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Abstract

Background: Hypothyroidism is a prevalent condition affecting people worldwide.
Levothyroxine is the typical replacement therapy for primary hypothyroidism. Many
patients continue to have symptoms and the patient complaints even after a long time
of maintaining treatment. Deiodinase type 1 enzyme (DIO1) regulates the
metabolism of thyroid hormones. Genetic polymorphisms in the DIO1 gene affect
the metabolism of thyroid hormones and could be pathological candidates for

hypothyroidism.

This study aims to investigate the impact of two single nucleotide polymorphisms
(SNPs) of the DIO1 gene which are rs12095080 (A1814G) SNP and rs11206244
(C785T) SNP on the therapeutic response to levothyroxine replacement therapy in

Iraqi hypothyroid female patients.

Methodology: A total of 220 unrelated primary hypothyroidism female patients who
were aged 40 years old or older were included in this cross-sectional study. All the
patients were receiving levothyroxine treatment for at least four months. The
rs12095080 (A1814G) SNP and rs11206244 (C785T) SNP in the DIO1 gene were
detected using allele-specific polymerase chain reaction method and tetra primers
amplification refractory mutation system polymerase chain reaction technique,
respectively. The thyroid stimulating hormone (TSH) and thyroid hormones
(thyroxin (T4), tritodothyronine (T3), diiodothyronine (T2), and reverse T3 (r'T3))
in addition to some glycemic indices and blood pressure parameters were

determined.

Result: The genotype frequency of the rs12095080 (A1814G) SNP showed a greater
distribution of A allele at the expense of G allele with genotype frequencies of 156
(70.9%) for AA, 61(27.7%) for AG, and 3(1.4%) for GG. At the same time, the

XV



distribution of the rs11206244 (C785T) SNP indicated the prevalence of the C allele
with genotypes frequencies 106 (48.2%) for CC, 75 (34.1%) for CT, and 39 (17.7%)
for TT.

The patients were divided into three groups depending on the genotype of each SNP.
Regarding to the rs12095080 (A1814G) SNP, there were no noticeable variations in

the thyroid hormone levels among the three groups of patients.

According to the rs11206244 (C785T) SNP, TSH and rT3 were elevated among the
carriers of the T allele (p= 0.018 and p=0.028, respectively), while there were no
significant differences on other thyroid hormones (T3, T4, and T2). Besides both

SNPs have no association with the glycemic, and blood pressure parameters.

Conclusion: Since the thyroid hormone levels are not affected by the DIO1 gene's
rs12095080 (A1814G) SNP, this SNP has no impact on how our sample of Iraqi
hypothyroid female patients respond to levothyroxine replacement therapy.
Furthermore, since the rs11206244 (C785T) SNP has no impact on the T3 and T4
hormone levels, this SNP dose not contribution with the therapeutic response to
levothyroxine. However, this SNP could be associated with the decreased clearance
of rT3 from the body.

XVi
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Chapter One Introduction

1. Introduction

1.1Thyroid Gland
The thyroid gland is a part of the endocrine system of the body. It is the largest

organ in the human body that conducts endocrine functions. It is a large veined organ
that's attached to the front of the throat, near the voice box (1).

The thyroid gland produces two types of hormones, thyroid hormones, and
calcitonin. Thyroid hormones including thyroxine (T4), and triiodothyronine (T3) in
a significantly lower amount, both are secreted from follicular cells (the functional
units of the thyroid). Triiodothyronine has considerably higher biological activity
than T4 and is specifically generated at its site of action in peripheral tissues by
deiodination of T4. The other hormone, calcitonin, is responsible for regulating
calcium levels in the blood which is secreted by the thyroid gland's parafollicular
cells (2,3).

The classic understanding of thyroid hormone hemostasis is based on the
hypothalamus- pituitary- thyroid axis' (HPT axis) negative feedback mechanism

(4,5) as shown in Figures 1-1.

Hypothalamus

)
(s

L
Pituit

(=)

)
Thyroid

E @

Figurel-1: A negative Feedback Loop of the Hypothalamus-Pituitary-Thyroid (HPT)
axis.(6)

This loop begins with the release of thyrotropin-releasing hormone (TRH)
from the hypothalamus, which promotes the secretion of thyroid stimulating
hormone (TSH) from the anterior pituitary that can stimulate the production of T3
and T4 fromthe thyroid follicles. The release of TRH and TSH from the
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hypothalamus and pituitary is inhibited when the serum levels of thyroid hormones
are sufficient (7). Therefore, even a little drop in circulating T4 results in a
substantial rise in circulating TSH; a 50% drop in T4 can increase TSH levels by up
to 100 times; similarly, increases in T4 in the condition of hyperthyroidism can be

easily seen as considerable decreases in circulating TSH levels (8,9).

The thyroid hormones are required for a variety of functions in vertebrate
tissues (10), they are responsible for the regulation of a vast range of mental and
physiologic processes development that influence nearly most human body tissue at

whole stages of life (11).

The thyroid gland plays a crucial role in the management of energy
metabolism as well as the regulation of the heart and peripheral vascular function.
Thyroid hormones are essential for maintaining healthy levels of glucose and lipids
(12). Therefore, T3 is crucial for glucose, lipid, and energy metabolism as well as
for thermogenesis (13). When thyroid hormones enter cells, they attach to specific
receptors in the nuclei. This cause an increase in the production of different types of

MRNA, which leads to the release of large number of enzymes and hormones (14).

Thyroid disorder is the most prevalent metabolic disturbance in the world, after
diabetes mellitus (15). Underactive and hyperactive thyroid gland disorders, known
as hypothyroidism and hyperthyroidism, respectively, are the most common thyroid
dysfunctions. Furthermore, each disease has its own set of etiologies. Certainly,
human cases of thyroid hormone excess “hyperthyroidism” are characterized by an
acceleration of basal metabolic rate (BMR) and weight loss, whereas thyroid
hormone deficiency “hypothyroidism” is presented with decreased BMR and is

usually accompanied by weight gain (16).
1.2 Hypothyroidism

Hypothyroidism is a chronic pathological disorder result from insufficient
thyroid hormones T3 and T4 levels (17). It can cause serious healthy complications
and even death if left untreated. Hypothyroidism is primarily defined biochemically
because of the wide diversity of clinical manifestations and the absence of symptoms
specificity (18).

It is important to determine the severity of the hypothyroidism as people with

severe symptoms may end up in a coma, while moderate cases can go undetected
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(19), so many patients with hypothyroidism are completely unaware of their
condition (20).

Cardiovascular disease, infertility, musculoskeletal and neurological diseases
are all complications of inadequately managed or untreated hypothyroidism (21,22).
Additionally, hypothyroidism is strongly linked to a lower quality of life, that is

mostly due to weight gain, fatigue, weakness, and depression (17,23).

1.2.1 Diagnosis

Hypothyroidism has a wide range of clinical manifestations and symptoms
(24), with no single symptom accurately indicating the occurrence of
hypothyroidism, so laboratory testing and clinical examination are required for

diagnosis (25).

The measurement of serum TSH level is the best way for determining thyroid
function and detection of hypothyroidism (26), since more than 99 % of
hypothyroidism is primary hypothyroidism, so the rise in serum TSH level is the
first biochemical abnormalities developed in this condition (27). Serum free

thyroxine (fT4) should be examined if TSH levels are elevated or decreased (28).

When serum TSH levels are increased above the reference range (most
frequently used 0.4-4.0 mIU/L) and T4 levels (free and total T4) are below the
overall reference range, primary hypothyroidism is described as overt or clinical
(18), while subclinical hypothyroidism which is a type of thyroid dysfunction
marked by slightly to moderately high serum TSH levels but T4 level which is still

within the normal range (27).

The diagnosis of central hypothyroidism (secondary or tertiary) is more
difficult. The existence of free T4 levels lower than normal value in conjunction with
decreased or normal TSH levels in individuals have hypothyroidism symptoms
suggests central TSH inadequacy, and additional symptoms examination of

hypothalamic-pituitary insufficiency is required (29).

Congenital hypothyroidism screening in newborns is critical for diagnosis;
but, the diagnosis is difficult because several variables can influence TSH and T4
levels, such as neonate birth weight, age at sample taken, and preterm. Follow-up

diagnostic test is recommended for infants with low T4 and increased TSH (30).
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It is important to remember that reference ranges are a contentious topic that
varies depending on the test utilized, the patient's age, gender, and race. In adults,

the upper limit of the TSH normal ranges increases significantly with age (18,31).

Thyroid peroxidase antibody testing isn't technically required to detect
hypothyroidism, but it can identify the cause of a thyroid disorder and support the

diagnosis of autoimmune hypothyroidism (32).

Other abnormal laboratory values that may be observed in hypothyroid
patients include: elevated levels of triglycerides and low-density lipoprotein,
decreased high density lipoprotein levels, and normocytic anemia (33). However,
the biochemical findings could also reveal increased C-reactive protein, proteinuria,

hyponatremia, hyperprolactinemia, and elevated creatine kinase (34).

The clinical diagnoses include signs and symptoms, checking the size of the
gland, and physical examination characterized by a long ankle-jerk reflex time which
Is the best indicator of hypothyroidism severity (32). Two-dimensional ultrasound

Imaging can also be used to diagnose hypothyroidism (35).
1.2.2 Pathophysiology

Hypothyroidism has complicated pathophysiology that incorporates multiple
causative variables. The precise location of malfunction can divide the disease into

primary, secondary, and tertiary hypothyroidism (7,36).

The inability of the thyroid gland to synthesize and secrete a sufficient amount
of thyroid hormone is known as primary hypothyroidism, this was responsible for
about 95% of all cases of hypothyroid patients, the congenital abnormality,
autoimmune disease, and iatrogenic effect are the most common underlying

mechanism of primary hypothyroidism(33).

Around the world, endemic iodine deficiency in the diet is the major cause of
congenital hypothyroidism (uncommon in developed countries). Congenital
hypothyroidism may be occurring due to germline abnormalities in genes crucial for
thyroid development, such as thyroid agenesis where there is an absence of thyroid
parenchyma. Other causes of congenital hypothyroidism are thyroid hypoplasia in
which the thyroid gland size could be smaller than usual or the gland is not found in
right place (ectopic thyroid) (33,37).
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On the other hand, inborn thyroid metabolism defects (dyshormonogenetic
goiter) are another rare cause of congenital hypothyroidism which is characterized
by an abnormality in multiple stages of thyroid hormone production, like iodine
trapping, organification, coupling, transport, thyroglobulin production, and
deiodination (38,39).

In iodine-sufficient regions of the world, autoimmune hypothyroidism is still
the most common cause of hypothyroidism, Hashimoto thyroiditis accounts for the
great majority of autoimmune hypothyroidism patients (36,40). Hashimoto’s disease
Is characterized by the presence of circulating autoantibodies, such as anti-thyroid
peroxidase (TPOAD), anti-thyroglobulin (TgAb) antibodies, and an enlarged thyroid
(goitrous). It is caused by the destruction of thyroid autoantigen self-tolerance. The
existence of circulating autoantibodies against thyroglobulin and thyroid peroxidase
Is the great majority of Hashimoto patients exemplifies this point. Hashimoto
thyroiditis, like other autoimmune disorders, has a substantial hereditary component.
Apoptosis-induced loss of thyroid epithelial cells, mononuclear cell infiltration, and

fibrosis of the thyroid parenchyma are the hallmarks of thyroid autoimmunity (36).

Thyroid autoantibodies are seen in 5-15 % of women (41). Therefore, women
often have a higher rate of thyroid autoantibodies, which may explain why they have

a higher rate of thyroid dysfunction (42).

Surgical or radiation-induced ablation can both cause iatrogenic
hypothyroidism. Thyroid ablation is the third most common cause, which develops
when the thyroid gland is surgically removed in case of thyroid cancer, nodules, or
Graves' disease. Developing hypothyroidism involves the destruction of at least 90%
of the thyroid gland (5).

Drugs like methimazole and propylthiouracil (PTU), which are used to reduce
thyroid secretion, can potentially cause primary hypothyroidism (43). In some
situations, agents used to treat non-thyroid disorders can cause hypothyroidism,
mainly by interfering with normal thyroid hormone syntheses such as amiodarone,
lithium, interferon-alpha, or interleukin-2. These medications are most likely to
cause hypothyroidism in people who have a hereditary predisposition to autoimmune
hypothyroidism (44,45).

lodine is abundant in amiodarone, and the Wolff—Chaikoff effect (temporary

hypothyroidism) is caused by large levels of iodide generated during amiodarone
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metabolism, which inhibits thyroid hormone manufacturing and release. The initial
Wolff-Chaikoff will last just a few days until the organification of intrathyroidal
iodide returns and normal thyroxine (T4) and triiodothyronine (T3) biosynthesis
resumes, according to the so-called "escape” from the Wolff-Chaikoff effect. A
minor hormone deficiency that results in increased susceptibility to the inhibitory
action of iodine on hormone biosynthesis, a failure to escape the Wolff—Chaikoff
effect or both is thought to be the cause of chronic amiodarone-induced

hypothyroidism (46).

lodine deficiency is another factor that leads to primary hypothyroidism, as it
Is thought to make the thyroid gland more antigenic in addition to being it is an
essential component of T3 and T4 (18,47)

The disorder in the hypothalamus-pituitary axis causes secondary or tertiary
hypothyroidism which is characterized by lowering TSH or TRH levels, respectively
(36,47).Secondary hypothyroidism can develop if a tumor destroys the pituitary,
postpartum pituitary necrosis, trauma, or surgery, while tertiary hypothyroidism can
develop if the hypothalamus is injured by tumors, trauma, or radiation therapy (36).

Those account for less than 5% of hypothyroid patients (33).
1.2.3 Epidemiology

Thyroid dysfunction prevalence rates vary widely across the globe because of
various causes, including biological and geographical factors (48). Furthermore, the
wide disparity between the studies is expected due to the different features of the
people being researched in relation to gender, age groups, iodine intake, racial

arrangements, and the prevalence of treated thyroid disease (49).

The most prevalent thyroid disorder associated with age and gender is
hypothyroidism, which is 10 times more prevalent in females than in males and more
common in older women. According to community research, the frequency of

hypothyroidism increases with age by 2% to more than 20% as people get older (50).

Hypothyroidism is a widespread disorder that affects 3-5% of population
(23). Subclinical hypothyroidism is common in the general population, with a
prevalence of 3-12% (51).

In Iraq the prevalence of primary hypothyroidism, according to a study done
in 2005, was found to be 88.9 % as congenital hypothyroidism and 11.1% as
Hashimoto thyroiditis. More than half of those patients had parental consanguinity
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and a family history of hypothyroidism (52). According to Faisal et al study (2010),
14.45% of Iraqi women with thyroid disorders have hypothyroidism (53), while a
research done in Kirkuk city in 2021 conducted that 22.7% of the population have
hypothyroidism (37).

In the Arab world, the frequency of subclinical hypothyroidism was 2.3 %in
Libya (54) while in Makkah region of Saudi Arabia was 47.34% (55).

Hypothyroidism affects multiple organ systems with a prevalence rate of
almost 4.6 % of the overall people in the America (56), 3 % of the European
population (57,58), and 10.5 % in India (47). According to research done on a large
population in Denmark, the most prevalent subtype was autoimmune
hypothyroidism (84.4 %) that developed spontaneously, followed by post-partum
hypothyroidism and hypothyroidism induced by amiodarone (4.7 % and 4.0 %)
respectively (20). Other report was found 2.0% and 5.5% of Iranians have overt and
subclinical hypothyroidism, respectively (59). Depending on the population being
assessed, the incidence of subclinical hypothyroidism in the Korean population
varied from 0.16% to 17.63% (60).

1.2.4 Clinical Features

Many important physiologic processes are regulated by thyroid hormone
function, as a result, there are many different clinical signs and symptoms that can
be caused by hypothyroidism. The extent of thyroid dysfunction and the
development of hypothyroidism typically determine the intensity of these symptoms
(24).

Hypothyroidism is often accompanied by a varied range of non-specific
symptoms including; weight gain, lethargy, inability to concentrate, depression,
widespread muscle soreness, menstruation abnormalities, constipation, proximal
muscle weakness, cold sensitivity, vocal changes, goiter, dryness, and loss or brittle

hair are all sign that are highly specific for hypothyroidism (20,61)

Hypothyroidism symptoms differ depending on age and gender. Lethargy and
growth retardation are more common in infants and children while in elderly
patients, cognitive impairment is the main manifestation. In women, hypothyroidism
can cause menstrual abnormalities and infertility (24), while hypothyroid men may

have lower levels of sex hormone-binding globulin and free testosterone (62).
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Hypothyroidism is linked to many other disorders that affect approximately
every organ in the body. Hypothyroidism is accompanied by decreased
cardiovascular contractility, and its relationship with coronary artery disorder has
been established (18), as well as bradycardia, flattened T waves, and low voltage is

all common electrocardiography results(24).

Gastrointestinal signs and symptoms may occur due to decreased motility of
the viscera, leading to dyspepsia, gastroesophageal reflux, and constipation (63).
Dermatologically, glycosaminoglycan will accumulate in the interstitial space of
various parts of the body during severe, untreated hypothyroidism resulting in
Myxedema which is the swelling of the face, eye, and other parts of the body caused
by this accumulation (64). The degree of hypothyroidism influences the skin's
changes, such as vitiligo, livedo reticularis, xerosis, reduced sweating, thickening of

the skin, loss of the lateral eyebrows (Queen Anne sign), and brittle hair or loss (65).

The neurologic signs of hypothyroidism include sensory polyneuropathy,

myopathy, and carpal tunnel syndrome (66).
1.2.5 Complications

Many signs, symptoms, and complications were associated with
hypothyroidism, such as: obesity, cardiovascular disease, skin manifestations,
various glucose metabolic abnormalities, reproductive system disorders,
hyperlipidemia, and depression (67). In general, thyroid hormone functions have
distinct effects on endpoints such as body adiposity, glucose levels, cholesterol

levels, and blood pressure (68—70).

The regulation of metabolic rate, appetite management, and even sympathetic
activity by the thyroid hormone may cause obesity (68,71-73). The thyroid hormone
accelerates catabolic and anabolic mechanisms in macronutrient metabolisms, which
including lipolysis/fatty-acid oxidation and enhanced protein turnover, via
increasing adenosine triphosphate (ATP) use and enhancing the activity of the

membrane-bound Na, K-ATPase in many tissues (74)

Subclinical hypothyroidism increases the risk of developing heart failure
when TSH levels are more than 10 mIU/L (75). The most obvious symptoms of
hypothyroidism include increased systemic vascular resistance, decreases in cardiac
output, and contractility, as well as irregular rhythms. A thyroid hormone deficiency

increases resistance in peripheral arterioles and reduces tissue thermogenesis
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(76,77). Persistent and chronic interstitial edema, which is related to lowered cardiac

contractility, could result in cardiac tamponade in its most sever manifestations (12).

Various proteins, polysaccharides, hyaluronic acid, and chondroitin sulfuric
acid are typically found in the skin. These complexes accumulate in hypothyroidism,
enhancing water retention and the characteristic swelling of the skin (myxedema).
When thyroid hormone replacement therapy is administered, the proteins are

degraded and the diuresis keeps on until the myxedema is gone (3).

Myxedema coma is a rare but potentially fatal clinical phenomenon that
affects patients with untreated, long-term hypothyroidism. Myxedema coma, which
involves abnormal mental status, bradycardia, developing lethargies, and

bradycardia, can lead to many organ dysfunctions and deaths (78).

Mental processing is delayed and the CSF protein content is increased in
hypothyroidism. Since, these changes were reversed by administration of thyroid
hormone replacement therapy and high doses cause agitation, irritability and rapid
mentation. Thyroid hormones also significantly affect the development of the brain.
Consequently, mental retardation, motor stiffness, and deaf-mutism are caused by

thyroid hormone deficiency during development (3).

In Hypothyroidism, the T3 deficiency results in decreased insulin binding to
receptors and impaired the glucose transporter 4 to the plasma membrane
translocation, leading to peripheral insulin resistance (IR), reduce glucose uptake in
muscles and adipose tissue which are closely linked to obesity and can contribute to
high blood sugar levels (79,80). Triiodothyronine regulates genes involved in
insulin signaling, glycogen metabolism and hepatic gluconeogenesis, by acting
directly on the liver via thyroid receptor (TR) 3 (80,81).

Total cholesterol and low-density lipoprotein cholesterol (LDL-C) levels may
rise in hypothyroidism due to alterations in lipid production, metabolism, and

mobilization (82).

Hypothyroidism has been linked to a variety of reproductive problems,
including abnormal sexual development, menstruation abnormalities, and infertility
(83,84). Hypothyroidism can disturb fertility in numerous ways, by causing sex
hormone imbalances, hyperprolactinemia, luteal phase irregularities, and an
ovulatory cycle, but infertility may be easily controlled by taking levothyroxine.

According to a study done in India, 76.6% of infertile hypothyroid women were
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conceived after administering levothyroxine(85). Additionally, hypothyroidism
causes polycystic ovarian morphology, hence hypothyroidism should be ruled out

before diagnosing polycystic ovarian syndrome (PCOS) in any woman(86).

Bone growth is reduced and epiphyseal closure is delayed in congenital
hypothyroidism because thyroid hormones are required for normal growth and
skeletal maturation. The growth hormone release and effect on the tissues are

significantly suppressed in the absence of thyroid hormones (3)
1.3 Levothyroxine

1.3.1 General View

The active ingredient, thyroxine, was extracted in 1914 and its structure was
ultimately recognized a decade later. Since the 1950s, synthetic thyroxine
formulations have been available for usage. Thyroxine is a racemic mixture of Levo
and Dextro forms that occur naturally, but the discovery that the Levo form has better
absorption and greater physiological activity than the Dextro form led to the
introduction of levothyroxine in 1962 (87). For more than 60 years, thyroid hormone
replacement therapy with levothyroxine, an exogenous form of T4 that is
biochemically and physiologically identical to the natural one, has been the "gold
standard" for the management of primary, secondary (pituitary) or tertiary
(hypothalamic) as well as congenital or acquired hypothyroidism (32,88). It's also
used to treat euthyroid goiters, such as thyroid nodules, subacute or chronic
lymphocytic thyroiditis, multinodular goiter, and thyroid cancer patients who had
their thyroids removed, as well as a supplement to surgery and radioiodine therapy
(89).

Levothyroxine is regarded as the standard of care for hypothyroidism by
professional organizations in the United States (90). Levothyroxine sodium was
traditionally marketed as a tablet form, however, two novel formulations (a soft gel,

and a liquid formulation) have been introduced recently in some countries (88,91).

Treatment with levothyroxine aims to alleviate symptoms and reduce long-

term complications (92).
1.3.2 Pharmacokinetics of Levothyroxine

The therapeutic effectiveness of levothyroxine depends on the absorption,

distribution, metabolism, and excretion (ADME) of levothyroxine, Figure 1-2 shows
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the overall ADME for levothyroxine. At a low PH, oral levothyroxine is dissolved
in the stomach, yet after three hours of ingestion, it is mostly absorbed in the small
intestine (93)

Gastric
Oral intake disintegration pyogiinot Protein Thyroid hormone ~ Deiodination
of - il oo wm binding - transporters - Glucuronidation
levothyroxine Dissolution P + i Sulphation
tablet, liquid, softgel Deiodination
( iquid, softgel) at low EH Transport elodinatio
ABSORPTION DISTRIBUTION METABOLISM EXCRETION
(4) (D) (M) (E)

Figure 1-2: An Overview of Absorption, Distribution, Metabolism, and Excretion Processes

for Levothyroxine (93)

In hypothyroid patients and fasting euthyroid individuals, levothyroxine
bioavailability is 65-80 %, it is about (99.9%) attached to plasma proteins (mostly
albumin, high density lipoprotein, transthyretin, and thyroxine-binding globulin)

once it was passed the epithelium of intestinal and entered the blood stream (93)

Levothyroxine is metabolized in a variety of glands, organs, and regions of
the brain (most importantly the liver, in addition to the anterior pituitary, thyroid,

and kidney), as well as muscles (peripheral tissues) (94).

Levothyroxine is a prodrug that is activated by the deiodinase enzyme via
outer ring deiodination (ORD) to form active form (T3) as shown in Figure 1-3,
which illustrated the chemical structure of T4 and T3 as well as, their main site of
deiodination (95).

3 3
HO- \75. %O@ CH,— ﬁ: g OH
I I

3,5,3',5',-Tetraiodothyronine (thyroxine, T,)

3,5.3‘.-Tmodothyromne (T,)

Figure 1-3: Structure of Levothyroxine (T4), Triiodothyronine (T3) and their main site of
deiodination (3):
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Deiodinases enzymes are selenocysteine-containing enzymes that can
eliminate iodine from iodothyronines. Outer ring Deiodination (ORD) of T4 was
done by deiodinase type 1 and 2 (DIO1, DIO2) to produce triiodothyronine (T3), the
major physiologically active product, while inner ring deiodination (IRD) of T3 and
T4 by deiodinase type 3 (DIO3) results diiodothyronine (T2) and reverse T3 (rT3),

respectively. Since T2 and rT3 are biologically inactive metabolite for T4 (96).

Thyroid hormone transporters actively carry thyroxine T4 and T3 across the
cell membrane; about sixteen transporters in human have been identified as being
implicated in the transport of T4 and T3 through the plasma membrane. These
transporters are usually categorized into three groups; monocarboxylate transporter
(MCT10, MCTS8), amino acid transporters, and organic anion transporting
polypeptide (OATP1CL1), these transporters have tissue-specific expression and are
one of the regulatory mechanisms for thyroid hormone function at the cell level.
Previous research has found that genetic variations in the enzyme and proteins affect
thyroid hormone metabolism, serum thyroid hormone concentrations and

levothyroxine bioavailability (93)

Thyroxine T4 and T3 are excreted in the bile after glucuronidation or
sulphation in the enterohepatic cycle which accounts for about 20% of the ingested
dosage of levothyroxine, which is eliminated in the stools as shown in Figure 1-4,
and the other 80% is excreted through the urine (97).

ve o ETHER BOND CLEAVAGE K OXIDATIVE DEAMINATION
diiodotyrosines LTI thyroxine (T4) tetrones

by DOV23

glucuronides sulphates

T3, (T3, T2, (T2

1

bile

EXCRETION
Dy e hadnzy
lpn ag 3
NOLLIEDG

v : v
urine ./”"""-‘ urine

Figure 1-4: Metabolism and Excretion Pathway of Levothyroxine (93).
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Levothyroxine is a long-acting medication with a plasma half-life of about 7
days. The drug is usually given as a single oral dose 30 minutes before breakfast in

the morning (98).
1.3.3 Dose Adjustment of Levothyroxine

Levothyroxine replacement therapy should be individualized to their specific
needs to keep patients euthyroid. In patients with hypothyroidism, the dose to
starting treatment with levothyroxine is depending on the patient's body weight
(BW). In addition to that many factors can influence the amount of levothyroxine
required in each patient including the amount of levothyroxine absorbed in the
gastrointestinal tract, which is affected by a variety of disorders, drugs, food, and

drink as well as the timing in which levothyroxine is given (99).

Thyroid remaining function, which is dependent on the etiology of
hypothyroidism, is another factor that influences levothyroxine dose requirements.
Patients with hypothyroidism caused by Hashimoto's thyroiditis or radioiodine
ablation for Graves' disease required much lower dosages of levothyroxine than
those with a total lack of thyroid tissue (100). The starting dose of levothyroxine is
also determined by the presence of co-existing heart illness, and the patient's age,

the dose requirements reducing as patients get older (20).

The thyroid-stimulating hormone need to be checked 4 to 6 weeks after
starting levothyroxine administration or changing dose, due to the long half-life of
levothyroxine. After that, patients' TSH levels must be checked every year (101).
Thyroid stimulating hormone level is titrated with levothyroxine until it is
normalized between 0.4 and 4.0 mIU/L (102).

Levothyroxine full dose (1.6 pg /kg/day) is often administered orally to
healthy adult patients under 50 years of age who have been diagnosed with overt
hypothyroidism. However, those patients who are 50-60 years old or those with
coronary artery disease are given a lower initial dose of levothyroxine once daily
approximately (25-50 ug). Levothyroxine dosage during pregnancy must be adjusted
to produce a TSH level in the lower half of the range for each trimester or below 2.5
mlU/L. In patient with subclinical hypothyroidism, 50—75 pg dosages may be
enough to return the serum TSH level to normal (20,103).
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1.3.4 Mechanism of Action

Levothyroxine exerts its cellular functions through T3 which binds to thyroid
hormone nuclear receptors (TRs). Thyroid hormone nuclear receptors are members
of the steroid hormone receptor superfamily, however, unlike other steroid hormone
receptors, TRs bind to thyroid hormone response elements (TREs) both in the

absence and presence of ligand (104).

The expression patterns of the two distinct thyroid hormone receptor TR
genes, TRa and TR, in developing and adult tissues are different (105,106). TRa is
largely found in the brain, heart, and skeletal muscle, while TR is abundant in the
retina, brain, inner ear, lungs, liver, and kidney (105). Triiodothyronine is further
trafficked to the nucleus by these TRs, where it binds to DNA in a complex with

thyroid hormone receptors with an affinity 10 times greater than T4 (107,108).

Triiodothyronine binding to thyroid hormone receptors (TRs) in the nucleus
of the cell, causing a change in the receptor development and binding, which attaches
to DNA and induces thyroid responsive genes transcription. The TR frequently
forms a heterodimer with the retinoid X receptor (RXR), and its activation is
controlled by co-regulator proteins that bind once T3 binds to the receptor (109). By
binding to thyroid receptors (TRs), T3 regulates differentiation and metabolic rate

by activating or suppressing particular genes(5).

Thyroid hormone receptors promote transcription when bound to T3, whereas
they suppress transcription when not bound to T3. Thyroid hormone, for example,
regulates the expression of essential structural and regulatory genes in cardiac
myocytes, which is tightly correlated to heart function. Triiodothyronine also
regulates [B-adrenergic receptors and sodium-potassium ATPase (104). Direct
modulation of the transcription rate of certain lipogenic/oxidative genes and changes
in metabolite concentrations, cell energy state, and posttranslational changes of
proteins involved in hepatic lipid metabolism are all mechanisms of thyroid hormone
activity (110).

1.3.5 Drug and Food Interactions

There are a variety of substances that have been shown to affect thyroid
hormones levels, and the effect seems to be more distinct in hypothyroid patient

receiving exogenous supplementation than in people without thyroid disease, owing
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to their intact feedback mechanisms. Additionally, indirect association with

levothyroxine could occur through the HPT axis (111).

Various types of food such as soybean, papaya, and grapefruit, can interfere
with levothyroxine oral absorption (112). Additionally, coffee can reduce the
absorption of some levothyroxine preparations (113). Calcium and iron supplements
inhibit absorption, while vitamin C is alone an example of supplementation that may

reduce the need for levothyroxine by improving its absorption (114).

Through various mechanisms, medications can change a patient's need for
levothyroxine such as: changes in levothyroxine absorption, transport, metabolism,
and TSH secretion as well as alteration in thyroid hormone synthesis or release, are
examples of these mechanisms’ alterations. In most circumstances, estrogen therapy,
which is associated with increased levels of thyroxine-binding globulin, is a classic
example of a drug that causes an increase in levothyroxine requirement. Tyrosine
kinase inhibitors raising the requirement for levothyroxine through increasing

levothyroxine metabolism (114).

Thyroid hormone level is reduced by medicines that reduce TSH secretion
(dopamine, glucocorticoids, and octreotide), whereas other medications including
iodine, lithium, amiodarone, and sulphonamides interfere with the synthesis of
thyroid hormone (111).

Because normal stomach acid secretion has important role in levothyroxine
absorption, levothyroxine absorption was affected by proton-pump inhibitor drugs
(lansoprazole and omeprazole) as evaluated by TSH levels (115). Furthermore, some
medications affect DIO1 expression such as amiodarone which inhibits DIO1
activity in peripheral tissues, resulting in a 30% decrease in serum concentrations of
T3 and increases of 20-40% in T4 levels and of 20% in reverse T3(116).

1.4 Deiodinases Enzymes

lodothyronine deiodinases enzymes are a group of selenoproteins that
participate in the local and peripheral control of thyroid hormone. There are three
deiodinases that facilitate the elimination of iodine from either the inner or outer ring

of T4 and its metabolites have been discovered (117).

Type 1 deiodinase and type 2 deiodinase are involved in the conversion of T4

to physiologically active T3 as well as the clearing of rT3 by converting it to T2.
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Triiodothyronine inactivation is regulated by the enzyme DIO3, which regulates the
conversion of T3to T2 and T4 to rT3 as shown in Figure 1-5. The expression pattern
of deiodinases enzymes differs depending on the tissue; the liver, kidney, thyroid,
and pituitary are the main sites of DIO1 protein expression while DIO2 protein is
present in the heart, pituitary, thyroid, brown adipose tissue, skeletal muscle, bone
and central nervous system (CNS). Although DIO3 is primarily present in fetal
tissues throughout life, it is also detected in the adult CNS and placenta. Genetic
variations in these enzymes may have an impact on different organ systems because

deiodinases regulate thyroid hormones in a variety of tissues (94,118).

Figure 1-5: Major pathways of thyroid hormone deiodination. D1, D2, D3: deiodinase types
(1, 2 and 3), T4: thyroxine, rT3: reverse T3, T2: diiodothyronine, T3: triiodothyronine (119).

1.4.1 Deiodinase type 1 Enzyme

Human deiodinase type 1 is found in many organs, but it is most abundant in
the thyroid, liver, and kidneys. Deiodinase type 1 is thought to play a role in the
intrathyroidal production of T3 in the thyroid gland (120,121). Deiodinase type 1 is
an enzyme that is found in the plasma membrane and is thought to be the main source
of the plasma T3 in humans. The amount of T3 released by this pathway is thought
to equilibrate with the plasma pool of T3 (94).

Deiodinase type 1 is the only iodothyronine deiodinase that can be active in
both the ORD of T4 to produce T3 and reverse T3 (an inactive iodothyronine) to T2,
as well as IRD of T4 and T3 to produce rT3 and T2, respectively (122). However,
DIO1 is more important in ORD than IRD because it has a limited ability to eliminate
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iodine from the inner ring (123). Therefore, DIOL1 is essential in both the synthesis

of serum T3 and rT3 elimination (124).

Deiodination of the pro-hormone T4 by DIO1 and DIO2 produces nearly 80%
of peripheral T3. Since the thyroid hormone regulates the production of DIO1,
hypothyroidism is expected to cause a reduction in the DIO1-catalyzed T4 to T3
conversion (121). Deiodinase type 1 enzyme is also found in lymphocytes, affecting

its expression by pro-inflammatory cytokines (125).

In normal metabolic conditions, DIO1 creates the majority of circulating T3,
and its expression is increased by thyroid hormones, cCAMP in thyrocytes and
retinoic acid in thyroid and liver cancer cells. Several pathophysiological disorders,
including starvation, bacterial sepsis, serious disease, and major surgical
interventions, or trauma result in a significant reduction in hepatic T3 production
and hepatic DIO1 activity. This condition is called euthyroid sick syndrome (ESS),
low-T3 syndrome or non-thyroidal illness (NTI) (126).

The sensitivity of DIOL1 to the antithyroid medication propylthiouracil (PTU)
Is particularly notable. This medication produces an inactive compound and inhibits

DIO1 by interacting covalently with the active site of enzyme (124).

Deiodinase type 1 is inhibited and down-regulated in response to
physiological and emotional stress, depression, leptin resistance, insulin resistance,
obesity, diabetes, inflammation from an autoimmune disorder or systemic illness,

and exposure to toxins and plastics (127).

1.4.2 The Effect of Deiodinase Type 1 Gene Polymorphisms on the

Therapeutic Response of Levothyroxine.

The human DIO1 gene is present on the short arm of human chromosome
1p32-33 and comprises 4 exons (121,128).

The DIO genetic variants have gotten the major attention to date in patients
with thyroid diseases such as hypothyroidism and thyroid cancer. There haven't been
any studies looking into the significance of DIO enzyme genetic polymorphisms in
patients with non-thyroidal diseases (129). Previous studies have shown that the
levels and ratios of thyroid hormones may be impacted by genetic variability in the

genes that code for the deiodinase enzyme (130).
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Single nucleotide polymorphisms (SNPs) in the deiodinase genes may
influence thyroid hormone levels by interfering with the phenotypic expression of
these enzymes (131). Many SNPs in the DIO1 gene have been reported to be
associated with variations in the amounts of thyroid hormone in the blood. The
raised serum T3 concentrations seen in hyperthyroid individuals are due to
pathologically enhanced thyroidal DIO1 activity. In the nonthyroidal disease
syndrome, however, reduced DIO1 activity is probably related to reduce serum T3

concentration (121).

The rs11206244 (C785T) SNP and rs12095080 (A1814G) SNP are two
polymorphisms that have been identified as prospective candidates for physiological
and pathological conditions in people. The rs11206244 (C785T) SNP and
rs12095080 (A1814G) SNP location is in the 3- untranslated region (UTR) of the
MRNA as illustrated in Figure 1-6 (118,132).

The rs11206244 (C785T) SNP polymorphism was linked to elevated fT4 and
rT3 serum level, lower T3 or T3 serum concentrations, and reduced T3 to rT3 ratios
or fT3 to fT4 ratios, which indicate that less T4 is being converted to T3. due to
decreased DIOL1 protein or activity. The synthesis of serum T3 in skeletal muscle by
D102 may mask a decline in T3 manufacturing in young people but in older people,
DIO1 may have a major role in serum T3 production because skeletal muscle size
and strength reduce with age in adults, leading to a reduction in DIO2-expressing in
skeletal muscle (118).

D1 gene
1p32-p33 E

C785T A1814G

Figurel-6: Location of the rs11206244 (C785T) SNP and rs12095080 (A1814G) SNP in the
3- untranslated region (3-UTR) of the mRNA (132).

Another DIO1 polymorphism, rs12095080 (A1814G) SNP, has been linked
to a markedly greater T3/rT3 ratio, indicating that the G allele may lead to increased
DIO1 activity (133,134).
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1.5 Aims of the Study

1. To estimate the alleles frequencies of the SNPs (rs11206244 (C785T) and
rs12095080 (A1814G)) in the DIO1 gene in the Iragi hypothyroid female
patients.

2. To investigate the possible impact of DIO1 genetic polymorphisms on the
therapeutic response to levothyroxine in the Iragi female patients with
hypothyroidism
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Patients, Materials and Methods

2. Patients, Materials and Methods

2.1 Materials

2.1.1 Instruments, Equipment, and their Suppliers

All instruments used in this study are listed in the Table 2-1 accompanied by

the manufacturing company.

Table 2-1: Instruments and the manufacturing companies

Types of equipment Company Country
Centrifuge SIGMA Germany
Cobas e 411 Roche Germany
Digital camera Canon England
Distillator GFL Germany
Electrophoresis apparatus Techinme England
Hood LabTech Korea
Micropipettes SLAMMED Japan
PCR machine (Thermocycler) | Verity USA
Sensitive balance AND Taiwan
UV- Trans illuminator Syngene England
Vortex mixer HumanTwist Germany
Water bath LabTech Korea
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2.1.2 Chemicals, Kits, and their Suppliers

The chemicals and kits used in this study are mentioned in Table 2-2, along

with their manufacturers and countries.

Table 2-2: Chemicals, kits and their Manufacturing Companies

Chemicals and Kits Company Country
Agarose Bio Basic Canada
Ethanol SDI Iraq
Chemicals Ethidium Bromide Intron Korea
Nuclease free water Bioneer Korea
TBE buffer Bioneer Korea
Biochemical _ _ _ _
_ Fasting Serum Glucose kit Mindray China
Kits
o Snibe _
Free Thyroxine kit _ ) China
Diagnostic
- o Snibe _
Free Triiodothyronine kit _ ) China
Diagnostic
Insulin kit Mindray China
) Snibe _
TSH kit _ _ China
Diagnostic
Hormonal Kits Snibe
Total Thyroxine kit _ ] China
Diagnostic
Ny o Snibe _
Total Triiodothyronine kit _ _ China
Diagnostic
Fasting Serum Glucose kit Mindray China
Kits for | DNA Extraction Kit from _
) Favogen Talwan
Genetic Study | blood Favor Prep
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PCR Green Master mix Kit Promega USA
DNA ladder Marker (100 bp) | Bioneer Korea
Primer for detection of:
Alpha Canada
1.rs11206244 (C785T)
2512095080 (A1814G). | >clentific Irag
researcher

2.2 Study Patients

Two hundred twenty female patients were enrolled in this study, diagnosed
with primary hypothyroidism according to the diagnostic criteria for hypothyroidism
by a specialist physician according to the American thyroid association guideline
2022.

All patients have been administered levothyroxine for at least 4 months or
more, aged 40 years old or older. All the patients were lived in kerbala province and
all of them were unrelated. This study continued from November 2021 to March
2022, when they were visiting a private clinic for medical treatment and advice for
their specific cases. All the patients had hypothyroidism symptoms and were non-

responders to levothyroxine.
2.2.1 Patients Criteria
2.2.1.A Inclusion Criteria

1. Female patients with primary hypothyroidism.
2. Patients aged 40 years old or older.

3. Patients were taking levothyroxine for at least 4 months

2.2.1.B Exclusion Criteria

1. Patients previously undergoes thyroidectomy.

2. Patients whose age is less than 40 years.
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3. Patients received any medications that interact with levothyroxine, such
as proton pump inhibitors, cholestyramine, cimetidine, sucralfate, or
antacids(111).

Patient with hypertension and diabetes mellitus.

Male patients.

Patients who were taking levothyroxine for less than 4 months.

N o g &

Pregnant patients.

2.2.2 Ethical and Scientific Approval

» The scientific and ethical committee at the college of pharmacy — Kerbala
University discussed and approved the proposal of the research.

 All participants were enrolled in the study after signing a written consent form
that included a detailed explanation of the study's purpose and a request to

complete a specially designed questionnaire.

2.2.3 Study Design

This is a cross-sectional study aims to investigate the impact of DIO1
gene polymorphisms on the therapeutic response to levothyroxine. It was done
on two hundred twenty female patients with primary hypothyroidism who
were receiving levothyroxine for more than 4 months. Blood samples have
been taken from overnight fasting patients for the biochemical, and genetic
analysis. Blood pressure were assessed to examine if there is an association
between the DIO1 on the personal clinical assessment regarding blood

pressure.

Precautions have been taken in clinical settings to prevent infection of
COVID-19.
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2.3 Methods

2.3.1 Samples Collection

Blood samples were collected from overnight-fasting patients by vein

puncture. Blood samples (5 ml) were taken from patients and divided into two parts:

e The first part (2ml) was preserved in an ethylene diamine tetra acetic
acid (EDTA) tube for the DNA extraction.
e The other part (3ml) was put in a gel tube for serum isolation that was

later used for hormonal and biochemical assays.

2.3.2 Biochemical and Hormonal Assay Methods
2.3.2.1 Estimation of Thyroid Function

2.3.2.1.1 Estimation of Serum Thyroid Stimulating Hormone

In this study, TSH was measured quantitatively in vitro using an
immunoassay. The electrochemiluminescence immunoassay "ECLIA" is designed
for use with the Cobas e immunoassay analyzer and consists of a sandwich complex
formed by two different monoclonal antibodies directed particularly against thyroid-
stimulating hormone. The microparticles are magnetically attracted to the electrode's
surface. When a voltage is applied to the electrode, chemiluminescent emission

occurs, which is detected by a photomultiplier (135).
2.3.2.1.2 Estimation of Serum Total Thyroxine

A competitive chemiluminescence immunoassay is used to determine serum
total T4. First, the sample incubated at 37°C, thyroxine in the blood competes with
T4 antigen immobilized on magnetic microbeads for a limited number of binding

sites, resulting in immunological complex formation.

Finally, a chemiluminescent reaction is started, and the light signal is detected
using a photomultiplier that is inversely proportional to the amount of T4 in the
sample (136).
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2.3.2.1.3 Estimation of Serum Free Thyroxine

As previously stated in total T4 determination, the test for serum-free T4

determination is a competitive chemiluminescence immunoassay (136).
2.3.2.1.4 Estimation of Serum Total Triiodothyronine

As with total T4, the method for serum total T3 measurement is a competitive

chemiluminescence immunoassay (136).
2.3.2.1.5 Estimation of Serum Free Triiodothyronine

The assay of serum-free T3 determination is a competitive

chemiluminescence immunoassay as explained previously in total T4 (136).
2.3.2.1.6 Estimation of Serum Diiodothyronine

After adding 50 pl of the diluted standard to the standard well and 50 pl of
sample to the sample well, 50 pl of biotinylated antigen was added to each well, the
plate was sealed, and incubated at 37°C for 60 minutes. After that, the sealer was
removed and the plate was washed five times with 300 pl wash buffer, inverting the

plate each time.

The avidin-HRP (50 ul) was added to both the standard and sample wells, the
plate was sealed and incubated for 60 minutes at 37°C. After removing the sealer
and washing again, filled each well with 50 ul of substrate solution A and 50 ul of
substrate solution B, and incubated for 10 minutes at 37°C. After that, 50 ul stop
solution was added to each well and a microplate reader set to 450 nm and used to

determine the optical density (137).

2.3.2.1.7 Estimation of Serum Reverse Triiodothyronine
The assay is the same in diiodothyronine(137)

2.3.2.2 Determination of Glycemic Indices

2.3.2.2.1 Estimation of Fasting Serum Glucose Level

The glucose levels were estimated using the enzymatic reference method with

hexokinase. Hexokinase catalyzes the ATP-catalyzed phosphorylation of glucose to
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glucose-6-phosphate. Glucose-6-phosphate dehydrogenase converts glucose-
6phosphate to gluconate-6-phosphate in the presence of NADP. No other

carbohydrate is oxidized.

Photometry determines the rate of NADPH generation during the reaction,
which is proportional to the glucose concentration and is measured photometrically
by UV spectrophotometer (138).

2.3.2.2.2 Estimation of Fasting Serum Insulin Level

An enzyme-linked immunosorbent assay (ELISA) kit was used to determine
the fasting serum insulin level. The ELISA Kit is a solid-phase, sandwich-based

enzyme-linked immunosorbent test.

The principle is a two-step incubation method; an aliquot of the patient sample
is first incubated in the coat well with enzyme conjugate (which is a monoclonal
anti-insulin antibody) that is biotin conjugated. The streptavidin-peroxidase enzyme
complex binds to the biotin anti-insulin antibody during the second incubation stage.
The amount of the bound peroxidase complex in a sample is related to the amount
of insulin present. With suitable insulin standards functioning, the intensity of color
created is proportional to the concentration of insulin in the patient sample. At 450
nm, the absorbance was determined spectrophotometrically. The unit 1U/ml was

used to represent the results (139).
2.3.2.2.3 Estimation of Insulin Resistance

Insulin resistance was measured using the homeostasis model assessment
(HOMA IR), which is calculated from fasting serum insulin (FSI) and fasting blood
sugar (FBS) using the formula below (140).

HOMA-IR = [FSI (uU/ml) * FBS (mg/dl)]/40
2.3.2.3 Measurement of Body Mass Index

The Body Mass Index (BMI) is a measurement of a person's weight and
height. The BMI is determined by divided the body weight on the square of the body
height, and it is expressed in kilograms per square meter (kg/m2), with mass in
kilograms and height in meters

Weight / (Height) 2 = BMI
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The Body Mass Index of 18.5-24.9 is considered normal weight, 25-30 is

considered overweight, and greater than 30 is considered obesity(141).

2.3.3 Genetic Analysis
2.3.3.1 Extraction of Genomic DNA from Whole Blood Sample

Favor Prep Genomic DNA Mini kit from Favogen was used to purify total
DNA from blood and other biological samples efficiently and simply, yielding pure
DNA appropriate for storage and immediate application (142).

Step 1-Sample Preparation

1. A volume 200ul blood transferred to a 1.5ml microcentrifuge tube.
2. Proteinase K enzyme (30ul) was added to the sample and mixed briefly. Then,
at 60°C, incubated for 15 minutes.
Step 2 —Cell Lysis

3. FABG buffer (200ul) was added to the sample and mixed by the vortex.
4. To lyse the sample, it was placed in a 70°C water bath for 15 minutes. Then,
inverted the sample every 3 minutes during incubation.
5. In a 70°C water bath, the required elution buffer (for Step 5 DNA Elution)
was preheated.
Step 3 — Binding

6. The sample was vortexed for 10 seconds after adding 200ul ethanol (96-
100%).

7. Into a 2ml collection tube, a FABG column was placed. The sample mixture
was carefully transferred to the FABG column (including any precipitate),
centrifuged at maximum speed (14,000 rpm or 10,000 x g) for 5 minutes and
then the 2ml collecting tube was discarded. The FABG column was placed in
a new 2ml collection tube.

Step 4 — Washing

8. The FABG column was washed with 400ul buffer and the flow-through was
removed. Then centrifuged for 1 minute at full speed (14,000 rpm or 10,000

X Q).
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9. The FABG Column was returned to the 2ml collection tube. Wash buffer
(600ul) was added to the FABG column and centrifuged at high speed (14,000
rpm or 10,000 x g) for 1 minute. Then the filtrate was discarded

10.The FABG column was placed in the 2ml collection tube once again. To dry
the column, it must be centrifuged additional 3 minutes at full speed (14,000
rpm or 10,000 x g).

Step 6 — Elution

11.The dry FABG column was placed in a new 1.5ml microcentrifuge tube.

12.The preheated elution buffer or TE (100ul) was added to the membrane center
of the FABG column

13.1n an incubator, the FAGB column was incubated for 10 minutes at 37°C.

14.To elute the DNA, it must be centrifuged for 1 minute at full speed (14,000
rpm or 10,000 x g).

The extracted DNA was kept frozen at -20°C (142).

2.3.3.2 Conventional Polymerase Chain Reaction

2.3.3.2.A Primer Preparation
The deiodinase type 1 gene SNPs rs11206244 (C785T) and rs12095080
(A1814G) were amplified using Polymerase Chain Reaction (PCR) with particular
primers. These primers were designed by primer—-BLAST software, the primers that
used to detect rs11206244 (C785T) SNP were obtained as lyophilized products from
Alpha DNA, Canada, while the primers that used to detect rs12095080 (A1814G)
SNP were obtained from Scientific Researcher Company, Irag as lyophilized
products.
Primers preparation done as following:
1. After dissolving each primer with appropriate amounts of nuclease-free
water to generate a stock solution with a concentration of 100 pmol/uL,
2. A diluted working solution (10 pmol/uL) was made by diluting 10 pL. of

stock solution with 90 uL of nuclease-free water.

3. Until used, this work solution was maintained at -20°C.

Allele-Specific Polymerase Chain reaction is used to detect rs12095080
(A1814G) SNP and its primers is shown in Table 2-3.
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Table 2-3: Primers Sequences to Detect the Deiodinase type 1 rs12095080
(A1814G) SNP.

Primer sequences Product size (bp)
Allele A GTTATAAGATGCAGTAAACTAA | 169

Allele G GTTATAAGATGCAGTAAACTAG | 169

Rgverse TTCTTCCCCCAAAATGAGG -

primer

Amplification Refractory Mutation System - Polymerase Chain Reaction
(ARMS-PCR) was used for rs11206244 (C785T) SNP detection and its primers is

shown in Table 2-4.

Table 2-4: Primers Sequences to Detect the Deiodinase Typel rs11206244
(C785T) SNP.

Primer sequences Product size
(bp)

Inner TCTGGACAGATACCTCAATTCTAGGTTAC| 191

Forward

Inner TTGAGAAGCCCTCCCGTGGA 136

Reverse

Outer TGATTCGTTTCTCTTGCAGGGTAA 278

Forward

Outer ACAATTTGTCTTGATTGGGTGCTG 278

Reverse

2.3.3.2.B Optimization of Polymerase Chain Reaction Conditions

The Polymerase Chain Reaction was optimized after several trials to find the
ideal annealing temperature, several amplification cycles for the PCR reaction, and
the best concentration of both DNA and primer. Tables 2-5 and 2-6 show the
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components of PCR reactions for all amplified fragments and optimized PCR

programs, respectively.
2.3.3.2.C Running the Polymerase Chain Reaction

The PCR reaction was performed by combining PCR components with DNA
solution and employing the optimized PCR programs as shown in Table 2-7 for the
DIO1 gene rs12095080 (A1814G) and Table 2-8 for the DIO1 gene rs11206244
(C785T).

Table 2-5: Polymerase Chain Reaction Mixture for genotyping of Deiodinase
Type 1 gene rs12095080 (A1814G) SNP.

Component Volume (ul) Total volume (ul)
Allele A or Allele G primer 1 26

Reverse primer 1

DNA template 4

Deionized water 7.5

Master mix 12.5

Table 2-6: Polymerase Chain Reaction Mixture for genotyping of Deiodinase
Type 1 gene rs11206244 (C785T) SNP.

Component Volume (ul) Total volume (ul)
Outer Forward 2 35

Outer reverse 2

Inner Forward 3

Inner Reverse 3

DNA template 5

Deionized water 5

Master mix 15
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Table 2-7: Polymerase Chain Reaction Program for genotyping of Deiodinase
Type 1 gene rs12095080 (A1814G) SNP.

Steps Temperature/c | Time/sec Cycle
Initial Denaturation | 95 300 (5 min.) 1
Denaturation 95 35

Annealing 54.5 30 30
Extension 72 40

Final extension 72 300 (5 min.) 1

Table 2-8: Polymerase chain reaction program for genotyping of deiodinase
type 1 gene rs11206244 (C785T) SNP.

Steps Temperature/c | Time/sec Cycle
Initial Denaturation | 95 300 (5 min.) 1
Denaturation 95 30

Annealing 60 35 40
Extension 72 55

Final extension 72 300 (5 min.) 1
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2.3.4 Agarose Gel Electrophoresis

To make an agarose gel, 1.5¢g of agarose powder was dissolved in 100ml of 1x
TBE buffer (PH 8).

On a hot plate, the solution was heated until it boils.

After waiting for the solution to cool, 2 ul of ethidium bromide was added to
it.

The comb was fixed to the tray's end to make wells for PCR product loading.
The agarose was carefully poured into the tray and allowed to solidify for 30
minutes at room temperature.

The comb was removed out of the tray carefully.

The tray was fixed in an electrophoresis chamber and filled with a TBE buffer.
The ladder was put in one well as a marker

PCR products were directly put into the wells.

The voltage on the electrophoresis apparatus was set to ensure a 5v/icm
electrical field for the distance between the cathode and anode.

An ultraviolet trans-illuminator set to 320-336 nm was employed for band
detection at the end of the 90-minute run.

A digital camera was used to photograph the gel (143).
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2.4 Statistical Analysis

Participants' data were transferred into a computerized database, checked for
mistakes and inconsistencies, and then maintained, processed, and analyzed by using

the statistical package for social sciences (SPSS) version 26, IBM, US.

Scale variables are expressed as mean and standard deviation (SD), while
nominal (categorical) variables are expressed as frequency (number of participants)
and proportion (percentage). Because scale variables like age and BMI have a

statistically normal distribution, a parametric test was used.

One-way analysis of variances (one-way ANOVA) was used to compare more
than two means. The Chi-square was used to assess the relationship between
categorical variables, but when the group size was less than 5, Fisher's exact test was

used.

Chi square from goodness of fit test was used to investigate the genotype
distributions of the alleles and genotypes of the SNPs according to Hardy-Weinberg
equilibrium. The level of significance was established at (P < 0.05) to be regarded
as a significant difference or correlation. Finally, the data and conclusions were

presented in tables and/or figures, each with a brief explanation.
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3. Results

3.1 Demographic Characteristics of Hypothyroid patients

The demographic features of the 220 Iragi females with primary
hypothyroidism who participated in the current study are demonstrated in Table 3-
1. The age ranged between (40-74) years old for the participants of this study with
duration of treatment (0.3-17) years.

Table 3-1: The Demographic Characteristics of the Hypothyroid patients

Demographic Means - _
Minimum | Maximum

characteristics N= 220
Age (years) 50.7+£10.49 |40 74
BMI (kg\m?) 31.0445.69 |17.78 48.01
Duration of treatment

4.27+3.71 0.3 17
(years)

Data represented by mean + SD, N: Number of hypothyroid patients, BMI: Body mass index.

3.2 Assessment of Thyroid Laboratory Parameters in the
Hypothyroid Patients
The results as shown in Table 3-2 demonstrated the measurement of thyroid

laboratory parameters (TSH, total T3 (tT3), free T3 (fT3), total T4 (tT4), free T4
(fT4), reverse T3 (rT3) and T2) in hypothyroid patients.
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Table 3-2: Thyroid Laboratory Parameters in Hypothyroid Patients

Mean - :
Parameters Minimum Maximum

N= 220
TSH

3.05+2.48 0.10 9.80
(UIU/mL)
Total T3

1.55+0.41 0.70 3.61
(nmol/L)
Free T3

6.51+1.26 3.20 9.50
(pmol/L)
Total T4

102.88+28.04 54.50 210.50
(nmol/L)
Free T4

15.53+3.44 9.20 30.00
(pmol/L)
rT3

921.31+350.86 |261.45 1790.10
(pmol/L)
T2

2039.96+874.06 | 157.67 4184.86
(pmol/L)

Data Presented by Mean + SD, N: Number of hypothyroid patients (220), TSH: Thyroid
stimulating hormone, T4: Thyroxine, T3: Triiodothyronine, RT3: Reverse T3, T2:

Diiodothyronine.

3.3 Assessment of Blood Pressure in the Hypothyroid Patients

The results in Table 3-3 demonstrated the measurement of blood pressure
parameters (systolic pressure, diastolic pressure and mean arterial pressure) in

hypothyroid patients.

Table 3-3: Blood Pressure Parameters in Hypothyroid Patients

Mean - :
Parameters Minimum Maximum
N= 220
SBP
127.34+14.17 100 180
(mmHg)
DBP
82.5+6.89 60 110
(mmHg)
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Mean arterial
97.45+8.77 73.33 130

pressure(mmHg)

Data Presented by Mean + SD, N: Number of hypothyroid patients (220), SBP: Systolic blood
pressure, DBP: Diastolic blood pressure.

3.4 Assessment of Glycemic Parameters in the Hypothyroid patients

The results in Table 3-4 demonstrated the measurement of glycemic
parameters (fasting serum glucose, fasting serum insulin, and homeostasis model

assessment) in hypothyroid patients.

Table 3-4: Glycemic Parameters in Hypothyroid Patients

Mean
Parameters Minimum Maximum
N= 220
FSI
11.98+5.65 2.83 28.90
(mIU/mL)
FBS
111.47+38.03 70.00 232.00
(mg/dL)
HOMA-IR 3.28+1.90 0.61 9.60

Data Presented by Mean + SD, N: Number of hypothyroid patients (220), FSI: Fasting serum

insulin, FBS: Fasting blood sugar, HOMA-IR: Homeostasis model assessment.

3.5 Genetic Analysis

3.5.1 The Frequency and Distribution of the rs12095080 (A1814G)
SNP in the Hypothyroidism Patients

For polymorphism detection, allele-specific PCR was employed to assay
genotypes of rs12095080 (A1814G) SNP. The amplification product with a size of
169 bp was produced. Three genotypes for rs12095080 (A1814G) SNP, as it is
demonstrated in Figure 3-1, were determined after analyzing the amplification
results:

e Two 169 bp DNA fragments were appeared in case of the heterozygous
mutant type (AG).

e One 169 bp DNA fragment for the wild type (AA) and for the homozygous
mutant type (GG).
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The distribution of genotype groups of rs12095080 (A1814G) SNP in
hypothyroid patients is demonstrated in Table 3-5.

Figure 3-1: The agarose gel electrophoresis of allele-specific polymerase chain reaction to detect
rs12095080 (A1814G) SNP. M: 100 bp ladder, 1 and 2 represent the heterozygous mutant type
(AG) for one sample, lanes 3, 4, 5, and 6 represent the wild type (AA) for two samples, lanes 7, 8,
9, and 10 represent the homozygous mutant type (GG) for two samples.

The result of the comparison between observed and anticipated values for
rs12095080 (A1814G) SNP in the study subjects was shown in Figure 3-2, and Table
3-5. The distribution and percentage of individuals having rs12095080 (A1814G)
SNP were statistically not significant (P = 0.547). Since, the number of individuals
with the rs12095080 (A1814G) SNP not differs from what would be predicted under

Hardy—Weinberg equilibrium (number of observed versus expected)

Our sample of hypothyroid female patients from Iraq showed a high
prevalence of the wild type allele (A) for the rs12095080 (A1814G) alleles

distribution.
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Table 3-5: The Genotypes and Alleles Distribution of the rs12095080 (A1814G)

SNP in the Hypothyroidism patients

type)

Genotype (N=220) Frequency | Allele | Frequency | Chi- P-
(%) square value

AA

(Wild type) 156(709) A 0.848 1.208 0.547

AG

(Heterozygous mutant | 61(27.7) G 0.152

type)

GG

(Homozygous mutant | 3(1.4)

Data Presented by numbers and percentage, N: Number of hypothyroid patients (220).

180

160 156(70.9%)

158.1(71.86%)

140
120
100
80
61(27.7%) 56 8(25.8%)
60
40
20
3(1.4%) 5.1(2.52%)
0 |
AA GG

m Observed m Expected

Figure 3-2: Genotype frequencies (the observed and the expected) of rs12095080 (A1814G) SNP

among the study sample.
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3.5.2 The Frequency and Distribution of the rs11206244 (C785T) SNP
in the Hypothyroidism Patients

On the other hand, Tetra ARMS-PCR was used for genotyping of the
rs11206244 (C785T) SNP (Figure 3-3). The PCR products were:
e Two DNA fragments for the wild type (CC) each measuring 278 bp and
191 bp.
e Three DNA fragments were obtained for the heterozygous mutant type
(CT), each measuring 278 bp, 191 bp, and 136 bp.
e Two DNA fragments for the homozygous mutant type (TT), each
measuring 278 bp and 136 bp.
The genotypes and alleles of the rs11206244 (C785T) SNP distribution in
hypothyroid patients are listed in Table 3-6.

Figure 3-3: The agarose gel electrophoresis of tetra ARMS-PCR to identify rs11206244 (C785T)
SNP. M: 100 bp ladder, lanes 1, 2, 3, 6, and 7 represent the wild type (CC), lanes 4 and 5 represent
the heterozygous mutant type (CT) and lane 8 represents the homozygous mutant type (TT).

Figure 3-4 and Table 3-6 show the results of the comparison between the
observed and the expected values for the genotypes of rs11206244 (C785T) SNP in
the tested population. The number of individuals with the rs11206244 (C785T) SNP
differs from what would be predicted under Hardy—Weinberg equilibrium (number
of observed versus expected, P = 0.001). The distribution of the rs11206244
(C785T) alleles indicated the prevalence of the C allele in our sample of hypothyroid

patients from lIraq.
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Table 3-6: The Alleles and Genotypes Distribution of rs11206244 (C785T) SNP
in the Hypothyroidism Patients

Genotype (N=220) | Frequency | Allele | Frequency | Chi- P-
(%) square value

CC

(Wild type) 106 (48.2) C 0.652 13.58 0.001

CT

(heterozygous mutant | 75 (34.1) T 0.348

type)

1T

(Homozygous mutant | 59 (17.7)

type)

Data Presented by numbers and percentage, N: Number of hypothyroid patients.

120

106(48.2%) 99.5(25.4%)
. o (]

100 93.6(42.5%)

80 75(34.1%)

60
, 39(17.7%)
26.6(12.1%)
| l
0
cc

m Observed ® Expected

o

o

Figure 3-4: Genotype frequencies (the observed and the expected) of rs11206244 (C785T) SNP

among the study sample.
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3.5.3 The Frequency and Distribution of Both Deiodinase type 1
Enzyme SNPs (rs12095080 (A1814G) SNP and rs11206244 (C785T)
SNP) in the Hypothyroidism Patients

The distribution of both DIO1 SNPs (rs12095080 (A1814G) SNP and
rs11206244 (C785T) SNP) among the hypothyroidism patients shown no
statistically significant difference (p > 0.05) as illustrated in Table 3-7.

Table 3-7: The distribution of both rs12095080 (A1814G) SNP and rs11206244
(C785T) SNP among hypothyroidism patients

rs11206244 (C785T) SNP,
(N=220) Statistical | P-
CC CT TT test value
(N=106) | (N=75) | (N=39)
AA 73 o 34 (21.8%)
.070 1 >
(N=156) | (48.1%) | (30.1%) Fisher’s
(A1814G) 57 exact=
sNP | AG (N=61) | 29 58.2%) 7855 |
(47.5%) | (44.3%) '
(N=220)
GG (N=3) |9 (66.7%) 1 (33.3%) |0 (0%)

Data is represented by numbers and percentages, N: Number of hypothyroid patients, AA: Wild
type, AG: Heterozygous mutant type, GG: Homozygous mutant type, CC: wild type, CT:

heterozygous mutant type, TT: homozygous mutant type.

3.6 Association Between Deiodinase Type 1 Polymorphisms and the

Demographic Characteristics in Iragi Female Hypothyroid Patients

3.6.1 Association Between rs12095080 (A1814G) SNP and the
Demographic Characteristics in Iragi Female Hypothyroid Patients
The difference between demographic characteristics (the age, BMI, and

duration of treatment) among three groups of patients that were divided according
to their genotypes of rs12095080 (A1814G) SNP as shown in Table 3-8 .

The demographic features of the various groups have no statistically

significant differences from one another.
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Table 3-8: The Association Between rs12095080 (A1814G) SNP and the

Demographic Characteristics

Demographic AA AG GG

P-value
parameters (N=156) (N=61) (N=3)

51.19+13.1
Age (years) 50.56£9.35 6 45.33+5.51 | 0.626
BMI (kg/m?) 30.4945.78 | 32.2245.32 | 35.49+3.5 |0.051
Duration of
4.15+3.47 |4.71+4.29 |1.43+0.98 |0.25

Treatment (years)

The results are represented as mean + standard deviation, p<0.05 considered significantly different,
BMI: Body mass index, N: Number of the hypothyroid patients, AA: Wild type, AG: Heterozygous

mutant type, GG: Homozygous mutant type.

3.6.2 Association Between rs11206244 (C785T) SNP and the

Demographic Characteristics in Iraqi Female Hypothyroid Patients

Regarding rs11206244 (C785T) SNP, data represented in Table 3-9
demonstrate that the demographic characteristics and the three groups of patients,

which divided according to their genotypes, did not produce a significant variation
(P >0.05).

Table 3-9: The Association Between rs11206244 (C785T) SNP and the

Demographic Characteristics

Demographic CcC CT TT
P-value

parameters (N=106) (N=75) (N=39)
Age

51.48+10.28 |48.994+9.51 |51.64+12.58 | 0.238
(years)
BMI

31.9245.94 | 30.39+5.35 |29.86+5.42 |0.075
(kg/m?)
Duration of

4.12+3.75 4.69+3.96 3.89+3.09 0.474
Treatment (years)

The results are represented as mean £SD, with p<0.05 indicating a significant difference, BMI:
Body mass index, N: Number of hypothyroid patients, CC is the wild type, CT is the heterozygous

mutant type and TT is the homozygous mutant type.
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3.7 Association Between Deiodinase type 1 Polymorphisms and the
Thyroid Laboratory Parameters in Iragi Female Hypothyroidism

Patients

There were no statistically substantial correlations (p > 0.05) among the
genotype of the rs12095080 (A1814G) SNP and the thyroid laboratory parameters

as well as the molar ratios of the thyroid hormones (Table 3-10).
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Table 3-10: Thyroid Laboratory Parameters According to rs12095080

(A1814G) SNP.

P-
Parameters AA AG GG value
(N=156) (N=61) (N=3)
TSH

2.99+2 .45 3.26+2.59 2.06+1.78 0.6
(UIU/mL)
Total T3

1.55+0.46 1.53+0.26 1.67+0.16 0.827
(nmol/L)
Free T3

6.38+1.27 6.83+1.21 7.04+0.74 0.051
(pmol/L)
Total T4

103.57+28.99 101.8+25.76 89.03+25.69 0.635
(nmol/L)
Free T4

15.25+3.63 16.19+2.85 16.34+2.28 0.176
(pmol/L)
rT3

012.27+341.28 | 955.68+379.84 |692.44+62.83 0.376
(pmol/L)
T2

2055.26+866.77 | 2031.25+886.47 | 1421.45+1123.26 | 0.461
(pmol/L)
T3/ rm3

_ 1.92+0.86 1.86+0.79 2.41+0.04 0.518

ratio
T3/ T4 ratio 1.57+0.51 1.59+0.48 1.95+0.45 0.414
rT3/ T4 ratio | 0.94+0.44 1.01+0.49 0.81+0.18 0.567
fT3/fT4 ratio | 0.44+0.12 0.43+0.08 0.44+0.1 0.872
T4 dose
(g) 92.08+38.62 99.59+39.13 91.67+14.43 0.435
Hg

The results are presented as mean * standard deviation, p<0.05 considered significantly different,

N: Number of the hypothyroid patients, AA: Wild type, AG: Heterozygous mutant type, GG:

Homozygous mutant type,

TSH: Thyroid stimulating hormone,

Triiodothyronine, rT3: Reverse T3, T2: Diiodothyronine.

T4: Thyroxine,

T3:
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Regarding to rs11206244 (C785T) SNP; the results demonstrated that the
heterozygous (CT) alleles had considerably higher levels of TSH and rT3 than the
wild type (CC) with a P < 0.05. However, other thyroid laboratory parameters did
not significantly differ between the genotype’s groups. In addition, the T3/rT3 molar
ratio of the heterozygous (CT) is much lower than that of the wild type (CC) and the
homozygous mutant type (TT). As well as, there was a substantial variation in the
rT3/T4 ratio among the genotype’s groups. The patients with the heterozygous
mutant type (CT) have a higher rT3/T4 ratio than wild-type (CC) (Table 3-11)
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Table 3-11: Thyroid Laboratory Parameters According to rs11206244 (C785T)

SNP.

CC CT TT P-
parameters (N=106) (N=75) (N=39) value
TSH 0.018%

2.67+2.26 3.7£2.8 2.86+2.17
(UIU/mL)

Total T3

1.62+0.46 1.49%0.34 1.47£0.35 0.055
(nmol/L)

Free T3

6.43£1.3 6.75+£1.17 6.29+1.28 0.125
(pmol/L)

Total T4

105.72+30.59 100.31+24.98 100.1+26.19 0.351
(nmol/L)

Free T4

15.72+4.14 15.46+2.66 15.13+2.57 0.649
(pmol/L)
rm3

872.17+336.89 | 1008.64+340.11 | 886.91+384.2 |0.028°?
(pmol/L)

T2 2105.22+1006.9 | 1810.83+£795.0

2078.09+791.21 0.193
(pmol/L) 8 9

T3/rT3
_ 2.07+0.83 1.65%0.65 2.00+1.05 0.003°
ratio
T3 /T4 ratio 1.6+0.49 1.57£0.52 1.55%0.47 0.865
rT3 /T4 ratio 0.88+0.4 1.08+0.49 0.95+0.48 0.012%
FT3/FT4 ratio |0.43+0.12 0.44+0.09 0.43£0.12 0.622
T4 dose
(g) 96.46+38.95 94.2+37.84 87.82+39.27 0.491
Hg

The results are presented as mean + SD, p<0.05 considered significantly different, N: Number of

hypothyroid patients, CC: wild type, CT: heterozygous mutant type, TT: homozygous mutant type,

TSH: Thyroid stimulating hormone, T3: Triiodothyronine, T4: Thyroxine, rT3: Reverse T3, T2:
Diiodothyronine. a: CT>CC, b: CT<CC and TT.
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3.8 Association Between Deiodinase type 1 Polymorphisms and the

Blood Pressure Parameters in the Iragi Female Hypothyroid Patients

There is no significant difference between all genotypes of rs12095080
(A1814G) SNP according to blood pressure parameters (P > 0.05) as shown in Table
3-12.

Table 3-12: Blood Pressure Parameters According to rs12095080 (A1814G)
SNP.

Blood
AA AG GG
Pressure P-value
(N=156) (N=61) (N=3)
Parameters
SBP
127.95+14.66 | 125.8+13.02 126.67+11.55 | 0.604
(mmHg)
DBP
82.8+6.98 81.72+6.78 83.33+5.77 0.572
(mmHg)
Mean arterial
pressure 97.85+9.01 97.78+7.7 96.41+8.2 0.555
(mmHg)

The result represented as mean £ SD, p<0.05 considered significantly different. N: Number
hypothyroid patients, AA: Wild type, AG: Heterozygous mutant type, GG: Homozygous mutant
type, SBP: Systolic blood pressure, DBP: Diastolic blood pressure.

Regarding the rs11206244 (C785T) SNP, there was no difference that had
been statistically significant (P >0.05) in the blood pressure parameters among the
three genotypes groups of patients as demonstrated in Table 3-13.

Table 3-13: Blood Pressure Parameters According to rs11206244 (C785T) SNP.

Blood pressure | CC CT TT
P-value

parameters (N=106) (N=75) (N=39)
SBP

128.71+15.18 | 125.42+11.95 | 127.29+15.16 | 0.308
(mmHg)
DBP

83.07£7.22 81.63+5.37 82.69+8.48 0.383
(mmHg)

Mean  arterial
pressure 08.28+9.24 97.56+£10.14 | 96.23+7.15 0.301
(mmHg)
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The results represented as mean + SD, p<0.05 considered significantly different, N: Number
hypothyroid patients, CC: wild type, CT: heterozygous mutant type, TT: homozygous mutant type,
SBP: Systolic blood pressure, DBP: Diastolic blood pressure.

3.9 Association Between Deiodinase type 1 Polymorphisms and the

Glycemic Parameters in the Iraqi Female Hypothyroid patients

No substantial variations were found (P > 0.05) in the glycemic parameters
(FSI, FSG, and HOMA-IR) among the groups of the patients that were obtained
based on the genotypes of rs12095080 (A1814G) SNP Table 3-14

Table 3-14: The Glycemic Parameters According to rs12095080 (A1814G) SNP.

Glycemic AA AG GG
P-value

Parameters (N=156) (N=61) (N=3)
FSI

11.69+5.87 12.58+5.14 14.73+£2.13 0.413
(mIU/mL)
FBS

111.35+38.92 | 112.02+36.78 | 106.67+18.58 0.97
(mg/dL)
HOMA-IR 3.21+2 3.43£1.66 3.85+0.57 0.656

The results represented as mean + SD, p<0.05 considered significantly different, N: Number of
hypothyroid patients, AA: Wild type, AG: Heterozygous mutant type, GG: Homozygous mutant
type, FSI: fasting serum insulin, FBS: Fasting blood sugar, HOMA-IR: homeostasis model

assessment.

The results indicated insignificant statistically variation (P > 0.05) in the
glycemic parameters among the different groups of patients that were divided
according to rs11206244 (C785T) SNP as illustrated in Table 3-15.




52
Chapter Three Results

Table 3-15: The Glycemic Parameters According to rs11206244 (C785T) SNP.

glycemic CcC CT TT
P-value

parameters (N=106) (N=75) (N=39)
FSI

12.63+5.86 11.64+5.46 10.9+5.32 0.215
(mIU/mL)
FBS

112.58+38.93 | 108.73+£33.68 | 113.75+43.79 | 0.736
(mg/dL)
HOMA-IR 3.45%£1.97 3.14+1.8 3.09£1.91 0.429

The results represented as mean £ SD, p<0.05 considered significantly different, N: Number of
hypothyroid patients, CC: wild type, CT: heterozygous mutant type, TT: homozygous mutant type,
FSI: fasting serum insulin FBS: Fasting blood sugar, HOMA-IR: homeostasis model assessment

3.10 The Impact of the Presence of both rs12095080 SNP and
rs11206244 SNP on the Study Parameters

The effect of both the two SNPs on the different estimated parameters and
characteristics in the hypothyroid patients demonstrated in Table 3-16. The results
showed a significant difference in the duration of treatment (p < 0.05) in the patients’
group who have both rs12095080 (A1814G) and rs11206244 (C785T) SNPs than
those with only one SNP.

A statistically significant higher total T3 level (p< 0.05) was found among the
patients who have no polymorphisms than patients with only one SNP.

The HOMA-IR was found to significantly higher (p< 0.05) among the patients
who have both the two SNPs compared to the group of patients who have only one
SNP.

No statistically significant difference (p> 0.05) was found in the other
parameters (demographics characteristics, other thyroid hormones, blood pressure

and glycemic parameters).
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Table 3-16: The Impact of the Presence of both rs12095080 SNP and
rs11206244 SNP on the Study Parameters

Patient Genotype (N=220)

Either Both
No rs12095080 rs12095080 P
Parameters polymorphism SNP or SNP & value
(N=75) rs11206244 rs11206244
SNP (N=112) SNP (N=33)
Age (years) 50.94+8.47 50.91+11.27 49.17+12.03 0.676
BMI (kg/m?) 31.4+6.06 30.6145.65 31.63+5.01 0.526
Duration of 4.52+4.08 3.63+2.74 5.89+5.05 0.006 ¢
Treatment (years)

TSH (uIU/mL) 2.62+2.25 3.19+2.51 3.57+2.76 0.126
Total T3 (nmol/L) 1.66+0.52 1.47+0.34 1.56+0.26 0.007 2
Free T3 (pmol/L) 6.28+1.3 6.56+1.25 6.87+1.14 0.067
Total T4 (nmol/L) 108.12+31.78 09.51+25.94 102.41+24.64 | 0.119
Free T4 (pmol/L) 15.57+4.5 15.27+2.78 16.32+2.51 0.304
rT3 (pmol/L) 882.84+329.43 | 913.73+354.49 | 1034.45+372.52 | 0.111
T2 (pmol/L) 2123.25+771.51 | 1985.81+914.89 | 2034.46+960.24 | 0.576
SBP (mmHg) 129.75+16.04 126.26+12.97 | 125.52+13.18 | 0.186
DBP (mmHg) 83.57+7.7 82.03+6.06 81.74+7.54 0.259
Mean atrial pressure 98.96+9.89 96.77+7.82 96.33+£8.93 0.181

FSI
12.79+6.2 11.11+5.32 13.11+5.11 0.063
(mIU/mL)
FBS
114.10+39.67 108.83+37.89 | 114.48+35.09 | 0.577
(mg/dL)
HOMA-IR 3.56+2.12 2.97+1.76 3.69+1.70 0.046 ¢
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The results represented as mean + SD, p<0.05 considered significantly different, N: Number of
hypothyroid patients, TSH: Thyroid stimulating hormone, T4: Thyroxine, T3: Triiodothyronine,
RT3: Reverse T3, T2: Diiodothyronine, SBP: Systolic blood pressure, DBP: Diastolic blood
pressure, FSI: fasting serum insulin FBS: Fasting blood sugar, HOMA-IR: homeostasis model
assessment. ¢: Both rs12095080 SNP & rs11206244 SNP group > either rs12095080 SNP or
rs11206244 SNP group, a: No polymorphism group > either rs12095080 SNP or rs11206244 SNP

group.
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4. Discussion

Hypothyroidism is considering as one of the most prevalent endocrine
diseases, caused by inability of thyroid hormones to perform their essential
functions. These functions include regulating energy metabolism, promoting
development, differentiation, and other physiological processes. The normal

circulating levels of fT3 and fT4 are reduced greatly in hypothyroidism (144).

The mainstay of hypothyroidism treatment is levothyroxine, which is one of
the World Health Organization's essential medications needed for routine medical
care. Levothyroxine is used to treat hypothyroidism in an attempt to decrease
symptoms and avoid long-term consequences, however, it is one of the drugs that is

used most commonly worldwide (20).

It is expected that the modifications in the DIO1 genes will result in
abnormalities in the hormone metabolism since DIO1 functions as a scavenger by

eliminating iodo group from both the inner and outer rings (145).

The levels and bioactivity of thyroid hormones may be significantly impacted
throughout life by polymorphisms in one or more gene related to thyroid hormone
metabolism (134).

Clinical evidence in the community indicates that patients with
hypothyroidism who were administrating thyroid hormone replacement therapy
continue to experience disease-related symptoms. Not all patients receiving
treatment have the same standards for quality of life (146). As a result, and as the
personal medicine continue to grow in the medical community, it is important to

investigate the impact of the DIO1 polymorphisms on the response to levothyroxine.

This study is the first in Iraq and Middle East that investigate the effect of the
DIO1 gene polymorphism rs12095080 (A1814G) SNP and rs11206244 (C785T)
SNP on the clinical management of levothyroxine-treated hypothyroid female

patients.

The current study chose SNPs that accounted for a significant fraction of the

common polymorphism among several DIO1 genes.
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4.1 The Frequency of Deiodinase type 1 Polymorphisms in the
Hypothyroid Female Patients

Genes involved in thyroid hormone metabolism, such as the DIOs enzyme
gene, may have genetic variations that alter the protein levels, expression, or activity,
as well as the outcomes of various pathways (147). The current study detects two
polymorphisms, rs12095080 (A1814G) SNP and rs11206244 (C785T) SNP, within
the DIO1 encoding gene which is localized in the mRNA's 3 -UTR of the DIO1 gene
(118)

4.1.1 The Frequency and distribution of rs12095080 (A1814G) SNP
in the Hypothyroid Female Patients

As demonstrated in the Table 3-5, the frequency of the wild type (AA) of the
rs12095080 (A1814G) SNP was 70.9%, which is the most prevalent genotype
corresponding to the other genotypes (AG and GG which were represented 27.7%
and 1.4% respectively) among the study participants. In a large Danish Twin
population, the AA genotype was also the predominant type (78.0%) (148). In
addition, another two studies on the Netherlands population found a higher
frequency of the AA genotype (79.5% and 81.0%) than other genotypes of the
rs12095080 (A1814G) SNP (134,149). This genotype (AA) was also the most
common type (69.7%) in a hypothyroid patient in Poland (147).

The high frequency of (A) allele fits with many previous studies
(132,134,147-149), besides it obeys Hardy-Weinberg equilibrium (X2 = 1.208, P =
0.547) as shown in Table 3-5 and Figure 3-2.

4.1.2 The Frequency and distribution of rs11206244 (C785T) SNP in
the Hypothyroid Female Patients

The genotype distribution of the rs11206244 (C785T) SNP revealed that the
wild type (CC) was more common and accounted for 48.2% of the study subjects
while the heterozygous mutant type (CT) was followed with a frequency of 34.1%
and the homozygous mutant type (TT) frequency was 17.7% (Table 3-6). This
distribution is compatible with the results of many previous studies, one study was
achieved on Danish twins where the distribution of CC genotype was (44.6%) and
the CT and TT frequencies were 43.3% and 12.1%, respectively (148).
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Another study was performed on hypothyroid Turkish patients where the wild
type CC is predominant (52.2 %) followed by the heterozygous mutant type CT
(38.9 %) and homozygous mutant type TT (8.9%) (144). Another study done on the
Poland population illustrated the same pattern of genotype distribution that the
frequency of CC, CT and TT was 50.0%, 43.3% and 6.7%, respectively (147).
Similar results were also found in another research that was performed on white

European heritage in England (130).

On the other hand, De Jong et al and Peeters et al found that the distribution
of CT (46.2%, 48.7%) was more than other genotypes CC (41.1%, 41.7) and TT
(12.6%, 15%) respectively, in the Netherland population (134,149).

The alleles frequencies of rs11206244 (C785T) SNP were out of Hardy-
Weinberg equilibrium (X% = 13.58, P = 0.001, Table 3-6 and Figure 3-4) and this
could be related to the small size of the study participants rather than a population

bias.

4.2 The Effect of Deiodinase type 1 Polymorphisms on the

Demographic Characteristics in Hypothyroid Female Patients
Despite receiving levothyroxine medication, many hypothyroid patients may

still experience a variety of symptoms that have varying effects on their quality of
life (150).

Three groups were obtained when the patients were divided according to their
genotypes regarding each one of both the two SNPs. There were no appreciable
differences in the demographic features among the groups of patients (Table 3-8 and
Table 3-9). This result is consistent with Peeters et al and Verloop et al study's; they
demonstrated that BMI in the Dutch population was unaffected by the rs12095080
(A1814G) SNP and rs11206244 (C785T) SNP (118,132). Arice et al also reported
that there was no statistically significant difference in BMI among the carriers of the
rs11206244 (C785T) SNP (144).

According to Gatecka et al findings, which were in line with the outcome of
the current study, the distribution of demographic trials for the various genotypes of
rs12095080 (A1814G) SNP and rs11206244 (C785T) SNP did not show any

detectable variations (147).
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4.3 The Effect of Deiodinase Type 1 Polymorphisms on the Thyroid

Laboratory Parameters in Hypothyroid Female Patients

Since DIOL1 is crucial for peripheral T3 generation and exhibits an optimal
activity in the ORD of rT3 to produce T2, the enzyme is frequently referred to as an
ORDase. As a result, the DIO1 is significantly more efficient in the ORD of the
inactive metabolite rT3 even though it is regarded to be very important for peripheral
T3 synthesis by ORD of T4 (151).

The ratios of the various iodothyronines were assessed since they reported to

be more accurately represent the metabolism of peripheral thyroid hormones (132).

4.3.1 The Effect of rs12095080 (A1814G) SNP on Thyroid Laboratory

Parameters in Hypothyroid Female Patients

The GG carriers had higher total T3 (tT3) (1.67+£0.16), fT3 (7.04+0.74), and
lower tT4 (89.03£25.69) and rT3 (692.44+62.83) than AA carriers (1.55%0.46,
6.38+1.27, 103.57+28.99 and 912.27+341.28) and AG carriers (1.53+0.26,
6.83x1.21, 101.8+25.76 and 955.68+379.84) (Table 3-10). The differences between
the three groups of patients did not reach to a significant level, this could be due to

the GG genotype's low frequency as shown in Table 3-10.

Although the pattern of the elevation of tT3 and fT3, and the decreasing of
rT3 in the three groups was worthy to be noticed. This pattern indicates that
rs12095080 (A1814G) SNP could have an impact on the DIO1 enzyme activity and
thyroid hormones levels. Increasing the T3 levels and decreasing the T4 and rT3
levels among the GG carriers could indicate the marginally increased DIO1 activity

in the presence of the mutant allele.

The same results were found by Van Der Deure et al who studied the Danish
twins, they illustrated that the rs12095080 (A1814G) SNP was associated with
greater tT3 and fT3 and lower rT3 levels, however, the associations failed to reach
to a statistically significant level (148). Other genes, such as DIO2, DIO3, TSH
receptor gene, or even thyroid transporters gene could be involved in the regulating
and controlling the metabolism of these hormones. The lack of a significant
association between the rs12095080 (A1814G) SNP and thyroid parameters may be

due to the polymorphism in these genes.
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Since several loci play roles in regulating serum thyroid parameters (148), it
Is worthy to mention that rT3 is also generated or eliminated by the activity of DIO3

enzyme (122), this could mask the impact of DIO1 on rT3 levels.

As demonstrated in the Table 3-10, the GG carriers in this study had higher
T3/T4 and T3/rT3 ratios (1.9520.45 and 2.41+0.04, respectively) and a lower rT3/T4
ratio (0.81+0.18). This is attuned with De Jong et al and Peeters' et al findings who
estimated that the GG carriers had greater T3/T4 ratio and T3/rT3 ratio as well as
lower rT3/T4 ratio. These two studies reported that the carriers of G allele might
have higher enzyme activity (134,149). The same results, higher T3/ rT3 ratio and
T3/T4 ratio and lower rT3/T4 ratio, was found in a large cohort study on healthy
Danish twins (148). The increased T3/T4 and T3/rT3 ratios suggests that G allele
carriers may have marginally increased activity of DIO1. Although further
investigation is required with greater sample size to insure a greater number of the

GG carriers.

It has to be mentioned that the deiodination of thyroid hormones by DIO1 is
not the only mechanism that the body has to metabolize these hormones; there are
numerous mechanisms for T3 and T4 metabolism, including glucuronidation,
sulfation, and deiodination by DIO2 or DIO3. Furthermore, there are three sources
for plasma T3 production, including thyroidal T3 secretion, ORD of T4 by DIO1,
and ORD of T4 by DIO2 (152). Therefore, any disruption of these mechanisms is
probably going to affect T4 and T3 levels.

The diiodothyronine levels among the carriers of the GG genotype were lower
than its levels among the carriers of AA and AG genotypes, but this difference didn’t
reach to a significant level as illustrated in Table 3-10. Diiodothyronine is produced
from T3 by IRD activity of DIO1 and DIO3, and from rT3 by ORD activity of DIO1
and DIO2 (119).

As a consequence of the small differences in the levels of T4 and T3 among
the three groups, the TSH (P= 0.639) has a negligible difference between these
groups as well (Table 3-10). This finding comes along with VVan Der Deure et al who

reported the same result in the Dutch population (148).



61
Chapter Four Discussion

4.3.2 The Effect of rs11206244 (C785T) SNP on Thyroid Laboratory

Parameters in Hypothyroid Female Patients

According to rs11206244 (C785T) SNP, the current study found that the fT3
and fT4 level in CC, CT, and TT groups are not significantly varied, however tT4
was higher among the wild type group, but to a non-significant level (Table 3-11).
These results are in line with Arici et al, who found that fT3 and fT4 values in
patients with wild type and with the mutant type were within close limits (144). Van
Der Deure et al also demonstrated that no considerable variation in fT3 and fT4
levels were found among the wild and the mutant types groups during his study on
the Dutch population (148).

The statistical confidence in some previous studies' apparent connections
between rs11206244 (C785T) SNP and the levels of T4 and fT3 was substantially
low (134,149). The most important human plasma T3 source has been the subject of
debate for a very long time. Even though it was first believed that DIO1 generated
the major amount of plasma T3 in humans, but recent researches indicate that DIO2
had a significant contribution. Accordingly, PTU therapy (which blocks DIO1
activity) only results in a 30% drop in T3 in individuals receiving constant
exogenous T4 doses for primary hypothyroidism, indicating a potential significant
role for DIO2 in the synthesis of plasma T3 (94). This finding could be a possible
explanation for why that the rs11206244 (C785T) SNP does not significantly affect
the T3 level.

This study revealed that rs11206244 (C785T) SNP has an impact on plasma
rT3 levels (Table 3-11), as the CT carriers have a significantly higher rT3 level
(p=0.028) than the CC carrier. This result is consistent with the result of De Jong et
al, Verloop et al, and Peeters et al, which revealed that the T-allele carrier patients
had higher plasma rT3 levels (118,133,149).

Reverse T3 is produced by DIO3-catalyzed IRD of T4 and removed by DIO1-
catalyzed ORD. The favored substrate for the DIO1 is rT3 (134). It has been reported
that the DIOL efficiency in the ORD of rT3 was 100 times greater than that of the
ORD of T4 (132). This indicates the significance role of DIOL1 in the breakdown of
thyroid hormone. As a result, polymorphisms in DIO1 could be expected to be
associated with rT3 levels. This could explain why the rs11206244 (C785T) SNP
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variation had no significant association with plasma T3 and T4 but did have a high

association with rT3 levels in our study sample.

As a consequence of the higher rT3 level in the CT carriers, those carriers had
a lower T3/rT3 ratio (1.65+0.65) than CC and CT carriers (2.07+0.83, 2.00+1.05,
respectively), as well as they, had higher rT3/T4 ratio (1.08£0.49) than CC and TT
carrier (0.88+0.4, 0.95+0.48) respectively (Table 3-11). This finding is compatible
with the result of De Jong et al and Peeters et al, which reported a significant

correlation between T allele and a decreased in T3/rT3 ratio (134,149).

In addition, the findings of VVan Der Deure et.al, who investigated this SNP
among Danish twin were consistent with this study results (148). Furthermore,
according to this result, a lower T3/rT3 ratio and higher rT3/T4 ratio were related to
the T allele.

As previously mentioned, because the ratios of the various iodothyronines are
more indicative of peripheral thyroid hormone metabolism rather than variations in
serum thyroid hormones (132), the differences in serum iodothyronines ratios could

be more indicative of the impact of polymorphisms in DIO1 (133).

The thyroid hormone levels in serum are regulated by thyroid function, the
capacity of thyroid hormone binding and deiodinase activity. The ratio of
iodothyronines in serum describes the various deiodinases activity most accurately
due to the confusing influence of different quantities of thyroid hormone-binding
proteins (132).

For rs11206244 (C785T) SNP carriers, the ratio of T3/rT3 is lower whereas
rT3/T4 ratio is higher among the carriers of CT genotype compared with the CC and
TT carriers in the same pattern (Table 3-11). This could indicate that the CT
genotype has a greater impact on DIO1 enzyme activity and the levels of thyroid
hormones. The heterozygous mutant type of the rs11206244 (C785T) SNP could be
associated with the decreased clearance of rT3 in other words this mutant type could

decrease the enzyme activity.

The diiodothyronine did not show a significant correlation with different
genotype of rs11206244 (C785T) SNP (Table 3-11), but as it is mentioned above, to
prove this, further research is required.

However, TSH level was found to be higher in CT carriers thanin CCand TT

carriers (Table 3-11), it is important to mention that the values in the three groups
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were within the normal range value (0.4 — 4 mIU/L). Complex feedback loops are
the base of thyroid hormone homeostasis. Thyroid hormone feedback, for instance,
inhibits the release of TSH, and evidence suggests that, in addition to controlling
thyrotropin-releasing hormone (paracrine action), TSH also controls its secretion
(autocrine action) (8). The current study finding about TSH level is compatible with
the result of a large cohort study on Danish twin participates which reported that the
CT carriers had higher TSH levels than CC and TT carriers (148).

4.4 The Association between Deiodinase Type 1 Polymorphisms and

Levothyroxine Dose in Hypothyroid Female Patients

In recent years, it has become clinically essential to use personalized medicine
rather than conventional management to improve patient responses (153).
Levothyroxine is the best drug used for the treatment of hypothyroidism.
Levothyroxine is given orally to adults at an estimated dosage of 1.6 pg/kg/day,
which is equivalent to 100—125 pg per day. Concurrent drugs, gender, age, genetic
background, patient compliance, etc. may affect the efficacy of levothyroxine
treatment (20).

The results in a Table 3-10 demonstrated that no statistical difference in
levothyroxine dose was found among the three groups regarding the rs12095080
(A1814G) SNP, there is a lake of studies on this SNP to compare with.

The findings in Table 3-11 show that there is no association between the
rs11206244 (C785T) SNP and the dose of levothyroxine among the groups of
patients, this is compatible with Santoro et al who reported the same result (95).
Furthermore, Arici et al in their research on the Turkish population, also found that
there was no association between the dose of levothyroxine and the three genotypes

groups of patients (144).
4.5 The Association between Deiodinase Type 1 Polymorphisms and

Blood Pressure in Hypothyroid Female Patients

According to previous studies, thyroid hormones have considerable impacts on
the peripheral vascular system, including preventing atherosclerosis and relaxing

vascular smooth muscle cells (154).

Deiodinase Type 1 enzyme expression in the kidney, liver, pituitary and

thyroid, but not in vascular smooth muscle (94) could explain our result, that there
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Is no significant effect of rs12095080 (A1814G) SNP and rs11206244 (C785T) SNP
on the blood pressure parameters (diastolic, systolic and mean arterial pressure,
Table 3-12 and Table 3-13). Furthermore, due to the DIO2 expression in vascular
smooth muscle cells, there is a hypothesis that the genetic variations in DIO2 would
affect the levels of thyroid hormone parameters and possibly lead to hypertension

since T3 has a vasodilation impact (154).

4.6 The Association between Deiodinase Type 1 Polymorphism and

Glycemic Parameters in Hypothyroid Female Patients

In a large number of experimental and epidemiological research, insulin
resistance and glucose homeostasis are significantly affected by thyroid hormones.
As a result, certain deiodinase profiles influencing the local or peripheral level of
thyroid hormones could contribute to the development of diabetes mellitus type 2 or
increase the risk of insulin resistance. The research emphasized particularly the

importance of the DIO2 polymorphism on glucose homeostasis (118).

To the best of our knowledge, this study is the first to investigate the effect of
the rs12095080 (A1814G) SNP and rs11206244 (C785T) SNP on the glycemic
indices, and it was found that the FSG, FBS, and HOMA-IR did not significantly
differ among the three groups of patients regarding both the studied SNPs of the
DIO1 gene (Table 3-14 and Table 3-15). Accordingly, the rs12095080 (A1814G)
SNP and rs11206244 (C785T) SNP may have no impact on insulin resistance or

diabetes mellitus in our sampling of Iraqi women with hypothyroidism.
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4.7 The Impact of the Presence of both rs12095080 SNP and
rs11206244 SNP on the Study Parameters

To investigate the impact of the presence of both SNPs in the patients on the
demographic characteristics, thyroid laboratory parameters, blood pressure and
glycemic parameters, therefore the patients were divided into three groups; patients
with no polymorphism, patients who have either rs12095080 (A1814G) SNP or
rs11206244 (C785T) SNP and patients who have both the two SNPs.

There was a statistically significant difference in the duration of treatment;
the patients who had both the two SNPs had the longer duration of treatment than
carriers of one SNP, although there was no significant difference in the age of the
three groups (Table 3-16). This result suggests that the presence of these two SNPs
might be one causes of hypothyroidism incidence.

The significantly higher total T3 levels in the group of patients who not have
any SNPs in compare with patients have only one SNP, indicates that the presence
of both the two SNPs has no impact on the levels of the total T3 (Table 3-16).

This study found that the HOMA-IR is significantly different among the three
groups of patients but it still with in normal range as illustrated in Table 3-16. The
patients who had both SNPs had higher HOMA-IR than carriers of only one SNP.

There were no significant variations in the other parameters (demographics
characteristics, thyroid laboratory, blood pressure and glycemic Parameters), this
indicates that there is no effect for the presence of both the two SNPs on these

parameters.
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Chapter Four Discussion

5. Conclusions

According to the current study findings, the following conclusion could be

obtained:

1. Two DIO1 gene polymorphisms were detected in different genotypes
frequencies in Iragi hypothyroid female patients. The wild type of the both
SNPs (rs12095080 (A1814G) and rs11206244 (C785T)) were the most
frequent genotype.

2. The rs12095080 (A1814G) SNP and rs11206244 (C785T) SNP have no
significant association with T3 and T4 hormone levels. Therefore, no
significant impact of these two SNPs was detected on how well the patients
responded to levothyroxine therapy.

3. The present result demonstrated that there was no effect of rs12095080
(A1814G) SNP and rs11206244 (C785T) SNP on the blood pressure and
hypertension.

4. The rs12095080 (A1814G) SNP and rs11206244 (C785T) SNP have no
association with the glycemic parameters of Iraqgi hypothyroid female

patients.
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Chapter Four Discussion

6. The Recommendations and Future study

1.

To elucidate the role of DIO1 gene (rs12095080 (A1814G) SNP and
rs11206244 (C785T) SNP) on therapeutic response to levothyroxine in Iraqi
hypothyroid female patients, investigations with larger sample size of patients
are preferably required.

Investigation of the impact of other SNPs of DIO1 gene on the responsiveness
to levothyroxine.

Investigation of the genetic differences in other genes such as DIO2, DIO3,
thyroid transporter and TSH receptor that are responsible for metabolism of
thyroid hormone in individuals receiving levothyroxine, and find out how
they effect on responsiveness to this drug.

To clearly establish if the genetic variation contributes in the development of
hypothyroidism, a healthy control group from the general population is added

to future investigation.

Hypothyroid male patients could be involved in a future study.
Additional researches are required to determine T2 association with the DIO1
gene and DIO1 enzyme activity.

Measurements of lipid profile could be involved in a future study.
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Questionnaire for Hypothyroidism Patients

Demographic characterization

rJ okl 0o
Parameters variable Notes
Age
Gender Female

Duration of treatment of levothyroxine

Other diseases

Other medication

Systolic blood pressure

Diastolic blood pressure

Mean B.P

BMI

Levothyroxine dose
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University of Kerbala
Consent to be in Research

Study Title: The Impact of Deiodinase-1 Polymorphisms on the
Therapeutic Response of Levothyroxine in Hypothyroidism Patients
of Kerbala Province

The Researcher Name: Entsar Hadi Jawad

This is a medical research study, and you do not have to take part. The
researcher will explain this study to you. If you have any questions, you
may ask me.

You are being asked to participate in this study because you have
hypothyroidism and treated with levothyroxine.

In this study, the researcher is collecting blood samples from you to
learn more about the association of genetic polymorphism of DIO1 with
therapeutic response of levothyroxine,

If you agree to be in this study, you will go to the laboratory and give a
blood sample for one time only. The blood will be drawn by putting a
needle into a vein in your arm. One small tube of blood will be taken.
This will take about five minutes.

The risks?

The needle stick may hurt. There is a small risk of bruising and fainting,
and a rare risk of infection.

Will my medical information be kept confidential?

We will do our best to protect the information we collect from you and
your medical record. Information that identifies you will be kept secure
and restricted. If information from this research is published or
presented at scientific meetings, your name and other identifiers will not
be used. Information that identifies you will be destroyed when this
research is complete. You have been given copies of this consent form to
keep.

The Consent:

If you wish to be in this study, please sign below.

Name of participant:

Date Participant's Signature for Consent

Date Person Obtaining Consent (Researcher)
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