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Abstract

Acute myeloid leukemia represents the most prevalent type of acute leukemia in
adults .Mutations in the tumor protein (TP53) gene have been found in more than
half of all human cancers. This study was done to investigate the relationship
between TP53 gene expression and the appearance and progression of acute myeloid
leukemia in Irag. This study included 100 subjects, divided into 60 patients suffering
from pre-diagnostic acute myeloid leukemia and 40 healthy individuals. The
difference in TP53 gene expression between acute myeloid leukemia patients and
healthy individuals has been investigated, and the gene expression of TP53 has been
measured after extraction of total RNA at concentrations (15-83 ng/ul) and purity
(1.76-2). Gene expression has involved calculating the double ACt value to assess
TP53 expression in the presence of the GAPDH gene as a reference gene. Results
showed that gene expression folding (2*“") reflects significant differences in TP53
gene expression. There was overexpression (up-regulation) of the TP53 gene in
acute myeloid leukemia patients (mean £ SD: 2.29+2.12) compared with controls (1
+ 0.43), with a p=0.04.

Keywords: Acute myeloid leukemia, Gene expression, qPCR, Tumor protein
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1. Introduction

Acute myeloid leukemia (AML) is the most common type of leukemia in adults. It is a
disorder in which undifferentiated myeloid precursors (blasts) grow quickly in the bone
marrow and peripheral blood, causing the bone marrow to fail and erythropoiesis to work less
well [1, 2]. Hematopoietic stem cell genetic and epigenetic alterations have been found to be
crucial in AML pathogenesis [3]. Several studies show that 70% of the repeated mutations in
AML patients are caused by gene expression regulators like splicing machinery parts,
transcription factors, and epigenetic proteins [4]. The tumor suppressor gene (TP53) is present
on the short arm of chromosome 17 (17p13.1) and encodes the protein p53. In response to
cellular stress like DNA damage, there are increases in the levels of transcription genes that
are responsible for DNA damage repair, cell cycle arrest, and apoptosis. As a result, defects in
the p53 protein's function are expected by mutations of this “guardian of the genome,”
allowing cells to be underlying for programmed cell death (apoptosis) to avoid it and promote
the development of cancerous diseases [5, 6]. Mutations in the TP53 gene are found in about
half of human malignancies and about 20% of newly diagnosed AML [7]. The progressive
excess of altered patterns of gene expression as a result of genetic aberrations and epigenetic
programs is a critical issue in the molecular understanding of tumorigenesis. Several elements
are known to be involved in gene expression regulatory mechanisms. Some have been
investigated for decades, and their mechanisms are well understood. Others are still being
worked out. As it turns out, many things affect gene regulation in malignancies. These include
direct changes in the DNA sequence (inversions, deletions, and insertions; gene fusions; copy
number variation; translocations; single nucleotide variants, etc.) that affect the sequences of
genes, regulatory sequences, or transcription factor genes, as well as changes in post-
translational and epigenetic factors [8, 9]. The accumulation of knowledge about epigenetics
and genetics in leukemia allows for the identification of new potential biomarkers and the
investigation of new targeted therapies [10]. The goal of this research is to determine the
TP53 gene's expression in the blood samples collected from pre-diagnosed acute myeloid
leukemia patients and apparently healthy controls.

2. Materials and Methods

2.1 Blood samples from leukemia patients: One hundred human blood samples, including
forty from healthy control adults and sixty from adults diagnosed with acute myeloid
leukemia, were taken from Baghdad Teaching Hospital at Baghdad Medical City (from
March 2021 to September 2021). Whole blood samples were collected in EDTA tubes, and
200 pl of each blood sample was mixed with 600 pl of Genezol in an Eppendorf tube.

2.2 Extraction of RNA and synthesis of cDNA: Total RNA extraction (mRNA) was
performed from samples using the GENEzol ™ Reagent (Geneaid, Korea) kit by adopting the
manufacturer’s protocol. The absorbance of extracted RNA at 260/280 nm has been measured
to determine its purity and concentration by using the NAS-99 spectrophotometer.
Complementary DNA (cDNA) has been synthesized from 5 pl of RNA by using
the Transcript One-Step gDNA Removal and cDNA Synthesis SuperMix Kit.

2.3 Primers selection and preparation: Two primers have been used for estimation of TP53

expression: a specific primer for the TP53 gene and another primer specific for the
housekeeping gene, referred to as glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a

5616



Dawood and Mohammed Iragi Journal of Science, 2023, Vol. 64, No. 11, pp: 5615- 5623

glycolytic enzyme, and the transferring receptor, which is used as a reference gene (internal
control) for calculating the ACt value [11]. These two primers were obtained in lyophilized
form from the Bioneer Company (Korea). Table 1 shows the sequences of these primers.
Stock solutions with 100 pmoles/ul of each primer have been prepared from the lyophilized
form of primers after dissolving in 150 pl of nuclease-free water based on the manufacturer's
instructions and being preserved at -23 °C. The 10 pmoles/ul of work solution has been made
by diluting 10 pL of primer stock solution in 90 pL of nuclease-free water and preserving it at
-23 °C until use.

Table 1: Primers used in the study
Primer F: Forward Sequence (5'—3') direction

TP53-Tumor protein

AGGCTGTGTTCAAGTGGTTCTGA

ACAAAAATTAGCGGGGCGTGG

GAPDH- Glyceraldehyde 3-

GAAATCCCATCACCATCTTCCAGG

GAGCCCCAGCCTTCTCCATG

2.4 Relative quantitative PCR conditions and analysis: PCR reactions have been done
using the TransStart Top Green gPCR Super Mix Kit to detect the synthesis of dsDNA.
Reactions have been done in 20 ul volumes, including 1 pl of every primer, 3 pl of cDNA, 5
pl of nuclease-free water, and 10 pul of Green Master Mix Reagent. The PCR program
conditions in this study include a step of denaturation at 94 °C for 30 seconds, then 40 cycles
of denaturation at 94 °C for 5 seconds, annealing at 58 °C for 15 seconds, extension at 72 °C
for 20 seconds, and finally the melting curve at 65-95 °C.

2.5 Calculation of TP53 gene expression

Expression levels have been normalized against housekeeping genes. The GAPDH and
levels of gene expression have been calculated according to the real-time quantification
method [12], in which the fold change is used to report the results. The 27%*“" method has
been utilized for assessing the level of transcription between various samples. The target
gene's CT value has been standardized to that of the internal control gene. The differences in
values of cycle threshold (Ct) between GAPDH (the housekeeping gene) and TP53 (the target
gene) have been assessed. The following equations summarize the optimal calculations to find
the folding for any gene and compare it to the groups it has been applied to.
Folding=2"4<"
ACt (TeSt) =Ct target qene—CT internal control.
AACt=ACt target gene'ACt internal control

2.6 Statistical analysis: One-way ANOVA and the T-test were used to significantly compare
means and parametric variables. The results have been reported as the mean + standard
deviation. The differences have been deemed significant if p values <0.05. Statistical analysis
has been done using IBM SPSS 66 Statistics [13, 14].
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3. Results and Discussion

3.1 Quantification of GAPDH expression by gPCR: The GAPDH gene is the housekeeping
gene that has been used in this study. The results of the Ct value for the GAPDH gene
between pre-diagnostic AML and control groups ranged from 23 to 25, with mean £SD Ct
values of (24.23 £ 0.74) and (24.29 + 0.56) in the pre-diagnostic AML and healthy groups,
respectively, and there were no significant differences in the Ct value means of GAPDH
between these two groups (p = 0.67), as mentioned in Table 2. The GAPDH gene dissociation
curves and amplification plots are shown in Figure 1, A, and B.

Table 2: Comparison between study groups regarding GAPDH fold expression levels

24.23+0.74 2.29+2.12

24.29 + 0.56 1+0.43

0.67 NS 0.04*

The use of housekeeping genes in investigations of molecular biology depends on the
assumption that their expression levels remain constant from one cell to another, from one
sample to another, from therapy to therapy, and from one patient to another. The GAPDH
gene is one of the most widely used housekeeping genes in comparisons of gene expression.
The expression of 1.718 genes in 72 types of normal human tissue was investigated using
gRT-PCR with GAPDH as a reference gene. When used in clinical studies, they found that
using the GAPDH gene as a normalization approach in qRT-PCR is a very dependable
method [15].
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Figure 1: A. GAPDH gene amplification was plotted using gPCR samples from all research
groups.

CT values ranged from 23-25; B. GAPDH gene dissociation curve using qPCR samples that
covered all research groups The melting temperature varied from 78 to 83 °C. These images
were captured using the Qiagen Rotor Gene Q gPCR apparatus.

3.2 Quantification of TP53 expression by qPCR: Amplification of the target gene has been
achieved by real-time PCR. The results showed the mean = SD Ct values of TP53 cDNA
amplification in pre-diagnostic AML patients and control groups (29.60+ 2.81 and 30.86%
2.38, respectively), as mentioned in Table 3. The results of the mean Ct differed significantly
between these two groups. The mean Ct values in the healthy group were higher than in the
patient group. This result reflects the original mMRNASs present in the samples. Furthermore,
the patient group is associated with an increased copy number of mRNA, suggesting its
higher expression in the pre-diagnosis AML patient group compared to the healthy group, and
increased expression of the TP53 gene in all patient groups, suggesting that TP53 can be
employed as a diagnostic marker for AML.

5619



Dawood and Mohammed Iragi Journal of Science, 2023, Vol. 64, No. 11, pp: 5615- 5623

Table 3: Comparison of TP53 gene in Ct, ACt values (Mean + SD) between investigation
groups

Study Groups Mean * SD of

TP53 GAPDH TP53
Ct value Ct value ACt value
Group 1: Patients 29.60+ 2.81 24.23+0.74 5.50+ 2.26

Group 2: Healthy 30.86+ 2.38 24.29 + 0.56 6.28+ 2.31
p-value 0.02* 0.67 NS 0.02*

For every sample, each quantitative PCR reaction has been performed twice. Acute
myeloid leukemia patients’ and controls’ samples were run alongside non-primer and non-
template controls. This is necessary to do the statistical computation for both groups and to
provide a calibrator. Each run has plots, including amplification plots and dissociation curves.
Figure 2A and 2B show the amplification plots and dissociation curves for the TP53 gene.

A

09

——

Figure 2: A. TP53 gene amplification has been plotted by using qPCR samples that covered
all research groups. The Ct values were different between 23 and 35. B. TP53 gene
dissociation curves using gPCR samples that covered all research groups. The melting
temperature is different from 86-87 °C. These images were captured by the Qiagen Rotor
Gene Q gqPCR.
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3.3 The TP53 gene's Ct (cycle threshold) values normalization: A quantitative real-time
PCR test has been used in this study to evaluate TP53 gene expression and compare it
between acute myeloid leukemia patients and healthy control people. The relative
quantification equation has been used to determine gene expression fold changes [16]. This is
based on normalizing the Ct values of the TP53 cDNA to the GAPDH (it is conceded ACt).
The mean of ACT (Ct values normalized) for every group in this study is mentioned in Table
4. The ACt means were (5.50% 2.26) in the pre-diagnostic AML patient group and (6.28 +
2.31) in the healthy group, with significantly different (p = 0.02).

The 2 **“* were used by each study group to assess the TP53 gene expression. The results
showed that the 222 was (2.29 + 2.12) in the pre-diagnostic AML patient group, while the
mean value of the 2" **“ was (1+ 0.43) in the healthy group. It was found that the mean of 2’
AACt differed significantly between these two groups (p = 0.04), as mentioned in Table 4. That
means the 2° **“* mean of AML patients yields the highest fold of TP53 gene expression as
compared with the healthy group. The TP53 gene is overexpressed in AML, as in many other
solid tumors. This result largely agrees with previous work showing that p53 is overexpressed
in myeloid neoplasms [17].

In normal cells, the tumor suppressor protein TP53 has a very limited half-life and is
present in small amounts inside cells. It's stabilized in the nucleus in response to different
kinds of stress and operates primarily as a transcription factor to activate genes involved in
senescence, apoptosis, and growth arrest and also improve DNA repair based on the kind and
strength of the signal. Changes in the TP53 gene are the most prevalent genetic alterations
identified in human malignancies. The mutated TP53 gene has a longer half-life than the
normal p53 protein. The mutation of the TP53 gene often results in overexpression of the p53
protein [18]. Many tumors caused by mutations in TP53 express high levels of mutant p53
protein and have a loss of the other TP53 allele. In fact, high levels of mutant p53 protein
expression can be employed as a diagnostic marker for cancers caused by TP53 gene
mutations [19]. Three different things can result in tumorigenesis when the mutant p53
protein is overexpressed: 1. loss of activity of wild-type p53; 2. dominant negative effects on
the wild-type p53 protein early in transformation prior to loss of the wild-type TP53 allele; 3.
mixed tetramer formation including both mutant and wild p53 proteins; and 3. de novo gain of
functions regulated by mutant p53 protein that interacts with other tumor suppressors (e.g.,
p63, p73) and transcription factors [20].

Table 4: The TP53 expression fold based on 2-*2“* method
Mean = SD of

Study Groups

TPS3 ACT AACT g 8aCt
Ct value
Group 1: Patients 29.60 + 2.81 5.50+ 2.26 2.81+2.62 2291212
Group 2: Healthy 30.86+ 2.38 6.28+ 2.31 242+ 2.31 1+0.49
p-value 0.02* 0.02* 0.02* 0.04*

4. Conclusions

The gene expression of TP53 was determined in this study with 40 apparently healthy
individuals and 60 AML patients using GAPDH as a reference gene. The results showed that
there was no significant correlation between Ct values of the GAPDH gene in AML patients
and control groups with p = 0.67, but there was a significant correlation between Ct values of
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the TP53 gene in AML patients and control groups with p = 0.04; thus, from this study, it can
be concluded that there is increased TP53 gene expression in AML patient groups as
compared to control groups.
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