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Abstract: B-Thalassemia, an inherited red blood cell disorder, presents a significant health problem
worldwide and is caused by defects in the f-globin gene, resulting in the reduction or absence of B-globin chain
synthesis. That leads to blood transfusion dependency with its terrible complications. Polymorphisms at position -
158 of Xmnl-HBG2 on chromosome 11 and BCL11A site on chromosome 2p16 might be linked with elevated
hemoglobin F (HbF) appearance, which may, in turn, improve B-thalassemia sternness. This study aims to walk
around the amending effects of Xmnl and BCL11A loci on HbF levels in Egyptian -thalassemia patients. Material
and Methods. A prospective case-control study of 70 multi-transfused p-thalassemia major patients and 22 controls
was performed in the Paediatric hematology unit of Assiut university hospital from June 2019 till April 2021. PCR-
RFLP was used to detect single nucleotide polymorphisms at Xmnl and BCL11A site loci. Results. Xmnl
Polymorphism was detected in 9 of 70 patients and associated with higher mean HbF levels (53.48%) than patients
without polymorphism (mean Hb level was 42.23%)(P-Value=0.035). The frequency of CT heterozygous genotype
was 8 (11.4%), TT homozygous genotype was (1.4%), while the wild genotype CC was detected in 61 (87.1%) of
the cases. While BCL11A Polymorphism detected in 21 of 70 patients did not affect either Hb or HbF levels (P-
Value =0.26). The TT genotype frequency was 49 (70%), and TC heterozygous genotype was detected in 21 (30 %)
of patients. The CC genotype was absent. Conclusion: Xmnl -158Gy polymorphism, but not BCLI11A
polymorphism, has a modifying effect on both Hb and HbF levels in Egyptian B-thalassaemia major patients. Our
research goal is to investigate the frequency of Xmnl and BCL11A polymorphism in thalassemia major and
investigate the HbF level difference according to the Xmnl and BCL11A polymorphism of phenotype group in
thalassemia major.
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RAE » 11 SFEE £ Xmnl M ERTTEMT 2 15 158 A 2p16 SHE4 L B 4 HE R/
AME 1A IRNSAUIESMAER FHRASER - XRIKROESRE B it EA
MAM™E M - AFEEERIT Xmnl A B MM ERE/B MR 11A BEREX K B ithhE2 M
JBEMAER FKFRMELEER - MR5754 - 2019 F 6 HE 2021 F 4 B - HIASHA
ZER) LRHERY 70 BZXMMAY B P ERMBEREN 22 BXJREIT 1 AIIEMEHHA
SHERATE - BREE R A -IRE M A R KEZSY BTN Xmnl 71 B HAEMERE/SMRB
11A UREREE - £R - 70 BFREDPE 9 ZNE Xmnl 2854 - EFHMAEFKFE (
53.48% ) B TLZAMURE (FIMAERKFA 42.23% ) (P1E=0.035) - CTRGER
BIBRA 8 (11.4% ) - TT ASEREMERRN (1.4% )  r MBEERA CC &£ 61 4l (
87.1% ) Bl - BRE 70 RFBEPHY 21 BPaNZE B MK ER/AMK 11A 28R
I MER 5 MLE8F K¥E (P18 =0.26) - TTERENEK 49 (70% ) - 21 Bl (
30% ) J/EMNE] TC REEREE - CC EREAFE - 418 : Xmnl-158Gy Z7451M - Ik B
MpEMER/AME 11A 248 - WIRA -t BAMEERENMAE[MMLER F K
FEBRETER - HNWARERZREEEERMPERMP Xmnl A B MEMER/B MR
11A ZMROER - FRFEER M PBRAMFRIAKN Xmnl 71 B AlHER/BMK 11A £

MR MLAER KFEER,

Riia) : - PIEAAM - Xmnl 2751 - B ARMER/BIMRE 11A 2854,

1. Introduction

Beta-thalassemia is a monogenic autosomal
recessive disease. It is the most common chronic
hemolytic disease in which B-globin chain synthesis is
either decreased or absent [1]. In Egypt, B-thalassemia
carriers are about 5.3% to > 9% [2], with 1000/1.5
million live births having thalassemia disease in Egypt
per year [3]. The pathophysiology of the -thalassemias
is mainly due to the excess a-globin chain, leading to
the declaration of impenetrable haemachromes leading
to ineffective erythropoiesis and shortened half-life of
RBCs. Disease cruelty depends on the a-chain excess
degree [4].

Co-inheritance of a-thalassemia or factors that
increase y-globin chain and hemoglobin F (HbF)
production alleviate the strictness of p-thalassemia. So,
y-globin chains balance the excess a-globin by
inducing HbF [4].

Several genetic mechanisms modifying induction
were illustrated. Primary modifiers can influence the
severity of thalassemia by changing the degree of
globin chain disparity, and the secondary modifiers
which not connected to globin imbalance, but they
moderate the problems of B thalassemia, which are
related to the anemia, or therapy such as iron absorbed
from the intestine [5]. B-thalassemia severity is
determined by the degree of B-chain deficiency [5].
Three major quantitative trait loci (QTL) have been
initiated for variations in HbF in thalassemia patients

and normal adults. These QTLs include XmnIC/T
polymorphism at position -158 of HBG2, BCL11A on
chromosome 2p16, and HBS1L-MYB intergenic region
on chromosome 6923 [6] In this study, we aimed to
explore XmnlI-®y single nucleotide polymorphisms
(SNPs) at position —158 of the HBG2 promoter area
(rs7482144) and BCL11A polymorphism (rs11886868)
and their perturbation effect on the level of with HbF
level in Egyptian B-Thalassemia major patients.

2. Subjects and Methods

2.1. Subjects

This prospective case-control study was recruited
from the Paediatric hematology unit of Assiut
University hospital from January 2016 to April 2017 on
70 blood transfusion-dependent B-thalassemia major
(B-TM) patients; 40 male and 30 female. Their ages
ranged from two to 18 years old. Twenty-two healthy
age-matched children were included as controls.
Patients diagnosed as transfusion-dependent B-TM
according to the criteria of Thalassemia International
Federation [7]. AIll patients subjected to routine
investigations included complete blood count on
CELL-DYN 3700 (Abbott-Germany) and Hb
electrophoresis on D10 Automated high-performance
liquid chromatography (BIO-RAD Laboratories Inc.,
Hercules, CA, USA. The Scientific and Ethical
Committees approved the study at the Faculty of
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Medicine, Assiut University. According to the
Declaration of Helsinki, informed consent was
obtained from all participants' guardians.

2.2. Methods

Blood was collected aseptically into (K3 EDTA)
containing tubes and stored at -20C° until used later for
DNA extraction. The DNA analysis of two single
nucleotide polymorphisms; Xmnl-HBG2-158
(rs7482144) C/T and BCL11A (rs11886868) SNP were
done by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP). It was done in the
Laboratory of Clinical Immunology, Clinical Pathology
Department, Assiut University Hospital, Egypt.

DNA extracted from the blood samples by Gene
JET Whole Blood Genomic DNA Purification Mini
Kits (catalog no. KO781, Thermo Scientific, USA). The
primer set used for DNA amplification [8] were as
follow:Xmnl  SNP  study  Forward  primer:
5GAACTTAAGAGATAATGGCCTAA-3’  Reverse
primer: 5-ATGACCCATGGCGTCTGGACTAG-
3’BCL11A SNP study Forward primer: 5'-
TTTGGTGCTACCCTGAAAGAC-3'Reverse  primer
5-ACTCAACAGTAGCAGAATGAAAGAG-3' PCR
mixture (Total amount 25ul) was prepared as follows:
MyTaq™ Red Mix (2x) 12.5ul, Forward Primer (20
umol) 1 ul, Reverse Primer (20 umol) 1 ul, Deionised
water (RNase/DNase free) 7.5ul, DNA 3 ul. Cycling
conditions have been done on (Veriti 96 well-thermal
cycler Applied Biosystems ®USA). Initial denaturation
for 1 min at 95°C Then, 35 cycles (95°C for 15
seconds, annealing at 62°C for 15 seconds, and
extension at 72°C for 10 seconds) followed by a final
extension step of 7 min at 72°C.

For Xmnl polymorphism detection, the PCR
products were analyzed by restriction enzyme digestion
using Xmnl enzyme (Catalog no. FD1534, Thermo
scientific, USA). After electrophoresis 2%agarose gel,
the wild CC genotype showed non-cleavedfragment650

Table 1 Statistical analysis data

bp; the CT heterozygous genotype gives 3 bands at 650
bp, 418 bp, and 223 bp, and TT homozygous mutant
genotype give2 bands at 418 bp and 223 bp (Fig. 1).

Fig. 1 Xmnl-158 C/T genotyping pattern on 2% agarose gel after
Xmnl (Pdml) restriction enzyme digestion: Lane 1: 100 bp ladder;
Lanes (2, 3, 4, 5, and 7) show CC wild homozygous genotype (band
at 641 bp); lanes (6 & 8) show CT heterozygous genotype (3 bands
at 641 bp, 418 bp, and 223 bp)

For BCL11A polymorphism detection, digestion
with Mboll restriction enzyme (Catalog no. EE0821,
Thermo scientific, USA) revealed a 540 bp fragment in
the wild TT genotype, and the TC heterozygous
genotype gives 3 bands at 540 bp, 470 bp, and 70 bp by
electrophoresis on a 3% agarose gel (Fig. 2).

2.3. Statistical Analysis

Data was collected and analyzed by computer
program IBM SPSS version 21 (SPSS Inc., Chicago,
Illinois, USA). Data are presented as means + standard
deviations or percentages where appropriate. The
independent t-test was used to compare the mean
among quantitative data; values of P < 0.05 were
regarded as a significant result. The genotype data were
tested to fit Hardy—Weinberg equilibrium (HWE). Chi-
Square test was used (the x2 value indicates the
difference between expected and observed values) for
genotype count (Table 1).

Genotype Allele HWE (3%
Gene (chromosome) SNP locus
Type Freq. proportion Type Freq. proportion
cC 61 0.87
C 130 0.93
HBG2 (11.p15.5) Xmnl rs7482144  CT 8 0.11 =0.88
T 1 0.01 T 10 0.07
rs11886868 T 49 0.7 C 21 0.15
BCL11A(2.p16.2) =2.18
TC 21 0.3 119 0.85
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Fig. 2 BCL11A T/ C genotyping patterns on 3% agarose gel after Mboll restriction enzyme digestion; A: Lane 1: 50 bp ladder and lane
(2,3,4,5) show TC heterozygous genotype (3 bands at 540 bp, 470 bp, and 70 bp); B: Lane (1: 50 bp ladder and lane (2,3,4,5) show TT wild
type (band at 540 bp).

2. Results

Seventy B-TM patients and 22 healthy controls were
included in our study; their demographic data and
routine investigations are illustrated in Table 2. P-value
of < 0.05 was considered significant; -TM = Beta
thalassemia major; SD = Standard deviation; No.=
number; WBCs = white blood cells; RBCs = red blood
cells; HCT = haematocrit; MCV= mean corpuscular
volume; MCH = mean corpuscular hemoglobin;
MCHC = mean corpuscular hemoglobin concentration;
RDW = red distribution width; pg = picogram; fL =
femtolitre; HbF= fetalhemoglobin.

Table 2 Demographic data and comparative analysis between 3-TM
patients and controls regarding hematologic data

B-TM Control P_value

(No.=70) (No.=22)
Sex:
o Female n(%) 30 (42.9%) 8(36.4%) =0.388
o Male n(%) 40 (57.1%) 14 (63.6%)
e Age in years _
Mean + SD 8.73+0.5 5.60+0.6 =0.004
Laboratory data
Mean + SD
o WBCs (10%/L) 935+0.4 8.73+0.6 =0.401
e RBCs (10%/L) 2.51+0.7 4.49+0.7 <0.001
e Hb (gm/dl) 5.60+0.1 11.79+1.6 <0.001
o HCT (%) 1861+5.1 3528+53 <0.001
e MCV (FI) 7548 £9.7 7796+59 =0.154
e MCH (Pg) 22.68+28 26.13+23 <0.001
e RDW % 26.54+7.1 1544+19 <0.001
o Platelets (109L)  498.56+31.4 %4555 £ 20003
e Ferritin 130320 64.1 13736 <0001

105

o HbF (%) 43.13+£3.1 1.00+03 <0.001

The observed genotype distribution of Xmnl -158
C/T and BCL11A T/C, (2p16.1) polymorphism in

patients, was comparable to that predicted by Hardy-
Weinberg equilibrium (¥?=1.34 and 2.18, respectively
P-value >0.05). Xmnl Polymorphism was detected in 9
of the 70 patients (the frequency of CT genotype was
11.4%, while TT genotype was 1.4%). The frequency
of the T-allele was present in 7.1%of patients, while
the C-allele frequency was higher (92.9%) (Table 3).

BCL11A Polymorphism was detected in 21 of 70
patients. The TC genotype was detected in 30 %, and
the TT genotype frequency was 70%of patients. NoCC
homozygous mutant genotype was found. The
frequency of the T-allele was higher than the C-allele,
which was 85% vs. 15% in patients. Xmnl and
BCLI11A Genotypic & Allelic Frequency between (-
TM patients and Controls were shown in Table 3.

Xmnl SNP association with both mean RBCs count
and mean Hb levels revealed that their levels were
higher in CT than CC genotype with no statistically
significant difference (P- value 0.830 and 0.340,
respectively). At the same time, no differences were
found between genotypes of BCL11A SNPs regarding
RBCs count and HB levels (Table 4).

Patients were subdivided according to their Hb
levels into two groups. 60 patients were less than 7
gm/dL and 10 were > 7 gm/dL. By studying Xmnl, the
polymorphism was significantly associated with
increased Hb levels. CT + TT genotypes were higher in
patients with Hb level > 7 gm/dl with frequency 20%
versus,11.7% in patients having Hb level< 7 gm/dl (P-
value 0.041). BCL11A showed that the frequency of
TT genotype was (80%) in the group having Hb > 7
gm/dL, which was higher than patients with Hb < 7
gm/dL (68.3%). The presence of T-allele was higher in
the group with Hb > 7 gm/dL than the other group with
Hb level < 7 gm/dL, with no statistically significant
difference between groups (Table 5).
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Between patients, the proportion of heterozygous
CT genotype of Xmnl polymorphism was 0.11 with a
mean HbF level of 53.48% higher than the wild CC
genotype with a mean HbF level of 42.23 %, and this
difference was statistically significant (P-Value 0.035).
Also, T-allele is associated with mean HbF levels
higher than C-allele with no statistical significance (P-
Value 0.55). This difference was not found between
genotypes or alleles BCL11Apolymorphism (Table 6).

We categorized Patients according to their HbF
levels into two groups. The frequency of the Xmnl
polymorphism (CT + TT genotypes) in the group with
HbF level > 20% was higher than the frequency in the
group with HbF level < 20%, and this was statistically

significant (P-value 0.042). T-allele's presence in the
group with HbF level > 20% had frequency more than
double the group with HbF level < 20%, which was
statistically significant (P-value 0.036). There was no
statistically significant difference between groups
regarding genotypic and allelic frequencies of BCL11A
polymorphism in B-TM patients (Table 7).

Haplotypes frequencies associated with mean HbF
levels showed C/T haplotype had the highest
frequency, 0.7865, with no difference with HbF. The
T/T haplotype frequency was 0.0635 with a HbF mean
difference of 19.45 and CI interval (0.18-38.73), a

statistically significant P-value of 0.052 (Table 8).

Table 3 Xmnl & BCL11A genotypic & allelic frequency between B-TM patients and controls (P-value of <0.05 was considered
significant; B-TM= Beta thalassemia major; NA = not applicable; OR= odds ratio; Cl= confident interval, No= number)

B-TM (No.=70) Control (No.=22) OR (95% CI) P-value

Xmnl

CcC 61 (87.1%) 17 (77.3%) 1 (Reference)
Genotype CT 8 (11.4%) 5 (22.7%) 0.644 (0.121-0.924) =0.044

TT 1 (1.4%) 0 (0%) NA NA

CT+TT 9 (12.8%) 5 (22.7%) 1.385 (0.737-4.268) =0.460
Allele C-Allele 130 (92.9%) 39 (88.6%) 1 (Reference)

T-Allele 10 (7.1%) 5 (11.4%) 0.581 (0.097-0.898) =0.021
BCL11A
Genotype TC 21 (30%) 16 (72.7%) 1 (Reference)

TT 49 (70%) 6 (27.3%) 6.222 (2.141-18.113)  =0.001
Allele C-Allele 21 (15%) 16 (36.4%) 1 (Reference)

T-Allele 119 (85%) 28 (63.6%) 2.289 (1.081-10.685)  =0.001

Table 4 Parameters associated with Xmnl & BCL11A polymorphisms in B-TM patients (P-value of <0.05 was considered
significant; B-TM= Beta thalassemia major; Hb = haemoglobin; RBCs = Red blood cells; HbF= fetal hemoglobin)

Genotype RBCs P-value Hb P-value  HbF P-value  Ferritin P-value
Xmnl

ccC 2.96+0.1 6.95+0.3 3325+3.2 1040.77 £73.9

CT 3.14+04 =0.830 806+1.1 =0.340 3322+8.8 =0.748 963.67+96.7 =0.723
TT 2.65 4.50 11.00 533.60

BCL11A

TT 2.55+0.7 5.68+1.6 42.80+3.5 1281.88 +£762.7

TC 2.40+0.2 =040 s41+14 0.483 436862 0.897 135281 £120.9 0616

Table 5 Xmnl and BCL11A genotypic & allelic frequency of the studied B-TM patients according to Hb levels (P-value of
<0.05 was considered significant; B-TM= Beta thalassemia major; NA = not applicable; OR= odds ratio; Cl= confident interval;

No= number; Hb = hemoglobin)

Hb< 7 gm/dl (N0.=60)  Hb>7 gm/dl (N0.=10)  OR (95% CI) P-value
Xmnl
CcC 53 (88.3%) 8 (80%) 1 (Reference)
. CT 6 (10%) 2 (20%) 2.208 (0.378-12.89) =0.379
Genotypic
TT 1 (1.7%) 0 (0%) NA NA
CT+TT 7 (11.7%) 2 (20%) 0.802 (0.192-0.991) =0.041
Aleli 112 (93.3%) 18 (90%) 1 (Reference)
elic
8 (6.7%) 2 (10%) 0.915 (0.264-3.662)  0.121
BCL11A
. TC 19 (31.7%) 2 (20%) 1 (Reference)
Genotypic
TT 41 (68.3%) 8 (80%) 0.539 (0.104-2.787) =0.461
Aleli C-Allele 19 (15.8%) 2 (10%) 1 (Reference)
elic
T-Allele 101 (84.2%) 18 (90%) 1.925 (0.277-5.491) =0.159
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Table 6 Xmnl and BCL11A genotypic frequency of B-TM patients and its association with mean HbF level (P-value of <0.05 was considered
significant; S.E.= standard error; Cl= confident interval; No= number; HbF= fetalhemoglobin)

No. (proportion) HbF mean %(S.E.) Difference (95% CI) P-value
Xmnl
Genotype
C/C 61(0.87) 42.23 (3.32) 1 (Reference)
CIT 8(0.11) 53.48 (8.02) 19.39 (0.44 - 38.33)
TIT 1(0.01) 11 (0) -45.10 (-94.43 - 4.23) 0.035
Allele
C 130 (0.93) 43.53(3.09) 1 (Reference) 0.55
T 10(0.07) 48.76(8.50) -5.23(-21.64 - 11.19)
BCL11A
Genotype
TT 49(0.7) 42.8 (3.54) 1 (Reference) 026
TC 21(0.3) 43.68 (6.23) -9.15 (-24.99 - 6.69) '
Allele
C 21(0.15) 43.68 (6.23) 1 (Reference) 0.24
T 119 (0.85) 43.32 (3.08) 0.61(-12.45-13.67) '

Table 7 Xmnl and BCL11A Genotypic & Allelic Frequency of the studied B-TM patients according to HbF Categories (P-value
of <0.05 was considered significant; B-TM= Beta thalassemia major; NA = not applicable; OR= odds ratio; Cl= confident

interval; No= number; HbF= fetal hemoglobin)

HbF< 20% (No.=17)  HbF >20 % (No.=53)  OR (95% CI) P-value
Xmnl
CcC 16 (96%) 45 (84.9%) 1 (Reference)
Genotype CT 0 (0%) 8 (15.1%) NA NA
TT 1 (4%) 0 (0%) NA NA
CT+TT 1(4%) 8 (15.1%) 0.359 (0.042-0.481) =0.042
Allelic C 32 (94.1%) 90 (84.9%) 1 (Reference)
T 2 (5.9%) 16 (15.1%) 0.352 (0.096-0.625) = 0.036
BCL11A
. TC 6(35.3%) 15 (28.3%) 1 (Reference)
Genotypic
TT 11 (64.7%) 38 (71.7%) 1.382 (0.433-4.410) =0.585
Allelic C 6 (17.6%) 15 (13.2%) 1 (Reference)
T 28 (82.4%) 91 (85.8%) 1.301 (0.652-5.254) =0.263

Table 8: Haplotype association with HbF level in the studied B-TM patients (P-value of < 0.05 was considered significant; -
TM= Beta thalassemia major; Cl= confident interval; HbF= fetal hemoglobin)

Xmnl BCL11A Frequency Difference (95% CI) P-value
C T 0.7865 0.00
C C 0.1421 -8.68 (-24.23 - 6.86) 0.28
T T 0.0635 19.45 (0.18 - 38.73) 0.052
T C 0.0079 -65.59 (-133.5 - 2.33) 0.063
3. Discussion ours’ [4, 9, 10]. Furthermore, the CC genotype was

[B-thalassaemia/ HbF in Egyptian patients has a wide
range of sickness cruelty from the unrequired regular
blood transfusion to transfusion dependent.

Prediction of the disease severity is helpful for
clinical management and quality of

life of the patients. This study explored the
predictive SNPs for disease severity in -
thalassemia/HbF patients. Analysis of SNP interaction
revealed that rs766432 (BCL11A), rs9399137 (HBS1L-
MYB), and rs72872548 (HBE1l) are the highest
associated with clinical symptoms. The frequency of
wild CC genotypes for the Xmnl gene was (87.1%) in
B-TM patients, (11.4%) for heterozygous CT, and
(1.4%) for homozygous TT genotypes. To our
knowledge, all other Egyptian results were in line with

predominant in other studies [11-13]. Conversely, a
higher frequency of polymorphism was reported in
other studies [14, 15]. In addition, two studies were
done in Iraq and Kuwait that described Xmnl
polymorphism in 47% and 75% of B-TI patients,
respectively [16,17]. The significant variations in the
genotypic distribution between this study and different
studies in other countries; can be attributed to the
genetic differences in these ethnic groups. Ethnicity is
an important factor affecting this genetic
heterogenicity. We found that Xmnl polymorphism is
associated with an increased RBCs count and Hb levels
in B-TM patients, but it was a non-significant
difference. Our patients were subdivided into two
groups; 20% of patients with CT+TT genotypes had Hb
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level > 7gm/dl, and 11.7% less than 7gm/dl with
statistically significant difference (P-value =0.041).

Others demonstrated that Xmnl positive patients
have higher total hemoglobin levels [10]. In addition,
Iranian studies have established that T-Allele at the
polymorphic site is associated with a noteworthy
increase in Hb levels [15, 18].

Our results revealed that HbF level was elevated
among patients with Xmnl polymorphism, patients
with wild CC genotypes showed mean HbF levels less
than heterozygous CT genotypes, and homozygous TT,
and this difference were statistically significant (P-
value = 0.035). Also, when patients were categorized
into two groups according to HbF levels; (15.1%)
ofpatientshavingXmnl  variants showedHbF level
>20%, and only (4%) had HbF level <20%, this
difference was statistically significant. It maintains the
relationship  between the attendance of the
polymorphism and amplified HbF level between
patients.

Furthermore, Tantawy et al. [4] determined that
only one patient with XmnlI®y heterozygous CT
genotype with significantly high HbF level (71%) [4].
Egyptian patients had higher HbF levels with CT
genotype of Xmnl polymorphism, but the difference
was marginally insignificant (p= 0.06) [10[. Some
earlier studies following our study reported that the
presence of the Xmnl polymorphism might contribute
to the overproduction of HbF, causing mild features of
B-thalassemia [9, 19, 20].

Also, a significantly higher HbF level was found in
patients with at least one Xmnl variant than patients
without polymorphism. The TT genotype had
significantly higher mean HbF than heterozygous
subjects [13, 18]. Studies reported a relationship
between Xmnl polymorphism and increased HbF levels
and enhanced severity of clinical symptoms in patients
[21].

The cause of the increase in HbF level with Xmnl
polymorphism may be qualified to the presence of T-
allele that reduces binding or interfere with the
communication of transcription silencers to the
regulatory sequences at B-LCR. The polymorphism
bypasses the attachment of the explicit transcriptional
inhibitors to the regulatory sequences of the HBG2
gene. Therefore, in erythropoietic stress conditions, the
v-globin gene is reactivated in adult life [22, 23].

These findings point that the main QTLs of the B-
thalassemia phenotype, including Xmnl polymorphism,
potentially obstruct the binding of inhibitory
transcription factors accountable for silencing HbF
expression. That is chiefly significant for deliberation
of targeted therapies interfering with the interaction of
these transcription inhibitors with B-LCR. Several
drugs, such as 5-azacytidine, erythropoietin,
hydroxyurea, and butyrates, stimulate y-globin chain
production in vivo, reducing clinical strictness and
symptoms in B-T patients [24]. However, other studies

reported no relationship between the T-allele of Xmnl
polymorphism and HbF level increase [25]. That may
be due to some unrevealed genetic determinants acting
upstream of Xmnl polymorphism.

Regarding the BCL11A SNP, the frequency of the
wild TT genotype was (70%) in B-TM patients, while
the heterozygous TC genotype frequency was (30%).
Homozygous CC genotype was absent.

Also, others reported the homozygous mutant CC
genotype in a very low frequency (4.5%), which concur
with our observations. In Asia variations in genotypic
frequencies were evident: 2.4-12.8% for CC, 38-42.9%
for CT, and 48-54% for TT [26]. A study on 100
Egyptian sickle cell disease patients and 100 controls
reported nearly absent CC mutant allele [26]. A higher
frequency was found in a cohort done on 106 B-TM in
France on patients of various geographical origins
(Mediterranean and Asian) [27].

On the obstinately, the frequency of CC genotype
was found in high frequency [8, 28-30]. These
differences in the frequency of variant genotype might
be due to ethnic and geographic differences [31].

According to RBCs count, Hb and HbF levels.
Their mean levels were nearly the same with the
presence or absence of mutant C-allele of BCL11A
polymorphism. QTL on BCL11A gene (rs11886868) in
B-thalassemia patients showed no significant effect on
HbF levels or clinical severity. The possibility to
elucidate this circumstance is that all allele mutations
in B-thalassemia patients were severe (combination of
B° and B*) or that these patients' HbF and clinical
appearance are severe [8]. The study on Egyptian SCD
patients was comparable to our results according to the
BCL11A SNP effect on HbF level with no significant
correlation [26]. In contrast, previous studies showed
that rs11886868 had a strong relationship with the
increase in HbF in both normal individuals and
thalassemia patients [32].

The difference in results between many studies
confirms that the effect of SNPs can be different
among different regions, reflecting a link between
ethnicity and other genetic susceptibility factors. A
group of researchers found that rs766432 had a
relationship with the percentage of HbF better than
rs11886868 on the BCL11A gene [33].

The relationship between Xmnl and BCL11A SNPs
was deliberated to recognize the effect of SNPs in
modifying HbF levels in B-thalassaemic patients and
alleles combination in studied SNPs haplotypes. The
C/T allele (Xmnl/BCL11A) was the commonest in this
study (0.786). At the same time, the T/T alleles were
associated with increasedHbF levels. Rujito et al.
accounted that the C/C allele is the commonest even as
the T/C alleles had a modifying effect onHbF levels
[8]. Ethnic dissimilarities and some other genetic
factors make available a justification of HbF levels
change between different cross studies. The T/T allele
combinations led to HbF levels increase. The result of
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genetic epidemiology in our study, including the data
symptomatic of those variations of SNP loci in the
Xmnl, and BCL11A sites, are meticulous to a specific
geographical area.

3.1. Limitation of the Study

Determination of the frequency of Xmnl and
BCL11A polymorphism in thalassemia major and
investigations of B-thalassemia sub-phenotypes from
the HbF level according to the Xmnl and
BCL11Apolymorphism of phenotype group in
thalassemia major did not give way the unsurprising
result, even though some trends have appeared.
Involvedness in monitoring the pediatric patients led to
poor control of environmental prognostic factors. In
addition, the lack of cytokine levels measurement was
not done, which was due to limited funding resources.
That may have impacted some results of our study. Too
high for some parameters, the numeral of missing data
requires additional study and further statistical analysis.
The analyzed SNPs were not the most frequent or the
most strongly associated with the HbF level in the
pediatric population. Our results need to be further
developed to support our decisive prognosis and
valuable therapeutics.

4. Conclusions

Xmnl polymorphism rather than BCL11A
polymorphism have an altering effect on HbF
construction and improved Hb levels between B-TM
patients. So, it helps in identifying patients' benefits
from HU therapy. Furthermore, the T/T haplotype
(rs7482144 and rs11886868) is connected with higher
HDF levels betweenp-TM patients. That may assist in
advising  prediction and guiding therapeutics.
Recognition of the genetic mechanisms of HbF
production can provide crucial genetic evidence for
patient lamination and prediction of the disease
severity. Such information could provide more
customized patient care corresponding to the expected
phenotype. However, the predictive SNPs of this study
might not predict disease severity in P+(severe)/p0-
thalassemia and [ thalassemia patients who have a
higher degree of a- to non-a-globin imbalance and
being the cause of the severe thalassemia.
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