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Summary

Iron deficiency anemia (IDA) is the highest nutritional deficiency
worldwide. It is a multifactorial disease, with a higher morbidity rate.

TMPRSS6 polymorphisms importantly rs855791 and AQP1 rs10244884
are found to play an essential role in iron homeostasis in the human body play
an essential role in iron homeostasis in the human body.

The rs855791 (T > C) polymorphism is highly associated with iron levels,
and multiple blood parameters, leading to IDA and the same as in the
AQP1rs10244884.

These analytical study aimed to investigate the association between
TMPRSS,AQP1 and risk of iron deficiency anemia. One hundred subjects were
recruited for this study.

One hundred subjects were recruited for this study 50, patients affected
with iron deficiency anemia and 50 healthy volunteers as a control group.
Patients data (age sex, Hb, MCV, MCH, MCHC, iron, ferritin, ascorbic acid
(was collected from patient’s medical files by questionnaire. Five ml of blood
were got from every subject by vein 2ml was set into EDTA tube and mixed
carefully, the blood is stored in an EDTA tube at (-20°C) and used for DNA
extraction. The rest of the 3ml drawn gradually into dispensable tubes
containing isolating gel genomic DNA was extracted by salting out method and
the TMPRSS6C/T polymorphism and AQP1were analyzed using polymerase
chain reaction. Amplified fragments separated on 2% agarose gel stained with
ethidium Bromide and demonstrated by gel documentation system, which
produce single band at 249 bp represented C homozygous (CC) in
case TMPRSS6 and produce single band at 192bp represented C homozygous
about AQP1 .

The data analyzed by computer program SPSS version 7 TMPRSS 6-gene
investigated by PCR. The TT genotype of TMPRSS 6 C/T polymorphism was
higher frequent in IDA patients.



But the well gene and mutant gene within the IDA patients had no
interaction with the CBC parameters) Hb, MCV, MCHC, MCH, RBC.

AQP1 gene investigated by PCR, the TT genotype of AQPI1
polymorphism was higher frequent in IDA patients.

But the well gene and mutant gene within the IDA patients had no
interaction with the CBC parameters) MCV, RBC, MCHC, MCH.except HB.

It is significant with mutant gene, and we find there are no relationship
between Age, Sex and BMI with IDA, and the result show relationship between
Ascorbic acid and SNPS.

In conclusion, there were statistically significant association between
TMPRSS 6 C/T polymorphism, AQP1 and risk of IDA among Iraqi patients in
Baghdad state.

Xl



Chapter One

Literature Review

I

I

I

I

|

| Introduction and
. A



Chapter One Introduction and Literature Review

1. Introduction

1.1 Iron Defiency Anemia
1.1.1 Background

Anemia is the most common hematologic disorder, iron deficiency being
the leading cause worldwide . Often, anemia is the presenting sign of a more
serious underlying condition that, if left untreated, can generate consequent
morbidity[.,

According to WHO iron deficiency anemia is the most common and
widespread nutritional disorder in the world. As well as affecting a large number
of children and women in non-industrialized countries, it is the only nutrient
deficiency which is also significantly prevalent in virtually all industrialized
nations (WHO, 2008). Many factors can cause IDA among women including
dietary deficiency or gastrointestinal disturbances as well as multiple pregnancies
due to low iron stores and insufficient socio-economic requirements 3,

The causes of anemia center on three major pathophysiological categories
are blood loss, impaired red cell production and accelerated red cell destruction
(hemolysis in excess of the ability of the marrow to replace these losses).
Anemia may be a sign of an underlying disorder 1,

Accelerated erythrocyte destruction (hemolytic Inherited defects acquired
disorders and hemolytic -hemoglobin disorders), blood loss (acute and chronic)
and impaired RBC production (aplastic, iron deficiency, sideroblastic anemia,
anemia of chronic disease and megaloblastic). The most frequent forms of
anemia result from either blood loss or iron deficiency conditions ¥,

Homozygous inactivation of the TMPRSS6 gene leads to excessive
HAMP production, impaired dietary iron absorption and microcytic anemia in
mice and iron-refractory iron deficiency anemia (IRIDA) in humans [©1,

Iron refractory iron deficiency anaemia is a recently recognized recessive

disorder that causes microcytic hypochromic anaemia. It is due to mutations of the
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trans-membrane protease serine 6 (TMPRSS6) gene, which encodes matriptase-

2, a type II trans-membrane serine protease mainly expressed by hepatocytes [,

1.1.2 Definition

The WHO has recognised iron deficiency anaemia (IDA) as the most
common nutritional deficiency in the world, with 30% of the population being
affected with this condition 1. While IDA is more prevalent in children and
women, adult men are also susceptible depending on their socioeconomic status
and health conditions P,

Although the most common causes of IDA are gastrointestinal (Gl)
bleeding and menstruation in women, decreased dietary iron intake and
absorption are also culpable causes [,

Iron is required for various cellular functions, including but not limited to
enzymatic processes, DNA synthesis, oxygen transport and mitochondrial
energy generation [l such as, the symptoms of IDA can vary over a wide
range. Shortness of breath, fatigue, palpitations, tachycardia and angina can
result from reduced blood oxygen levels. This resultant hypoxemia can
subsequently cause a compensatory decrease in intestinal blood flow, leading to
motility disorder, malabsorption, nausea, weight loss and Central hypoxia can
cause headaches, vertigo and lethargy as well as cognitive impairment with
several studies showing an improvement in cognitive functions once anaemia
has normalized [13-14],

It is well known that IDA significantly affects quality of life (QoL) ['l.
With recent evidence demonstrating that treating IDA improves QoL, regardless

of the underlying cause for anaemia ['¢-17],

1.1.3 Pathophysiology

Iron is an essential element and is controlled and iron recycling ('],

Dietary iron can be found in two forms:
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Haem and non-haem iron. Haem iron is easily absorbable and arises from

haemoglobin (Hb) and myoglobin in the form of animal meat, poultry and fish.

Non-haem iron is mostly found in plant food but is not as easily absorbable.

Compounds such as phytate, oxalate, polyphenols and tannin, which are found

in plants, diminish the uptake of non-haem iron, as do some drugs, such as

proton pump inhibitors 2%, Ascorbic acid, citrate and gastric acid, conversely,

facilitate iron absorption 1,

In a healthy diet, approximately 5—15mg of elemental iron and 1-5mg of

haem iron are ingested daily although only 1-2mg is ultimately absorbed into

the intestine, predominantly in the duodenum and proximal jejunum 221,

Show in the (Fig. 1.1) for details on the iron absorption .

ascorbic acid
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Figure [1.1]: Iron absorption pathways.?3]
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1.1.4. Assessment and diagnosis

The WHO defines anaemia as blood Hb level below 130g/L in men and
120g/L in women, In isolated iron deficiency, serum ferritin (the storage
molecule for iron) should be less than 30ug/L?*. However, ferritin is an acute
phase protein and can be increased in the presence of inflammation 1. Thus, if
there is evidence of concomitant inflammation, such as elevated C reactive
protein, ferritin less than 100ug/L is indicative of IDA. Serum iron and
transferrin saturations (TSAT) will be reduced with TSAT less than 20%

required for the diagnosis of IDA!?°],

1.1.5 Epidemiology

Anaemia affects one-third of the world population with IDA being the top
cause?’l. IDA is highly prevalent in preschool children (<5 years), women in the
reproductive age and pregnant women with prevalence rates, reaching up to
41.7%,32.8% and 40.1%, respectively (2016 Global Health Observatory data)!2®.

Reliance on a vegan diet, malabsorption syndromes and heavy menstrual
bleeding are also high-risk categories in high-income countries, with around
two-third of women with heavy menstrual bleeding having ID/IDA 29301,

IDA is more difficult to treat in the elderly population and only represents
around 30% of anaemia cases, as other types of anaemia may exist 31,

Frequent blood donation is also a poorly recognized cause of IDA. In one
study of 2425 individuals, 16.4% and 48.7% of frequent male donors showed the
absence of iron stores and iron-restricted erythropoiesis, respectively, with the
corresponding proportions of 27.1 and 66.1% for females®®2. Although formal
estimates on the prevalence of genetic forms of IDA are lacking, IRIDA s thought
to represent less than 1% of the cases of IDA seen in medical practice?’l. The
reported prevalence of ID/IDA in chronic inflammatory conditions varies greatly
amongst different studies, depending on the thresholds of iron parameters used to

define ID.ID affects anywhere between 37% and 61% of patients with chronic heart
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failure B34 and between 24% and 85% of patients with chronic kidney
disease!*>-¢!- higher rates being associated with advanced disease. It is also
documented in 13-90% of patients with inflammatory bowel disease depending
on disease activity and severity, and whether measured in the outpatient or
inpatient setting . ID and IDA have also been reported in 42.6% and 33% of
cancer patients, respectively, and associated with advanced disease, close
proximity to cancer therapy and poor performance status in patients with solid
tumours 57381,

In the surgical setting, preoperative anaemia is present in around one-
third of patients undergoing major surgery with over two-third of cases having
IDA. ID is also observed in over half of surgical patients without anaemi, the

prevalence of postoperative anaemia can reach up to 90% B,

1.1.6 Etiology

There are multiple physiologic, environmental, pathologic and genetic
causes of iron deficiency (ID) that lead to IDA (Fig. 1.2). More importantly,
etiologies may vary considerably or tend to coexisting different patient
populations (children, women and elderly), geographies (developing and

developed countries) and specific clinical conditions [4-41],
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Figure [1.2]: Various etiologies of iron deficiency anemia. CHF, chronic heart failure;

CKD, chronic kidney disease; CPD, chronic pulmonary disease; ESA, erythropoiesis-

stimulating agents; IBD, inflammatory bowel disease; ID, iron deficiency; IRIDA, iron-

refractory iron deficiency anemia; NSAIDs, Nonsteroidal anti-inflammatory drugs;

PNH, paroxysmal nocturnal hemoglobinuria; PPI, proton-pump inhibitors 421,

1.2 Absolute iron deficiency anaemia

Absolute ID’ refers to the reduction of total body iron stores (mostly in

macrophages and hepatocytes) which may or may not progress in severity

leading to IDA 2],

Absolute ID may occur in instances of increased demand, decreased

intake, decreased or malabsorption, or chronic blood loss. Increased demand is

usually physiologic and commonly noted in infants, preschool children, growth

spurts in adolescents and pregnancy (mostly second and third trimesters)i’]

Decreased iron intake can be a direct consequence of poverty and malnutrition

as the case with many children and pregnant women in developing countries or

attributed to iron-poor vegan or vegetarian diets.[>>*31 D ecreased absorption is

recognized in certain dietary practices, with several inhibitors of iron absorption
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recognized such as calcium, phytates (present in cereals) and tannins (present in
tea and coffee) ['1],

It is also attributed to surgical procedures including gastrectomy,
duodenal by pass and bariatric surgery (especially Roux-en-Y gastric bypass)
which increase stomach pH and decrease conversion to ferrous iron. Certain
medical conditions are also known to be associated with decreased iron
absorption such as infection with Helicobacter pylori (competition for iron,
increased pH and reduction of vitamin C), coeliac disease (gluten-induced
enteropathy), atrophic gastritis (increased pH) and inflammatory bowel disease [
(4411t should be noted that such conditions of decreased iron absorption, in
most instances, render patients refractory to oral iron therapy 1,

The use of proton-pump inhibitors may also contribute to decreased iron

absorption [l

1.2.1 Women and pregnancy

In women with heavy menstrual bleeding, IDA is associated with reduced
guality of life and general well-being, and severe anaemia may lead to
hospitalization7#81, More importantly, it results in many women entering
pregnancy with anaemia. In pregnant women, IDA is associated with an
increased risk of preterm labour, low neonatal weight and perinatal
complications 171,

Severe IDA is also associated with increased newborn and maternal
mortality, due to lower tolerance to excessive blood loss during delivery and
increased risk of infections*®#%1, Infants born to anaemic mothers are more
likely to have IDA themselves [,

ID also carries a negative impact on the mother—child relationship and the
child’s cognitive development, an effect measurable for up to 10 years despite

iron repletion 511,
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1.2.2 Clinical Implications

IDA usually develops slowly from the progression of ID. The full range
of symptoms and signs associated with IDA at presentation and follow-up are
reviewed elsewhere 132, whilst certain clinical consequences are described in
this section and [Fig. 1.3]. It should be noted, however, that due to
nonspecificity of symptoms and the co-occurrence of IDA with multiple
morbidities, confounding effects of underlying diseases on the observed
association between IDA and outcomes cannot be fully dismissed. IDA is
associated with decreased cognitive performance and delayed motor and
cognitive development in children, decreased physical performance and quality
of life in adults, especially women in the reproductive age group, and cognitive
decline in the elderly 53341, Although these symptoms remain nonspecific, they
can be attributed to low delivery of oxygen to body tissues in IDA. They may
also occur as a direct effect of ID B>-3¢1 probably due to reduced iron levels in
muscle or brain tissue, and impact on energy production, myoglobin synthesis
and brain development. Additional effects of ID attributed to the impact of low
iron levels on DNA replication and cell cycle (oral lesions, hair loss, nail
abnormalities), immune response (increased susceptibility to infections),
myelogenesis and neurotransmission (restless leg syndrome) and inhibition of
cytochrome P450 production (altered drug metabolism) are reviewed

elsewherels7],
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life [41],

1.3 The Parameters
1.3.1 Iron

One of the important trace essential minerals, iron, controls the
differentiation and development of living cells, as well as Iron may interact and
carry oxygen to various areas of the body via transfer of electrons across cells,
which has an influence on genome synthesis, as well as contribute in a variety
of metabolic process that are necessary to life [,

The liver is a major storage organ for iron. Approximately one third of
the body’s total iron is deposited in hepatocytes, sinusoidal mesenchymal cells,
and reticuloendothelial cellsl®. Liver plays an important role in iron
metabolism. It is the major production site of the iron regulatory peptides:
ferritin, transferrin, and hepcidin. Liver derangements, therefore, have a direct

effect on iron regulationf®!,
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1.3.2 Ferritin

Ferritin is highly symmetrical and persistent iron-containing protein that
was crystallized, named, and discovered in 1937. Because it contains a huge
cavity that really can store a lot of iron, it was named the major iron storage
protein (621,

Ferritin's capacity to bind iron ions and promote mineralization among
those ions by coupling its ferroxidase action with the chemical characteristics of
the cavity environment is one of its most essential features, The mineral core,
which may contain reach to 4000 Fe atoms in mineral form, is protected and
kept in solution by the protein covering 3,

Ferritin would be almost abundant, and it has a wide range of functions.
It's mostly present in the cytoplasm, but it's also find in the nucleus, mammalian
mitochondria, plant plastids, insect endoplasmic reticulum (ER), and circulation
plasma. Ferritins have such a ferroxidase action that uses the same chemicals as
the harmful Fenton reaction, thus they operate as antioxidants and control the
availability of ferrous iron within cells. Over the last few decades, periodic
reviews on ferritin have appeared, each focusing on a different aspect of this

molecule 4,

1.3.3 Ascorbic acid

Ascorbic acid functions primarily as a cofactor for microsomal
monooxygenases (hydroxylases) and oxidases. In most animals, ascorbic acid is
synthesized from glucose in the liver or kidney. In some animals, however, a
deficiency of gluconolactone oxidase, a last step in ascorbic acid synthesis,
results in the need for a dietary source. The enzymes for ascorbic acid
production in the cold-blooded vertebrates (fishes, amphibians, and reptiles) are
located in the kidneys 6],

Present-day birds, whose ancestors appeared about the same time as the

mammals, have a kidney-liver transition. The older order of present-day birds,
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such as the ducks, pigeons, and hawks, synthesize ascorbic acid in their kidneys,

whereas in the more recent order they produce ascorbic acid both in their

kidneys and livers (e.g., of the perching and song birds). Mammals produce
ascorbic acid in the liver. Of the mammals that do not produce ascorbic acid

(e.g., primates and guinea pigs), so-called pseudogenes for L-gulonolactone

oxidase exist. The 164-nucleotide sequence of exon X of this gene contains

nucleotide substitutions throughout its sequence with a single nucleotide
deletion, a typical example of a pseudogene [,

Ascorbic acid (Vitamin C) has been shown to play a role in iron
metabolism in the body. Vitamin C can increase the absorption of non-heme
iron, which is the type of iron found in plant-based foods. By improving the
absorption of nonheme iron, Vitamin C may help to prevent iron-deficiency
anemia. Additionally, Vitamin C can reduce oxidative stress in the body, which
can help to maintain healthy iron levels. Therefore, adequate intake of Vitamin
C is important for maintaining healthy iron levels and preventing anemia [¢7],

Vitamin C has several mechanisms that contribute to its role in iron
metabolism:

e |ron absorption: Vitamin C enhances the absorption of non-heme iron, the
type of iron found in plant-based foods, by reducing it to its more absorbable
ferrous form (Fe**) and preventing its reoxidation to its less absorbable ferric
form (Fe*").

e Antioxidant: Vitamin C acts as an antioxidant, neutralizing reactive oxygen
species that can interfere with iron metabolism. This helps to maintain
healthy iron levels in the body.

e Enzyme activation: Vitamin C is required for the activation of some enzymes
involved in iron metabolism, such as ferroxidase, which is involved in the

release of iron from cells.
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e Regulation of iron transport: Vitamin C has been shown to regulate the
expression of iron transport proteins, such as transferrin, and to modulate the
uptake of iron by cells.

e Vitamin C plays an important role in iron metabolism, and adequate intake
of Vitamin C is important for maintaining healthy iron levels and preventing

iron-deficiency anemia [°%],

1.4 Iron-Refractory Iron Deficiency Anemia

It is a familial disorder characterized by iron deficiency anemia
unresponsive to oral iron treatment but partially responsive to intravenous iron
therapy. IRIDA patients harbor loss-of function mutations in TMPRSS6, a type
Il trans-membrane serine protease primarily expressed by the liver. Both
humans and mice with TMPRSS6 mutations show inappropriately elevated

levels of the iron regulatory hormone hepcidin [¢],

1.4.1 Discovery of IRIDA

IRIDA was first described clinically in 1981 by Buchanan and Sheedhan.
Finberg et al. (2008) noted that there were mutations in the transmembrane
protease serine 6 causes IRIDA, the mode of transmission being autosomal
recessive. TMPRSS6 encodes matriptase-2 (MT-2), a trans-membrane serine
protease of the type-two trans-membrane serine protease (TTSP) family, which
is mainly expressed in the liver 7],

First shown by the discovery of a homozygous mutation of TMPRSS6 in
mask mice having microcytic anemia. TMPRSS6 knockout mice have a similar
phenotype: these mice develop anemia, lose trunk hairs and show decreased
iron absorption because of high hepcidin levels, block ferroportinmediated iron
release to plasma. In cell models this serine protease cleaves the BMP co-

receptor haemojuvelin, attenuating the BMP-mediated hepcidin activation [7!],
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The gene was cloned in mask mice, a product of N-ethyl-Nnitrosourea
(ENU) mutagenesis, which had microcytic anaemia and a truncated matriptase-

2 devoid of the catalytic domain "],

1.4.2 Pathophysiology

Missense mutations in TMPRSS6 gene are spread along the entire gene
sequence, affecting not only the protease catalytic domain, but also other
domains that could affect protein-protein interaction 73],

Most mutations in vitro studies have shown that causal mutations have
decreased activity and are unable to inhibit hepcidin promoter at the same rate
of the wild type protein in a luciferase-based assay in cells transfected with
haemojuvelin 4],

Hepcidin is a small peptide hormone produced by the liver that is
detectable in serum and urine, is a central regulator of iron homeostasis [71.8*

There is no evidence of genetic heterogeneity of IRIDA. Only
heterozygous TMPRSS6 mutations have been found in a few patients, although
regulatory regions are not usually explored by sequencing 71,

It is possible that single nucleotide polymorphisms (SNPs) or specific
haplotypes play some role in the disease "l And that cases showing
microcytosis without anaemia are due to mild TMPRSS6 mutations. TMPRSS6
haplo-insufficiency renders mice more susceptible to iron deficiency in
conditions of iron restriction 781 or in the presence of increased requests, such as
pregnancy "1,

Common genetic variants (i.e. SNP) in the TMPRSS6 gene in several
populations are associated with changes in the normal erythrocyte and iron

parameters [39,
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1.4.3 Iron cycle

The mechanisms of adaptation to iron deficiency are centered on the
suppression of the hepatic hormone hepcidin and the tissue hypoxia that
develops consequent to anemia 81,

The production of 11 erythropoietin (EPO) by the kidney increases in
response to enhanced levels of hypoxia-inducible factor 2a (HIF-2a). As a
consequence of the stimulation of erythropoietin, erythropoiesis is increased and
hypochromic microcytic red cells are produced owing to the low availability of
iron 1821,

Senescent red cells are destroyed by macrophages, and their iron is
recycled. The increase in erythropoiesis suppresses the production of hepcidin.
In mice, this function is mediated by erythroferrone (ERFE), which is secreted
by the erythroblasts21 to maintain adequate iron absorption and efficiency in
erythropoiesis 32,

HIF-2a increases the expression of the duodenal divalent metal transporter
1 (DMT1) on the apical surface of enterocytes to increase the transfer o f dietary
iron from the lumen to enterocytes 83

Hepcidin levels are depressed in response to a reduction in the physiologic
signals that maintain its production (e.g., increases in levels of iron-bound
transferrin and in the iron content of the liver) 84,

To the increased activity of the inhibitor transmembrane protease, serine
6 (TMPRSS6), to the reduction in levels of the activator bone morphogenetic
protein 6 (BMP6), and to increased inhibition from erythropoietin-stimulated
erythropoiesis [#,

Ferroportin (FPN), which is no longer being degraded because of the low
levels of hepcidin, exports the available iron across the enterocyte basal
membrane and from macrophage stores to the circulation. Once stores are
exhausted, levels of circulating iron decrease, even if absorption from the lumen

Is increased. Reduced levels of iron in the liver trigger increases in the synthesis
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of the iron carrier transferrin (referred to as apotransferrin when not bound to

iron) (361,
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[Figure. 1.4]: further decreasing levels of iron-bound transferrin, the ligand of the
transferrin receptor. Consequently, the uptake of iron from transferrin receptors by all

cells and organs (example, skeletal muscles and the heart) is reduced 7],

1.4.4 Trans-Membrane Serine Protease 6 (TMPRSS6)

Matriptase-2 is a trans-membrane serine protease, TMPRSS6 is a member
of type 2 trans-membrane serine proteases family mapped on 22q12-13 with
unique structural features including a serine protease domain, a trans-membrane

domain, a short cytoplasmic domain, and a stem region containing an LDL 381,
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1.4.5 Function of TMPRSS6 gene

TMPRSS6 gene synthesis protein (Matriptase 2), which plays an essential
role in iron hemostasis that negatively regulates hepcidin expression by cleaving
membrane-bound hemojuvelin. Matriptase-2 has a complex ectodomain,
including a C-terminal serine protease domain and its activation requires an
autocatalytic cleavage 1,

Matriptase-2 can degrade in vitro extracellular matrix components such as
fibronectin, fibrinogen, and type | collagen and to activate singlechain uPA
although with low efficiency compared with matriptase. Matriptase-2 shares the
structural organization of TTSPs, including the short cytoplasmic domain, a
type Il transmembrane sequence, a stem region with 2 CUB (complement factor
Cl1s/Clr, urchin embryonic growth factor, bone morphogenetic protein)
domains and 3 LDLR (low-density lipoprotein receptor) tandem repeats, and the

carboxy-terminal serine protease domain %,

1.4.6 Gene mutation:

Two nonsense mutations were identified by sequencing the TMPRSS6
gene: one heterozygous cDNA 1179T G substitution in exon 10 introducing a
nonsense Y393X codon in the protein and a cDNA1795C T substitution in exon
15 introducing another protein nonsense codon R599X These mutations are
both predicted to delete the serine protease domain from the encoded protein
unless the mRNA harbouring premature translation termination codon is rapidly
degraded through the nonsense-mediated RNA decay surveillance pathway P,

Hepcidin is the core of iron metabolism and is tightly regulated by several
mediators. Matriptase-2 is an important one and down regulates hepcidin
expression through cleaving membrane-bound hemojuvelin, which can enhance
hepcidin transcription. Complete loss of function mutation of matriptase-2 leads

to a rare disease, iron-refractory iron deficiency anemia 1,
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The important role of TMPRSS6 in erythropoiesis is highlighted also by
Genome Wide Association Studies. Common TMPRSS6 genetic variants, as
rs855791, associate with serum iron and transferrin saturation, hemoglobin (Hb)
and erythrocyte (MCV and MCH) traits in different populations. TMPRSS6
haplo-insufficient mice have increased susceptibility to iron deficiency.
Altogether these results suggest that TMPRSS6 gene dosage may modify
erythropoiesis and influence HAMP expression 31,

Some studies reported the mutations in TMPRSS6 have been identified in
IRIDA patients from other populations 41,

Some authors demonstrating that normal murine systemic iron
homeostasis could not be achieved through activity of a single wild type
TMPRSS6 allele. These results raise the possibility that human heterozygous
carriers of TMPRSS6 mutations may harbor subtle abnormalities of iron
homeostasis that increase their risk for developing iron deficiency in response to
certain physiological stresses, such as pregnancy, decreased dietary intake or
inflammation. While the frequency of such pathogenic TMPRSS6 mutations is

likely to be extremely low 3,
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Aims of this study

1- Study the genetic variations of trans-membrane serine protease-6
(TMPRSS6) SNPs 15855791 and rs10244884 and its relationship with the
levels of iron and ferritin and study the correlations with age, and body max
index (BMI).

2- Study the levels of ascorbic acid and suggested the correlation with these
SNPs.

18



e e e | |

Chapter Two

Materials and Methods



Chapter Two

2. Materials and Methods

2.1 Materials

2.1.1 Chemicals and kits
The chemicals, laboratory kits and reagents used in this research are
showed in the [Table 2.1].

Table [2.1]: Chemicals

Materials and Methods

No. | Chemicals Company Origin
2- | Agarose CONDA Spain
7- | DNA ladder 1000bp Cyntol Russian
8- | DNA loading dye Promega USA
4- | Ethidium- Bromide Solution Bio- basic Canada
10- | Firritn ELISA Kit Solar biotech USA
6- | GO Tag® G2 Green Master Mix Promega USA
9- | Iron Abbott USA
1- | Primers Macrogen Korea
5- | Restriction enzyme Biolabs England
3- | TBE (tris-borate EDTA) INTRON Biotechnology Korea
11- | Tris Borate EDTA (TBE) Thomas baker India
12- | Vit-cELISA Kit Solar biotech USA
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2.1.2 Instruments and Equipments

The [Table 2.2] below showing the instruments and equipments used in
this study.

Table [2.2]: Instruments and equipments

No. Apparatuses Company Origin

6- | Auto hemoanalyzer Abbott USA

13- | Centrifuge Hettich Germany

1- | Conventional PCR analytik jena Germany

11- | Deep freeze GFL Germany

3- | Electrophoresis Bioneer South Korea

4- | ELISA Washer Paramedical Italy

7- | Incubator Binder Germany

5 Microliter plate reader for ELISA test paramedica faly
(Paramedical, Italy)

2- | Microlitre centrifuge Hermle Labortechnik Germany

9- | Micro-pipettes 10-100 micro liter Nexty Japan

o Micro-pipettes 200, 300, 400, 600, Slamed Germany
900,1000 micro liter

12- | Refrigerator and freeze LG South Korea

10- | Vortex Heidolph Germany

2.1.3 Subjects

This study was designed as a case-control study conducted on 100
subjects those divided into two groups: the first one includes patients with Iron
defecience anemia, and the second one includes individuals as healthy a control
group.

The present study was completed in Al-Imam Ali general hospital in
Baghdad. The collection of samples was directed during the period from 12" of

December 2022 until 1% of April 2023. Questionnaires were created to collect
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data from the control and patients groups. Also all subjects were selected in

random state.

2.1.4 Patients Group
This group was consisted of 50 patients with Iron Defeciency (11 male +
39 female). The patients' ages between (20-50) years. All patients were

diagnosed by physicians and according to especially criteria.

2.1.5 Control Group
The control group was consisted of 50 individuals (12 male + 38 female),
they were taken from out people and relative. This group's age between (20 -50)

years old.

2.1.6 Inclusion criteria

1. Persons with IDA.

2. Age from 20 to 50 years.
3. Pregnancy

2.1.7 Exclusion criteria

Patients with known other inherited microcytic anemia.

2.1.8 Samples Collection

Venous blood sample were pulled from control and patients by utilizing
the disposable syringe as a part of the sitting position and in Random status.
Five ml of blood were got from every subject by vein, 2 ml was set into EDTA
tube and mixed carefully, the blood is stored in an EDTA tube at (-20)°C and
used for DNA extraction. The rest of the 3 ml drawn gradually into dispensable
tubes containing isolating gel. while the rest of the blood in gel - containing
tubes was let to clot at room temperature for 30 minutes and after that
centrifuged at 3000 xg for 10 min, then partitioned into little aliquots and kept
in (-20)°C until analysis for estimation of Iron, Ferritin, Ascorbic acid.
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2.1.9 Study design

Volunteers were under through anthropometric measurements at the
beginning, which include height, and weight measurements. Serums of each
sample were running under both ELISA technology to get the levels of Ferritin
and Ascorbic acid, as well as genetic analysis technology such as PCR and
RFLP-technique for detect the target gene (SNP gene) and also used molecular

absorption technology to analyze serum Iron by the use Abbott c4000.

2.1.10 Measurement of Body Mass Index (BMI)

The BMI is defined as the body weight divided the square of the height of
the body in meters and is expressed worldwide in kg/m? units, resulting from
kilograms of mass and meters of height ],

The BMI number and classifications are listed below according WHO.

Severely underweight - BMI less than 18.5 kg / m?

Table 2-3 the range of BMI in adult is classified according to the following

Weight standard BMI

Under weight Below 18.5
Healthy weight 18.5-24.9
Overweight 25.0-299
Obese 30.0 and higher

(Also referred to as severe, extreme, or massive obesity) P71,
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2.2 Biochemical study
2.2.1 Determination of Serum Human Ferritin:
Concentration Ferritin concentration is measured by enzyme linked

immunosorbent assay kit (ELISA). [Biosoruce Technology Laboratory] P31,

2.2.2 Assay Principle

This ELISA kit uses sandwich—ELISA as the method for the accurate
guantitative detection of human Ferritin. The plate has been pre-coated with
human FE antibody. FE present in the sample is added and binds to antibodies
coated on the wells. And then biotinylated human FE.

Antibody is added and binds to FE in the sample. Then Streptavidin-HRP
is added and binds to the Biotinylated FE antibody. After incubation unbound
Streptavidin-HRP is washed away during a washing step.

Substrate solution is then added and color develops in proportion to the
amount of human FE. The reaction is terminated by addition of acidic stop

solution and absorbance is measured at 450 nm.

2.2.3 Reagents Preparation:

All reagents provided are stored at 2-8°C.
Wash buffer

A volume of 20 ml of concentrated wash buffer was diluted into 480ml of
distilled water to yield 500 ml of washing buffer.
Standard:

Reconstituted the 120ul of the standard (480ng/ml) with 120ul of
standard diluent to generate a 240ng/ml standard stock solution.

The lid was tightened and the standard was let to stand for 15 minutes and
turned it upside down for several times. Then serial dilutions were made as
needed. The recommended concentrations were as follows: 240, 120, 60, 30, 15

and 0 ng/ml.
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2.2.4 Assay procedure

1- All reagents were brought to room temperature before use.

2- Fifty microliter of the each standard was added to the standard well.

3- A volume of 40 pl of sample and then 10 pl of ferritin antibody were add to
testing sample wells.

4- A volume of 50 pl of streptavidin -HRP reagent was dispensed into each
well. Covered with a sealer and incubated for 60 minutes at 37°C.

5- The wash process was repeated for five times by filling each well with wash
buffer (approximately 350 ul).

6- The liquid was removed at each step was essential to good performance then
remaining wash solution was removed by aspirating and the plate was invert
and blot it against clean paper towels.

7- A 50ul volume of substrate solution A and 50ul volume of substrate solution
B were add to each well.

8- The microplate wells covered with a new sealer then incubated for 10
minutes at 37°C.

9- The reaction was stopped by adding 50 pl of stop solution to each well. The
color was changed from blue to yellow color.

10-The absorbance was read the optical density at 450 nm using microtiter plate

reader within1Ominutes.

Figure [2.1]: Standard curve of ferritin
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2.2.5 Determination of Iron

2.2.5.1 Principles of procedure

PRINCIPLES OF PROCEDURE

At a pH of 4.8, iron is released from transferrin to which it is bound,
and then quantitatively reduced to a ferrous state. The iron forms with
Ferene-S*, a stable colored complex of which the color intensity is
proportional to the amount of iron in the sample. Particular reaction
conditions and a specific masking agent almost entirely eliminate the
interference from copper.

* Ferene-S = 3-(2-pyridyl)-5,6-bis-[2-(5-furylsulfonic acid)]-1,2,4-triazine
Methodology: Ferene

REAGENTS

Reagent Kit

MULTIGENT Iron is supplied as a liquid ready-to-use, two-component kit

which contains:

6K95-30

3 x 88 mL

3x11 mL

Estimated tests per kit: 918*
6K95-41

10 x 88 mL

10x 11 mL

Estimated tests per kit: 3,060%*
*Calculation is based on the minimum reagent fill volume per Kkit.
Reactive Ingredients Concentration
Acetate buffer pH 4.8 1.4 mol/L
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Guanidine hydrochloride 4.5 mol/L
Thiourea 65 mmol/L

Ferene-S > 20 mmol/L

Ascorbic acid > 0.5 mol/L

Nonreactive Ingredients: contains buffer and contains buffer and Stabilizer

2.2.6 Determination of Ascorbic acid (Biosource technology
laboratory)
2.2.6.1 Principle

Vit.C ELISA kit applies the competitive enzyme immunoassay technique
utilizing a polyclonal anti-Vit.C antibody and an Vit.C-HRP conjugate. The
assay sample and buffer are incubated together with Vit.C-HRP conjugate in
pre-coated plate for one hour. After the incubation period, the wells are decanted
and washed five times. The wells are then incubated with a substrate for HRP
enzyme. The product of the enzyme-substrate reaction forms a blue colored
complex. Finally, a stop solution is added to stop the reaction, which will then
turn the solution yellow. The intensity of color is measured
spectrophotometrically at 450nm in a microplate reader.

The intensity of the color is inversely proportional to the Vit.C
concentration since Vit.C from samples and VC-HRP conjugate compete for the
anti-Vit.C antibody binding site. Since the number of sites is limited, as more
sites are occupied by Vit.C from the sample, fewer sites are left to bind Vit.C-
HRP conjugate.

A standard curve is plotted Vit.C ELISA kit applies the competitive
enzyme immunoassay technique utilizing a polyclonal anti-Vit.C antibody and
an Vit.C-HRP conjugate. The assay sample and buffer are incubated together

with Vit.C-HRP conjugate in pre-coated plate for one hour.
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After the incubation period, the wells are decanted and washed five times.
The wells are then incubated with a substrate for HRP enzyme. The product of
the enzyme-substrate reaction forms a blue colored complex.

Finally, a stop solution is added to stop the reaction, which will then turn
the solution yellow. The intensity of color is measured spectrophotometrically
at 450nm in a microplate reader. The intensity of the color is inversely
proportional to the Vit.C concentration since Vit.C from samples and Vit.C-
HRP conjugate compete for the anti-Vit.C antibody binding site.

Since the number of sites is limited, as more sites are occupied by Vit.C
from the sample, fewer sites are left to bind Vit.C-HRP conjugate. A standard
curve is plotted relating the intensity of the color (O.D.) to the concentration of
standards. The Vit.C concentration in each sample is interpolated from this
standard curve. Relating the intensity of the color (O.D.) to the concentration of

standards! %,

2.2.6.2 Reagents and Preparation

1- Bring all kit components and samples to room temperature(20-25°C) before
use.

2- Samples - Please predict the concentration before assaying. If concentrations
are unknown or not within the detection range, a preliminary experiment is
recommended to determine the optimal dilution. PBS (pH 7.0-7.2) or 0.9%
physiological saline can be used as dilution buffer.

3-Wash Solution - Dilute 10 mL of Wash Solution concentrate (100x) with 990
mL of deionized or distilled water to prepare 1000 mL of Wash Solution
(1x). If crystals have formed in the concentrate, warm to room temperature
and mix gently until the crystals have completely dissolved. The 1x wash
solution is stable for 2 weeks at 2-8°C.

4- Do not dilute the other components which are ready- to-use.
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2.2.6.3. Assay Procedure

Please read Reagents Preparation before starting assay procedure. It is
recommended that all Standards and Samples be assayed in duplicate. It is
strongly recommended to do a preliminary experiment before measuring all
samples.

1- Secure the desired numbers of coated wells in the holder then add 100 pL of
Standards (Shake the bottle of each standard gently by hand and Pipette up
and down the solution of standard for 3times before adding) or Samples to
the appropriate well. Add 100uL of PBS (pH 7.0-7.2) in the blank control
well.

2-Dispense 10uL of Balance Solution into 100uL samples only, mix well.
(NOTE: This step was required when the sample was cell culture
supernatants, body fluid and tissue homogenate; if the sample was serum or
plasma, then this step should be skipped.

3- Add 50uL of Conjugate to each well (NOT blank control well). Mix well.
Mixing well in this step is important. Cover and incubate the plate for 1 hour

at 37°C.

Figure [2.2]: Standard curve of Vit.C
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2.3 Methodology of PCR test

2.3.1 DNA extraction
RBC Lysis

l.
2.

An anticoagulant-treat collecting tube was used to collect fresh human blood.
A total of 300 pl of fresh blood was added to a 1.5 milliliter micro-centrifuge
tube to fill it halfway (not provided). If the sample is bigger than 300 ul, fill
a sterilized 15 milliliters centrifuge tube with it (up to 1 ml).

. Left the sample combination to remain at 25°C for ten minutes.

It was centrifuged at 3000-xg for five minutes, and all the supernatants are

removed.

. Then 100 ul of RBC Lysis Buffer was added to the pellet and the cells were

resuspended by pipetting.

Cell Lysis

1.

Then 200 ul of FABG Buffer was added to the sample mixture, and mixed

well by vortexing.

2. Permitted the sample combination to rest at room temperature for ten
minutes, or until it became clear. During incubation, the test tube inverted
every 3min.

3. In a 70°C water bath, preheated the needed Elution Buffer (for Step 5 DNA
Elution).

DNA Binding

l.

The samples vortexed for 10 seconds after added 200ul of ethanol (96-
100%). If a precipitate has developed, the sample was pipetted to mix it.

The FABG Column Installed to the Collection Tube. Carefully the sample
was transferred to the FABG Column. For one minute, centrifuge at 18,000 x
g. the FABG Column replaced in a new Collection tube after discarding the

old one.
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Column Washing

l.

3.

The FABG Column was filled with 400 pl of W1 buffer and centrifuged for
30 seconds at 18,000 x g. The FABG Column returned to the collection tube
after discarding the flow-through.

The FABG Column was filled with 600ul of wash buffer and centrifuge d for
30 seconds at 18,000 xg. The FABG Column returned to the collection tube
after discarding the flow-through.

Dried the column tube by centrifuging for a further 3 minutes at 18,000 x g.

Elution

1.

The FABG Column was transported to a 1.5mL micro-centrifuge tube after
drying.

100ul of Pre-heated Elution. Buffer or TE added to the membrane center. Of
FABG Column.

The FAGB Column placed in an incubator at 37°C for 10 minutes.

The DNA was eluted by centrifugation at maximum speed for 1 minute at

18,000x g.

. The DNA was kept at 4 °C or -20 °C.

2.3.2 DNA concentration and purity

The concentration and purity of the isolated DNA were analyzed by a

Nano drop spectrophotometer. DNA concentration measurements were recorded

as pg/ml, while DNA purity was taken from the ratio obtained from the
A260/280 absorbance formula. The 260/280 and 260/230 ratios were calculated
to determine both the quantity and quality of the DNA. Whenever the 260/280

ratio was less than 1.7 and/or the 260/230 ratio was less than 1.7, the sample

was re-extracted 1011,
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Table [2.4]: The set of primers used

Gene Type primer | Sequence

TMPRSS6 15855791 Forward F: 5°>-TAG AGA ACA GGG GCT CCA GG-3
(V736A) Reverse R: 5’-ATG TGG GCA GCAT

Aquaporin 1 gene Forward F: 5°- ATAGGTGCCACCCATGCTCC -
rs10244884 Reverse :5’-GCCTCTGCTCTGCTGACTCG-3’ 3°

2.3.3 Agarose Gel Electrophoresis
Agarose gel electrophoresis was the most effective way and standard
method to separate, identify, purify DNA fragments (DNA fragments of varied
sizes rangged from 100 bp to 25 kb) and it is simple, rapid to perform. The
location of DNA within the gel can be determined directly used stained. Bands
containing as little as 1-10 mg of DNA can be detected by direct examination of
the gel in ultraviolet light. Electrophoresis was the movement of a charged
molecules, chiefly proteins and nucleic acids under the influence of an electric
field, Loading dyes used in gel electrophoresis serve three major purposes:
1- They add density to the sample, allowing it to sink into the gel.
2- The dyes provide color and simplify the loading process.
3- The dyes move at standard rates through the gel, allowing for the estimation
of the distance that DNA fragments have migrated. The rate of migration of
a DNA molecule through a gel is determined by the following:
- size of DNA molecule.
- agarose concentration.
- DNA conformation.
- voltage applied.
- presence or use of staining.

- type of agarose and electrophoresis buffer.
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2.3.4 Gel Electrophoresis for Analyze DNA Quality

1.

Preparation of Tris-borate-EDTA buffer (TBE): A weight of 27g of Tris base
with 14 g boric acid, and 1.86 g of EDTA (pH 8) dissolved in 500 ml distilled

water.

. The gel was prepared at a concentration of 1% for DNA extraction (2% for

PCR production) by dissolving 0.3 of agarose in a 30 ml buffer solution TBE

0.5X and then heated the mixture for 1 min in the microwave.

. The homogeneous solution of agarose was left until its temperature reaches

55°C, then 3l of ethidiom bromid (10 mg/ul) was added to it and mixed with

the mixture by turning the beaker.

. The homogeneous mixture of agarose was poured into the gel tray and left to

polymerize for 30 minutes.

. After hardening, the agarose was transferred to an electrophoresis device and

immersed in a TBE running buffer at a concentration of 0.5X. 6. Ten pl of
DNA extraction (five pul of PCR production) was combined with 2 ul of

loading-dye and carefully loaded by a mechanical pipette into the wells of the

gel.

. The electrophoresis was set to 100 volts and 70 A for 20 minutes for DNA

extraction (50 minutes for PCR production) and the devise was carried out.

. After completing the electrophoresis, the gel was imaged and the image was

analyzed in order to determine the molecular weights of the DNA segments.

. The gel was then photographed and analyzed using the CS analyzer®

software to determine the extracted DNA molecular weight.

. The gel was exposed to the UV light and the DNA bands was visible,
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Figure [2.3]:A- Electrophoresis for Genomic DNA (TMPRSS6). Extracted genomic
DNA agarose gel electrophoresis, the electrophoresis was conducted on 2% agarose, 100

volts for 20 min.

B- - Electrophoresis for Genomic DNA (AQP1). Extracted genomic DNA agarose gel

electrophoresis, the electrophoresis was conducted on 2% agarose, 100 volts for 20 min

ACPIT/C)

%0 bp

B- - Electrophoresis for Genomic DNA (AQP1). Extracted genomic DNA agarose gel

electrophoresis, the electrophoresis was conducted on 2% agarose, 100 volts for 20 min.

2.3.5 Restriction enzyme add
10 pl of PCR product was taken and added to the PCR tube, 2.5 pul of the

restriction enzymes and 2.5 pl of CutSmart® Buffer, and 10 pul of nuclease free

water added to the same PCR tube to complete the total volume of the mixture,
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25ul. The mixture was incubated at a temperature of 37°C for two hours in
incubator, and after two hours the activity of the restriction enzyme was proven

at a temperature of 65°C for 20 minutes.

2.3.6 The Polymerase Chain Reaction (PCR) steps
1- Initialization step

The reaction was heated to about 94-96°C (this study used 95.0°C). It
required for DNA polymerases activation.
2- Denaturation step

This step was included heat the reaction to about 94-98°C (this study
used 95.0 °C) for melted the DNA template by distraction of hydrogen bonds.
The single stranded DNA molecules were yielded in this step.

3- Annealing step

The temperature of reaction was lowered to 50-65 °C (this study used
60.0°C). Allowed for the primers to annealed with single stranded of DNA
template. The Tag polymerase attached to the primer- template hybrid and
begined the formation of DNA.

4- Extension / Elongation step

The optimum activity of Tag polymerase occurs at 72-80 °C and (this
study used 72.0 °C) was used with this enzyme.

DNA polymerase synthesizes a new DNA strand that complementary to
the DNA template strand by adding dNTPs in 5 to 3 direction. The extension
time depends on both the length of the DNA target and the type of DNA
polymerase.
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2.3.7 PCR Components of Amplification

The PCR GO Taq® G2 Green Master- Mix Kit was used for amplification
of ARGlgene. The PCR GO Taq® G2 Green Master - Mix Kit was a premixed
ready-to- use solution containing G0 Taq® G2 DNA Polymerase, MgCl2,
dNTPs, and reaction buffers at optimal concentrations for efficient.
Amplification of a wide range of DNA templates by PCR. GO Tag® G2 Green
Master Mix contains two dye (blue and yellow) that allow monitoring of
progress during electrophoresis. The reactions assembled with GO Taq® G2
Green Master Mix have sufficient density for direct loading onto agarose gels.
G0 Tag® G2 DNA Polymerase exhibits 5 ' 3 ' exonuclease activity.

2.3.8 Thermocycler Program of Amplification
The PCR Thermocycler program that gave the results of amplification of
TM PRSS6andAQP1 gene is shown in [Table 2.4]. Thermocycler program for

Table [2.5]: PCR Amplification of TMPRSS6 and AQP1 gene

Name of cycle Temp °C Time No. of cycle
Initial denaturation 95 5 min 1 cycle
Denaturation 95 Imin 35 cycle
Annealing 60 Imin 35 cycle
Extension 72 Imin 35 cycle
Final extension 72 Smin 1 cycle

2.3.9 Agarose Gel Electrophoresis for PCR products

After execution PCR, 5 puL of each sample were loaded on 2 % agarose
gel and stained with Ethidiume Bromide. The electrophoresis was performed at
(55V for 45 minutes) to evaluate the PCR product.

2.3.10 Optimization of PCR Conditions
Started the optimization of PCR reaction for rs855791 genotyping and
AQP1 with the thermo- cycling condition listed in the [Table 2.5].
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Table [2.6]: Optimized reaction mixture for PCR

Composition Concentration Volume
Master mix 25X 8
Mgcl2 25 MM 0.5
Forward primer 10 PM 1
Revers primer 10-20 ng/ul 1
DNA sample 2
Nucleases free water 7.5
Total volume 20

2.3.11 PCR-RFLP

Restrictive Digestive Digestion for the TMPRSS6 rs855791 Gene and
AQPI1 rs10244884 PCR-RFLP.

PCR-RFLP was a two-part method as indicated by its name. The first
part consists of a traditional PCR with primers surrounded the possibly mutated
area. The PCR product was then subjected to restriction enzymes which have
the ability to cut DNA at specific sequences, also called restriction sites, thus
creating DNA fragments. The restriction enzymes can either be used as positive
or negative markers meaning that if the DNA was mutated the enzyme can
either gain a restriction site, creating more fragments and of different sizes than
with normal DNA, or lose a site that normally exists in un mutated DNA.

The latter would then result in less fragments and of different sizes than
with normal DNA. After restriction, the fragments were analyzed by gel
electrophoresis, which creates visible bands, and by assessing; how far the
bands have travelled through the gel in comparison to a DNA ladder with
known band sizes the restriction fragments’ sizes can be estimated. The number
of fragments combined with their sizes allows the original sequence to be
identified as mutated [1%2],

The following ingredients were combined to produce the restriction

reaction:
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1- An amount of (5 ul) of PCR product.

2- The restriction enzyme (Taq 1) 0.25 pl.

3- Restriction buffer 1.5 pl (each restriction enzyme has its own restriction
buffer, which is given by the manufacturer).

4- Bovine serum albumin (BSA) 0.15 g/L added 0.1 pl.

5- Using molecular grade water, the reaction mixture was brought to an end at
15 pl add 20 pl of mineral oil.

6- The reaction mixture was incubated for 24 hours at 65°C in a water bath.

7- The RFLP reaction product was resolved on 2% Agarose gel electrophoresis

as described in [Fig. 2.4] as figure of RFLP.

M 12 34567 8 9 1011 12 13 1471516 17 18:19 20

TMPRSS6(V736A)

RE: Stu1l

Figure [2.4]:A- Genotyping of TMPRSS6 by RFLP. PCR products were digested by
stul. Single band 249 bp represented homozygous C and single band at 125 bp
represented homozygous T. Two bands represented heterozygous TC.

M12345678910111213 14151617 181920

AQPA(T/C)
RE: Taq!
= .
200 bp

100 bp |
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Figure( 2-4): (b) Genotyping of AQP1 by RFLP. PCR products were digested by stul.
Single band 192 bp represented homozygous C and single band at 172 bp represented
homozygous T. Two bands represented heterozygous TC.

2.4 Statistical analysis

The statistical analysis of this prospective study performed with the
statistical package for social sciences (SPSS) 20.0 and Graphpad prism
Version 7. Numerical data were tested for normality testing using Shapiro-
Wilk test found that the data were abnormally distributed. The data
described as mean and standard deviation and independent sample t test used
for comparison between two groups. Categorical data were described as
count and percentage. Chi-square test or Fisher exact test used to estimate

the association between variables. Odds ratio and its 95% [193],
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3. Results and discussion

This study was designed to investigate the role of TMPRSS6 gene
rs855791 mutation in adult patients affected with IDA in Iraq.

A total of 100 subjects were enrolled in the study. Genotyping was
performed using PCR-RFLP technique. The PCR product (249 bp) and (192pb)
were digested with stul restriction enzyme to detect T > C polymorphism [Fig.
3.1]. The genotype frequencies of patients and control subjects were performed
in Hardy-Weinberg equilibrium for both SNPs.

To the best of our knowledge, most of the genetic parameters in this study
have been done for the first time, therefore, our current study is considered to be
the first trial in regard to the genetic relationship between iron deficiency

anemia and genetic mutation not only in Irag, but also around the world.

3.1 General characteristic of the study group
3.1.1. Age

In the present study, the age of subjects showed a non-significant
difference (p>0.05) between the control group and iron deficiency anemia
patients group as demonstrated in Table 3.

Iron deficiency anemia is a global disease that may affect people of any
age due to variable causes, although the elderly are also at risk as the prevalence
of anemia increase with age, but the evidence is scarce [

This age matching helps to eliminate differences in parameters' results

that may originate due to the significant variation in age.
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Table (3.1): Descriptive analysis of age in the study groups

Study groups P value
Control Patients
Age 31.02+8.42 33.76+6.37 0.709N°
Age groups >30 years 42 48 0.665NS
42.0% 48.0%
31-40 years 38 34
38.0% 34.0%
<40 years 20 18
20.0% 18.0%

NS: none statistical significance (p>0.05).

3.1.2. Sex

Regarding gender, our results also showed a non-significant difference in

gender between the IDA patients and the controls (p>0.05).

However, women of reproductive age are at higher risk of anemia compared to

men due to the increased requirement for iron, resulting from regular blood loss

during menstruation [, as well their specific dietary habits, namely their lower

intake of meat compared to men %! Therefore, it is indicated that the main risk

factors for anemia development in women are an improperly balanced diet and

high blood loss during menstruation ['°7 On this account, providing sufficient

amounts of iron in everyday meals and improving the bioavailability of non-

heme iron is a matter of great importance in this population group 1%

Table (3.2): Descriptive frequency of sex in the study groups

Study groups
Control Patients
Sex Female 38 39
76.0% 78.0%
Male 12 11
24.0% 22.0%
P value 0.832N°

NS: none statistical significance (p>0.05).
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3.1.3 Body Mass Index (BMI)

In this study, patients with a normal body mass index were selected.
Thus, results in Table 3.3, showed a non-significant difference (p>0.05) in BMI
between patients with IDA and control group.

Table (3.3): Descriptive analysis of body mass index in the study groups

Study groups
Control Patients
23.52 22.72
BMI 3.06 3.04
p value 0.265N5

3.1.4 Baseline and clinical characteristics of participants

Hematological and biochemical results in the current study revealed that
there was highly significant differences (p<0.001) in mean values of Hb, RBC,
MCV, MCH, MCHC, iron, ferritin and vitamin C values between the patients
and the controls.
Table (3.4): Descriptive analysis of hematological and biochemical

parameters in study groups

Study groups p value
Control Patients

Hb g/DI Mean 13.89 11.11 <0.001**
SD 1.26 0.73

RBC 10*12/L Mean 4.66 4.15 <0.001**
SD 0.69 0.44

MCV fl Mean 81.36 72.39 <0.001%**
SD 5.45 7.31

MCH pg Mean 30.73 23.07 <0.001**
SD 6.86 2.36

MCHC g¢g/L Mean 33.07 29.39 <0.001%**
SD 3.00 2.61

Iron mg/L Mean 97.06 50.50 <0.001%**
SD 26.61 29.76

Ferritin mg/L Mean 43.78 19.48 <0.001**
SD 10.80 4.14

Vit C mg/dL Mean 6.90 4.84 <0.001**
SD 1.73 1.85

**: high statistical significance.
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In this study, patients with IDA had significantly lower hematological
and biochemical parameters levels than control group. This result agree with
several studies; one of these studies by (Johnson Wimbley and Graham, 2011)
reported that CBC is evaluated to find out the cause of anaemia. IDA severity
depends on hemoglobin and RBCs levels. MCV, MCH and MCHC levels are
also used for diagnosis of Iron deficiency anemia ['%1

The present results were in agreement with Sung et al (2014) who
reported (8.5 g/dl, 69 fl and 18%) values for Hb concentration, MCV and RDW
respectively in IDA patients ['],

This study also showed that RBC count and Hb are important factors in
the diagnosis of IDA as reported globally by (Nagababu et al., 2008).
Interestingly, we observed that majority of the RBC parameters were
significantly reduced in IDA cases vs controls. Similarly, reduced values of
RBC’s parameters were observed in IDA patients by ['!!],

Ascorbic acid effectively increases the absorption of ferrous ions (Fe)
and ferric ions (Fe?*) "2l 1t results from the reducing properties of vitamin C
which make the iron soluble in a wide range of pH levels and allows iron to be
absorbed through iron transporters in the small intestine [''3l Vitamin C intakes
ranging from 100 to 200 mg/day will maintain blood concentration at adequate
to saturating status (50—75 umol/L) ['4],

As ascorbic acid is a potent enhancer of non-heme iron absorption 3],
some intervention studies administering products rich in vitamin C in

conjunction with iron sources showed improved iron status 6],

3.1.5 Association of TMPRSS6 rs855791 (V736A) with IDA
SNP rs855791

The rs855791 (V736A) genotype frequencies were in HWE for both
cases and controls. Assessed the association of rs855791 with the pathogenicity

of IDA in co-dominant, additive, dominant, and recessive models. The results
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found that rs855791 (V736A) is significantly associated with IDA as observed
in codominant model (P < 0.05, OR: 1.4 and 95% CI: 1.08-2.8). Similarly,
significant association was found in Additive model (P < 0.05, OR: 1.7 and 95%

CI: 1.1- 3.01). However, non-significant P-values were obtained in Dominant
and Recessive models (P > 0.05) [Table 3.5].

Among the four studied genetic model’s, significant P-values (0.038, and

0.041 respectively) were observed in co-dominance and additive models, con-

firming that rs855791 1is significantly associated with IDA. We did not find

significant correlation between blood and Fe parameters with TMPRSS6

rs855791 genotypes and we find highly significant correlation between blood
and Ascorbic acid with TMPRSS6 rs855791 genotypes.

Table (3.5): Different genetic models for TMPRSS6 rs855791 (T > C)

association with IDA

rs855791

Study groups

Control Patients

Odds ratio
(CI95%)

P value

Codominant

CC Homozygous

12(24.0) [ 6(12.0)

CT Heterozygous

22(44.0) | 21(42.0)

TT Homozygous

16 (32.0) | 23(46.0)

0.038* | 1.4(1.08-2.8)

Additive

C allele 46 (46.0) | 33(33.0) | 0.041* |1.7(1.1-3.01)
T allele 54 (54.0) | 67 (67.0)

Dominant

CcC 12 6 0.192 0.4 (0.14-1.3)
TC+TT 38 44

Recessive

TT 16 23 0.218 1.8 (0.8-4.1)
TC+CC 34 27
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Type Il transmembrane serine protease 6 (matriptase 2) encoded from the
transmembrane serine protease 6 gene (7MPRSS6) mapped on 22ql12.3 in
hepatocytes. TMPRSS6 plays a role in iron homeostasis by regulating the
hepcidin hormone. The negative regulation of hepcidin transcription
by TMPRSS6 results in promoting intestinal iron absorption to maintain iron
homeostasis !

One common SNP variation, termed rs855791, has been described to
involve iron status and red blood cell (RBC) indices, including MCV and mean
corpuscular haemoglobin (MCH). The SNP rs855791 is a common variant
of TMPRSS6playing a role in the determination of the various levels of RBC
indices and iron parameters in the population [''8], The SNP locates in exon 17
of TMPRSS6 as T>C substitution in nucleotide position 2207, inducing
missense change from valine (V) to alanine (A) as GTC>GCC; V736A. The
three SNP genotypes include homozygous C allele (C/C), T allele (T/T), and
heterozygous T/C. Several studies of allele frequency and prevalence of SNP
variation were described. The C allele frequency was highly distributed in the
Caucasian population, similar to the Rwandan population in Sub-Saharan Africa
(111 On the other hand, different allele frequencies were reported in the Asian
population, where T alleles, including T/T and T/C genotypes, presented at
higher frequencies than those of the C/C genotype presented in the Taiwanese,
Japanese, and Indian populations [18:119],

In a study previously undertaken of female students from the northern
region of Saudi Arabia, the rs855791 SNP in TMPRSS6 was found to be
significantly associated with poor iron status [12¢],

Al-Amer et al. 2 reported that rs855791 was significantly associated
with low serum iron and serum ferritin but showed no association with low Hb,
red blood cell (RBC), platelets and white blood cell (WBC).
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Meanwhile, a study of Turkish IDA patients found that mutations
in TMPRSS6 rs855791, rs4820268, and rs2413450 are associated with increased
RBC and TIBC in IDA patients ['21],

3.1.6 Association of Aquaporinl rs10244884 with IDA

The rs10244884 genotype frequencies were performed in HWE for both
cases and controls.

The association of rs10244884 was assessed with the pathogenicity of
IDA in co-dominant, additive, dominant, and recessive models.

The results demonstrated that rs10244884 is significantly associated with
IDA as observed in codominant model (P < 0.05, OR: 2.1and 95% CI: 1.2-6.3).

Similarly, significant association was found in Additive model (P < 0.05,
OR: 1.3 and 95% CI: 1.1- 01.72). However, non-significant P-values were
obtained in Dominant and Recessive models (P > 0.05).

Among the four studied genetic model’s, significant P-values (0.012, and
0.045 respectively) were observed in co-dominance and additive models, con-
firming that rs10244884 is significantly associated with IDA. We did not find
significant correlation between blood and Fe parameters with AQP1rs10244884
genotypes and we find high significant correlation between blood and Ascorbic
acid with AQP1rs 10244884 genotypes.
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Table (3.6): Different genetic models for AQP1rs10244884 (T > C)
association with IDA

Study groups P value Odds ratio
rs10244884 Control Patients (CI195%)
Codominant
CC Homozygous 8 (16.0) 17 (34.0) 0.012* 2.1(1.2-6.3)
TC Heterozygous 28 (56.0) 23 (46.0)

TT Homozygous 14 (28.0) 10 (20.0)

Additive

C allele 44 (44.0) 57 (57.0) 0.045* 1.3 (1.01-1.72)
T allele 56 (56.0) 43 (43.0)

Dominant

TT 14 (28.0) 10 (20.0) 0.483NS 0.642(0.24-1.5)
TC+CC 36 (72.0) 40 (80.0)

Recessive

CcC 8 (16.0) 17 (34.0) 0.063 NS 2.7 (1-7)
TC+TT 42 (84.0) 33 (66.0)

SNP 1s855791 could be a causative variant, operating through altered
protease activity or substrate binding, and rs10244884 was found to be in the
linkage disequilibrium with rs855791, causing the rs10244884 to exhibit similar
signals [!1, This association could be explained by changes in protease function
and hepcidin-mediated iron homeostasis management.

In human GWAS, common genetic variations of TMPRSS6 have been
linked to erythrocyte and iron parameters [2213, The SNP rs855791 has recently
been identified as the top-hit in GWAS linked to changes in SI, TS, erythrocyte
MCV, Hb levels, and glycated Hb levels >4, SNP of rs855791 results in a non-
synonymous substitution at the protease's catalytic and active site, which is
strongly associated with iron status and erythrocyte characteristics, thus leading
to IDA and/or IRIDA [29 T allele variations of the 1s855791 in
the TMRSS6 gene have been linked to an increased risk of 1D and iron-deficient
anaemia (IDA) >, In a Taiwanese case—control study, homozygotes for the
SNP rs855791 CC had a lower prevalence of IDA than people with the CT or
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TT variant '8 Meanwhile, variants (TT) in 15855791 are also related to lower
TS and serum ferritin (SF), higher hepcidin, and higher ratios of hepcidin to
iron indices in European and Saudi Arabia populations [120:123],

In contrast, a study of reproductive-age Pakistani women found that the
1855791 T allele is linked to the incidence of IDA [l A similar finding of the
risk allele among Pakistani women was reported in a recent study by Buerkli et
al.027 In a study of iron absorption in Taiwanese women utilising stable iron
isotopes, the T allele was linked to a higher risk of developing iron deficiency,
with serum iron and transferrin saturation being lower in the TT version of
rs855791 U281 This revealed that women with the TMPRSS6 1855791 (2321
C>T) polymorphism have impaired iron homeostasis, which affects oral iron
absorption and may increase the risk of IDA. The reason why rs855791 has a
big impact on contributing to the risk of IDA and exhibits in most of the IRIDA
cases 1?1 is that rs855791 is a non-synonymous variant in which it causes an
alanine to valine amino acid change at a position of 736 nearby catalytic and
binding sites of MT-2 in the TMPRSS6 sequence 1?9,

Pei et al [3% further confirmed this role of rs855791C>T, reporting that it
protects women against iron-deficiency anemia. The results of our study
demonstrate that the heterozygous (TC) genotype confers protection against
iron-deficiency anemia, in agreement with previous studies ['*'I The findings of
our study contradict those of Kumar et al.['*?l and Macdougall et al.l'*3, who
reported that CC genotype is protective in IDA, whereas TT genotype is
pathological. Later studies by Gongalves et al.['**l reported that patients with
IDA were less likely to have CC genotypes. Variations in the study may be
attributable to a difference in the study population and ethnicity. These data
demonstrated that TMPRSS6 (rs855791C>T) genotypes serve as effective
predictors of IDA. Therefore, patients with IDA should be tested for TMPRSS6
(rs855791C>T) genotype. This can help guide baseline investigations and

treatment decisions [!34],
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Genotyping was performed using PCR-RFLP technique. The PCR
product (249 bp) and (192bp) were digested with stul restriction enzyme to
detect T > C polymorphism (Fig. 3.1). The genotype frequencies of patients and
control subjects were in Hardy—Weinberg equilibrium for both SNPs.

Figure. (3.1): (a) Genotyping of TMPRSS6 by PCR (PCR product = 249 bp).

M 12 3456789 10 11 12 13 14 15 16 17 18 19 20

TMPRSS6(V736A)

RE: Stul

500 bp

200 bp | S

100 bp

Figure. (3.1): (b) Genotyping of TMPRSS6 by RFLP. PCR products were digested by
stul. Single band 249 bp represented homozygous C and single band at 125 bp
represented homozygous T. Two bands represented heterozygous TC.
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AQP1(T/C)

200 bp

100 bpy

Figure. (3.1): (c) Genotyping of AQ1 by PCR (PCR product = 129 bp).

M12345678910111213 14151617 181920

AQP1(T/C)

RE: Tag/

500 bp

Figure. (3.1): (d) Genotyping of AQP1 by RFLP. PCR products were digested by stul.
Single band 192 bp represented homozygous C and single band at 172 bp represented
homozygous T. Two bands represented heterozygous TC.
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3.1.7 Association Analysis Between Hematological Traits and AQP1
rs10244884 Polymorphism

The results in table 3-7 showed that there was a significant association
between Hb level and mutant C allele (10.11) compared with T allele (11.12)
similarly CC genotype have lower Hb level (10.26), CT genotype (10.88) and
TT genotype (11.4).

Serum iron level was significantly associated with mutation of AQPI1.
Mutant C allele have 47.23 compared with T allele (54.84). CC and CT
genotypes have similar iron values compared with TT genotype with elevated
iron level,

Vit C have lower values in CC and CT genotypes compared with TT
genotype with significant difference.

Table (3.7): The Results of Association Analysis Between Hematological
Traits and AQP1 rs10244884 Polymorphism

rs10244884
Genotype Allele
cC CT TT C T
Hb 10.26+0.60 10.88+0.86 11.40+0.35 10.11+0.74 11.12+0.72
p value 0.008* 0.015"
RBC 4.08+0.42 4.1240.45 4.354+0.42 4.10+0.43 4.23+0.45
p value 0.075Ns 0.147NS
MCV 72.45+7.56 73.13+6.77 70.59+8.10 72.72+7.23 71.95+7.48
p value 0.435N° 0.603 NS
MCH 22.73+1.69 23.44+2.97 22.79+1.61 23.02+2.31 23.14+2.45
p value 0.347Ns 0.800 NS
MCHC | 28.36+1.49 30.36+2.59 28.90+3.39 29.17+2.23 29.68+3.05
p value 0.002* 0.357NS
Iron 48.76+23.90 | 44.96+14.81 | 66.20+52.57 | 47.23+20.69 | 54.84+38.50
p value 0.025%* 0.045"
VitC 4.89+1.91 4.45+1.70 5.67+1.88 4.71+1.83 5.02+1.88
p value 0.047%* 0.417NS
Ferritin | 19.88+3.91 19.74+3.83 18.20+5.08 19.82+3.86 19.02+4.49
p value 0.302 NS 0.351NS

49




Chapter Three Results and Discussion

3.1.8 Association Analysis Between Hematological Traits and TMPRSS6
rs855791 Polymorphism

The results in table 3.8 showed that there were significant reduction in
serum iron level with CC and CT genotypes in comparison with TT genotype
(p=0.037). Similarly, C allele have lower serum level compared with T allele
(p=0.05).

Vit C also have reported as lower levels in CC genotype and TC genotype
compared with TT genotype (p<0.001) C allele have significantly lower level
compared with T allele (p=0.007).

An et al (2012) conducted study in Chinese population, reported that
TMPRSS6 polymorphisms are significantly associated with decreased iron
status which associated with lower hemoglobin levels and there were a common
variants in TMPRSS6 as being a genetic risk factors for IDA (P< 0.00).
Consistent with their associations to increased iron deficiency and anemia risk
which agree with current result [26

A study conducted on Italy population, observed that TMPRSS6 mutation
leads to overproduction of hepcidin and defective iron absorption and
utilization, which is a high-risk factor for iron deficiency anemia [43,
TMPRSS6 homozygous mutation increases the risk of iron deficiency anemia
by inappropriately elevated hepcidin expression in Tmprss6-/- results in
chronically impaired uptake of dietary iron, reflected in decreased hepatic iron
stores 3¢ Significantly fewer C homozygotes in the IDA group compared to
the healthy group have been reported by Sung et al. (2014) !9 suggesting that
homozygosis for TMPRSS6 C genotype has a protective role against IDA.
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Table (3.8): The Results of Association Analysis Between Hematological
Traits and TMPRSS6 rs855791Polymorphism

rs855791
Genotype Allele
CC CT TT C T
Hb 11.25+0.67 11.22+0.79 10.98+0.67 11.23+0.74 11.05+0.72
p value 0.235NS 0.255NS
RBC 4.15+0.16 4.15+0.51 4.16+0.43 4.15+0.42 4.16£0.45
p value 0.998 NS 0.968 NS
MCV 68.82+9.26 72.09+6.30 73.60+7.44 70.90+7.58 73.12+£7.11
p value 0.123NS 0.164 NS
MCH 22.48+2.06 23.00+£2.27 23.29+2.53 22.81+£2.20 23.20+2.44
p value 0.563N° 0.446 NS
MCHC 28.97+1.93 28.99+1.79 29.87+3.28 28.98+1.83 29.59+2.91
p value 0.246 NS 0.275NS
Iron 46.17+12.88 | 42.81+£14.02 | 58.65+40.01 | 44.03+13.62 | 53.69+34.74
p value 0.037* 0.050*
VitC 3.83+2.41 4.31+1.57 5.60+£1.66 4.14+1.91 5.19+1.73
p value <0.001** 0.007*
Ferritin 18.33+4.74 20.19+4.08 19.13+4.01 19.52+4.38 19.46+4.05
p value 0.291NS 0.953 NS

These studies demonstrated that TMPRSS6 gene polymorphisms were
associated with elevated hepcidin levels in end-stage renal failure ['*71 and
chronic kidney disease patients with IDA ['81 Mutations in the TMPRSS6 gene
were also reported in patients with IRIDA, a rare autosomal recessive disorder
in which the hepcidin levels were shown to be elevated. '3 Therefore, it is
critical to understand the metabolic mechanism of the normal TMPRSS6 gene
and how the polymorphisms in the TMPRSS6 gene cause IDA. Differences in
the frequency and the trends of linkage disequilibrium of risk alleles may

account for the limited replication of association results among global
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Chapter Three Results and Discussion

populations. As a result, there is a need to study the population-specific genetic
variations that may influence iron status ['3%

Type Il transmembrane serine protease 6 (matriptase 2) encoded from the
transmembrane serine protease 6 gene (7MPRSS6) mapped on 22ql12.3 in
hepatocytes. TMPRSS6 plays a role in iron homeostasis by regulating the
hepcidin hormone. The negative regulation of hepcidin transcription
by TMPRSS6 results in promoting intestinal iron absorption to maintain iron
homeostasis [131401

However, multiple TMPRSS6 SNPs have been identified across all
studies, profoundly associated with IRIDA, IDA, low iron, and blood indices.
SNPs that have been identified were classified as synonymous, missense, intron,
5’-UTR and intergenic variants. The most frequently reported 7MPRSS6 SNP
were rs855791 and rs10244884, linked to biomarkers of poor iron status and

low blood indices 37!
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Chapter Four Conclusions and Recommendations

4. Conclusions and Recommendations

4.1 Conclusions

1-There were statistically significant association between TMPRSS6
polymorphic genotypes AQP1 and IDA risk.

2-TMPRSS6 and its polymorphism can also lead to IRIDA.

3-This study will help the health care workers, and researchers to further work

on the extrinsic and intrinsic factors of IDA in Iraqi adults patients.

4.2 Recommendations

1. Further studies should be conducted to identify the relationship between
hepcidin level and iron profiles with TMPRSS6 C/T polymorphism.

2. Future studies should be conducted by other techniques RFLP and DNA
sequencing.

3. Future studies should be conducted by using TMPRSS6 and AQP1 gene
mapping.
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