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	 β-thalassemia major (ßTM) is characterized by severe anemia that necessitates regular 
transfusions, leading to iron overload. Mutations in the HFE gene have been reported to affect 
iron homeostasis and may exacerbate iron accumulation in patients with thalassemia. This 
study aimed to screen for HFE gene C282Y and E277K mutations in Sudanese children with 
ßTM to assess their impact on the severity of iron overload. A total of 76 children with ßTM 
were enrolled in the study. Genomic deoxyribonucleic acid was extracted from peripheral 
leukocytes and analyzed for the C282Y and E277K mutations in the HFE gene using polymerase 
chain reaction amplification and Sanger sequencing. Serum ferritin (SF) levels were determined 
using a biochemical analyzer to assess the severity of iron overload. The C282Y mutation was 
absent in all participants, whereas the E277K mutation was identified in 2 (2.6%) patients in 
a heterozygous state.  Furthermore, an intron 3 variant (rs807209) was detected in 16 (22.3%) 
patients within the same amplicon. Although the mean SF level was lower in patients with 
the E277K mutation and higher in those with the intron 3 variant than in those carrying the 
wildtype allele, the differences were not statistically significant (P-values = 0.140 and 0.164, 
respectively). In conclusion, the HFE C282Y mutation was not detected among Sudanese children 
with ßTM. The E277K mutation was rare (2.6%) and was not significantly associated with the 
severity of iron overload. Similarly, the intron 3 variant (rs807209) was present in a proportion 
of patients (22.3%) but had no significant impact on the severity of iron overload.
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	  b-Thalassemia major (âTM), also known 
as Cooley’s anemia, is the most severe form of 
thalassemia, resulting from mutations in both 
b-globin alleles that lead to severely reduced or 
absent â-globin chains. The resulting imbalance 
in globin chains leads to ineffective erythropoiesis 

and severe hemolytic anemia, necessitating 
regular blood transfusions to maintain adequate 
hemoglobin (Hb) levels.1,2

	 Regular blood transfusions lead to iron 
overload and life-threatening complications, as 
excess iron saturates the transferrin-iron transport 
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system, resulting in the presence of non-transferrin-
bound iron (NTBI) that circulates in plasma and 
is subsequently deposited in susceptible cells.3,4,5 
Furthermore, NTBI is unstable and can easily be 
changed from ferric to ferrous form, resulting in 
the generation of reactive oxygen species, which 
cause tissue damage through lipid peroxidation 
and lead to a variety of health problems.6,7,8 Iron 
overload-related complications (IOCs) include 
growth retardation and failure or delay of sexual 
maturation.9 Later, complications may include 
the involvement of the heart, liver, and endocrine 
glands.10 Heart failure and arrhythmias, caused by 
myocardial siderosis, are the most important life-
limiting complications of iron overload in patients 
with âTM.11

	 Compliance with iron chelating therapy 
(ICT) can reduce the frequency and severity of 
IOCs and improve the survival of âTM patients.12 
However, ferritin levels above 2500 ìg/l are 
associated with a higher risk of morbidity and 
mortality, and levels persistently above this value 
should trigger an intensification of the chelation 
regimen.13,14 Hereditary hemochromatosis (HH), 
also referred to as type I hemochromatosis, is 
caused by mutations in the HFE gene, which 
is located on chromosome 6 and encodes the 
HFE-iron-regulatory protein, a key limiting 
factor of the duodenal iron absorption. This 
protein plays a crucial role in iron homeostasis by 
interacting with transferrin receptors and regulating 
hepcidin production, a hormone that regulates iron 
absorption and distribution in the body.15,16

	 The HFE C282Y mutation results from a 
G-to-A substitution at nucleotide 845 in the HFE 
gene, leading to the substitution of cysteine with 
tyrosine at position 282 of the HFE protein. This 
mutation is the most frequent mutation associated 
with HH, accounting for approximately 80-90% 
of cases in populations of European descent.17-19 
The pathophysiology of the C282Y mutation 
involves the disruption of normal HFE protein 
function, which is crucial for regulating iron 
homeostasis; it impairs the interaction of HFE 
protein with transferrin receptors on cell surfaces, 
thereby modulating hepcidin expression, leading 
to decreased hepcidin levels and, consequently, 
increased intestinal iron absorption.17,20

	 The E277K mutation is a less common 
genetic alteration associated with HH. It involves 

a substitution of glutamic acid (E) with lysine (K) 
at position 277 of the HFE protein. The functional 
significance of the E277K mutation is still being 
elucidated. Studies suggest that this mutation 
may affect the interaction of the HFE protein 
with transferrin receptors and â2-microglobulin, 
potentially leading to impaired signaling pathways 
that regulate iron metabolism.21 Carriers of 
E277K mutation have been reported to exhibit 
varying degrees of iron overload, depending on 
additional genetic and environmental factors. 
The presence of other mutations in the HFE 
gene can influence the phenotypic expression 
of iron overload in individuals with the E277K 
mutation. Furthermore, lifestyle factors, such as 
diet and alcohol consumption, may also modulate 
the severity of iron overload in carriers of this 
mutation.22,23

	 Screening for HFE mutations in patients 
with ÂTM can help predict the risk of iron 
overload, enabling early detection and more 
effective management to address IOCs.13,24

	 This study aimed to screen for HFE 
gene C282Y and E277K mutations in Sudanese 
children with âTM and explore their influence on 
the severity of iron overload.

Materials and Methods 

	 This is a descriptive cross-sectional study, 
in which a total of 76 children diagnosed with âTM 
were recruited, all were treated with regular blood 
transfusions and monitored at multiple Hospitals 
in Khartoum state, Sudan. Blood samples were 
collected from all participants and used to estimate 
serum ferritin (SF), perform complete blood count 
(CBC), and conduct molecular analysis.
Hematological and biochemical analysis
	 CBC was performed immediately after 
sample collection using an automated hematology 
analyzer (Mission HA-360, USA), and SF level 
was measured using an automated analyzer (Cobas 
e-411) with Elecsys Ferritin kit (Roche Diagnostics 
International Ltd, Switzerland).
Molecular analysis 
DNA extraction 
	 Genomic DNA was isolated from 
peripheral leucocytes using the “innuPREP Blood 
DNA extraction kit” (Analytik Jena, Germany) and 
stored at “20°C for further analysis. 
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Polymerase Chain Reaction (PCR)
	 A PCR reaction mixture (23 ìL) was 
prepared for each sample; it consists of 4 ìl ready-
to-load master mix, 1 ìl of each of the forward 
(5'-GGGTATTTCCTTCCTCCAACC-3') and 
reverse (5'-CTCAGGCACTCCTCTCAACC-3') 
primers (Intron biotechnology, South Korea), 
2 ìl genomic DNA, and 15 ìl distilled water. 
The mixture was amplified using a thermal 
cycler (Biometra TADVANCED, Germany). 
The thermocycling conditions included initial 
denaturation at 95°C for 2 minutes, followed by 
35 cycles of [95°C for 30 seconds, 63.3°C for 30 
seconds, and 72°C for 30 seconds], and a final 
extension at 72°C for 5 minutes. 
Agarose gel electrophoresis 
	 PCR products (4 ìL) were separated on 
an ethidium bromide-stained agarose gel (1.5%) 
and visualized using a gel documentation system 
(Biometra BDA compact, Germany). The optimal 
size of the product (441 bp) was determined by 
comparing it with a 100 bp DNA ladder.
DNA sequencing
	 Sanger DNA sequencing was used to 
screen the amplified fragment for HFE gene C282Y 
and E277K mutations (BGI-Genomics Company, 
China).
Data collection and analysis
	 Patients’ data were collected from the 
medical records and analyzed using the Statistical 
Package for Social Sciences (SPSS), version 25. 
Qualitative data were presented as frequency and 
percentage, while quantitative data were presented 
as mean±standard deviation (SD). The association 
between qualitative variables was tested using 

Chi-square and Fisher’s exact tests. The means 
of quantitative variables were compared by 
an independent two-sample test and ANOVA. 
Multivariable logistic regression was conducted 
to evaluate the association between HFE gene 
mutations and the development of IOCs, while 
adjusting for potential confounders, including age, 
transfusion frequency, iron chelation therapy, and 
sex.

Results 

Demographic and clinical data 
	 A total of 76 Sudanese children with âTM 
were enrolled in this study; 46 (60.5%) were males 
and 30 (39.5%) were females; 41 (53.9%) were 
under the age of 7.  
	 The severity of anemia varied significantly 
among the study participants; over half (55%) had 
severe anemia (Hb < 7 g/dl), 30% had moderate 
anemia (Hb 7–10 g/dl), and 15% had mild anemia 
(Hb > 10 g/dl). Most patients (92.1%) had elevated 
SF levels, while the remaining 7.9% had values 
within the normal range. Approximately two-thirds 
(67.1%) experienced iron  IOCs. The most frequent 
complication was growth retardation (47.1%), 
followed by hypersplenism (37.3%), liver disease 
(5.9%), and diabetes mellitus (2.0%). Although 16 
patients (21.1%) were at risk of myocardial iron 
deposition based on their SF levels (e” 2500 ìg/l), 
none showed clinical signs of cardiac disease.
	 About half of the patients (53%) were 
receiving ICT. Almost all patients, except one, 
were on subcutaneous deferoxamine, while the 
remaining one (98.7%) was taking oral deferasirox. 

Table 1. Association between iron overload complications and age group, 
anemia severity, and iron chelation therapy

Variable		                       Iron overload complications	 P. value
	 	 Yes	 No
	
Age group	 <7 years	 21 (51.2%)	 20 (48.8%)	 0.007
	 >7 years	 30 (85.7%)	 5 (14.3%)	
Anemia severity	 Mild	 3 (27.3%)	 8 (72.7%)	 0.012
	 Moderate	 16 (69.6%)	 7 (30.4%)	
	 Severe	 32 (76.2%)	 10 (23.8%)	
Chelating therapy	 Yes	 30 (71.4%)	 12 (28.6%)	 0.373
	 No	 21 (61.8%)	 13 (38.2%)	

P-value significant at < 0.05
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Fig. 1. Correlation between S. ferritin levels and duration since the last dose of ICT

Fig. 2. Negative C282Y mutation; the alignment shows the wildtype (G) allele in all patients

The participants demonstrated variable adherence 
to ICT, as indicated by the long mean duration since 
the last dose (Mean ± SD: 192 ± 230 days). 
	 The comparison of SF levels according 
to anemia severity showed that the mean SF level 

was higher in patients with severe anemia than in 
those with moderate anemia, and in patients with 
moderate anemia than those with mild anemia, 
but the difference was not statistically significant 
(Mean± SD: 2106.6± 1505.9 ìg/l, 2091.7± 1443.4 
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Fig. 3. The E277K mutation is illustrated in the middle alignment, where Guanine (G)—highlighted by a black 
box—is substituted with Adenine (A) in patients numbered 11 and 12. The chromatogram on the right shows 

double peaks corresponding to Adenine (green) and Guanine (black), indicating a heterozygous E277K mutation.  

Fig. 4. Intron 3 (rs807209) mutation. The BioEdit alignment shows a nucleotide substitution in which Cytosine 
(C) is replaced by Guanine (G), demonstrating the base substitution associated with the rs807209 variant.

ìg/l, and 1656.1 ± 1395.2 ìg/l respectively, P-value 
= 0.652).
	 IOCs were significantly more prevalent 
among patients aged seven years or older compared 
to those younger than seven, and they increased in 
parallel with anemia severity. The number of blood 

transfusions received was significantly higher in 
patients with IOCs compared to those without 
complications (median: 73 and 20, respectively, 
P-value= 0.00). ICT was found to have no 
significant effect on the frequency of IOCs (Table 
1). As shown in Figure 1, a statistically significant 
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Table 2. Association of HFE gene E272K and intron 3 rs807209 
mutations with risk of IOCs

Variable	 aOR	                        95% CI s		  P-value*
		  Lower	 Upper	

E272K 	 1.39	 0.003	 581.47	 0.915
rs807209 positive	 0.56	 0.12	 2.58	 0.458
Age 	 1.25	 0.96	 1.63	 0.093
Frequency of transfusions   	 1.04	 1.01	 1.07	 0.005
Chelation therapy	 0.26	 0.06	 1.16	 0.078
Sex	 1.34	 0.37	 4.86	 0.658

*P-value significant at < 0.05

positive correlation was observed between S. 
ferritin levels and the time since the last ICT dose 
(r=0.310, P-value= 0.046). 
Frequency of HFE gene mutations
	 The results of DNA sequencing revealed 
the absence of HFE C282Y mutation in all the 
study subjects (Figure 2). The E277K mutation was 
detected in two patients (2.6%) in heterozygous 
state (Figure 3). Another single-nucleotide 
variation, intron 3 C>G (rs807209), was identified 
in the same sequence amplified for detecting the 
C282Y and E277K mutations; it was found in 16 
(22.3%) patients, one in homozygous state and 15 
in heterozygous state (Figure 4).
Impact of HFE mutations on the severity of 
iron overload 
	 The two patients with the E277K mutation 
had lower SF levels than those with the wild-type 
allele, but the difference was not statistically 
significant (mean ± SD: 1727.53 ± 1667.6 and 
2107.17 ± 1421.9 ìg/l, respectively; P-value = 
0.140).
	 Al though the  only  pat ient  wi th 
homozygous intron 3 mutation (GG) was found 
to have a higher SF level (2460 ìg/l) compared 
to those with the heterozygous genotype and 
those with the wild-type allele, no statistically 
significant difference was observed (Mean± 
SD: 1727.53±1667.6 and 2107.17± 1421.9 ìg/l, 
respectively, P-value= 0.164).
Associations of HFE genetic variants (E272K & 
rs807209) with risk of IOCs
	 After adjusting for age, transfusion 
frequency, ICT, and sex, multivariable logistic 
regression revealed that neither the E272K 
mutation nor the intron 3 (rs807209) variant 

was an independent risk factor for IOCs. Age 
showed a borderline but insignificant positive 
association, while transfusion frequency was 
significantly associated with an increased risk 
of complications. Although not statistically 
significant, ICT demonstrated a protective trend, 
and sex had no considerable impact (Table 2).

Discussion 

	 The HFE protein plays a crucial role in 
regulating iron metabolism, and mutations in this 
gene account for almost 90% of HH phenotypes in 
some populations.25,26 This study screened Sudanese 
children with âTM for the HFE gene C282Y and 
E277K mutations to explore their effects on iron 
overload severity.  The study included 76 children 
with âTM receiving regular blood transfusions and 
monitored at various hospitals in Khartoum state, 
Sudan. 
	 The results revealed that the majority 
of children with âTM (92.1%) had high SF 
ferritin levels, a critical marker of iron overload. 
Moreover, 21.1% of children had SF levels > 2500 
ìg/L, indicating an increased risk of myocardial 
iron loading. This finding is consistent with the 
established understanding that patients with âTM, 
who frequently require blood transfusions to 
manage their severe anemia, are at high risk of iron 
accumulation due to the absence of a physiological 
mechanism for iron excretion.7,27 The association 
between the frequency of IOCs and factors such 
as the severity of anemia, age group (e”7 years), 
and the number of blood transfusions received is 
particularly noteworthy. The severity of anemia 
in âTM patients often necessitates more frequent 
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transfusions, thereby increasing the iron burden. 
The relationship between transfusion frequency 
and iron overload is well-documented in previous 
studies, with each unit of transfused red blood 
cells introducing approximately 200-250 mg of 
iron into the body.28,29 Consequently, patients 
who receive more transfusions are at an increased 
risk of developing IOCs.30 The age group is also 
significant in this context, as children with âTM 
aged e”7 years typically accumulate more iron due 
to the cumulative effects of transfusions over time. 
This accumulation can lead to a higher incidence of 
complications, as the organs become increasingly 
burdened by excess iron. Studies have shown that 
the risk of developing cardiac complications, for 
instance, rises significantly in older children and 
adolescents with âTM, particularly those with high 
SF levels.31,32 This trend emphasizes the importance 
of regular monitoring and proactive management 
of iron levels in this age group to mitigate the risk 
of long-term complications.
	 The current study found that ICT did 
not significantly affect the frequency of IOCs 
in children with âTM. This finding aligns with 
the existing literature, which highlights the 
complexities and limitations of ICT in managing 
iron overload associated with frequent blood 
transfusions. Despite the introduction of various 
iron chelators, the effectiveness of these treatments 
can vary significantly among patients, and some 
studies have reported persistent high SF levels 
even with ICT.7,29 This suggests that while ICT is 
critical for managing iron overload, it may not be 
sufficient to prevent complications in all patients.  
In this study, patients exhibited variable adherence 
to ICT, as reflected in the long time since the 
last dose (Mean ± SD: 192.2 ± 230 days). The 
analysis showed a statistically significant positive 
correlation between S. ferritin and the time since 
the previous dose of ICT (r=0.310, P-value= 
0.046), which reflects that adherence to ICT is a 
critical factor influencing its effectiveness. This 
finding is supported by a previous study, which 
showed that poor adherence to prescribed chelation 
regimens can lead to inadequate management of 
iron levels, resulting in continued complications.32 
All patients in this study, except one, were treated 
with subcutaneous deferoxamine, while a single 
patient received oral deferasirox. This limited 
variation in treatment type makes it challenging 

to evaluate the impact of the type of ICT on the 
frequency of IOCs. 
	 Researchers have shown that the 
prevalence of the HFE C282Y mutation varies 
across different populations. While the mutation is 
common in European populations, its frequency is 
significantly lower in non-European groups.33 In the 
current study, the C282Y mutation was not detected 
in any of our study participants, indicating no role 
for this mutation in iron overload among Sudanese 
children with âTM. This finding is consistent with 
many studies that reported extreme rarity or even 
absence of C282Y mutation among âTM patients 
in some populations.34,35

	 The E277K mutation was detected in only 
two patients (2.6%). This finding is consistent with 
Bradbury et al,36 who reported this substitution as 
a rare polymorphism in the HFE gene. Karimi et 
al,37 found E277K mutation in a homozygous state 
for the first time in Iranian transfused and chelated 
âTM, but they couldn’t establish or exclude its 
influence on the endogenous iron loading. Later, 
Silva et al,21 analyzed the functional consequences 
of the E277K mutation and reported that it 
negatively affects both the HFE alternative splicing 
mechanism and protein interactions and may play 
a role in the development of HH. Furthermore, 
E277K substitution was detected in compound 
heterozygosity with H63D in Portuguese males 
who presented with altered iron parameters, while 
it was not found in healthy Portuguese individuals; 
thus, it was not considered a polymorphism.38

	 In  the  present  s tudy,  s ta t is t ica l 
insignificance was noted in the mean SF levels 
between the patients carrying the E277K mutation 
and those with the wild-type allele.
	 In the current study, another genetic 
variant, the intron 3 C>G (rs807209) mutation, 
was detected by DNA sequencing, with a frequency 
of 19.7% for the heterozygous state and 1.3% for 
the homozygous state. Although the only patient 
with the homozygous mutant genotype (GG) had 
higher SF levels than those with heterozygous 
or wild-type genotypes, the difference was 
statistically insignificant. This mutation was 
previously reported in the Brazilian population 
by Campos et al.39 However, to our knowledge, 
there is no published data on this mutation and 
iron overload in thalassemic patients. According 
to data from the ClinVar database (Accession: 



3161Ali & Ali et al., Biomed. & Pharmacol. J,  Vol. 18(4), 3154-3163 (2025)

VCV001292203.4), this variant is classified as 
a “benign” single-nucleotide variant (SNV). 
However, this classification is based on a single 
clinical study,40 and its functional significance 
remains uncertain. Therefore, future studies using 
in silico prediction tools or functional assays are 
recommended to clarify its potential regulatory 
role.
	 After controlling for age, frequency of 
blood transfusion, ICT, and sex, multivariable 
logistic regression showed that neither the E272K 
mutation nor the intron 3 (rs807209) variant was 
an independent risk factor for the development 
of IOCs. Age showed a borderline insignificant 
positive association, while transfusion frequency 
was significantly associated with an increased risk 
of complications. ICT demonstrated a protective 
trend, but it was not statistically significant, and 
sex did not have a considerable effect on the 
development of IOCs. However, the low frequency 
of the E277K mutation and the intron 3 rs807209 
variant limits the statistical power to detect 
meaningful associations with iron overload severity 
or complications.

Conclusion

	 C282Y mutation of the HFE gene was 
not reported in Sudanese children with âTM. 
The E277K mutation was present, but at a low 
frequency, leaving its role in the severity of iron 
overload uncertain. The Intron 3 C>G (rs807209) 
variant of the HFE gene was also identified in our 
study population. Patients who were homozygous 
for this mutation had higher SF levels compared 
to those with the heterozygous state or the wild-
type allele, but the difference was not statistically 
significant. The frequency of blood transfusion was 
significantly associated with the risk of developing 
IOCs, while no significant effect was observed for 
age, sex, or ICT.
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