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Abstract

Background: Congenital heart disease (CHD) is the most widespread congenital disease in newborn babies and is one of the main
causes of death worldwide. The causal agent of heart congenital diseases is unknown but genetic factors have an important role in
prevalence of disease.
Objectives: The main objective of this research is comparison of the gene expression level of three Gata4, Tbx5 and Nkx2.5 genes in
three groups of children between 6 months and 13 year old with congenital heart disease.
Patients and Methods: In this case-control study, 30 samples from each cyanotic and acyanotic patients and 30 samples from
healthy children as control were used. RNA extraction was done using commercial kit and gene expression analysis was performed
by qRT-PCR approach in three replication using Gata4, Tbx5 and Nkx2.5 genes. Data analysis was done by REST software.
Results: The results of RNA extraction and cDNA synthesis of all sample showed high quantity and quality of genetic materials.
Expression level of tested genes was reduced in two patients group. In cyanotic group reduction was more than acyanotic samples.
All tested gene were reduced in both group. Tbx5 gene was suppressed more than other genes.
Conclusions: Based on our results we could conclude that a gene family play an important role in cardiogenesis process and heart
formation. These genes are closely related together. So a genetic consultation for such diseases on parents of these patients to
determine the probable genetic mutations is recommended.
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1. Background

Congenital heart disease (CHD) is the most widespread
congenital disease in newborn babies and is one of the
main causes of death worldwide [1, 2]. CHD are principal
causes of death during the first year of life. They occur in
about 5 - 8 of 1000 live births [3, 4]. CHD are caused by
defects or malformations in one or more structures of the
heart or blood vessels that occur during the 3 - 8 weeks of
the first trimester of pregnancy when the heart is being
formed [5, 6]. In newborn babies patient the risk of effects
and death increases due to delay recognition and referring
to medical centers [5]. The main cause of congenital heart
diseases in children is unknown but genetic factors have
an important role in prevalence of disease [6]. A genetic
mutations set have been discovered in the affected fami-
lies by CHD, that lead to cardiac development defects [7].
When a baby with a septal defect in ventricles and atria
is born, he/she has a septal defect in heart that is a type
of CHD [8]. The causes of cardiac development defects are

unknown but genetic studies have discovered many genes
cluster family involving heart development. In addition,
the congenital defects of heart can caused by monogenic
disorders [9]. Vertebrate heart formation is controlled by
the cooperation of transcription factors, which regulate
gene expression involved in cardiac development process
[10]. A set of genes such as Gata4, Nkx2-5 and Tbx5 are in-
volved at cardiac development from the beginning of the
birth. Intra embryonic expression of Gata4 RNA was first
revealed in tissue of mouse embryo (7.0 - 7.5 days post-
coitum ). Gata4 gene plays an important role in forma-
tion of heart-vessel canal and right ventricle [11]. The zinc
finger transcription factor Gata4 has been implicated in
heart development based on its early expression [12]. The
Gata transcription factors play an essential role in precar-
diogenic splanchnic mesoderm during development and
function in retention of cell distinction in adult tissues [13].
Tbx5 transcription factors belongs to the T-box family lo-
cated on chromosome 12 [14]. T-box 5 protein is product
of Tbx5 gene plays an important role in cell differentia-
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tion and the formation of tissues and organs during em-
bryonic development. This protein as a transcription fac-
tor regulates the activity of other genes by DNA binding
action to specific regions of DNA [15]. Csx/Nkx2.5 gene cod-
ing an homeobox-containing transcription factor, is a ver-
tebrate homeobox gene with a sequence homology to the
Drosophila tinman, which is required for the dorsal meso-
derm specification and heart formation and development.
Recently, heterozygous mutations of this gene were found
to cause the human congenital heart disease. Mutations
in this gene cause atrial septal defect with atrioventricular
conduction defect, and also Tetralogy of Fallot, which are
both heart malformation diseases [16, 17].

2. Objectives

The main objective of this research is comparison of
the gene expression level of three Gata4, Tbx5 and Nkx2.5
genes in three groups of children between 6 months and
13 year old with congenital heart disease.

3. Patients and Methods

3.1. Patient Recruitment

This case-control study, was performed in institute of
biotechnology of Zabol University.

Required sample size was determined using statistical
equation formula accordance with α= 0.05, β = 0.1 [18].

Blood samples was collected from patient referred to
Imam Ali hospital of Zahedan. Patients were divided to
three principal groups including: the individuals affected
by cyanotic congenital heart disease, the individuals af-
fected by acyanotic congenital heart disease and healthy
persons as control. In each group, samples were divided
to four sub-group, based on theirs age (A, 6 months-1 year;
B, 1 - 4 years; C, 4 - 7 years and D, 7 - 13 years). All blood
from healthy children were pooled and then served as con-
trol. Three milliliter of harvested blood was transferred to
15 mL falcon tubes and stored at -80°C for further use. Pa-
tients who were affected by other diseases except CHD dis-
eases such as renal lung, digestive diseases, metabolic, en-
docrine, chronic infectious diseases, connective tissue and
nervous-muscular diseases were deleted.

3.2. RNA Isolation and First Strand Synthesis

Total cellular RNA was isolated from fresh and frozen
babies’ blood of 6 months till 13 years old to by RNeasy mini
kit (Qiagen, USA). Total RNA was quantified using a Scan-
drop spectrophotometer (AnalytikaGena, Germany) and

RNA quality was assessed by 1.5% agarose gel electrophore-
sis stained by ethidium bromide and photography by Gel-
document (Vilber, France). First-strand cDNA synthesis was
carried out in 30 µL of reaction mixture containing 1 µg of
total RNA, 6 µL of random hexamers (50 M), 6 µL of 100
mM dithiothreitol (DTT), and 600 U of Moloney murine
leukemia virus (MMLV) reverse transcriptase (Qiagene).

3.3. Real-time Polymerase Chain Reaction ( RT-PCR)

Expression analysis of three genes involved in cardino-
genesis process was performed using real-time PCR
(RG3000, Corbett research). The sequences of used
primers are summarized in Table 1. For real-time PCR, 2
µL of the reverse-transcribed cDNA template (50 ng/µL)
was added to a final volume of 20 µL of reaction buffer
containing 1.5 mM MgCl2, 50 mM KCl, 0.2 mM deoxynu-
cleoside triphosphates, 15 pM each primer and 0.5 U of
Taq polymerase in 3 µL of Master Taq polymerase en-
hancer (Eppendorf). The real time PCR was done on the
two biological and three technical replicates. Reaction
condition for thermal cycling was 56 for 2 minutes, 95
for 5 minutes followed 40 cycles; 95 for 15 seconds and
65 for 1 minute. A cycle threshold [19] reveals the cycle
number at which DNA amplification is detected. The
quantity of glyceraldehyde-3-phosphate dehydrogenase(
GAPDH )gene was used as internal control [20]. All data
were analyzed using REST software and also the Ct values
of target genes were normalized to endogenous reference
and then were calibrated by 2–∆∆C [21].

4. Results

In this research, we analyzed gene expression level of
three Nkx2-5, Tbx5 and Gata4 genes in two cyanotic and
acyanothic groups which each group was divided to four
sub-groups consist different age patient from 1 month old
to 13 years old. These genes are involved in cardiogenesi
process (Figure 1).

The sequences of all tested genes were choice from lit-
erature reviews and then the best primer with low C+G per-
cent was synthesis (Table 1).

The extraction of RNA was done using fresh blood of pa-
tients. The results of RNA extraction of all samples showed
a high quantity and quality of genetic materials. An aver-
age of 1500 ng/µL of RNA (with OD260/280 = 1.9 to 2) was
obtained (Figure 2A). The first strand of cDNA synthesis
was performed using commercial kit .The result of cDNA
synthesis showed a high quality and quantity of cDNA
molecules. To ensure that cDNA was perfectly synthesized a
PCR amplification was carried with designed primers (Fig-
ure 2B).
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Table 1. Primers Sequences Used in This Study

Gene Primer Name Forward (5’-3’) Reverse (5’-3’) Reference

NKx2.5 Nkx2.5-m-exp-fr/r3 CTCCGATCCATCCCACTTTA AGTGTGGAATAGTCGAAAG Schlesinger et al., 2011

Gata4 Gata4-m-exp-fr/r2 CTCCTTACTCCAGCCCCTACC GCCCCACAATTGACACACACTC Riazi et al., 2005

Tbx5 Tbx5-rt-m-f/r1 TCCGGCTTTCCTGCTAAGA GGCCAAAGCCCTCATCTGTAT Schlesinger et al., 2011et al.,

GAPDH Reference control TCCACCACCCTGTTGCTGTAG GACCACAGTCCATGCCATCATC Hu et al., 2010

Figure 1. Interaction of Transcription Factors to Expresses Downstream Gene Regu-
lation
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A, Cyanotic and acyanotic patient; B, quantity of cDNA synthesized from mRNA in
two groups.

The thermal melting curve of double-stranded DNA re-
lated to all used primers in this study was assay during
qPCR process. The result of Tm assay showed sharp reduc-
tion in the fluorescence and a single and clear melting tem-
perature (Tm) curve with narrow peaks signal (Figure 3).

Data analysis of gene expression showed that there is
not significant different on expression pattern between
samples of boys and girls especially in young age children.
These results indicate that sexuality has not important role
in defect in early cardiogenesis process.

The expression level of three tested genes in two as-
sayed groups was decreased but in cyanotic group was
more than acyanotic group (Figures 4 and 5).

The rate of expression was varied in sub-groups. In
both assayed group, expression level of Nkx2.5 gene was
reduced in all samples in compared to control whereas,
Gata4 gene expression was increased in all sampled when
compared with control.

5. Discussion

The results of RNA extraction of all samples showed
a high quantity and quality of genetic materials. An av-
erage of 1500 ng/µL of RNA was obtained. High quality
and quantity of cDNA molecules observed from the anal-
ysis. The result of Tm assay showed sharp reduction in the
fluorescence and a single and clear melting temperature
curve with narrow peaks signal. The analysis showed that
there is not significant different on expression pattern be-
tween samples of boys and girls especially in young age
children. In both assayed group, expression level of Nkx2.5
gene was reduced in all samples in compared to control
whereas, Gata4 gene expression was increased in all sam-
pled when compared with control. The expression level of
three tested genes in two assayed groups was decreased
but in cyanotic group was more than acyanotic group.
Heart is one of the first organs which is formed in embry-
onic period and all the events in the life of organisms is de-
pend on heart’s ability to provide all the needs especially
oxygen and nutrients. The defective in heart formation is
one of the commonest disorders especially at the time of
birth [22]. Three members of the TBx5, Nkx2.5 and Gata
family of transcription factors are expressed in the devel-
oping heart. The mechanisms underlying this transcrip-
tion factors specificity are not fully understood but may
involve interaction with other tissue-restricted or ubiqui-
tous co-factors [12]. Gene expression analysis in three ex-
perimented groups did not show a high significant expres-
sion level compared to control patients. Using one Nkx2.5
mutation positive child showed that gene expression of
Nkx2.5 transcription factor was significantly reduced than
other child in same family [23]. These results were in accor-
dance to our observations in this study. Nkx2.5 gene is the
first transcription factor involved in cardiogenesis proce-
dure and its suppression led to reduce of other transcrip-
tion factors in cardiogenesis complex pathway. The gene
encoding Gata4, a zinc finger transcription factor impli-
cated in cardiac gene expression and development, local-
izes to chromosome region 8p23.1 [24].

The results of this work showed a reduction level of
Gata4 gene that this could be due to malfunction of up-
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Figure 2. RNA Extraction
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Figure 3. Dissociation Curves Gata4, Tbx2.5 and Nkx5 Gene of Amplified Cycles in
qRT-PCR

stream Nkx2.5 gene. This finding was agree to previous
study that have been demonstrated the role of Gata4 and
Tbx5 gene to active downstream genes in cardiogenesis
[25]. Gata4 function is also relevant for development of
heart tissue systems normally [26]. Our observation also
showed that in D sub-group (adolescents) in both cyan-
otic and acyanotic the expression level of Gata4 and Tbx5
genes was low than newborn but this decrease was sig-
nificantly more than control pool. The gene expression
analysis revealed that all tested genes were suppressed in
both groups but this reduction was significant in cyanotic
groups. Expression analysis of selected samples of girls
and boys did not different expression pattern and this in-
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Figure 4. Gene Expression Analysis of Cyanotic Patient in Different Age Stages Ac-
cordance With the Mean ± SE From Triplicate Sample

dicate that this deification could not related to sexuality.
Tbx5 and Gata4 genes are near each other in chromoso-
mal situation and their expression is closely related to each
other [25]. Our results suggest that Tbx5 and Gata4 could
collaborate to provoke cardiogenesis pathway. The previ-
ous studies related to Nkx2.5 and Gata4 mutation showed
that the mutant has cardiogenic deficiency [23, 27]. So our
observations are according to previous observations and
determine the basic role of these two genes in production
of structural protein of heart tissue. According to the re-
sults we recommended a perfect genetic study on parents
of these patients to determine the probable genetic muta-
tions that may be transferred to next generation from par-
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Figure 5. Gene Expression Analysis of Acyanotic Patient in Different Age Stage Accor-
dance With the Mean ± SE From Triplicate Sample

ents. Also a genetic consultation for such diseases is recom-
mended. In a complete study, providing chips of carrier’s
gene that are involved in cardigenesis pathway in a specific
period (age period) in all samples is recommended.
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