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Abstract: The zinc finger transcription factor GATA4, located on chromosome 8p23.1–p22, has been implicated as a critical regulator of cardiac 
development during embryogenesis. Mutations of GATA4 appear to be responsible for some cardiac septal defects. The aim of this work was to 
screen for mutations in the GATA4 gene in sample of Egyptian patients affected by isolated and non-isolated cardiac septal defects. We exami-
ned 20 patients with atrial septal defect (ASD), ventricle septal defect (VSD), atrioventricular septal defects (AVSD) and A-V canal disturbance 
defect and compared with examined 10 unaffected individuals as normal control. The patients were referred from Congenital Heart Disease Cli-
nic of the Clinical Genetics department at the National Research Centre. All patients were subjected to clinical evaluation, echocardiography and 
karyotyping.  Genomic DNA was extracted from all cases and subjected to PCR followed by direct sequencing. The predicted effect of variants 
was done by a variety of proper prediction tools. We detected six variants in GATA4 gene, two of them are novel variants. Predicted functional 
analysis of the relevant variants was performed by In silico analysis. Further confirmatory studies on familial segregation and in vitro / in vivo 
functional analysis are recommended to support our results.
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Introduction

Congenital heart diseases (CHDs) are the most com-
mon of all birth defects and accounts for nearly 30% of 
all major congenital anomalies leading to mortality in 
the first year of life (1, 2).Bassili, et al (2000) revealed 
that the prevalence of congenital heart diseases (CHD) 
among school children in Alexandria, Egypt accounted 
for 1.01/1000. Van der Linde et al (2011) reported that 
total CHD birth prevalence increased substantially over 
time, from 0.6 per 1,000 live births in 1930 till 1934 
to 9.1 per 1,000 live births after 1995. Over the last 15 
years (till 2010), stabilization occurred, corresponding 
to 1.35 million newborns with CHD every year.

Cardiac septation defects are among the most com-
mon birth defects in humans. The frequency of these 
defects might reflect the complexity of cardiogenesis. 
Major advances in the understanding of the underlying 
genetic etiologies of cardiac septation defects have pro-
vided insight into the genetic pathways involved. These 
genetic factors are most often transcription factors 
involved in the early stages of cardiogenesis as Tbx5, 
Nkx2-5, and GATA4 (5).

Many mutations in GATA4 gene has been reported 
in cases with ASD, VSD and tetralogy of Fallot (TOF) 
patients (6-11). 3'-UTR of mRNA contains regulatory 
elements that are essential for the appropriate expres-
sion of many genes. Indeed, 3'-UTR mutations have 
been associated with disease, but frequently this region 
is not analyzed. Seven hot spot sequence alterations in 
3'-UTR of GATA4 gene has been detected to causing 
effect (12).

Materials and Methods

Subjects
The study included 20 unrelated affected children 

with isolated and non-isolated congenital cardiac sep-
tal defects referred from Congenital Heart Disease Cli-
nic of the Clinical Genetics department at the National 
Research Centre (NRC) during the period from August 
2014 to October 2015 (prospective case-control study 
design), They were 10 females and 10 males with female 
to male ratio is 1:1 of patients with age ranged from 
5 months to 6 years. Ten normal age and sex matched 
individuals with no family history of cardiac diseases 
were included as normal control group. A full expla-
nation of the study was discussed and clarified to the 
patients and/or their guardians. Official written consent 
was obtained. An ethical approval for the plan of work 
was provided from the Scientific Ethical Committee of 
the National research Centre (NRC). 

Clinical evaluation
For each case, the clinical genetics team carried 

out three-generation pedigree constructions, Complete 
history for patients and their parents, Detailed general 
clinical examination. Special emphasis on cardiac and 
dysmorphic features examination and other manifesta-
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tions were done carefully to exclude known dysmorphic 
syndromes. Examination of different body system, Echo 
heart, electrocardiogram (ECG) and Plain chest X-rays 
were carried out for all cases  and other investigations 
were performed whenever needed.

Cytogentics studies
Conventional cytogenetic analysis, using GTG ban-

ding technique, was performed for all patients. Fluores-
cence In Situ Hybridization (FISH) was also done on 
peripheral blood lymphocytes for all studied patients to 
exclude chromosomal aberration syndromes.

Samples and DNA Extraction
Three ml. of the peripheral blood samples was col-

lected from the patients using potassium ethylenediami-
netetra-acetic acid (K2EDTA) as anticoagulant inside 
vacutainer sterile tubes. Genomic DNA was isolated 
from peripheral blood leukocytes by QIAamp DNAMi-
ni Kit (50 preps), catalog number 51304, Germany (13). 

Mutation Analysis
Amplification of coding regions (exon 3-7) was car-

ried out using specific PCR primers as previously repor-
ted by Okubo et al. (2004), PCR was cycled 35 times at 
95˚C for 30 secs, at 56–61˚C for 30 secs, and at 72˚C 
for 1 min in 30 ul mixture containing 1ug of genomic 
DNA, 0.5U recombinant Taq DNA polymerase (2U/ul) 
(Thermo Fisher Scientific Inc., USA) with buffer, 0.2 
mmol/l each dNTP and 0.8 pmol of each primer. Ampli-
fied fragments were verified by agarose gel (2%) elec-
trophoresis containing ethidium bromide. The verified 
amplicons by UV transilluminator were purified from 
the gel by GeneJET Gel Extraction Kit (Thermo Fisher 

Scientific Inc., USA) and directly sequenced in both 
directions using the Big Dye Termination kit (Applied 
Biosystems, Foster City, CA) and analyzed on the ABI 
Prism 310 Genetic Analyzer (Applied Biosystems) ac-
cording to manufacturer’s instructions.

In Silico Analysis
The sequencing chromatograms were checked by 

manual inspection of characteristic double peaks and 
analyzed by DNA Baser Sequence Assembler v4.7.0 
(2013), Heracle BioSoft (15). Prediction of the disease 
causing mutations and putative effect of the mutations 
were identified using the MutationTaster tool (16) and 
Variant Effect Predictor (VEP), Ensemble genome 
browser v83.38, assembly GRCh38.p5 (Genome Refe-
rence Consortium Human Build 38) (17). Effect of va-
riants on mRNA folding was performed by GeneQuest  
program (Lasergene 6.0) (18). miRanda-mirSVR v3.3a 
(19) was used in this study as online tool that combines 
two approaches (miRanda is used to identify candidate 
target sites and mirSVR is used to score them) to predict 
miRNA targets on 3'-UTR of GATA4 gene.

Results

Clinical evaluation 
Twenty cases with congenital cardiac septal defects 

were diagnosed as isolated (isolated cardiac septal de-
fects) and non isolated (not diagnosed as known syn-
dromes). Their diagnosis performed by cardiac exami-
nation, Echo heart, Plain chest X-rays and electrocardio-
gram (ECG). Karyotyping and FISH were performed to 
exclude known dysmorphic features and chromosomal 
aberations cases. The clinical data are listed in table (1).

* Predicted as pathogenic; ** Predicted as polymorphism; *** Predicted as risk factor
MCA; Multiple Congenital Anomalies, TOF; Tetralogy of Fallot, PHT; Pulmonary Hypertension, PS; 
Pulmonary Stenosis, VSD; Ventricle Septal Defect, ASD; Atrial Septal Defect, DORV; Double Outlet Right 
Ventricle, RVOTO; Right Ventricular Outflow Tract Obstruction.

Table 1. Phenotype and genotype characteristics for studied cases.

Case No Phenotype Genotype
1 Isolated VSD Normal
2 Isolated TOF Normal
3 Isolated VSD rs804280/ CA**

rs867858***
rs1062219***

4 Isolated AVSD rs804280/ AA**
5 ASD, dysmorphic features Normal
6 DORV, VSD, dysmorphic features Normal

7 ASD, hypoplastic aortic arch, dysmorphic features S377G*
rs804280/ CA**

8 TOF; VSD: 0.7cm, ASD: 0.3 cm, PS, overridding aorta, RV hypertrophy, 
polydactly, clenched hands

rs804280/ AA**
rs867858***

9 VSD, overriding aorta, dysmorphic features, low birth weight, microcephaly Normal
10 AVSD, dysmorphic features Normal
11 ASD, PS, dysmorphic features rs804280/ CA**

12 Hypoplastic LV, overriding aorta, VSD: 0.7, undescended testis dysmorphic rs804280/ CA**

13 Complete A-V canal e' RVOTO, mental subnormality, dysmorphic features. rs804280/ AA**
g.81534***
leu403=***

14 ASD, VSD, PS, Digitalized thumb. Normal
15 VSD 0.4 / O.6, PG: 40 mmHg LV dilatation, dysmorphic features, Delayed 

milestones
Normal

16 ASD, Reduction defects. rs804280/ AA**
17 TOF, dysmorphic features rs804280/ AA ** 
18 ASD, single ventricle, aortic coarc., PHT Normal
19 TOF, MCA rs804280/ AA**
20 VSD, PS, fingers defects rs804280/ AA**
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taken from Zuker's optimal RNA folding algorithm, to 
predict variant dependent mRNA folding. when com-
pared to the reference sequence, we reported 4 out of 
the 5 of these would result in faulty RNA folding, but 
3'-UTR g.81534C>A would not likely lead to faulty 
RNA folding. The our results indicated the existence of 
differences in mRNA secondary structure between the 
reference (wild type) and the p.Leu403, p.Ser377Gly, 
also differences in structure and stability (minimum 
free energy) for rs867858, and compound heterozygote 
rs867858+ rs1062219 which suggests that change in 
mRNA stability and folding might contribute to the 
functional impact as shown in (Figs. 2 & 3).

Using miRanda-mirSVR tool to verify whether the 
detected 3'-UTR variants including in one of miRNA 
targets or not, we found that none of the conserved miR-
NA reported targets so far have been.

Mutation analysis
GATA4 is located on chromosome 8p23.1-p22, 

consists of seven exons and codes for a 442 amino-acid 
protein. We investigated the genomic DNA for sequence 
variations in the entire coding region from exon 3 to 7 
and the first part of 3 prime untranslated regions (3'-
UTR) of this gene for 20 patients with cardiac septal 
defects and 10 unaffected individual. We were detected 
six variants that are one missense mutation (S377G) re-
ported previously in dbSNP database under rs3729856, 
one reported intronic variant in dbSNP database under 
rs804280, two reported variants located on 3'-UTR 
that are g.59622A>C (rs867858), and g.59694C>T 
(rs1062219), and two novel variants; one novel silent 
mutation (L403L) and another novel 3'-UTR variant 
(g.81534C>A) as shown in table (1) and figure (1). The 
ten control cases were negative for the detected variants 
except for rs804280 which was present in 5 out of the 10 
control group. We detected two novel variants which are 
not reported in publicly available SNP database of Na-
tional Center for Biotechnology Information, Ensembl, 
Human Gene Mutation Database (public HGMD), 1000 
Genomes Project (TGB), ClinVar, Exome Aggrega-
tion Consortium (ExAC) browser, and NHLBI Exome 
Sequencing Project (ESP) server databases.

Molecular results interpretation
We applied three algorithms to predict the putative 

functional effect of S377G variant. In the first algorithm, 
we used Grantham Matrix to measure difference score 
in physico-chemical characteristics between serine and 
glycine with 56, so it is generally considered “conser-
vative”. In the second algorithm, we used phastCons to 
measure the evolutionary conservation of serine residue 
to score 0.995, so the serine residue considered highly 
conserved. In the last algorithm was used Mutation-
Taster to predict any change in splicing sites to score 
a degree of 0.98 as donor increasing in the mutant type 
compared to 0.26 in the wild one, so S377G might lead 
to produce non-functional transcript, which would then 
lead to loss of phosphorylation legand in downstream 
aa 406. 

3'-UTR g.81534C>A variant, it had conser vation 
phastCons score 0.863 and might lead to change splice 
site to produce non-functional transcript that is based on 
donor increasing score 0.96 for the mutant type compa-
red to 0.76 for the wild one.

Using the program GeneQuest (Lasergene 6.0), we 
determined the effect of the five sequence alterations (all 
the detected variants except rs804280)on RNA folding. 
GeneQuest uses the Vienna RNA folding procedure, 

Figure 1. Partial sequence chromatogram displaying the detected 
variants in GATA4  gene for affected cases. The arrowed nucleo-
tide indicates the position of S377G (A), p.L403L (B),  rs804280 
(C), rs867858 (D),  rs1062219 (E) and g.81534C>A(F).

Figure 2. Prediction of mRNA secondary structure, as determined 
by the Vienna RNA fol ding procedure, showing differences in fol-
ding structure between reference (wild type) and p.Leu403 (A) and 
p.Ser377Gly (B), transcript variant 1, mRNA_ NCBI Reference 
Sequence: NM_001308093.1 was used for the prediction.

Figure 3. Prediction of GATA4 mRNA folding in centroid state: 
Prediction of mRNA secondary structure, as determined by the the 
Vienna RNA folding procedure, showing differences in folding and 
minimum free energy between reference (wild type) and combi-
ned rs867858 + rs1062219 (A), and rs 867858 only (B), transcript 
variant 1, mRNA_ NCBI Reference Sequence: NM_001308093.1 
was used for the prediction. 
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Discussion

There are key genes known to be essential for car-
diac development. For example, GATA4, NKX2-5, and 
TBX5 may function in a complex manner to regulate 
a subset of genes required for cardiac septal formation 
(20).

In our study, we used Sanger sequencing technique 
to detect possible genetic variants in GATA4 gene. We  
detected  S377G (rs3729856), in one patient with TOF 
and absent in all 10 unaffected individuals, adjacent to 
the nuclear localization signal (NLS). GATA4 is a nu-
cleic transcription factor that has been reported to loca-
lize entirely in the nucleus (Garg et al, 2003), Wang et 
al, (2011) revealed that S377G mutation led to effect 
on transcription factor GATA-4 protein trafficking by 
impeding normal nuclear localization and partial pro-
tein distribution in the cytoplasm beside the nucleus.
That then prevent GATA4 from properly functioning. 
Alrasheed et al (2010) pointed to a significant causa-
tive association for the rs3729856 (p.S377G) with CHD 
and hypertensive patients. Our results could elucidate 
the causative association between S377G and CHD that 
reported previously by Alrasheed et al, 2010 and Wang 
et al, 2011, where our identification of putative S377G 
function based on phastCons and MutationTaster algo-
rithms was pointed to high conservation score for serine 
residue and prediction to add extra the splice donor 
site, which would then lead to producing non-func-
tional transcript with loss of phosphoserine legand in 
downstream aa 406, consequently could lead to partial 
loss of protein activation

We also detected two 3'-UTR reported variants 
(rs867858 and rs1062219) which predicted to change 
splice sites either by new donor gain or donor increased, 
and intronic rs804280 variant which predicted to be po-
lymorphism.

3'-UTR of mRNA contains regulatory elements that 
are essential for the appropriate expression of many 
genes. These regulatory elements are involved in the 
control of nuclear transport, polyadenylation status, 
subcellular targetting as well as rates of translation and 
degradation of mRNA. Indeed, 3'-UTR mutations have 
been associated with disease, but frequently this region 
is not analyzed (12).  The 3'-UTR of GATA4 is relatively 
long and likely contains regulatory elements essential 
for the regulation and transport of the mRNA transcript 
(24). Here we found two reported variants (rs867858 
and rs1062219) and novel one (g.81534C>A) in 3'-
UTR of GATA4 gene. Mattapally, et al (2015) found 
that  rs867858 G / T genotype can significantly increase 
the risk for the VSD [odds ratio (OR) = 1.879,95% 
Confidence interval (95% CI) :1.173-3 .010, p = 0.008] 
and rs804280 is strongly associated with VSD, these 
reported results agree with our results, where we found 
rs867858 (G/T) in two patients with TOF and AVSD. 
Concerning of rs804280, we found rs804280 in 11 
patients (11 out of 20 [55%]) with VSD & TOF, but it 
has also found in 5 out of the 10 healthy  individuals 
[50%]. Through determining the expected mRNA fol-
ding by Vienna RNA folding procedure, we found that  
rs867858 and rs1062219 would affect RNA folding 
either in separate or co-existence state, and this change 
might have been function defect impact, and this agree 

with what concluded by Reamon-Buettner et al (2007) 
that rs1062219 led to faulty RNA folding. Beside that 
our results might be interpret what concluded by Mat-
tapally, et al (2015) that  rs867858 (G / T) can signi-
ficantly increase the risk for the VSD, while this risk 
might be due to that rs867858 led to formation faulty 
mRNA folding as we resulted. Although that 3'-UTR of 
GATA4 gene having about nine miRNA targets, based 
on miRanda-mirSVR prediction results, but the detected 
3'-UTR variants in our study are not included in these 
targets as we resulted. 

Although we identified two coding variants and four 
non-coding ones of GATA4 gene, but furtherconfirma-
tion study for familial segregation detection was recom-
mended. Our putative functional results may provide a 
new insight to further promising functional studies ai-
ming additional molecular rationale for CHD especially 
cardiac septal defects.
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