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Abstract:

BACKGROUND: The genetic condition -thalassemia causes a deficit in the 3-globin chain. Goblins
are produced under the supervision of at least nine different genes. Thalassemia can be distinguished
from other disorders by changes in these genes, which can lead to issues with hemoglobin synthesis.
A typical side effect of thalassemia syndromes is iron overload, which raises the risk of mortality and
can cause organ damage. Blood ferritin levels as well as total iron of body reserves have a positive
correlation when there is no inflammation.

OBJECTIVE: The purpose of this study was to assess the ferritin level of an Iragi patient and the
relationship between p-thalassemia and gene expression of 3-globin.

MATERIALS AND METHODS: A case—control study included 60 samples with mean
age (17.76 + 0.88; 28 males and 32 females) which had been collected from patients who were
diagnosed with 3-thalassemia and 60 samples with mean age (22.7 + 0.75; 29 males, 31 females)
which were collected from apparently healthy individuals as a control group (CG). The procedure’s
outcome is monitored using polymerase chain reaction and the Fluorecare instrument.

RESULTS: Ferritin levels in thalassemia patients were higher than in CG patients. The p-globin
expression in the thalassemia group was significantly lower than in the CG. The discovery of two
essential sequences thymine-adenine-thymine-adenine and cytosine-adenine-thymine-adenine in
the B-gene promoter that are crucial in the start of transcription can account for this downregulation.
Changes made to these sequences decreased the affinity of transcription factors, which in turn
restricted the transcription of the messenger ribonucleic acid. Examples of these transcription factors
are erythroid Kruppel-like factor and specificity protein 1.

CONCLUSION: Ferritin can be a useful indicator of severe iron overload. The results showed that
the level of expression of 3-globin was dramatically downregulated within the thalassemia group as
compared with the CG future prospective of this study.
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or multiple of the many mutations in
the important genes is what causes it.!!l

Introduction

our fB-globin chains make the primary
adult hemoglobin A (HbA), a tetramer
comprising two molecules. A partial or total
lack in the synthesis of these chains results
in thalassemia, an autosomal recessive
form of chronic hemolytic anemia. A single
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Unpaired globin chains, which are prone
to instability and intracellular precipitation,
are the reason why red blood cell (RBC)
precursors in the bone marrow undergo
apoptosis and adult RBCs have a short
lifespan in the circulatory system.® Iron,
hemi.”l Changes in these genes, which may
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cause hemoglobin synthesis difficulties and distinguish
thalassemia from other disorders.”! The indications
of p-thalassemia include low levels of HbA when
hemoglobin is analyzed, microcytic hypochromic anemia,
and an abnormal peripheral blood smear with nucleated
RBC.PI Thalassemia intermedia patients present later in
life and have a less severe anemia that does not require
frequent blood transfusions. These people are at risk for
iron overload due to insufficient erythropoiesis, which
is brought by increased intestinal iron absorption.!®! The
development of organ damage and greater mortality
rates have been linked to iron overload, a common side
effect of thalassemia syndromes.”! These people begin
to experience iron accumulation in parenchymal tissues
around a year of beginning the routine transfusions.l
In addition, people who have nontransfusion-dependent
thalassemia may develop iron overload."! Compared
to the healthy people, the enhanced gastrointestinal
absorption of iron is substantially higher which is
probably caused by the paradoxical decreased hepcidin
in thalassemia intermedia.” Two genes from each
parent are responsible for producing B-globin protein
chains. If the individual has one gene defect, one has
mild signs and symptoms, and this condition is called
B-thalassemia minor or a B-thalassemia trait. The patients
with two genes and five abnormalities will have mild to
severe symptoms, this illness is known as thalassemia
major (TM) or Cooley's anemia.l'**! 150 million people
or 3% of the world’s population are thought to be
carriers of the -thalassemia gene. These carriers or
those with the characteristics of B-thalassemia are mostly
normal. Hence, following screening red cell indices
that reveal a decrease in mean corpuscular volume
and hemoglobin value. They are typically identified by
testing an elevated hemoglobin A2 level. The range of
molecular abnormalities in the 3-globin gene that cause
[B-thalassemia has been better understood over the last
8 years, suggesting that 99% of the world’s known
B-thalassemia genes are caused by gene abnormalities.!"”!

Hemoglobin switching is the process by which an embryo
develops into a fetus and subsequently into an adult by
manufacturing-like globin genes at various stages of
development. Adulthemoglobin becomes the predominant
hemoglobin and mutations affecting the adult hemoglobin
subunit beta (HBB) gene of -thalassemia.'®! The human
B-globin gene locus (11p) on chromosome 11 contains
the globin genes, which are among the most thoroughly
investigated and well-characterized gene loci in the human
genome. This locus’s genes are arranged like a telomere
centromere Gg-Ag-d-b."! Therefore, the purpose of this
study was to assess the relationship between 3-thalassemia
and gene expression using biochemical and molecular
biology instruments reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) to achieve the target
results.
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Materials and Methods

A case—control study of 120 patients at the Al-Diwaniyah
Teaching Hospital and the local B-thalassemia clinic
provided samples. Sample collection began from
November 2021 to May 2022, including (60) healthy
volunteers for the control group (CG) (G1) and (60)
thalassemia patients (G2). Five milliliters of venous
blood was drawn, 2 mL was immediately placed in
dipotassium ethylenediaminetetraacetic acid Vacutainer
tubes, and 3 mL was drawn into gel tubes, which help
with the appropriate separation of the serum. The serum
and whole blood were kept frozen at —80°C. The blood
sample was centrifuged (4000 x g) at room temperature
and 10 min. To evaluate various features, samples
were separated into Eppendorf containers as well as
refrigerated at —80°C.

Measurement of ferritin concentration

We employed a Fluorecare equipment, model MF-T1000,
and immunofluorescence kit from Microprofit BioTech,
China, for this test.

Measurement of the gene expression of 3-globin
promoter

A positive reaction in a real-time polymerase chain
reaction experiment is identified by the buildup of a
fluorescent signal. The cycle threshold (Ct) is the number
of cycles required for the fluorescent signal to reach the
threshold (i.e., to exceed the background level). Ctlevels
are inversely related to the amount of target nucleic
acid in the sample (i. e., the lower the Ct level, the more
target nucleic acid in the sample). Cts <29 are strong
positive reactions indicative of abundant target nucleic
acid in the sample; Cts of 30-37 are positive reactions
indicative of moderate amounts of target nucleic acid;
Cts of 38-40 are weak reactions indicative of minimal
amounts of target nucleic acid which could represent
an infection state or environmental contamination. The
Ct method delta delta Ct (Ct) was used to calculate the
quantities of actin messenger ribonucleic acid (mRNA)
transcripts and normalize them to the CG level. The
globin gene was amplified using the shown primers, and
the actin gene was amplified to serve as a housekeeping
gene [Table 1].0%

Quantitative reverse transcription real-time
PCR (RT-qPCR)

Two hundred microliters of total RNA was reverse
transcribed for gene expression investigation using
the TagMan® Reverse Transcription Reagents kit and
random hexamers. The RT-qPCR experiment employed
gene-specific double fluorescently tagged probes.
Prime Time® Gene Expression Master Mix 1X was used
in the reaction mixture, which had a final volume of
20 uL. Forward and reverse primer pairs (B-globin-F,
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Table 1: Primers for polymerase chain reaction

Primer name Sequence ‘5-3’

Target gene

Gene of interest

Internal reference gene (normalizer)

B-globin-F ATCCTGAGAACTTCAGGCTCCTGGG
B-globin-R GAGCTTAGTGATACTTGTGGGCCAG
B-actin-F CCACACTGTGCCCATCTACG
B-actin-R CCGTGGTGGTGAAGCTGTAG

B-globin-R, B-actin-F, and B-actin-R) were used at 1 pL
for each concentration. After a 2-min denaturation step
at 95°C, the reactions were run for 40 cycles of 15 s at
95°C, 60 s at 60°C, 35 s at 60°C, and 15 s at 60°C*! (this
experiment was carried out at the ADD BIO Inc.,
South Korea).

Ethical considerations

A written illustrative consent form was signed by all
parents/caregivers of the participating patients. This
study was performed according to the ethical rules for
medical research involving human participants of the
Declaration of Helsinki (1964). Ethical approval was
received from the Ethical and Research Committee of the
Department of Medical Chemistry, College of Medicine,
University of Al-Qadisiyah, Iraq.

Statistical analysis

The statistical analysis of the data was done by the
Statistical Package for the Social Sciences (SPSS)
version 22 (2013), (IBM, SPSS Inc, USA). For parametric
variables, an independent sample f-test was used, and
a Mann-Whitney U-test was used for nonparametric
variables. The correlation between dependent variables
was evaluated using Pearson’s correlation coefficient
analysis. The result was statistically significant when
P < 0.05.

Results

Serum level of ferritin in -thalassemia patients
The present study clarified a significant increase in
ferritin in comparison with the CG in patients having
B-thalassemia (P < 0.0001), as shown in Figure 1 and
Table 2.

Curves for the promoter and amplification of
B-globin

Figure 2a and b demonstrates the effectiveness of
B-globin promoter amplification. This demonstrates that
the RNA extraction and cDNA synthesis procedures
were successful. The internal reference gene B-actin is
used as a normalizer in the analysis of the amplification
curves for the tested samples.

Melting curve analysis

Figure 3a and b shows the melting curve analysis
of the amplified products of the B-globin promoter
gene (Interested gene). It exhibits a high level of

specific amplification in the absence of primer dimers
or nonspecific reactions.

Analysis of the RT-qPCR gene expression data
B-globin promoter gene

Comparison of fold changes between controls and
patients expressing the globin promoter gene. This
shows a significant downregulation in the expression of
B-globin in the thalassemia group compared to the CG.
The average fold change in expression of the -globin
promoter gene in the comparing groups is 2.3 in the CG
and 0.12 in thalassemia patients [Figure 4].

Discussion

In the present study, the patients with B-thalassemia
exhibited a significantly elevated concentration of
ferritin in comparison to healthy subjects. A typical
side effect of thalassemia syndromes is iron overload,
which raises the risk of organ damage and increased
death. The findings of the current study were consistent
with those of the earlier investigation,?”! When
thalassemia patients' ferritin levels were compared
to normal people, they found higher ferritin levels.
Elevation of serum ferritin (SF) in the patients with
B-thalassemia and other hemoglobinopathies can be due
to long-term gastrointestinal absorption instead of iron
supplementation in the short term.*"! With the passage
of time, repeated blood transfusion can lead to liver
disorders due to the accumulation of iron in hepatocytes.
Along with the transaminases (alanine transaminase,
aspartate aminotransferase, and gamma-glutamyl
transferase), SF can be regarded as an additional type
of liver function test in liver disease because injured
hepatocytes leak ferritin into the blood circulation,
leading to elevated levels of ferritin.”! While anemia
patients benefit greatly from blood transfusions,
prolonged transfusions invariably result in iron overload
since humans are unable to effectively eliminate excess
iron.®! A structural gene that codes for -globin is
located on chromosome 11 in a cluster with other p-like
genes.? Five functional genes make up the cluster: €
hemoglobin E, Gy hemoglobin subunit gamma 2, Ay
hemoglobin subunit gamma 1, § hemoglobin subunit
delta, and  (HBB). These genes are positioned on the
chromosome in accordance with the order in which
their expression occurs during development to produce
distinct Hb tetramers.® The nondeletion mutations
that can be found within the gene or in the sequences
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Table 2: The serum levels of ferritin in p-thalassemia patients

Parameter Statistics Control group Patient group P
Ferritin (ng/mL) Mean 101.1 4351.10 <0.0001

Median 89.5 3322.5

SD 41.17 3345.26

SE 5.823 473.092

Minimum 55 328

Maximum 234 12,000

Range 179 11672

IQR 21 5449.7

The coefficient of variation 40.60 76.88

Kolmogorov—Smirnov?@ 0.000 0.000

Shapiro-Wilk 0.000 0.000

aLilliefors significance correction. SD=Standard deviation; SE=Standard error; IQR=Interquartile range
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Figure 1: Comparison of the ferritin levels ng/mL between control and patient groups
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Figure 2: (a) The amplifying curve of the investigated samples represents the
[3-globin promoter gene. (b) Amplification curves of the examined samples with the
internal reference gene f-actin serving as a normalizer for the experiment

that immediately surround it include minor insertions
and deletions of one to several bases, as well as single
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base replacements. They suppress the B-globin gene
at nearly every known step of its expression, such as
mRNA translation, RNA processing, and transcription.
B° thalassemia is caused by approximately 50% of
nondeletion mutations that totally inactivate the B-gene
and prevent the production of B-globin.*! A feature of
Br-thalassemia is reduced  chain synthesis, which is
brought by changes in the promoter region (CACCC
or thymine-adenine-thymine-adenine [TATA] box).
A diagnosis of mild or silent sickness is made according
to the degree of B-globin chain reduction.? The results
of our investigation showed that -globin expression of
the thalassemia group was dramatically downregulated
in comparison with the CG. Two sequences are essential
for the initiation of transcription in the f-gene promoter:
the TATA box, which establishes the starting location,
and the duplicates of CACCCC (distal and proximal),
which establish the starting frequency. Changes to these
regions inhibit the transcription of mRNA by lowering
the binding affinity of transcription factors including
specificity protein 1 and erythroid Kruppel-like
factor.”! The current study’s findings supported

- Volume 14, Issue 4, October - December 2023
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Figure 3: (a) Analysis of the melting curves of the amplified products of the gene of interest, the 3-globin promoter. (b) Melting curve study of 3-actin amplification products
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Figure 4: Comparison of fold changes between controls and patients expressing
the globin promoter gene

previous research which showed that the globin gene
can be downregulated by a variety of molecular lesions,
such as point mutations, small deletions of only the HBB
gene, and large deletions of the entire globin cluster.
A comparative CT method (AACt) used reference gene
and gene of interest to determine the relative quantity
of target nucleic acid sequence in samples where AACt
= ACt (sample) — ACt (reference gene).’ In the current
study, our technique revealed that patients with
thalassemia had increased expression of the interest gene
when compared to the internal reference gene.

Conclusion

The findings revealed that f-globin expression was
significantly lower in the thalassemia group compared
to the CG in Iraqi patients. Request for a meritorious

investigation of the occurrence and genetic role of TM
patients in AlQadisiyah governorate, Iraq.
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