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Summary:

The present study was done in department of biology, faculty of science,
university of Babylon. The sample collection and practical work of the study
extended through the period November 2021 to May 2022, samples of acute
leukemia collected from Merjan Teaching Hospital in Babil ,the Imam Hussein
Center for Oncology and Hematology in Karbala and from Baghdad Teaching
Hospital in the Medical City. Our study aimed to evaluate the activity of Hepcidin
in erythropoiesis in patients with acute leukemia.

The samples are male and female with age ranged 9 month - >41 years old.
Which include 101 blood samples ,classified to groups as following: control group
36 samples including 20 males and 16 females and patients group 65 samples
including 34 males and 31 females, collected from patients with acute leukemia
of both types lymphoid and myeloid (ALL,AML). The samples are divided to
three group according to the age, they include first 9 months - 20 age group,
second 21 - 40 age group and third > 41 age group .

The present study is divided to three parts: demographic, hematologic and
biochemical studies. and the correlation of age and gender with all studied
parameters. The results for hematological parameter found that a significant
increase (p<0.05) in white blood cells between patients with acute leukemia
(ALL,AML) compared to the control group.

The results appeared that there is a significant differences (p<0.05) in red
blood cells between patients with acute lymphoid leukemia and acute myeloid
leukemia patients . In addition to a significant decrease between patients with acute
myeloid leukemia and the control group. The mean platelet count was significantly
increased (p<0.05) in patients with acute leukemic group compared to the control
group. The results also showed a significant increase in AST and ALT liver in
leukemic patients compared with the control group.



The results showed that the statistical analysis of Hepcidin in acute
leukemia patients is significantly increased (p< 0.05) than healthy subjects. In
addition, there are a significant increase (p< 0.05) for Ferroportin, iron and Ferritin
concentration in acute leukemic patients compared with the healthy subjects. Also
correlation results indicated positive correlation among acute lymphoid leukemic
patients (ALL), as a positive relationship is found between Hepcidin and
Ferroportin with a significant difference in its value (.646**), as well as there are a
direct proportional relation between AST and ALT . While Ferroportin is inversely
proportional to AST, Ferritin ,Iron and directly proportional to ALT, with no
significant differences. AST is directly proportional to ALT Ferritin and Iron with
a significant difference of its value (.554**) with ALT. Relationship between
Lymphocytes and PLT it is inversely proportional with a significant difference of
its value (-.475**). While relationship between Hemoglobin and Red Blood Cells
it is directly proportional with a significant difference of its value (.765*%*).
Among myeloid leukemic patients (AML),there are a negative correlation
relationship between White Blood Cells and Ferritin with a significant difference
in its value (-.641 *) ,While positive correlation between Lymphocytes and iron
with a significant difference its value (.646*) , and there were a directly
proportional between RBC and Hb with significant difference its value (.812**)

While Hepcidin is directly proportional to Ferroportin ,AST, ALT ,Iron with
significant difference its value (.936**) with Ferroportin and inversely correlation
with Ferritin .Ferroportin is directly proportional with AST, ALT ,lron and
inversely with Ferritin . As for Ferritin, it is directly proportional to iron. Whereas
for AST is directly proportional to ALT, iron and inversely proportional to Ferritin
with significant difference its value (-.641*). The results of our study with respect

to gender appear that men are more likely to develop leukemia than females. with



regard to age assessment, the prevalence of acute lymphoblastic leukemia (ALL)

was higher in the group of patients aged 9 months to 20 years.
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Chapter One Introduction

1-1 Introduction

The term "leukemia™ comes from the Greek words "leukos" and "heima,"
which refer to an excess of white blood cells (WBC) in the body. Leukemia, which
was once thought to be a single disease, was first recognized around the fourth
century. Leukemia were divided into four subtypes by the end of the nineteenth
century: acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL),
chronic myeloid leukemia, and chronic lymphocytic leukemia. The prognosis for
leukemia is currently known to include a variety of complex and unique
hematopoietic tumors. Morphological differences, cytogenetic abnormalities,
immune phenotype and clinical features further distinguish each subtype (
Bryant.,2014).

A malignancy of immature lymphocytes is known as acute lymphocytic
leukemia ,also known as acute lymphoid leukemia and acute lymphoblastic
leukemia. One class of mature WBC that is a crucial component of the immune
system are lymphocytes. An immature WBC called a lymphoblast develops into a
lymphocyte, which is present in both the blood and the lymphatic system. The term
"leukemic cells" can also refer to abnormal or malignant lymphoblasts. These
cancerous cells multiply and divide, displacing healthy cells (Blackburn et
al.,2019). The most prevalent childhood cancer is acute lymphoblastic leukemia ,
which continues to be a leading cause of morbidity and mortality in both children
and adults despite having a cure rate of over 90% in young patients (lacobucci and
Mullighan,2017). Acute lymphoblastic leukemia is a kind of leukemia that affects
lymphoid progenitor cells in the bone marrow, blood, and extramedullary areas
(ALL). Adults are also at significant health risk, even though children are involved
in 80% of ALL cases. According to projections, 1.6 cases of ALL will occur in the

US for every 100,000 people. In 2016, there were around 6590 new instances of



Chapter One Introduction

ALL recorded, and more than 1400 individuals died from the condition A bimodal
distribution of ALL incidence may be seen, with the first peak appearing in babies
and the second peak appearing in those over 50 years of age (Howlader et al
.,2016). While dosage intensification methods have greatly improved children
patients' outcomes, the outlook for older patients is still dismal. Despite the high
response rate to induction chemotherapy, 30-40% of adult ALL patients will go

into long-term remission (Jabbour et al .,2015).

Acute myeloid leukemia (AML) is a cancer of the stem cells that give rise to
the myeloid lineage of blood cells, which includes platelets, B and T cells, and
other white blood cells (Pelcovits and Niroula ,2020). AML is a bone marrow
disorder characterized by an overproduction of neoplastic clonal myeloid stem
cells as a result of genetic changes in blood cell precursors (Grimwade et al.,2016).
Furthermore is a kind of malignancy that is distinguished by the infiltration of
proliferative, clonal, abnormally differentiated, and occasionally poorly
differentiated hematological system cells into the bone marrow, blood, and other
organs (Dohner et al.,2015). In the United States, the age-adjusted incidence of
AML is 4.3 for every 100,000 people each year (US). Incidence rises with aging,
with 68 years old in the United States as the median age at diagnosis.
Heterogeneity exists in the etiology of AML. Most cases of AML still lack a clear
etiology, but in some patients, a history of therapeutic, occupational, or
environmental DNA-damaging agents is implicated. Adults with AML have the
highest prevalence of acute leukemia and the shortest median survival time (Shallis
et al.,2019).

The amount of total body iron is determined by the iron-regulatory hormone
hepcidin. Hepatocytes secrete hepcidin, which regulates the activity of ferroportin,

a cellular iron exporter that transports iron from stores and intestinal iron
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Chapter One Introduction

absorption to plasma. Hepcidin concentration in plasma is increased by iron
loading and inflammation, and it is suppressed by erythropoietic stimulation and
during pregnancy. Iron overload in hemochromatosis and anemias with ineffective
erythropoiesis are brought on by a hepcidin deficiency. lron-restrictive anemias,
such as anemia of inflammation, are brought on by an excess of hepcidin (Nemeth
and Ganz, 2022).

A variety of proteins also control the metabolism of iron. Hepcidin, a 25-
amino acid protein released largely by hepatocytes, is the main regulator of iron
homeostasis . Hepcidin, the only cellular iron exporter, controls iron absorption
and release from tissue stores by targeting ferroportin and inhibits the entrance of
iron into the plasma by downregulating ferroportin. Research on the biological
processes involved in the release of circulating ferroportin (FNP-1) from the cell
membrane as well as its role in the body is ongoing. It is understood that the
membrane version of this protein functions as a transporter for the transfer of iron
from cells to the circulation, where it is broken down by hepcidin (Coates, 2019;
Ginzburg, 2019). A peptide hormone having antibacterial effects is hepcidin. The
liver created it in response to the stimulation of inflammation and an excess of
iron. In the beginning, hepcidin is discovered in human serum and urine. It is first
found in the ultrafiltrates of plasma and it exhibits in vitro bactericidal action under
the name liver expressed antimicrobial peptides (LEAP-1) (Ganz ,2013). When
iron reserves increase, which is mostly caused by inflammation, hepcidine is
produced in a manner that is stimulated; otherwise, anemia, hypoxia, and an
increased erythropoiesis urge prevent it from being expressed in that way (Ganz
and Nemeth, 2006). In the pathophysiology of many diseases, including anemia in
malignancies, damage regulators play a role. Current research on hepcidin

expression in acute leukemia is lacking ( Ragab et al.,2016). Erythropoiesis and
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iron metabolism are closely related, and problems in iron metabolism have been
connected to a variety of malignancies, such as leukemia (Kanda et al.,2008; Wang

and Pantopoulos,2011).

1-2 Aims of the study: evaluate the hepcidin activity in patients with acute

leukemia of both types lymphoid and myeloid by:

1- Studying epidemiological factors through questionnaire such as family history

for cancer,sex,age...etc.

N
1

Complete blood count examination by using a hematology analyzer.

w
1

Estimating for hepcidin activity.

SN
1

Measuring the ferroportin concentration

(@]
1

Determining of serum ferritin and iron concentration
Estimating of (AST) GPT and (ALT) GOT enzyme.

»
1
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Chapter Two Literatures review

2- Literatures Review

2-1 Acute Leukemia

Aggressive diseases called acute leukemia are marked by an overgrowth of
immature malignant cells in the bone marrow (N@rgaard et al.,1996). Rapid onset,
rapid progression, and unavoidable death are characteristics of acute leukemias.
They are distinguished by a buildup of early hemopoietic cells, or blast cells (Ah-
Moye et al .,2014). The types of acute leukemia include:

2-1-1 Acute Lymphoblastic Leukemia (ALL)

A feature of the heterogeneous hematologic condition known as acute
lymphoblastic lymphoma (ALL) is the proliferation of immature lymphoid cells in
the bone marrow, peripheral blood, and other organs (Jabbour et al., 2005).
According to a bimodal distribution of ALL, the first peak appears in individuals
around the age of 5, and the second peak appears around the age of 50. It is
primarily a pediatric leukemia because 20% of adult cases and 80% of child cases
involve children. The average patient is 14 years old when they are given their
diagnosis, and 60% of patients do so before they are 20 years old, 25% before they
are 45 years old, and 11% before they are 65. In the late stage, ALL is relatively
uncommon (Paul and Kantarjian ,2016). As with other leukemia, a variety of
variables, have been postulated to have a role in the development of ALL.
Environmental variables such as parental preconception, in utero and post-natal
ionizing radiation exposure have all been studied. Nonionizing radiation,
chemicals, diseases, hydrocarbons, and pesticides have also been studied its
consequences on the development of ALL in their children have been studied. The
significance of genetics in the development of leukemia in general, and acute

lymphoblastic leukemia in particular, cannot be overstated. Concordance studies
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on identical twins with leukemia highlight the relevance of genetics (Zipf et
al.,2000; Greaves et al.,2003).

Acute lymphoblastic leukemia (ALL) is categorized into FAB L1 (children),
L2 (older children and adults), and L3 (those with leukemia related to Burkitt's
lymphoma). These categories are categorised based on two factors: (1) the
presence of distinct cytologic characteristics, and (2) the degree of heterogeneity
among the leukemic cells. Cell size, chromatin, nuclear structure, nucleoli, level of
cytoplasmic basophilia, and cytoplasmic vacuolation are among the characteristics
taken into account (Bennett et al., 1976; Harris et al .,1999).

2-1-2 Acute myeloid leukemia (AML)

The malignancy known as acute myeloid leukemia (AML) is characterized
by the invasion of proliferative, clonal, incorrectly differentiated, and sometimes
poorly differentiated hematological system cells into the bone marrow, blood, and
other organs. Despite being incurable 50 years ago, AML is now treatable in 35 to
40% of adult patients who are 60 years of age or younger and in 5 to 15% of those
who are older than 60. The prognosis is still grim, with a median longevity of just
5 to 10 months in senior patients who are unable to get vigorous therapy without

unpleasant side effects (D6hner et al.,2015).

An abnormal proliferation of abnormal myeloid progenitors in the bone
marrow and blood, as well as a block in myeloid differentiation-the process that
normally results in the production of mature blood cells from haemopoietic stem
cells (HSCs)-are characteristics of acute myeloid leukemia (AML), a type of
cancer. Although most cases develop spontaneously, some cases are caused by
other haematological conditions or as a consequence of genotoxic therapy for other

malignancies (@stgard et al.,2010). Acute myeloid leukemia (AML) is a

6
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malignancy of the stem cells that make up the myeloid lineage (red blood cells,
platelets and lymphocyte other than B and T cells). Similar to other cancers, it is
brought on by genetic defects that result in neoplastic changes and clonal growth.
Despite still being a rare disease, AML accounts for more than one-third of all
leukemia diagnoses and just 1.2% of all new cancer diagnoses in the United States

each year (Pelcovits and Niroula ,2020).

AML is a clonal disease characterized by the growth of immature myeloid
cells and failure of the bone marrow. Cytogenetics and mutation testing continue to
be crucial prognostic tools after induction treatment. AML treatment has remained
steady over the last three decades despite significant improvements in the field,
such as new drug targets and more biological understanding, with the majority of
patients ultimately relapsing and passing away from the condition ( Saultz and
Garzon , 2016). Children with acute myeloid leukemia have a rare and varied
disease in terms of morphology, immunophenotyping, germline and somatic
cytogenetic abnormalities, and genetic abnormalities. Results have significantly
improved over the last three decades, although survival rates are still about 70%

and recurrence rates are at 30% (Quessada et al .,2021).

2-2 Etiology of Acute Leukemia

2-2-1 Age and Race

The incidence of leukemias is significantly influenced by race and age. For
instance, in the United Kingdom, those over 65 years account for 42.8% of all
leukemia cases (Deschle and Libbert, 2008). According to a study of the topic
conducted in the United States, the age-adjusted incidence of leukemia is generally
15 for every 100,000 in the White population, followed by 11 for every 100,000 in
the Black population and 10.6 for every 100,000 in the Hispanic population.

7
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Asian/Pacific Islanders and American Indians/Alaskan Natives both had incidence
rates of 7.8 for every 100,000 and 8.3 for every 100,000, respectively. Age-
adjusted mortality rates for every 100,000 people were found to follow similar
racial and ethnic patterns, with Whites having the highest rate at 7, followed by
Blacks at 5.6, Hispanics at 4.8, Asian/Pacific Islanders at 3.8, and Indian/Alaskan
Natives at 3.3 (Bispo et al.,2020). All age groups are impacted by leukemia,
however the disease's spread differs depending on the kind. Some leukemias, like
ALL, are more common in the White population than the Black population.
According to a 2011 research by the American Association for Cancer Research,
among pediatric patients diagnosed in the United States, Hispanic youngsters had
one of the lowest survival rates and the greatest prevalence of ALL. According to
the findings, the overall mortality risk for ALL is, respectively, 46 and 45 percent
higher for Blacks and Hispanics than it is for Whites. In comparison to the White
population, these two groups had a 12 and 6 percent greater rate of rise in AML-
related deaths (Smith et al., 2011).

In individuals who are 15 years old or younger, AML accounts for just 15-
20% of instances (Aquino,2002) Up to the age of four years, the incidence rate
gradually declines after reaching its peak in the first year of life. Childhood and the
early years of adulthood see very little change in the incidence rate (Gurney et
al.,1995). So, AML is a condition that affects elderly people . 42.8% of leukemia
patients in the UK are over 65 years old, according to the distribution of common
cases of all leukemia (Forman et al .,2003). The median age of those receiving an
AML diagnosis is 65 (Sekeres et al.,2002). Prior to the age of 40, it is uncommon;
however, after that, the prevalence rises steadily with age. AML had an age-
adjusted incidence rate of 3.6 for every 100,000 for both sexes in the United States
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of America (USA) in 2004, 4.5 for every 100,000 for men, and 3.0 for every
100,000 for women (Ries et al .,2004).

2-2-2 Genetic Factors

Genetics is a significant factor in the genesis of leukemia. There is a
substantial amount of recent material on the connection between genetic variables
in normal hemopoiesis and the development of acute leukemias as well as the
processes of leukemogenesis. Leukemia may be inclined to develop in patients
with chromosomal abnormalities and impairments of DNA repair. In the absence
of extramedullary characteristics, some hereditary mutations may increase the
chance of developing leukemia. Leukemia is more common in certain families
despite no known genetic abnormalities for the disease (Stieglitz and Loh ,2013 ;
Heuser et al.,2016).

Leukemic transformational events can include several factors. In the
pediatric age range, the ETV6-RUNX1 fusion gene, for instance, is acquired in
utero but requires a subsequent somatic mutation to be activated. It is present in
around 25% of ALL cases. Genetic changes in B-cell ALL include hyperdiploidy,
hypodiploidy, BCR-ABL1, ETV6-RUNX1 or TCF3-PBX1 fusions, PAX5 or
ETV6 mutations, MLL rearrangements, or intrachromosomal amplification of
chromosome 21 (IAMP21), which is unique to B-cell ALL. These genetic changes
are specific to each ALL immunophenotype. T-cell ALL is characterized by
changes in LMO2, TALL, TAL2, TLX1, TLX2, or HOXA (Andersen et al.,2001;
Pui et al., 2019). Important risk factors for AML in childhood include genetic
abnormalities and constitutional genetic flaws (Deschler and Libbert,2008). Acute
leukemia is more likely to occur in children with Down syndrome by a factor of 10

to 20 (Bhatia and Neglia, 1995). Klinefelter's syndrome, Li-Fraumeni syndrome
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(P6tzsch et al.,2002). Fanconi anemia and neurofibromatosis are further hereditary
conditions linked to AML. (Aquino, 2002).

2-2-3 Environment and Occupations

Leukemia development has been linked to a wide range of environmental
factors. These mostly entail being exposed to cancer-causing substances
throughout one's life, such as chemicals, infections, and radiation (Sandler ,1992)
Leukemia risk has been linked to certain exposures, jobs, workplace dangers, and
pastimes (Wong et al., 2010) . It is uncertain and sometimes debatable how
particular jobs and the prevalence of acute leukemias are related. Agriculture,
forestry labor, and crop production including exposure to pesticides and fertilizers
are among the occupations said to be linked to an elevated risk for leukemias
(Descatha et al.,2005; Terry et al.,2005) . Occupations in the oil and gas sector that
expose workers to benzene, positions in the electrical utility sector, and jobs that
expose workers to magnetic fields (Tornqvist et al., 1991). Working in the nuclear
power business and being exposed to ionizing radiation, as well as nursing and
healthcare jobs that expose one to infectious diseases and viruses ( Descatha et al.,
2005). It has been hypothesized that parental use of alcohol and smoking
throughout pregnancy, neonatal development, and childhood may contribute to the
onset of leukemia in their kids. According to Pang et al., (2003), the risk may be
correlated to the intensity, frequency, duration, and scope of the exposure. The risk
of ALL and AML is said to be 10 times higher in mothers who use marijuana
before, during, or after pregnancy.

10
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2-2-4 Effects of Radiation

lonizing radiation exposure throughout several stages of life, such as
preconception, in utero, and post-natal exposures, has been linked to the
development of leukemia, and many cases have been documented. Leukemia
incidence and radiation exposure dosage have been shown to be correlated (Ron ,
1998). Leukemia was 20 times more common among survivors who were within
1000 meters of the blasts in the aftermath of the bombings of Hiroshima and
Nagasaki, Japan, than it was among the general population. It has been investigated
how the Chernobyl nuclear power plant catastrophe has affected society (Mahoney
et al., 2004 ).

Data on the connection between diagnostic x-ray exposure and a person's
chance of developing leukemia are inconclusive. lonizing radiation exposure is
related to AML (Wartenberg et al.,2008) .An elevated incidence of AML was seen
among those who survived the nuclear explosions in Japan, with a peak around 5-7
years following exposure. Additionally, it has been shown that therapeutic

radiation raises the incidence of secondary AML ( Kossman and Weiss , 2000).

2-2-5 Infections

Leukemogenesis has been linked to several types of infections, such as
bacterial, viral, and fungal ones, both alone and in association with genetic
alterations. Acute leukemias in particular and cancer in general have been linked to
infections, it has been hypothesized (Tebbi et al., 2021). There was been
speculation and investigation into the role that various infectious agents, such as
the Epstein-Barr virus (EBV), herpesvirus, human immunodeficiency virus (HIV),
severe acute respiratory syndrome (SARS) and human T-lymphotropic virus
(HTLV-1), among others, may play in the development of leukemia (Belson et
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al.,2007; Maia and Wunsch, 2013; Tebbi et al., 2021 ). Although a link between
the exposure to certain viruses and the development of AML has been suggested,
no definitive retrovirus has been shown to be the cause of AML in people. The
pathogenesis of AML may thus be influenced by parvovirus B19. However, it has
not yet been shown that a simple infection with a virus that is either RNA- or
DNA-based alone is the cause of AML (Kerr et al., 2003).

2-3 Regulation of iron metabolism

Iron is an essential nutrient. It is required to maintain normal cell
metabolism. Iron is necessary for the iron-containing enzymes involved in ATP
synthesis, DNA synthesis, oxygen transport, and many other physiological
processes. Iron is able to participate in reactions that produce free radicals because
of its capacity to gain and lose electrons ( Dixon and Stockwell , 2014). Among
these is the Fenton reaction, in which ferrous iron (Fe®) transfers an electron to
hydrogen peroxide to produce a very invasive reactive oxygen species (ROS)
known as the hydroxyl radical (Fischbacher et al., 2017). Multiple cellular
signaling pathways that are essential for cell survival, proliferation, and
differentiation are affected by ROS ( Lambeth et al., 2014). However, abnormal
iron buildup and the resultant overproduction of ROS result in oxidative stress,
which damages DNA, proteins, lipids, and other macromolecules and may even
induce cell death ( Dixon and Stockwell, 2014). Studies have linked irregular iron
metabolism to a variety of disorders, including cancer, neurological diseases, and
atherosclerosis ( Vinchi and Platzbecker ,2020). Iron is necessary for the
development of cancer and its oxidative effects on oncogenesis (Ward et al., 2014).
A class of diverse hematopoietic stem cell (HSC) cancers known as leukemia. It is
characterized by an abnormal buildup of undifferentiated blasts that may
proliferate unchecked in the bone marrow, interfering with the development of
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healthy blood cells. Leukemia is one of the most often fatal malignancies,

particularly acute leukemia (AL) ( Siegel et al ., 2019).

2-3-1 Hepcidin

The liver produces hepcidin, a 25-amino-acid (a.a) peptide hormone that
controls iron levels. Hepatocytes are the main producers of hepcidin, although it
may also play a role in the local autocrine and paracrine regulation of iron fluxes in
other tissues and cells, including macrophages, adipocytes, and the brain, due to its
low levels of expression in these tissues and cells (Valore and Ganz,2008). It
controls the amount of iron that is taken up by absorbing intestinal cells,
erythrocyte-recycling macrophages, iron-storing hepatocytes and supplied to blood
plasma. Ferroportin, the lone cellular iron exporter that carries iron from all iron-
transporting cells to the plasma, is attached to by hepcidin and rendered inactive.
Iron storage and plasma iron act as a traditional endocrine feedback mechanism to
induce hepcidin production. The fact that inflammation also stimulates hepcidin
suggests that it could be involved in innate immunity. The suppression of hepcidin
by increased erythropoietic activity results in greater iron absorption and release
from storage, balancing the supply of iron with the rise in demand. Hepcidin is
suppressed by the hormone erythroferrone, which is produced by erythroblasts
driven by erythropoietin (Ganz, 2016).

The accumulation of radiolabeled hepcidin in ferroportin-rich tissues shows
that hepcidin is eliminated from those tissues by receptor-mediated endocytosis.
(Rivera et a |., 2005). Hepcidin controls ferroportin-mediated cellular iron export
to plasma and extracellular fluid. The hepcidin receptor and ferroportin are the only

two known cellular iron exporters in vertebrates. The body's professional iron
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handlers, such as the duodenal enterocytes that absorb dietary iron, the liver and
spleen macrophages that recycle old erythrocytes, the hepatocytes that store iron,
and the placental trophoblasts that transfer iron to the fetus during pregnancy, are

cells that contain ferroportin. (Donovan et al., 2005).

Hepcidin plays a crucial role in iron metabolism because it may regulate the
export of iron from cells. The primary iron export protein ferroportin (FPN), which
Is responsible for hepcidin's activity by breaking down FPN, hepcidin prevents iron
export from cells like macrophages and enterocytes. (Ganz and Nemeth, 2012). An
84-amino-acid precursor called prepropeptide is created by the hepcidin gene. A
mature peptide of 25 amino acids is produced from the precursor by processing it
via two cleavages. (Poli et al.,2014) . A FPN extracellular loop important in
ferroportin ubiquitination, disulfide bridging, and proteasomal degradation is
where hepcidin-25 interacts. FPN1 is downregulated as a consequence of the
dissolution of the hepcidin/FPN1 complex, which induces intracellular iron

sequestration. (Qiao et al., 2012).

2-3-2 Hepcidin Regulation By Erythropoiesis

Because of the high iron requirements for hemoglobin synthesis,
erythropoiesis dominates regulation of iron metabolism requiring significant
crosstalk. For instance, iron absorption increases, often dramatically, during stress
erythropoiesis to accommodate the higher iron demand. Recent data provides
mechanistic evidence of an iron restriction response, demonstrating regulation of
erythroid precursor proliferation and differentiation during iron restriction (Bullock
et al., 2010; Khalil et al., 2018), in addition to an expected decrease in per cell and

total hemoglobin synthesis. Conversely, disease states of excess iron are often
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associated with expanded RBC size and higher cellular hemoglobin concentrations
as a way of sequestering iron into a non-toxic compartment (McLaren et al., 2007).
Furthermore, diseases in which anemia and excess iron coexist exhibit complicated
regulation schema that remain incompletely understood. Such diseases of
concurrent iron overload and expanded or ineffective erythropoiesis (e.g., B-
thalassemia, myelodysplastic syndromes, and dyserythropoietic anemias) exhibit
lower than expected hepcidin expression, despite increased iron stores. Because
hemoglobin formation requires a large amount of iron, erythropoiesis predominates
in the control of iron metabolism, necessitating substantial crosstalk. For instance,
to meet the increased iron need under stress, iron absorption rises, often drastically.
Recent research demonstrates the modulation of erythroid precursor proliferation
and differentiation under iron limitation, providing mechanistic evidence of a
response to iron restriction (Bullock et al., 2010; Khalil et al., 2018), in addition to
a predicted decline in total and per-cell hemoglobin production. On the other hand,
illness conditions with excess iron tend to sequester iron into non-toxic
compartments by enlarging RBC size and increasing cellular hemoglobin
concentrations .Additionally, conditions where anemia and too much iron coexist
show complex regulatory systems that are yet poorly understood. Even though they
have higher iron reserves, illnesses including -thalassemia, myelodysplastic
syndromes, and dyserythropoietic anemias that simultaneously have enlarged or
inefficient erythropoiesis show lower than predicted hepcidin expression (McLaren
et al., 2007).
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2-4 Hepcidin-Ferroportin Axis Regulates Iron Flows

Iron export via ferroportin into plasma is primarily controlled at the
basolateral surface of the duodenal enterocyte to limit iron intake. Divalent metal
transporter 1 (DMT1) transports iron into the duodenal enterocyte on the apical
membrane, where it is either stored or excreted over the course of a few days.
When duodenal enterocytes are shed in the gastrointestinal system, iron that is kept
inside the enterocyte but not exported will be lost. Macrophages also express
ferroportin. By participating in the erythrophagocytosis of senescent RBCs,
macrophages degrade hemoglobin and recycle iron. The two main macrophage
populations responsible for steady-state erythrophagocytosis are kupffer cells,
which are found in the liver sinusoids, and red pulp macrophages, which are found
in the spleen (Willemetz et al.,2017).

Iron released from hemoglobin is either exported through ferroportin or
secluded inside cytosolic ferritin, much as in duodenal enterocytes. Hepcidin binds
to the ferroportin receptor, which causes ferroportin to be endocytosed and
degraded, which reduces iron export. Hepcidin controls the acquisition of dietary
iron as well as the release of iron from macrophages. In conditions associated with
high hepcidin, iron absorption and recycling are decreased, which results in a
decrease in circulating serum iron concentration and transferrin saturation as well
as an increase in serum ferritin concentration, the latter proportional to the
increased intracellular ferritin, which is traditionally driven by increase in hepcidin
(Arezes et al., 2015).
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2-5 Disorders of Hepcidin
2-5-1 Hepcidin Deficiency

Hepcidin deficiency causes an excess of iron and is common in
hematological conditions marked by ineffective erythropoiesis, including
thalassemias, dyserythropoietic anemias, and myelodysplastic syndromes
(Ginzburg and Rivella , 2011; Camaschella and Nai , 2016). Inefficient
erythropoiesis is characterized by increased proliferation of bone marrow
erythroblasts due to decreased synthesis of mature RBCs. Due to an increase in
iron need, hepcidin suppression occurs despite systemic iron surplus. The positive
iron signals are clearly outnumbered in this situation by the negative erythropoietic
signals. Erythropoietic suppression of hepcidin causes iron overload in non-
transfused patients with mild forms of iron loading anemia, and it exacerbates
secondary iron overload in transfused patients. In the first case, replenishing
hepcidin could prevent iron overload, but in the second, it might boost the

effectiveness of iron chelation therapy (Ginzburg and Rivella , 2011).
2-5-2 Hepcidin Excess

Chronic inflammatory conditions brought on by viral or autoimmune
illnesses, as well as cancer, often show excessive hepcidin expression (Weiss,
2015; Wang and Babitt , 2016). Hepcidin induction is mainly mediated by IL-6,
which results in hypoferremia in tissue macrophages as a result of ferroportin
degradation and iron sequestration. Iron metabolism-remodeling pathways that are
hepcidin-independent may make this phenotype even worse. In this way,
ferroportin expression is decreased by LPS and IFN-, which in turn limits iron
efflux from monocytes (Ludwiczek , 2003). Toll-like receptor ligands FSL1 or
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PAM3CSK4 (TLR2/6) decrease ferroportin transcription in tissue macrophages,
resulting in hypoferemia (Guida et al., 2015).

2-6 Ferroportin

The only known iron exporter in vertebrate cells is ferroportin (Fpn), which
controls cytosolic iron levels and exports iron to plasma to preserve iron
homeostasis. Iron and other transition metals may influence ferroportinl
expression (FPN1). Fpn posttranslationally may be changed by internalization and
degradation by hepcidin ( Troadec et al.,2010). For iron to enter plasma,
ferroportin  (Fpn), the only known mammalian iron exporter is necessary
(Wessling-Resnick,2006; Harmse, 2017). The cells that express Fpn at the greatest
quantities include syncytial trophoblasts, hepatocytes, and duodenal enterocytes.
However, a variety of distinct cell types may create Fpn in response to heme
(Delaby et al., 2008; Marro et al.,2010) or iron ( Delaby et al.,2005; Aydemir et
al.,2009; Yang et al.,2002) . Iron may influence transcriptional and translational
mechanisms that control the expression of Fpn. Iron-responsive element (IRE) on
the ferroportinl (FPN1) gene, which codes for Fpn, enables iron regulatory
proteins to control the translation of this gene. The increased expression of Fpn by
iron is thought to be a reaction to cellular iron load since more cytosolic iron
results in improved iron export. The only known iron exporter in mammals is
ferroportin (FPN), which controls both iron absorption from meals and iron
outflow from macrophages and other cells. But rather of working alone, it relies on

a sophisticated system with a number of partners ( Yang et al.,2020).

Ferroportin, the only known mechanism for the export of intracellular non-

heme associated iron, is stabilized by the hormone hepcidin (Pinnix et al.,2010).
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All physiologically relevant iron-exporting organs, such as the placenta,
macrophages, hepatocytes, and the duodenum of the intestine, contain ferroportin.
Fpn is the receptor for hepcidin, a polypeptide hormone generated by the liver in

response to iron accumulation and inflammation ( Ganz and Nemeth,2006).

Fpn is internally absorbed and destroyed when hepcidin binds to it ( Nemeth
et al.,2004). The interaction of Fpn and hepcidin may explain the majority of
inherited iron overload diseases; inadequate hepcidin synthesis in response to body
iron burden will result in continuous iron export. Hereditary hemochromatosis type
IV, commonly known as Fpn sickness, is a genetic kind of iron overload disease
that is not brought on by a deficiency in hepcidin production. The Fpn gene is
mutated, which results in the disease ( Montosi et al.,2001). Mutant Fpn either
does not reach the cell surface or is not responsive to hepcidin on the cell surface,
according to studies in culture cells ( De Domenico et al.,2005; Schimanski et
al.,2005; Drakesmith et al.,2005; Yang et al.,2002). Contrary to the other iron
overload illnesses, which are inherited through recessive mechanisms, this sickness
Is dominant ( Montosi et al.,2001). Fpn, a transmembrane protein present in many
tissues, exports iron ( Donovan et al.,2000; McKie et al.,2000; Abboud and
Haile,2000) . Fpn is the receptor for hepcidin, a hormone that the liver produces in
response to iron and inflammation. Hepcidin binds to Fpn and induces its
internalization and degradation in lysosomes, which decreases the outflow of iron
(Nemeth et al.,2004). The absence of iron export activity is shown by either
reticuloendothelial iron surplus or a relative iron shortfall in the plasma of patients
with ferroportin disease (Pietrangelo,2004). or elevated transferrin saturation and

excess iron in parenchymal cells ( Sham et al.,2005).

According to in vitro research, some Fpn mutations made in cultured cells

are resistant to hepcidin and have increased iron export activity rather than
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decreased iron export activity ( Drakesmith et al.,2005; Schimanski et al.,2005; De
Domenico et al.,2005;Liu et al.,2005). The hormone's receptor is called Fpn. In
response to iron and swelling, the liver makes hepcidin. The body releases less iron
when hepcidin binds to Fpn, internalizing it, and breaking it down in lysosomes (
Nemeth et al.,2004).

2-7 The Relationship Between Hepcidin and Ferroportin

Experimental and clinical data support the notion that iron is a major metal
that plays a substantial role in cancer biology. Thus, substances like as hepcidin
and ferroportin (Fpn) regulate and maintain iron metabolism. In macrophages and
hepatic hepatocytes, respectively, hepcidin, a peptide hormone that encourages the
breakdown of the only iron exporter, Fpn, in the target cells, limits recycled and
stored iron fluxes to the blood stream ( Shibabaw et al.,2020). FPN controls Fe
availability at the cellular level as well. Higher FPN expression at the
plasmalemma is associated with lower intracellular Fe levels (Knutson et al.,2005).
The oligopeptide hepcidin performs two functions in mammals by deactivating
ferroportin, which regulates iron export from absorptive enterocytes, hepatocytes,
and macrophages into the circulation, hepcidin maintains iron homeostasis.
Additionally, hepcidin is a naturally occurring antimicrobial agent that is triggered
by pathogen invasion and kills bacteria by lowering iron levels in plasma and
extracellular fluids. The sole known cellular iron exporter, ferroportin, is bound
and destroyed by hepcidin, which prevents cellular iron outflow. Hepcidin
production is decreased by anemia and hypoxia, and is homeostatically boosted by
iron loading. Hepcidin levels increase during infections and inflammation, causing
a decline in serum iron levels and aiding in the emergence of inflammation-related
anemia ( Nemeth and Ganz , 2006).
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2-8 Alanine Amino Transaminase (ALT) and Aspartate Amino

Transaminase (AST) liver enzymes

The liver is the primary iron storage organ. Furthermore, it is the main
source of transferrin and ferritin (Soliman et al ., 2014). The liver is the body's
largest and most important parenchymatous organ in the body for regulating
intermediate metabolism. Aminotransferase levels, a sensitive indicator of liver
cell damage, contribute in the diagnosis of hepatocellular illnesses such as
hepatitis. Two amino transferases, alanine transaminase (ALT) and aspartate
transaminase (AST), are frequently found in blood at low quantities, generally less
than 30 to 40 U per liter (U/L). Oxaloacetate is produced in the liver by the transfer
of amino groups, which is mediated by ALT. It is abundant-about 3000 times more
so than in the serum-in the cytosol of the hepatocyte. Hepatocellular injury and its
faulty catabolism lead to the release of ALT into the blood (Fey, 2007).

Functions of these enzymes as a biochemical catalyst, converting the amino
acids aspartate and alanine into the compounds oxaloacetate and pyruvate,
respectively (Lin et al., 2010). Chemotherapy administration is challenging
because to the stringent regulations and requirement to preserve the equilibrium of
the metabolic processes. The primary mechanisms causing chemotherapy-related
liver damage are reactive compounds created by oxidation processes (Rasool et al
., 2015).

The liver is one of the main suppliers of these enzymes, which are
extensively disseminated throughout the body's tissues and found in varied levels
in many of them (Goorden et al,. 2013). ALT is a better predictor of hepatic
damage than AST, which is found in similar amounts in the liver, heart, skeletal
muscle, erythrocytes, and brain tissue (Hyder et al., 2013). Both enzymes are
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released into the blood at increasingly higher amounts when the liver cell
membrane is ruptured. It is believed that liver transaminases are the best method
for detecting hepatocellular necrosis (hepatitis). Compared to AST, ALT is a more
specific sign of liver injury since it is only found in the cytosol of hepatocytes and

Is mostly found in liver tissue (Pratt et al.,2000).

Over the course of their treatment, the majority of acute lymphoid leukemia
patients usually encounter aberrant liver biochemistry, which typically denotes
hepatic damage caused by therapeutic drug interactions, infections, veno-occlusive
disease, or ischemia. Elevated aminotransferases are a common sign of acute
leukemia patients with (AML/ALL). This is most likely brought on by leukemic
infiltrates, which induce liver damage (Segal, 2010).
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3- Materials and Methods:

3-1 Materials

3-1-1 Equipment and Kits

The table (3.1) shown list of the kits are used in the present study

Table (3.1): Kits used in the present study

No. | Kits The Company (Origin)
1 Hepciden- Kit BT-LAB/China
2 | Ferritin- Kit Mindray /China
3 | Ferroportin- Kit BT-LAB/China
4 | ALT- Kit Mindray /China
5 | AST-Kit Mindray China
6 Iron- Kit Cobas Germany

3-1-2 The equipment and tool
Table (3.2) shown list of the equipment and tool commonly used the present study

Table (3.2): The equipment and tool

No. | Devices and Tools Company Origin
1 | EDTA tube 5ml Gongdong Medical | China
2 | Gletube Gongdong Medical | China
3 | Micro pipette Slamid United States
4 | tips Jippo Japan
5 | Centrifuge Hettich Germany
4 | Microcentrifuge Tubes | Luckmedical China
2ml

23



Chapter Three

Materials and Methods

5 Hitachi cup Luckmedical China

6 | Sterile Syringes 5ml Easymed Germany
7 | Refrigeratore Arcelik Turkey

8 | Water Bath Memmert Germany
9 | Roller Mixer Medispec India

10 | Gloves Kleenhand Malaysia
11 | Mindray BS-240 Mindray China

12 | Mindray CL-900i Mindray China

13 | STEL3 LINEAR Spain

3-2 Subjects:

3-2-1 Study Design

The study included 101 (65 patient ,36 control) individuals . Hepciden and

ferroportin are calculated by ELISA in both patient and control groups .

Hematological investigation including ( Hb

Chemical examinations Ferritin,

, Platelet , WBC, RBC, LYM).
Iron ,AST and ALT were calculated and

compared between these groups . As in the following figure.
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(101) SAMPLES

36 Control 65 patients of Acute Leukemia
diagnosed by doctors

The studied ages (9 months - 20 m

years), (21-40) and (41-62)

all Samples

Biochemical test Hematological test Epidemiology

WBCs count
ELISA test Ferritin, Liver
for Iron functions
Hepciden, ALT,AST
ferroporten

RBCs count

Female

plateelets count

Figure (3-1): Experimental Design
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3-2-2 The study is conducted on the following main groups:
3-2-2-1 Patient group

Sixty-Five samples of leukemia patients were collected , including 40 from
patients with lymphoid leukemia and 25 from patients with myeloid leukemia. at
the Imam Hussein Center for Oncology and Hematology ( Imam Al Hussein
Hospital) in Karbala and Teaching Hospital in the Medical City of Baghdad.
Samples were collected from November 2021 to May 2022. The patients were

divided into three groups according to age 9mounth-20; 21-40; >41 years.
3-2-2-2 Control group

The control group include 36 individuals that involved children and adults
who appeared to be in good health and did not complain of any blood problem.
These samples were collected if the subjects did not receive any medication and

did not have any chronic or acute blood diseases.
3-3 Collection of blood

Blood samples were collected from patients by drawing 5 ml of venous
blood in the arm using a compressor around the arm, and withdrawing it using a
sterile syringe after sterilizing the place of withdrawal with alcohol using a
cotton. They were divided into two groups: the first blood was placed in a 3 ml
gel tube, then after coagulation for (15-20) minutes to obtain serum at room
temperature, then centrifuged at 3000 rpm for ten minutes, and second section
was placed 2 ml of blood in an EDTA tube. The blood is gently mixed and then

used for blood tests.
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3-4 Survey Form

The questionnaire form (Fig. 3-2) was designed, which included information
about the residential address, the variation in the distribution of patients between
villages and cities, the patient's profession, the educational level of the family, as
well as the economic and social status. The form was filled out directly while

asking questions to the patients and their families.

Questionnaire Form

Age: Educational level:
Sex: social situation:
Home address: City center: Villages/
countryside:
Using Drug: disease history:
Patients' family history
Father and Mother: Brothers and sisters:
Uncles and aunts: Relatives:

Figure (3-2) Questionnaire Form
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3-5 Methods

3-5-1Complete blood count (CBC)

A complete Blood Count Test or CBC examination is performed in the
laboratory of Imam Al-Hussein Hospital, Oncology Department, in Karbala were
collected from November 2021 to May 2022, and a blood sample is taken in an
EDTA tube to avoid clotting for CBC examination. A cylindrical mixer mixes the
blood well before placing it in an automated analyzer that counts the amount and
different types of cells in the blood. STEL3 LINEAR scanned the result before it
was printed and/or transferred to a computer where white blood cells, lymphocytes,
red blood cells, hemoglobin and platelets are measured. According to the working
principle of the device mentioned in the kit , and according to the method of work

described in the appendices section.

3-5-2 Biochemical Tests

3-5-2-1 Liver Function Tests Alanine Aminotransferase (ALT) and Aspartate

Aminotransferase (AST)

Liver function tests (ALT, AST) are carried out in the laboratory of Imam
Al-Hussein Hospital, Department of Oncology, in Karbala, Using a device (
Mindray BS-240) where the gel tube is placed after centrifugation for 10 minutes
in the appropriate place in the device and then the result is read and printed by the
computer according to the way the device works as shown in the method of Kit.

and according to the method of work described in the appendices section .
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3-5-2-2 Ferritin Test

A ferritin test is carried out in the laboratory of Al-Husseini Hospital,
Department of Oncology, in Karbala. Using a device (Mindray CL-900i) where the
blood serum is placed in a Hitachi cup and then it is placed in its appropriate place
in the device and the result is read and printed by the computer according to the
working principle of the device mentioned in the kit and according to the method

of work described in the appendices section.

3-5-2-3 Iron Test

The iron examination test was carried out in the laboratory of Imam Hussein
Hospital, Department of Oncology in Karbala, using the (Cobas) device, where the
gel tube is placed after centrifugation for 10 minutes in the appropriate place in the
device, and then the result is read and printed by the computer according to the
method of the device as well. Described in the Kit method. And according to the

method of work described in the appendices section.

3-5-2-4 Hepciden and Ferroportin Test by ELISA

Hepcidin and ferroportin assay is performed using a sandwich type ELISA
technique according to the working principle described in Kits and according to the

method of work described in the appendices section.
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3-6 Statistical Analysis

The data are statistically analyzed using SPSS version 23.0, a statistical
package for the social sciences. When comparing acute leukemia patient groups
with the control group at a significant level (p<0.05), one-way ANOVA is used to
display the mean and standard error (S.E. ), and the correlation coefficient is used
to display linear relationships using a linear regression test for each relationship
(Hoshmand , 2018).
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4 Results and Discussion
4-1 Sociodemographic Characteristics:

Table (4-1) showed the age and gender distribution of the patient groups and
the type of disease in addition to the control group included in this study. Sixty-
five 65 samples of acute leukemia patients and thirty-six 36 samples of control
group. The patients group subdivided according to gender 34 males and 31
females. While control group were matched by 20 males and 16 females. Then
classified to three groups according to age .There were 34 patients of the age group
9 months-20 corresponding to 15 of the control group and 23 patients of the age
group 21-40 corresponding to 11of the control group , and 8 patients of the age
group >41corresponding to 10 of the control group. As for the type of disease 40
patients were diagnosed with acute lymphoid leukemia and 25 with acute myeloid

leukemia.

The results of our study with respect to gender appear that men are more
likely to develop leukemia than females. This is consistent with Dorak and
Karpuzoglu,(2012) study that confirmed this, which can be related to physiological
and genetic factors differences between gender. With regard to age assessment, the
prevalence of acute lymphoid leukemia (ALL) was higher in the group of patients
aged 9 months to 20 years, Among children, acute lymphoblastic leukemia is a
frequent form of cancer. Children are affected at a rate of 2-4 per 100 kids under
the age of 15. The majority of malignant tumors in children are this one than in the
other age groups ( Pui et al., 2004; Krull et al., 2019). Acute lymphoid leukemia
(ALL), continues to be the leading cause of cancer-related mortality in children
and teenagers because since ALL relapse is frequently unsolvable ( Inaba et al .,

2013). While AML is more common in the elderly, these results are agreed with
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the results of the Webster and Pratz , (2018) study that showed that acute myeloid

leukemia (AML) is more common in the old age group.

Table (4-1) sociodemographic characteristic for studied groups.

Group | Control | Patient p=<0.05
No. (%)

Variables

36 65
Gender
Male 20 34 0.754
Female 16 31
Age (years)
9 months-20 15 34 0.023*
21-40 11 23
>41 10 8
Type of
disease
ALL 40 0.043*
AML 25

(ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia

4-2: Hematological Parameters Concentrations among ALL, AML and
control groups:

The results in table (4-2) showed that a significant increase (p<0.05) in white
blood cells in patients with acute leukemia (ALL,AML) compared to the control
group respectively. The results also showed no significant differences in the
average white blood cells between lymphoid and myeloid leukemia patients. The
results appeared that there was a significant increase (p<0.05) in lymphocytes in
the patients with acute leukemia (ALL,AML) compared to the control group

respectively. While there are no significant differences in lymphocytes between
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acute lymphoid and myeloid leukemia patients. The results appeared that there was
a significant differences (p<0.05) in red blood cells between patients with acute
lymphoid leukemia and acute myeloid leukemia patients respectively, in addition
to a significant decrease between patients with acute myeloid leukemia and the
control group respectively, while there is no significant difference between patients
with acute lymphoid leukemia and the control group as shown in the table below
.The current study appeared a significant decrease (p<0.05) in Hb among patients
with acute myeloid leukemia respectively compared to the control group. While
the results revealed no significance differences in the mean hemoglobin
concentration among patients (AML , ALL). While there is a significant difference
between lymphoid leukemic patients and the control group. The results of appeared
for the platelet counts in patients groups when compared with the control group.
The mean platelet count was significantly increased (p<0.05) in patients with acute
lymphoid leukemia and acute myeloid leukemia respectively when compared to
the control group. there was no Statistically significant differences can be observed
in the mean platelet count between patients with acute lymphoid leukemia and

acute myeloid leukemia.

Leukocytes are one of the signs of inflammation, thus an increase in them
may be a reaction to the inflammation that preceded a leukemia (Hutter, 2010).
This finding gives support to the hypothesis that stem cell DNA abnormalities
produce a large number of abnormal leucocytes known as blasts that circulate and
begin to compete with normal, healthy blood cells, limiting their ability to perform
their functions (Hutter, 2010 ; Zainulabdeen, 2014). The results in table (4-2)
showed an increase in leukocytes, which is similar with the findings of Xu et al.,
(2009), who suggested that chemotherapy may be responsible for the rise in total

leukocytes.
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platelet count interact closely with tumor cells and play a much broader role
in tissue regeneration and repair. On the one hand, tumor cells cause platelet
aggregation (TCIPA), which is known to be the starting point for cancer-related
thrombosis. The release of a variety of growth factors, such as angiogenic and
mitogenic proteins, by platelets recruited to the tumor microenvironment, on the
other hand, interacts directly with tumor cells to promote their proliferation. They
have been demonstrated in the context of cancer to support a number of stages of
tumor growth, including local growth, migration into and out of the bloodstream,
and metastasis establishment. Platelets are crucial for immune system evasion
during several of those steps (Goubran et al.,2014). It has become clear that
platelets also serve as immune cells in addition to their well-known and significant
roles in hemostasis and wound healing (Maouia et al.,2020). In numerous distinct
tumor entities, high platelet counts were found to be a risk factor for unfavorable
outcomes (Lu et al.,2020). According to Alberts et al., (2008) the blast cells that
quickly multiply begin in the bone marrow and force out the healthy cells. The
most often afflicted organs are lymph nodes, the spleen, the liver, and the skin.
After a period, they spill over into the blood stream and may be discovered in key
organs of the body. sometimes the kidney, brain, or other nervous system

components.
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Table (4-2) Comparison of Some Hematological Parameters among ALL, AML and

Control Groups.

Results and Discussion

Groups Acute Lymphoid Acute Myeloid Control
Parameters Leukemia Leukemia
MeanzS.E

WBC(10°/L) 8.03+0.7 b 9.10+1.7 b 6.06+0.3 a
Lym (%) 43.79+3.1 b 45.74+4.3 b 35.50+1.9 a
RBC (10%/L) 4.08+0.9 b 3.52+0.2 a 433+0.1 b
Hb (g/dL) 10.67+0.3ab 9.81+0.4 a 11.83+0.2 b
PIt (10°/L) 261.78+19.0b 265.14+14.2b 220.08+16.2 a

*Similar letters is not significant difference at (P<0.05) level. Different letters is significant difference at (P<0.05)
level. (ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia.

4-3: Hematological Parameters among ALL, AML and control groups
according to gender.

Table (4-3) show the relationship of some hematological parameters with
gender. the results of showed there were WBC for males, there is no significant
difference between patients with acute leukemia compared to the control, but for
females, there is a significant increase in patients with acute myeloid leukemia
compared to patients with lymphoid leukemia and the control. With regard to the
lymphocytes of males there was a significant increase in patients with acute
myeloid leukemia compared to the control while females, there were no significant
differences between acute leukemia patients and the control. There is a significant
increase in red blood cells for males in patients with lymphoid leukemia compared
to patients with acute myeloid leukemia and the control. As for females, there is a
significant decrease between the patients and the control. In regarding hemoglobin
(Hb), it was found in males that there is a slight significant difference between

acute leukemic patients. But when comparing the control group with respect to the
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patients, there is a significant difference in the patients with acute myeloid
leukemia. Platelets for males and females, there is no significant difference in
acute leukemia patients compared to the control. so our results proved that gender

had no effect of some hematological studied parameters.

Michallet et al., (2013) appeared in his study the decrease in erythrocytes
may be attributed to their lysis when it be higher than its production, the lysis may
be occurred due to free radicals which interact with all cell components such as the
membrane lipids that is oxidized by a process called lipid peroxidation to give
malondialdehyde. This process cause damage in the cell membrane structure and
thus leads to tearing membrane and cells death (Kwon et al., 2009; Cabanillas et
al., 2012). Erythrocytes are considered the ideal cell to determine the imbalance
between oxidation and antioxidants because break it continuously by free radicals
that considered toxins which stimulates the bone marrow to produce leukocytes but
they are abnormal as a result the mutation in DNA of hematopoietic stem cells, this
explains the increase in the leucocytes count and decrease in normal erythrocytes
number. Men have somewhat greater hemoglobin levels than women, which is
assumed to be related to androgens' stimulating influence on bone marrow (
Dasgupta and Wahed , 2021). A drop in hemoglobin (Hb) concentration is
connected with anemia, which is defined by a decrease in erythrocyte count and
hence a decrease in hemoglobin concentration in the blood. This results are in

agreement with findings by (Mehde et al., 2014).

Hemoglobin levels in male and female children are similar, and they grow at
the same pace throughout adolescence. In adolescence, gender disparities in
hemoglobin concentration arise. In girls, the hemoglobin level hits a plateau
throughout early adolescence, but in males, the hemoglobin level rises throughout

puberty to higher levels characteristic of adult men. The difference is due to the
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stimulating impact of testosterone secretion. Indeed, androgenic steroids are used

Results and Discussion

to treat bone marrow failure in some cases (Garvin,2010).

Table (4-3) Comparison between Male and Female in Some Blood Parameters among

ALL, AML Patients and Control Groups.

Groups(A) | Gender(B) Acute Acute Control LSD(.05)
Lymphoid Myeloid
Leukemia Leukemia
Parameters Mean+S.E
WBC(10°/L) Male 7.01+0.2 | 5.3040.3 | 5.76+0.2 | for (A)=1.426
for(B)=1.064
Female 471+0.1 | 12.08+0.4 | 6.43x0.2 | for(A*B)=2.167
Lymo (%) Male 39.80+1.2 | 46.15+1.8 | 35.64x2.4 | for (A)=4.571
for(B)=3.221
Female | 44.49:1.4 | 38.27+2.1 | 375816 | [OV(A™B)=6.136
RBC Male 433+0.2 | 3.46+0.1 | 4.29+0.1 | for (A)=0.311
(10%%/L) for(B)=0.142
Female | 3.73+0.1 | 357403 | 4.37+0.1 | for(A*B)=0.515
HGB (g/dL) Male 11.15£0.6 | 9.5240.2 | 11.90+0.2 | for (A)=0.971
for(B)=0.516
Female | 10.01+0.7 | 10.03+05 | 11.75+0.1 | [or(A*B)=1.210
PLT (1077L) Male | 207.13%3.4 | 241.38+1.6 | 194.40+2.1 | for (A)=20.555
for(B)=17.691
Female | 288.6522.0 | 230.24+1.2 | 252.19+2.4 | [OF(A*B)=38.468

(ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia.
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4-4: Hematological Parameters among ALL, AML Patients and control
groups according to age groups.

Table (4-4) demonstrated the relationship between age and some
hematological parameters in patients with acute lymphoid and myeloid leukemia
and the control group. The results showed that with regard to white blood cells,
there was no significant difference between patients with acute leukemia and
controls for the age group 9 months -20 and for the age group21-40. where the
results were shown there was no significant difference for the two age groups 9
months-20 years and 21-40 of acute leukemic group for white blood cells in
comparison to control group. As for the age group >41, there is a significant
increase in patients with myeloid leukemia compared to patients with acute

lymphoid leukemia and control group.

The results for lymphocytes, showed the age group from 9 months to 20
years had no significant difference between leukemic patients, but there is a
significant difference between acute myeloid leukemic group and control. Age
group 21-40 there is a significant increase in patients with acute lymphoid
leukemia compared to patients with acute myeloid leukemia and the control group.
As for the age group >40, there is a significant increase in patients with acute
myeloid leukemia compared to patients with acute lymphoid leukemia and the
control group. The results for the red blood cells count were shown a non-

significant difference for all studied age groups .

As for hemoglobin, The results appeared that there is a significant difference
between patients with acute leukemia and control groups ,for the age group from 9
months - 20 years and from >41. As for the age of 21-40, there is a significant
increase in acute lymphoid leukemia patients compared to the acute myeloid

leukemia patients and the control. The results involved for platelets for the age
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group 9 months - 20 years there is a significant increase between acute lymphoid
leukemic patients , but there were no significant difference between patients with
lymphoid leukemia and control, while there is a significant difference between
patients with acute myeloid leukemia and control groups. There is a significant
difference in the age group 21-40 between acute myeloid leukemia patients
compared to acute lymphoid leukemia patients and controls. As for the age group
from >41, there is a significant increase in patients with acute myeloid and

lymphoid leukemia compared with the control group.

Elevated levels of lymphocytes are associated with the mutations in
lymphoid progenitor cell that alter regulation of cellular proliferation,
differentiation and apoptosis, which rapid accumulate in a lymph nodes causing
lymphadenopathy, as well as, can be found in the peripheral blood. The results of
this study are in agreement with results by Huang et al. (2015) and Wang et al.
(2011). When compared to the lymphocytes in patients with myeloid leukemia .In
lymphoid leukemia, the cancerous change takes place in a type of marrow cell that
normally goes on to form lymphocytes which are infection fighting immune
system cells (Ritu et al., 2013). Previous studies conducted on patients with acute
lymphocytic leukemia indicated that the increase in the number of white blood
cells is a bad fate for patients ( Digel et al.,1998). The increase of blast cells in the
bone marrow may be the cause of the decline in platelet count. As a result, bone
marrow cannot produce the essential elements of blood (Trafalis et al.,2008). The

findings of Schmied et al. (2021) are in agreement with the our results.

As a result of disorders, particularly those linked to the process of platelet
synthesis, the number of platelets decreases. When this happens, little red spots
may develop on the skin or mucous membranes. These petechiae spots may put

patients at risk for lung or brain bleeding, which can be dangerous or deadly.
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Minor bleeding, such nosebleeds and blood in the urine, typically precedes major
hemorrhage (Trafalis et al.,2008 ; Schmied, et al. 2021). The decrease in platelets
number occurs as a result of injury by diseases especially the diseases associated
with the process of its formation when there is decrease in the platelets count,
minute red dots may appear in the skin or mucous membranes. These dots, called
petechiae which are may predispose patients to bleed in the brain or lung which
can be serious or fatal. Such bleeding is usually preceded by minor bleeding such
as nosebleeds and blood in the urine (Ghoshal and Bhattacharyya , 2014,
Wachowicz et al., 2016). Most patients with lymphoid leukemia have pallor as a
result of low hemoglobin levels caused by a low number of red blood cells caused
by a low number of the erythroblastic cell line caused by the accumulation and
proliferation of abnormal bone marrow cells at the expense of the other lines,
resulting in bone marrow failure (Hoffbrand, 2005). Anemia may arise due to a
shortage of key materials required by the bone marrow to generate normal blood
cells, or it can be caused by a problem in the bone marrow itself, such as an
inability to produce normal erythrocytes or a failure of the bone marrow to produce

a sufficient number of erythrocytes (Veena et al., 2012 ).

Singh and Hertello, (2005) and Mehde and Yousif, (2014) reported reduced
Hb concentration increases the requirement for oxygen in individuals with
leukemia, causing the heart to pump blood more forcefully and at a faster pace to
compensate for the lost oxygen, resulting in left ventricular hypertrophy, dilatation,

and heart failure.
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Table (4-4) Comparison between the Three Age Groups in Some Blood Parameters among
ALL, AML Patients and Control Groups.

Groups Age (years) Acute Lymphoid Acute Myeloid Control
Parameters Leukemia Leukemia
MeanzS.E
WBC(10°/L) 9 months-20 6.12+0.6 5.23+0.1 7.31+0.9
21-40 6.29+0.1 8.20+0.2 5.80+0.1
>41 5.67£0.5 14.92+0.4 4.91+0.2
LSD.05) 2.575
Lym (%) 9 months-20 44.23+1.2 51.26+1.3 39.05+1.2
21-40 40.33£1.7 38.86+0.9 30.87+2.1
>41 34.70+2.4 38.45+1.1 36.20+2.4
LSD(0.05 8.565
RBC (10%/L) 9 months-20 4.03+0.1 3.26+0.1 4.43+0.9
21-40 4.38+0.2 3.86+£0.4 4.21+0.1
>41 4.11+0.2 3.04+0.7 4.27+0.2
LSD .05 N.S
HB (g/dL) 9 months-20 10.52+0.5 9.41+2.2 11.90+0.3
21-40 12.77+0.3 10.25+0.6 11.87+0.3
>41 10.42+0.1 9.25+0.4 11.79+0.4
LSD.05 1.033
PLT (10°/L) 9 months-20 249.00+5.6 116.32+3.3 277.47£7.1
21-40 114.00+7.1 272.22+4.7 165.17+6.4
>41 261.89+4.3 273.63+5.1 184.6745.9
LSD0.05) 34.534

(ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia
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4-5: Hepcidin, Ferroportin, Ferritin and Iron concentration among acute

leukemic patients

The results of our study appeared an increase in the concentration of
Hepcidin in the serum of leukemia patients in general. The results showed an
increase (p<0.05) in Hepcidin in the serum of patients with lymphoid leukemia
when compared to myeloid leukemia and the control group respectively. The
results also showed that there was a significant increase (p<0.05) in the
concentration of Hepcidin among patients with lymphoid and myeloid leukemia.
According to table (4-5) below. The results of the current study showed an increase
(p<0.05) in the concentration of ferroportin in the serum of leukemia patients. The
results showed an increase (p<0.05) in ferroportin in the serum of patients with
lymphoid leukemia compared with myeloid leukemia and the control group

respectively.

The results of our study appeared that there is a significant increase (p<0.05)
in the concentration of ferritin in the blood for patients. The results showed that
acute myeloid leukemic patients had a high ferritin concentration when compared
to lymphoid leukemia patients and the control group. The results also showed that
there was an increase in ferritin concentration among patients with myeloid and
lymphoid leukemia. The current study showed an increase in iron concentration in
the serum of patients when compared to the control group and involved that there
Is a noticeable increase in iron in the serum of leukemic patients when compared to
the control respectively. There is also a clear significant difference between

lymphoid and myeloid leukemic patients. According to table (4-5) below.
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4-6: Hepcidin, Ferroportin, Ferritin and Iron concentration in leukemic
patients groups (AML, ALL) and control group according to gender

In the table (4-6) showed Hepcidin, Ferroportin, Ferritin and Iron
concentration in leukemic patients groups (AML, ALL) and control group
according to gender. The results for males were that there was a significant
increase in the Hepcidin concentration among the lymphoid and myeloid patients
in male. There was also a significant increase between the patients and the control.
In the case of females, there was also a significant difference between the leukemic
patients and between the patients and the control. According to table (4-6), females
with acute myeloid leukemic have higher significant differences in Hepcidin

concentrations than males.

As for the relationship of ferroportin with gender, there is a significant
increase among patients with lymphoblastic and myeloid leukemia, and there is
also a significant increase among patients groups and control for males and
females. The table showed that the concentration of ferroportin in females has
higher significant differences than in males among patients with acute lymphoid
leukemia. For the relationship of ferritin with gender, there is a significant increase
between lymphoid and myeloid leukemia patients, and there is a significant
increase between patients and control for males. As for females, there is no
significant difference between patients with leukemia, but there is a significant
difference between leukemic patients and control. The table involve the
concentration of ferritin in males has a higher statistically significant difference
than in females between patients with acute myeloid leukemia. The table also
appears the relationship of iron to gender, and there was a significant increase
among patients with lymphoblastic and myeloid leukemia, and there was a

significant increase between patients and control for males and females. According

43



Chapter Four Results and Discussion

to the table below the iron concentration in males has a statistically significant

difference than in females between patients with acute lymphoid leukemia.

4-7: Hepcidin, Ferroportin, Ferritin and Iron concentration in acute leukemic
patients groups (AML, ALL) and control group according to age groups

Tables (4-7) displayed the relationship between the Hepcidin parameter and
age in leukemic patient groups and the control group. where the results showed for
the age groups from 9 months-20 years was a significant increase in leukemia
patients compared to the control group, the group from 21-40 there was a
significant increase among myeloid leukemia patients compared to acute lymphoid
leukemia and the control group, and the age group from >41years that there was a
high significant difference between cancer patients and between patients and

control.

The relationship of the ferroportin parameter with age in the groups of
leukemia patients and the control group, where the results showed for the age
groups from 9 months - 20 years, there was a significant increase in leukemia
patients compared to the control group, while the group from 21-40, there was a
significant increase among myeloid leukemia patients compared to acute lymphoid
leukemia and the control group, but there was no significant difference between
acute lymphoid leukemia patients and control. As for the age group of >41years,
there is a high significant difference between cancer patients and between patients
and control. As for the relationship of Ferritin parameter with age in leukemia
patient groups and the control group, where the results showed for the age groups

from 9 months-20 years, the group from 21-40 and the age group from >41lyears
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that there was a high significant difference between cancer patients and between

patients and control.

As for the relationship of iron parameter with age in the group of leukemia
patients and the control group, where the results for the age groups from 9 months
to 20 years showed a high significant difference between leukemia patients and
between patients and control, However the group from 21-40 significant increase
among patients with acute myeloid leukemia compared to patients with lymphoid
leukemia and the control group. The age group is >41 years, significant increase in

patients with acute lymphoid leukemia compared to the control group.

Our results showed high concentration for Hepcidin hormone in acute
leukemic patients (AML,ALL) p<0.05 in contrast with control group which
consistant with ( Hamad et al.,2019). Hepcidin and serum ferritin typically react
with inflammation and changes in iron stores in a similar manner ( Kemna et
al.,2005) . It is known that Hepcidin binds to ferroportin, causing external iron
linked to transferrin or serum ferritin to decrease and intracellular iron to be
retained in macrophages (Muckenthaler et al., 2008). It thus brings the intriguing
issue of whether higher Hepcidin concentrations in the presence of transfusional
iron loading may prevent excessive parenchymal iron overload and consequent
organ damage. Iron issues are often brought on by variations in Hepcidin
concentrations, as opposed to ferritin, a marker of iron storage. The dysregulation
of Hepcidin-ferroportin axis showed high Hepcidin and uncontrolled ferroportin
(FPN) hyperactivity at childhood ALL which may point to the impaired down-
regulation of FPN by Hepcidin (Hsi-Che et al., 2020). Nemours studies that
discovered significantly higher concentration of Hepcidin in patients compared to
the healthy group provided an explanation for the same outcomes, reporting that
the increase in Hepcidin concentration may protect the body from excessive iron
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parenchymal and organ damage in the presence of iron loading ( Liu, et al ., 2016;
Vinchi et al .,2020; Ali et al., 2022).

All living things need iron for their essential metabolic processes. A
multitude of comorbidities with poorer prognoses and more expensive treatment
choices are linked to iron imbalance, which still affects over 25% of the global
population. This is despite several public health programs and in-depth research
over the years. Hepcidin is largely responsible for controlling the homeostasis of
systemic iron. By binding to ferroportin, the only known iron exporter, the highly
conserved Hepcidin lowers plasma iron concentrations and induces iron retention

In macrophages and enterocytes (Nemeth et al., 2004).

Iron and erythropoietic activity govern the homeostatic concentration of
Hepcidin. Hepcidin synthesis is increased by iron overload and inflammation, but
Hepcidin expression is decreased by anemia and hypoxia.( Chauhan et al .,2014).
Other investigations demonstrated that chronic disorders like leukemia, which can
lead to iron malfunction with hypoferremia and anemia, greatly elevated serum
Hepcidin concentration during inflammation and infection ( Langer and Ginzburg,
2017 );( Sonkar et al.,2018).

The current study showed an increase in iron in the blood serum of patients,
and these results were similar to the studies he conducted (Wande et al.,2020). Iron
is an essential element for biological processes. Iron homeostasis is regulated
through several mechanisms, from absorption by enterocytes to recycling by
macrophages and storage in hepatocytes. Iron has dual properties, which may
facilitate tumor growth or cell death (Coates,2019). Cancer cells exhibit an
increased dependence on iron compared with normal cells. Macrophages

potentially deliver iron to cancer cells, resulting in tumor promotion. Mitochondria
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utilize cellular iron to synthesize cofactors, including heme and iron sulfur clusters.
However, highly increased iron concentrations result in cell death through
membrane lipid peroxidation, termed ferroptosis (Olcay et al., 2017). Therefore,
the risk of an imbalance in the entire iron homeostasis should be taken into
account. The toxicity of iron results from the Fe?* forms of iron, which are highly
reactive and cause rapid oxidant damage of proteins and DNA, permanently
changing the structure of proteins and genetic material (Koskenkorva-Frank et al.,
2013).

The intensity of chemotherapy results in an increase toxic forms of iron,
occurring simultaneously with increased serum iron, ferritin, Hepcidin, and
ferroportin concentrations (Coates, 2014). Elevated cellular iron concentration are
a result of increased iron absorption and reduced iron efflux in leukemia cells.
Leukemia patients also have an elevated systemic iron pool, which is made worse
by repeated red blood cell transfusions. Numerous experimental and
epidemiological investigations have shown a connection between iron metabolism
dysregulation and the development and progression of leukemia (Kennedy et al.,
2014; Benadiba et al.,2017; Hagag et al .,2018). Due to their high need for iron to
support their fast multiplication, leukemia cells are far more vulnerable to iron

deprivation than normal cells ( Callens et al .,2010).

The significance of iron in the development and spread of cancer has been
apparent in recent years (Shen et al., 2011;Torti and Torti.,2013). In particular,
iron chelating drugs constitute a viable anticancer therapy since tumor cells use
more iron than healthy cells do ( Forciniti et al.,2020). In both hematological and
solid malignancies, iron chelators have been shown by several authors to decrease
proliferation and trigger apoptosis ( Calabrese et al.,2020; Amano et al.,2020).
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Iron intake, storage, and export indicators frequently coexist with iron
excess. TFR1 expression, also known as CD71, is often higher in leukemic cells
than in normal counterparts. The amount of CD71 expression in AML, whether it
Is minimally differentiated or not, may be directly connected with the degree of
differentiation ( Liu et al., 2014). In this study, serum ferritin was increased in
patients when compared with the control group. These results are similar with
those reported (Genena et al.,2015; Hamodat et al .,2020). A significant difference
in ferritin concentration between healers and non-healers reflecting the
concentration of serum acute phase ferritin, which is typically linked to iron
storage, can aid in disease stage prediction ( Luznik et al.,2008; Armand et
al.,2007;Hamad et al., 2019). The increase in ferritin concentrations for all patients
Is caused by broken cancer cells releasing ferritin into the bloodstream. (Kemna et
al., 2005).

Serum ferritin, the iron storage analogue, is commonly elevated in leukemic
patients and is detrimental to overall and relapse-free survival in chemotherapy-
treated patients (Baker et al .,2014; Tachibana et al .,2018; Bertoli et al.,2019;
Ihlow et al.,2019) as well as in recipients of allogeneic stem cell transplants ( Artz
et al., 2016). Ferritin is made up of 24 polypeptide heavy chain (FTH) and light
chain subunits (FTL). FTH appears to be an NF-B downstream effector that, in an
inflammatory setting, inhibits Jun N-terminal kinase (JNK) to decrease TNF-
driven apoptosis ( Kamata et al .,2005) NF-B and pro-oxidant pathways are
included in a gene expression profile linked to FTH overexpression in AML
patients, which causes resistance to chemotherapy ( Bertoli et al.,2019). AML
frequently exhibits dysregulation of the ferroportin-Hepcidin axis, which results in

decreased iron outflow. Notably, core binding factor (CBF) AML subgroups are
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regularly reported to have low ferroportin expression, which appears to be

associated with better outcomes and increased chemotherapeutic sensitivity .

Table (4-5) Hepcidin, Ferroportin, Ferritin and Iron concentration acute in leukemic
patients groups (Acute Myeloid Leukemic Patients, Acute lymphoid Leukemic Patients)
and control group.

Groups Acute Lymphoid Acute Myeloid Control
Parameters Leukemia Leukemia
MeantS.E
Hepcidin 745.24+9.8 ¢ 634.80+2.6 b 261.79+21.3 a
Ferroportin 11.13+1.8¢c 7.95£0.6 b 5.58+0.4 a
Ferritin (ng/ml) 712.43+8.8 b 833.10+3.0 c 48.86+2.2 a
Iron (mg/dL) 117.25+2.8 c 107.67£1.8 b 91.50+6.9 a

*Similar letters is not significant difference at (P< 0.05) level. Different letters is significant difference at( P< 0.05)

level. (ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia

Table (4-6) Hepcidin, Ferroportin, Ferritin and Iron concentration in leukemic patients

groups (AML, ALL) and control group according to gender.

Groups Gender | Acute Lymphoid | Acute Myeloid Control LSD(.05)
Parameters Leukemia Leukemia
Mean+S.E
Hepcidin Male 664.48+12.5 271.2946.3 | 251.68+3.9 | for (A)=6.771
for(B)=4.238
Female 849.76+9.7 816.56+5.8 | 276.40+2.5 | for(A*B)=9.206
Ferropoten Male 8.04+0.6 5.04£0.4 4.75+0.6 | for (A)=1.206
Female | 15.12+0.3 9.40+0.3 6.78+0.7 | for(8)=0.971
for(A*B)=2.832
Ferrintin Male 822.90+7.4 1500.00+11.2 | 54.79+5.6 | for (A)=74.544
(ng/ml) [ Female | 569.478.2 499.64+4.6 | 42.89+7.2 | for(B)=50.233
for(A*B)=206.519
Iron Male 135.00+7.4 107.67+8.1 99.20+1.6 | for (A)=16.114
mg/dL for(B)=11.525
(mg/dL) Female 64.00+9.2 110.23+6.4 | 83.80+2.7 for(A*B)=24.706

(ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia
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Table (4-7) Hepcidin, Ferroportin, Ferritin and Iron concentration in acute leukemic
patients groups (AML, ALL) and control group according to age groups.

Groups Age (years) Acute Lymphoid | Acute Myeloid Control
Leukemia Leukemia
Parameters
MeanzS.E
Hepcidin 9 months-20 913.26+3.3 331.29+3.4 245.38+2.6
21-40 213.32+2.9 448.15+4.1 225.22+3.7
>41 536.92+5.2 1066.55+3.7 301.65+6.1
LSD(0.05 59.973
Ferroportin 9 months-20 13.22+0.9 5.95+0.6 2.93+0.3
21-40 4.93+1.1 6.23+0.2 4.96+0.1
>41 9.05+0.7 11.53+1.7 6.73+0.02
LSD0.05) 1.261
Ferritin 9 months-20 655.27+25.6 166.23+12.3 50.00+15.6
(ng/ml)
21-40 639.99+15.1 1008.47+9.7 47.22+11.2
>41 767.17+£14.0 903.47+10.7 49.37+£10.2
LSD(0.05 66.74
Iron (mg/dL) 9 months-20 139.00+6.4 109.50£8.2 97.50£5.2
21-40 89.50+5.8 104.00+7.7 82.50+1.3
>41 114.00+11.6 99.14+6.9 79.11+2.6
LSD0.05) 28.175

(ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia
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4-8: liver function tests Aspartate Transaminase (AST) and Alanine
Transaminase (ALT) activity in acute leukemic patients groups (ALL,AML)
and control group:

The results of our study in table (4-8) showed Aspartate Teansaminase
(AST) activity in all patient groups compared to the control group. The results
showed an increase in (AST) in the blood among acute leukemia patients
compared to the control group respectively. As for the levels of Alanine
Transaminase (ALT) in the blood serum, the results showed a significant increase.
in the serum (ALT) level of acute leukemia patients in comparison with the control

group respectively. As illustrated in the table below.

4-9: Aspartate Transaminase and Alanine Transaminase activity in leukemic
patients groups (ALL,AML) and control group according to gender:

Table (4-9) shows the relationship between gender and Aspartate
Transaminase (AST) activity between acute leukemia patients and the control
group. The results showed that there is no significant difference for (AST) activity
between males and females among leukemia patients, but there is a significant
increase between acute leukemia patients and the control group. Table (4-9) also
shows the comparison between gender and Alanine Transaminase (ALT) activity
between leukemia patients and control group. The results showed that there is no
significant difference for (ALT) activity between males and females among acute
leukemia patients, but there is a significant increase between acute leukemia

patients and the control group. According to the table below.
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4-10: Aspartate Transaminase and Alanine Transaminase activity in acute
leukemic patients groups (ALL,AML) and control group according to age
groups

Table (4-10) showed that a significant increase of AST in acute leukemia
patients compared to control groups for the age group 9 months - 20 years and 21-
40 years. As for the age group >41lyear there was a significant increase among
patients with lymphoid leukemia compared to patients with myeloid leukemia and
the control group. The result revealed a significant increase of ALT in leukemia
patients compared to control groups among the age group 9 month- 20 year ,21- 40
year and >4lyear .While there was insignificant difference (>0,05) between
ALL,AML patients. As shown in the table below.

The results supported (Segal et al.,2010) findings that leukemia patients had
greater levels of glutamic oxyaloacetic transaminase (GOT) and glutamic-pyruvic
transaminase (GPT). Hepatic infiltration may be brought on by increased GOT
activity. Infiltrative illness, which is brought on by a problem with the
mitochondrial and cytoplasmic membranes, is associated with an increase in
Glutamic Oxaloacetic Transaminase (Craig et al.,2002). GOT and GPT enzyme
levels rose when leukemia first appeared, which led to liver damage from the
leukemic stream. Increasing leukemic cell levels are associated by an increase in
transaminase enzyme concentration because chemotherapy is dangerous.
Additionally, a rise in the quantity of leukemic cells causes a rise in the level of
transaminase enzymes (CESUR et al., 2004 ).

A researcher (Bhojwani, 2019) discovered that there was no primary patient
or pathologic feature (age, gender, or genetic cytogenetic subtype) as a significant

predictor of response in a study of pediatric patients with acute lymphoblastic
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leukemia. AST is found in a variety of tissues in humans, including the heart, liver,
kidneys, and skeletal muscles. Thus, any damage to these tissues causes an
Increase in the concentration of the AST enzyme, or the ALT enzyme, which is
found in many tissues but is more abundant in the liver. As a result, any damage to
the liver causes an increase in the concentration of ALT, making it a special
enzyme for detecting liver disease (Bishop, 2010). It is worth noting that ALT
elevations are frequently higher than AST elevations and tend to last longer due to
the longer half-life of ALT in serum (16 h-24 h) (Mashhadani et al., 2011).
Increased levels of ALT and AST in leukemia patients are due to liver injury
(Carvalhana et al.,2016). In addition, a higher number of leukemic cells leads to

an increased concentration of transaminase enzymes (Verma et al .,2014).

Table (4-8) Comparison of Some liver function tests (AST,ALT) activity in acute leukemic
patients groups (ALL,AML) and control group.

Groups Acute Lymphoid Acute Myeloid Control
Parameters Leukemia Leukemia
MeantS.E
AST (U/L) 56.34+2.6 b 53.42+0.4 b 23.40+1.7 a
ALT (U/L) 45.05+1.8 b 43.22+2.1b 28.39+1.1 a

*Similar letters is not significant difference at P< 0.05 level. Different letters is significant difference at P< 0.05
level, (ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia, (AST) Aspartate Transaminase (ALT)
Alanine Transaminase
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Table (4-9) Comparison between Male and Female in Some liver function tests (AST,ALT)
among ALL, AML Patients and Control Groups.

AST (U/L) Male 54.36+6.2 57.54+3.2 | 24.97+2.2 | for (A)=6.187
for(B)=4.228

Female 58.32+4.7 49.30+2.9 | 21.81%1.6 | for(A*B)=9.206
ALT (U/L) Male 47.04+6.8 44.28+6.9 | 26.40+2.9 | for (A)=3.105
for(B)=2.614

Female 43.06£5.0 42.15£3.2 30.35+3.1 for(A*B)=5.024

(ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia, (AST) Aspartate Transaminase (ALT)
Alanine Transaminase

Table (4-10): Comparison between the Three Age Groups in Some liver function tests
(AST,ALT) among ALL, AML Patients and Control Groups.

AST (U/L) 9 months-20 56.36+5.5 52.83+5.2 25.35+3.1
21-40 53.24+2.3 57.81%4.4 21.63%1.2
>41 59.41%7.1 49.61+2.2 23.3920.7

LSD(0.05) 6.292
ALT (U/L) 9 months-20 46.04%2.2 40.82+6.4 30.45+2.5
21-40 47.03+1.9 46.66+2.9 26.91+1.6
>41 42.073.3 421934 27.82+2.3

LSD(0.05) 7.846

(ALL) Acute Lymphoid Leukemia ,(AML) Acute Myeloid Leukemia, (AST) Aspartate Transaminase (ALT)
Alanine Transaminase
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4-11 Correlation coefficient of all studied parameters Among acute lymphoid

Our results shown in table (4-11) showed the correlation factors between the
variables for patients with acute lymphoblastic leukemia (ALL). Where we found
that there is no significant difference between white blood cells (WBC) and the
parameters mentioned in the table, and white blood cells are directly proportional
to LYM, RBC, Hepicidin, Ferroportin and iron . While inversely proportional to
each of Hb ,PLT, AST ALT and Ferritin. With regard to lymphocytes, it is
inversely proportional to platelets, with a significant difference of its value (-
4757). It is also inversely proportional to RBC, AST ,ALT ,ferritin and directly to

Hb, Hepcidin ,Ferroportin and Iron.

In red blood cells, it is directly proportional to hemoglobin with a significant
difference in its value (.765™) as well as inversely proportional to PLT,Hepicidin,
AST , iron and inversely with Ferroportin , ALT, Ferritin. While Hemoglobin was
directly proportional to PLT, AST and Iron with no significant difference. While
inversely compatible with Hepicidin ,Ferroportin ,ALT and Ferritin. Platelets are
directly proportional to AST, ALT ,ferritin and inversely proportional to Hepicidin,

Ferroportin and iron, with no significant differences.

Hepcidin is directly proportional to Ferroportin with a significant difference
in its value (.646**) as well as directly proportional to AST ALT and inversely
proportional to Ferritin and iron with no significant differences. While Ferroportin
is inversely proportional to AST, ferritin ,Iron and directly to ALT, with no

significant differences.

AST is directly proportional to ALT, ferritin and Iron with a significant difference
of its value (.554**) with ALT. While ALT is directly proportional to ferritin and
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inversely proportional to iron, and there are no significant differences. Ferritin is

inversely proportional to iron with no significant difference.

In this study, serum Hepcidin was considerably greater in ALL patients at
diagnosis compared to its level after remission, and it was significantly higher in
both conditions than the control values. This is in agreement with what was
reported by (Ragab et al.,2016). Serum Hepcidin exhibited a negative correlation
with Hb level in this group as well. which is consistent with (Ragab et al.,2016).

indicating that anemia is Hepcidin regulator. Iron load, inflammatory stimuli
such as interleukin 6, and unknown erythropoietic signals all influence Hepcidin
production. All of these things can occur in acute lymphoid leukemia (Pigeon et
al.,2001);( Nemeth et al .,2003);( Kanda et al.,2008). Erythropoiesis and Iron
metabolism are intimately related. (Nemeth,2008). Iron metabolism imbalance has
been linked to numerous malignancies, including leukemia (Yang, 2015). A
trustworthy indicator of bodily iron reserves is considered to be serum ferritin (
Piperno, 1998).

Acute leukemia patients at various stages are at risk for iron overload
because of frequent blood transfusions ( Porter ,2001). In this study, all patient
groups had significantly greater blood ferritin and Hepcidin levels than controls.
The inflammatory condition may be primarily responsible for the increased ferritin
before therapy ( Cook et al.,2003).

Increased iron overload may have contributed to this increase. The
concurrent rise in serum ferritin and Hepcidin in the study populations confirms
the significance of increasing iron load in promoting Hepcidin expression.
Hepcidin and serum ferritin often react to inflammation and alterations in iron
storage similarly, which is shown in the high correlation between the two markers (

Kemna et al.,2005); ( Ganz et al.,2008). There is not a lot of information on how
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platelets impact blood cancers. This may be due to cancer cells, both myeloid and
lymphoid, rarely collecting platelets, and in some cases inhibiting platelet
aggregation (Pulte et al.,2007). Platelets have been demonstrated to protect
adenomas from chemotherapy-induced apoptosis ( Radziwon-Balicka et al.,2012) .
In the pediatric age range, lymphocyte counts following chemotherapy may also be

predictive of survival (Lomas et al.,2003).
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Table (4-11): Correlation Coefficient of All Studied Parameters Among Acute Lymphoid
Leukemia ALL

LYM RBC Hb PLT Hepic Ferro AST ALT Ferriti Iron
idin portin n

WBC R .258 .300 -.072 -.066 .047 .020 -.132 -.124 -.193 .047
Sig. 112 .063 662 691 775 .905 423 450 .239 74

LYM R 1 -.029 .078 - 475" 184 .289 -.043 -.190 -.033 .040
Sig. .861 .637 .002 .262 .075 .796 247 .842 .809

RBC R 1 765" 219 JA11 -.013 161 -.130 -.113 116
Sig. .000 .180 .500 936 .328 430 492 481

Hb R 1 .064 -.094 -.096 274 -.046 -.023 128
Sig. .700 .568 561 .092 781 .890 437

PLT R 1 -.078 -.039 .100 .016 .033 -121
Sig. .635 812 .543 .924 .840 462

Hepici | R 1 646" .038 .096 -061 | -.048
din Sig. .000 .820 .560 712 72
Ferrop R 1 -.049 .027 -.020 -.108
ortin Sig. 767 .868 .902 512
AST R 1 5547 | 135 206
Sig. .000 411 .207
ALT R 1 .050 -.019-
Sig. 763 910

Ferriti R 1 -.304
n Sig. .060

**_Correlation is significant at the 0.01 level (2-tailed).
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Figure (4-1): Relationship between Lymphocytes and PLT among Acute Lymphoid Leukemia.
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Figure (4-2): Relationship between Hemoglobin and Red Blood Cells among Acute Lymphoid
Leukemia.
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Figure (4-3): Relationship between Hepicidin and ferropotin among Acute Lymphoid Leukemia.
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Figure (4-4): Relationship between AST and ALT among Acute Lymphoid Leukemia.
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4-12 Correlation coefficient of all studied parameters Among myeloid
leukemia (AML)

Our results are shown in the table (4-12). White blood cells were positively
associated with RBC, Hb, PLT, Hepicidin and AST, and inversely proportional
with LYM, Ferroportin, AST and iron and there is no significant difference. But
the correlation between white blood cells and ferritin was inverse, with a

significant difference in its value (-0.641 *).

While lymphocytes are inversely proportional to RBC, PLT, Hepicidin, AST
and ALT with no significant difference. While directly proportional to each of Hb,
Ferroportin ferritin, and there was no significant difference, but there was a

significant significant difference with iron, its value (0.646 *).

Red blood cells are directly proportional to LYM, Hb ,PLT, Hepicidin ,AST
LALT while inversely proportional to ferroportin, ferritin and iron and there is no
significant difference between them, we showed through the results a significant

difference hemoglobin value (0.812*%*).

Hemoglobin is directly proportional to LYM, RBC, PLT, Hepicidin,
Ferroportin , Ferritin, Iron and inversely proportional to AST and ALT liver tests,
and there is no significant difference. Platelets are directly related to Hepicidin,
and AST, and inversely to iron, ALT, ferritin, iron, and there is no significant

difference between them.

Hepicidin is directly proportional to Ferroportin ,AST, ALT ,lron and
inversely with ferritin. a significant difference in value (0.936**) with Ferroportin.
Ferroportin has been directly associated with AST, ALT ,Iron and inversely with
ferritin and there is no significant difference for you. As for ferritin, it is directly
proportional to iron and there is no significant difference.
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Liver function tests AST are directly proportional to ALT, iron and inversely
proportional to ferritin with a significant difference in value is (-0.641 *) . while
ALT is inversely proportional with ferritin. Ferritin is directly proportional to iron,

with no significant differences.

These current findings agreed with prior study findings by (Yokus et al.,
2021). they found considerably greater Hepcidin concentrations in comparison to
healthy controls ,because of the increased Hepcidin synthesis in AML patients. In
AML patients the levels of Hepcidin in the blood increase significantly in
inflammation and infection in leukemia, can produce iron malfunction and blood
insufficiency as a result of chronic disorders (Langer and Ginzburg, 2017) . The
iron exporter ferroportin is bound by Hepcidin, which causes internalization and
destruction of the protein. Hepcidin expression in acute myeloid leukemia (AML)
patients undergoing HCT may be influenced by both genetic and medical variables
(Eisfeld et al.,2011).

The majority of research into platelet-leukemia interactions has been done
in the setting of myeloid leukemia, while a few studies have looked at platelet
function in lymphoblastic leukemias (Pulte et al.,2007); (Jaime-Pérez et al.,2004).
Platelets produced from individuals with acute myeloid leukemia (AML) exhibit
decreased platelet response to physiological agonists (Pogliani et al.,1989), may
have platelet storage pool deficit (Gerrard et al.,1992), and are frequently
associated with illness and treatment-induced thrombocytopenia (Woodcock et
al.,1984); (Foss et al .,2002). According to Cinar et al. (2015) and Lamarre et al.
(2013), the increase and decrease in the number of erythrocytes is changing due to
some diseases that affect humans and some physiological changes in the body that
lead to a reduction in the number such as anemia, bleeding or an increase in the

number such as Polycythemia, Hypoxia, and increased destruction by free radicals.
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According to Jemal et al. (2009), thrombocytopenia is a major risk factor for
bleeding (hemorrhage) and is defined by an unusually low platelet count. Bleeding
IS atypical adverse effect of several drugs or chemotherapy treatments. Because of
this, leukocytes serve a crucial role in defending the body against infection by
viruses, bacteria, fungi, and parasites via the phagocytosis process, and are
therefore the mobile units of the body's defensive system (Bain, 2017). LYM
Because it is created in the bone marrow and thymus, as well as the majority of
lymphocytes in the peripheral circulation, many scientists believe that its creation
Is caused by an antigenic challenge, such as viruses or foreign proteins (Al-Ouqaili
et al., 2018).

According to Veena et al. (2012) anemia is defined by a reduction in both
the quantity of red blood cells (RBC) and the concentration of hemoglobin in the
blood. Anemia is a symptom of leukemia, a typical indication of bone marrow
diseases. WBC count in patients was substantially greater than in healthy controls.
According to Wang et al. (2011) this conclusion might be explained by the fact
that in leukemia there is an increase in clonal proliferation of leukemia cells, which
can occur at any stage of maturation in bone marrow as lymphoid, myeloid, or
pluripotent. Acute leukemia (AML/ALL) patients frequently have increased
aminotransferases. This is probably caused by leukemic infiltrates, which cause

liver damage (Segal et al., 2010).

ALT is released into the serum as a result of hepatocellular damage and its
defective catabolism. Following hepatocellular damage, AST typically rises as well
and initially reaches a greater level than ALT. Then, because to its longer plasma
half-life, ALT will surpass AST within 24 to 48 hours if the damage is still there.
Hepatocellular necrosis is thought to be most easily detected by liver transaminases

(hepatitis). These enzymes contribute to gluconeogenesis by giving the TCA cycle
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the amino acids it needs. Since ALT is mostly detected in liver tissue and is
confined to hepatocytes' cytosol, it is a more accurate diagnostic of liver damage
than AST (Pratt and Kaplan , 2000). Rarely is liver involvement associated with

acute myeloid leukemia (AML) documented(Mathews et al.,2008).
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Table ( 4-12 ): Correlation Coefficient of All Studied Parameters Among Acute Myeloid
Leukemia AML

LYM RBC Hb PLT Hepic Ferro AST ALT Ferriti Iron
idin portin n_

WBC | R -.162 555 257 300 .068 -.142 321 | -.003 | -641 -
Sig. 634 .076 446 370 843 677 336 785 | .034 :géi
LYM | R 1 -.070 .099 344 | -.044 048 -097 | -164 | 304 | 646
Sig. 839 771 300 899 889 777 631 363 | .032

RBC R 1 8127 .006 028 | -.124 315 143 | -.487 -
Sig. .002 987 935 716 346 674 | 128 %ig
Hb R 1 238 .095 .082 349 | -.052 | -300 | .243
Sig. 481 780 812 293 879 370 | 472

PLT R 1 041 -.035 003 | -108 | -214 -
.007
Sig. 904 920 992 753 527 | .984
Hepic | R 1 936 152 281 | -600 | .145
(a1l Sig. 000 655 | 402 | 051 | 671
Ferro R 1 101 .078 -.353 241
portin—o; 768 | 819 | 288 | 476
AST R 1 312 | -641" | 228
Sig. 350 | .034 | .500
ALT R 1 -481 | 294
Sig. 134 | 381
Ferrit R 1 .095
in Sig. 781

*, Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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Figure (4-5): Relationship between WBC and ferropotin among myeloid leukemia .
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Figure (4-6): Relationship between Lymphocytes and Iron among Acute myeloid leukemia .
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Figure (4-7): Relationship between RBC and HGB among Acute Myeloid Leukemia.
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Figure (4-8): Relationship between Hepicidin and Ferropotin among Acute Myeloid Leukemia.
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Figure (4-9): Relationship between AST and ferritin among Acute Myeloid Leukemia.
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Chapter Five Conclusions and Recommendations

Conclusions :

1. According to our study, acute lymphocytic leukemia is more common in
children than acute myeloid leukemia, which is more common in older
people.

2. The individuals with acute leukemia appeared to have an increased
concentrations of the hormone hepcidin thus making it a risk factor for

leukemia.

3. The findings revealed that patients had higher concentrations of iron,
ferritin, and ferroportin than the control group, which may be considered a

risk factors for acute leukemia.

Recommendations:

1. Molecular study for hepcidin hormone and ferroportin.

N

. Research further biochemical aspects of iron metabolism.

w

. Conducting comprehensive studies on one type of acute leukemia.

4. Before administering chemotherapy, iron measurement is crucial.
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7- Appendices
7-1 Methods
7-1-2 Complete blood count (CBC)
1- Lyser
Principle

Lyser is used on the STEL 3 Auto hematological analyzer for count,
distinguishing, measuring hemoglobin. RBC are destroyed by the Lyser and
hemoglobin is released throughout the counting process. Hemoglobin interacts
with Lyse, the reaction produces a specific color, allowing the concentration of the
solution to be detected using the colorimetric technique. WBCs discharge
cytoplasm and shrink at the same time, the size of solid substance, such as the
nucleus and granules, left in various types of white blood cells varies. An auto
hematology analyzer can classify WBCs into 3 groups based on their electrical
nonconductivity such as lymphocyte, intermediate cells, and neutrophil, By

detecting change in electrical resistance through the counting hole as they pass

through suspended particles in the electrolyte solution.

Reagents

Quaternary ammonium salt salt<0.15%, NaCl<0.15%, Stabilizer<0.12%
2- Diluent

Principle

Diluyent is a kind of balanced electrolyte solution with electrical
conductivity which is used in the process of counting blood cells. The STEL 3 auto

Hematology analyzer performs a complete blood count based on the electrical
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failure of the blood cells and is done by detecting changes in electrical resistance

as suspended particles in the electrolyte solution pass through counting hole.
Reagent

NaCl <0.6% , Stabilizer <0.1% and buffer solution

3- Cleaner

Principle

The STEL 3.Cleaner is used in the STEL 3 automatic blood analyzer to clean and
wash the tubing system, then eliminates other blood residues and particles to

ensure an accurate blood cell count.
Reagent

Buffer solution<0.3%, Protease<0.2%

7-1-3 Biochemical Tests

7-1-3-1 Liver Function Tests Alanine Aminotransferase (ALT) and Aspartate
Aminotransferase (AST)

e The Principle of Alanine Aminotransferase (ALT)
Method

UV-assay according to IFCC (International Federation of Clinical Chemistry and
Laboratory Medicine) without pyridoxal phosphate activation.

Reaction Principle

L.Alanine + a.Oxoglutarate "1 pyruvate + L. glutamate
Pyruvate + NADH + H* LDH L. lactate + NAD" +H,0
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Reagents Concentration Concentration
R1 TRIS buffer 150 mmol/L
L. Alanine 750 mmol/L
LDH >1200 U\L
NADH 0.4 mmol/L
R2 a.Oxoglutarate 90 mmol/L
NADH 0.9 mmol/L
Assay Procedure
Blank Sample
Reagent 1 1000 pL 1000 uL
Dist Water 100 puL _
Sample _ 100 uL
Mix, incubate for 5 min ,then add:
R2 250 uL 250 pL

Mix thoroughly, read the absorbance after 1 min and

monitor time. Read the absorbance again for additional 3

min.

AA/min [AA/min sample]-[ AA/min blank]

Calculation
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The analyzer calculates the activity of each sample automatically with a specified
valid calibration factor from calibration process. Conversion factor of traditional
units (U/L) into S1-units (u kat/L):

1 U/L = 16.67x10° pkat /L, 1 pkat/L =60 U/L
e The Principle of Aspartate Aminotransferase (AST)
Method

UV-assay according to IFCC (International Federation of Clinical Chemistry
and Laboratory Medicine) without pyridoxal phosphate activation.

Reaction Principle

L. Aspartate+ o.Oxoglutarate  _ — AT Oxaloacetate+ L.glutamate
Oxaloacetate +NADH+H" MPRS L. malate +NAD" +H,0
Reagents
Reagents Content Concentration
R1 TRIS buffer 100 mmol/L
L. Aspartate 300 mmol/L
LDH >900 U/L
MDH > 600 U/L
NADH 0.4 mmol/L
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R2 NADH 0.9 mmol/L

a-oxoglutarate 60 mmol/L

Assay Procedure

Blank Sample
Reagent 1 1000 pL 1000 pL.
Dist Water 100 puL _
Sample _ 100 uL
Mix, incubate for 5 min ,then add:
R2 250 Ml 250 uL

Mix thoroughly, read the absorbance after 1 min and
monitor time. Read the absorbance again for additional 3

min.

AA/min [AA/min sample]-[ AA/min blank]

Calculation

The analyzer calculates the activity of each sample automatically with a specified
valid calibration factor from calibration process. Conversion factor of traditional
units (U/L) into S1-units (ukat/L):

1 U/L = 16.67x10° pkat /L, 1 pkat/L =60 U/L
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7-1-3-2 Iron Test
Test principle

Colorimetric assay.

pH<2.0

Transferrin-Fe-complex apotransferrin + Fe**

F e3+ ascorbate F e2+

Fe?* + FerroZine —~ colored complex
Under acidic conditions, iron is liberated from transferrin. Lipemic samples
are clarified by the detergent. Ascorbate reduces the released Fe3+ ions to

Fe2+ ions which then react with FerroZine to form a colored complex. The color
intensity is directly proportional to the iron concentration and can be measured

photometrically.

Reagents - working solutions

R1 Citric acid: 200 mmol/L; thiourea: 115 mmol/L; detergent
R2 Sodium ascorbate: 150 mmol/L; FerroZine: 6 mmol/L;
preservative

R1 is in position A and R2 is in position B.
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7-1-3-3 Ferritin Test

The Principle

Assay Principle The CL - series FERR assay is a two — site sandwich are
assay to determine the level of FERR . In the first step , sample , paramagnetic
microparticle coated with monoclonal anti - FERR antibody ( mouse ) and
monoclonal anti - FERR antibody ( mouse ) -alkaline phosphatase conjugate added
into a reaction vessel . After incubation , FERR present in the sample binds to both
anti - FERR antibody coated microparticle and anti - FERR antibody alkaline
phosphatase - labeled conjugate to form a sandwich complex . Microparticle is
magnetically captured while other unbound substances are removed by washing .
In the second step , the substrate solution is added to the reaction vessel . It is
catalyzed by anti- FERR antibody ( mouse ) -alkaline phosphatase conjugate in the
iImmunocomplex retained on the microparticle . The resulting chemiluminescent
reaction is measured as relative light units ( RLUS by a photomultiplier built into
the system . The amount of FERR present in the sample is proportional to the
relative light units ( RLUS ) generated during the reaction . The FERR

concentration can be determined via a calibration curve .
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Reagent Components:

Appendices

Ra Paramagnetic microparticles coated with monoclonal
anti - Ferritin antibody ( mouse in TRIS buffer with
preservatives

Rb Monoclonal anti - Ferritin antibody ( mouse ) -alkaline
phosphatase conjugate in TRIS buffer with
preservatives

Rc TRIS buffer with preservatives

7-1-3-4 Hepciden and Ferroportin Test by ELISA

e Assay Procedure of Hepciden

1- Prepare all reagents, standard solutions, and samples according to the

instructions. Before using any reagents, bring them to room temperature. The

test is carried out at room temperature.

2- Count the number of strips needed for the test. To use, place the strips in the

frames. Unused strips should be kept at 2-8°C.

3- Fill standard well with 50ul standard. Because the standard solution contains

biotinylated antibody, do not add antibody to the standard well.

4- Add 40ul sample to sample wells, followed by 10ul Rat HEPC antibody, and
finally 50ul streptavidin-HRP to sample and standard wells (Not blank control
well). Combine thoroughly. Apply a sealant to the plate. Incubate at 37°C for

60 minutes.
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5- Remove the sealant and wash the plate with wash buffer 5 times. For each
wash, soak wells in 300ul wash buffer for 30 seconds to 1 minute. Aspirate or
decant each well and wash 5 times with wash buffer for automatic washing.

Using paper towels or other absorbent material, blot the plate..

6- Pour 50ul of substrate solution A into each well, followed by 50ul of substrate
solution B. Incubate the plate in the dark for 10 minutes at 37°C with a fresh

sealer.
7- Add 50ul Stop Solution to each well; the blue hue will soon turn to yellow.

8- Within 10 minutes of applying the stop solution, determine the optical density

(OD value) of each well using a microplate reader set to 450 nm.

e Assay Procedure of Ferroportin

This procedure is provided for reference only. The product manual may
differ slightly. The product should be used as stated on the product manual

included and delivered together with the product.

1- Determining the standard, testing samples and checking control wells.

2- Divide 100 ul of diluted standard solution into standard wells.

3- Aliquot 100 ul of the standard diluted buffer into the control well (well zero).

4- Transfer 100 ul of the diluted samples into the sample wells. At 37 °C,
incubate for 90 minutes.

5- Detection Reagent A, 100 ul, should be aliquoted into each well. At 37 °C,
incubate for one hour.

6- Wash three times.
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7- Divide 100 ul of Detection Reagent B evenly across the wells. At 37 °C,
incubate for 30 minutes.

8- Wash five times.

9- Divide 90 ul of TMB in half. Add substance to every well. At 37 °C, incubate
for 10-20 minutes.

10-  Aliquot 50 pul of the Stop Solution.

11- Take a 450 nm reading of the OD.

79



References




References

1. Abboud, S., & Haile, D. J. (2000). A novel mammalian iron-regulated
protein involved in intracellular iron metabolism. Journal of Biological
Chemistry, 275(26), 19906-19912.

2. Ah-Moye, D., Davies, C., Goody, J., Hayward, P., & Frewin, R. (2014).
Introduction to haematology and transfusion science. Metabolic and
clinical aspects, 497.

3. Alberts, B., Johnson, A., Walter, P., Lewis, J., Raff, M., & Roberts, K.
(2008). Molecular cell biology. New York: Garland Science.

4. Ali, K. A., Mohammad, H. A., Naji, A. S., & Alwan, A. F. (2022). Serum
hepcidin levels related to interlukin-6 in patients with acute myeloid
leukemia before and after treatment. Iragi Journal of Hematology, 11(1),
76.

5. Al-Ougaili M.T.S., Musleh M.H., and Al-Kubaisi S.M.A. (2018):
Depending on HPLC and PCR, detection of aflatoxin B1 extracted from
Aspergillus flavus strains and it's cytotoxic effect on AFB
treatedhematopoietic stem cells obtained from human umbilical cord.
Asian  Journal of Pharmaceutics 12(3): 1048-1054. DOI:
10.22377/ajp.v12i03.2650

6. Amano, S., Kaino, S., Shinoda, S., Harima, H., Matsumoto, T., Fujisawa,
K., ... & Sakaida, 1. (2020). Invasion inhibition in pancreatic cancer using
the oral iron chelating agent deferasirox. BMC cancer, 20(1), 1-10.

7. Andersen, M. K., Christiansen, D. H., Jensen, B. A., Ernst, P., Hauge, G.,
& Pedersen-Bjergaard, J. (2001). Therapy-related acute lymphoblastic
leukaemia with MLL rearrangements following DNA topoisomerase I

inhibitors, an increasing problem: report on two new cases and review of

80



References

the literature since 1992. British journal of haematology, 114(3), 539-
543.

8. Aquino, V. M. (2002). Acute myelogenous leukemia. Current problems
in pediatric and adolescent health care, 32(2), 50-58.

9. Arezes, J., Jung, G., Gabayan, V., Valore, E., Ruchala, P., Gulig, P. A, ...
& Bulut, Y. (2015). Hepcidin-induced hypoferremia is a critical host
defense mechanism against the siderophilic bacterium Vibrio
vulnificus. Cell host & microbe, 17(1), 47-57.

10.Armand P, Kim HT, Cutler CS, Ho VT, Koreth J, et al. (2007) Prognostic
impact of elevated pretransplantation serum ferritin in patients
undergoing myeloablative stem cell transplantation. Blood, 109: 4586-
4588

11.Artz, A. S., Logan, B., Zhu, X., Akpek, G., Bufarull, R. M., Gupta, V., ...
& Cooke, K. R. (2016). The prognostic value of serum C-reactive
protein, ferritin, and albumin prior to allogeneic transplantation for acute
myeloid leukemia and myelodysplastic
syndromes. Haematologica, 101(11), 1426.

12.Aydemir, F., Jenkitkasemwong, S., Gulec, S., & Knutson, M. D. (2009).
Iron loading increases ferroportin heterogeneous nuclear RNA and mrna
levels in murine J774 macrophages. The Journal of nutrition, 139(3),
434-438.

13.Bain, B. J. (2017). Structure and function of red and white blood
cells. Medicine, 45(4), 187-193.

14.Baker, J. M., To, T., Beyene, J., Zagorski, B., Greenberg, M. L., & Sung,
L. (2014). Influence of length of time to diagnosis and treatment on the
survival of children with acute lymphoblastic leukemia: a population-
based study. Leukemia Research, 38(2), 204-2009.

81



References

15.Belson, M., Kingsley, B., & Holmes, A. (2007). Risk factors for acute
leukemia in children: a review. Environmental health
perspectives, 115(1), 138-145.

16.Benadiba, J., Rosilio, C., Nebout, M., Heimeroth, V., Neffati, Z., Popa,
A, ... & Peyron, J. F. (2017). Iron chelation: an adjuvant therapy to target
metabolism, growth and survival of murine PTEN-deficient T lymphoma
and human T lymphoblastic leukemia/lymphoma. Leukemia &
lymphoma, 58(6), 1433-1445.

17.Bennett, J. M., Catovsky, D., Daniel, M. T., Flandrin, G., Galton, D. A,
Gralnick, H. R., & Sultan, C. (1976). Proposals for the classification of
the acute leukaemias French-American-British (FAB) co-operative
group. British journal of haematology, 33(4), 451-458.

18.Bertoli, S., Paubelle, E., Bérard, E., Saland, E., Thomas, X., Tavitian, S.,

& Récher, C. (2019). Ferritin heavy/light chain (FTHL1/FTL)

expression, serum ferritin levels, and their functional as well as
prognostic roles in acute myeloid leukemia. European journal of
haematology, 102(2), 131-142

19.Bhatia, S., & Neglia, J. P. (1995). Epidemiology of childhood acute
myelogenous leukemia. Journal of pediatric hematology/oncology, 17(2),
94-100.

20.Bhojwani, D., Sposto, R., Shah, N. N., Rodriguez, V., Yuan, C., Stetler-
Stevenson, M., ... & Rheingold, S. R. (2019). Inotuzumab ozogamicin in
pediatric  patients with relapsed/refractory acute lymphoblastic
leukemia. Leukemia, 33(4), 884-892.

21.Bishop, M. L., Fody, E. P., & Schoeff, L. E. (2010). Clinical chemistry:
techniques, principles, correlations/[edited by] Michael L. Bishop,
Edward P. Fody, Larry E. Schoeff.

82



References

22.Bispo, J. A. B., Pinheiro, P. S., & Kobetz, E. K. (2020). Epidemiology
and etiology of leukemia and lymphoma. Cold Spring Harbor
perspectives in medicine, 10(6), a034819.

23.Bryant, A. L., Walton, A., & Albrecht, T. A. (2014). Management of
febrile neutropenia in a patient with acute leukemia. Journal of
emergency nursing, 40(4), 377-381.

24.Bullock, G. C., Delehanty, L. L., Talbot, A. L., Gonias, S. L., Tong, W.
H., Rouault, T. A., ... & Goldfarb, A. N. (2010). Iron control of erythroid
development by a novel aconitase-associated regulatory pathway. Blood,
The Journal of the American Society of Hematology, 116(1), 97-108.

25.Cabanillas, M. E., Kantarjian, H., Thomas, D. A., Mattiuzzi, G. N.,
Rytting, M. E., Bruera, E. And Cortes, J. E. (2012). Epoetin alpha
decreases the number of erythrocyte transfusions in patients with acute
lymphoblastic leukemia, lymphoblastic lymphoma, and Burkitt
leukemia/lymphoma. Clinical trial Cancer, 118, 848-855.

26.Calabrese, C., Panuzzo, C., Stanga, S., Andreani, G., Ravera, S.,
Maglione, A., ... & Cilloni, D. (2020). Deferasirox-dependent iron
chelation enhances mitochondrial dysfunction and restores p53 signaling
by stabilization of p53 family members in leukemic cells. International
journal of molecular sciences, 21(20), 7674.

27.Callens, C., Coulon, S., Naudin, J., Radford-Weiss, I., Boissel, N.,
Raffoux, E., ... & Hermine, O. (2010). Targeting iron homeostasis
induces cellular differentiation and synergizes with differentiating agents
in acute myeloid leukemia. Journal of Experimental Medicine, 207(4),
731-750.

83



References

28.Camaschella, C., & Nai, A. (2016). Ineffective erythropoiesis and
regulation of iron status in iron loading anaemias. British journal of
haematology, 172(4), 512-523.

29.Carvalhana, S., Leitao, J., Alves, A. C., Silva, A. P., Velasco, F.,
Medeiros, 1., ... & Cortez-Pinto, H. (2016). Screening for liver disease in
the general population: The potential utility of using AST/ALT
ratio. Journal of Hepatology, 2(64), S498.

30.CESUR, S., TOPCUOGLU, P., ASIK, O., BIRENGEL, S., & OZCAN,
M. (2004). Acute hepatic failure in a case of acute lymphoblastic
leukemia. Turkish Journal of Medical Sciences, 34(4), 275-279.

31.Chauhan, R., Sharma, S., & Chandra, J. (2014). What regulates hepcidin
in poly-transfused p-thalassemia major: erythroid drive or store
drive?. Indian Journal of Pathology and Microbiology, 57(1), 39.

32.Cinar, E., Zhou, S., decourcey, J., Wang, Y., Waugh, R. E., & Wan, J.
(2015). Piezol regulates mechanotransductive release of ATP from
human rbcs. Proceedings of the National Academy of Sciences, 112(38),
11783-11788.

33.Coates, T. D. (2014). Physiology and pathophysiology of iron in
hemoglobin-associated diseases. Free Radical Biology and Medicine, 72,
23-40.

34.Coates, T. D. (2019). Iron overload in transfusion-dependent
patients. Hematology 2014, the American Society of Hematology
Education Program Book, 2019(1), 337-344.

35.Cook, J. D., Flowers, C. H., & Skikne, B. S. (2003). The quantitative
assessment of body iron. Blood, The Journal of the American Society of
Hematology, 101(9), 3359-3363.

84



References

36.Craig, J. Et al, Blood disorder in a davidson’s principles and practice of
medicine, Haslettc. Etal. Churchill Livingstone; Edinburgh; 19th Ed,
2002; 889-956.

37.Dasgupta, A., & Wahed, A. (2021). Clinical Chemistry, Immunology and
Laboratory Quality Control: A Comprehensive Review for Board
Preparation, Certification and Clinical Practice.

38.De Domenico, I., Ward, D. M., Nemeth, E., Vaughn, M. B., Musci, G.,
Ganz, T., & Kaplan, J. (2005). The molecular basis of ferroportin-linked
hemochromatosis. Proceedings of the National Academy of
Sciences, 102(25), 8955-8960.

39.Delaby, C., Pilard, N., Goncgalves, A. S., Beaumont, C., & Canonne-
Hergaux, F. (2005). Presence of the iron exporter ferroportin at the
plasma membrane of macrophages is enhanced by iron loading and
down-regulated by hepcidin. Blood, 106(12), 3979-3984.

40.Delaby, C., Pilard, N., Puy, H., & Canonne-Hergaux, F. (2008).
Sequential regulation of ferroportin expression after erythrophagocytosis
In murine macrophages: early mrna induction by haem, followed by iron-
dependent protein expression. Biochemical Journal, 411(1), 123-131.

41.Descatha, A., Jenabian, A., Conso, F., & Ameille, J. (2005).
Occupational exposures and haematological malignancies: overview on
human recent data. Cancer Causes & Control, 16(8), 939-953.

42.Deschler, B., & Ldulbbert, M. (2008). Acute myeloid leukemia:
epidemiology and etiology. Acute Leukemias, 47-56.

43.Digel, W ., Kulmburg, P., & Radke, M. (1998). Lymphotoxin-a is an
autocrine growth factor for chronic lymphocytic leukemia B
cells. Leukemia, 12(4), 493-498.

85



References

44.Dixon, S. J., & Stockwell, B. R. (2014). The role of iron and reactive
oxygen species in cell death. Nature chemical biology, 10(1), 9-17.

45.D6hner, H., Weisdorf, D. J., & Bloomfield, C. D. (2015). Acute myeloid
leukemia. New England Journal of Medicine, 373(12), 1136-1152

46.Donovan, A., Brownlie, A., Zhou, Y. I, Shepard, J., Pratt, S. J,,
Moynihan, J., ... & Zon, L. I. (2000). Positional cloning of zebrafish
ferroportinl identifies a conserved vertebrate iron
exporter. Nature, 403(6771), 776-781.

47.Donovan, A., Lima, C. A., Pinkus, J. L., Pinkus, G. S., Zon, L. I., Robine,
S., & Andrews, N. C. (2005). The iron exporter ferroportin/Slc40al is
essential for iron homeostasis. Cell metabolism, 1(3), 191-200.

48.Dorak, M. T., & Karpuzoglu, E. (2012). Gender differences in cancer
susceptibility: an inadequately addressed issue. Frontiers in genetics, 3,
268.

49.Drakesmith, H., Schimanski, L. M., Ormerod, E., Merryweather-Clarke,
A. T., Viprakasit, V., Edwards, J. P., ... & Townsend, A. R. (2005).
Resistance to hepcidin is conferred by hemochromatosis-associated
mutations of ferroportin. Blood, 106(3), 1092-1097.

50.Eisfeld, A. K., Westerman, M., Krahl, R., Leiblein, S., Liebert, U. G.,
Hehme, M., ... & Al-Ali, H. K. (2011). Highly elevated serum Hepcidin
in patients with acute myeloid leukemia prior to and after allogeneic
hematopoietic cell transplantation: does this protect from excessive
parenchymal iron loading?. Advances in hematology, 2011

51.Fey, M. F. (2007). Salient features of hematological diseases. Annals of
oncology, 18, i54-i64.

52.Fischbacher, A., von Sonntag, C., & Schmidt, T. C. (2017). Hydroxyl

radical yields in the Fenton process under various ph, ligand

86



References

concentrations and hydrogen peroxide/Fe (1) ratios. Chemosphere, 182,
738-744.

53.Forciniti, S., Greco, L., Grizzi, F., Malesci, A., & Laghi, L. (2020). Iron
metabolism in cancer progression. International Journal of Molecular
Sciences, 21(6), 2257.

54.Forman, D., Stockton, D., Mgller, H., Quinn, M., Babb, P., De Angelis,
R., & Micheli, A. (2003). Cancer prevalence in the UK: results from the
EUROPREVAL study. Annals of Oncology, 14(4), 648-654.

55.Foss, B., Ulvestad, E., Hervig, T., & Bruserud, @. (2002). Effects of
cytarabine and various anthracyclins on platelet activation:
characterization of in vitro effects and their possible clinical relevance in
acute myelogenous leukemia. International journal of cancer, 97(1),
106-114.

56.Ganz, T. (2013). Systemic iron homeostasis. Physiological
reviews, 93(4), 1721-1741.,

57.Ganz, T., & Nemeth, E. (2006). Iron imports. IV. Hepcidin and
regulation of body iron metabolism. American Journal of Physiology-
Gastrointestinal and Liver Physiology, 290(2), G199-G203.

58.Ganz, T., Olbina, G., Girelli, D., Nemeth, E., & Westerman, M. (2008).
Immunoassay for human serum hepcidin. Blood, The Journal of the
American Society of Hematology, 112(10), 4292-4297.

59.Garvin Jr, J. H. (2010). Gender-specific aspects of pediatric hematology
and oncology. In Principles of Gender-Specific Medicine (pp. 51-61).
Academic Press.

60.GENENA, S., GHANAYEM, N., TAYEL, S., SAFAN, M., & RAGAB,
S. (2015). Serum hepcidin level and disease course of acute leukemia in

87



References

children. The Egyptian Journal of Biochemistry and Molecular
Biology, 33(1-2), 52-67.).

61.Gerrard, J. M., & mcnicol, A. (1992). Platelet storage pool deficiency,
leukemia, and myelodysplastic syndromes. Leukemia & Lymphoma, 8(4-
5), 277-281.

62.Ghoshal, K., & Bhattacharyya, M. (2014). Overview of platelet
physiology: its hemostatic and nonhemostatic role in disease
pathogenesis. The Scientific World Journal, 2014.

63.Ginzburg, Y. Z. (2019). New diagnostic tools for delineating iron
status. Hematology 2014, the American Society of Hematology Education
Program Book, 2019(1), 327-336.

64.Ginzburg, Y. Z. (2019). New diagnostic tools for delineating iron
status. Hematology 2014, the American Society of Hematology Education
Program Book, 2019(1), 327-336.

65.Ginzburg, Y., & Rivella, S. (2011). B-thalassemia: a model for
elucidating the dynamic regulation of ineffective erythropoiesis and iron
metabolism. Blood, The Journal of the American Society of
Hematology, 118(16), 4321-4330.

66.Goorden, S. M., Buffart, T. E., Bakker, A., & Buijs, M. M. (2013). Liver
disorders in adults: ALT and AST. Nederlands tijdschrift voor
geneeskunde, 157(43), A6443-A6443.

67.Goubran, H. A., Stakiw, J., Radosevic, M., & Burnouf, T. (2014, June).
Platelets effects on tumor growth. In Seminars in oncology (Vol. 41, No.
3, pp. 359-369). WB Saunders.

68.Greaves, M. F., Maia, A. T., Wiemels, J. L., & Ford, A. M. (2003).
Leukemia in twins: lessons in natural history. Blood, 102(7), 2321-2333.

88



References

69.Grimwade, D., Ivey, A., & Huntly, B. J. (2016). Molecular landscape of
acute myeloid leukemia in younger adults and its clinical
relevance. Blood, The Journal of the American Society of
Hematology, 127(1), 29-41.

70.Guida, C., Altamura, S., Klein, F. A., Galy, B., Boutros, M., Ulmer, A. J.,

. & Muckenthaler, M. U. (2015). A novel inflammatory pathway

mediating rapid hepcidin-independent hypoferremia. Blood, The Journal
of the American Society of Hematology, 125(14), 2265-2275.

71.Gurney, J. G., Severson, R. K., Davis, S., & Robison, L. L. (1995).
Incidence of cancer in children in the United States. Sex-, race-, and 1-
year age-specific rates by histologic type. Cancer, 75(8), 2186-2195.

72.Hagag, A. A., Badraia, I. M., Abdelmageed, M. M., Hablas, N. M.,
Hazzaa, S. M., & Nosair, N. A. (2018). Prognostic value of transferrin
receptor-1 (CD71) expression in acute lymphoblastic
leukemia. Endocrine, Metabolic & Immune Disorders-Drug Targets
(Formerly Current Drug Targets-Immune, Endocrine & Metabolic
Disorders), 18(6), 610-617.

73.Hamad MN, Kamal M, Saeed MA, Suliman MA (2019) Assessment of
Serum Ferritin Levels in Sudanese Patients with Acute Lymphoblastic
Leukemia. Health Sciences, 8: 92-96.

74.Hamodat, Z. M. A., AL-Talib, N. A., & Abduljalal, M. H. (2020). Study
of some biochemical markers for patients with leukemia. Eurasian
Journal of biosciences, 14(1).

75.Harmse, L. (2017). Understanding the management of iron deficiency
anaemia. Professional Nursing Today, 21(4), 42-46.

76.Harris, N. L., Jaffe, E. S., Diebold, J., Flandrin, G., Muller-Hermelink, H.
K., Vardiman, J., ... & Bloomfield, C. D. (1999). The World Health

89



References

Organization classification of neoplastic diseases of the hematopoietic
and lymphoid tissues: report of the Clinical Advisory Committee
meeting, Airlie House, Virginia, November, 1997. Annals of
Oncology, 10(12), 1419-1432.

77.Heuser, M., Thol, F., & Ganser, A. (2016). Clonal hematopoiesis of
indeterminate  potential: a risk  factor for  hematologic
neoplasms. Deutsches Arzteblatt International, 113(18), 317.

78.Hoffbrand, A. V. (2005). Deferiprone therapy for transfusional iron
overload. Best Practice & Research Clinical Haematology, 18(2), 299-
317.

79.Hoshmand, R. (2018). Design of experiments for agriculture and the
natural sciences. Chapman and Hall/CRC.

80.Howlader, N. N. A. K. M., Noone, A. M., Krapcho, M., Miller, D.,
Bishop, K., Altekruse, S. F., ... & Cronin, K. A. (2016). SEER cancer
statistics review, 1975-2013. National Cancer Institute, 1992-2013.

81.Hsi-Che Liu, MD,1 Ting-Chi Yeh, MD, ,1 Jen-Yin Hou, MD, ,1 Ting-
Huan Huang, MD.(2020). The Dysregulation of Hepcidin-Ferroportin
Axis in Childhood Acute Lymphoblastic Leukemia Survivors after
Completion of Chemotherapy. Blood 136 (Supplement 1) :

82.Huang, J. C.; Basu, S. K.; Zhao, X.; Chien, S.; Fang, M.; Oehler, V. G.
And Becker, P. S. (2015). Mesenchymal stromal cells derived from acute
myeloid leukemia bone marrow exhibit aberrant cytogenetics and
cytokine elaboration. Blood Cancer Journal, 5, 302-303.

83.Hutter, J. J. (2010). Childhood leukemia. Pediatrics in review, 31(6).

84.Hyder, M. A., Hasan, M., & Mohieldein, A. H. (2013). Comparative
levels of ALT, AST, ALP and GGT in liver associated diseases. Eur J
Exp Biol, 3(2), 280-4.

90



References

85.lacobucci, 1., & Mullighan, C. G. (2017). Genetic basis of acute
lymphoblastic leukemia. Journal of Clinical Oncology, 35(9), 975.

86.lhlow, J., Gross, S., Sick, A., Schneider, T., Flércken, A., Burmeister, T.,
... & Westermann, J. (2019). AML.: high serum ferritin at initial diagnosis
has a negative impact on long-term survival. Leukemia &
lymphoma, 60(1), 69-77.

87.Inaba, H., Greaves, M., & Mullighan, C. G. (2013). Acute lymphoblastic
leukaemia. The Lancet, 381(9881), 1943-1955.

88.Jabbour, E., O'Brien, S., Konopleva, M., & Kantarjian, H. (2015). New
insights into the pathophysiology and therapy of adult acute
lymphoblastic leukemia. Cancer, 121(15), 2517-2528.

89.Jaime-Pérez, J. C., Canti-Rodriguez, O. G., Herrera-Garza, J. L., &
Gomez-Almaguer, D. (2004). Platelet aggregation in children with acute
lymphoblastic leukemia during induction of remission therapy. Archives
of medical research, 35(2), 141-144.

90.Jemal, A., Siegel, R., Ward, E., Hao, Y., Xu, J., & Thun, M. J. (2009).
Cancer statistics, 2009. CA: a cancer journal for clinicians, 59(4), 225-
249.

91.Kamata, H., Honda, S. I., Maeda, S., Chang, L., Hirata, H., & Karin, M.
(2005). Reactive oxygen species promote tnfa-induced death and
sustained  JNK  activation by  inhibiting MAP  Kkinase
phosphatases. Cell, 120(5), 649-661

92.Kanda, J., Mizumoto, C., Kawabata, H., Tsuchida, H., Tomosugi, N.,
Matsuo, K., & Uchiyama, T. (2008). Serum hepcidin level and
erythropoietic activity after hematopoietic stem cell
transplantation. Haematologica, 93(10), 1550-1554.

91



References

93.Kemna, E., Pickkers, P., Nemeth, E., van der Hoeven, H., & Swinkels, D.
(2005). Time-course analysis of hepcidin, serum iron, and plasma
cytokine levels in humans injected with LPS. Blood, 106(5), 1864-1866.

94.Kennedy, A. E., Kamdar, K. Y., Lupo, P. J., Okcu, M. F., Scheurer, M.
E., Baum, M. K., & Dorak, M. T. (2014). Examination of HFE
associations with childhood leukemia risk and extension to other iron
regulatory genes. Leukemia research, 38(9), 1055-1060.

95.Kerr, J. R., Barah, F., Cunniffe, V. S., Smith, J., Vallely, P. J., Will, A.
M., ... & Eden, O. B. (2003). Association of acute parvovirus B19
infection with new onset of acute lymphoblastic and myeloblastic
leukaemia. Journal of clinical pathology, 56(11), 873-875.

96.Khalil, S., Delehanty, L., Grado, S., Holy, M., White Ill, Z., Freeman, K.,
... & Goldfarb, A. (2018). Iron modulation of erythropoiesis is associated
with Scribble-mediated control of the erythropoietin receptor. Journal of
Experimental Medicine, 215(2), 661-679.

97.Knutson, M. D., Oukka, M., Koss, L. M., Aydemir, F., & Wessling-
Resnick, M. (2005). Iron release from macrophages after
erythrophagocytosis is up-regulated by ferroportin 1 overexpression and
down-regulated by hepcidin. Proceedings of the National Academy of
Sciences, 102(5), 1324-1328.

98.Koskenkorva-Frank, T. S., Weiss, G., Koppenol, W. H., & Burckhardt, S.
(2013). The complex interplay of iron metabolism, reactive oxygen
species, and reactive nitrogen species: insights into the potential of
various iron therapies to induce oxidative and nitrosative stress. Free
Radical Biology and Medicine, 65, 1174-1194.

92



References

99.Kossman, S. E., & Weiss, M. A. (2000). Acute myelogenous leukemia
after exposure to strontium-89 for the treatment of adenocarcinoma of the
prostate. Cancer, 88(3), 620-624.

100. Krull, K. R., Li, C., Phillips, N. S., Cheung, Y. T., Brinkman, T. M.,
Wilson, C. L., ... & Chemaitilly, W. (2019). Growth hormone deficiency
and neurocognitive function in adult survivors of childhood acute
lymphoblastic leukemia. Cancer, 125(10), 1748-1755.

101. Kwon, Y. M., Chung, H. S., Moon, C., Yockman, J., Park, Y. J.,
Gitlin, S. D. And Yang, V. C. (2009). L-Asparaginase encapsulated intact
erythrocytes for treatment of acute lymphoblastic leukemia (ALL).
Journal of Controlled Release, 139, 182-189.

102. Lamarre, Y., Bourgeaux, V., Pichon, A., Hardeman, M. R., Campion,
Y., Hardeman-Zijp, M., ... & Connes, P. (2013). Effect of inositol
hexaphosphate—loaded red blood cells (rbcs) on the rheology of sickle
rbcs. Transfusion, 53(3), 627-636.

103. Lambeth, J. D., & Neish, A. S. (2014). Nox enzymes and new
thinking on reactive oxygen: a double-edged sword revisited. Annual
Review of Pathology: Mechanisms of Disease, 9, 119-145.

104. Langer, A. L., & Ginzburg, Y. Z. (2017). Role of hepcidin-ferroportin
axis in the pathophysiology, diagnosis, and treatment of anemia of
chronic inflammation. Hemodialysis International, 21, S37-S46.

105. Lin, S., Mai, K., Tan, B., & Liu, W. (2010). Effects of four vegetable
protein supplementation on growth, digestive enzyme activities, and liver
functions of juvenile tilapia, Oreochromis niloticusx Oreochromis
aureus. Journal of the World Aquaculture Society, 41(4), 583-593.

93



References

106. Liu, J., Sun, B., Yin, H., & Liu, S. (2016). Hepcidin: a promising
therapeutic target for iron disorders: a systematic
review. Medicine, 95(14).

107. Liu, Q., Wang, M., Hu, Y., Xing, H., Chen, X., Zhang, Y., & Zhu, P.
(2014). Significance of CD71 expression by flow cytometry in diagnosis
of acute leukemia. Leukemia & lymphoma, 55(4), 892-898.

108. Liu, X. B., Yang, F., & Haile, D. J. (2005). Functional consequences
of ferroportin 1 mutations. Blood Cells, Molecules, and Diseases, 35(1),
33-46.

109. Lomas, C., Hudson, G., Manley, S., Caswell, M., mcdowell, H., Pizer,
B., & Keenan, R. (2003, November). Early lymphocyte regeneration
predicts improved survival in childhood acute myeloid leukaemia.
In Blood (Vol. 102, No. 11, pp. 873A-873A). 1900 M STREET. NW
SUITE 200, WASHINGTON, DC 20036 USA: AMER SOC
HEMATOLOGY.

110. Lu, L., Su, Z., Zheng, P., Wu, Z., Zhang, Y., He, H., ... & Chen, X.
(2020). Association between platelet count and hepatocellular carcinoma
overall survival: a large retrospective cohort study. BMJ open, 10(11),
e038172.

111. Ludwiczek SL, Aigner E, Theurl I, Weiss G (2003) Cytokine-
mediated regulation of iron transport in human monocytic cells. Blood
101:4148-4154

112. Luznik L, O’Donnell PV, Symons HJ, Chen AR, et al. (2008). HLA-
haploidentical bone marrow transplantation for hematologic malignancies
using nonmyeloablative conditioning and high-dose, posttransplantation
cyclophosphamide. Biology of Blood and Marrow Transplantation, 14:
641-650.

94



References

113. Mahoney, M. C., Moysich, K. B., mccarthy, P. L., mcdonald, R. C.,
Stepanenko, V. F., Day, R. W., & Michalek, A. M. (2004). The
Chernobyl childhood leukemia study: background & lessons
learned. Environmental Health, 3(1), 1-7.

114. Maia, R. D. R. P., & Wunsch Filho, V. (2013). Infection and
childhood leukemia: review of evidence. Revista de saude publica, 47,
1172-1185.

115. Maouia, A., Rebetz, J., Kapur, R., & Semple, J. W. (2020). The
immune  nature of platelets revisited. Transfusion  medicine
reviews, 34(4), 209-220.

116. Marro, S., Chiabrando, D., Messana, E., Stolte, J., Turco, E.,
Tolosano, E., & Muckenthaler, M. U. (2010). Heme controls ferroportinl
(FPN1) transcription involving Bachl, Nrf2 and a MARE/ARE sequence
motif at position— 7007 of the FPN1 promoter. Haematologica, 95(8),
1261.

117. Mashhadani, E. Z., Al Amri, M. A. and Khalidi, A. (2011). Evaluation
of G-ST, GOT and GPT activities in Sera of leukemia patients before and
after treatment. Journal of Kerbala University, 9, 11-20

118. Mathews, E., Laurie, T., O’Riordan, K., & Nabhan, C. (2008). Liver
involvement with acute myeloid leukemia. Case Reports in
Gastroenterology, 2(1), 121-124

119. Mckie, A. T., Marciani, P., Rolfs, A., Brennan, K., Wehr, K., Barrow,
D., ... & Simpson, R. J. (2000). A novel duodenal iron-regulated
transporter, IREG1, implicated in the basolateral transfer of iron to the
circulation. Molecular cell, 5(2), 299-309.

120. Mclaren, C. E., Barton, J. C., Gordeuk, V. R., Wu, L., Adams, P. C.,
Reboussin, D. M., .. & Castro, O. (2007). Determinants and

95



References

characteristics of mean corpuscular volume and hemoglobin
concentration in  white HFE C282Y homozygotes in the
hemochromatosis and iron overload screening study. American journal of
hematology, 82(10), 898-905.

121. Mehde, A. A, & Yousif, A. M. (2014). Estimation of
Malondialdehyde, Total Antioxidant Capacity and Some Biochemical
Parameters in CSF and Sera of Patients with Acute Lymphoblastic

Leukemia. Australian journal of basic and applied sciences, 8(15), 329-

333.
122. Michallet, M., Goldet, K., Sobh, M., Morisset, S., Chelghoum, Y.,
Thomas, X., .. & Jaisson-Hot, I. (2013). Prospective study of

erythropoietin use on quality of life and cost effectiveness in acute
myeloid leukemia and allogeneic hematopoietic stem cell transplantation
patients. Cancer, 119(1), 107-114.

123. Montosi, G., Donovan, A., Totaro, A., Garuti, C., Pignatti, E.,
Cassanelli, S., ... & Pietrangelo, A. (2001). Autosomal-dominant
hemochrom-atosis is associated with a mutation in the ferroportin
(SLC11A3) gene. The Journal of clinical investigation, 108(4), 619-623.

124. Muckenthaler, M. U. (2008). Fine tuning of hepcidin expression by
positive and negative regulators. Cell metabolism, 8(1), 1-3.

125. Nemeth, E. (2008). Iron regulation and erythropoiesis. Current
opinion in hematology, 15(3), 169-175.

126. Nemeth, E., & Ganz, T. (2006). Regulation of iron metabolism by
hepcidin. Annu. Rev. Nutr., 26, 323-342.

127. Nemeth, E., & Ganz, T. (2022). Hepcidin and iron in health and
disease. Annual Review of Medicine, 74.

96



References

128. Nemeth, E., Tuttle, M. S., Powelson, J., Vaughn, M. B., Donovan, A.,
Ward, D. M., ... & Kaplan, J. (2004). Hepcidin regulates cellular iron
efflux by  binding to  ferroportin and  inducing its
internalization. Science, 306(5704), 2090-2093.

129. Nemeth, E., Valore, E. V., Territo, M., Schiller, G., Lichtenstein, A.,
& Ganz, T. (2003). Hepcidin, a putative mediator of anemia of
inflammation, is a type Il acute-phase protein. Blood, The Journal of the
American Society of Hematology, 101(7), 2461-2463.

130. N@rgaard, J. M., Langkjer, S. T., Palshof, T., Clausen, N., Pedersen,
B., & Hokland, P. (1996). Relation of blast cell survival and proliferation
to chemotherapy resistance in  AML. British  journal  of
haematology, 93(4), 888-897.

131. Olcay, L., Serteser, M., Kolay, M., Balci, H. F., Yildirim, U. M.,
Tekglinduz, S. A., ... & Terzi, Y. K. (2017). The impact of iron overload
in acute leukemia: chronic inflammation, but not the presence of
nontransferrin bound iron is a determinant of oxidative stress. Journal of
Pediatric Hematology/Oncology, 39(6), 425-439.

132. @stgard, L. S. G., Kjeldsen, E., Holm, M. S., Brown, P. D. N.,
Pedersen, B. B., Bendix, K., ... & Ngrgaard, J. M. (2010). Reasons for
treating secondary AML as de novo AML. European journal of
haematology, 85(3), 217-226.

133. Pang, D., mcnally, R., & Birch, J. M. (2003). Parental smoking and
childhood cancer: results from the United Kingdom Childhood Cancer
Study. British journal of cancer, 88(3), 373-381.

134. Paul, S., Kantarjian, H., & Jabbour, E. J. (2016, November). Adult
acute lymphoblastic leukemia. In Mayo Clinic Proceedings (Vol. 91, No.
11, pp. 1645-1666). Elsevier

97



References

135. Pelcovits, A., & Niroula, R. (2020). Acute myeloid leukemia: A
review. Rhode Island Medical Journal, 103(3), 38-40.

136. Pietrangelo, A. (2004). The ferroportin disease. Blood Cells,
Molecules, and Diseases, 32(1), 131-138.

137. Pigeon, C., llyin, G., Courselaud, B., Leroyer, P., Turlin, B., Brissot,
P., & Loréal, O. (2001). A new mouse liver-specific gene, encoding a
protein homologous to human antimicrobial peptide hepcidin, is
overexpressed  during iron  overload. Journal of biological
chemistry, 276(11), 7811-7819.

138. Pinnix, Z. K., Miller, L. D., Wang, W., D’Agostino Jr, R., Kute, T.,
Willingham, M. C., ... & Torti, F. M. (2010). Ferroportin and iron
regulation in breast cancer progression and prognosis. Science
translational medicine, 2(43), 43ra56-43ra56.

139. Piperno, A. (1998). Classification and diagnosis of iron
overload. Haematologica, 83(5), 447-455.

140. Pogliani, E. M., Colombi, M., Cofrancesco, E., Salvatore, M., &
Fowst, C. (1989). Platelet dysfunction in acute megakaryoblastic
leukemia. Acta haematologica, 81(1), 1-4.

141. Poli, M., Asperti, M., Ruzzenenti, P., Regoni, M., & Arosio, P.
(2014). Hepcidin antagonists for potential treatments of disorders with
hepcidin excess. Frontiers in pharmacology, 5, 86.

142. Porter, J. B. (2001). Practical management of iron overload. British
journal of haematology, 115(2), 239-252.

143. Potzsch, C., Voigtlander, T., & Lubbert, M. (2002). P53 Germline
mutation in a patient with Li-Fraumeni Syndrome and three
metachronous malignancies. Journal of cancer research and clinical
oncology, 128(8), 456-460.

98



References

144, Pratt, D.S. and Kaplan, M.M. (2000) Evaluation of Abnormal Liver-
Enzyme Results in Asymptomatic Patients. New England Journal of
Medicine, 342, 1266-1271.

145. Pui, C. H., Nichols, K. E., & Yang, J. J. (2019). Somatic and germline
genomics in paediatric acute lymphoblastic leukaemia. Nature Reviews
Clinical Oncology, 16(4), 227-240.

146. Pui, C. H., Relling, M. V., & Downing, J. R. (2004). Acute
lymphoblastic leukemia. New England Journal of Medicine, 350(15),
1535-1548.

147. Pulte, D., Olson, K. E., Broekman, M. J., Islam, N., Ballard, H. S.,
Furman, R. R., ... & Marcus, A. J. (2007). CD39 activity correlates with
stage and inhibits platelet reactivity in chronic lymphocytic
leukemia. Journal of Translational Medicine, 5(1), 1-10.

148. Qiao, B., Sugianto, P., Fung, E., del-Castillo-Rueda, A., Moran-
Jimenez, M. J., Ganz, T., & Nemeth, E. (2012). Hepcidin-induced
endocytosis of ferroportin is dependent on ferroportin ubiquitination. Cell
metabolism, 15(6), 918-924.

149. Quessada, J., Cuccuini, W., Saultier, P., Loosveld, M., Harrison, C. J.,
& Lafage-Pochitaloff, M. (2021). Cytogenetics of Pediatric Acute
Myeloid Leukemia: A Review of the Current Knowledge. Genes, 12(6),
924.

150. Radziwon-Balicka, A., Medina, C., o'driscoll, L., Treumann, A.,
Bazou, D., Inkielewicz-Stepniak, I., ... & Radomski, M. W. (2012).
Platelets increase survival of adenocarcinoma cells challenged with
anticancer drugs: mechanisms and implications for

chemoresistance. British journal of pharmacology, 167(4), 787-804.

99



References

151. Ragab, S. M., Safan, M. A. E., Tayel, S. I., Genena, S. E., &
Ghanayem, N. M. (2016). Serum hepcidin level evaluation in children
with acute lymphoblastic leukemia during different treatment phases; the
influence of erythroid activity and iron stores. Clin Cancer Invest J, 5,
25-31.

152. Rasool, M., Farooq, S., Malik, A., Shaukat, A., Manan, A., Asif, M.,
... & Hussain, A. (2015). Assessment of circulating biochemical markers
and antioxidative status in acute lymphoblastic leukemia (ALL) and
acute myeloid leukemia (AML) patients. Saudi journal of biological
sciences, 22(1), 106-111.

153. Ries, L. A. G, Eisner, M. P., Kosary, C. L., Hankey, B. F., Miller, B.
A., Clegg, L., ... & Edwards, B. K. (1975). SEER cancer statistics
review. National Cancer Institute, 2004.

154. Ries, L. A. G., Eisner, M. P., Kosary, C. L., Hankey, B. F., Miller, B.
A., Clegg, L., ... & Edwards, B. K. (2004). SEER (Surveillance
Epidemiology and End Results) cancer statistics review, 1975-2001.

155. Ritu, A., William, H., & Poul, B. (2013). Effedt of hematocrit on
analytical quantification wusing dried blood spot technology for
pharmaceutical bioanalysis, Algilent technologies.

156. Rivera, S., Liu, L., Nemeth, E., Gabayan, V., Sorensen, O. E., &
Ganz, T. (2005). Hepcidin excess induces the sequestration of iron and
exacerbates tumor-associated anemia. Blood, 105(4), 1797-1802.

157. Ron, E. (1998). lonizing radiation and cancer risk: evidence from
epidemiology. Radiation research, 150(5s), S30-541.

158. Sandler, D. P. (1992). Epidemiology and etiology of acute leukemia:

an update. Leukemia, 6, 3-5.

100



References

159. Saultz, J. N., & Garzon, R. (2016). Acute myeloid leukemia: a concise
review. Journal of clinical medicine, 5(3), 33.

160. Schimanski, L. M., Drakesmith, H., Merryweather-Clarke, A. T.,
Viprakasit, V., Edwards, J. P., Sweetland, E., ... & Townsend, A. R.
(2005). In vitro functional analysis of human ferroportin (FPN) and
hemochromatosis-associated FPN mutations. Blood, 105(10), 4096-4102.

161. Schmied, L., HOoglund, P., & Meinke, S. (2021). Platelet-Mediated
Protection of Cancer Cells From Immune Surveillance—Possible
Implications for Cancer Immunotherapy. Frontiers in immunology, 12,
640578,

162. Segal, I., Rassekh, S. R., Bond, M. C., Senger, C., & Schreiber, R. A.
(2010). Abnormal liver transaminases and conjugated hyperbilirubinemia
at presentation of acute lymphoblastic leukemia. Pediatric blood &
cancer, 55(3), 434-439.

163. Segal, I., Rassekh, S. R., Bond, M. C., Senger, C., & Schreiber, R. A.
(2010). Abnormal liver transaminases and conjugated hyperbilirubinemia
at presentation of acute lymphoblastic leukemia. Pediatric blood &
cancer, 55(3), 434-4309.

164. Sekeres, M. A., & Stone, R. M. (2002). The challenge of acute
myeloid leukemia in older patients. Current opinion in oncology, 14(1),
24-30.

165. Shallis, R. M., Wang, R., Davidoff, A., Ma, X., & Zeidan, A. M.
(2019). Epidemiology of acute myeloid leukemia: Recent progress and
enduring challenges. Blood reviews, 36, 70-87.

166. Sham, R. L., Phatak, P. D., West, C., Lee, P., Andrews, C., & Beutler,
E. (2005). Autosomal dominant hereditary hemochromatosis associated

101



References

with a novel ferroportin mutation and unique clinical features. Blood
Cells, Molecules, and Diseases, 34(2), 157-161.

167. Shen, J. Z., Xu, C. B, Fu, H. Y., Wu, D. S., Zhou, H. R., & Fan, L. P.
(2011). Methylation of secreted frizzled related protein gene in acute
leukemia patients in China. Asian Pac J Cancer Prev, 12(10), 2617-2621.

168. Shibabaw, T., Teferi, B., Molla, M. D., & Ayelign, B. (2020).
Inflammation mediated hepcidin-ferroportin pathway and its therapeutic
window in breast cancer. Breast Cancer: Targets and Therapy, 12, 165.

169. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J
Clin. 2019; 69:7-34.

170. Singh, A. K., & Hertello, P. (2005). The benefits of IV iron therapy in
treating anemia in patients with renal disease and comorbid
cardiovascular disease. Nephrology Nursing Journal, 32(2), 199.

171. Smith, R. A., Cokkinides, V., Brooks, D., Saslow, D., Shah, M., &
Brawley, O. W. (2011). Cancer screening in the United States, 2011: A
review of current American Cancer Society guidelines and issues in
cancer screening. CA: a cancer journal for clinicians, 61(1), 8-30.

172. Soliman, A., Yassin, M., Al Yafei, F., Al-Naimi, L., Almarri, N.,
Sabt, A., & De Sanctis, V. (2014). Longitudinal study on liver functions
in patients with thalassemia major before and after deferasirox (DFX)
therapy. Mediterranean journal of hematology and Infectious
diseases, 6(1).

173. Sonkar, S. K., Kumar, A., Singh, N. K., Sonkar, G. K., Pandey, S., &
Bhosale, V. (2018). Role of Hepcidin on Response of Erythropoietin
Stimulating Agents in Anaemic Advanced Chronic Kidney Disease

Patients. Journal of Clinical & Diagnostic Research, 12(10).

102



References

174. Stieglitz, E., & Loh, M. L. (2013). Genetic predispositions to
childhood leukemia. Therapeutic advances in hematology, 4(4), 270-290.

175. Tachibana, T., Andou, T., Tanaka, M., Ito, S., Miyazaki, T., Ishii, Y.,
... & for Hematology, Y. C. S. G. (2018). Clinical significance of serum
ferritin at diagnosis in patients with acute myeloid leukemia: a YACHT
multicenter retrospective study. Clinical Lymphoma Myeloma and
Leukemia, 18(6), 415-421.

176. Tebbi, C. K., Badiga, A., Sahakian, E., Powers, J. J., Achille, A. N.,
Patel, S., & Migone, F. (2021). Exposure to a mycovirus containing
Aspergillus Flavus reproduces acute lymphoblastic leukemia cell surface
and genetic markers in cells from patients in remission and not
controls. Cancer Treatment and Research Communications, 26, 100279.

177. Terry, P. D., Shore, D. L., Rauscher, G. H., & Sandler, D. P. (2005).
Occupation, hobbies, and acute leukemia in adults. Leukemia
research, 29(10), 1117-1130.

178. Tornqvist, S., Knave, B., Ahlbom, A., & Persson, T. (1991). Incidence
of leukaemia and brain  tumours in  some" electrical
occupations”. Occupational and Environmental Medicine, 48(9), 597-
603.

179. Torti, S. V., & Torti, F. M. (2013). Iron and cancer: more ore to be
mined. Nature Reviews Cancer, 13(5), 342-355.

180. Trafalis, D.T.; Poulakidas, E.; Kapsimali, V.; Tsigris, C.;
Papanicolaou, X.; Harhalakis, N.; Nikiforakis, E.; Mentzikof-Mitsouli, C.
Platelet production and related pathophysiology in acute myelogenous
leukemia at first diagnosis: Prognostic implications. Oncol. Rep. 2008,
19, 1021-1026 1

103



References

181. Troadec, M. B., Ward, D. M., Lo, E., Kaplan, J., & De Domenico, I.
(2010). Induction of FPNL1 transcription by MTF-1 reveals a role for
ferroportin in transition metal efflux. Blood, The Journal of the American
Society of Hematology, 116(22), 4657-4664.

182. Valore, E. V., & Ganz, T. (2008). Posttranslational processing of
hepcidin in human hepatocytes is mediated by the prohormone
convertase furin. Blood Cells, Molecules, and Diseases, 40(1), 132-138.

183. Veena S, Munish K, Kiran D, Rakesh D and Ragini S. Erythrocytic
Pyruvate Kinase and Malondialdehyde Levels in Acute Leukaemia
Patients. Journal CDR. 2012; 6(3): 361-363.

184. Verma, M., Metgud, R., Madhusudan, A. S., Verma, N., Saxena, M.,
& Soni, A. (2014). A comparative study of glutamate oxaloacetate
transaminase (GOT) and glutamate pyruvate transaminase (GPT) levels
in the saliva of diabetic and normal patients. Biotechnic &
Histochemistry, 89(7), 529-534.

185. Vinchi, F., Hell, S., & Platzbecker, U. (2020). Controversies on the
consequences of iron overload and chelation in MDS. Hemasphere, 4(3).

186. Wachowicz, B., Morel, A., Miller, E., & Saluk, J. (2016). The
physiology of blood platelets and changes of their biological activities in
multiple sclerosis. Acta Neurobiol Exp, 76(4), 269-281.

187. Wande, I., Hernaningsih, Y., Ariawati, K., Notopuro, P. B., Linawati,
N. M., & Dewi, P. P. A. P. (2020). Serum Hepcidin Level in Patients
with Acute Lymphoblastic Leukemia (ALL) during The Treatment
Phase: Their Effects on Erythropoisis Activity and Iron
Reserves. International Journal of Pharmaceutical Research, 12(3),
2304-2307.

104



References

188. Wang L, Lawrence MS and Wan Y. (2011). SF3B1 and other novel
cancer genes in chronic lymphocytic leukemia. N Engl Journal Med.
2011; 365(26): 2497- 506.

189. Wang, C. Y., & Babitt, J. L. (2016). Hepcidin regulation in the anemia
of inflammation. Current opinion in hematology, 23(3), 189.

190. Wang, J., & Pantopoulos, K. (2011). Regulation of cellular iron
metabolism. Biochemical Journal, 434(3), 365-381.

191. Ward, R. J., Zucca, F. A., Duyn, J. H., Crichton, R. R., & Zecca, L.
(2014). The role of iron in brain ageing and neurodegenerative
disorders. The Lancet Neurology, 13(10), 1045-1060.

192. Wartenberg, D., Groves, F. D., & Adelman, A. S. (2008). Acute
lymphoblastic  leukemia: epidemiology and etiology. In Acute
leukemias (pp. 77-93). Springer, Berlin, Heidelberg.

193. Webster, J. A., & Pratz, K. W. (2018). Acute myeloid leukemia in the
elderly: therapeutic options and choice. Leukemia & lymphoma, 59(2),
274-2817.

194. Weiss, G. (2015, October). Anemia of chronic disorders: new
diagnostic tools and new treatment strategies. In Seminars in
hematology (Vol. 52, No. 4, pp. 313-320). WB Saunders.

195. Wessling-Resnick, M. (2006). Iron imports. I1l. Transfer of iron from
the mucosa into circulation. American Journal of Physiology-
Gastrointestinal and Liver Physiology, 290(1), G1-G6.

196. Willemetz, A., Beatty, S., Richer, E., Rubio, A., Auriac, A., Milkereit,
R. J., ... & Canonne-Hergaux, F. (2017). lron-and hepcidin-independent
downregulation of the iron exporter ferroportin in macrophages during

Salmonella infection. Frontiers in immunology, 8, 498.

105



References

197. Wong, O., Harris, F., Armstrong, T. W., & Hua, F. (2010). A hospital-
based case-control study of acute myeloid leukemia in Shanghai: analysis
of environmental and occupational risk factors by subtypes of the WHO
classification. Chemico-biological interactions, 184(1-2), 112-128.

198. Woodcock, B. E., Cooper, P. C., Brown, P. R., Pickering, C.,
Winfield, D. A., & Preston, F. E. (1984). The platelet defect in acute
myeloid leukaemia. Journal of clinical pathology, 37(12), 1339-1342.

199. Xu, X. Q., Wang, J. M,, L, S. Q., Chen, L., Yang, J. M., Zhang, W.
P., ... & Qiu, H. Y. (2009). Clinical and biological characteristics of adult
biphenotypic acute leukemia in comparison with that of acute myeloid
leukemia and acute lymphoblastic leukemia: a case series of a Chinese
population. Haematologica, 94(7), 919.

200. Yang, F., Liu, X. B., Quinones, M., Melby, P. C., Ghio, A., & Haile,
D. J. (2002). Regulation of reticuloendothelial iron transporter MTP1
(Slc11a3) by inflammation. Journal of Biological Chemistry, 277(42),
39786-39791.

201. Yang, Q., Liu, W., Zhang, S., & Liu, S. (2020). The cardinal roles of
ferroportin and its partners in controlling cellular iron in and out. Life
Sciences, 258, 118135.

202. Yang, W. C. (2015). Iron metabolism and leukemia. Adv Tech Biol
Med, 3(122), 2379-1764.

203. Yokus, O., Herek, C., Cinli, T. A, Goze, H., & Serin, I. (2021). Iron
overload during the treatment of acute leukemia: pretransplant
transfusion  experience. International  Journal of  Hematologic
Oncology, 10(3), 1JH36.

106



References

204. Zainulabdeen, J. A. (2014). Correlation between malondialdehyde and
metanephrine in patients with acute lymphoblastic leukemia. Baghdad
Science Journal, 11(3).

205. Zipf, T. F., Berg, S., Roberts, W. M., Poplack, D. G., Steuber, C. P.,
& Bleyer, W. A. (2000). Childhood leukemias. Clinical Oncology
(Abeloff MD, Armitage JO, Lichter AS, Niederhuber JE, eds). 2nd ed.
Philadelphia: Churchill Livingston, 2402-2429.

107



-

: ADAl

pes @ b daals caslall FAS BLAN asle and Cilyide 8 Al Al sl

o N 2021 A G o Siaal) saall PUA Luhall s3gl Aeall giall JaSly cilisall
el e gy dall adl Gmlianl soape e lS lgaea S A Gl 2022 U
3e gaalaill Cpeal) adiay dib (B aadadll Olaje bdias e (ALLAML) (ssills
antil Auhall o2a Chels Ll A bl dbae B cadail) dla hdieag eDlS ol
G el (psS dolee (A (w585 wlai (B ) 90 4) Gevueagd) Ogann Lllad

sl adl abiayl iy

>41 A el 9 e ddies dijas dlae) e YN 5eSAl (e Gliel) gea 2

Jads Slad) degane 1NV il Lo pualae () Gita a0 die 101 Ciieay LAl
Aall sl alianl asall degane Lol (Gl ane 165 oS3 due 20) e 36
GO ) Slial) a8 (&L 315 )< 34 ) die 65 ilS (gomilly il e
Wl 4w 40-21 20l deganally A3 20— 16d) 9 (oY) deganall jeall s o
e sadl) JoVI Homall jslae EDE L Ada Al Crend LA >4 ZE e gandl)
e O Lad AL e (oail) &5 LibasS sl duhall CAlly aall julee Gl SGl

Asgyiall el

clea e 5 pand all DA 8 Aigiee 53) ol ulee Gles gl gl

saall aall abyS e el ) e 43)lee dpe gl Al pall Galian) e g Hall
ol Cuing el g dijle dall sl alian) caje 62l Ligins Lialiddl cajelal 3
e g Akl alasl 585 A (P 0.05) dusiee 3215 2sa AdbaSpld) du)al
e b Opeang]) s il Cell Ll degane aa Ajlae Sal) ) by
35ag oo Db . elaa) (alaiVh d5jlae (P 0.05) Lgina 1abyjl alall sl alian
Balall LaSlll mye ) Gnpadlly aalls (iysagpudll S (P 0.05) Lisina 8305
On Ak ADle 53 Jalay) agag ) Lla V1 gl el WS L elaal) (el 4l
Syire B dgas e g padlly (et G (ALL) alall 2alll aall (alian) iaye

i



Al 5 bl el 28U o 3yl 3D dgag ) AlaYl ¢ (¥*0.646) s
5 Ofinall 5 LY Cpa) U pe Lo 3D (s i) iy Laiy oY) el
Alas) ANV @) 398 asag axe ae ¢ VY el AU ae Gk Caaliig )
G 29as e YY) el 8L 5 2l 5 Gl ae Bk L) el JBL il
claall 5 Lgleadll DA G 3D Ll . ) cal JU ae (** 0.554) 4iad (gsina
W) o as b (** . 4T57) Lsieall Lgiad b € (DA ae danSe A duged)
(**765.) el gsine G dsas pe Bk Ao chaall adll WA usle sanedl (o
Ble 9ag @l Ciniag ¢ (AML) alall goail) ol aliayl ocaye oty Lad L
¢ (* 0-641-) \iad b (spine 3] pa Cpinpuilly sliand) sl WA G daue Lals))
¢ (*0.646) 4iad (DAl pe 2ally diglaadl) LIAN o g3k Lalsyl Ale iy Loty
el (gina ) 359 2o Guslsagl) 5 eheadl adll WS G sk Lol s 1Sy
5 QLAY Cal J8G 5 Gaiygagil) pe Byl (gl iy s AL (** 0.812)
sl e (**0.936) diad S (geine DA ae daally V) el JA
5 LY el BB ae Lyl Ay (8000l el Ll e (oo Lali)lg
oo kb Al iy sed ¢ Giupadl) Lal (il ae LSes, aally WY) (el JBG
Caualiing wpaally (V) cal 8L pa Byl iy L) cpal Jib o s (32 sl
O) bl sda (e gt L(* 0.64]1-) atad S (ggiaa COUA) e iyl ae Like
sha 4l () Al ol LS LY ae Ajlae S (sal iyl da 8 a0l clilia

(4320~ g19) Y A ganall Loscd Aal) A jead) il (520 2y iayal



