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Abstract

Objective: Thalassemia is an important hematological disorder. The possibility of iron overload development may
be increase by Interaction between thalassemia and HFE gene mutations. This study aim to investigate the possible
association between serum hepcidin level as indicator of iron concentration and the presence of HFE gene mutations.

Methods: The study contains two groups, group I: include seventy six children with beta thalassemia, group I
include 51 apparently healthy gender and age matched children served as controls. Children was passed through
full history taking, clinical examination. Complete blood picture, iron, ferritin, hepcidin, renal and liver functions were
measured. HFE gene C282Y mutation was assayed by SNP real time PCR.

Results: Frequency of the A genotype and A allele of HFE gene C282Y mutation shows a significant increase in
beta thalassemia group in comparison controls. Also, serum Iron and ferritin levels were significantly increase with
decrease in hepcidin level in AA when compared to AG and GG genotypes. The splenectomy percent was significantly
increased among AA genotype in the patient group. The number and % of patients with ferritin level equal or more than
2500 ng/ml and decrease in hepcidin level as an index of iron overload was significantly increase in patients with AA

and AG genotypes.

Conclusion: There were significant negative associations between serum hepcidin levels as indication of iron
toxicity and HFE C282Y mutation in Egyptian Beta thalassemia children.
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Introduction

Thalassemias are inherited autosomal recessive disorders due to a
defect in o or B-globin chain synthesis characterized by reducing the rate
of hemoglobin synthesis [1].

Regular blood transfusion therapy in thalassemic children leads to
increased risk of iron overload with its related complications [2].

It can result in progressive organ damage in a condition called
hemosiderosis leads to growth retardation and delay of sexual
maturation in children [3].

So, it is critical to maintain normal iron levels in those children. As
in human, iron is unable to be eliminated by the excretory route; iron
will be regulated only by intestinal absorption [4].

Mutations in genes involved in the regulation of systemic iron
homeostasis may cause an autosomal recessive disorder called hereditary
hemochromatosis [5].

Patients with hemochromatosis exhibit increased expression of
iron transporters that result in hyper-absorption of iron from the diet
with lacking a regulated mode of iron excretion results in systemic iron
overload [6].

The hepatocytes secret a hormone called hepcidin, regulates
iron level in the plasma. Persistent increase of hepcidin causes iron-
restricted anemia, whereas hepcidin deficiency results in iron excess
with precipitation of iron in the liver and other parenchyma [7,8].

A useful method for diagnose the patients at higher risk of iron
toxicity may be the determination of hepcidin concentrations [9].

A mutation in the Human Factors Engineering (HFE) gene

was identified as the cause for around 65% of the cases of classic
hemochromatosis in the Mediterranean region [10].

HFE gene located on chromosome 6p [11]. The mutation most
responsible for iron overload in the HFE protein is an amino acid
substitution of tyrosine for cysteine at position 282 [12].

This study aim to detect the HFE gene C282Y mutation and its
relationship with iron excess and hepcidin levels in Beta-thalassemia
children.

Subjects and methods

Subjects: The study conducted on 76 children with p-thalassemia
consists of 36 girls and 40 boys on regular packed red cell transfusion
came to Menoufia University Hospital, Egypt at Pediatric Hematology
Clinic, their age was 7.55 + 4.24 years.

Excluded criteria include serological evidence of hepatitis B or C,
diabetes mellitus thyroid and renal dysfunctions.
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29 boys and 22 girls apparently healthy children age and gender
matched served as a control group. Their age was 8.31 + 4.19 years.

Ethical clearance from Faculty of Medicine, Menoufia University
ethical committee was obtained and Informed consent was taken from
the legal guardians of the included children before participation.

Included patients were passed through detailed history taking and
clinical examination. For each participant, body weight and height were
measured by the standard methods with estimation of body mass index
(BMI=weight in kg/height in m?).

Blood sampling: 7 mL of venous blood were withdrawn from each
subject and divided as follows: 3 mL in a vacutainer plain test tube and
was left to clot and then centrifuged at 3000 rpm for 10 min, serum
was then separated and stored at -80°C until used for measurement
of Iron, ferritin, hepcidin, Renal and liver functions. 4 mL of venous
blood were delivered in a two vacutainer EDTA-containing tube one for
complete blood picture estimation and the other for detection of HFE
gene C282Y mutation.

Assay methods: Complete blood picture was measured with
Pentra-80 automated blood counter (ABX-France-Rue du Caducee-
Paris Euromedecine-BP-7290.34184 Montpellier-Cedex 4.)

Liver enzymes (ALT, AST), Renal function tests (serum creatinine
and blood urea) and alkaline phosphatase were analyzed on auto-
analyzer (SYNCHRON CX35) from Beckman (Beckman, instrument
Inc., Scientific Instrument Division, Fullerton, CA92634 - 3100).
Quantitative colorimetric measurement of Iron was done [13].

Serum ferritin and hepcidin were determined using commercial
ELISA kits (Immunodiagnostic Systems Limited, Bolden, UK) and
EIAab’ Human Hepcidin prohormone ELISA kit, China, respectively
[14]. HFE gene (C282Y) rs1800562 mutation.

Genomic DNA was extracted from whole blood using the Whole
Blood Genomic DNA extraction Kit (Thermo Scientific, Vilnius,
Lithuania). HFE gene (C282Y) rs1800562 mutation was detected using
the TagMan allelic discrimination Assay technique that detects variants
of a single nucleic acid sequence. The actual quantity of target sequence
is not determined. The allelic discrimination assay classifies unknown
samples as follows: Homozygotes samples with only allele 1 or allele 2
or Heterozygotes samples with both alleles 1 and 2. Using the universal
tagMan Master Mix from Thermo scientific, the primers and Tagman
probes were designed by Applied Biosystems (Foster City, CA, USA)
Life Technologies. The reaction mixture was prepared by mixing 10
ul of master mix, 1.25 pl of 20x SNP assay kit contain primers and
probes and 3.75 pl of DNAse-free water. For each unknown reaction,
5 pl of genomic DNA template was added and for the negative control
reaction, 5 pl of DNAse-free water was added.

The cycling condition were set as follows: 50°C for 1 min Pre-PCR
read, then 95°C for 10 min and 45 cycles of 95°C for 15 s, 60°C for 1
min (cycling) and 60°C for 1 min (Post-PCR).using the 7500 Real-time
PCR system (Applied Biosystems, Foster City, CA, USA). The mutation
appears in allelic discrimination plot (Figure 1).

Statistical Analysis

Data entry, coding and analysis were undergone using SPSS (20),
IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp. Data of this study was of both quantitative
and qualitative types. Quantitative data were expressed in Mean (X)
and Standard Deviation (SD), while qualitative data were expressed in
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Figure 1: Allelic discrimination plot of HFE mutation.

frequency (number) and percent (%).Tests of significance used were:
Chi square test, T student test, ANOVA (Analysis of Variance).

Results

The results of this study show a significant lower body weight,
height in children with p-thalassemia compared to the controls. Also,
a significant difference in number and % of children has be done
splenectomy operation in patients group compared to control (Table 1).

There was a significant increase in ALT, AST, alkaline phosphatase,
ferritin, Iron levels, hepcidin levels, MCV, MCH, RDW values and
WBCs count in B-thalassemia patients compared to control. While
there was a significant decrease of hemoglobin levels, RBCs count and
TIBC (Table 2).

There was a significantly increased frequency of the A genotype and
A allele of HFE gene (C282Y) mutation in patients group compared to
controls with confidence interval 95% Odd Ratio was 1.69 (1.46-1.96)
between AA genotypes, 3.70 (1.53-8.94) between AG genotypes and
3.78 (1.67-8.50) between A allele in the two group (Table 3).

There was significant differences among AA, AG and GG types
of HFE gene (C282Y) mutation as regard ALT, AST, urea, creatinine,
alkaline phosphatase, ferritin, Iron levels and WBCs count in
B-thalassemia patients with significant increase in AA genotype than
both AG and GG genotypes. Also, there was significant increase in
splenectomy percent among AA genotype than other two genotypes in
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Nean+50 Mean 50 ttost P value
Age (years) 7.55+4.24 8.31+4.19 0.996 >0.05
Gender
Male No % 41 53.9% 29 56.9% x>=0.10 >0.05
Female No % 35 46.1% 22 43.1%
Weight in Kg 23.93 +11.73 28.76 + 13.25 2.158 <0.05*
Height (cm) 115.68 + 25.84 126.15 + 25.54 2.249 <0.05*
BMI 17.04 £ 2.87 16.93 £ 1.62 0.236 >0.05
Splenectomy
iti 0, 0, 0,
i n R e
Table 1: Comparison between the studied groups regarding demographic and clinical data in patient and control.
Mean 50 Mean£50 ttest P value
AST (IU/L) 98.53 + 100.89 28.07 + 4.68 4.977 <0.001**
ALT (IU/L) 133.15 + 283.20 28.11 + 3.86 2.645 <0.01**
Creatinine (mg/dl) 0.69 £ 1.08 0.96 £ 1.70 1.064 >0.05
Urea (mg/dl) 31.88 + 8.52 30.68 + 5.81 0.873 >0.05
ALP (IU/L) 362.73 + 85.32 96.01 £ 9.14 6.618 <0.001**
Ferritin ( ng/ml) 2334.27 £ 1779.49 97.78 £ 25.33 8.963 <0.001**
Iron (ug/dl) 195.17 £ 71.19 81.47 £ 10.31 11.311 <0.001**
TIBC (ug/dl) 144.27 £79.84 293.80 + 25.65 12.919 <0.001**
Hepcidin (ng/ml) 66.90 + 14.47 76.72 + 16.53 18.931 <0.001**
WBCs (x 10°/L) 22.83 £ 25.67 7.03 £2.36 4.377 <0.001**
RBCs (x 108/L) 2.83+0.59 4.73+0.34 17.317 <0.001**
Hb (gm/dl) 7.77 £1.76 11.72+£1.27 13.266 <0.001**
Platetets count (x 10°%/L) 409.17 £ 269.53 326.27 + 83.94 2.126 <0.05*
MCV (um?d) 78.49+6.5 74.6 + 8.8=52 2.907 <0.05*
MCH (pg) 27.58 £3.34 2487 +2.84 4.680 <0.01**
RDW (%) 35.07 + 3.47 34.14 £ 0.52 6.166 <0.001**

Table 2: Comparison between the studied groups regarding laboratory data, iron related parameters in patient and control.

Group 1 (n=76) Group 2 (n=51)

No. % No. %
rs2228570 genotypes:
:‘/’é gee’r‘;ttypz 3 3.9% 0 0.0%
o0 genotype 31 40.8% 8  157%
genotyp 42 553% 43 84.3%
Allele frequency
Aallele 37 24.35% 8 7.85% 94
G allele 115 75.65% 92.15%

X2 P value OR (CI1 95%)
1.69 (1.46-1.96).
3.70 (1.53-8.94).
12.12 0.002 Reference genotype.
3.12 0.001 3.78 (1.67-8.50)

Reference Allele

Table 3: Comparison between the studied groups regarding genotype and allele frequency.

patients group. While there was a significant decrease of hepcidin levels
in AA genotype than both AG and GG genotypes (Table 4).

There was a significant association between Ferritin, Alkaline
phosphatase, TIBC levels, hepcidin levels and HFE mutation by multi-
variance regression analysis model.

There were significant differences among AA, AG and GG types of
HFE gene (C282Y) mutation as regard number and % of patients with
ferritin level equal or more than 2500 ng/ml as index of iron overload
group with AA and AG genotypes have significantly higher rates of iron
overload than GG genotype (Table 5).

Discussion

Multiple transfusions can lead to the accumulation of excessive
iron in the body which needs to be corrected using chelating agents to
remove excess iron by excretion [15].

Transferrin is a carrier of iron to be soluble in plasma, however
when (transferrin saturation. increases over 45%, new circulating iron
species can appear, named non-transferrin bound iron (NTBI), which
has a very special kinetics in so far as, it targets with very high affinity
the parenchymal cells, especially the hepatocytes [16].

The redox potential of tissue iron as environmental modifier may
be the cause of chronic liver disease in hemochromatosis [17].

The aim of this study was to evaluate the frequency of rs1800562
HFE mutation in children with beta thalassemia and the correlation
between these mutations with parameters of Iron indices including
hepcidin levels.

In the present study There was a significantly increased frequency of
the A genotype and A allele of HFE gene (C282Y) mutation in children
with beta thalassemia compared to controls.

Less commonly two additional mutations were noted other than
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A/A (n=3) AIG (n=31) G/G (n=42)
Mean * SD Mean * SD Mean * SD ANOVA P value
AST (IU/L) 313.33 +60.28 99.87 £ 99.94 82.84 + 86.47 8.883 <0.001**
ALT (IU/L) 333.33 + 80.83 106.45 £ 103.32 87.14 + 88.81 9.445 <0.001**
Creatinine (mg/dl) 0.97 £ 0.06 0.65 +0.21 0.58 +0.200 5.512 <0.01**
Urea (mg/dl) 44.67 +1.53 31.87 £ 8.47 30.98 + 8.22 3.888 <0.05*
ALP (IU/L) 510.00 + 45.83 369.87 + 83.60 346.95 + 78.88 6.001 <0.001**
Ferritin (ng/mL) 5966.67 + 907.38 2486.45 + 1683.67 1962.5 + 1598.02 8.793 <0.001**
Iron (ug/dl) 293.33 + 15.27 207.06 + 68.9 179.38 + 68.69 4.749 <0.001**
TIBC (ug/dl) 58.0 + 2.65 135.87 £ 81.95 156.64 + 77.42 2.525 <0.05*
Hepcidin (ng/ml) 63.45+12.34 68.68 + 14.32 97.0+1.73 9.757 <0.001**
WBCs (x 10°L) 75.93 £ 59.20 26.30 + 24.63 16.48 + 18.27 9.876 <0.001**
RBCs (x 10°/L) 3.15+0.54 2.84 £0.57 2.82+0.63 0.416 >0.05
Hb (gm/dl) 7.70 £0.79 7.88+1.72 7.71+1.85 0.082 >0.05
Platelets count (x 10%/L) 480.67 + 376.16 44414 + 261.47 378.26 + 271.45 0.636 >0.05
MCV (um?3) 78.67 £ 11.01 80.16 £ 6.21 77.24 £6.28 1.845 >0.05
MCH (pg) 2473+2.0 28.09 +3.13 27.42 +3.49 1.529 >0.05
RDW (%) 31.63 +2.03 34.79 +£3.05 35.52 +3.73 1.974 >0.05
Splenectomy
Positive No % 3 100% 14 45.2% 1 26.2% x*=8.11 <0.05*
Negative No % 0 0.0% 17 54.8% 31 73.8% ’
Table 4: Comparison between rs2228570 genotypes regarding laboratory data, iron related parameter in patients group.
iti Patients G
Ferritin level atients Broup Total Chi? P value
(ng/mil) AA AG GG
Number 3 14 12 29
22500
% 100% 45.16% 28.57% 38.16%
7.12 "
Number 0 17 30 47 <0.05
<2500
% 0.0% 54.84% 71.43% 61.84%
Number 3 31 42 76
Total
% 100.0% 100.0% 100.0% 100.0%

Table 5: Comparison between SNP of HFE in patients group according to ferritin value as index of iron overload.

the C282Y homozygous mutation, aspartate for histidine (H63D) and
cysteine for serine (S65C) [18].

The coexistence of two iron metabolism disturbances, beta
thalassemia and C282Y mutation in the present study has no
explanation but it leads to an additional overload and an increase of
oxidative stress in blood cells which may explain the difference of the
clinical course between children with beta thalassemia [19].

In accordance to the present study Kaur et al. [20], found that 2 out
of 81 patients with beta thalassemia were positive for C282Y rs1800562
mutation. While the studies of Enein et al. [21], Mellouli et al. [22] and
Karimi et al. [23], found no cases of this mutation in both patients and
control groups.

In the present study there was no significant difference in genotypes
of C282Y rs1800562 mutation as regard gender. Matched with this, the
study of Katsarou et al. [24] found no association between the HFE
polymorphisms rs1800562 and gender could be established.

In the present study in p-thalassemia patients there was a significant
increase of serum Iron and ferritin levels in AA genotype than both
AG and GG genotypes. Also, there was a significant increase in the
splenectomy percent among AA genotype than other two genotypes in
the patient group.

A several studies stated elevated serum ferritin concentration as
a sensitive indicator of body iron stores with a relationship between
C282Y homozygosity and elevated body iron stores [25].

In this study in B-thalassemia patients there was a significant decrease
of serum hepcidin levels in AA genotype than both AG and GG genotypes.

In accordance with this study Piperno et al. [26] found that
mutations of HFE lead to hepcidin deficiency and the adult form of
hereditary hemochromatosis.

In the present study there was a significant increase number and %
of patients with ferritin level equal or more than 2500 ng/ml as an index
of iron overload with AA and AG genotypes.

Serum ferritin levels of greater than 2500 pg/l are known to have
high rates of iron overload-related complications [15]. But individuals
with Cys282Tyr homozygosity might present with abnormal iron
tests with or without clinical symptoms and with or without proving
evidence of iron overload [27].

This can explained by a conformation change in the structure
of mutated HFE protein which may prevents the deactivation of
transferrin receptor by entering the hepatocyte. So, this receptor will
continue to release iron, causing iron overload in the liver [28].

Perhaps liver affection may lead to failure in the production of the
liver iron hormone hepcidin in hepatocytes in response to excessive
iron absorption from the diet and iron deposition in tissues, causing
multiple organ damage and failure [29].

This work shows that as there is a correlation between HFE
mutation and hepcidin levels the presence of HFE C282Y mutation
may be a predictor of susceptibility to iron overload due to deficiency
of hepcidin in Egyptian Beta thalassemia children.
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