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ABSTRACT

Background: B-Thalassemia major (B-TM) is a significant health problem in Iraq.
Therefore, more studies and scientific research are needed to find appropriate solutions
to this problem. Objectives: The existing research aims to determine the role of the
polymorphism of the BCLI1A (rs11886868) gene and evaluate its relationship with the
development of f-TM severity and fetal hemoglobin (HbF) level in addition to appraising
the character of complement factors and antibodies in the pathogenesis of f-TM in the
Iraqi population. Methodology: Before receiving a blood transfusion, 45 patients with [3-
TM underwent clinical evaluations and blood samples were collected. High-performance
liquid chromatography was used to quantitatively measure HDF, and polymerase chain
reaction-restricted fragment length polymorphism (PCR-RFLP) was used to analyze the
single nucleotide polymorphism rs11886868 in the BCLIIA gene. Moreover, enzyme-
linked immunosorbent assay (ELISA) was used to detect antibodies and complement
factors. Results: The current study showed that most children (56%) with thalassemia
stood in the age group 9-14 years, and the highest percentage of infections was among
Sfemales (58%).The immunological results showed that C3, C4, IgA, IgG, and IgM levels
were elevated in [-TM patients (119.2 mg/ml,49.8 mg/ml, 292.2 mg/dl, 1851.2 mg/dl,
and 242.11 mg/dl, respectively) compared HDF appeared to be elevated in -TM patients
(16.87 g/dl) compared with the healthy controls (1.73 g/dl). Conclusion: This study
showed important alterations (p<0.05) in the distribution of mutant alleles, antibodies,
complement factors, and HbF between patients and controls.

INTRODUCTION

B-Thalassemia major is a congenital hemolytic
anemia that represents a major and serious health
problem and has the highest prevalence and incidence
rates worldwide!*2. It results from mutations in B-globin
genes, leading to defective synthesis of adult
hemoglobin (Hb A). To date, over 200 mutations have
been identified in [-globin genes that cause this
illness™*. Other genetic factors that map outside the B-
globin gene cluster may also co-inherit and alter the
clinical phenotypes of B-thalassemia. These factors have
been proposed to determine the perseverance of HbF
construction, which could potentially improve the
clinical and haematological strictness of B-thalassemia®.
Previous studies have detected a locus (rs11886868) on
chromosome 2, located in the BCL11A.

B-cell lymphoma/leukaemia 11A gene, that is
correlated with Hb F®. The BCLI1IA gene encodes a
zinc-finger protein that inhibits y-globin gene
expression. Hence, it inhibits y-globin chain synthesis
and helps exchange Hb F for Hb A”. However, a single
nucleotide polymorphism (SNP), rs11886868, in
BCL11A4 has been associated with the upregulation of
fetal Hb production®. Other studies have not been able
to establish a relationship between this SNP and
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elevated HbF ranks in some ethnic groups, suggesting
differences across populations’.

Iraq and the Eastern Mediterranean region are
affected by this disorder. It causes a range of clinical
symptoms, from thalassemia minor in those who are
heterozygous for it to B-TM in those who are
homozygous or complex heterozygous for -thalassemia
mutations!®!!. The B-TM phenotype is a severe disorder
linked to numerous complications and a lifelong need
for transfusions. These include liver disease, diabetes
mellitus, hypothyroidism, hypoparathyroidism,
hypogonadism, and stunted growth. With a significantly
higher eminence of life and fewer difficulties in
developed nations compared to developing nations, the
frequencies of these complications vary somewhat
among B-TM cohorts and are correlated with the
effectiveness of the management and follow-up given to
these patients 1% 13-

In addition to severe anemia, patients with beta-
thalassemia major experience several other issues, such
as heightened vulnerability to bacterial infections,
which significantly contribute to their morbidity and
mortality’. Numerous investigations have been
conducted to assess potential immune system alterations
in patients with thalassemia, considering both the
humoral and cellular immune systems; however, no
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reliable impairment in white blood cells or immune
function has been reported to date!>!¢ Previous studies
have documented several immunological abnormalities,
including increased serum immunoglobulin levels,
changes in B- and T-cell numbers and function, and
decreased opsonization and granulocyte phagocytosis!” .
The immune system may be severely harmed by several
factors, including splenectomy, iron overload, repeated
exposure to foreign antigens during blood transfusions,
and the use of chelating agents'®. This study aims to
consider the role of the SNP rs11886868/ BCLI1A
polymorphism, HbF, immunoglobulins, and
complement factors in the clinical development of Iraqi
patients with B-TM.

METHODOLOGY

Study design and samples collection

Blood samples were taken as part of the current
case-control investigation from 45 individuals suffering
from B-TM from the Al- thalassemia center in Al-
Diwaniyah province, and 45 samples were collected
from healthy individuals as a control group during the
period from 1/10/2023 to 5/4/2024, where the cases
were diagnosed clinically and in the laboratory by
specialist doctors. Consent was obtained from all
participants when collecting the questionnaire and
samples. The participants were aged 5-14 years and
belonged to the same Arab race, in line with the
population of Al-Diwaniyah province.

Ethical approval:

The study was approved by the Research Ethical
Committees of Al-Qadisiyah University (n0.30\5137 in
19\11\2023). Informed consent was obtained from all
participants and/or their legal guardians.

Molecular study:

Genomic DNA was removed from whole blood
samples according to the manufacturer’s instructions for
the Genomic DNA Mini Kit (Geneaid). PCR was used
to amplify 1s11886868 SNP in the BCLI 1A gene using
a Professional TR/O Thermocycler (USA) with the
primers 5’-TTTGGTGCTACCCTGAAAGAC-3" and
5’-ACTCAACAGTAGCAGAATGAA AGAG-3.
BCL114/ rs11886868 SNP gene (T—C) polymorphism
was identified using the RFLP method. The 548-bp
PCR product was processed using Mboll limit enzymes
at 37°C for five min than analyzed by 2% agarose gel
electrophoresis. The T allele lacks the Mboll restriction
site, whereas the C allele has it. The C allele was
identified as two fragments of 470 and 70 bp)4,Y+ .
Immunological study:

Serum levels of complement factors C3 and C4, in
addition to antibodies IgG, IgM, and IgA, were
evaluated using ELISA. LS-F4381 is a 96-well ELISA
kit utilized for the quantitative detection of complement
factors, whereas RayBiotech’s ELISA kits were used to
evaluate antibodies.

Statistical analysis

The statistical analysis was performed using SSPS
(v. 20) and Excel 2010. The approximate percentage,
mean, and Standard Deviation (SD) are dependent on
the correlation between data by probability value that is
significant at a level less than 0.05. When the test
statistic is chi-squared distributed under the null
hypothesis, the chi-squared test (also known as the x2
test or Pearson's chi-squared test) is a valid statistical
hypothesis test. Genotypes and allelic frequencies were
calculated using the Hardy—Weinberg equation 21.

RESULTS

The existing research is a case — control study that
comprised 45 patients with -TM, aged 514 years, with
an average age of 8.51 years and a standard deviation of
+1.02. The control group included healthy individuals
aged between 5 and 14 years, with mean agean of 9.91
years and a standard deviation of 2.11. When comparing
the mean age of patients with healthy controls, we did
not observe any significant differences (P = 0.801), as
shown in table (1). Most of the B-TM cases were in
females, with a rate of 58%. The patients were divided
into two age groups: 5-9 years (20 patients) and 9—14
years (25 patients). In contrast, all f-TM patients were
separated into mild, moderate, and severe categories
based on the strictness score, which was determined by
the patients' Hb levels, age at onset, age at first blood
transfusion, level of growth obstruction, and
splenectomy. The results showed that 40% of the B-TM
cases were moderate, 35% were severe, and 25% were
mild, as shown in Figure 1.

Table 1: Demographical properties of  -TM patients
and healthy individuals

. -TM Health P

Demographical (liases) individule value
(control)
Age 5-14 5-1
Mean 8.51 9.91 0.801
SD 1.02 2.11
SE 0.152 0.315
Age groups N (%) N (%) P
value

5 20 22 0.665
9-1 25 23 666
Gender N (%) N (%)
Females 26 21 51
Males 19 24 0.05
Total number 45 45

Standard Deviation (SD), Standard Error (SE)
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Fig. 1: Distribution cases according to severity of § —
™

According to Splenectomy, the results of the current
search showed that 20 of 45 patients were
splenectomized, and 40% of them were female, while
the other cases were not splenectomized (25/45), and
most of them were also female (56%). These differences
in sex and splenectomy led to the emergence of
significant differences, where the probability was <
0.05, as shown in table 2.

The immunological results showed that the serum
concentrations of C3, C4, IgA, IgG, and IgM were
elevated in B-TM patients (119.2 mg/ml,49.8 mg/ml,
2922 mg/dl, 18512 mg/dl, and 242.11 mg/dl,

respectively) compared with the control (36.7 mg/ml,
18.22 mg/ml, 183 mg/dl, 501.3 mg/dl, 37.4 mg/dl, and
1.73 mg/dl, respectively), and these differences were
accompanied by significant differences where the
probability value was less than 0.05, as shown in table 3
In addition, the abnormal hemoglobin HbF appeared to
be elevated in patients with B-TM (16.87 g/dl)
compared with healthy controls (1.73 g/dl).

Table 2: Distribution of gender according to
splenectomy

Splenectomy | Total | Males | Female P
N N (%) | value
Splenectomised | 20 8 12 0.02
Non- 25 11 14 0.0498
Total number 45 19 26

The outcomes of the existing research showed that
the immunological variables and HbF increase with
blood transfusion, as their concentration in the serum of
the splenectomized BTM patients was 128.6 mg/ml,
532 mg/mml 291.1 mg/dl,1868.3 mg/dl, 262.1
mg/dl,18.22 g/dl for each of C3, C4, IgA, IgG, IgM, and
HDF, respectively, while it appeared lower in the non-
splenectomized BTM group as follows: 118.4 mg/dl,
47.3 mg/dl, 200 mg/dl, 1722.6 mg/dl, 204.8 mg/dl, and
14.16 g/dl, respectively, as shown in table 4.

Table 3: Case — control appraisal serum level of antibodies and complement factors

Biological markers Cases Control P value

Complement factors Mean + SD Mean + SD

C3 (mg/ml) 119.2 + 56.39 36.7+8.93 0.009%*

C4 (mg/ml) 49.8 +7.88 18.22+4.21 0.010*

Antibodies Mean + SD Mean + SD

IgA (mg/dl) 292.2478 183+93 0.031*

IgG 1851.2+ 150.8 501.3+75.71 0.022*

IgM 242.11+92.5 37.4+6.36 0.007*

HbF 16.87 +3.44 1.73+£0.09 0.0079*
Table 4: Effect of Splenectomy on immunological markers and HbF

Biological markers Mean + SD P value

Complement factors Non- Splenectomised Splenectomised

C3 (mg/ml) 118.4 128.6 £11.7 0.057

C4 (g/ml) 473+ 13.07 532+12.8 0.076

Antibodies

IgA (mg/dl) 200 + 55.8 291.1+£76.4

1gG 1722.6 £399.7 1868.3 £ 199.6 0.046*

IgM 204.8 + 59.1 262.1 +50.9 2%

HbF 14.16 + 3.88 18.22 + 5.82 0.035*

Egyptian Journal of Medical Microbiology
info.ejmm22@gmail.com

ejmm.journals.ekb.eg




Al-Taei / BCL114 Variants on p-Thalassemia Major in Iraqi, Volume 35/ No. 3 / July 2026 xxx-XXX

The molecular study exhibited important differences
(p<0.05) in the distribution of genotypes and alleles
between sick and healthy persons, as shown in Table 5.
The percentage of the mutant genotype CC in B-TM
patients was double that in the control group, at 18%
and 9%, respectively, while the heterogeneous genotype
TC appeared in 60% of the patients and 27% of the
healthy individuals. In addition to the above, the wild
genotype TT appeared in 64% of the control and 22% of
the patients, where it was present as a protective factor,
as shown in table 5. The mutant allele C appeared as a
genetic factor causing thalassemia in 48% of patients
and 22% of healthy controls. In contrast, the wild allele
T appeared as a protective factor in a high percentage
(78%) in the control group compared to the patient
group (52%).

The results of the existing training showed that the
increase in blood transfusion of (splenectomy) in

patients who carry the mutant genotype CC and who
suffer from severe B-TM, where 50% of the
splenectomized patients were carriers of the mutant
genotype, while only 9% of non-splenectomized
patients had that genotype. In contrast, 25% and 620.5%
of patients with severe -TM had mutant genotype CC
and heterogeneous genotype TC, respectively. In
addition, 18% and 73% of patients with moderate $-TM
were carriers of the CC and TC genotypes, respectively.
Similarly, most patients with mild -TM had CC and
TC values of 17% and 50%, respectively, as shown in
Table (6). Moreover, mutation in the rs11886868 SNP
of BCL11A was associated with a slight increase in HbF
levels without a significant difference (P= 0.159) when
compared with the level of HbF according to genotypes
(15.21 g/dl, 15.6 g/dl, and 18.98 g/dl for TT, TC, and
CC, respectively) table 6.

Table 5: Polymorphism of rs11886868 SNP of BCL11A4 gene in patients and controls

Polymorphism Cases Control OR P value Z statistic 95%
Genotypes N (%) N (%)

TT 10 (22) 29 (64) 0.158 0.0009 3.89 0.0621-
TC 27 (60) 13 (27) 4.125 0.0018 3.13 1.6938-
CC 8 (18) 409 2.2 0.049 1.219 0.6163-
Alleles

T 47 (52) 70 (78) 312 0.028 3.528 1

C 43 (48) 20 (22) 0.3 0.0278 3.064 1.604-5848

*Significant Difference (P<0.05)

Table 6: Evaluation effect of rs11886868 SNP of BCL11A4 gene polymorphism on splenectomy and severity of B-TM

Parameters Total No. rs11886868 SNP %2 P value
TT TC CC

Splenectomy N (%) N (%) N (%)
Splenectomised 10 3(30) 2 (20) 5(50) 13.76 0.003*
Non- 35 7 (20) 25 (71) 309 24..64 | 0.0019*
Severity of B-TM
Sever 16 2 (12.5) 10 (62.5) 4(25) 2.09 0.046*
Intermediate 11 1(9) 8(73) 2 (18) 9.42 0.015*
Mild 18 6(33) 9 (50) 3(17) 11.33 | 0.0021%*
HbF 15.21+5.72 15.6 £4.92 18.98 £5.51 0.931 0.159

*Significant Difference (P<0.05)

DISCUSSION

B-TM institutes an essential genetic disease in Iraq,
with the exacerbation of this problematic because of the
instability, added to the financial and health difficulties
that the country has suffered from it over the past few
decades??. This study is the first in Iraq to deal with the
role of the rs11886868 SNP of the BCL11A gene and
some immunological indicators added to abnormal
hemoglobin (HgF) in exacerbating the severity and
development of thalassemia in children aged 5-14

years. Our study showed that B-TM is affected by the
age and sex of the patients, as it appeared in children
aged 9-14 years, especially females. The explanation
for the increase in the rate of B-TM with age can be
explained by the increase in blood diseases represented
by the deformation of red blood cells and hemoglobin
and disorders of the spleen and liver. We have not found
a convincing explanation for the increase in the
incidence of the disease among females 2.

Analysis of genome-wide association study data
revealed a novel locus on chromosome 2, situated in the
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BCLI11A gene, that is linked to Hb F 24. The BCL11A
gene encodes a zinc-finger protein that represses y-
globin gene expression. Hence, it hinders y-globin chain
synthesis and helps exchange Hb F for Hb A%,
However, a single nucleotide polymorphism (SNP),
rs11886868, in BCL11A has been linked to an increase
in fetal hemoglobin synthesis. It has been demonstrated
that the BCL11A gene's minor allele "C" of SNP
rs11886868 is a main modifier of HbF ranks and an
effector agent 2°. The study by Dadheecha et al. also
found a significant correlation between the milder
disease phenotype in P-thalassemia and the CC
genotype and C allele ?7. The study population had a 40
percent frequency of the CC variant genotype.
Nonetheless, in an Iranian population, the CC genotype
was found to be prevalent in 28.8% of the population.
Galanello et al.?8. have recorded the occurrence of the
CC genotype to be 61.2% in Sardinians. Moreover, the
study by Uda et al.®. of the BCLL11A rs11886868
polymorphism revealed that the C allele was associated
with a high Hb F percentage and was considerably more
recurrent in patients with thalassemia intermedia. In
contrast, the C allele was more common among
Indonesian, Iranian, and Indian patients with
thalassemia 3°. Chaouch et al. considered the C allele as
the normal allele and the T allele as the mutant allele
and observed that most patients with sickle cell anemia
presented with HbF; more than 15% had CC genotype
and ameliorated phenotype. Ethnic differences may
account for the variation in the frequency of variant
genotypes 1.

In adult erythroid precursors, the T/C variant
(rs11886868) of the BCLI1A gene results in
downregulated BCLI1A gene expression, which
induces HbF and lessens the severity of B-thalassemia,
according to previous research®?, Experimental evidence
of BCL11A's function as a regulator of y-globin gene
silencing has also been provided through the augmented
production of HbF in developing adult erythroblasts
following small hairpin RNA (sh-RNA) 33. Owing to the
physical interactions and co-expression of BCL11A and
SOX6, BCL11A-mediated silencing is coordinated with
the high-mobility group transcription factor SOX6. Data
from functional and genetic studies indicate that
BCLI11A plays a crucial role in reactivating HbF in
adult erythroblasts and in silencing y-globin genes
through progressive switching 34,

The immunological results showed that the serum
concentrations of C3, C4, IgA, IgG, and IgM were
elevated in B-TM patients compared with control.
Thalassaemia patients are prone to numerous bacterial
and viral contagions. Recurrent infections likewise
motivate the immune system and might consequence in
augmented immunoglobulin ranks3®, Serum
immunoglobulin levels rise as a result of chronic
hepatitis, which is largely caused by HCV infection
through blood transfusions. There are studies that show

normal immunoglobulin levels in patients with B-
thalassemia major, while other studies show elevated
IgG and/or IgM levels as well as elevated IgA levels
alone. Following splenectomy, thalassemia patients
have shown a marked decline in serum IgM levels with
no alteration in serum IgG or IgA ranks. However,
splenectomized patients with B-thalassemia intermedia
have been shown to have elevated serum IgG and IgA
levels without a alteration in serum IgM levels.
According to certain research, splenectomy has no
effect on the normal serum Ig ranks in B-thalassemia
patients %,

Our Results showed increase serum level of IgA,
IgM, and IgG among B-TM, especially Splenectomised
BTM patients and this finding agrees with another study
in Babylon City, according to a study by 3, splenectomy
raises serum ranks of IgG and IgA (P value < 0.05) but
has no effect on IgM levels. In contrast, Iraq
demonstrated a highly significant increase in serum
levels of IgA, IgM, and IgG among splenectomized
patients . It is thought that removing the spleen could
put pressure on other secondary lymphoid organs to
make up for the production of the main immunoglobulin
classes, even though the spleen is one of the main
lymphoid organs for eliminating blood infections. In
dissimilarity to some additional trainings in the
literature 3%, study found that immunoglobulin levels
increased while complement levels decreased ¥. Rather
than being a primary issue, the detected immune illness
primarily characterizes a secondary immune system
fault. It appears that patients with B-thalassemia main
have a fairly normal antibody reaction to bacterial and
viral contagions with usual ranks of complement
features, and these alterations cannot adequately explain
the patients' increased susceptibility to infections.
Increases in immunoglobulin levels appear to be
followed by changes in complement factors, but it is not
impossible that inadequate complement factor synthesis

could be the cause 4.

CONCLUSION

This study showed there are differences in the
distribution of rs11886868 SNP / BCLIIA
polymorphism, Antibodies, complement factors and
HbF between B-TM patients and controls therefore;
screening of BCI//IA gene variants and serum
concentration of immunoglobulins and complement
factors in additional to HbF will transform the
diagnosis, treatment, and prevention of B-TM in
children and may eventually aid in predicting its
severity.
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