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Abstract

Background: GATA-binding protein 4 (GATA4) can regulate vital genes, such as troponin C, and play an important role in cardiac
formation and immune response maturation.
Objectives: In this study, GATA4 gene expression was evaluated in two groups of ventricular septal defect (VSD) patients with pneu-
monia and healthy cases.
Methods: This case-control study evaluated GATA4 gene expression by real-time polymerase chain reaction in 80 participants
and statically estimated the association between GATA4 expression and immunologic markers, such as immunoglobulin M, im-
munoglobulin A, mean corpuscular hemoglobin, white blood cell neutrophil, lymphocyte, and number of abortions in mothers
of VSD patients with pneumonia.
Results: According to the results, there was a significant relationship between mean birth weight and neutrophil-to-lymphocyte
ratio with GATA4 gene expression in the case group (P < 0.05).
Conclusions: It can be concluded that GATA4 gene expression, especially in patients with VSD, can indicate their susceptibility to
pneumonia.
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1. Background

The prevalence of ventricular septal defects (VSD) is
about 40% of all congenital heart malformations. The di-
agnosis of VSD is based on a wide range of abnormalities,
such as isolated defects and other congenital heart defects.
The management of VSD depends on several factors, such
as the size and anatomical relationship of the anomaly and
patient age (1). The VSD is a hole between the lower cham-
bers of the heart. Oxygen-rich blood is pumped from the
lungs to the aorta from the left ventricle. During this pro-
cess, the small amounts of blood are returned to the right
ventricle and pulmonary arteries in VSD patients (2).

GATA-binding proteins are transcription factors that
regulate the expression of genes and differentiation in
different cell types. These proteins have a deoxyribonu-
cleic acid binding site known as the GATA motif, recogniz-
ing conserved signature indels (i.e., an important part of
the promoter of many genes). GATA4 is expressed in the

adult vertebrate heart, intestinal epithelium, and gonads.
During fetal development, GATA4 is expressed in the en-
dometrium of the yolk sac and cells involved in heart for-
mation. The evidence showed that GATA4 can regulate vi-
tal genes, such as troponin C, and heavy chain of the alpha-
myosin. One of the features of GATA proteins is the perma-
nent sequencing that binds to the targeted GATA promot-
ers.

The GATA family includes six members (i.e., GATA1 to
GATA6). In addition, GATA4, GATA5, and GATA6 are highly
expressed in various mesoderm and endodermal tissues,
particularly in fetal and adult hearts. The GATA4 has been
the most extensively studied gene with a long list of GATA4
mutations in congenital heart diseases (CHD), such as VSD,
atrial septal defect, tetralogy of Fallot, and pulmonary
stenosis (3). The GATA4 produces a large cluster of endothe-
lial inflammatory response genes in liver sinusoidal en-
dothelial cells, which are similar to viral and interferon-
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related reactions. Therefore, it can be concluded that
GATA4 can play an important role in the severity of inflam-
mation (4).

According to the literature, the association of GATA4
with VSD and inflammation has been investigated; how-
ever, the relationship between GATA4 expression and in-
flammation duration in VSD patients has not been investi-
gated. Therefore, this case-control study evaluated the ex-
pression level of GATA4 in VSD patients with pneumonia in
comparison to that of healthy cases. The current study also
evaluated other inflammatory markers, antibodies, and
risk factors to determine their associations with GATA4 ex-
pression. It is hypothesized that VSD patients with higher
levels of GATA4 expression are more prone to lung infec-
tion, and GATA4 expression can be used as an indicator of
susceptibility to pneumonia in VSD patients.

2. Objectives

This study has been performed for the first time in Ah-
vaz, a city in the south of Iran, and the results will provide
valuable information in this area.

3. Methods

3.1. Study Population

This case-control investigation studied 40 VSD patients
under 5 years of age with pneumonia in the case group
and 40 healthy cases under 5 years of age without pneu-
monia and VSD in the control group. The age was similar
between the two groups because the present study aimed
to only compare VSD patients with pneumonia to healthy
cases. The patients were hospitalized at Golestan Hospi-
tal in Ahvaz, Iran. The study participants were not at legal
age to give informed consent; therefore, their parents gave
informed consent. The study was approved by the Ethics
Committee of Ahvaz Jondishapur University of Medical Sci-
ences (AJUMS; IRAJUMS.REC.1398.291), Khuzestan Iran, and
followed the ethical guidelines of Helsinki’s Declaration.
The variables, including immunoglobulin profiles (i.e., im-
munoglobulin M [IgM], immunoglobulin G [IgG], and im-
munoglobulin E [IgE]), C-reactive protein, erythrocyte sed-
imentation rate, and messenger ribonucleic acid (mRNA)
expression of GATA4, were evaluated in these patients.

3.2. Inclusion Criteria

1) The age of under 5 years;

2) Admitted with VSD and pneumonia.

3.3. Exclusion Criteria

1) Over the age of 5 years;

2) Undergoing VSD surgery;

3) Genetic diseases, such as immunodeficiency and tri-
somy 21.

3.4. RNA Extraction and cDNA Synthesis

The RNA was extracted from peripheral blood using
Roche mRNA Isolation kit (Roche Life Science, Germany)
for blood/bone marrow in accordance with the manu-
facturer’s instruction. Subsequently, complementary de-
oxyribonucleic acid (cDNA) synthesis was performed in ac-
cordance with the manufacturer’s instruction using Tran-
scriptor First Strand cDNA Synthesis kit (Roche Life Science,
Germany).

3.5. Real-Time PCR

The sequences of specific primers for GATA4
were F: 5’-TCTTGCAATGCGGAAAGAGG-3’ and R: 5’-
TGCCCGTAGTGAGATGACAG-3’). Moreover, the length
of the amplicon was 207 bp. Semi-quantitative real-time
polymerase chain reaction (PCR) was performed for the
quantification of the expression levels of GATA4. The levels
of GAT4 mRNAs expression were respectively normalized
against glyceraldehyde-3-phosphate dehydrogenase, and
the fold change was calculated using the 2-∆∆Ct formula.

3.6. Antibody Evaluation

Human IgM, IgG, immunoglobulin A (IgA), and IgE
ELISA Antibody kits (Stemcell Technologies, Canada) were
used in this study. These kits include capturing and de-
tecting antibodies and an Ig standard. They are designed
for the quantitative detection and measurement of total
human Ig separately in serum, plasma, and cell culture
supernatants. The assay is sandwich enzyme-linked im-
munosorbent assay (ELISA) in which specimens are added
to ELISA plates covered by immunoglobulin-specific an-
tibodies. This immunoglobulin is detected by adding a
detection antibody conjugated to alkaline phosphatase.
The addition of the chromogenic enzyme substrate p-
nitrophenyl phosphate causes a colored product with an
intensity directly proportional to the concentration of im-
munoglobulin in the sample. Immunoglobulin concentra-
tion was evaluated by comparing a serial dilution of the im-
munoglobulin standard analyzed in parallel.
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3.7. Statistical Analysis

The SPSS software (version 20) was used for statistical
analysis. The t-test and Chi-square test were utilized for
quantitative and qualitative variables, respectively. Equiv-
alent non-parametric tests were used for abnormal results.
For the analysis of the data, firstly, descriptive statistical
methods, including frequency distribution tables, graphs,
and indices of central tendency and appropriate disper-
sion, were described for the studied variables. The nor-
mality of the distribution of quantitative variables was
checked by the Kolmogorov-Smirnov test. The chi-square
or Fisher’s exact test was used to correlate the qualitative
variables.

4. Results

This case-control study was carried out on 80 partici-
pants (40 cases and 40 controls). The minimum and maxi-
mum age values in the case group were 2 and 22 months,
respectively. Furthermore, the minimum and maximum
age values in the control group were 5 and 23 months, re-
spectively. In addition, 40% in the case group (VSD with
pneumonia) and 2.5% in the control group (without VSD
and pneumonia) were under 6 months of age. In this
study, 47.5% and 60% of the patients in the case and con-
trol groups were male, respectively. There was no statisti-
cally significant difference in gender between the case and
control groups (P > 0.05).

The mean expression values of the GATA4 gene were
0.4642 ± 0.1206 and 0.08222 ± 0.03063 in the VSD and
control groups, respectively. The PCR result indicated a
5.75-fold change difference between the case and control
groups revealing a significant difference (P < 0.0024) as
shown in Figure 1. The neutrophil-to-lymphocyte ratios
(NLRs) were 1.26±0.59 and 0.82±0.32 in the VSD and con-
trol groups, respectively, with a statistically significant dif-
ference observed between the studied groups (P < 0.001).
The results showed that there was a correlation between
the mean of NLR and GATA4 gene expression in the case
group (r = -0.33; P < 0.05). While increasing the mean ex-
pression of theGATA4gene, the average NLR declined; how-
ever, there was no complete linear relationship between
the two in the case group.

There was no correlation between mean NLR andGATA4
gene expression in the control group (r = 0.10; P > 0.05).
The results demonstrated that there was a correlation be-
tween mean white blood cell (WBC) andGATA4gene expres-
sion in the case group (r = 0.54; P < 0.001). While increas-
ing GATA4 gene expression, WBC was also on the rise, and
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Figure 1. Normalized Expression of GATA4. This study investigated 40 cases and 40
controls. The t-test was utilized to compare variances, and the F, DFn, and Dfd were
15.50, 14, and 14, respectively, indicating a statistically significant difference between
the two groups (P < 0.0001).

there was no complete linear relationship between the two
in the case group. In the control group, there was a correla-
tion between the mean of WBC and expression of theGATA4
gene (r = 0.81; P < 0.001; Figure 2).

The results showed a correlation between mean IgM
and GATA4 gene expression in the case group (r = -0.43;
P < 0.05). While increasing the mean expression of the
GATA4 gene, mean IgM decreased; nonetheless, there was
no complete linear relationship between the two in the
case group. A similar trend was observed in the control
group between IgM and GATA4 gene expression; never-
theless, there was no correlation between mean IgM and
GATA4 gene expression (r = -0.32; P > 0.05).

The mean IgM values were 113.76 ± 92.93 and 60.57 ±
37.79 in the case and control groups, respectively. The re-
sults revealed a statistically significant difference between
the two groups in the mean of IgM (P < 0.001). While in-
creasing the mean expression of the GATA4 gene, mean IgA
decreased; however, there was no complete linear relation-
ship between the two in the case group. A similar trend
was observed in the control group between IgA and GATA4
gene expression; nonetheless, there was a correlation be-
tween mean IgA and GATA4 gene expression (r = -0.32; P <
0.05). Figure 3 illustrates the t-test of the immunoglobu-
lins in both case and control groups. The results showed
that there was a statistically significant difference between
the two groups in the mean IgA (P < 0.001).
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Figure 2. Results indicating correlation between mean white blood Cell and GATA4 gene expression in the case group (r = 0.54; P < 0.001)
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Figure 3. Mean immunoglobulin A (IgA) values were reported as 64.4 and 126.87 in the case and control groups, respectively. There was a significant difference between the
two groups in the mean IgA (P < 0.001).
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5. Discussion

The GATA4 is involved in the maturation of the im-
mune system, especially innate immunity (5). Lung infec-
tion due to pneumonia is a major cause of lethality and
complications in neonates. There has been limited infor-
mation on the risk factors for pneumonia in children un-
der 6 months of age. Premature delivery, CHD, antibiotic
use during pregnancy, maternal overweight, daily expo-
sure to environmental tobacco smoke before birth, and
maternal smoking during pregnancy are the risk factors
for neonatal pneumonia (6).

The results of a study that identified postoperative
ventilator-associated pneumonia (VAP) and its risk factors
in children with CHD showed chronic preoperative pneu-
monia, low plasma immunological protein levels, and pro-
longed mechanical ventilation using histamine-2 receptor
blockade are closely associated with the development of
VAP (7). In other words, despite preventive measures, lung
infection is the most common infection after heart surgery
(8). A study conducted by Yang et al. (9) on a cohort of
160 VSD patients indicated that VSD is genetically hetero-
geneous, and the genetic determinants for VSD remain un-
known in most patients. In the aforementioned study, the
entireGATA4 coding region, the gene encoding the zinc fin-
ger transcription factor essential for normal cardiac mor-
phogenesis, was sequenced in 160 patients not associated
with VSD.

A study conducted by Liang et al. (10) on mouse cells
demonstrated that GATA4 and GATA6 transcription factors
are the important regulators of basal and induced gene ex-
pression in a variety of heart muscles and muscle cells. The
overexpression of GATA4 or GATA6 to induce cardiac hyper-
trophy was observed to be caused by an increase in the sar-
coma network, a more than 2-fold increase in cell surface
area, and a significant increase in total protein. The in vivo
study of transgenic mice with a more than 2.5-fold expres-
sion of GATA4 in adult hearts has shown that hypertrophy
slowly increases the heart-to-body ratio, histological fea-
tures of cardiomyopathy, and activation of hypertrophy-
related genes (10). The results of a study conducted by Jia
et al. (11) on GATA4 gene silencing indicated that the GATA4
transcription factor is a vital regulator of the expression
of a specific gene in the heart differentiation gene and in-
flammatory responses. The results of the aforementioned
study support the findings of the present study.

5.1. Conclusions

This study evaluated GATA4 gene expression in two
groups of VSD patients with pneumonia and healthy sub-

jects. The results of the study showed that there was a
significant relationship between GATA4 gene expression in
two groups with IgM, IgA, mean corpuscular hemoglobin
(MCH), WBC neutrophil, lymphocyte, and number of abor-
tions in mothers of VSD patients with pneumonia. There
was a significant relationship between mean birth weight
and NLR with GATA4 gene expression in the case group. Ac-
cording to the results, it can be concluded that GATA4 gene
expression, especially in patients with VSD, can indicate
their susceptibility to pneumonia.
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