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Application of GATA-3 gene marker in the detection
of hematologic disorders in children
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Abstract. The aim of the present study was to investigate the use
of GATA-3 markers in the detection of hematologic disorders
in children. In total, 35 pediatric patients diagnosed with blood
disease and treated in Henan Red Cross Blood Center from
January 2014 to June 2015 were selected for the observation
group. Another 32 healthy children were selected for the control
group. The differences in the GATA-3 mRNA expression levels
between the control and observation groups were detected via
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). The differences in the GATA-3 protein expres-
sion levels were detected via enzyme-linked immunosorbent
assay (ELISA) and western blot analysis. Compared with
those in the healthy children, the mRNA expression levels
of GATA-3 in patients with hematologic malignancies, acute
Iymphoblastic leukemia, myeloproliferative disorder, acute
non-lymphocytic leukemia or thrombocytopenic purpura
were significantly higher, and there were statistically signifi-
cant differences between the groups (P<0.05). The results of
ELISA showed that the GATA-3 protein expression levels in
patients with hematologic malignancies (241.3+42.6 ug/l),
acute lymphoblastic leukemia (196.3+21.6 ug/1), myelopro-
liferative disorder (284.2+45.1 pg/l), acute non-lymphocytic
leukemia (269.3+31.4 ug/l) or thrombocytopenic purpura
(272.1+£39.1 pug/l) were significantly higher than those in
healthy subjects (69.3+15.2 ug/1). The results of western blot
analysis were consistent with those of ELISA. Based on our
results, the expression levels of GATA-3 in healthy children
and pediatric patients with blood diseases exhibit significant
differences, and can be used as important markers for the
clinical diagnosis of blood diseases in children.
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Introduction

Statistical data indiate that the number of patients suffering
from different blood diseases worldwide has reached more
than 36 million as of June 2015, of which the number of
pediatric patients affected is approximately 18 million (1).
The statistical data issued by the Ministry of Health of China
in 2015 showed that the total number of pediatric patients
suffering from different types of blood diseases in China
had reached over 4 million as of 2015 and increased steadily
year by year (2). These numbers suggest that strengthening
the diagnosis and treatment capabilities for blood diseases in
children has become an important public health issue (3).

Clinical studies have shown that factors causing blood
diseases in children are very complex, and can be mainly
divided into environmental factors (living habits, diet, water
and air pollution) and genetic factors (gene mutations, deletion
and abnormal protein expression events) (4). The transcrip-
tion factors of the GATA family bind to a [T/A(GATA)A/G]
region in their target gene promoter regions to regulate the
expression of specific genes, and directly regulate the expres-
sion of hematopoietic system-related mRNAs and proteins in
the human body (5), as confirmed by genomic analyses (6).
Additionally, studies that have shown that deletion and
mutation of these sites leads to the decreased expression of
disease-related genes necessary for normal hematopoietic
stem cell functions (7). The GATA family includes multiple
genes, such as GATA-1 and GATA-2, and a correlation study
found that they likely play roles in many blood diseases (8).

In the present study, the correlation between GATA-3 gene
products and blood diseases in children was investigated for
the first time, in order to provide preliminary theoretical and
experimental bases that may ultimately aid the diagnosis and
treatment of blood diseases in children.

Materials and methods

General data. In the study, 35 pediatric patients diagnosed
with hematological disorders treated in the Henan Red
Cross Blood Center from January 2014 to June 2015 were
enrolled and assigned to the observation group. The patients
included 21 males aged 4-13 years (8.3 years on average), and
14 females aged 4-12 (8.2 on average). There were 7 cases of
hematologic malignancies, 8 of acute lymphoblastic leukemia,
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6 of myeloproliferative disorder, 8 of acute non-lymphocytic
leukemia, and 6 of thrombocytopenic purpura. At the same
time, 32 healthy volunteers were assigned to the control group,
which included 21 males with an average age of 7.8 years and
11 females with an average age of 8.3 years. Statistical analyses
revealed that there were no significant differences in terms of
age and sex between pediatric patients with blood disease and
healthy controls (P>0.05), thus they were comparable.

The Ethics Committee of Henan Red Cross Blood Center
approved the study and the patients and their families signed
informed consent forms.

For sample acquisition, elbow venous blood (5 ml) was
drawn from patients and controls. The samples were centri-
fuged at 1000 x g for 10 min at 4°C. Blood cells were taken,
added into a solution of dimethylsulfoxide (DMSO) cryopro-
tectant and stored in cryovials in liquid nitrogen.

Quantitative polymerase chain reaction (gPCR). For RNA
extraction (9), approximately 0.3 g blood samples previously
stored in liquid nitrogen were thawed on ice. Subsequently,
0.35 ml RNA Plus (Thermo Fisher Scientific, Waltham, MA,
USA) was added, and the sample was ground rapidly in a
pre-cooled mortar, and immediately transferred into a 1.5 ml
RNase-free epoxy (EP) tube. The mortar was washed again
with 0.15 ml RNA Plus and the washing liquid was transferred
into the same EP tube. Chloroform (200 pl) was added, and
the tube was rapidly vibrated for 15 sec and placed at room
temperature for 15 min, followed by centrifugation at 1000 x g
at 4°C for 15 min. The supernatant was transferred into an
RNase-free EP tube, and equivalent isopropanol was added,
rapidly mixed and placed at room temperature for approxi-
mately 10 min, followed by centrifugation at 1000 x g at 4°C
for 10 min. The supernatant was discarded, and 1000 ul 75%
ethanol was added and gently mixed, followed by centrifu-
gation at 1000 x g at 4°C for 10 min. The supernatant was
discarded, and the remaining alcohol was removed as far as
possible without touching the pellet. An appropriate amount of
RNase-free water was added, the RNA mass was determined
and an aliquot was used for quantitative PCR.

For RNA concentration and mass determination, RNA
samples (1 ul) were taken with a pipette and added into a
micro-nucleic acid detector. Absorbance of samples at A260,
A280 and A260/280 was determined using a micro-nucleic
acid detector (Bio-Rad, Hercules, CA, USA). An A260/280
value of 1.8 and 2.0 indicated that RNA had no significant
degradation and could be used for subsequent tests.

Reverse transcription-PCR (RT-PCR). Reverse transcription
and qPCR were performed as per the protocol of the kit by
Life Scientific (Thermo Fisher Scientific). The fluorescence
quantitative reaction system preparations [5 1l SYBR
Premix Ex Taq II (2X), 0.5 ul PCR forward primer (10 uM),
0.5 ul PCR reverse primer (10 yM), 1 ul cDNA and 3 ul
dH,0] were placed in a thermocycler (Applied Biosystems,
Foster City, CA, USA). The primer sequences are shown in
Table I. The results of qPCR were analyzed according to the
22T method.

Total protein extraction. The total protein was extracted from
the experimental sample and stored in the refrigerator at -80°C.
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Table I. Primers in quantitative PCR.

Primer Sequence

GATA-3 F: AGTCGTAGGCTAGCTAGGCTAC
R: CGTAGTCGTAGCTAGTCGGATCG

GAPDH F: TGACTTCAACAGCGACACCCA

R: CACCCTGTTGCTGTAGCCAAA

F, forward; R, reverse.

Approximately 150 mg of the experimental tissue sample
were taken from the -80°C refrigerator and ground in a mortar
containing liquid nitrogen. The ground sample was collected
in a 1.5 ml EP tube, 300 ul protein extract lysis buffer, and
10 ul protease inhibitor was added and incubated in ice water
for 30 min, followed by centrifugation at 8,000 x g for 15 min.
The supernatants were collected for protein analysis.

ELISA. The total protein extracted from the blood samples in
the experimental and control groups was used to determine
the expression levels of GATA-3 via ELISA (10). The specific
operation was carried out according to the instructions of
the ELISA kit (Qiagen, Hilden, Germany). A standard curve
was drawn according to the kit instructions, with the protein
samples used diluted with Elution Buffer. The samples in the
observation and control groups were diluted at 1:200 using
sterilized PBS (pH 7.2). Subsequently, 100 pl samples to be
tested were taken and added into 96-well plates, and 50 pl
detection solution was added into each well. After incubation
at room temperature for 2 h, TMB chromogenic substrate
was added and the absorbance at 495 nm was measured in
a multifunctional microplate reader (Bio-Rad). The protein
expression and concentration of GATA-3 protein were calcu-
lated according to the standard curve.

Western blot analysis. Western blot analysis was used to detect
the protein expression by a different means. Supernatant (10 ul)
was mixed with loading buffer, followed by SDS-PAGE using
a protein electrophoresis apparatus (Beijing Liuyi Co., Ltd.,
Beijing, China) and conventional membrane transfer. After
being sealed for 1 h at room temperature, the goat anti-human
GATA-3 monoclonal antibody (dilution, 1:250; 4°C overnight)
and rabbit anti-goat HRP-labeled secondary polyclonal anti-
body (dilution, 1:1,250, vibrated at room temperature for 1 h)
were added for incubation. After the membrane was washed
3 times, diaminobenzidine was used for color development
(GAPDH antibody was directly visualized), followed by
capturing of images using the Fluorchem 9900 imaging
system. The integral optical density of each protein band
was measured and the relative content of GATA-3 protein
was calculated by normalizing the samples according to the
GAPDH concentrations (11). The GATA-3 protein primary
antibody was a goat anti-human monoclonal antibody
purchased from Acris (cat. no. TA305795; Tiangen, Beijing,
China); the rabbit anti-goat secondary polyclonal antibody (an
HRP-labeled polyclonal antibody; cat. no. AP05548HR-N)
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Figure 1. Differences in GATA-3 mRNA and protein expression levels in healthy children and pediatric patients with hematologic malignancies. (A) RT-PCR,
(B) ELISA, and (C) western blot analysis. The GATA-3 mRNA and protein expression levels in healthy children are significantly lower than those in patients

with hematologic malignancies, "P<0.05.

and the glyceraldehyde-phosphate dehydrogenase (GAPDH)
antibody (cat. no. TA302944) were purchased from Acris.

Statistical analysis. Experimental data were processed using
SPSS 20.0 software (Applied Biosystems). The data were
presented as mean + standard deviation. Student's t-test was
used for comparison between groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

Differences in mRNA and protein expression levels of GATA-3
between healthy children and pediatric patients with hema-
tologic malignancies. In the present study, the blood samples
from healthy children and pediatric patients with malignant
hematonosis were used to extract total RNA and total protein
samples. The mRNA expression levels of GATA-3 genes
in the blood samples detected by qPCR showed the levels
were significantly decreased in the healthy children (P<0.05)
(Fig. 1A). Moreover, the protein expression levels of GATA-3
detected via ELISA showed the same trend with an average
of 69.3+15.2 ug/l in the healthy control group and an average
of 241.3+42.6 ug/l in the children affected with hematologic
malignancies, which indicated a statistically significant
difference (P<0.05) (Fig. 1B). Finally, the results of western
blotting were consistent with those of ELISA (Fig. 1C). The
average protein expression level of GATA-3 in patients with
hematologic malignancies was significantly higher than that
in healthy children.

Differences in mRNA and protein expression levels of
GATA-3 between healthy children and pediatric patients with
acute lymphoblastic leukemia. The mRNA expression levels
of GATA-3 in pediatric patients with acute lymphoblastic

leukemia were significantly higher than those in healthy
children (P<0.05) (Fig. 2A). The protein expression levels of
GATA-3 in healthy children (69.3£15.2 ug/l) were signifi-
cantly lower than those in patients with acute lymphoblastic
leukemia (196.3+21.6 ug/l), and there was a significant differ-
ence between the two groups (P<0.05) (Fig. 2B). Moreover,
results of the western blot analysis were consistent with those
of ELISA (Fig. 2C).

Differences in mRNA and protein expression levels of GATA-3
between healthy children and pediatric patients with myelo-
proliferative disorder. As observed in Fig. 3A, the blood
samples of healthy children contained mRNA expression levels
of GATA-3 that were significantly lower than those in pediatric
patients with myeloproliferative disorder (P<0.05). In addition,
the protein expression levels of GATA-3 by ELISA in patients
with myeloproliferative disorder (284.2+45.1 pg/1) were signif-
icantly higher than those in healthy children (69.3+15.2 ug/l),
and there was a significant difference between the two groups
(P<0.05) (Fig. 3B). The results of western blot analysis were
consistent with those of ELISA and the protein expression
level of GATA-3 in patients with myeloproliferative disorder
was significantly higher than that in healthy children (Fig. 3C).

Differences in the mRNA and protein expression levels of
GATA-3 between healthy children and pediatric patients
with acute non-lymphocytic leukemia. The mRNA expres-
sion levels of GATA-3 genes in the blood samples of healthy
children are shown in Fig. 4A. The results show that, the
average mRNA expression levels of GATA-3 in healthy
children was significantly decreased than that in pediatric
patients with acute non-lymphocytic leukemia (P<0.05).
The average protein expression levels of GATA-3 detected
via ELISA in patients with acute non-lymphocytic leukemia
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Figure 2. Differences in GATA-3 mRNA and protein expression levels in healthy children and pediatric patients with acute lymphoblastic leukemia.
(A) RT-PCR, (B) ELISA, and (C) western blot analysis. The mRNA and protein expression levels of GATA-3 genes in healthy children are significantly lower

than those in patients with acute lymphoblastic leukemia, "P<0.05.
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Figure 3. Differences in mRNA and protein expression levels of GATA-3 genes in healthy children and child patients with myeloproliferative disorder.
(A) RT-PCR, (B) ELISA, and (C) western blot analysis. The GATA-3 mRNA and protein expression levels in healthy children are significantly lower than those

in patients with myeloproliferative disorder, 'P<0.05.

(269.3+31.4 ug/l) was significantly higher than that in healthy
children (69.3+15.2 ug/l), and there was a significant differ-
ence between the two groups (P<0.05). The results of western
blot analysis were consistent with those of ELISA as is evident
in Fig. 4C. The protein expression levels of GATA-3 in patients
with acute non-lymphocytic leukemia were significantly
higher than those in healthy children.

Differences in mRNA and protein expression levels of
GATA-3 between healthy children and pediatric patients

with thrombocytopenic purpura. The results shown in Fig. SA
show the average mRNA expression level of GATA-3 in
healthy children was significantly lower than that in pediatric
patients with thrombocytopenic purpura (P<0.05). At the
same time, the protein expression levels of GATA-3 obtained
via ELISA, show significantly higher levels in patients with
thrombocytopenic purpura (272.1+39.1 pg/l) than in healthy
controls (69.3+15.2 ug/l), and there was a significant differ-
ence between the two groups (P<0.05). The results of western
blot analysis were consistent with those of ELISA. The protein
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Figure 4. Differences in GATA-3 mRNA and protein expression levels in healthy children and pediatric patients with acute non-lymphocytic leukemia.
(A) RT-PCR, (B) ELISA, and (C) western blot analysis. The mRNA and protein expression levels of GATA-3 genes in healthy children are significantly lower

than those in patients with acute non-lymphocytic leukemia, "P<0.05.
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Figure 5. Differences in GATA-3 mRNA and protein expression levels in healthy children and children with thrombocytopenic purpura. (A) RT-PCR,
(B) ELISA, and (C) western blot analysis. The mRNA and protein expression levels of GATA-3 genes in healthy children are significantly lower than those in

patients with thrombocytopenic purpura, ‘P<0.05.

expression levels of GATA-3 in patients with thrombocyto-
penic purpura were significantly higher than those in healthy
children (Fig. 5B and C).

Changes in the protein expression levels of GATA-3 in
pediatric patients with different blood diseases at different
disease progression times. In the study, the protein expression

levels of GATA-3 in pediatric patients with blood diseases
were detected via ELISA on repeated occasions to determine
variations over the course of the disease. The results are shown
in Fig. 6. It can be seen that the protein expression levels of
GATA-3 in patients with hematologic malignancies, acute
lymphoblastic leukemia, myeloproliferative disorder, acute
non-lymphocytic leukemia, and thrombocytopenic purpura
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Figure 6. Changes across time in the protein expression levels of GATA-3 in pediatric patients with different blood diseases.

increased gradually with time, indicating that the protein
expression level of GATA-3 is positively associated with these
hematologic disorders in children.

Discussion

In recent years, the incidence of hematologic disorders in
children has been on the increase worldwide. Thus, condi-
tions have become important public health issues requiring
improvements in diagnostic and therapeutic approaches (12).
Blood diseases are hematopoietic system dysfunctions of
diverse etiology (13), whose main clinical symptoms include
anemia, or bleeding, and fever. Research on the pathogenesis
of hematologic disorders suggests that multiple factors play a
role in the pathogenesis of the different disorders, including
chemical factors (carcinogenic drugs), physical factors (radia-
tion), biological factors (invasion by pathogenic bacteria), and
genetic immune deficiencies (14). It is thought that external
factors, such as radiation and/or chemical substances, cause
immune system defects in the body, leading to hematopoietic
system dysfunction, which is usually associated with resulting
genetic mutations (15).

Transcription factors play important regulatory roles on
the gene expression of various systems (16). Transcription
factors of the GATA family play important roles in the human
hematopoietic system (17). The GATA-3 transcription factor is
a zinc finger protein in the human body that is mainly involved
in the development, maturity, proliferation and differentiation
of T cells and other immune cells (18). For example, GATA-3
can specifically regulate Th2 cell differentiation through
regulation of the formation of Th2 and Thl (19). On this basis,
GATA-3 is considered to play an important role in various types
of leukemia. The GATA-3 gene products can participate in the
NF-«B signaling pathway, and the NF-«B signaling pathway,
in turn, acts as a tumor and cancer signal in other transduction
pathways in the body. Furthermore, previous findings showed

that blocking the NF-kB signaling pathway can significantly
reduce the mRNA expression level of GATA-3, although the
specific mechanism remains to be elucidated (20).

To the best of our knowledge, in this study, the correlation
between GATA-3 gene products and hematologic diseases in
children was investigated for the first time. The results showed
that the mRNA and protein expression levels of GATA-3 in
patients with hematologic malignancies, acute lymphoblastic
leukemia, myeloproliferative disorder, acute non-lymphocytic
leukemia, and thrombocytopenic purpura were significantly
higher than those in healthy children, and the differences were
statistically significant. Furthermore, the levels of GATA-3
mRNA and protein increased gradually in the affected pedi-
atric patients with the progression of disease. We suggest that
levels of GATA-3 products be determined in children to aid
diagnosis and treatment assessment of hematologic disorders.
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