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Abstract—Hemochromatosis is a prevalent hereditary
disorder that causes excess iron to build up in the body to
dangerous levels. Hereditary hemochromatosis, also known as
HFE-related hemochromatosis is carried on by changes in the
HFE gene. Investigating the gene mutations of the HFE gene is
a way to explore the prevalence of this disease. This study aims
to determine the association between hemochromatosis HFE
gene mutations (C282Y and H63D) and childhood acute
lymphoblastic leukaemia in patients at Basra Specialized
Hospital for Children and AL-sadder Teaching Hospital in the
Basra governance. QlAamp DNA and Blood Mini Kit were
used to isolate and identify Human genomic DNA and detect
mutations in the HFE gene using the DNA hybridization
method. In this study, the absence of the C282Y mutations in
both patients and the control group was identified. However,
testing DNA-based hybridization experiments revealed low
detection levels of the H63D (homozygous, heterozygous)
mutations; in only 12.5% of patients. The H63D (only
homozygous) mutations were present in 10% of the control
group. The association between patients and the control group
is considered statistically significant. The HFE gene mutations
(C282Y and H63D), originate in acute lymphoblastic
leukaemia in childhood, thus, this study recommends
complementary investigations to illustrate this case in more
detail with more cases of patients and discover the hidden
agents underlying these mutations.
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I. INTRODUCTION

Lymphoblastic leukemia has two forms, Acute
lymphoblastic leukaemia (ALL) and chronic. Both are bone
marrow derived cancers. The disease affects B or T-
lymphoblasts with a highly frequent malighancy in
childhood. Malignant white blood cells of ALL are
characterized via  disorderly  abnormal leukocyte
proliferation. Thus, leading to overproduction of
lymphoblast infiltration into the blood stream and bone
marrow elements resulting in a distinct disease state. Acute
lymphoblastic leukemia occurs with increased frequency in
patients (childhood) with Down syndrome [1], Shwachman
syndrome [2, 3], Li-Fraumeni syndrome [4], Bloom
syndrome [5], neurofibromatosis type |, as well as exposure
to ionizing radiation, pesticides, and solvents [6-8].

The common symptoms of ALL encompass fever (as a
result of leukemia or secondary infections), lethargy and

fatigue (caused by anemia), joint and bone pain, and
bleeding caused by low platelets [9]. The ALL symptoms
include alteration in white blood cells and therefore
influence the immune system and weaken the body's
capacity to face infection, causing comprehensive treatment
of common pathogens [10]. Acute lymphoblastic leukemia
can be distinguished by relying on clinical, morphological,
genetic, and immunophenotype standards as reported by the
WHO of lymphoid neoplasms in 2008. ALL is further
classified into three sub-types (L1-3) [11]. Patients with
ALL are allocated into three risk groups: standard and
moderate risk groups, both determined by sufficient
premature therapy recovery; and a third group with high-risk
[12].

The hemochromatosis is a recessive autosomal disorder
affects iron metabolism, causing a person to absorb too
much iron, thus iron accumulation led to organ damage, skin
hyperpigmentation, arthritis, development of cirrhosis,
diabetes mellitus, and cardiomyopathy [13]. The early
symptoms for individuals with the disease include
abdominal pain, weight loss, lethargy, and weakness [14,
15]. The gene responsible for hemochromatosis has been
determined as a major histocompatibility complex (MHC)
(class I) and is known as the HFE gene [16].

The HFE gene contains 7 exons which cover 12 kb [17].
This gene spans approximately 9,600 base pairs on
chromosome 6p within the class | region of the human
leukocyte antigen (HLA) complex of 4.5 Kb [18]. Exon 1
follows the peptide signal, whereas exons 2, 3, and 4
correspond to the al, a2, and a3 regions, in that order. Exon
5 represents the transmembrane site [18]. The 5° piece of
exon 6 possesses a local stop codon and is accountable in
encoding of the cytoplasmic tail. Hence, the whole-length of
gene means only 6 exons [19]. The HFE protein holds 343
amino acids and possesses a peptide, a transmembrane
region, binding region of an extracellular transferrin
receptors (al and a2), a transmembrane segment, a short
cytoplasmic tail, and an immunoglobulin-like a3 region [20]
(Fig. 1). Molecular researches have revealed that
hemochromatosis is prevailing because of a mutation in the
HFE gene [21].
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Fig. 1. The structure of HFE protein [18].

There are two major varieties of mutations linked to
hereditary hemochromatosis (HH) in people of European
descent; these are referred to as C282Y and H63D. Within
the present more extended studies, investigations reported
that the C282Y homozygote mutation has an important role
in producing iron overload, while the H63D homozygote
mutation provides a lower role [22]. The HFE gene has been
shown by many studies and found to be on the 6"
chromosome short arm, roughly 4.5 Kb to the HLA-A [13].
The C282Y mutation acts to disrupt disulfide bridges in the
al and o2 extracellular domains of the HFE gene. The
correlation between the C282Y mutation and [32
microglobulin enables the efficient transport of the C282Y
mutation to the cell surface, where transferrin receptor 1
TfR1 interaction occurs. If the C282Y interaction with TfR1
is lost, the affinity of the transferrin receptor for transferrin-
bound iron increases, thereby changing iron absorption [16].

A. Patients and control Groups

Samples were gathered from AL-Sadder Teaching Hospital
and Basra Specialized Hospital for Children, in Basra
governance. A total of sixteen blood samples among
hospital patients with pediatric acute lymphoblastic
leukemia were collected for DNA isolation. In addition, ten
control samples were collected from healthy persons; all are
without acute lymphocytic leukemia or any other disease.

B. Genomic DNA extraction

The human genomic DNA from both patients and control
groups were used for DNA extraction and purification as
well as amplification to detect HFE gene mutations. Human
genomic DNA was extracted and purified using the QlAamp
DNA Mini and Blood Mini Kit (Qiagen Germany). In
addition, genomic DNA quality and quantity were measured
using OPTIZEN POP Nano Bio Uvl/vis spectrophotometer
(DAIHAN Lab Tech, Korea).

MATERIALS AND METHODS

C. Genomic DNA amplification

Detection of mutations in the HFE gene using the
DNA hybridization method was performed [23]. The PCR
settings were as follows: a three-minute initial denaturation
step at 94 °C, 30 cycles of denaturation at 94 °C for 30
seconds each, and a 30-second annealing temperature at 54
°C. An increase of 72 °C for 30 secs (1 min for each kb of
PCR product) was conducted, then a final extension at 72 °C
for 3 min [24].
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D. Analysis of statistics

Data were examined using GraphPad Prism program.
The Odd ratio was used (Fisher's exact test), and 95%
confidence intervals were calculated following the Bland—
Altman method

I1l.  RESULTS

Figure 2 shows the gel of DNA hybridization of
sixteen amplified DNA samples isolated from ALL patients.
Figure 3 shows the DNA hybridization image analysis and
Table 1 summarizes the data obtained from the image
analysis in Figure 3.

It was noted that neither the control group nor any of
the patients had the C282Y mutations. In comparison, the
H63D (homozygous, heterozygous) mutations were detected
in 12.5% of patients and the H63D (homozygous) mutations
were only in 10% of the control group. Taken together, the
H63D (homozygous, heterozygous) mutations were caught
in both patients and the control group compared to C282Y
mutations that did not show in any group.

The H63D mutations association between patients and
the control group is considered to be statistically significant
(P value= P<0.001; 95% ClI= 2.5 to 2.5). All three positive
cases, two from patients and one from the control group,
show H63D gene mutations and none of the cases shows
any C282Y gene mutation.
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Fig. 2. Determination of C282Y and H63D genes mutations by
hybridization method
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Fig. 3. The DNA hybridization image analysis of Hemochromatosis HFE
gene mutations



Table 1. Distribution Hemochromatosis HFE gene mutations

Mutations case control 95% Sl
cl Squar | P-value
no % no % es
With 2 | 125 | 1 10 S*
2'252850 3125 | P<0.001
without | 14 | 875 | 9 90 : S
H63D
Total 16 | 100 | 10 | 100
With 0 0 0 0
ithout | 16 | 1200 | 10 | 100
cag2y | VM
Total 16 | 100 | 10 | 100

* S= Statistically significant.

IV. DISCUSSION

ALL is considered the most life threatening cancers
amongst children from newly born to the age of 14.
Childhood leukaemia is more likely in those who have
genetic susceptibility and it is more prevalent in men
compared to women [25]. The purpose of this study is to
determine the relationship between hemochromatosis HFE
gene mutations (C282Y and H63D) and childhood acute
lymphoblastic leukemia in patients. Various common
malignancies including leukemia, colorectal cancer, and
breast cancer in women show a risk link with C282Y
mutation [26]. The frequency of C282Y and H63D in adults
has been reported with the development of types of
malignancies, including plasma myeloma, non-lymphocytic
Leukemia, colon cancer, and breast cancer in women [18],
and prostate cancer in men [27].

Many studies have investigated the association
between cancer and hemochromatosis HFE gene mutations
(C282Y and H63D) [28, 29][27, 28][27, 28]. The outcomes
of the present study were identical to many different
documented studies. A study conducted on 35 survivors
with ALL in Egypt showed that none of the 35 survivors
and/or the 35 controls had the C282Y mutation, whereas
17.1% of survivors, 28.6% of the patient's group and 20% of
the control group had the H63D homozygous mutation [30].
There is one further published statement that reported that
there is no increased frequency of C282Y in childhood
leukemia patients in Finland [31].

A study conductes by Viola and coworkers has
constructed a blunt report on the HFE gene. Adult patients
with ALL had a higher frequency of (H63D mutation) than
controls (P = 0.04; OR = 2.37; 95% CI = 1.05-5.36), while
C282Y mutation frequency in patients with ALL and in the
control group was 5% and 2% respectively [32]. This could
be due to the differences in the heredity of individuals from
various origins. However, a study accomplished on 36
Spanish patients C282Y and H63D mutations showed no
differences between patients healthy people [33]. Another
study mentioned to the relation between HFE
polymorphisms and DNA damage by oxidative agents [34].
Further, a study found that C282Y mutation causes overload
of serum ferritin level at 482 pg/L in female [35].

V. CONCLUSION
The significance of this study is to specify the
hemochromatosis HFE gene mutations (C282Y and H63D)
in childhood acute lymphoblastic leukaemia Iragi patients
using a DNA-based hybridization method. Accordingly, it is
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considered that the HFE gene mutation that is responsible
for pediatric acute lymphoblastic leukaemia is found in Iraqi
children patients. Thus, this study suggests complementary
studies to cover this case in more detail and uncover the
hidden mechanisms underlying this mutation.
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