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Abstract

Beta thalassemia is a genetic blood disorder that affects around 1.5% of the
world's population. Beta globin, an essential component of hemoglobin, is involved
in the development of this disease. The HBB gene, also known as the hemoglobin
subunit beta gene, has been the focus of extensive studies, considering its crucial
role in the production of hemoglobin. The associations between the HBB gene and
various miRNA (miRNA) that serve as essential regulators of gene expression have
been the subject of many investigations. In the current investigation, many blood
indicators of thalassemia were assessed, RNA was extracted, cDNA was created,
and quantitative real-time PCR was used to measure the expression of the HBB
gene and miR-361-3p. The results showed a significant increase in the levels of
ferritin and WBC in the patient group with a high significant difference (P< 0.01),
while the HB value decreased in the patients with a high significant difference.
Molecular results showed an increase in the gene expression level of the HBB gene
with a value of (1.909) while a decrease in the gene expression level of the micro
gene in thalassemia patients compared to the control group with a value of (0.692).
The findings demonstrate that the downregulation of miR-361-3p results in an
upregulation of its target genes, including HBB, leading to impaired erythropoiesis
and abnormal red blood cell morphology, which are consistent with the
pathophysiology of B-thalassemia. Consequently, it can be inferred that miR-361-3p
plays a critical regulatory role in the pathogenesis of p-thalassemia by modulating
HBB gene expression. The current study is limited by its small sample size, focus
on a specific age group and single target gene. Future studies with a broader scope
are recommended to overcome these limitations.

Keywords: p-thalassemia, Hemoglobin beta subunit (HBB) gene, miR-361-3p,
Gene expression, complementary DNA.
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1. Introduction

Beta thalassemia is the most severe form of inherited disorders. A genetic hemoglobin
abnormality dubbed thalassemia is characterized by a decrease in red blood cell counts
relative to normal and a low hemoglobin level [1]. Thalassemia is a potentially fatal
hereditary anemia that can cause health problems if left untreated. The oxygen-carrying
protein hemoglobin is reduced in thalassemia, which causes anemia symptoms like
exhaustion and anxiety to develop [2]. In numerous regions of Iraq, the frequency of -
thalassemia (PB-thal) carrier states varies from 3.7% to 4.6%, suggesting a very varied
spectrum of mutations among the primarily Arab population in central Iraq. Numerous
origins, including Mediterranean, Asian, Indian, Turkish, Kurdish, Iranian, Egyptian, and
Saudi Arabian origins, are responsible for these alterations [3]. Hemoglobin (Hb) has a higher
affinity for oxygen in familial erythrocytosis-6, which leads to compensatory polycythemia
and reduced oxygen transport to peripheral organs. Because compensatory polycythemia
ensures appropriate oxygen tissue delivery, patients are typically asymptomatic, and one of
the prominent genes is hemoglobin subunit beta (HBB), which has been linked to the
erythrocytosis familial-6 gene family. The decreases in detectable beta globin levels
constitute a hallmark of beta-plus thalassemia. The National Center for Biotechnology
Information (NCBI) describes the location of the HBB gene, which has been identified at
11p15.4, Exon count:3, as one of the erythrocytosis familial-6 (ECYT6) genes [4].

According to previous investigations carried out on the HBB gene, a vital function of this
gene in the synthesis of hemoglobin (a protein that carries oxygen throughout the body) has
been the subject of plenty of studies [5]. Important modulators of gene expression are
miRNA. MiRNA is highly dysregulated in disease, even though it influences a broad
spectrum of biological functions [6]. A class of small non-coding RNA molecules known as
miRNAs is essential for controlling the expression of certain genes. Their primary
mechanism of action involves binding to the 3' untranslated region (3' UTR) of target
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messenger RNAs (mRNAs), which results in either mRNA destruction or translational
suppression. Numerous cellular functions, including development, differentiation, and
reaction to external stimuli, depend on this complex process; also, gene expression control by
miRNA is a complex and multidimensional process; because of the imprecise nature of
miRNA-mRNA binding, experimental validation is essential even when computational
approaches may predict expected miRNA targets [7]. A complicated network of interactions
can result from a single miRNA targeting many mRNAs and multiple miRNAs regulating a
single mRNA, miRNA activity is dynamic and depends on environmental inputs,
developmental stage, and cellular context. With their target genes, miRNAs can also create
complex regulatory networks and feedback loops; the epigenetic changes affect miRNA
expression and activity, making this process even more difficult. Also, a number of human
diseases have been linked to dysregulation of miRNA expression and activity, highlighting
the importance of comprehending these complexities in order to create effective therapeutic
approaches[8].

In an attempt to effectively reduce the expression of target mRNAs, miRNA typically
interacts with their 3’ untranslated region (3’ UTR), 5" UTR coding sequence, or gene
promoter [9]. Nonetheless, in some cases, they have been shown to act on certain genes and
regulate transcription as well. Moreover, the control that miRNA exerts over their target
genes is also complex and depends on a lot of factors like the localization of miRNA in the
cell, the level of miRNA and target mRNAs, and the strength of the binding miRNA-target
interactions[10]. The essences of beta-thalassemia are accountable to the existing miRNAs
that control genes that are responsible for erythropoiesis, iron metabolism, and oxidative
stress. Further investigations in this field can result in the development of novel therapies for
this crippling disease which constitutes almost all major pediatric illnesses[11].

The miRNA has two ways to penetrate target cells: either through the proteins it binds to
or via secretion into the extracellular fluid, from where they can be internalized by exosomes.
The presence of extracellular miRNAs enables them to act as active participants in cell
physiology and pathology and regulate cell-cell interactions [12]. MiRNA 361-3p is known
to be an essential aforementioned factor for several cell biological activities such as cell
proliferation, differentiation, and apoptosis [13, 14]. A wide range of studies have been
conducted to explore the relationship Between HBB gene and various miRNAs like miR-361-
3p. MicroRNAs, which are small and non-coding RNA molecules, are key components of
gene expression regulation [15]. While older studies have hinted at the possibility of miR-
361-3p having a role in hematopoietic cancers, this is the initial analysis done on its function
on thalassemia. Studies have indicated that the other potential role of miR-361-3p could be in
the initiation and or progression of certain hematological malignancies like multiple
Myeloma Thalassemia which has the ability to diminish the cell’s viability while increasing
apoptosis or programmed cell death in lymphoma, which seems to be due to the Wnt/B-
catenin signaling pathway which is essential for the pathogenesis of lymphomas [16, 17].

Restoring some miRNA levels or inhibiting its target genes could potentially improve
erythropoiesis and iron metabolism, thereby alleviating the symptoms and complications of
thalassemia. However, further research is needed to fully understand the role of miRNA in
thalassemia and its potential therapeutic applications[18]. In considering the significant role
that the HBB gene contributes in the onset and progression of thalassemia, besides the
numerous mutations that have been found to affect this gene and its function, and in light of
the most recent discovery of the critical function of some miRNA which has been shown to
target specific genes and regulate gene expression a molecular marker for diagnosis in the
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future. The present investigation tracked thalassemia patients; therefore, the objective was to
evaluate the detrimental impact of miR-361-3p's gene expression on the HBB gene in Iraqi
thalassemia patients by monitoring their gene expression.

2. Methods
Patients and Controls

The current investigation comprised one hundred participants as a case-control study from
the Medical City Hospital in Baghdad between November 2021 and February 2022. Ethical
approval was obtained from the University of Technology and Baghdad Health Directorate
(Reference No. 340, Nov 25, 2022). Additional approvals were secured from the
administration of Medical City Hospital in Baghdad, as well as private clinics and
laboratories, with informed consent from each patient after explaining the study's purpose. 3
mL of whole blood collected through EDTA tubes. Obtaining a blood sample from
thalassemia patients, getting a doctor to verify the diagnosis, and then keeping the blood
sample in TRIZOL to prevent RNA degradation.

Inclusion Criteria

Patient group: participants must have a confirmed diagnosis of beta-thalassemia based on
a medical report. Participants should not have any other known genetic disorders.
Healthy controls: Control participants should be in apparent good health and have no known
blood disorders.

Exclusion Criteria

Patient group: Patients with alpha-thalassemia or other types of thalassemia should be
excluded. Any participant with another blood disorder, whether hereditary or acquired,
should be excluded. Healthy controls: should have no family history of thalassemia or other
blood disorders

RNA Extraction

Using (TransZol Up Plus RNA Kit, TransGen Biotech company, China) with cat .no
(ER501-01). Following the manufacturer's procedure, total RNA was directly extracted from
the whole blood sample.

Concentration and Purity measurement

Using the (NANODROP ONE®, Thermo Fisher Scientific, USA), the concentration and
purity of extracted RNA were assessed to evaluate the suitability of samples for RT-qPCR
analysis. The RNA values in the samples varied between 45 and 60 ng/ul. The RNA sample
was deemed to be pure when its absorbance was measured in a range of 2.0 to 2.2. The
A260/A280 ratio was used to measure the purity of the sample at two distinct wavelengths.

Complementary DNA synthesis

The (EasyScript® One-Step gDNA Removal and cDNA Synthesis Super Mix, TransGen
Biotech, China) was used for verifying the cDNA synthesis. Reaction mix, anchored oligo
dT, random primer, genomic DNA remover, RNase-free water, reverse transcriptase, and the
extra total RNA were added as templates as needed for cDNA synthesis. Three steps are
involved in a thermal cycler: the first is 10 minutes at 25 °C, the second is 15 minutes at 42
°C, and the final stage is five seconds at 85 °C to inactivate the enzyme

Primers
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The current investigation's primers were developed especially for the Canadian company
Alpha DNA Company. When the sequences arrived, they were lyophilized and then diluted
with nuclease-free water until they reached a concentration of 10 pmol/ul. Table 1 displays
the primers used in the study arranged following their reference sequence.

Table 1: Primers used in the current study.

Primer Sequence (5'—3' direction) Tm (°C) grz‘;?;‘;)t
HBB gene
Forward GAAGGCTCATGGCAAGAAAG 60 199
Reverse CACTGGTGGGGTGAATTCTT 60
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) Gene
Forward GAAATCCCATCACCATCTTCCAGG 62 120
Reverse GAGCCCCAGCCTTCTCCATG 60
miR-361-3p
Forward TCCCCCAGGTGTGATTCTGATTT 68
Reverse CGAGGAAGAAGACGGAAGAAT 62
miRNA-U6
miRUG6 F.P. AGAGAAGATTAGCATGGCCCCT 60
miRNA-universe R.P. GCGAGCACAGAATTAATACGAC 62

Quantitative real-time PCR

The reaction was carried out using a final reaction volume of roughly 20 pl following the
manufacturer's instructions using a Real-Time PCR instrument (Rotor-Gene Q, QIAGEN,
Germany). It was established that 10 pl of the Master mix containing Syper Green dye would
be sufficient to set up the required amount of reactions. To finish the reaction, 1 ul of each
forward and reverse primer, 5 pl of nuclease-free water, and 3 pl of cDNA template were
added. The temperatures and stages of gene expression are shown in Table 2.

Table 2: Stages and temperature of qRT PCR for U6, GAPDH, HBB, and miR-361-3p genes

Stage Temperature °C Time /Sec. Cycle
Stage 1 Denaturation 94 60 1
Denaturation 94 5
Stage 2 Annealing 58,56,52 15 35
Extension* 72 20
Stage 3 Dissociation 65-95 1 1

Statistical analysis
The levels of ferritin, hemoglobin, and white blood cells were compared between groups

using the Mann-Whitney U test, a non-parametric test suitable for non-normally distributed
data. This analysis was performed using Statistical Package for the Social Sciences (SPSS)
version 26. The fold change in gene expression levels of the HBB gene and miR-361-3p was
calculated using the 22" and 22! methods. Additionally, the correlation between the HBB
gene and miR-361-3p expression levels and the study parameters (ferritin, hemoglobin, and
white blood cells) was assessed using Spearman's correlation coefficient in SPSS.

A P-value < 0.05 indicates a statistically significant difference or correlation, while a P-
value < 0.01 suggests a highly significant difference or correlation [19, 20].
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3. Results
According to age

According to the current study, there were no significant differences between the mean +
SE among age for patients and healthy individuals, which were (11.04 + 0.47) and 15.74 +
0.59), respectively, with a P-value of 0.7, as shown in Table 3.

Table 3: Mean + SE of Age among study groups

Groups Mean +SE P- value
Patients 11.04 £0.47 0.7
Control 15.74 £ 0.59 ’

According to Gender

According to the gender investigations, the percentage of males in the patients and
healthy groups was (48%) and (56%), respectively, while the percentage of females was
(52%) and (44%), respectively. With a P-value of 0.5, as indicated in Table 4, the findings
demonstrated that there were no significant differences among them.

Table 4: Number and percentage of males and females according to this investigation

Gender Groups Chi-square p-value
patients control
Gender male 24(48%) 28(56%)
female 26(52%) 22(44%) 0.641 0.5NS
Total 50 50

Hematology parameters investigation

Hematological parameters in the current study, such as ferritin, hemoglobin, and white
blood cells, do not undergo normal distribution. The median + SE deviation was measured by
the Mann-Whitney U test, as shown in Table 5.

Table 5: Hematology parameters of this study

Parameters Groups mediant SE P-value
Patients 3307.5+£548.15

Ferritin concentration (ng/ml) 0.001
Control 45.5+3.66
Patients 8.5+0.17

Hemoglobin (g/dl) 0.001
Control 14.2+0.79
Patients 14.5+1.39

White blood cell (¥10°/L) 0.001
Control 6.35+0.22

*Mann-Whitney U Test used
Molecular indicator result
Tables 6 and 7 illustrated the results of gene expression folding for the HBB gene and

miR-361-3p using two methods Act and Act calibrator method that demonstrates folding of
the HBB gene was (1.909) and miR-361-3p was (0.692).

Table 6: Fold Expression of HBB gene and their target miRNA according to Act method.
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mean target mean
Group g reference Act 27Act Experimental fold
gene
gene
HBB
Patients 20.02 14.7875 5.233 0.027 1.909 1.909+0.02
Control 21 14.835 6.165 0.014 | 1+0.00
miR- 361- 3p
Patients 18.497 12.35 6.147 0.014 0.692 0.692+0.03
Control 18.005 12.39 5.615 0.02 1 14+0.00

Table 7: Fold Expression of HBB gene and their target miRNA according to Act calibrator
method.

Group mean mean Act Act AAct  27AAct Experimental fold
target reference calibrator
gene  gene
HBB
Patients 20.02 14.7875  5.233 6.905 -1.56 2954  1.909 1.909
control 21 14.835 6.165 6.905 -0.59 1.505 1 1
miR-361- 3p
Patients 18.497 12.35 6.147 6.11 0.037 0.975  0.692 0.692
control 18.005 12.39 5.615 6.11 -0.5 1409 1 1

A
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Figure 1: The qRT-PCR output of the HBB gene. A: Amplification curve with threshold
cycle between (19-21). B: Melting curve.
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Figure 2: The qRT-PCR output of miR-361- 3p gene. A: Amplification curve with threshold
cycle between (17-19). Melting curve.

Correlation test

Table 8 and Figure 3 displayed the Spearman correlation coefficient factor that evaluated
some parameters of the current study, such as age, ferritin level, hemoglobin, white blood cell
(WBC) counts, and gene expression level for both HBB and miR-361-3p. The study revealed
that there is a moderate positive correlation between the miR-361-3p gene and both ferritin
levels and WBC, where the correlation coefficient values were (0.527) and (0.463),
respectively, with highly significant differences, where the P-value was 0.0001. The
correlation was negative between miR-361-3p and both hemoglobin levels and age, with a
highly significant difference and correlation coefficient values of (-0.578) and (-0.311),
respectively.

We conclude from this that the level of ferritin and WBC can be modulated by the miR-
361-3p gene, meaning that the low level of gene expression may be due to the low level of
ferritin and WBC. The negative correlation with hemoglobin level may be another indicator
that confirms that the miR-361-3p gene targets the HBB and hence causes deregulation and
unpredictability of the gene expression of the /BB gene in thalassemia patients.
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Table 8: Spearman’s rank correlation between parameters in the current study

Spearman’s rank correlation

Parameters . P-value
coefficient
Age & Ferritin -0.458%** 0.0001**
Age & HGB 0.338** 0.0001**
Age & WBC -0.188* 0.02*
Age & HBB 0.023 0.7 NS
Age & miR-361-3P -0.311%** 0.0001**
Ferritin & HGB -0.654** 0.0001**
Ferritin & WBC 0.555%* 0.0001**
Ferritin & HBB -0.078 0.3 NS
Ferritin & miR-361-3P 0.527%*%* 0.0001**
HGB & WBC -0.648** 0.0001**
HGB & HBB -0.072 0.3 NS
HGB & miR-361-3P -0.578%** 0.0001**
WBC & HBB -0.579%** 0.0001**
WBC & miR-361-3P 0.463** 0.0001**
HBB & miR-361-3P -0.029 0.7 NS
\‘?J\{\“\\Q
ferritin - $<bo aR
Sb@
wBc =%
- <&
A-361-3p - \zib%
P -
P -
- @
[ e — ]
-1 -0.8 -0.6 -0.4 -0.2 o 0.2 0.4 0.6 0.8 1

Figure 3: The Spearman correlation coefficient factor among study parameters.

The receiving operating characteristics (ROC) curve was evaluated for both the HBB gene
and miR-361-3p, where the sensitivity and specificity for the HBB gene were (50%) and
(74%) respectively, which demonstrated good discriminations, while the sensitivity and
specificity for miR-361-3p gene were 84% and 92%, respectively that exhibited excellent
discrimination, and consequently it may be used as a molecular biomarker to target beta-
thalassemia. Table 9 and Figure 4 illustrate the results.

Table 9: Receiving operating characteristics of HBB gene and miR-361-3p gene

Parameters AUC Cut off Sen% Sp% P-value
HBB gene 0.529 20.39 50% 74% 0.5
miR-361-3p 0.918 18.29 84% 92% 0.0001

*AUC: Area under curve, Sen:

sensitivity, SP: Specificity.
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Figure 4: ROC curve of HBB gene and miR-361-3p gene

4. Discussion

Beta-thalassemia, a hereditary condition distinguished by aberrant hemoglobin synthesis,
if untreated, may contribute to health issues, and it is potentially fatal inherited anemia [2].
With novel medicines signaling the start of a new era in thalassemia management, new
milestones have been accomplished, but both established and novel strategies need medical
knowledge from healthcare professionals, accessibility, affordability, and patient acceptance
and adherence [21]. The miRNAs are adaptable modulators of gene expression that are
essential for many biological functions. Gaining insight into the nuances and complexity of
miRNA regulation is crucial for comprehending the complex networks that control cellular
activity and creating innovative treatment strategies for diseases in humans [22]. Ferritin
levels were higher in thalassemia patients than in the control group, according to a study
conducted by Salih and coworkers in 2023; this finding was consistent with the concept that
iron overload acts as a prevalent consequence of thalassemia disorders, enhances the risk of
mortality and may cause organ damage. Furthermore, despite the absence of inflammation,
there is a positive association between blood ferritin levels and total iron reserves [23].
Thalassemia is a defect that stems from mutations in the genetics that control the synthesis of
hemoglobin (“sickle cell anemia”), which leads to a dysfunctional production of red blood
cells. There have been reports of the dysregulation of numerous single nucleotide
polymorphisms (SNPs) in a patient with thalassemia, which indicates its integration in the
discrepancy of disease mechanisms. This means that under the conditions of beta-
thalassemia, there is a chance that miR-361-3p can be utilized in modulating the expression of
HBB. Another genetic ailment resulting from a mutation of the HBB gene is sickle cell
disease (SCD) which also has possible therapeutic uses by concentrating on the specific miR-
361-3p. In studies performed on SCD mice models, it was demonstrated that the inhibition of
miR-361-3p resulted in higher expression levels of the HBB gene and improved functions of
red blood cells. These findings suggest that focusing on miR-361-3p could be an effective
approach to treating sickle cell disease [24].

The micro RNA produced from endogenous genes has greatly assisted in the regulation of
globin expression. In 2021, Wang et al., proposed that miRNA might function as biomarkers
in the diagnosis and prediction of the outcomes of patients with -thalassemia as well as
suggesting that a focused therapy that uses miRNA could be employed complementarily with
other therapies to target B-thalassemia more efficiently.[6] MiRNA, sometimes called non-
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coding RNA, is a type of RNA with a length of 22 bases that does not code for any protein. It
represses gene expression by binding to a previously mentioned region situated in the 3'UTR
of mRNA or coding RNA. This type of control is thought to occur in 30-50% of all genes.
MiRNA uses transcript degradation and translational inhibition as two of its many regulatory
strategies [25]. Salih and coworkers investigation, which examined the B-globin promoter
gene expression in P-thalassemia patients in the Al-Qadisiyah Governorate, Iraq, verified
earlier studies demonstrating that several molecular lesions, such as point mutations, small
deletions involving only the HBB gene, and large deletions involving the entire globin
cluster, can lead to downregulation of the globin gene[23].

The miRNA regulation is a complex process with multiple factors influencing its outcome.
Despite computational predictions, experimental validation is essential due to the imprecise
nature of mMiRNA-mRNA interactions. miRNAs form intricate regulatory networks,
impacting gene expression dynamically based on various factors. Understanding these
complexities is crucial for developing effective therapeutic strategies, especially considering
the link between miRNA dysregulation and human diseases [8]. The complex regulatory
processes involved in hemoglobin synthesis and the etiology of blood disorders are
highlighted by the associations observed between the HBB gene and miR-361-3p. Targeting
these links may have therapeutic benefits, but further investigation must be conducted to
completely understand the fundamental molecular pathways[26]. The expression levels of
miR-361-3p have been previously examined in different health disorders, such as cancer and
other blood disorders[16, 17]. The outcomes of the present investigation indicate that beta-
thalassemia patients had significantly lower levels of miR-361-3p gene expression compared
to controls. Subsequent analysis revealed an adverse correlation between miR-361-3p and the
HBB gene expression levels.

Investigators have been studying the possible correlation between the HBB gene and miR-
361-3p in great detail in the past few years; encoding the beta-globin portion of hemoglobin,
a crucial protein accountable for oxygen transport in red blood cells, is the BB gene, which
may be found on chromosome 11. The hemoglobinopathies, thalassemia and sickle cell
diseases have resulted from the mutations in the BB gene. The miRNA (miRNA) controlled
post-transcriptional changes in gene expression. The miR-361-3p has been demonstrated to
regulate the apoptosis, differentiation, and proliferation of the cells [24, 27,28], which
indicated a relation between the HBB gene and miR-361-3p. For example, miR-361-3p
directly targets and dysregulates the expression of the HBB gene in human red blood cell
disorder. Changes in erythroid differentiation and hemoglobin synthesis have been linked to
this downregulation [29]. In addition, the function of miR-361-3p in sickle cell disease has
also been studied. In that context, a correlation between aberrant hemoglobin synthesis and
higher expression of miR-361-3p and lower levels of HBB gene expression has been
confirmed [30]. When a miRNA and the 3'UTR sequence match approximately 70% identity,
it is thought that the miRNA can control the expression of a gene, indicating a high degree of
regulatory adaptability. As a consequence, a miRNA controls numerous mRNAs, and one
mRNA is controlled by multiple miRNAs. The association between miRNA and mRNAs
regarding regulation or non-regulation is intricate, involving "many-to-many" interaction
[31].

Previous investigations on miR-361-3p revealed similar results to the current study in the
case of decreased expression level of the gene but in another disorder. For example, Huang
and his team's findings in 2021 revealed that miR-361-3p was expressed less in tumor tissues
and cells of patients with rectal cancer, while Lago and colleagues showed that miR-361-3p
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was significantly more expressed in lesions from cutaneous leishmaniasis than in samples
from normal skin (p =0.0001)[32, 33]. There is previous evidence of elevated expressions of
miR-361-3p in the t(11;14) translocation in multiple myeloma patients, and the PPP2R4 gene
is the target of this miRNA, which also activates IL-6 signaling and promotes myeloma cell
proliferation and survival [34].

The expression of MIR3IHG and miR-361-3p in CRC tissues and normal tissues was
analyzed in 2021 by Guo and colleagues using quantitative real-time PCR (qRT-PCR). They
discovered that MIR31HG was upregulated in CRC tissues. The overexpression of MIR3IHG
inhibited miR-361-3p, which suppressed the cancerous activities of CRC cells. Upregulating
MIR31IHG mainly neutralized the anti-tumor effects of miR-361-3p. Additionally, the
MIR31HG-miR-361-3p-Y Y1 positive feedback loop accelerated the development of CRC by
encouraging the proliferation and glycolysis of CRC cells as well as the angiogenesis of
HUVECs [35].

It has been suggested that modulating the expression of miRNA could assist thalassemic

patients with lower clinical challenges because it is involved in the production of globin
genes and transcriptionally regulates erythroid-specific genes. In general, reactivation of
these genes may modify the condition of thalassemic cells and improve the pathophysiology
and clinical symptoms of hemoglobinopathies. This would allow for the utilization of these
small non-coding RNA as new therapeutic targets, given the significance of miRNA in
regulating the expression of globin genes[24]. Changes in erythroid differentiation and
hemoglobin synthesis may be linked to this downregulation; also, we investigated whether
the function of miR- 361-3p in thalassemia may correlate with the aberrant hemoglobin
synthesis and increased expression of the HBB gene and decreased levels of miR-361-3p
expression. Further analysis revealed a negative correlation between miR-361-3p expression
levels and the expression of the HBB gene. This suggests that miR-361-3p may play a role in
the regulation of HBB gene expression in the context of beta-thalassemia.
The limited sample size, age range, and thalassemia subtype (beta) represent the major
limitations of this investigation. Thus, expanding future studies to include a larger and more
comprehensive sample and investigating other types of thalassemia is a critical step toward a
deeper understanding of the disease. Furthermore, studying the miRNA expression at the
family level may help uncover new genetic factors associated with the disease, thereby
opening new avenues for the development of targeted therapies.

5. Conclusions

The current study demonstrated a significant correlation between p-thalassemia and
several parameters, including elevated ferritin and white blood cell counts and decreased
hemoglobin levels. These findings were attributed to the genetic defect of the disease that
results in the abnormal production of red blood cells, necessitating frequent blood
transfusions to compensate for the severe deficiency, and the continuous destruction of red
blood cells leads to a chronic inflammatory response in the body. Furthermore, genetic
analysis revealed decreased expression levels of miR-361-3p and increased expression levels
of HBB in B-thalassemia patients. This suggests a potential role for miR-361-3p in regulating
the expression of HBB. Receiver operating characteristic (ROC) curve analysis indicated that
miR-361-3p could be a promising biomarker for the diagnosis and monitoring of -
thalassemia patients. However, the current study is limited by its small sample size and focus
on a specific disease subtype. Therefore, larger and more comprehensive studies are needed
to confirm these findings and evaluate the potential of miR-361-3p as a therapeutic target.
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