymorphisms c.63A>G (exon 1) and c.543G>A (exon 
2) of NKX2-5 gene; 2) intronic SNP, g.79862C>T in the intron-exon 
boundaries of exon6 of GATA4 gene; 3) c.215C>A (exon 3) of TBX5 
gene in this patient. Localization of sequence variants irrespective of 
conserved domains is represented in [Table/Fig-2a].

CASe 2 
A 27-year-old female having a complaint of murmur and 4 mm 
small perimembranous VSD associated right atrial dilation and mild 
to moderate Pulmonary Stenosis (PS). Further, it was observed 
that the colour flow jet was directed from RV into RA with 110 
mmHg pressure gradients. Upon mutation analysis, we found the 
sequence variants of NKX2-5, GATA4 and TBX5 gene depicted in 
[Table/Fig-2b] are: 1) two synonymous SNPs in NKX2-5 (c.63A>G; 
c.543G>A), non-synonymous variant (c.419C>T); 2) intronic variant 
(g.79862C>T) in the intron-exon boundaries of exon6 of GATA4; 3) 
mutation c.215C>A (exon 3) and a polymorphism; c.837A>G (exon 
8) in TBX5 gene, in this patient.

CASe 3 
A 55-year-old female having a fever with severe palpitations and 
with no cardiac complaints, diagnosed with 5 mm perimembranous 
Gerbode VSD along with moderate Pulmonary arterial hypertension. 
Transthoracic and Transoesophageal echocardiography further 
confirmed the presence of intracardiac shunt from Left Ventricle 
(LV) to RA. The Doppler gradient was 130 mmHg in right atrium 
with an aneurysmal formation which was confirmed by sonography. 
On mutation screening, we found the changes in NKX2-5, GATA4 
and TBX5 genes to be: 1) two synonymous variants in NKX2-5 
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(c.63A>G; c.543G>A); 2) two non-synonymous variants (c.419C>T; 
c.1138G>A) and an intronic variant (g.79862C>T) in the intron-exon 
boundaries of exon6 of GATA4, and 3) polymorphism, c.837A>G 
(exon 8) in TBX5 gene, in this patient.

The cross species alignment of NKX2-5, GATA4 and TBX5 protein 
[Table/Fig-2c] showed that the amino acid changes belong to an 
evolutionarily conserved region which highlights the functional 
importance of the amino acid. However, the mutant residue was not 
observed in other homologous sequences suggesting the mutation 
to be potentially damaging to the protein function. The details of the 
exonic position, location of sequence variations in the secondary 
structure and prediction by in silico analysis are represented in 

[Table/Fig-1]: Transthoracic echocardiography of the patient (Case 1) showing 
Indirect Gerbode VSD:  a) Parasternal long axis view showing VSD with the aneurysmal 
formation. b) Apical four-chamber view with colour flow mapping showing VSD jet to 
RA and RV.

[Table/Fig-2]: A schematic representation of NKX2-5 and GATA4 sequence variants. 
A) Conserved domains of NKX2-5, GATA4 and TBX5 showing the location of sequence 
variants; a) NKX2-5 protein indicates Tinman domain (TN), Homeobox Domain (HD) and 
NK domain; b) GATA4 protein indicates Transactivation Domains (TAD), N-terminal zinc 
finger (NZf), C-terminal zinc finger (CZf), and nuclear localization signal (NLS); c) TBX5 
protein domains indicates DNA-binding domain (DNA-BD), transactivation domains 
(TAD and nuclear localization signal (NL) B) Sequence Chromatograms of NKX2-5, 
GATA4, and TBX5, arrows indicates the heterozygous nucleotides. a) c.63A>G, b) 
c.543G>A of NKX2-5; c) c.419C>T d) c.1138G>A e) g.79862C>T of GATA4 and f) 
c.215C>A g) c.837A>G of TBX5. C) ConSurf analysis representing Multiple Sequence 
Alignment across different species showing the conserved and variable regions of the 
variants; a) NKX2-5;b) GATA4 and c) TBX5.

[Table/Fig-3]: Genetic variants and their location in the secondary structure of protein associated with Gerbode defect patients. 
Footnotes: ‘+’ indicates presence; ‘-’ indicates absence.

[Table/Fig-4]: Detailed representation of GATA4 and TBX5 missense variants. 
Hydrogen bonds, weak hydrogen bonds, and steric clashes are shown in green dotted 
lines, gray dotted lines and pink dotted lines respectively. a) A346 mutation to V (A346V). 
b) V380 mutation to M (V380M). c) T72 mutation to K (T72K).
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NKX2-5 5 Exon1 g.337A>G c.63A>G GAA ⇒ 
GAG

p.E21E E [Glu] ⇒ 
E [Glu]

rs2277923 172662023 172662025 + - - + + +

5 Exon 2 g.2357G>A c.543G>A CAG ⇒ 
CAA

p.Q181Q Q[Gln] ⇒ 
Q[Gln]

rs72554028 172660003 172660005 - - + + + +

GATA4 8 Exon 6 g.80016C>T c.419C>T GCT ⇒ 
GTT

p.A346V A[Ala] ⇒ 
V [Val]

rs115372595/ 
CM076205

11614482 11614484 - - + - + +

8 Exon 6 g.80117G>A c.1138G> 
A

GTG ⇒ 
ATG

p.V380M V [Val] ⇒ 
M[Met]

rs114868912 11614583 11614585 - - + - - +

8 Intron 
5-6 

g.79862C>T - - - - rs3729854 11614328 11614330 - - - + + +

TBX5 12 Exon3 g.6590C>A c.215C>A ACG ⇒ 
AAG

p.T72K T [Thr] ⇒ 
K [Lys]

rs863223779 114839657 114839659 + - - + + -

12 Exon 8 g.42133A>G c.837A>G CGA ⇒ 
CGG

p.R279R R [Arg] ⇒ 
R[Arg]

rs564499369 11436639 114366311 - - + - + +

[Table/Fig-3]. The structural analysis and protein modeling revealed 
that the wild type residue A346 to be located at Nuclear Localization 
Signal (NLS), and V380 at C-domain of GATA4. Upon mutation, 
both A346 and V380 are likely to make new hydrogen bond 
(H-bond) interaction i.e., A346 upon mutation converted to V346, 
makes 3 new H-bonds with Q316. This mutation has a peptide 
backbone with GLN316. Two H-bonds are formed between peptide 
backbone O of V346 with NE2 side chain and N of Q316 and third 
H-bond is between N of V346 and O of G316 [Table/Fig-4a]. In 
the proper conformation of V380, the bond is held with S379 and 
S381. However, upon mutation to M380, H-bond forms between 
N of M380 and O of S377 and between O of M380 and O side 
chain of S381 [Table/Fig-4b]. In the case of T72K, the wild type 
residue is located at T-box domain and consists of a DNA binding 
site. The interaction between T72 and I212 is relatively stronger 
than its interaction with P67 because of a H-bond. Mutation to 
K72 sterically hinders the K72 having a backbone of H68 and O 
backbone of W64, which results in structural and conformational 
changes in the protein [Table/Fig-4c].

DISCUSSION
We identified previously known genetic variants of isolated heart 
septal defects in NKX2-5 (c.63A>G, c.543G>A); GATA4 (c.419C>T, 
c.1138G>A and g.79862C>T) and TBX5 (c.215C>A, c.837A>G) in 
CGD patients using Sanger sequencing utilizing genomic DNA of 
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Genes exons Forward reverse
pCr

product (bp)

NKX2-5 Exon1a 5’GCCTCTCCTGCCCCTTGTGCT3’ 5’GGACGAAAGCGACCCAGGAG3’ 550a

Exon2a 5’CCCTTACCATTACTGTGCGG3’ 5’AGTCAGGGAGCTGTTGAGGTG3’ 779 a

Exon1b 5’CCTTGTGCTCAGCGCTACCTG3’ 5’ CGACAACACCAGGCATCTTACATT3’ 635

Exon2b 5’CTCCACGAGGATCCCTTACCATTA3’ 5’ GAGAGTCAGGGAGCTGTTGAGGTG3’ 794

GATA4 Exon2a 5’ GATCTTCGCGACAGTTCCTC3’ 5’GTCCCCGGGAAGGAGAAG3’ 458b

Exon2b 5’ GCTGGGCCTGTCCTACCT 3’ 5’ AAAAACAAGAGGCCCTCGAC 3’ 554b

Exon3 5’GGGCTGAAGTCAGAGTGAGG3’ 5’ GATGCACACCCTCAAGTTCC3’ 437 b

Exon4 5’GAGATCTCATGCAGGGTCGT3’ 5’ GCCCCTTCCAAATCTAAGTC3’ 390b

Exon5 5’TCTTTCTCGCTGAGTTCCAG 3’ 5’ GGGATGTCCGATGCTGTC3’ 379b

Exon6 5’GCCATCCCTGTGAGAACTGT 3’ 5’GAGGGTAGCTCACTGCTTGC 3’ 444b

Exon7 5’AAGTGCTCCTTGGTCCCTTC3’ 5’TTCCCCTAACCAGATTGTCG3’ 479b

TBX5 Exon1a 5’GGTATTCATTTGCCCAGAGC3’ 5’CCCAGTAAAATAAAGAGGCAACC3’ 478c

Exon1b 5’CCAGCCAAACGTGACAGC3’ 5’GCCAAGTGCAAAGAGAAACC3’ 390c 

Exon2 5’TTTCTCTCGTTCTCTCTCTGTCC3’ 5’CAGACTCTGACTTTGATCTCTGC3’ 297c

Exon3 5’GTGTTTTGGGGGAGTTTGG3’ 5’GCCACCTTTTCTTCTTCACC3’ 243c

Exon4 5’GAGGCTGCCTTAAAATACTGG3’ 5’AACTTTTTGGGAGAAGGTTCC3’ 248c

Exon5 5’CTGGTGCGTGAACTGAAGC3’ 5’GAGGACAAGAGGGAGACAAGG3’ 282c 

Exon6 5’GGGAGCAGGGTTTTATCTGG3’ 5’TGCAAAAGAAAGAGCAGACG3’ 280c

Exon7 5’TGGCTTAATTTGCTTCTTTTGG3’ 5’GGTTGCTGCTGGCTTACC3’ 294c

Exon8 5’TCTCTCACACCTGGTTCAGC3’ 5’ATACTCCTCACCCCCTCACC3’ 390c

Exon9a 5’TTGGCCAAATAACTGTCTCC3’ 5’GCTGGAACATTCCCTCTCC3’ 465c

Exon9b 5’ACTTCTCCGCTCACTTCACC3’ 5’TTTTTAAAATTGTGGTTTCAAGC3’ 474c

CGD patients isolated via the standard phenol chloroform method. 
Period in between PCR targeted primers were designed for whole 
exons and partial flanking introns of GATA4, NKX2-5 and TBX5 using 
Primer 3 software and amplified [Table/Fig-5]. The PCR amplicons 
were then sequenced by the Big Dye Terminator ABI Prism 
sequencing kit (Applied Biosystems, Foster City, CA, USA), and run 
on ABI 3130 XL sequencer. DNA Sequencing was performed twice 
to confirm the variants using both forward and reverse primers. The 
acquired raw sequences were compared using NCBI BLAST and 
CLUSTAL W. The variations were then characterized for functional 
analysis using insilico tools such as SIFT, PANTHER, PolyPhen-2, 
Provean, I-Mutant to identify the sequence variation and its impact 
on the protein structure and function. Structural analysis and protein 
visualization for the missense variants was performed using Swiss-
PDB viewer [16]. Cross species alignment of NKX2-5, GATA4, and 
TBX5 protein sequences showed that the affected amino acids 
lying in the conserved regions, suggesting that the amino acid is 
functionally important [11]. However, the mutated amino acid was 
not among the most commonly found residue types, indicating the 
mutation to be potentially affecting the protein conformation which 
may lead to the pathogenesis of Gerbode VSD in these patients. 
Functional characteristics of these variants through in silico analysis 
suggested that c.419C>T (p. A346V) and c.1138G>A (p. V380M) 
are benign (PolyPhen-2) and tolerated (SIFT). However, c.215C>A (p. 
T72K) is found to be deleterious (SIFT) and damaging (PolyPhen-2) 
[17,18].

The missense mutation of p.T72K has been previously reported in 
Saudi infant with Holt-Oram syndrome associated with congenital 
heart disease and found to be damaging to the TBX5 protein 
[19].  I-mutant analysis of these non synonymous variants showed 
protein destabilization. However, the reported synonymous variant 
c.63A>G of NKX2-5 in the present study alters the functional 
and conformational characteristics of the encoded protein [20]. 
Sequence variations in the NKX2-5 (c.63A>G, c.543G>A) and 
GATA4 (c.419C>T) genes have been reported to be associated with 
heart septal defects such as VSD and having similar implications 

[Table/Fig-5]: PCR targeted primer sequences with product size for NKX2-5, GATA4 and TBX5.
a Pang et al., 2012; b Yang et al., 2012; c Granados-Riveron et al., 2012.

has been observed in CGD patients in the present study [21,22].  
However, the implications of missense variant c.1138G>A and the 
synonymous variant of TBX5, c.837A>G have been reported earlier 
in sporadic septal defects and non syndromic atrioventricular septal 
defect, respectively [23,24]. 

C-domain of GATA4 protein plays a major role in regulating the 
transcriptional activity. However, two non-synonymous variants 
(c.419C>T and c.1138G>A) in our case series are in the NLS and 
C-domain of GATA4 which may influence the transcriptional activity 
by altering the molecular mechanism of GATA4 [1,24]. The non-
synonymous SNPs are documented to cause amino acid alterations 
resulting into the loss of protein structure and functions, causing 
altered phenotype [25]. But, in our study, the tertiary structure of the 
protein changes due to the alteration in the side chains of A346 and 
V380 of GATA4 and T72 of TBX5. The distribution of the polar and 
nonpolar amino acids directs the protein tertiary structure. These 
changes may not directly inactivate the protein but rather bring about 
subtle changes in the protein activity due to their interaction with the 
neighbouring proteins. In this study, the side chains variation and 
change in the 3D structure of amino acids [Table/Fig-4] suggests 
their potential role in non functionality of GATA4 and TBX5 proteins 
[25]. Our analysis suggests that the genetic variants identified in 
these cardiac genes may contribute to the pathogenesis of CGD by 
altering the gene and the protein expression.

CONCLUSION
We hereby report three cases with rare congenital GD with 
abnormalities such as tricuspid regurgitation, intracardiac shunt, 
and pulmonary artery hypertension. Molecular analysis may help to 
enrich the understanding of pathogenesis involved in the GD. To 
the best of our knowledge, this study is the first to investigate and 
detect gene sequence variants in CGD cases. Further investigations 
of genetic variations in confirmed CGD will strengthen these findings 
and enrich our understanding of cardiac specific transcription 
factors and their role in organogenesis.
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