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ABSTRACT

Background: Beta-thalassemia, a hereditary haemoglobin disorder predisposes affected patients to viral infections and

immune dysregulation. B-cell lymphoma/leukemia 11A (BCL11A) dysregulation has been implicated in the

pathophysiology of haemoglobinopathies. Human Parvovirus B19 and Human Herpesvirus-6 (HHV-6) infections make

thalassemia patients with chronic immune dysregulation particularly susceptible to the clinical manifestations of the

disease.

Objectives: This study aimed to investigate BCL11A expression in beta-thalassemia patients, assess the frequency of B19

and HHV-6 infections, and the potential relationship between viral co-infection and BCL11A expression.

Methods: A total of 308 specimens were collected, comprising 207 beta-thalassemia patients, and 101 apparently healthy

control. Viral genome detection for B19 and HHV-6 was performed using DNA/RNA extraction followed by PCR.

BCL11A gene expression was quantified by RT-PCR.

Results: B19 infection was detected in beta-Th major (55%) and beta-Th intermedia (48%) patients, but not in beta-Th

minor and control. High rate of HHV-6 infection was observed in beta-Th intermedia (24.0%) and major (12.5%), and

low (1%) in beta-Th minor. BCL11A expression was significantly higher in thalassemia group compared to control.

Logistic regression analyses indicated that the level of BCL11A expression was a significant independent predictor of beta-

Th intermedia. No significant correlation was found between BCL11A gene expression and the presence of B19 or HHV-

6.

Conclusion: BCL11A is significantly up-regulated in beta-thalassemia, driven by disease-intrinsic molecular mechanisms

rather than viral co-infection. The high frequency of B19 and HHV-6 in transfusion-dependent thalassemia patients

highlights the need for systematic viral screening and enhanced blood safety protocols in thalassemia care centers.
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INTRODUCTION

Thalassemia is a serious global medical issue with but CD4+ T-lymphocytes have a notably higher

varying prevalence across different regions of the world. infection rate than all other human cells.8 HHV-6 infects

Thalassemia was found to be more common in areas the central nervous system (CNS) and causes

along the Mediterranean but have now developed into a neurological symptoms.9 Also, HHV-6 belongs to the β

global health challenge with millions of people affected HV subfamily of herpes virus families and can induce


	worldwide. 1,2	chromatin modifications and DNA methylation in

	Thalassemias (both beta-thalassemia and alpha-	infected cells. 10



thalassemia) are inherited blood disorders that lead to The majority of the human population has been exposed

reductions in haemoglobin levels and effectiveness of to HHV-6 infection, with seroprevalence estimated at

red blood cell production (i.e., erythropoiesis).3-5 ~90% (serum antibodies).11 The virus persists in the

The available data on the epidemiology and burden of body in a latent form, and is generally believed to be

thalassemia in Iraq is quite limited. There are currently transmitted to other individuals primarily through

11,165 registered thalassemic patients, which accounts saliva.12

for about 66.3% of total registered cases of hereditary The integration of HHV-6 is predicted to be frequently

anemias at these centers.6 Thalassemic patients are at within some somatic cells including monocytes,

high-risk of many complications, including enlarged macrophages, T-cells, and progenitor cells located

livers and spleens due to the destruction of red blood within bone marrow.13-15

cells. In addition to the integration of HHV6A and HHV6B

Parvovirus B19 (B19V) is a virus that belongs to the into somatic cells, there appears to be some rare

genus Erythrovirus and the family Parvoviridae. exceptions with germ cell integration from HHV-6;

Parvovirus B19 frequently infects people around the however not every patient exhibits germ cell integration,

world, and is primarily spread via respiratory secretions, the offspring of the few patients who do exhibit germ

including products such as coagulation factors. Most cell integration of either HHV-6A or B have been

people infected with B19V do not have symptoms, and identified to carry an HHV-6 genome within every

most present with mild non-specific cold-like illnesses nucleus of every nucleated cell in their body.16,17 The

that are not commonly due to the virus. Although, present study aimed to investigate BCL11A gene

patients with beta-thalassemia major regularly receive expression in beta-thalassemia patients across disease

blood transfusions, this increases their risk of parvovirus subtypes, assess the frequency of B19 and HHV-6

B19 infection via the transfusion. In addition, the infections, and examine the potential relationship

presence of parvovirus B19 is believed to be potentially between viral co-infection and BCL11A gene

life-threatening for patients with high erythrocyte expression.

turnover.7

B-cell lymphoma/leukemia 11A (BCL11A) is an METHODOLOGY

important transcription factor which has been shown to Study population: Three hundred and eight (308)

control levels of foetal haemoglobin and serves as a samples were used in this study; 207 samples were from

candidate for gene therapy targeting congenital disorders patients diagnosed with Beta Thalassemia (B-Th) major,

of haemoglobin. In addition, many recent publications intermedia, or minor at the Beta Thalassemia Centers

have identified BCL11A to play an essential role in the (BTC) in the Middle Euphrates region of Iraq, while 101

development and function of haematopoietic cells samples were from apparently healthy participants as a

(haematopoiesis) and that BCL11A exerts its effects on control (AHC) group from the Babylonian population.

haematopoietic cells by influencing the regulation of a The age of both groups ranged from 2 to 55 years.

variety of molecules throughout haemopoietic Extraction of viral genome: Viral nucleic acids were

development. Abnormal regulation of BCL11A has extracted from peripheral blood samples using Patho

been implicated in the disruption of downstream signal Gene-spinTM DNA/RNA Extraction kit (iNtRON

transduction pathways and in the subsequent Biotechnology Co., Korea) according to the

development of haematologic malignancies, particularly manufacturer’s instructions. The extracted viral genome

leukemias.8 was initially evaluated by agarose gel electrophoresis and

Human Herpesvirus-6 (HHV-6) may infect several kinds subsequently used for amplification of Parvovirus B19

of human cells after establishing contact with the host, (B19) and Human Herpesvirus-6 (HHV-6) target genes.
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Purified nucleic acids were stored at −20°C until further determined at 260 nm, and RNA purity was evaluated

molecular analysis. using the A260/A280 absorbance ratio.


	The primer		sequences		used	for B19		detection		were:		Complementary	DNA	(cDNA)	was synthesized from				

	Forward	5′	-AATGCAGATGCCCTCCACG-							3′	and	the extracted RNA	according		to	the	manufacturer's		

	Reverse		5′ -ATGATTCTCCTGAACTGGTCCA-								3′,	recommendations.	Quantitative		real-time			PCR	(RT-

	producing	an		amplicon	of	493	bp.	For		HHV-6A		PCR) was subsequently		performed			using		specific

	detection,	the		primer	sequences		were:		Forward		5′ -	primers for	the	BCL11A		gene		(Forward:	

	GGTTCCTGGCCCAAAACAGA-						3′ and		Reverse		5′ -	CATGACCTCCTCACCTGTGG;							Reverse:

	CGCGTGGATACGAAGAGACA-						3′,	producing			an	CTCCACGGGATTGGATGCTT),					producing		an



amplicon of 517 bp. amplicon of 174 bp with an annealing temperature of

Extraction of total DNA from clinical specimens: 60°C. GAPDH was used as the housekeeping gene for

Total DNA was extracted from frozen peripheral whole normalization. Relative BCL11A gene expression levels

blood samples collected in EDTA-containing tubes were calculated using the 2−ΔΔCt method. All reactions

using the G-Spin™ Total DNA Extraction Kit (Cat. No. were performed in triplicate to ensure the reproducibility

14001, iNtRON Biotechnology, Seongnam, South and accuracy of the results.

Korea) according to the manufacturer's instructions. Statistical analysis: Statistical analysis was performed

DNA purification was performed using the spin-column using the SPSS programme Version 25. Data were

method without phenol/chloroform extraction or analysed using the Chi-square test for categorical

ethanol precipitation. DNA was eluted using Buffer CE variables, one-way ANOVA for comparison of means

supplied with the kit and stored at −20°C until further among groups, the independent-samples t-test for

analysis. The extracted DNA was used for subsequent comparison of two means, and logistic regression. P-

molecular assays. value < 0.05 indicated statistical significance.

Gene expression analysis of BCL11A by RT-PCR: RESULTS

Peripheral blood samples were collected from all study General characteristics of study groups

participants, and total RNA was extracted using the No significant difference was observed in sex

Direct-zol™ RNA MiniPrep with TRI-Reagent Kit (Cat. distribution between the groups (p = 0.061). A highly

No. R2051, Zymo Research, Irvine, CA, USA) according significant difference was found in the mean age

to the manufacturer's instructions. RNA concentration between groups (p < 0.0001). With respect to family

and purity were assessed using a NanoDrop One history, 85% of beta thalassemia major and 100% of beta

Spectrophotometer (Thermo-Fisher Scientific, thalassemia intermedia patients reported a positive

Waltham, MA, USA). RNA concentration was family history (Table 1).

Table 1: General characteristics of study groups

Variables Categories Control n = Beta-Th Beta-Th Beta-Th X², F p-value

101 Major n = 80 Intermedia Minor n =

n = 25 102

Sex n(%) Male 40 (39.6%) 43 (53.75%) 13 (52%) 59 (57.8%) 7.353, 0.061

Female 61 (60.4%) 37 (46.25%) 12 (48%) 43 (42.2%)

Age Mean ± SD 23.32 ± 13.52 17.71 ± 9.02 13.44 ± 8.64 26.58 ± 6.39 18.54, <0.0001***

Age group 1-10 years 14 (13.9%) 15 (18.8%) 10 (40%) 2 (2%) 142.92, <0.0001***

n(%)

11-20 years 46 (45.5%) 49 (61.2%) 14 (56%) 13 (12.7%)

21-30 years 17 (16.8%) 11 (13.8%) 0 (0%) 59 (57.8%)

31-40 years 8 (7.9%) 2 (2.5%) 0 (0%) 24 (23.6%)

41-50 years 11 (10.9%) 1 (1.2%) 1 (4%) 4 (3.9%)

51-60 years 5 (5.0%) 2 (2.5%) 0 (0%) 0 (0%)

Family history Yes 0 (0%) 68 (85%) 25 (100%) 0 (0%) 259.61, < 0.0.001

n(%) No 101 (100%) 12 (15%) 0 (0%) 102 (100%)

Viral infection distribution and its relation to disease
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A highly significant association was found between viral infections and thalassemia disease for both B19 X² = 132.95, p

< 0.0001 and HHV-6 X² = 33.78, p < 0.0001. B19 infection was detected exclusively in beta thalassemia major (55%) and

beta thalassemia intermedia patients (48%), while HHV-6 was highest in beta thalassemia intermedia (24%), followed by

beta thalassemia major (12.5%). No viral infection was detected in the control group (Table 2, Figures 1 and 2).

Table 2: Distribution of B19 and HHV-6 viral infections among study groups


	Virus	Status	Control	Beta-Th	Beta-Th	Beta-Th Minor	X²	p-value

			(n = 101)	Major	Intermedia	(n = 102)		

				(n = 80)	(n = 25)			

	B19 n(%)	Negative	101 (100%)	36 (45%)	13 (52%)	102 (100%)	74.44	<0.0001

		Positive	0 (0%)	44 (55%)	12 (48%)	0 (0%)		

	HHV-6	Negative	101 (100%)	70 (87.5%)	19 (76%)	101 (99%)	17.29	<0.0001



n(%)

Positive 0 (0%) 10 (12.5%) 6 (24%) 1 (1%)

Figure 1: Agarose gel electrophoresis showing PCR amplification products for Parvovirus B19 (B19) detection in study

samples. Lanes represent individual patient and control samples. Positive bands at the expected amplicon size confirmed

the presence of B19 viral DNA. Positive results were detected exclusively in beta thalassemia major (55%) and beta

thalassemia intermedia patients (48%), with no positivity observed in beta thalassemia minor patients or healthy control

Figure 2: Agarose gel electrophoresis showing PCR amplification products for Human Herpesvirus-6 (HHV-6) detection

in study samples. Lanes represent individual patient and control samples. Positive bands at the expected amplicon size

confirmed the presence of HHV-6 viral DNA. HHV-6 positivity was highest in beta thalassemia intermedia patients (24%),

followed by beta thalassemia major (12.5%), with minimal detection in beta thalassemia minor patients (1%) and no

positivity in healthy control

BCL11A gene expression among study groups
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BCL11A gene expression was significantly elevated across all thalassemia groups compared to control (p < 0.0001), with the highest expression in beta thalassemia minor (3.89 ± 2.64) and beta thalassemia major (3.85 ± 2.80), compared to 1.0 ± 0.0001 in the control group (Table 3, Figure 3).

Table 3: BCL11A gene expression among study groups

Parameter Control  Beta-Th Major  Beta-Th Intermedia  Beta-Th Minor  p-value (n = 101) (n = 80) (n = 25) (n = 102) BCL11A  1.0 ± 0.0001 3.85 ± 2.80 3.12 ± 2.11 3.89 ± 2.64 <0.0001 Values are Mean ± SD.

[image: ]

                       Figure 3: Real-time PCR amplification plot of BCL11A gene expression in beta-thalassemia patients and healthy control. the y-axis represents fluorescence and the x-axis represents PCR cycle number. Each curve corresponds to an individual sample; curves crossing the threshold line (horizontal dashed line) at earlier cycles indicate higher BCL11A expression. Thalassemia patient samples (coloured curves) showed earlier threshold crossings compared to healthy control, reflecting significantly elevated BCL11A mRNA expression (p < 0.0001)

Relationship between BCL11A expression and B19 viral infection

No significant association was found between BCL11A expression and B19 infection (p = 0.422) (Table 4), indicating that B19 viral infection did not significantly influence BCL11A gene expression levels.

Table 4: BCL11A gene expression in relation to B19 viral infection

Gene B19 Status N Mean Std. Deviation Std. Error p-value BCL11A Positive 56 3.502 2.329 0.3113 0.422  Negative 150 3.904 3.4519 0.2818  

Relationship between BCL11A expression and HHV-6 viral infection
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No significant association was found between BCL11A expression and HHV-6 infection (p = 0.760) (Table 5). These findings collectively suggest that BCL11A upregulation in thalassemia patients is driven by the underlying genetic disorder rather than viral co-infection.

Table 5: BCL11A gene expression in relation to HHV-6 viral infection

Gene HHV-6 Status N Mean Std. Deviation Std. Error p-value BCL11A Positive 17 3.558 2.219 0.538 0.760  Negative 190 3.806 3.256 0.2362  

Logistic regression analysis for BCL11A

Logistic regression analysis confirmed that BCL11A showed the strongest predictive value in beta thalassemia intermedia (OR = 4.040, p = 0.0001), while no significant predictive value was observed in beta thalassemia major (p = 0.119) or beta thalassemia minor (p = 0.987) (Table 6).

Table 6: Logistic regression analysis for BCL11A as a dependent variable

Gene Group Coefficient (B) p-value OR BCL11A Beta thalassemia major  0.233 0.119 1.263  Beta thalassemia intermedia 1.396 0.0001 4.040  Beta thalassemia minor  0.001 0.987 1.0 

DISCUSSION mean expression levels were 3.85 ± 2.80 in patients with The results of the present study showed no statistically beta thalassemia major, 3.12 ± 2.11 in patients with beta significant difference (p = 0.061) in the sex distribution thalassemia intermedia, and 3.89 ± 2.64 in patients with of beta thalassemia patients. This finding supports the beta thalassemia minor. In contrast, the control group autosomal recessive inheritance pattern of the disease, showed a mean expression of 1.00 ± 0.0001. These where cases are expected to be distributed equally findings confirmed the essential role of BCL11A between both sexes, which is consistent with previous dysregulation in the pathophysiology of beta-thalassemia studies on the prevalence of thalassemia in males and at all levels of severity. BCL11A is a zinc finger females, where thalassemia was found to be equally transcriptional repressor and stage specific transcription distributed between males and females in high-risk factor, which regulates the transition from foetal population.18 There was a highly significant difference in haemoglobin (HbF; α2 γ2) to adult haemoglobin (HbA; the mean age for each of the three thalassemia groups (p α2 β2) in developing erythrocytes. The expression of < 0.0001). Patients with beta thalassemia major had an BCL11A is controlled in developing erythrocytes average age of 17.71 ± 9.02 years; the majority (61.2%) through an erythroid-specific enhancer identified of these patients were between 11 - 20 years of age. through genome-wide association studies (GWAS).20 Patients with beta-thalassemia intermedia had the lowest BCL11A expression is elevated across all subtypes of the average age (13.44 ± 8.64 years), of which 56.0% were disease showing that this is a compensatory response to between 11 - 20 years old. Patients with beta thalassemia the erythropoietic stress associated with beta minor had the highest average age (26.58 ± 6.39 years), thalassemia. Following birth, BCL11A is expressed at a with 57.8% being between 21 - 30 years of age. The high level in adult erythroid cells, and acts through the different age groups for each subtype reflect the clinical use of co-repressors to inhibit NF-Y binding by history and lifestyle of the disease, with people who have sterically blocking this binding from occurring, thereby beta thalassemia major showing symptoms such as pallor facilitating β-globin expression by activating the β-globin due to low blood count, weight loss, retarded growth, promoter, while simultaneously competing with γ-globin yellow skin or eyes from liver disease, and enlargement expression by blocking the promoter of γ-globin. Under of the liver and spleen, and these clinical symptoms stress erythropoiesis, HIF1α re-activates γ-globin usually occur between 6 to 24 months of age.19 expression by binding to the BGLT3 region.21 In addition to these demographic characteristics, the Previous studies have reported that BCL11A and ATF4 current investigation found a significant increase in the expression are related, as both are associated with β- expression of the BCL11A gene across all subtypes of globin gene transcription22. Additionally, various circular beta-thalassemia compared to control (p < 0.0001). The RNA's (circRNA) are postulated to regulate both
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BCL11A and ATF4, indicating an interconnected outcomes following a human herpesvirus 6 (HHV-6)

molecular network which likely contributes to the infection in patients with comorbidities related to their

overall pathophysiology of β-thalassemia.22 haematological disorders. In addition, the study

A very strong association was found between viral provided evidence that post-transplant-related immune

infections and beta thalassemia disease for both ((B19: suppression continues to be the major cause of HHV-6

X² = 132.95, p < 0.0001; HHV-6: X² = 33.78, p < infection in these patients.26

0.0001). Parvovirus B19 infection was only seen in beta

thalassemia major patients (55%) and beta thalassemia CONCLUSION

intermedia patients (48%), but not found in non- Findings from this study showed that BCL11A gene is

thalassemia (control) group or beta thalassemia minor significantly up-regulated in all beta thalassemia

patients (0%). These results are consistent with previous subtypes. No significant correlation was found between

studies, which showed that patients with transfusion- BCL11A expression and either B19 or HHV-6 co-

dependent beta thalassemia are particularly susceptible infection. This indicates that BCL11A expression in beta

to B19 infection because parvovirus B19 is a common thalassemia is primarily driven by disease-intrinsic

viral illness that can produce a range of symptoms that molecular mechanisms rather than viral co-infection.

depend on the patient's immune status and other B19 and HHV-6 infections were common in patients

underlying haematologic disorders, and because it causes with beta thalassemia major and beta thalassemia

destruction of red cell progenitor cells resulting in severe intermedia, while these viral infections were rare or

loss of red blood cell precursors (acute completely absent in beta thalassemia minor patients.

erythroblastopenia), and in patients who suffer from The high frequency of B19 and HHV-6 in transfusion-

chronic haemolytic anemia such as sickle cell anemia or dependent patients highlights the urgent need for

beta-thalassemia, it can lead to serious life-threatening systematic viral screening and enhanced blood safety

aplastic crises due to temporarily stoppage of red blood protocols in thalassemia care centers.

cell production.23
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