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Abstract

Background: Congenital heart diseases (CHD) are the most common of all birth defects, affecting nearly 0.9% of all live births. Nkx2-5
mutations were reported to cause CHD but data in Kurdish populations of Iran are limited.
Objectives: In this experimental study, we performed high resolution melt (HRM) mutation scanning of Nkx2-5 exons of non-syndrome
patients.
PatientsandMethods: Thirty nine patients with atrial septal defect and 57 patients with ventricular septal defect, 4 patients possessing
both defects as case groups and 50 healthy controls. Then we grouped samples according to HRM graph and sequenced several samples
from each group.
Results: HRM analysis showed 2 deviated curves for exon 1 and one group for exon 2A and exon 2B. Then, 2 samples of exon 1 that showed
different HRM curves, 3 samples of another group from this exon and 5 samples of exon 2A, 2B and healthy controls were randomly
sequenced. The results of sequencing confirmed the HRM analysis, and one polymorphism (A65G) was identified in 2 atrial septal defects
with deviated curves.
Conclusions: The environmental and effective factors on the heart development within embryonic evolution as well as the possibility
of the existence of the mutation in coding genes of the other cardiac transcription factors such as GATA4 and TBX5 can be the reasons for
the lack of the pathogenic mutation in this study. It is suggested in further related studies to investigate normal and abnormal cardiac
tissue samples of these studied patients and coding genes of the other cardiac transcription factors.
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1. Background

Congenital heart diseases (CHD) are the most common
of all birth defects which contribute substantially to infant
mortality, affecting nearly 0.9% of all live births [1, 2]. Re-
cent genetics studies have shown that many of congeni-
tal heart diseases are caused by mutations mainly from a
combination of one or more gene interactions with and
responses to environment. Complexity in heart develop-
ment reflects the expression of various genes [3, 4]. Chro-
mosomal and monogenetic abnormalities (about 8%), mul-
tifactorial ones (9%) and environmental teratogens (2%) are
the main genetic factors for CHD. Moreover, CHD is cor-
related with structural and numeral chromosomal abnor-
malities (12% - 14%), like 21, 13 and 18 trisomy, turner, etc. [3, 5-
7]. Congenital heart diseases also may be caused in result of
defect in different parts of heart [3]. The role of several tran-
scription factors like Nkx2-5, which is the most important

one in the progress of mesoderm to the heart tissue, in the
processes of cardiac morphogenesis was confirmed. Nkx2-
5 also activates synthesis of the other transcription factors
such as the members of GATA and MEF2 family. Mutation
in this gene causes atrial and ventricular wall defects, Fal-
lot and tricuspid valve abnormalities [3, 8]. Nkx2-5, which is
a member of Nk home box gene family, locates on chromo-
some 5q34 and has been preserved during evolution. This
gene has 10,209 bp lengths and contains two exons which
encode a protein of 324 amino acids [3, 9]. Ventricular sep-
tal defect (VSD) and atrial septal defect (ASD) are the most
common types of CHD and account for 50% of all cases of
CHD [10]. Monogenic etiologies for ASD and VSD have prin-
cipally been discovered by studying large families with
autosomal dominant forms of septal defects using tradi-
tional linkage approaches [11, 12]. The first genetic etiology
for ASD was the discovery that mutations in the transcrip-
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tion factor, TBX5, are a reason of septation defects in the
Holt-Oram syndrome, which is characterized by cardiac
and upper limb malformations [13]. Mutations in the car-
diac transcription factor, Nkx2-5, were recognized in fam-
ilies who primarily showed non-syndromic ASD and atri-
oventricular conduction abnormalities [14-18]. High reso-
lution melting (HRM) is a mutation scanning technique
that detects the progressive change in fluorescence caused
by the release of an intercalating DNA dye from a DNA du-
plex as it is denatured by peripheral increases in tempera-
ture [19]. It is an in-tube method requiring the inclusion of
a saturating intercalating dye in the PCR mix and the addi-
tion of a high resolution melt step after PCR. The technique
has already been employed to scan for somatic mutations
in the KIT, BRAF, EGFR, ERBB2, TP53 and KRAS genes [20-24].
The main purpose of this study determines the role of gene
mutations in CHD and genotype-phenotype correlation in
ASD and VSD them by HRM, that is a highly effective scan-
ning technique. The cause of CHD in the most cases is un-
known, but the molecular evolution and gene analysis of
the heart have led to identifying some mutations linked to
the CHD. Therefore, the role of Nkx2-5 gene in patients with
atrial and ventricular wall defects referred to Sanandaj and
Kermanshah hospitals in Kurdish population has been in-
vestigated.

2. Objectives

In this experimental study, we performed high reso-
lution melt (HRM) mutation scanning of Nkx2-5 exons of
non-syndrome patients.

3. Patients andMethods

3.1. Study Subjects

In this experimental study, we studied Kurdish pop-
ulation consisted of 50 healthy with rang 10 - 34 years
as control group and 100 (62 females and 38 males) non-
syndrome patients, 57 patients (26 males and 31 females)
with VSD, 39 patients (12 males and 27 females) with ASD
and 4 patients (2 males and 2 females) possessing both de-
fects as case groups with rang 2 - 45 years from Kermanshah
Imam Ali cardiovascular hospital and Sanandaj Tohid hos-
pital. The medical college of Kurdistan Medical Sciences
University and the Molecular and cellular biology research
center of Kurdistan Medical University, have approved the
present study. All of patients devoted their blood voluntar-
ily.

3.2. DNA Extraction

Genomic DNA was extracted from whole blood by Ac-
cuPrep® genomic DNA extraction kit from Bioneer corpo-
ration, Korea.

3.3. Real Time PCR and HRM Assay

The primers were designed by CLC main workbench 5.5
for the coding exons of Nkx2-5 gene (Table 1) and were syn-
thesized by German Metabion Company. Final primer se-
quences are listed in Table 1. PCR cycling and HRM analysis
was performed on the Rotor-Gene 6000 (Corbett research)
and 2x QuantiFast SYBR® Green kit (QIAGEN company, Ger-
many). The amplification was initialed at 95°C for 5 min-
utes then followed by 45 cycles of two steps consisting of
95°C for 10 seconds, and 60°C for 30 seconds, one cycle of
95°C for 1 second, 60°C for 90 seconds and a HRM step from
72 - 95°C rising at 0.1°C per second.

3.4. Sequencing

The PCR products of patient samples were sequenced
by research center for gastroenterology and liver disease of
Shahid Beheshti University of Medical Sciences. The results
were analyzed using CLC main workbench 5.5.

3.5. Statistical Analysis

χ2 test was conducted using SPSS-16 for gender preva-
lence.

4. Results

Hundred Kurdish patients with ASD and VSD were in-
vestigated in order to identify mutation in Nkx2-5 gene.
Statistical results showed that VSD prevalence is not re-
lated to gender but ASD outbreak is relate to gender (P
< 0.05). HRM curves of these samples were obtained by
real time PCR and 2x QuantiFast SYBR® Green kit in order
to perform mutation scanning using the specific Nkx2-5
gene primers. Figure 1 shows normalized plots and Fig-
ure 2 shows difference plots of each sample compared to
wild-type controls for amplicons for exon 1. HRM curves
analysis detected deviation in curves of 2 samples in exon
1, (Figures 1, 2) but we could not detect any deviation in
exon 2 and healthy controls. This deviation could repre-
sent the amplified amplicons structural difference; there-
fore, to confirm the structural differences between sam-
ples, or in other words, mutations in these two samples se-
quencing was used. For this purpose, 2 samples of exon 1
with deviation curve, 3 samples of the other group of this
exon were sequenced. Likewise, 5 samples of 2A and 2B
exon and healthy controls were randomly sequenced. The
sequencing results also confirmed the HRM curve analysis
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and one polymorphism A65G in 2 ASDs which has different
melting curve was identified while any mutation was de-
tected in 2A and 2B exons.

Figure 1. Show Normalized Plots
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Up of graph show normal genotype and below of graph show deviated curves (A65G)
for exon 1. This graph normalized from 84.5°C to 90°C. Deviated curve is because of
nucleotide change that it is result in different melting point for sample.

Figure 2. Show Difference Plots
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Difference plot (derivative of normalized plots) determined curve of each sample
according to any change in sequence of DNA. Polymorphism samples are in gray
and blue (down of graph) and wild-type samples are in red and green (up of graph).
Panel showed A65G polymorphisms in exon 1.

5. Discussion

In this work, following the results of sequencing and
comparing them with the reference gene, only one poly-
morphism was detected, A65G located in exon 1, that was
considered as common polymorphisms. Possibility of the

Table 1. Primers for the Amplification of Coding Exons of Nkx2-5 Genes

Exon Primer sequence

1F 5’ CCGCTTTCTGCCGCCCAC 3’

1R 5’ TCCTCACCTTTCTTTTCGGC 3’

2AF 5’ CCCTTACCATTACTGTGC 3’

2AR 5’ TAACCGTAGGGATTGAGG 3’

2BF 5’ AGTGCTGGTGCGCGATGG 3’

2BR 5’ TGTTGAGGTGGGATCGGTC 3’

existence of the mutation in coding genes of the other
cardiac transcription factors such as GATA4 and TBX5 can
be the reasons for the lack of the pathogenic mutation in
this study. Since the first report implicating Nkx2-5 muta-
tions in human CHD, the coding region of Nkx2-5 has been
consistently searched for additional disease-associated se-
quence alterations. There are many studies where germ
line Nkx2-5 mutations have been analyzed or identified in
CHD Nkx2-5 mutations were identified in different coun-
tries. Different Nkx2-5 germ line mutations, most of which
lead to amino acid change (nonsynonymic mutations)
have been reported. These mutations are single nucleotide
substitutions, deletions and insertions. The Nkx2-5 muta-
tions are spread along the gene, and except for one at a
splice site, all are located in the coding region [25].

Benson and Schott et al. introduce germ line mutation
as one of the pathologic factor but having observed several
missense mutations in one single patient they consider it
as a somatic mutation [4, 14]. Draus et al. argue that the
reason for occurring several missense mutations in one pa-
tient could be the use of formalin for sample fixation and
also the long period of fixation [26]. Reamon-Buettner and
Borlak conduct a similar study on fresh tissue and report
that germ line mutation is the cause of disease [25].

In this work, following the results of sequencing and
comparing them with the reference gene, only one poly-
morphism was observed, A65G located in exon 1, that was
considered as common polymorphisms. The result ob-
tained in the present study, in line with Benson and Schott
et al. [4, 14] confirms possibility somatic mutation as the
cause of congenital heart disease in the examined patient.
Also statistical results showed that VSD prevalence is not
related to gender but ASD outbreak is relate to gender.
ASD shows a female preponderance, with a male/female
ratio of 1 to 2. In general, heart malformation related to
Nkx2-5 gene mutation with autosomal dominant pattern
included ASD, VSD and AV block, but similar structural dis-
orders resulting from mutation in the other cardiac tran-
scription factor genes such as GATA4 and TBX5 have also
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been reported [27, 28]. Thus, congenital heart diseases are
considered as multifactorial diseases, for which genes and
environment interactions determine the incidence and
severity of the disease. Among the environmental risk fac-
tors contributing to the disease, chemicals, drugs, infec-
tious agents and maternal diseases could be mentioned
[29]. The result of this research indicates that the ASD and
VSD heart diseases are of multifactorial nature, i.e. , the in-
cidence of these diseases is caused by mutation in other
cardiac transcription factors or by environmental factors.
Considering the findings of the previous studies, causes
of failure to observe mutations in the examined samples
may be attributed to environmental factors as well as the
factors influencing the heart genesis during fetal devel-
opment. The most well-recognized nongenetic causes of
CHD are environmental teratogens (dioxins, polychlori-
nated biphenyls, pesticides), maternal exposures (alcohol,
isotretinoin, thalidomide, antiepileptic medications), and
infectious agents (e.g., rubella) [30-32]. Familial CHD mu-
tations also occur as autosomal dominant, autosomal re-
cessive or X-linked traits that are expressed with high pen-
etrance and with variable clinical manifestations. Congen-
ital heart diseases are genetically heterogeneous. In other
words, mutations in different genes cause an identical mal-
formation. This finding emphasizes the highly interdepen-
dent roles of molecules involved in heart development.

Finally, and as a way of conclusion, the range of heart
malformations implicates genomic context, maternal-
fetal environment, cardiac biomechanics, and other fac-
tors as important influences that impact the clinical conse-
quences of CHD mutations. So we should further conduct
investigation of Nkx2-5 mutation in sample tissue of such
patient and also patient suffering from other CHD then
compare result of sequencing blood and tissue samples to
tell for confirming that somatic mutation or germ line mu-
tation is the major cause behind this disease.
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