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Summary

The current study included 45 woman with type 2 diabetes mellitus
attend to Al_Hussein Teaching Hospital and Al_Hassan center of
diabetes and endocrinology unit /  kerbala  health
Directorate_lIraq,their ages ranged between (30_67) year, and they
were divided into two groups. Depending on the body mass index
(BMI), it included the group of obese women with an average body
mass of more than 30 kg/m2, and the group of normal weight women
with average body mass of less than 30 kg/m2, the sampling period
lasted from the beginning of April (2022) to March (2023). As well
as 45 healthy women with out any health problem and at the same

ages as a control group proteins.

The results observed indicated that HSP-70 and VDBP levels shown
a non-significant decrease in all of type 2 diabetic groups as
compared with apparently healthy control group, while the C- peptide
were significantly decreased in type 2 diabetic patients when
compared with apparently control group. In addition, the random
blood glucose and HbA1c% were shown significant elevation in type
2 diabetic patients as compared with apparently healthy control
groups. The observed data indicated that HSP70 , VDBP and C-
peptide levels when comparing between type 2 diabetic patients and
control in obese groups shown a risk factors depending upon the odd
ratio observed (OR = 1.156(1.649-1.148), 0.917(0.733-1.148)and
1.049(1.011-1.088)) respectively, but only C-peptide was shown to
be significant. In BMI the levels of HSP- 70, VDBP and C-peptide,
as shown the HSP70, VDBP and C- peptide was non-significant in

Xl



obese groups, while the HSP-70VDBP and C-peptide was shown
significant in normal weight groups. The optimal diagnostic points
for HSP70 was (sensitivity =90%, specificity = 87%) at a level (Cut-
off points) = 29.086, while C-Peptide levels: (sensitivity = 93%,
specificity = 88%) at a level (Cut-off points) = 134.76, and VDBP
(sensitivity = 96%, specificity

= 78%) at a level (Cut-off points) = 56.423 all markers have p- values
of the AUC were <0.001 and statistically significant.

Accordingly, it was concluded that a significant relationship between
circulating VDBP levels and T2DM. VDBP appears to able to
contribute to the treatment of obesity and diabetes because of its
anorexigenic and antihyperglycemic effects. In addition, C- peptide is
a known biomarker of insulin resistance and beta-cell function. High
specificity and sensitivity analyzed results were obtained by ROC
analysis for both markers in T2DM.And the result of genotype, In
addition, When compared VDR with polymerase gene in patients
showed increased frequencies of HSP-70: CT + TT and TT genotypes
in (rs1544410) for CT (OR =0.972(0.901 - 1.048), p = 0.464; TT (OR
=0.988(0.921 - 1.059), p = 0.734, respectively), VDBP: CT + TT and
TT genotypes in (rs1544410) for CT (OR = 0.998(0.969 - 1.027), p =
0.875; TT (OR = 0.988(0.961 - 1.015), p = 0.384,. C-Peptide : CT +
TT and TT genotypes in (rs1544410) for CT (OR = 1.003(0.997 -
1.009), p = 0.338; TT (OR 0.998(0.990 - 1.006), p = 0.593, Just
significant differences in 25(OH)D3

X1



Chapter One Introduction and Literature Review

1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disordercharacterized
by increased blood glucose levels due to insulin deficiency or insulin-
resistant (IR) cells (Zou et al., 2018). Type 2 diabetes mellitus (T2DM) is
the most prevalent form of diabetes, accounting for 90-95% of all
diagnosed cases of diabetes mellitus (DM). T2DM is prevalent among
adults and the elderly (Zheng et al., 2018). The pancreatic gland produces
the essential hormone insulin. It facilitates the passage of glucose from
the circulation to the body's cells, where it is converted intoenergy.
Hyperglycemia is the defining characteristic of diabetes, caused by a cell's
inability to respond to insulin or an insulin deficiency. DM's chronic
hyperglycemia affects and damages various organs, particularly the
kidneys, nerves, blood vessels, and eyes (Obied et al., 2019 ; Tan, 2015).
Obesity and inactivity are the two most important risk factors for T2DM
(Glovaci et al., 2019). In 2019, there were 4.2 million fatalities from DM,
making it the ninth leading cause of death worldwide, affecting
approximately 462 million people or 6.2% of the global population (Khan
et al., 2020).

Heat shock proteins (HSPs), highly stable polypeptides, are practically
present in every body cell. One of their essential functions is comparable
to that of molecular chaperones, which actively contribute tomaintaining
protein homeostasis and cell survival (Sharma et al., 2009 ; Wang et al.,
2021). Heat shock proteins-70 (HSP-70), a family chaperone, has been
implicated in the pathophysiology of insulin resistance, which leads to

(T2DM), according to multiple studies conducted in the last ten years.
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Can also restore insulin sensitivity in the resistant tissue (Krause, Bock,
et al., 2015; Krause, Heck, et al., 2015). However, even with significant
weight loss and long-term maintenance of lifestyle changes, there is always
the possibility of recurrence. Therefore, it complements lifestyle changes

and reduces the risk of T2DM in individuals with prediabetes.

In the past decade, low blood levels of 25-hydroxy cholecalciferol
25(OH) D3 have been identified as a risk factor for T2DM. Vitamin D
supplementation has been proposed as a prospective strategy for reducing
diabetes risk (Lu et al., 2018 ; Pittas et al., 2007). Vitamin D isessential
for bone mineralization, growth, and strength via its direct effect on bone
cells (osteoblasts and osteoclasts), regulation of bone remodelling, and
interaction with non-skeletal systems such as the intestine and pancreas
(Hou et al., 2018). Due to the widespread distribution of vitamin D
receptors (VDR) in numerous tissues, the diversity of vitamin D's effects
on the body, and the correlation between vitamin D and the number of
diseases, vitamin D has attracted increasinginterest in several scientific
fields. Insulin receptors in its responsive tissues, such as muscle and
adipose tissue, are changed as a result of VDR in pancreatic cells.
(Grammatiki et al., 2017). The nuclear membrane-expressed VDR is
essential for vitamin D's biological effects (Sun, 2018). Vitamin D binding
protein (VDBP) is the primary carrier for transporting vitamin D from the
production site to the target tissue. It binds to approximately 85% of
vitamin D metabolites (Bikle and Schwartz, 2019).
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1.1. Diabetes mellitus

DM is a collection of diverse metabolic disorders caused by insulin
deficiency, insulin resistance, or both, and it typically manifests as
hyperglycemia and glucose intolerance. resulting in abnormalities in the
metabolism of carbohydrates, lipids, and proteins and disruption of the
regulatory systems that regulate the storage and mobilization of metabolic
fuel (Padhi et al.,, 2020). According to the International Diabetes
Federation (IDF), in 2019, 4.2 million persons died of diabetes. By 2045,
it is anticipated that 700 million people between the ages of (20-79) years
will have diabetes, an increase from the current number of 463 million.
Diabetes was the primary factor contributingto at least 720 billion US
dollars in health expenditures in 2019 as shown in (Fig.1-2) (Galicia-
Garcia et al., 2020).

Globally and in the United States, the prevalence of T2DM, which
accounts for (90-95%) of all cases of diagnosed diabetes, continues to rise
rapidly (Kirtland et al., 2015 ; Mayer-Davis et al., 2017). Increasing
numbers of seniors, socioeconomic progress, urbanization, highly
processed foods, and adecline in physical activity are just some factors
contributing to the exponential growth. Because there are few symptoms
or indicators in theearly years of the disease, approximately half of those
with T2DM are unaware they have the disease. Symptoms go undiagnosed
and contribute to diabetes complications well before the diagnosis is
confirmed (ATLAS, 2019).
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Despite the alarming prevalence of DM, approximately 193 million
individuals worldwide lack a diagnosis. Most of these individuals, more
than 120 million, reside in Southeast Asia and the Western Pacific. They
are oblivious that they have the disease due to factors such as access to
healthcare and the lack of symptoms and signs (Saeedi et al., 2019). As
show in (Fig 1-1).

North America Middle East
& Caribbean & North Africa E\,uvope

T * Y incroasc
[ 4 'M:‘%’.‘:’;;I’e) 1564T 16minion

A “'% 2017

Western

Pacific
Fig. 1-1: Number of people with diabetes worldwide and per region in 2017 and
2045. (with permission from International Diabetes Federation. IDF Diabetes
Atlas, 8" ed. Brussels, Belgium: International Diabetes Federation, 2017.

(Diabetes Atlas, 2019 ) (Saeedi et al., 2019)

1.1.1. Types of diabetes mellitus

The American Diabetes Association (ADA) classifies diabetes

mellitus according to its etiology as follows:

1. Autoimmune idiopathic diabetes Mellitus of type 1 (TLDM).
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2. Type 2 Diabetes Mellitus (T2DM).

3. Gestational diabetes Mellitus (GDM) and other specific varieties of

diabetes mellitus (Souza et al., 2016).
1.1.2. Epidemiology of diabetes mellitus

DM is a condition resulting from an imbalance in glucose levels. (90%
- 95%) of diabetic patients have T2DM and GDM, whereas only (5% -
10%) have T1DM (Benjamin et al., 2019).

1.1.3. Complication of diabetes mellitus

Dm is a known risk factor for Cardiovascular Disease and the early
advent of CVD (Health et al., 2011). Diabetes-related abnormalities in
metabolic energy metabolism cause diabetic dyslipidemia (Chehade et
al., 2013).

1.1.4. Diagnosis of diabetes mellitus

Diabetes can be diagnosed using plasma glucose criteria, such as the
Fasting Plasma Glucose (FPG) value or the 2-hour plasma glucose (2-h
PG) value during a 75-gram oral glucose tolerance test (OGTT), as well
as Glycated Hemoglobin (HbA1lc) criteria (Gillett, 2009) as shown in
(Table 1.1).
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Table (1-1): Diagnosis of diabetes (Punthakee et al., 2018).

FBG > (7.0) mmol/L
Fast = No caloric income for at least 8 hours
HbA1C > (6.5) % (in adults)

By using standard and validate assays in the

absence of factors that may influencethe accuracy
of the test ( A.1C.) and not for the suspect. TIDM

2 h Blood glucose in a (75) g oral glucose tolerance test
O.G.TT >(11.1) mmol/L

In Random blood glucose > (11.1) mmol/L

Random = not fasting for 12 hours or less

1.1.5. Abnormalities in metabolism of diabetes mellitus

Diabetes mellitus is a condition of macromolecule metabolism
characterized by a decreased capacity of the body to produce or respond
to insulin, which helps to maintain healthy levels of blood glucose
(Kumar et al., 2020). When the pancreatic gland is no longer able to
produce insulin or when the body is unable to use the insulin it produces,
a chronic illness may develop. Insulin is a hormone produced by the duct
that functions as a kind of lock to allow aldohexose from the food eaten to
pass from the bloodstream into the body’s cells where it may be used as
an energy source. All foods with macromolecules countermine into

aldohexose in the blood. Endocrine facilitates aldohexose uptake by
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cells (Kumar et al., 2020). The endocrine system transports blood sugar
into cells so they can store it or use it as fuel. With polygenic disease, body
either won’t produce enough endocrine or won’t use the endocrine it does
produce well. kidneys, eyes, nerves and otherorgans can be harmed in
polygenic disease is untreated high blood glucose levels (Ahmad et al.,
2021). If create little to no endocrine, or if are endocrine-resistant, a lot of
sugar stays in blood. The glucose levels of those with polygenic disease

are greater than usual (Kahm et al., 2018).

1.1.6. Diabetes mellitus and genetic predispositions

T2DM is currently viewed as a condition having a significant genetic
component. As a result, (35-50%) of patients have relatives who have
diabetes, compared to 15% of persons without this illness. Compared to
(1-6%) of healthy individuals, (10—-30%) of the patient's parents who are
tested for T2DM have the condition. According to the results of the
Framingham Offspring Study, if one parent had diabetes, the relative risk
for the child was 3.6; if both parents had, the risk was
6.0. According to this study, whether the mother or the father has the
condition, the risk for diabetes in sons or daughters of diabetic parents is
the same. (Siderova, 2019).

1.2. Type 2 diabetes mellitus

The majority of instances of diabetes (90-95%) are of T2DM. It is
characterized by hyperglycemia in the context of hyperinsulinemia,
which is caused by insulin resistance and leads to metabolic dysfunction
and the inability to create enough insulin to meet the body's needs

(Cancienne et al., 2018). To combat insulin resistance, one must secrete
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more insulin due to diminished insulin-mediated glucose
absorption in the peripheral tissues (by muscle and fat), insufficient
reduction of hepatic glucose output, and inefficient triglyceride uptake
by fat (Zierath, 2019). The main signs of this illness include polyuria,
polydipsia, polyphagia, weight loss, weariness, and eye distance.
Diabetic patients who have persistent hyperglycemia may suffer

dramatic complications if they are not treated (Kumar et al., 2013).
1.2.1. Epidemiology of type 2 diabetes mellitus

The Middle East and North Africa (MENA) region of the IDF has
the second-highest prevalence of diabetes. Among the MENA Region
(21 nations and territories, including Iraq), diabetes is to blame for
373557 fatalities. Diabetes accounts for 51.8% of mortality in patients
under the age of 60, placing the region second among IDF regions
(Abusaib et al., 2020). The prevalence of T2DM in lIraq reached
epidemic levels in 2007, impacting an estimated 2 million people, or
7.43% of the nation's total population (Abbas et al., 2020). Between
8.5% and 13.9% of Iragis have T2DM, which affects about 1.4 million
people. 19.7% of people aged 19 to 94 in Basrah, southern Iraqg, were

found to have diabetes, according to a study of 5400 participants

(Abusaib et al., 2020).
1.2.2. Causes of type 2 diabetes mellitus

The single most significant factor in uncovering the genetic causes of
T2DM over the past ten years has been hypothesis-free genome-wide
association studies (GWAS), which have found about 100 linked genomic

regions or loci (Morris, 2018). Type 2 diabetes is the most common form
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of diabetes mellitus and is highly associated with a family history of
diabetes, older age, obesity and lack of exercise (Baynes, 2015). T2D is
believed to arise due to complex interactions between genetic information,
developmental exposures and environmental factors such as diet, physical
activity, and pollution (Nowlin et al., 2012 and Ma et al., 2014). The
characteristic of overeating and inactivity is excess fat, which has been a
major area of genetic research. Genes that are strongly expressed in the
central nervous systemhave been associated with general obesity in people
of diverse ancestries in extensive investigations of BMI and related
metrics (Heitkamp et al., 2021).

1.2.3. Hormonal effect of type 2 diabetes mellitus

Our comprehension of diabetes has been fundamentally altered by the
identification of insulin and glucagon as glucose metabolism
regulators. The pancreatic islet of Langerhans -cells converts proinsulin
into the 51-amino-acid peptide insulin (Ojha et al., 2019).
1.2.4. Risk factors of type 2 diabetes mellitus

Several risk factors could increase a person's likelihood of developing

T2DM. The following categories apply to T2DM risk factors:

1- Risk factors that can be changed include being overweight or obese,
not exercising regularly, having high blood pressure (hypertension), and

having abnormal cholesterol (lipid) levels.

2- Non-modifiable risk variables include things like socioeconomic
status, demographics, genetics, age, mental health, and a family history
of gestational diabetes (Almubarak, 2016).
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1.2.5. Type 2 diabetes mellitus and molecular changes

Adipose tissue, skeletal muscle, and the liver all undergo molecular and
phenotypic alterations that lead to insulin resistance and ultimately T2D
(Lin and Sun, 2010). Since the majority of the body's insulin- stimulated
glucose absorption occurs in the skeletal muscle, glucosehomeostasis in
T2DM patients is significantly impacted by tissue abnormalities (Lin and
Sun, 2010). Impaired mitochondrial biogenesis contributes to the
development of insulin resistance (Martins et al., 2012). Myokines are a
component of a complex network that facilitates communication between
muscles, the liver, adipose tissue, the brain, and other organs. They also
play a role in the growth (myogenesis) and regeneration of muscles within
the muscle itself (Oh et al., 2016).

1.3. Obesity

Obesity is typically measured with the body mass index (BMI) table
(1-2), but anthropometric classification systems do not account for the
presence or severity of comorbidities (Pischon et al., 2008). According
to the most recent data, in 2019, obesity ascended to the fifth position on
the list of global risk factors for premature death. Approximately 3 million
people worldwide die each year due to obesity (Murray et al., 2020).
Obesity is a significant risk factor for developing chronic non-
communicable diseases (CNCD) in humans. The most prevalent non-
communicable diseases are cardiovascular, cerebrovascular, oncological,
diabetic, respiratory, and musculoskeletal disorders. In addition, obesity
significantly affects the development and prognosis of several infectious
diseases, including a recent coronavirus infection. All of the factors above

have the potential to increase the strain on global healthcare systems, and
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it will require substantial investments to halt and reverse these effects
(Kim and Drapkina, 2022 ; Murray et al., 2020).

Table (1-2): Obesity classification according to World Health
Organization(WHO) 2012 (Nasser et al., 2019)

Classification Body mass index
(kg/m?)
Underweight <18 .50
Normal range 18.50 - 24.99
Overweight >25-29.5
Obese >30.00
Obese class | 30.00 - 34.99
Obese class 11 35.00 - 39.99
Obese class 111 >40.00

1.3.1. Causes of obesity

Our general comprehension of the causes of obesity is that an increase in
caloric intake through overeating and a decrease in physical activity are the
most significant contributors. Increasing wages, urbanization, genetic
predisposition, pharmaceuticals, mental illness, economic policies,
endocrine abnormalities, and exposure to hormone- disrupting substances
are some of the most common causes of obesity (Mohajan and Mohajan,
2023). In the 21st century, there has been a transition from a monogenetic
to a multigenetic perspective on obesity (Lee et al., 2022). Prior research
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has identified causal associations between higher BMI and waist/hip
WHR adjusted for BMI, T2DM, and coronary artery disease (CAD) using
a small number of obesity- associated single nucleotide polymorphisms
(SNPs) (Emdin et al., 2017;Lotta et al., 2018).

1.3.2. Risk factors of obesity

Changing lifestyles in the last century and sedentary workplaces and
genetic factors are the main known risk factors influencing the
development of obesity (Mangemba and San Sebastian, 2020 ; Yang et
al., 2018). In addition, indicators of metabolic risk include insulin
resistance and hyperglycemia (Health et al., 2011). Diet quality can be

measured to better comprehend common dietary patterns (Index, 201

1.3.3. Complications in metabolism
As show in (Fig 1-2).

Obesity Obesity
Complications

Healthy expansion
1 Adipogenesis

J Cell volume

A Insulin sensitivity
J Inflammation

\ — Calorie
excess

Unhealthy expansion Lipotoxicity

< Adipogenesis ¢ Ectopic lipid

1 Cell hypertrophy deposition

J Insulin sensitivity ¢ NAFLD

1 Low-grade — ¢ Insulin resistance
Inflammation ¢ T2D

1 Macrophages * CVD
infiltration

O Adipocyte
Necrotic adipocyte

® Macrophage

¥

Preadipocyte

Fig. 1.2: White adipose tissue in obesity. White adipose tissue responds to caloric
excess through a healthy or unhealthy expansion. Healthy expansion through
adipocyte hyperplasia protects against the metabolic complications of obesity.
Unhealthy expansion through adipocyte hypertrophy promotes obesity-
associated metabolic complications. WAT, white adipose tissue; T2D, type 2
diabetes; NAFLD, non-alcoholic fatty liver disease; CVD, cardiovascular disease
(Gaborit et al., 2015 ; Singh et al., 2017)

12



Chapter One Introduction and Literature Review

1.3.4. Obesity and diseases

Obesity is a complex, chronic disease that is characterized by a
marked increase in body adipose tissue mass. It is also associated with
abnormalities in the metabolism of lipids and sugars, chronic
inflammation, and oxidative stress, as well as an increased risk of a
number of diseases, most notably cancer, diabetes, and cardiovascular
disease, and a shortened life span (Leung et al., 2015; Wlodarczyk and
Nowicka, 2019). The accumulation of DNA damage in obese individuals
has been described, and it has been hypothesized that this damage may
contribute to the development of obesity-related diseases (Zaki et al.,
2018).

1.4. Biochemical markers

1.4.1. Hormone insulin

The B-cells of the pancreas, which are cell clusters found in the
endocrine section of the pancreas, produce the peptide hormone insulin.
The mainhormone regulating how tissues use nourishment is insulin. Its
anabolic metabolic effects promote the production of protein,
triacylglycerols (TAGSs), and glycogen. The 51 amino acids that makeup
insulin are organized into two polypeptide chains, A (21 amino acids) and
B (30 amino acids), which are connected by two disulfide bridges as well
as intramolecular disulfide bridges between the amino acid residues of
theA chain (Newsholme et al., 2017).

13
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1.4.1.1. Biosynthesis of insulin

The creation of pre-pro-insulin, a bigger precursor polypeptide chain
with 109 amino acids, is the first step in the biosynthesis of insulin. The
endoplasmic reticulum quickly converts it into pro-insulin by removing 23
amino acid residues. This results in the formation of pro-insulin with 86
amino acids, which is subsequently delivered to the Golgi apparatus where
it is cleaved by the pro-hormone convertase enzyme (Tokarz et al., 2018).
Thus, 51 amino acid insulin is created after the separation of the linking
peptide, or C-peptide, which has 31 amino acids. Although the quantities
of insulin and C-peptide are equal, the latter has a longer half-life than the
former, making it a useful indicator for estimating the production and
secretion of the former (Akai et al., 2015).

1.4.1.2. Regulation of insulin secretion

The B-cells of the pancreas react to many stimuli, such as glucose,
arginine, and hormones derived from gastrointestinal peptides, by

secreting insulin:

1. The initial step in glucose-stimulated insulin release is glucose entry
into the B cell via GLUT-2, followed by phosphorylation by the
glucokinase enzyme and the production of ATP. The ensuing rise in the
ATP/ADRP ratio causes the ATP-sensitive potassium (K+-ATP) channel
to close, the cell membrane to become depolarized, and calcium to enter
through voltage-dependent calcium channels, leading to the exocytosis

of insulin granules (Thorens, 2015).
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2. The initial step in glucose-stimulated insulin release is glucose entry
into the B cell via GLUT-2, followed by phosphorylation by the
glucokinase enzyme and the production of ATP. The ensuing rise in the
ATP/ADRP ratio causes the ATP-sensitive potassium (K+-ATP) channel
to close, the cell membrane to become depolarized, and calcium to enter
through voltage-dependent calcium channels, leading to the exocytosis
of insulin granules (Kahn et al., 2006).

3. The hormones in the gut play an important function as another regulator
of beta-cells. They note that after consuming glucose, insulinoutput
increases. This finding implies that after ingesting glucose, some
substances promote the release of insulin. These variables have been
demonstrated to be gut "massagers” (termed incretins) GLP-1, a
glucagon-like peptide-1, and GIP, a gastric inhibitory polypeptide, are
two incretins (GIP) The release of these polypeptide hormones are
reduced in T2DM and obesity (Zaccardi et al., 2016) as shown in (Fig.
1-3).

Glucose K -ATP catt
entry Channel entry

——
GLUT 2 >
a L l i ™
Glucose BETA
more;

ATP more CELL
Insulin in granules @
(& (o /
Secreted outside cell ® e ® e o

Fig. 1-3: Mechanism of insulin secretion (Vasudevan et al., 2013).
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1.4.1.3. Physiological roles of insulin

Insulin primarily controls the body's energy supply by maintaining a
balance of micronutrient levels during the fed state (Sakurai et al., 2021).
Transporting intracellular glucose to tissues and cells that depend on
insulin, such as the liver, muscle, and adipose tissue, requiresthe hormone
insulin. Any imbalance in external energy sources causes the lipids stored
in adipose tissue to break down, which ultimately speeds up insulin
release (Alves-Bezerra and Cohen, 2017).

1.4.1.4. Mechanism of insulin signaling

1. Insulin receptor: Linking to a particular plasma membrane receptor
on the target cells causes insulin to start working. These receptors are less
plentiful and less responsive to insulin in target tissue in obesity (diabetes
mellitus Type 2). A glycoprotein with 2 alpha and 2 beta subunits makes
up the insulin receptor. The insulin-binding site is present in the
subunits on the extracellular side. The subunits are visible on the
cytoplasmic side of the cell after passing through thecell membrane.
Tyrosine kinase activity is present in the beta subunit. The insulin receptor
is therefore classified as a tyrosine-kinase receptor (Vasudevan et al.,
2013) as shown in (Fig. 1-4).

2. Signal transduction: Initially, insulin binds to the alpha subunit; this
activation of the tyrosine kinase activity of the beta subunit causes the beta
subunit to become autophosphorylated. A collection of proteins known as
"insulin receptor substrates (IRSs )" are one of several cell-signaling
reactions that are facilitated by autophosphorylation. At least four IRSs

with similar structural features but different tissue
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distributions have been identified. Via the activation of many pathways
that affect gene expression, cell metabolism, and growth, phosphorylated
IRS proteins are linked with other signaling moleculesthrough certain
domains (Graham et al., 2004).

When insulin binds with alpha
unit, the beta unit transmits

signal to cytoplasm
Alpha subunit = : Ao

Beta unit

Beta unit )
VWhen insulin binds, kinase activity /

switched on. Then tyrosine residues
are phosphorylated .
Insulin response
substrate (IRS)

Activated beta unit then phosphorylates IRS;
which then leads to cellular responses

Fig. 1-4: Insulin receptor

1.4.1.5. Insulin resistance
Insulin resistance (IR) is a pathological condition of the body in which
cells are unable to sense insulin hormones and cells lose insulin
sensitivity (Himanshu et al., 2020). IR is commonly linked with obesity,
which is a pathophysiologic factor of T2DM (Becheva and Kirkova-
Bogdanova, 2022). The etiology of T2DM is accelerated by obesity by
promoting insulin resistance. Because of limited understanding of insulin

resistance, T2DM therapeutic options are limited.
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Nonetheless, several research has discussed the connection between
insulin resistance and lipotoxicity, hyperinsulinemia, inflammation, and
mitochondrial dysfunction (Ota, 2015). Via the establishment of insulin
resistance, endoplasmic reticulum stress, oxidative stress, genetic
background, aging, hypoxia, and lipodystrophy are also implicated in the
pathogenesis of T2DM. However, none of those theories have resulted
inthe development of T2DM treatment options. Lack of consensus
regarding cross-linked mechanisms of insulin resistance in T2DM may
be the cause (Ota, 2015).
1.4.1.6. Effect of vitamin Dz on insulin
According to the latest scientific research, a deficiency in vitamin D
reduces insulin synthesis and secretion. Observational studies on humans
demonstrate a negative association between vitamin D and insulin
sensitivity, prediabetes, and dysglycemia (Jain and Micinski, 2013).
Numerous studies conducted over the past decade have shown that vitamin
D plays an important role in reducing the risk of T2DM (Al- Shoumer
and Al-Essa, 2015). The current recommendation for adequate bone
health from the Institute of Medicine is (600-800) U of vitamin D per day
(Apidechkul et al., 2022).

1.4.2. Vitamin D3
Vitamin D3 (25(0OH)Ds is a steroid hormone that, in addition to its
well-known role in Ca*™ homeostasis and bone metabolism, controls a
number of other biological functions in the body (Chang and Lee, 2019).
Vitamin Ds is the only vitamin and it acts as a steroid hormone. Ithas two
different chemical structures and is fat-soluble vitamin (Rhodes et al.,
2021).
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1- Food sources of vitamin D2 (ergocalciferol) are limited to plants.

2- When ultraviolet light strikes 7-dehydrocholesterol in the
epidermis, vitamin D3 (cholecalciferol) is synthesized. Vitamin D3
Is a fat-soluble vitamin that is abundant in animal organs, especially
the liver as shown in (Fig 1-5) (Kumar et al., 2013).

Vitamin D3 is essential for the absorption of minerals like
calcium and phosphorus, and it is also connected to an expanding
list of non-skeletal disorders, such as diabetes and its complications
(Dilaveris et al., 2019).
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Fig. 1-5: Forms of vitamin D, photobiosynthesis, and activation (Al
Mheid and Quyyumi, 2017)
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1.4.2.1. Sources of vitamin D3

Fish oil is a vital component of a healthy diet. There is some vitamin
D in the liver and eggs, but only around 5% of daily needs. Despite this,
mushrooms can provide a trace amount of vitamin D2, despite their
dependence on UV light for growth. The majority of humans get their
vitamin D from exposure to UV-B photons produced by cholesterol in the

skin (Hypp6nen and Power, 2007).
1.4.2.2. Metabolism of vitamin D3

Vitamin D is primarily obtained by most individuals through the skin's
production in response to exposure to UV-B radiation. 7-
dehydrocholesterol is converted to cholecalciferol when exposed to UVB
light in the skin's upper epidermis, which triggers photolysis of the B-ring
structure and subsequent isomerization. These modifications to the
molecule’'s structure make it too large to pass through the plasma
membrane, so it must enter the extracellular region by another means.
Next, it is attracted to the capillary bed, where it interacts with vitamin D
binding protein (DBP) to the liver. In the summer, maximum production
is attained after (10-15) minutes of sun exposure, depending on skin
pigmentation (Hanel and Carlberg, 2020). Then, 25- hydroxylase
transforms vitamin Ds; into 25-hydroxycholecalciferol 25(OH)Ds.
Although not only in the liver, this process primarily takes place there. The
enzyme 25-hydroxyvitamin D1-hydroxylase, which is present in proximal
tubular cells in kidneys, mediates the final stage of the synthesis of active
1,25-dihydroxycholecalciferol (1,25(OH), D). To meet their own needs,
non-kidney cells can also create 1,25(0OH), D (Bikle and Christakos,
2020). As seen in (Figl-6). Only free vitamin D is thought to be able to
penetrate most cells. Megalin and
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Kubilin, two cell surface receptors, must be expressed for protein-bound

vitamin D to enter cells (Wongdee and Charoenphandhu, 2015). The
interaction between the vitamin D/VDR complex and the vitamin D
response element in the genome occurs when free vitamin D diffuses
across the plasma membrane and binds to the vitamin D receptor (VDR)
in the nucleus (Carlberg and Mufioz, 2022).
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Fig. 1-6: Metabolic pathways of vitamin D3 (Owens et al.,
2018).

1.4.2.3. Chemistry of vitamin D3

Vitamin Ds is a fat-soluble vitamin consisting of the plant form known
as ergocalciferol (vitamin D2) and the animal form known as
cholecalciferol (vitamin D3) (Giustina et al., 2019). Vitamin D has long
been associated with bone health because it promotes calcium absorption
in the small intestine, maintains serum calcium and phosphate levels, and

affects bone production and remodeling by acting on osteoblasts and
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osteoclasts cells. In addition to its well-known effects on mineral

homeostasis, vitamin D also has unique impacts on cell proliferation and

differentiation, regulation of the innate and adaptive immune systems,
protection of cardiovascular and neurological diseases, and even anti-
aging benefits (Gil et al., 2018). Vitamin D3 can be found in fatty fish,
fortified foods, and nutritional supplements. depicts how 7-
dehydrocholesterol in the skin absorbs ultraviolet B rays from sunlight,
causing the body to generate vitamin D3 in addition to getting it from food
sources. The body starts producing vitamin D as a result of this process
(Herrick et al., 2019). Although many cellular activities require vitamin
D, its activity can be impeded by several causes, includingdecreased
vitamin D production, a deficiency in vitamin D hydroxylases in cells, and
lower VDR concentration. Since vitamin D activity is reduced, numerous
chronic diseases, including cancer, osteoporosis, diabetes, erectile
dysfunction, and atherosclerosis, may be brought on (Kim et al., 2020).
When vitamin D3 is hydroxylated in the liver and kidneys, it transforms
into 1,25(0OH).D3, or 1,25-dihydroxy vitamin Ds;. Liver cells, immune
cells, and bone cells are among the target locations where it acts. (Pilz et
al., 2019). Vitamin D3 has a well-known role in calcium and phosphate
balance, which impacts bone growth and resorption. Low vitamin D3
status is also associated with several municable diseases as well as an
elevated risk of infectious disorders, most notably upper respiratorytract
infections. But the debate over whether low vitamin D3 levels are a factor

in or a consequence of illness has persisted (Mitchell, 2020).
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Rickets is brought on by inadequate vitamin D3 during growth. In
adults, however, it results in osteomalacia and various degrees of
osteoporomalacia. Low vitamin D3 levels raise bone turnover, reduce
bone density, and are linked to an increased risk of fractures (Sassi et al.,
2018). Many variables affect vitamin Ds status, including those that affect
skin production, vitamin D3 bioavailability and metabolism, and acquired
and hereditary diseases of vitamin D3 responsiveness and metabolism

(Charoenngam et al., 2019).
1.4.2.4. Vitamin D3 and diabetes mellitus

The correlation between normal vitamin D3 levels and appropriate
insulin sensitivity and glucose homeostasis is supported by a large body
of research (Szymczak-Pajor and Sliwinska, 2019). For instance, recent

clinical research in T2DM patients found that vitamin D3

treatment for 6 months dramatically improved metabolic decline and
glucose homeostasis (Lemieux et al., 2019). DM is more common in
people with low levels of vitamin D3 (L. Wang et al., 2020). In addition,
it has been proven that the polymorphism of genes involved in calcitriol
production raises the risk of insulin resistance and diabetes (Al-Daghri et
al., 2017). This data indicates that vitamin D3 may have a rolein the
pathogenesis of insulin resistance and diabetes (Al-Shoumer and Al-
Essa, 2015).

1.4.2.5. Vitamin D3 and type 2 diabetes mellitus
African Americans, Asians, and Latinos, rising obesity, advanced age,

and inactivity (which may result in less time spent outdoors or exposure

to sunshine) are risk factors for both vitamin D3 deficiency and type 2

23



Chapter One Introduction and Literature Review

diabetes, which suggests that these associations may not be random
(Saintonge et al., 2009). Recent studies on the various functions of
vitamin D3 have demonstrated the presence of specialized vitamin D
receptors (VDR) in pancreatic B-cells as well as the production of 1 -
hydroxylase, which is responsible for converting 25(OH)D to
(1,25(0OH),D) in addition to being activated in the kidney. Human insulin
gene promoter has vitamin D3 response elements, and skeletal muscle
contains VDR. Additionally, 1,25(0OH),D directly activates the
transcription of the human insulin receptor gene, the peroxisome activator
of receptor proliferators, raises the expression of the insulin receptor, and
improves insulin-mediated glucose transport (Alvarez and Ashraf, 2010).
Human skeletal muscle and adipose tissue both express vitamin Ds
receptors, making them the primary determinants of peripheral insulin
sensitivity. It is important to note that both VDRexpression and insulin
sensitivity decline with aging in skeletal muscle (Bischoff-Ferrari et al.,
2004). Insufficient vitamin D3 affects intracellular calcium, which in turn
affects insulin output and sensitivity (Pittas et al., 2007). Since it has been
demonstrated that low 25- hydroxyvitamin D3 levels impact pancreatic
cell function and IR, low 25- hydroxyvitamin D3 levels have become a
potential risk factor for type 2 diabetes in recent years (Pittas et al., 2019).

Therefore, there are several

observational studies on the association between the prevalence of
diabetes and serum 25 (OH) D concentration, and practically all of this

research supports this relationship (Jorde, 2019).
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1.4.2.6. Vitamin D3 and diabetes mellitus complications

Based on vitamin Ds; known effects (antiproliferative,
immunomodulatory, angiogenic, inhibition of the renin-angiotensin-
aldosterone system, and inhibition of the expression of neurotrophic
factor), which probably interact with the pathogenesis of diabetes
complications, hypovitaminosis D has been linked to long-term
microvascular and macrovascular complications of diabetes (Alam et al.,
2016).

1.4.2.7. Effect of vitamin D3 on bone

Vitamin D3 helps prevent osteoporosis and fractures while promoting bone
health. Inadequate dietary vitamin D3 and vitamin D; deficiency are
common in older adults and are associated with a higher risk of fractures
(Anderson, 2017). Osteoclasts are cells found in bone that can break down
bone tissue, while osteoblasts are cells that create new bone cells. The
presence of vitamin D3 receptors (VDR) in osteoblasts, osteoclasts, and
osteocytes contributes to the preservation of bone health by controlling the
remodeling of bone (Hou et al., 2018). The 1,25(0OH),D3; metabolites of
vitamin D3 regulate the osteoblast genesis of bone marrow stromal cells
via autocrine and paracrine processes (Posa et al., 2016). By inducing the
production of hormones such as fibroblast growth facto 23 (FGF23) and
osteogenic hormones, vitamin D3 controls the remodeling of bones(
prostaglandin E2, nitric oxide, and ATP ) (St. John et al., 2014).
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1.4.2.8. Vitamin D receptor (VDR)

The majority of vitamin D3 effects depend on its receptor, which is
mostly liganded by 1,25(OH);Ds. The vitamin D receptor is thought to
function as a transcription factor. VDR is expressed by intestinal epithelial
cells, osteoblasts, parathyroid cells, and distal renal tubules, and it plays a
crucial role in the equilibrium of calcium and phosphate. The vitamin D
receptor is a member of the steroid hormone receptor family. The small
intestine was where VDR was first identified, but it has now been found
in practically all tissues. It should come as no surprise that vitamin D

affects several biological processes through VDR (Bikle, 2020).

The vitamin D3 receptor acts as a heterodimer in the nucleus and
regulates vitamin D3 target genes together with the retinoic acid X receptor
(RXR). The heterodimer compound interacts with the vitamin Dsrespond
elements (VDRE) in DNA, thereby regulating the transcription of many
vitamin D3 target genes, including bone-related genes, osteocalcin, and
osteopontin (Bikle, 2020).

1.4.3. Vitamin D binding protein (VDBP)

Transport of vitamin D3 to different tissues and cell types inside the
body is facilitated by vitamin D3 attached to VDBP, which also controls
the total quantity of vitamin D3 available for the body (Chun, 2012). The
25 hydroxyvitamin D (25(0OH)D3) and 1, 25 hydroxyvitamin D are
transported by the vitamin DBP, a highly polymorphic protein (1,250HD)

(Bouillon et al., 2020). DBP is a multifunctional protein that has been
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well-preserved throughout vertebrate evolution and is mostly made in the
liver. It has a molecular weight of (52-59) kDa. In human plasma, DBP
has a half-life of about 1.7 days. The mature human DBP structure is 458
amino acids (AA) long (Bouillon et al., 2020).

Approximately (85-90%) of the circulating 25(OH)D is bound by the
DBP, which is in charge of conveying vitamin D3 and its metabolites
from the point of manufacture to the target tissues (Bikle and Christakos,
2020). In recent years, attention has been drawn to the biological
significance of DBP, which extends beyond its function in transporting
vitamin D and may even play a part in inflammation and

iImmunomodulation (Chun et al., 2019).
1.4.4. Heat shock protein-70 (HSP-70)

Heat shock protein 70 is a highly conserved family of stress-
responsive proteins (Radons, 2016). It has been revealed that HSP70
functions in modifying circumstances associated with chronic diseases
like diabetes (Nakhjavani et al., 2010). Heat shock proteins (HSPSs)
have molecular weights that range from (15 -110) kDa. They are widely
distributed and well-known proteins (Jee, 2016). They are believed to be
defensive molecules that can express themselves in response to a variety
of cellular stressors and play a variety of tasks (Heise and Fort, 2011).
such as oxidative, thermal, and ischemia stress (Morteza et al., 2013).
Heat shock proteins function as chaperone proteins and can aid in the
refolding of denatured proteins (Al-Zuhaeri et al., 2022). Their

capabilities have recently been expanded to encompass cell signaling
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control (Calderwood et al., 2007). Its participation in long-term health
issues such as diabetes, obesity, and insulin resistance (Chung et al.,
2008). In mammalian cells, both enzymatic and non-enzymatic processes
can produce reactive oxygen species (ROS), Diabetes-related
inflammatory diseases and vascular problems, which are brought on by
the production and action of reactive oxygen species are known to be

influenced by hyperglycemia (Wei et al., 2009).

1.4.4.1. Heat shock protein-70 with type 2 diabetes mellitus

Heat shock proteins play important roles in offering defense
mechanisms against disease, particularly diabetes. Heat shock proteins
(HSPs) are a group of conserved proteins due to their crucial role in
providing cellular protection. To improve cellular protection in the case of
diabetes mellitus, the expression of HSP has been examined from
pharmacological and genetic modulation points of view. Taking into
consideration that HSPs are released in the extracellular space has led
researchers to conduct clinical studies to explore the potential of using
HSPs and anti-HSP antibodies as serum biomarkers of DMT2

complications (Bellini et al., 2017).
1.4.4.2. Classification and functional role of heat shock protein-70

HSPs are a member of a limited family of elevated proteins that have
been referred to as stress proteins. The molecular mass of HSPs determines
how they are categorized. Constitutive HSPs, such as HSP90,HSP40, and
HSP70, have cellular housekeeping roles (Saibil, 2013). Two ATP-
dependent HSPs that control unfolded proteins are HSP70 and HSP90,
which are both highly conserved. HSP90 is a protein homeostasis-related
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ATP-dependent chaperone (Schopf et al., 2017).HSPs are also involved
in a wide range of pathological disorders,including cancer, neurological
ilInesses, and infectious diseases. It should be noted that HSP90 helps
many other chaperones, such as HSP70 and HSP40, as well as
cochaperones, such as those with tetratricopeptide repeats (TPR), refold
numerous denatured proteins (Howard et al., 2010). Many types of
HSP70 are either constitutive or inducible. Heat stress induces a
significant expression of induced HSP70 family chaperones and acts as an
HSP70 catalyst for brain cells (Brown, 2007). It is possible to increase the
stability of denatured proteins by combining the chaperone activities of
HSP70 and HSP90 (Sherman andGoldberg, 2001).

1.45. C-Peptide
C-peptide testing is a helpful and popular method of assessing

pancreatic beta cell activity. Its production is equivalent to that of
endogenous insulin, but its secretion is more consistent over a longer
period. Samples of serum and urine are used in estimate techniques. After
proinsulin is broken down, equal amounts of insulin and the "C- peptide,"
a 31 AA peptide, are produced. Compared to insulin, c- peptide
degenerates more slowly (half-life of 20-30 min, while the half-life of
insulin is 3-5 min). C-peptide levels in healthy people's fasting plasma
range from (0.3-0.6) nmol/I, rising to (1-3) nmol/l after meals. First-pass
metabolism of insulin occurs in the liver, but c-peptide has a low rate of
hepatic clearance (Leighton et al., 2017).

1.4.6. Genetic studies

Each individual is distinct because only around 0.1% of the variability
in any two genomes can be accounted for. The fundamental units of human

DNA are made up of four distinct nucleotides. (Adenine; A, Cytosine; C,
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Guanine; G, Thymine; T). These nitrogen bases can be modified in a
variety of ways, including by rearranging, exchanging, duplicating, or
deleting them (Le Marchand and Wilkens, 2008). Thesemodifications
increased somatically at a high pace, especially in cancer cells where they
were enriched. Moreover, these alterations might take place in germ cells
and be passed on to future generations as constitutional variants. Sequence
changes can occur anywhere in the genome's DNA, and the bulk of them
happened in non-coding areas, which have no or little impact on the
operation of the cell. Different DNA repair systems often act to keep high
genome integrity, but never with total fidelity (Olden et al., 2001).

1.4.6.1. Single nucleotide gene polymorphism

A single nucleotide (A, T, C, or G) in the genome sequence can
change to cause an SNP (pronounce "snips"), which alters the DNA
sequence. AAGGCTAA in the DNA sequence, for instance, might
become ATGGCTAA due to an SNP.AnA SNP must occur in at least 1%
of the population to be recognized. Throughout the 3-billion-base human
genome, SNPs which account for nearly 90% of all genetic modifications
occur every (100 — 300) bases. Both the genome's coding and noncoding

sections are susceptible to SNPs (Medvedev et al., 2017).
1.4.6.2. Detection of single-nucleotide polymorphism

The polymerase chain reaction (PCR) is an amplification technique
for the revelation of SNPs. The general procedure involves raising the
temperature of the reaction to 95°C to separate the two strands of DNA
then lowering to the annealing temperature which is specific for the
primers to hybridize, and then elevating to the optimal DNA polymerase

temperature of 72°C for primer elongation. This process is frequent
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cyclically, generating billions of copies of the target sequence Figure (1-
7) (Lui et al., 2009). There are various types of PCR and {amplification-
refractory mutation systems (ARMS)-PCR is a main sort. It is a simple
technique used for detecting SNPs based on the use of sequence-specific
PCR primers to promote amplification of extracted DNA only when the

target allele is contained within the sample (Little et al., 2001).
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Fig. 1-7: PCR steps (Mridha, 2015).
1.4.6.3. Vitamin D3 receptor gene

Factor nuclear transcription by the mediation of 1,25(0OH)2D3, VDR
influences calcium absorption, bone remodeling, and the rate of
mineralization. There are 11 exons in the 3g11 region on the long arm of
chromosome 12, and (2-9) of them are actively transcribed (Horst-
Sikorska et al, 2013). Numerous investigations have revealed that the

nuclear receptor superfamily’s VDR gene, which is found on
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chromosome 12’s long arm (12q13.11), plays a significant role in the

etiology of osteoporosis (Ali and Jebor, 2021).
1.4.6.4. Vitamin D receptor gene polymorphism

It has been investigated if the polymorphism of the vitamin D receptor
gene correlates with various human disorders. Hyperparathyroidism,
infectious illnesses, inflammatory bowel disease (IBD), and prostatic
tumors are all associated with VDR gene polymorphism (Mahdi, 2021).
The majority of research on VDR polymorphisms has been done in
Caucasian populations and has concentrated on six SNPs: (1) rs10735810
or Fokl in exon 2; (2) rs1544410 or Bsml in intron 8; (3) rs731236 or Taql
in exon 9; (4) rs7975232 or Apal in intron 8; (5) rs757343 or Tru91 in
intron 8; and (UTR) (Mosaad et al., 2014). There have been described
over ten distinct sequence variants in the 3/UTR, including a poly(A)
repeat polymorphism (Uitterlinden et al., 2004). The VDR gene has four
polymorphisms (Apal, Bsml, Tagl, and Fokl), each of which is biallelic
and often investigated about BMD and osteoporosis: Fokl (rs228570 T/C),
Apal (rs7975232 A/C), Bsml (rs1544410 A/G), and Tagl (rs731236, T/C)
(Kow et al., 2019).

1.4.6.5. Vitamin D receptor gene polymorphism of Bsml

SNP in the VDR gene modulates glucose intolerance, insulin secretion,
and sensitivity (Manchanda and Bid, 2012). The VDR gene'sgenetic
variation can alter insulin secretion, leading to insulin resistance, as well
as vitamin D synthesis, transportation, and action (Sung et al., 2012). The
gene product that mediates the effect of vitamin D is called VDBP. When
cholecalciferol binds to VDBP, it enters the bloodstream. Intron 8's Bsml
polymorphism in the VDR gene is linked to the
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development of type 2 diabetes mellitus (Nosratabadi et al., 2010).
reported that T2DM patients have a considerably higher prevalence of the
Bsml SNP. Several studies showed a similar connection between Bsml
polymorphism and T2DM in other groups (Ortlepp et al., 2003). Bsml
SNP and the risk of T2DM in various ethnic groups are thus not
conclusively linked. SNP is connected to therapeutic responsiveness and

IlIness susceptibility (Anuradha, 2013).
1.4.6.6. Vitamin D3 receptor gene with type 2 diabetes mellitus

T2DM and VDR polymorphisms are still not linked. Many genetic
VDR polymorphisms have been identified in studies carried out in
different places with varying populations of people. Just one research has
examined the relationship between the VDR Bsml (rs1544410)
polymorphism and vitamin D insufficiency, obesity, and insulin resistance
among non-diabetic subjects across various age groups to date, and it was
conducted in the central area of Malaysia (Rahmadhani et al., 2017).
Accordingly, the aforementioned study found that the Bsml(rs1544410)
polymorphism was associated with an increased risk for vitamin D
deficiency and insulin resistance among the Malaysian population
(Rahmadhani et al., 2017). The adjustment of glycemiccontrol variables
(i.e., vitamin D, calcium, magnesium, and phosphate levels) in Malaysian
patients with T2DM has not, however, been sufficiently researched. In
T2DM patients, hypomagnesemia is the electrolyte imbalance that most

usually correlates with glycemic control (Rajagambeeram et al., 2020).

33



Chapter One Introduction and Literature Review

1.4.6.7. VDR - Bsml gene polymorphism in obese women

The risk of metabolic syndrome elements including abdominal
obesity has also been linked to vitamin D3 insufficiency (Karonova et
al.,2018). effect of vitamin D3 on adipogenesis; the nuclear receptor VDR
is encoded by the VDR gene. (Zhu et al., 2018). The control of hormone-
sensitive genes and the modulation of vitamin D pathways are both
Important functions of the VDR gene. It's interesting to note that the VDR
gene is expressed in both pancreatic beta cells and adipocytes. As a
result, itmay affect body composition either directly by controlling
adipocyte development and metabolism or indirectly by modulating
insulin levels (Pike et al., 2016). The presence of the polymorphisms
Fokl, Bsml, Apal, and Taql has been linked to the importance of VDR
in the genesis of obesity (Wysoczanska-Klaczynska et al., 2018). SNPs
like Bsml thatresult in reduced VDR mRNA and protein expression may
enhance one'ssusceptibility to obesity (Zhu et al., 2018). Research like
the one by Al- Hazmi et al. showed that polymorphisms in the VDR
gene's Bsml locus were strongly related to the susceptibility to obesity
(Al-Hazmi et al., 2017).

*The loss of beta-cell mass and the subsequent changes in clinical
parameters, such as decreased C-peptide levels, elevated HbAlc, and
fasting and 2 h postprandial hyperglycemia, are now caused by the lack of
a non-invasive biomarker for early identification of islet stress and
malfunction. It would be easy and non-invasive to test indicators of islet

cell stress and damage during annual physicals. Diagnostic biomarkers for
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diabetes should ideally be non-invasive, highly selective, neutral to
normal physiological and metabolic alterations, and easily detectable in
circulation. The most crucial need is that a biomarker to be detectable in
the bloodstream before the start of irreversible beta-cell mass loss (Bigagli
and Lodovici, 2019 ; Zhao et al., 2019).

1.4.7.Aims of Study:

The aims of the presented study are to:

1. Investigation of sera levels of 25(OH)D3; among Iragi women with

type 2 diabetes mellitus and compared with the control group.

2. Investigation_of sera levels of vitamin D3 binding protein among
Iragi women with type 2 diabetes mellitus and compared with

the control group.

3. ldentification of vitamin D3 receptors single nucleotide gene
polymorphism in obese women with type 2 diabetes mellitus by

gene sequencing.

4.  Determination of sera levels of each of insulin, glucose, and blood

HbA1c% in patients and control group.

5. Investigation of sera levels of heat shock protein-70 in female
patients with T2DM.

6. Study the correlations between various phenotypes and genotypes'
resultant data to see the association between the genetic
variants and the obesity of type 2 diabetic patients.

7. Study of gene sequencing of VDR gene.
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2. Materials and Methods
2.1. Subjects and study design

The present work included a case-control study; An overall of 90
samples (females) were studied, 45 female patients with T2DM (23 of them
were obese, 22 of them were not obese. While 45 cases of obese and non-
obese apparently healthy individuals were dealt with in a control group. The
ethical research committee, College of Medicine / University of Kerbala,
approved the study protocol. All blood specimens (patients and control)
were collected from individuals admitted to Al-Hussein Teaching Hospital
and Al-Hassan Center of Diabetes and endocrinology unit, Kerbala Health
Directorates, Kerbala — Irag. The study was managed over the period from
April 2022 to March 2023. The specimen collected were carried by ice box
to the molecular laboratory of the Biochemistry Department in the College
of Medicine, University of Kerbela, to be analyzed. The age of all subjects

ranged from 30 to 67 years.

45 Healthy control
group
Min-Mix
(30-67) year

A case control

study of 90
HENEIES

23 T2DM patients with 22 T2DM patients
obesity without obesity

Min-Mix Min-Mix
(30-67) year (30-67) year

Fig. (2-1): Scheme of subject groups
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2.1.1. Patient group

Patients from Al-Hussein Teaching Hospital and Al-Hassan Centre for

Diabetes and Endocrinology facility in Kerbala were randomly selected.

2.1.1.1. Inclusion criteria of patients group

Obese and non-obese type 2 diabetic women were included in this

study.
2.1.1.2. The exclusion criteria

. Renal diseases
. Heart diseases

1
2
3. Liverdiseases
4. Thyroid diseases
2.

2.1.2. Control group

Subjects were selected from the general population and exhibited a

robust appearance control individuals.

2.1.2.1. Inclusion criteria of control group

a. FBSis less than 110 (mg/dl).

b. HbALc less than 5.7 %.

c. Body mass index (BMI) 18.5-25
2.1.3. Approval of the ethical committee

The study protocol has been approved by the Research Ethics
Committee of the College of Medicine at the University of Kerbala, as
well as a committee from Al-Hussein Teaching Hospital and Al-Hassan

Centre of Diabetes and Endocrinology Unit, under the Kerbala Health
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Directorates in Irag. This ensures that the research is conducted with the
highest ethical standards and guidelines.
2.1.4. Study protocol

The medical history, height, and weight of the patient were recorded.
Blood was then extracted from the patients veins. A portion of the blood
was then transferred to a gel tube, centrifuged to obtain serum, and stored
until the measurement time. The concentrations of numerous parameters
included random blood glucose, HbAlc%, C-Peptide, HSP-70, VDBP, 25-
(OH) D3, insulin resistance, and insulin . The remained blood was deposited
in an EDTA tube for genomic DNA extraction used for molecular analysis
of VDR and its sequencing.
2.1.5. Blood sampling

Seven ml of blood was drawn from the vein of all subjects by using a

disposable syringe and then divided into two parts:

The first part (3 ml) was placed in a gel tube and left at room temperature
for about (30 min) for clotting, then put in the centrifuge at 4000 x g to
obtain serum which was used for the determination of biochemical
parameters levels, including blood glucose by using the enzymatic
colorimetric method and Heat shock protein70 (HSP 70) level by using
ELISA kit, Vitamin D3 Binding Protein (VDBP) level by using ELISA Kit,
25(0OH)Ds level by using ELISA kit, insulin level by using ELISA kit, and
C-peptide level by using ELISA kit. The remaining blood (4 ml) was put in
tow (EDTA) containing. The first EDTA tube containing (2 ml ) of blood
used to determine the HbA1c% level and the second EDTA tube was
stored by freezing at (- 20) °C until using for DNA extraction, and then

performingvarious molecular analyses.
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2.2. Materials
2.2.1. Chemicals and Kits

All chemicals and ready kits analysis which were used in this study are
listed in Table (2-1)below.

Table 2.1: The Chemicals and ready Kits analysis used in the estimation of

some biochemical and molecular parameters

No. Chemicals and Kits Company | Country

1 | Genomic DNA Extraction kit Promega USA

2 | Agarose Promega USA

3 | Ethidium Bromide Promega USA

4 | Master Mix Kit Promega USA

5 | Nuclease Free Water Promega USA

6 | Primers Macrogen Korea
7 | Tris Borate Edta(TBE) Buffer X10 | Promega USA

8 | PCR Premix Promega USA

9 | DNA leader Promega USA
10 | COBAS HbA1c kit Roche Germany
11 | Ethanol 95% Promega USA
12 | Heat shock protein 70 (HSP-70) kit Pars biochem | China
13 | Human C-Peptide Elisa kit Pars biochem | China
15 | COBAS Blood glucose kit Roche Germany
16 V_itamin D3 binding protein (VDBP) | Pars biochem | China
17 mman Vitamin D kit Roche Germany
18 | Hormone Insulin kit Roche Germany
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2.2.2. Instruments and apparatus

The Instruments and apparatus, and tools used in this study are shown in
the table (2-2) below.

Table 2.2: Instruments and apparatus used in the work methods of this
study

Instruments and
No. Company Country
Apparatus
Thermo Fisher
1 | PCR-thermocycler o USA
Scientific
2 | Vortex-Mixture Quality Lab System England
3 | Deep Freeze Nikali Japan
4 | Refrigerated Centrifuge Bio base China
5 | Sensitive Balance Sartorius Germany
6 | UV Transilluminator Bio base China
{ | Microwave Oven Samsung Korea
8 | Mini spin centrifuge Bio base China
10 | Nanodrop UV Spectrophotometer Quawell Q5000 China
12 | Incubator Bio base China
13 | Electrophoresis apparatus Drawell China
14 | Photo documentation Bio base China
) ELX800-
15 | EILISA reader Bio Tek
USA
) ELX800-US
16 | ELISA washer Bio Tek A
17 | Water bath LabTech Korea
18 | Cobas c311Analyzer Roche Germany
19 | Cobas Integra 400 Plus Roche Germany
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2.2.3. Tools

The Tools with their supplier which were used in this study are listed in
Table (2.3) below.

Table 2.3: Tools used in the study

No. Tools Suppliers
1 | Pipette(100-1000ul) DRAGON MED/ USA
2 | Micropipette (10-100 pl) DRAGON LAB/ USA
3 | Gilson Tips,1000ul (blue) China
4 | Gilson Micro-tips, 100ul China
5 | Eppendorf Tubes China
5 | Gel tubes China
6 | EDTA tubes China
7 | Gloves China
8 | Syringe China
2.3. Methods

2.3.1. Assessment of body mass index BMI

The body mass index (BMI) was estimated by the following equation:
BMI (kg/m?) = Wight in kg / (Height in meter)?

For both patients and control groups, weight was classified according to

their BMI as shown below (Organization, 2016).

a. Underweight < 18.5
b. Normal weight 18.5-24.9
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c. Overweight 25.0 —29.9

d. Obese 30.0-34.9

e. Extremely Obese > 35
2.3.2. Assessment of waist circumference and waist to hip ratio

The west hip ratio (WHR) was estimated by the following equation in which
the calculate WHR by dividing waist circumference by hip circumference.

WHR=Waist in cm/ Hip in cm

According to a study in (2021) by World Health Organization

(WHO)a moderate WHR is:

e 0.9o0rlessin men

e 0.85or less in women.

Waist-to-hip ratio chart

Health risk Women
Low 0.80 or lower
Moderate 0.81-0.85
High 0.86 or higher
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2.3.3. Estimation of human vitamin D-binding protein
(VDBP) concentration in serum

The VDBP concentration in the serum was estimated using the ready assay
kit of Chinese origin, and by using the Enzyme — Linked Immunosorbent
Assay (ELISA)

Principle

Using Purified Human DBP antibody to coat microtiter plate wells,
make solid-phase antibody, then add DBP to wells, Combined DBP
antibody which With HRP labelled becomes antibody-antigen-enzyme-
antibody complex, after washing completely, adding TMB substrate
solution, TMB substrate turns blue. The reaction is terminated by adding a
sulphuric acid solution, and the Colour change is measured
spectrophotometrically at 450 nm. The concentration of DBP in the samples
is then calculated by comparing their optical density (OD) with the standard

curve.
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Table (2-4): Materials provided with the kit

Materials providedwith L
o e 96 determinations Storage
User manual 1
Closure plate membrane 2
Sealed bags 1
Microelisa strip plate 1 2-8 °C
Standard : 72 ng/ml 0.5 ml x 1 bottle 2-8 °C
Standard diluent 1.5 ml x 1 bottle 2-8 °C
HRP-Conjugate reagent 6 ml x 1 bottle 2-8 °C
Sample diluent 6 mlx1 bottle 2-8 °C
Chromogen Solution A 6 ml x 1 bottle 2-8 °C
Chromogen Solution B 6 ml x 1 bottle 2-8 °C
Stop Solution 6 ml x 1 bottle 2-8 °C
wash solution (20 ml > 20 fold) 2-8 °C
x 1bottle

Procedure

1. Sample diluted and added to standard: prepared 10 standard wells on
coated ELISA plates, 100 L of the standard were added to wells land
I1, followed by 50 L of standard dilution to wells I and I1, and mixed; 100
liters were removed from the first and second wells and added to the third
and fourth wells separately. then 50 L of the standard dilution were

added to the third and fourth wells and mix; 50 liters
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50 liters were added to the fifth and sixth wells; 50 L of standard
dilution was added to wells five and six; Then 50 liters were removed
from the fifth and sixth wells and the seventh and eighth wells were
added; Then 50 liters of standard dilution was added to wells 7 and 8.
The removed group should be equilibrated for 15 to 30 minutes at
room temperature, and the ELISA plates should be coated if not to be
used after opening. The plate should be stored in an airtight container.
Purging buffer separated crystallization; Heating water can help melt
when it mixeswell; 50 liters were removed from the seventh and eighth
wells and added to the ninth and tenth wells, and 50 liters of standard
dilution was added to the ninth and tenth wells; and mixed. Was removed
50 L from the ninth and tenth wells and discarded them (50 L of the
sample was added to each well). Dilution (density: 48 ng/mL, 32

ng/mL, 16 ng/mL, 8 ng/mL, 4 ng/mL) Incubation: After the plate

was sealed with the sealing plate membrane, it was incubated for 30

minutes at 37°C.

2. Configuration of liquid: 30-fold wash solution diluted 30- fold (or 20-

fold) with distilled water and reserve.

3. Washing uncover the closure plate membrane, discard the liquid, dry
byswing, washing buffer was added washing buffer to every well, leave

for the 30s then drain, repeat 5 times, and drying by pat.

4. A volume of 50 pL of HRP-Conjugate reagent was added to each well
except for theempty control well.
5. Incubation is described in Step 3.

6. Washing was done as described in step 3
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7. Coloring: A volume of 50 ul of chromogen solution added 50 ul
chromogen solution B to each well, and was mixed with gently shaking
and incubated at 37°C for 15 minutes. avoid light during coloring.

8. Termination: 50 pL of stop solution was added to each well to terminate
the reaction. The color of the well should change from blue toyellow.

9. The O.D. absorbance was read. at 450 nm using a microtiter plate reader.
The OD value of the blank control well was set as zero. The assay should
be performed within 15 minutes after the addition of the stop solution.

Calculation

Referring to the standard curve of DBP concentration estimation in serum

in unit (ng/ml) as shown in the (fig 2-2)

Optical density (450) nm
[ ]

0 g 10 15 20 25 30 35

Concentration VDBP (ng/ml)

Fig. (2-2): standard curve of VDBP concentration estimation in
serum
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2.3.4. Estimation of human heat shock protein - 70 (HSP_70) in serum
concentration
The HSP-70 concentration in the serum was estimated using the ready
assay kit of Chinese origin, and by using the enzyme- Linked
Immeunosorbent Assay (ELISA) technique.
Principle

The reagent assay human HSP-70 concentration in the sample purified
Human HSP-70antibody to coat microtiter plate wells, make solid-phase
antibody, and then add HSP-70 to wells; combined HSP-70antibody that
binds to both HSP-70 and solid-phase antibody. After a thorough rinsing,
antibody-antigen-enzyme-antibody complexes containing HRP-labeled
HRP become antibody-antigen-enzyme-antibody complexes. When the
TMB substrate solution is added, the substrate turns blue. The addition of
a sulphuric acid solution terminates an HRP-catalyzed reaction. The change
in hue is measured spectrophotometrically at 450 nm wavelength. The HSP-
70 concentration in the samples is then determined by comparing the

samples' optical density (OD) to the standard curve.
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Table 2.5: Materials provided with the kit

Materials provided withthe kit o

96 determinations Storage
User manual 1
Closure plate membrane 2
Sealed bags 1
Microelisa strip plate 1 2-8 °C
Standard : 72 ng/ml 0.5 ml x 1 bottle 2-8 °C
Standard diluent 1.5 ml x 1 bottle 2-8 °C
HRP-Conjugate reagent 6 ml x 1 bottle 2-8 °C
Sample diluent 6 ml x 1 bottle 2-8 °C
Chromogen Solution A 6 ml x 1 bottle 2-8 °C
Chromogen Solution B 6 ml x1 bottle 2-8 °C
Stop Solution 6 ml x 1 bottle 2-8 °C
wash solution (20 mlx 20 fold) 2-8 °C

x 1bottle

Procedure

1. Sample diluted and added to standard: prepared 10 standard wells on
coated ELISA plates, 100 L of the standard was added to wells 1 and2,
followed by 50 L of standard dilution to wells 1 and 2, then mixed;
Remove 100 liters from the first and second wells and add it separately
to the third and fourth wells. Then the standard 50 L dilution was added
to the third and fourth wells and mixed; Then remove 50 liters from the
third and fourth wells, then dump and add 50 liters to the fifth and sixth
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wells.; Then a 50 L standard dilution was added to the fifth and sixth
wells and mixed; 50 liters was removed from the fifth and sixth wells and
added to the seventh and eighth wells; Then adding the standard dilution
of 50 liters to the seventh and eighth wells. The kit equilibrated for 15 to
30 minutes at room temperature after being removed from the
refrigerator. If the coated ELISA plates are not to be used after opening,
they stored in a sealed bag. Wash buffer will separate crystallization, can
be heated to dissolve well, and mix; 50L were removed from the 7" and
8th wells and added to the 9th and 10th wells, the standard dilution added
50 L to the 9th and 10th wells, mixed, and then 50 L were removed from
the 9th and 10th wellsdiscarded (a 50 L sample was added to each well
after dilution, (density: 48 ng/ml, 32 ng/ml

2. Sample added: set the empty wells separately (empty comparison wells
add sample and HRP-Conjugate reagent, the other process is the same).
Test sample well. 40 uL sample dilution was added to the test sample
well, then the 10 pL test sample (final 5-fold dilution sample) was added,
and then the sample was added to the wells, the wall of the well be

touched as much as possible, and gently mixed.

3. Incubate: After the plate was sealed with the plate sealing film, it was

incubated for 30 minutes at 37 °C.

4. Composition fluid: washing solution 30-fold diluted 30- fold (or 20-fold)

with distilled water and reserve.
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5. Closing plate membrane washed, discarded liquid, then swing dried,
wash solution added to each well, still for 30 seconds, then blotted,

repeated 5 times, pat dry.

6. A volume of 50 pL of HRP-Conjugate reagent was added to each well
except for theempty control well.
7. Incubation is described in Step 3.
8. Washing was done as described in step 3
9. Coloring: Added 50 pl Chromogen Solution A and 50 pl Chromogen
Solution B to each well, mix with gently shaking and incubate at 37°C
for 15 minutes.
10. Termination: 50 pL of stop solution was added to each well to terminate
the reaction. The color of the well should change from blue to yellow.
11. The O.D. absorbance was read. at 450 nm using a microtiter plate
reader. The OD value of the blank control well was set as zero. The
assay performed within 15 minutes after the addition of the stop
solution.

Calculation

Referring to the standard curve of HSP-70 concentration estimation serum in unit

(ng/ml) as shown in the (fig 2-4)
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Optical density (450) nm

0 200 400 600 800 1000 1200 1400

Concentration HSP-70 (ng/ml)

Fig. (2-3): standard curve of HSP-70 concentration estimation in
serum

2.3.5. Estimation of human insulin concentration in serum using
ELISA Kit
The Insulin concentration in the serum was estimated using the ready

assay kit of German origin, and by using the enzyme- Linked

Immunosorbent Assay (ELISA) technique.

Principle
The DEMEDITEC Insulin ELISA Kit is a solid-phase enzyme-linked

immunosorbent assay (ELISA) based on the sandwich principle. The
microtiter wells are coated with a monoclonal antibody directed towards a
unique antigenic site on the Insulin molecule. An aliquot of patient samples
containing endogenous Insulin is incubated in the coated well with enzyme
conjugate, an anti-Insulin antibody conjugated with Biotin. After
incubation, the unbound conjugate is washed off. During the second
incubation step, Streptavidin Peroxidase Enzyme Complex binds to the
biotin-anti- Insulin antibody. The amount of bound HRP complex is
proportional to the concentration of Insulin in the sample. Having added the
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substrate solution, the intensity of colour developed is proportional to the

concentration of Insulin in the patient sample.

Reagent Preparation
Bring all reagents and the required number of strips to room temperature

before use.

Procedure

Each run must include a standard curve.

1.
2.

The required number of Microtiter wells is secured in the frame holder.
25 ul of each standard, control and sample were dispensed with new

disposable tips into the appropriate wells.

. 25 pL of enzyme conjugate was dispensed into each well. Then blend

well for 10 seconds. It is important to have complete mixing at this step.

. Incubate for 30 minutes at room temperature.

. The contents of the wells were quickly agitated. Rinse wells 3 times with

400 pL of diluted wash solution per well if a dishwasher was used—or
rinse wells 3 times with 300 pL of diluted wash solution per well for
manual washing. Wells were hit sharply on absorbent paper to remove

remaining droplets.

. A volume of 50 uL of the enzyme complex was added to each well.
. Incubate for 30 minutes at room temperature

. The contents of the wells were quickly agitated. Wells were rinsed 3

times with 400 pL of diluted wash solution per well. If using a
dishwasher, wells were rinsed 3 times with 300 pL of diluted washing
solution per well for hand washing. Wells were hit sharply on absorbent

paper to remove remaining droplets.
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9. A volume of 50 pL of the substrate solution was added to each well.
10. Incubate for 15 minutes at room temperature.
11. The enzymatic reaction was stopped by adding 50 pL of the stop
solution to each well.
12. Determine the absorbance (OD) of the solution in each well at 450 nm

(red) and at 620—-630 nm using a microtiter plate reader.

Example of typical standard curve
The following data is for demonstration only and cannot be used in place

of data generation at the time of assay.

Standard Optical Units (450 nm)
Standard O (0 uIU/mL) 0.03
Standard 1 (6.25 plU/mL) 0.07
Standard 2 (12.5 uIU/mL) 0.14
Standard 3 (25 pIU/mL) 0.35
Standard 4 (50 pIU/mL) 0.88
Standard 5 (100 uIU/mL) 2.05

2.3.6. Estimation of human vitamin Dz of 250H-VDs concentration
in serum

The Vitamin D3 concentration in the serum was estimated using the ready
assay kit of German origin, and by using the enzyme- Linked

Immunosorbent Assay (ELISA) technique.
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Principle
This kit utilizes the Double Antibody Sandwich ELISA technique. The

pre-coated antibody is an anti-Human VD monoclonal antibody,while the
detection antibody is a biotinylated polyclonal antibody. Samples and
biotinylated antibodies are added into ELISA plate wells andwashed out
with PBS or TBS after their respective additions to the wells. Then Avidin-
peroxidase conjugates are added to the wells in after. TMB substrate is used
for coloration after the enzyme conjugate has already been thoroughly
washed out of the wells by PBS or TBS. TMB reacts to form a blue product
from the peroxidase activity and finally turns yellow after adding the stop
solution (Color Reagent C). The color intensity and quantity of target

analyte in the sample are positively correlated.

General Schematic of the Double-Antibody Sandwich Principle:
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Test Preparation

1.

The ELISA kit taken out of the refrigerator 20 minutes in advance, and

we start testing as soon as it is brought to room temperature.

. dilute the laundry concentrate packet with double distilled water (1:25).

We will return the unused amount to the bin.

. Standard: added 1.0 mL of standard diluent to the lyophilized standard

vial and left it for 30 minutes. After the standard is completely dissolved,
then | mix a little and mark it with a sticker on the tube. The following
concentration values are recommended for the standard curve: 400, 200,
100, 50, 25, 12.5, and 6.25ng/mL. It must be absolutely ensured that the

freeze-dried standard is completelydissolved and mixed thoroughly.

. Legend of the standard sample dilution method: 7 clean tubes were taken

and labelled with their expected concentrations (200- 100-50, 25, 12.5,
6.25, 0 ng/ml). added 300 pl standard dilution into each tube.

Suck out the diluted 300 pL of the reconstituted standard and add it to
the tube labelled 200 ng/mL and mix well. Pipette 300 pL diluent from
a 200 ng/mL tube, then add to 100 ng/mL diluent and mix well. These
steps were repeated with a standard of 6.25ng/mL. The standard diluent
in the Ong/mL tube is the negative control. The reconstituted standard

solution (400 ng/mL) should be discarded after running the assay
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300uL 300uL 300uL 300wl 300uL 300kL

M 2

Note: Reconstituted standard stock solution cannot be reused.

5. Biotin-treated antibody: Appropriate volume of Biotinylated antibody
solution was removed for the number of wells intend to examine, and
diluted with antibody diluted 1:100. This should be prepared 30
minutes in advance,

6. Enzyme conjugate: Appropriate amount of enzyme conjugate solution
was removed for the number of wells to be examined, and diluted with

enzyme diluent at a ratio of 1:100. This prepared 30 minutes

in advance, and strongly recommend not to reuse for additional

assays.
7. Reagent: A solution of reagent was prepared 30 minutes in advance by

adding reagent A and reagent B in a ratio of 9:1.
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Reference curve
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Fig. (2-4): Standard curve of vitamin D3 estimation in serum

2.3.7. Estimation of human C-Peptide concentration in serum

The C-Peptide concentration in the serum was estimated using the ready
assay kit of German origin, and by using the enzyme- Linked

Immunosorbent Assay (ELISA) technique.
Principle:

The reagent measures the level of Human C-Peptide in the sample used.
Coat microtiter plate wells with purified Human C-Peptide antibody to
make solid-phase antibody; add C-Peptide to wells; combine C-Peptide
antibody with HRP-labeled antibody to form an antibody-antigen- enzyme-
antibody complex; after washing, add TMB substrate solution; TMB
substrate turns blue. The reaction is terminated by adding a sulphuric acid
solution, and the colour change is measured spectrophotometrically at 450
nm. Afterwards, the concentration of C-
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Peptide in the samples is determined by comparing the samples' optical

density (OD) to the standard curve.

Table 2.6: Materials provided with the kit C-Peptide concentration

Materials provided withthe kit 96determinations Storage

User manual 1

Closure plate membrane 2

Sealed bags 1

Micro Elisa strip plate 1 2-8 °C
Standard : 135pg/ml 0.5 ml x 1 bottle 2-8 °C
Standard diluent 1.5 ml x 1 bottle 2-8 °C
HRP-Conjugate reagent 6 ml x 1 bottle 2-8 °C
Sample diluent 6 ml x1 bottle 2-8 °C
Chromogen Solution A 6 ml x 1 bottle 2-8 °C
Chromogen Solution B 6 ml x 1 bottle 2-8 °C
Stop Solution 6 ml x 1 bottle 2-8 °C
wash solution (20 ml x30 fold) 2-8 °C

x1bottle

Preparation of reagents:

The stock solutions were produced according to the kit's instructions.

Before use, all reagents were freshly prepared at ambient temperature.
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Dilution of Standards:

Dilute the standard in small tubes, then pipette 50ul from each tube

into the well of the microplate; each tube contains two wells.

"
\

. 150ul 150ul 150ul 160ul 150ul
r
o150 1N

No.1 No.2 No.3 No.4 No.5
Dilution Rate 1.5 1.5 2 2 2

Table 2.7: Dilution of Standards

60 U/ml Standard 300ul Original Standard + 150ul Standard
No.1 diluents

40 U/mi Standard 300ul Standard No.1 + 150ul Standard
No.2 diluents

20 U/ml Standard 150ul Standard No.2 + 150ul Standard
No.3 diluent

10 U/ml Standard 150ul Standard No.3 + 150ul Standard
No.4 diluent

5 U/mi Standard 150ul Standard No.4 + 150ul Standard
No.5 diluent
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Procedures:

1. Sample dilution and standard addition: 10 standard wells were placed
on coated ELISA plates, 100 L standard was added to the first and second
wells, then the 50 L standard dilution was added to the first and second
wells, and mixed; Remove 100 liters from the first and second wells and
add it separately to the third and fourth wells. then add the standard 50-
litre dilution to the third and fourth wells and mix; then removed 50 liters
from the third and fourth wells, then dumped and added 50 liters to the
fifth and sixth wells; Then add a 50 L standard dilution to the fifth and
sixth wells and mix; 50 liters were removed from the fifth and sixth wells
and the seventh and eighth wells were added; Then a 50 L standard
dilution was added to the seventh and eighth wells and then the sample
was added: set the empty wells separately (empty comparison wells add
sample and HRP- Conjugate reagent; the other each process step is the
same). Testsample well. 40 uL sample dilution was added to the test
sample well, then the 10 uL test sample (final 5-fold dilution sample)
was added, andthen the sample was added to the wells, the wall of the
well be touched as much as possible, and gently mixed.

2. Incubate: After closing the plate with a plate-closing membrane, incubate
for 30 minutes at 37°C.

3. Composition fluid: washing solution 30-fold diluted 30-fold with
distilled water and reserve.

4. The exposed closure plate membrane was washed, liquid discarded,
swing dried, wash solution added to each well, still for 30 seconds,

filtered, repeated 5 times, and patted dry.
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5. A volume of 50 uL of HRP-Conjugate reagent was added to each well
except for theempty control well.

6. Incubation is described in Step 3.

7. Washing was done as described in step 3

8. Coloring: Add 50 pl Chromogen Solution A and 50 pul Chromogen
Solution B to each well, mix with gently shaking and incubate at 37°C
for 15 minutes.

9. Termination: 50 pL of stop solution was added to each well to terminate
the reaction. The color of the well should change from blue toyellow.
10. The O.D. absorbance was read. at 450 nm using a microtiter plate
reader. The OD value of the blank control well was set as zero. The
assay should be performed within 15 minutes after the addition of the

stop solution.

Calculation of result

Took the standard density as horizontal and the OD value as vertical, drew
the standard curve on graph paper and then determined the corresponding
density according to the sample OD value by the sample curve, multiplied by
the dilution multiple, or calculated the straight line regression equation of the
standard curve with the standard density and the OD value, with the sample
OD value in the equation, and then determined the sample density, multiplied

by the dilution factor.
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Fig. (2.5): Standard curve of C-Peptide concentration estimation in serum
2.3.8. Estimation of blood glucose concentration

Principle:

Estimation of blood glucose concentration in serum using the "Enzymatic
colorimetric method" involves the oxidation of glucose to D-gluconate
(gluconic acid) by glucose oxidase (GOD) with the production of hydrogen
peroxide, followed by the oxidation of phenol and 4-amino antipyrine (4-
AA) by peroxidase (POD) to form a red colour complex whose absorbance

(measured at 500 nm) is proportional (Green et al., 1987),(Trinder, 1969).

Glucose Oxidase
D-Glucose + H,0O + O ——--ommmmmmee » D-Gluconate + H,0,
Peroxidase
4-Aminoantuipyrine + 4-Phenol + 2H,0,------ » Quinoneimine + 4H,0
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Reagents

Table 2-8: Reagents for determination of Glucose Concentration

Content Concentration
Phosphate buffer 100 mmol/L, pH 7.5
glucose oxidase (GOD) 10 KU/L
Reagent 1 - oxidase (POD) 2 KUIL
Amino antipyrine (4-AA) 0.5 mmol/L
Phenol 5 mmol/L
Calculation:

Automatic calculation by using the Roche COBAS c311.
2.3.9. Determination of HbA1c%

Estimation of glycated hemoglobin (HbAlc) using "COBAS INTEGRA
400 plus™ and "COBAS HbA1c kit," the normal concentration being less

than 7% and the risk concentraton being equal to or greater than 7%.
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Principle

This method is based on using " Immune turbidimetric assay ", which
involves the first addition of Tetradecyl Tri methyl Ammonium Bromide
(TTAB) on the whole blood as the hemolytic reagent to eliminate
interference from leukocytes (TTAB does not lyse leukocytes), the second
step involved the addition of R1 (Antibody reagent) glycol hemoglobin
(HbALc) which glycated at N-terminal of B-chain in the sample react with
(anti-HbAlc AB) and cause agglutination. The agglutination rate is
measured photometrically at 550 nm and is proportional to the HbAlc
concentration. The final result is promptly calculated and reported as a
percentage of HbAlc. (Metus et al., 1999).

2.4. Molecular study
2.4.1. DNA extraction

Patient and control blood samples were collected in EDTA containers, and
DNA was extracted from whole-blood samples using the ReliaPrepTM

Blood DNA Miniprep System (Promega).

Principle:

Proteinase K was utilized by the Principle DNA extraction reagent to lyse
cells and degrade protein, allowing DNA to bind to the matrix of the spin
column. Using the inundated buffer, contaminants were eliminated, and the
elution buffer was used to elute genomic DNA that had been purified. The

DNA was appropriate for PCR and agarose gel analysis after purification.
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Protocol of DNA extraction from f blood:

1.

The blood sample was mixed for at least 10 minutes in a rotisserie shaker
at room temperature. If the blood was frozen, then the sample was left to

thaw completely before mixing for 10 minutes.

. A volume of 20 pL of proteinase K (PK) solution was poured into a 1.5

mL microcentrifuge tube.

. Blood (200 pl) was added and mixed briefly into the tube containing

proteinase K (PK) solution.

. A volume of 200 pL of cell lysis solution (CLD) was added to the tube,

then capped and taxed for at least 10 seconds to mix.

The tube was incubated for 10 minutes at 56 °C.

. A ReliaPrepTM ligation column was inserted into an empty collection

tube while the blood sample was incubated.

. The tube was taken out from the heating block, 250 pL of the binding

buffer solution was added, the tube was sealed, and it was rotated with
a vortex mixer for 10 seconds to mix. At this point, the analyzer is dark

green

. The contents of the tube were placed into a ReliaPrepTM linking column,

capped, and placed in a microcentrifuge.

. Centrifuge for 1 minute at full speed (14,000 rpm). Check the binding

column to ensure that the solution has passed completely through the

membrane.

10. The collection tube containing the flow-through was removed, and the

liquid was disposed of as hazardous waste.
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11. The ligation column was placed in a brand new collection tube, 500 pl
of column wash solution was poured into the column, and the centrifuge

was set to its highest speed for 3 min. Then the flux was discarded.
12. Step 11 was repeated twice for a total of three washes
13. The column was placed in a clean 1.5 mL microcentrifuge tube.

14. Nuclease-Free Water (50-200ul) was added to the column, and
centrifuged for 1 minute at maximum speed (14000 x g).Note: Eluting
in 50 pl considerably boosts DNA concentration but results in a 25—

30% reduction in yield.

15. The ReliaPrep™ Binding Column was discarded, and elute was saved
at -230C (Chacon Cortes & Griffiths, 2014).

2.4.2. Estimation of DNA concentration and purity

Principle:

Maximum absorbance for nucleic acids and proteins occurs at 260 and 280
nm, respectively. The ratio of absorbances at these wavelengths has been
used as a measure of purity in both nucleic acid and protein extractions.
When the ratio is between (1.8 - 2.0) DNA is commonly considered to be
pure. The ratio A260/A230 is routinely calculated because absorbance at
230 nm is also considered to be the consequence of additional
contamination. Concerning purified nucleic acid, the 260/230 values are
frequently higher than the expected 260/280 values. 260/230 readings
typically range from 2.0 to 2.2. (Analysis based on the wavelength of DNA
or RNA. 260/230 Ratios)
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"Some contaminants, such as phenol, have unique properties. However,
many pollutants share similar characteristics. Below 230 nm, there is
absorption. When interpreting anomalous 260/230 readings, it is essential
to consider both the sample and the extraction procedure (Assessment of
Nucleic Acid Purity, nanodrop.com). 260/280 Ratios "Abnormal 260/280
ratios typically indicate that the sample is contaminated with protein or a

reagent such as phenol, or that the measurement was flawed.
Procedure
1. The unit was switched on and allowed to finish its startup calibration.

2. The sample blanks were prepared (reference) in the same solution used

to dissolve the sample.

3. The sample solutions were prepared.

4. The cuvette was cleaned with a wipe.

5. Blank solution (1 ul) was added and analyzed as a reference.

6. Then, 1 ul of the sample was added and the concentration value was

displayed on the screen of the Bio drop device.
7. The cuvette was cleaned with a wipe.

2.4.3. Polymerase chain reaction

In a few hours, PCR can amplify a small volume of template DNA OR RNA
into large quantities. This was accomplished by combining the DNAwith
primers on the DNA's side (forward and reverse), free nucleotides (dNTPs
for DNA, NTPs for RNA), BSMI polymerase (of the thermophile species
Thermus aquatics, whose polymerase can tolerate exceptionally high

temperatures), and buffer. Alternating between hot and frigid
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temperatures denatured and reannealed the DNA, with the polymerase

continually adding new complementary strands. (Butt et al., 2018) .

There were three steps to any PCR that are cycled about 25-35 times as

shown in figure (2-3) which include:

- Denaturation: This phase involves separating the double DNA strands

into two single strands by heating at approximately 94-98 °C.

- Annealing: At (55-65 °C), DNA primers (short single-strand DNA
fragments) bind to the extremities of each DNA strand and initiate the

reaction.

- Extension: This phase takes place at 72-74°C and involves the extension

of primers to form a complementary strand to the template strand.

PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps
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Fig. (2-6): PCR mechanism and experimental steps (Theis et'é'l.', 2007)
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2.4.4. Amplification of DNA

The target gene (VDR gene) was amplified using ALLEL SPECIFIC - PCR
with a specific primer. The ALLEL SPECIFIC -PCR reactions were
conducted in 25 | volumes in PCR tubes under sterile conditions; the total
volume of the reaction mixture was brought to 25 | using DDH20, and the
master mix containing optimal concentrations of reaction requirements
(MgCI2 1.5 mM, each dNTPs 200 M) was used, table (2-9).

Table 2-9: Components of master mix for detection of VDR gene

No. Material Volume(ul)
1 Master Mix 10
2 Forward 1.5
3 Reverse 1.5
4 Template DNA 3
5 DDH20 7
Total 23ul

2.4.5. Optimization of PCR conditions

Different volumes of primer (0.5 pl,1 pl, 1.5 pl) with different volumes
of template DNA (1 pl, 2 pl, 3 pl, 4 pul, 5 ul, 6 pl) and different temperatures
of the reaction conditions were trailed to optimize the conditions of the
reaction. PCR tube was centrifuged for 30 seconds at 2000 xg in a micro-
centrifuge to mix solutions well at room temperature then tubes were placed

in the thermocycler to start the reaction. Programs
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of the PCR protocol reaction for VDR gene polymorphism for BSMI
(rs1544410) were illustrated in tables (2-4) in rs1544410 (200) bp band

indicated the presence of the allele; if no amplification product, this means

the absence of an allele in the gel. See table (2-10).

Table 2-10: Allele-specific \PCR program for detection of VDR gene
polymorphism rs1544410 SNP

Type of Cycle Temperature, °C Time No. of Cycles
Initial 95 oC 3 min 1
denaturation
Denaturation 95 C 30 Sec 30
Annealing 60 °C 35 Sec
Extension 72 °C 55 Sec
Final extension 72 °C 5 min 1
Total time: 1 hour and 50 min

Table 2-11: Bands obtained from the amplification product of VDR, (rs1544410)

SNPs
No of bands (rs1544410) Size of bands, (bp)
Wild Type cC 200 C
Heterozygous CT 200C
200 T
Homozygous TT
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2.4.6. Primers preparation

A primer is a short, single-strand DNA fragment consisting of
oligonucleotides (18-22 bases in length) that are complementary to the
target DNA region. In the absence of this chemical, the amplification
process cannot be initiated on a single DNA molecule as it was in the past.
Therefore, it must be annealed to the single DNA strands that result from

denaturing double-stranded DNA.

A pair of primers designed for the VDR gene was used to conduct the
polymerase chain reaction. Using Genius software, all gene information

and SNPs details were compiled based on the NCBI database.

Preparation of the primers in the following steps:
Materials: Lyophilized primers, Sterile dH20

1. The tube was rolled up before the cap was opened.

2. A master stock was prepared, pmoles/ul, and the required amount of
sterile dH,0 was added according to the manufacturer to obtain
100pmoles/ul (Master Stock).

3. The tube has been properly mixed to evenly resuspend the primers.

4. To prepare 10 puL of working stock, ten uL of master stock was
transferred into a 0.5 mL Eppendorf tube containing 90 pL of sterile
dH20 (working stock).

5. The master stock was stored at -20 °C.

6. The sequences of primers used for PCR amplification of the VDR
rs1544410 gene are shown in Tables (2-12).
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Table 2-12: Specific primers of BSMI gene (rs1544410).

Size

Primer Sequence (5" -3") Allele Company
(bp)

FC 5-AGAACCATCTCTCAGGCTCC-3 c 200 BIONEE

R/ Korea

FT 5-AGAACCATCTCTCAGGCTCT-3 T 200 BIONEE

R/ Korea

R 5-CCTCACTGCCCTTAGCTCTG-3 BIONEE
—— 200

R/ Korea

Aqgarose gel electrophoresis
The presence of amplification was confirmed by agarose gel

electrophoresis following PCR amplification. PCR was entirely dependent
on the purified DNA standards.

Procedure

One hundred milliliters of a 1.5% agarose solution were prepared by the

following steps.
A. Preparation of solution

1X TBE buffer (tris borate EDTA) was prepared by diluting 10X TBE
buffer with deionized water (one volume of 10X TBE buffer with 9volumes

of deionized water: 1.10 dilution ).
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Preparation of agarose gel

1. 1.5 grams of agarose were weighed and placed into a conical flask, and
then 100 ml of 1X (TBE) buffer was added and mixed gently.

2. The solution was heated on a hot plate until the agarose is dissolved and
the solution was clear and then the solution was allowed to cool to about
50°C before pouring.

3. A concentration of 4 ul of ethidium bromide was added to the solution.

4. The comb was placed in the gel chamber about 1 inch from one end of
the tray.

5. The gel solution was cast into the chamber and allowed to solidify for
about 1 hour at room temperature.

6. The comb was removed, and then the chamber is placed in a horizontal
electrophoresis system and covered (just until wells were submerged)
with the same TBE buffer that was used to prepare the gel.

7. Samples were loaded (3ul) on each well with extreme caution to avoid
damage to the wells and cross-contamination of neighbouring wells.

8. The cathode was connected to the well side of the unit and the anode to
the other side.

9. Electrophoresis was done at 60 volts, for 30-35 minutes or until the dye
markers have migrated an appropriate distance, depending on the size of
the DNA to be visualized.

Loading of samples:

The comb was removed and the glass plates were placed in a vertical
electrophoresis chamber, 1 X TBE buffer was added inside the chamber
until reaching above the level of wells, and then the samples were loaded

into the gel wells by using 10 ul micropipettes.
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Electrophoresis conditions:

Negatively charged nucleic acids move across the gel toward the
positive (+) electrode as a result of an electric field being given to the
system (60 V, 45 mA for 35 min.) after sample loading (anode). Ethidium

bromide was used to dye the agarose gel.

Electri__cal

N ﬁ gulgads

Fig. (2-7): Agarose Gel Electrophoresis

Photo documentation system
Agarose gel was placed above the UV transilluminator device and exposed

to UV light. The photos were captured using a digital camera andvisualized
by a PC connected to the transilluminator. The UV transilluminator device
was covered with a protective shield to avoidexposure to UV light when the

light was on.
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Statistical analysis

Information obtained by questionnaire from all participants was Interred
into a data sheet and assigned a serial identifier number. Multiple entries
were used to avoid errors. The data analysis for this work was generated
using The Statistical Package for the Social Sciences software, version 28.0
(IBM, SPSS, Chicago, Illinois, USA) and the Real Statistics Resource Pack
software for Mac (Release 7.2) of the resource pack for Excel 2016.
Copyright (2013 — 2020). Descriptive statistics were performed on the
participants’ data of each group. Values were illustrated by n (%) for
categorical. The data distribution was checked using the Shapiro-Wilk test

as numerical means of assessing normality.

The association between the analyzed factors was estimated using odds
ratios (ORs) and a 95% Confidence Interval Range calculated by a non-

conditional logistic regression.

Significant differences in categorical variables among the parameters were
confirmed through analytical and statistical tests. Results of all hypothesis
test with p-values <0.05 (two-sided) were considered statistically

significant.
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3.Results

3.1 Demographic and clinical characteristics

The clinical demographic characteristics of patients group were summarized in
Figure (3.1). The age range of participants was within (30-67) years old, (33.4%)
patient for groups (30- 42), (26.6%) patient for groups (43-54), and (40%) for groups
(55-67). The percentage of participants were nonsmokers (98%) and about half of
them (55.5%) were reported to have hypertension. Furthermore, 51% of the patient
group were within normal weight and 49% were obese. About 95.6% of patients were
high score of Waist-to-hip ratio, and both Moderate and low score of Waist-to-hip
ratio were 2.2% , data were presented in figures (3.1), (3.2), (3.3), (3.4), and (3.5)

A Age.Groups

55— 67 Years E -
|

354 Yeurs o —.

32| I
I
30—42 Years
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Figure (3.1), (3.2), (3.3), (3.4), and (3.5) Baseline characteristics and Demographic
Descriptive of the study population inpatients compared to control group, the number of
participant (n=100): (A) Distribution of Age, (B) Distribution of BMI, (C) Distribution of

Smoking status and (D) Distribution of blood pressure and (E) Distribution of Waist-to-hip
ratio

Table 3.1: Results of the analysis of basic diabetic characteristics between case and control.

Patients Control
Biomarkers Mean = SD Mean +SD
N=45 N=45 Pvalue
HSP-70, ng/ml 30.2246.30 29.11+7.65 0.445[NS]
VDBP, ng/ml 69.21+18.65 73.37+18.94 0.320[NS]
C-peptide, ng/ml 122.82+64.68 163.43+94.15 0.020[S]
RBS, mg/di 269.87+69.43 08.29+12.57 <0.001[S]
Insulin, ng/ml 19.85+4.34 3.71+1.44 <0.001[S]
HOMA-IR 4.71+1.36 2.27%0.70 <0.001[S]
25(0OH)Ds, ng/ml 6.72+1.87 20.64+8.29 <0.001[S]
HbA1c% 9.58+2.07 4.36%0.69 <0.001[S]
T.test. Results are presented as mean + SD, or n= number of subjects and percentage,
p<0.05considered significantly different, [S]= Significant, [NS]= non-significant
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Table (3.2) illustrates the result of the biochemical parameters in the Patients and

controlgroups according to the Age groups (30-42) years. The sera levels of HSP-70
and VDBP were not showing any significant differences in the patient group with
the Age compared to the control. The sera level of insulin was increased significantly
in the patient's group compared to the control group; the mean level were (19.92 £ 4.69,
3.41 + 1.27) respectively. (P.value < 0.05). The sera level of 25(OH)D; decreased
significantly in the patient's group compared to the control group; the mean levels were
(6.48 £ 1.78, 20.30 + 8.59), respectively (P.value < 0.05). The sera level of C-peptide
was decreased significantly in the patient's groupcompared to the control; the mean
level were (113.49 = 27.5, 159.2 + 101.4) respectively (P.value < 0.05). While the
level of RBS and HbA1c were increased markedly in the patients’ group, the same Age
range compared to the control. The mean level of RBS and HbAlc in patients were
(258.58 + 41.4, 9.36 = 1.89) respectively, while in control were (98.1 £12.53 and 4.33
+0.71) respectively.

Table (3.2 )The effect of Age range (30-42) year on the biochemical parameters in Patients
and control groups.

Age range (30-42) year
Biomarkers Patients Mean £ Control Mean *

D o5 P value
HSP-70, ng/ml 30.55 + 5.40 30.64 + 7.62 0.94[NS]
VDBP, ng/ml 73.48 + 13,53 73.15+19.94 0.96[NS]
C-peptide, ng/ml 113.49 +27.5 159.2 + 101.4 0.01[S]
RBS, mg/dI 258.58 + 41.4 98.1 + 12.53 <0.001[S]
Insulin, ng/ml 19.92 + 4.69 3.41+1.27 <0.001[S]
HOMA-IR 4.67 +1.46 2.03+0.72 <0.001[S]
Z5(OH)D3, ng/mi 6.48 +1.78 20.30 + 8.59 <0.001[S]
HbA1c% 9.36 + 1.89 433+0.71 <0.001[S]

T.test. Results are presented as mean + SD, or n= number of subjects and percentage, p<0.05
considered significantly different, [S]= Significant, [NS]= non-significant
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Table (3.3) the Age group (43-54), results indicated no- statistical
difference in the sera levels of HSP-70 and VDBP. The sera level of RBS
and HbAlc were increased markedly in the patient's group with the same
Age range compared to the control. the mean level of RBS and HbA1c% in
patients were (290.77£77.94, 9.99 +2.08) respectively (P.value < 0.05).
while in control were (101.83 £ 11.15, 4.57 £ 0.74), respectively (P.value <
0.05). while only the C-Peptide sera level was decreased in the same age
rangeof patients compared to the control was, but not significant. The sera
level of insulin was increased significantly in the patient's group compared
to the control group; the mean level were (18.72 £ 3.05, 4.17 = 1.34)
respectively (P.value < 0.05). The sera level of 25(OH)Ds decreased
significantly in the patient's group compared to the control group; the mean

levels were (7.32 = 1.87, 21. 47+ 8.96), respectively (P.value < 0.05).

Table (3.3): The effect of Age range (43-54) years on the biochemicalparameters in

Patients and control groups.

Age range (43-54) year
Biomarkers Patient Control b value
Mean £SD Mean +SD
HSP-70,ng/ml 31.14 + 6.42 27.10 +6.36 0.17[NS]
C-Peptide ng/mi 151.59 +112.1 164.47 + 61.92 0.72[NS]
VDBP, ng/ml 75.05+17.53 64.55 + 13.88 0.15[NS]
RBS, mg/dI 290.77 £ 77.94 101.83 +£11.15 <0.001[S]
Insulin, ng/ml 18.72 + 3.05 4.17 = 1.34 <0.001[S]
HOMA-IR 4.55 = 1.00 2.78 £ 0.54 <0.001[S]
25(OH)D3,ng/ml 1.32 = 1.87 21.47 £+ 8.96 <0.001[S]
HbA1c% 9.99 +2.08 457 £0.74 <0.001[S]

T.test. Results are presented as mean £ SD, or n= number of subjects and percentage,
p<0.05considered significantly different, [S]= Significant, [NS]= non-significant
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While in the age group (55-76) in table (3.4), All markers were shown a significant
difference among patients compared to the control. The sera level of VDBP was
increased significantly in patients compared to the control, the mean levels were
(70.51 = 18.78, 46.62 + 13.21) respectively, (P value <0.05). The sera level of
insulin was increased significantly in the patient's group compared to the control
group; the mean level were (18.72 + 3.05, 4.17 £ 1.34), respectively (P.value <
0.05). The sera levels HSP-70, RBS and HbA1c were also increased significantly
in patients group compared to health control. The mean levels in patients were
(29.34+7.11, 267.83 £77.75 and 9.32+2.17) respectively, while in control

(19.52+7.11, 101.67+22.50 and 3.83+£0.51) respectively, (P value <0.05). Only C-
Peptide level was decreased significantly in the patients compared to the control
group. The mean level were (107.55+18.25,147.10£47.13) respectively,
(P.value<0.05). The sera level of 25(OH)Dsdecreased significantly in the patient's
group compared to the control group; the mean levels were (7.32 + 1.87, 21.47 +

8.96), respectively (P.value < 0.05).

Table (3.4): The effect of Age range (55 — 76) years on the biochemicalparameters inPatients
and control groups.

Age range (55 — 76) years
. Patients Control
Biomarkers DualuE
Mean = SD Mean = SD

HSP70,ng/ml 29.34 £7.11 19.52 +7.11 0.032[S]
VDBP, ng/ml 70.51 + 18.78 46.62 +13.21 0.05[S]
C- peptide, ng/ml 107.55 * 18.25 147.10 £ 47.13 0.013[S]
RBS, mg/dl 267.83 £ 77.75 101.67 + 22.50 0.002[S]
Insulin, ng/ml 18.72 + 3.05 4.17+1.34 <0.001[S]
HOMA-IR 455 +1.00 2.78 + 0.54 <0.001[S]
25(0OH)D3,ng/ml 7.32 +1.87 21.47 £ 8.96 <0.001[S]
HbA1c% 9.32+2.17 3.83+0.51 <0.001[S]

T.test. Results are presented as mean £ SD, or n= number of subjects and percentage,

p<0.05considered significantly different, [S]= Significant, [NS]= non-significant

81



Chapter Three Results

Table (3.82) illustrated that effect of the biochemical parameters in the Patients
control groups according to the BMI groups. The level of HSP70 and VDBP were
increased significantly in patients with normal weight group compared to control. The
mean levels in normal weight patients and control were (30.31 + 6.88, 73.61 £ 17.25),
and in control (26.15 = 6.84 and 62.50 £ 18.29) respectively. The level of RBS,
HbA1c% were also increased significantly in patients with normal weight group
compared to control as presented in Table (3.5). Only C-peptide level was decreased
significantly in both patients compared to control, the mean level in  patients was
107.82 £21.23 and in control was (176.44 + 111.53).

Table (3.5): The effect of BMI groups on the biochemical parameters in the patients and
control groups

Normal Weight \

Variables Patients Control pval

Mean £SD Mean £SD VELLE
HSP70,ng/ml 30.31 +6.88 26.15 +6.84 0.040[S]
VDBP, ng,ml 73.61 +17.25 62.50 + 18.29 0.046[S]
C-Peptide, ng/ml 107.82 +21.23 176.44 + 111.53 0.004[S]
Jiesibl s (g4t 19.60 + 4.67 3.65 + 1.51 <0.001[S]
ICLASUR 4.69 + 1.40 2.30 £ 0.65 <0.001[S]
25(OH)Ds,ng/mi

6.96 + 1.84 27.07 £6.13 <0.001[S]
RBS, mg/dl 279.76 £ 59.33 08.04 + 13.74 <0.001[S]
HbA1c% 90.72+2.20 4.13+0.62 <0.001[S]

T.test. Results are presented as mean £ SD, or n= number of subjects and percentage,
p<0.05considered significantly different, [S]= Significant, [NS]= non-significant
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Table (3.6) illustrated that effect of the biochemical parameters in the Patients and
control groups according to the BMI groups. The level of RBS, HbAlc were also
increased significantly in patients with normal weight group compared to control as
presented while the level of HSP70 , VDBP and C-Peptide were no significant , as
shown in Table (3.6)

Table (3.6): The effect of BMI groups on the biochemical parameters in the Patients and

control groups.

Obese
Variables Patients Control
P value
Mean +SD Mean + SD
HSP70,ng/ml 30.13+5.80 32.12+7.35 0.303[NS]
VDBP,ng/ml 71.77+16.21 67.73+19.32 0.358[NS]
C-Peptide, ng/ml| 134.69+83.39 143.11459.49 0.68[NS]
Insulin, ng/ml <0.001[S]
20.10+4.06 3.76+1.39
HOMA-IR <0.001[S]
4.73+1.35 2.24+0.77
25(0H)D3,ng/mi 6.47+1.91 13.9143.44 <0.001(]
RBS, mg/dl 260.80+72.38 100.48+11.64 <0.001[S]
HbAlc% 9.30+1.85 4.58+0.75 <0.001[S]
W.HLR 1.06+0.05 1.02+0.03 0.006[S]

T.test. Results are presented as mean = SD, or n= number of subjects and percentage,
p<0.05considered significantly different, [S]= Significant, [NS]= non-significant

Binary logistic regression was performed and forward logistic regression was

adopted to analyze the results. It was found that VDBP in normal weight patient was
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a protective factor (OR: 0.917; 95% ClI: (0.733-1.148) respectively, while in obese
groups was (OR: 0.886; 95% CI: (0.996-1.013).

In addition, C- Peptide & HSP70 were shown to be a risk factor for both normal and
obese cases. In Normal weight (OR: 1.049 and 1.156, 95% CI: (1.011-1.088), 1.649-
1.148) , while in obese (OR: 1.001 and

1.545, 95% CI: (0.992-1.08), (1.011-1.119) as shown in table (3.7).

Table (3.7) Estimation the Associated of analyzed factors in Patients Compared to control

group

Normal weight Obese
Variables OR OR
(Lower—Upper) | Pvalue (Lower—Upper) P value

HsP70,ng/ml 1-196(1.649-1.148) | 655 | 1545(1.011-1.119) | 0327

C-Peptide  [--049(1.011-1.088) | 519 | 1.001(0.992-1.08) | 0.763
HOMA-IR [15.68(3.169-3.196) 14.878(2.511-88.158)

<0.001 0.003

The mean levels compression of the studied groups of patients and Healthy
control according to the BMI subgroups were presented in theFigures (3.2),
(3.3) and (3.4) below.

Simple Line Mean of Hps70 by Obese

35.00
1

o 25.00 26.15
R

% 20.00

I

5 15.00

()

=
10.00
5.00

0.00

Patient with obese Patient without obese Control with obese Control without
obese

Figure (3.6): Estimation plot of Determination serum level of Hps70 in Patient and control
groups
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Simple Line Mean of C.Peptide by Obese

200.00
180.00
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140.00
120.00
100.00
80.00
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40.00
20.00
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Mean C.Peptide

Patient with obese Patient without Control with obese Control without
obese obese

Obese

Figure (3.7) Estimation plot of Determination serum level of c-peptide in patient and control
groups

Simple Line Mean of VDBP by Obese
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72.00
70.00
68.00
66.00
64.00
62.00
60.00

Mean VDBP

Patient with obese Patient without obese Control with obese Control without
obese

Obese

Figure (3.8) Estimation plot of Determination serum level of VDBP in patient and control
groups
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Receiver operating curve (ROC) curve of serum HSP70, C-peptide and VDBP

levels for diagnosis of DM cases.

Furthermore, the analysis of the optimal diagnostic points in cases of DM was
performed. Results were indicated that C-peptide was demonstrated the most
interesting significant prediction DM in obese cases. Diagnostic thresholds of such
cases were presented in figures (3.5), and table (3.8). For C-peptide levels: (sensitivity
= 93%, specificity = 88%) at a level = 134.7646, p-values of the AUC for C- peptide
was <0.001 and statistically significant.

Table (3.8) Receiver operating characteristic curve showing sensitivity and specificity of
Hps70, VDBP & C-peptide in patients compared to control group

;r/?isl:[i;oiset(jsl; HSP-70 C-peptide VDBP
AUC 53.6% 70.2% 54%
Sensitivity % 90% 93% 96%
Specificity % 87% 88% 78%
Youden index 0.2 0.378 0.175
Cut-off points 29.086 134.7646 56.423
Cl (95%) 0. 416-0.657 0.594-0.810 0.429 - 0.661
PPV 59.57% 20.68% 41%
NPV 60.46% 8.88% 25%

P value <0.001 <0.001 0.05
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Source of the
Curve
— C.Peptide
—D3
Hps70
Reference Line

Sensitivity

“0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

Fig. (3.9): ROC curves for HSP-70, C-peptide and VDBP in patients to analyse the
optimal diagnostic points for predicting of DM cases compared tocontrol group.
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3.2 Results of genetic variants of VDR
Results of genetic variants of VDR
The results of variants Genotype (rs 1544410) was a clear band with a

molecular size 200 bps. Figure (3.10). The size of amplicon was determined

by compare with DNA ladder 100 - 1500 bp. gene polymorphisms

Fig.(3-10): Genotyping of gene variants of VDR (rs1544410)

Genotype variants of VDR of gene (rs 1544410) SNP which were classified into three
genotypes:

1. The major genotype group (CC) homozygous for the allele C.

2. The minor genotype group (TT) homozygous for the allele T.

3. Heterozygous (CT).
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1500 bp

1000 bp

500 bp
400 bp
300 bp
200 bp

100 bp

Lane1l-1,2 3,4 7,8 11,12 17,18: Presented CT (Hetero) allele of VDR gene where

showed in 200bp

Lane 2- 5,6 13,14 15,16: Presented CC (Wild) allele of VDR gene where showed in

200bp

Lane 3- 9,10 19,20: Presented TT (Homo) allele of VDR gene where showed in

200bp

The distribution of genotyping groups of patients shows in table (3.9).

Table 3.9: Distribution of gene variants of VDR Genotype (rs 1544410) different

genotypes in studied groups

Variable Group Frequency | Percentage
CC (wild) 18 40
Genotype CT (hetero) 1 "
TT (homo) 15 36
Data Presented by numbers and percentage

89



Chapter Three

Results

Results of the comparison between observed and anticipated values for SNIP with
(rs1544410) in the tested population were shown in Figure (3.7), and table (10). The

distribution and percentage of individuals having (rs1544410) differ from those

expected under Hardy—Weinberg equilibrium {number of observed vs expected,
which were: CC (18, 12.8); TT (15,9.8); CT (12, 22.4) (goodness-of-fit 2 for
(rs1544410), 19.397, P= < 0.001 and therefore it was statistically significant.

Table (3.10) Hardy—Weinberg equilibrium for (rs1544410) genotype in patient groups

Alleles Hardy—Weinberg
Genotypes equilibrium X2
C T
test

Genotype N= 100 Frequency | %
CC

' 18 40

e v 19.397
cT 0.533 | 0.467 P < 0,001 [S]
<0.

( heterozygous mutant type ) 12 24
TT

(homozygous mutant type) 15 36

variants of VDR gene 22.4

25

20

15

10

o u

18

CC (wild)

12

CT (hetero)

m Observed N

Expected N

TT (homo)

9.8

Figure (3.11): variants of VDR Observed (Obs.) vs expected (Exp.) genotype frequencies %

ofrs 1544410 among individuals’ sample
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Relationship between demographic characteristics and (rs 1544410) SNP
The difference between demographic characteristics and (rs1544410) SNP table (3-

11), was performed using one-way ANOVA test to compare the age, BMI and

groups of study. No significant difference was found between all groups.

Table (3-11) difference between demographic characteristics in (rs1544410) SNP in
patient groups
rs 1544410 (N=45)
Demographic parameters CC CT TT P-Value
(N=18) (N=12) (N=15)
Age 42.33+8.89 | 46.75+12.3 | 47.07=12.0 | 0-156 [NS]
2 8
BMI 29.35:£6.39 | 28.45+6.19 | 27.18+5.74 | 0.363[NS]
Group Patient 18 12 15 0.903[NS]
Study Patient with obese 10 6 6
Patient 8 6 9
Group | without obese 0.953[NS]
Bp Yes 12 11 13 0.563[NS]
No 24 13 17
Smoking Yes 1 1 0 0.564[NS]
No 35 23 30

Results are presented as mean + SD, or n= number of subjects and percentage, p<0.05

considered significantly different, [S]= Significant, [NS]= non-significant
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Mean Difference of biomarkers and Genotype (rs 1544410) SNP in Obese groups :
The difference between biomarkers and rs(1544410) SNP table(3-12) was performed
using one-way ANOVA test to compare the mean levels of HSP-70, VDBP, C. Peptide ,
RBC& while blood test , HbAlc was shown all no significant difference among the
variants of VDBP Genotype (rs1544410) in obese (Patients & Control) studied groups,
p value > 0.05.

Table (3-12) Difference between alleles of variants of VDR Genotype (rs1544410) with mean levels

of biomarkers in obese studied groups

rs 1544410(N= 50)
Biomarkers P value
CC (N=10) CT (N=12) TT (N=28)
HSP-70 30.22+6.28 28.88+7.06 29.63+7.88 0.769 [NS]
VDBP 73.16+21.42 72.34+16.58 68.94+17.75 0.669 [NS]
C-Peptide 139.72+68.61 163.72+126.68 130.73+46.30 0.334 [NS]
Insulin 3.81+1.39 2.87+1.06 4.26+1.52 0.037[S]
HOMA-IR 2.38+0.77 1.94+0.62 2.41+0.62 0.165[NS]
25(0OH)D3 7.51+1.74 6.12+1.79 6.26+1.86 0.06[NS]
RBS 184.19+96.81 197.46+113.47 173.23+92.75 0.678 [NS]
HbAlc 7.19+3.06 7.28+3.69 6.45+2.40 0.521 [NS]
W.H.R 0.97+0.11 0.94+0.11 0.93+0.12 0.337 [NS]
Results are presented as mean + SD, p<0.05 considered significantly different, [S]=
Significant, [NS]= non-significant
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Estimation of risk in VDR Genotype (rs1544410) SNP with biomarkers

The odds ratios of the detected genotypes of the (rs1544410) of the patients with
levels of biomarkers. The logistic analysis of the (rs 1544410) SNP of the patients
concluded that HSP-70 , VDBP, C- Peptide level was no significantly related to the
Also C-Peptide, was shown to be related risk factor to the both CT and CT alleles
(1.003, p

> (0.05) in comparison with CC alleles. Furthermore, HbAlc level was demonstrated
to be related risk factor for the CG allele in comparison with CC & GG alleles
(1.009, p < 0.05).
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Table (3-13): The odds ratios of VDR Genotype (rs1544410) with biomarkers level

Variables SNIP OR (95% CI) p value
CC 1a -
HSP-70 CT 0.972(0.901 - 1.048) 0.464 [NS]
TT 0.988(0.921 - 1.059) 0.732 [NS]
CC 1a -
VDBP CT 0.998(0.969 - 1.027) 0.875[NS]
TT 0.988(0.961 - 1.015) 0.384 [NS]
C-Peptide CC 1a -
CT 1.003(0.997 - 1.009) 0.338 [NS]
TT 0.998(0.990 - 1.006) 0.593 [NS]
CC 1a -
HbA1c% CT 1.009 (0.853 - 1.193) 0.917 [NS]
TT 0.918 (0.778 - 1.084) 0.315 [NS]
cC 1a -
RBS CT 1.001 (0.996 - 1.006) 0.618 [NS]
TT 0.999 (0.994 - 1.004) 0.648 [NS]
CcC 1a -
Insulin CT 0.551(0.288-1.054) 0.072
TT 1.264(0.767-2.082) 0.358
CcC 1a -
HOMA-IR CT 0.361(0.109-1.198) 0.096
TT 1.064(0.389-2.911) 0.903
CcC 1a -
25(0OH)D3 CT 0.632(0.400-0.996) 0.048[S]
TT 0.661(0.431-1.013) 0.05[S]
Results are presented as numbers and percentage, p<0.05 considered significantly
different, [S]; Significant, [NS]; Non significant, OR: Odds
Ratio, Cl; Confidence Interval, a; reference category
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4. Discussion

4.1. Biochemical studies

According to figure 1; The findings of this results were similar with

other studies conducted in other middle east and even in some western
countries. A study in Lebanon found the prevalence of normal weight
and obesity were 14% and 17% among the population. In Kuwait the
overweight and obesity prevalence were found to be 32% and 8.9%
respectively. Whereas in the United States and United Arab Emirates
the prevalence of overweight and obesity were 35% among the college
students (Musaiger, 2003). Different studies across the globe reported
various prevalence rate of normal weight and obesity and that may be
due to the differences in sample size and culture.
Vitamin D3 bioavailability has garnered much attention from scientists
as they investigate and find potential new contributing factors. Vitamin
D-binding protein (VDBP) is responsible for binding the vast majority
of circulating 25(OH)D3 and, after activation in the Kkidneys,
1,25(0H)2D3. Only about 1-2% of it is not linked to albumin and
circulates freely in the blood (Christakos et al., 2016).

Results from the current study were inconsistent with those from
the works of Oluwabukola et al., Jiao et al., and Yosria et al (Ala
et al., 2017). Resistance of cells in target tissues to insulin is the most
critical pathophysiological event leading to the development of
T2DM, and this resistance is often associated with abnormal insulin
production in addition to the decline in the function of B-cells. In a
clinical setting, IR causes a rapid increase in insulin levels to

counteract the effects of hyperglycemia. Insufficient insulin signaling
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from the insulin receptor to the final insulin action substrates, involved
In a wide range of metabolic and mitogenic processes arethe
underlying cause of insulin resistance at the cellular level (Saini,
2010).

These results were agreed with other studies such as, Alhnumaidi et al
(Alhumaidi et al., 2013). Who investigated vitamin D deficiencyin
type 2 diabetes and discovered low levels of 25(OH)D in both patients
and controls. In yet another cross-sectional investigation (Hidayat et
al., 2010). Which looked at the link between vitamin D and T2DM in
the elderly and found similar rates of deficiency inboth patients and
controls (78%), suggesting that body mass index (BMI), sun
protection use, and gender all play a role in determining whether or
not someone has low vitamin D levels. The research conducted by Al-
Tu'ma et al (Al-Tu’ma & Yosuf, 2015). VitaminD deficiency has
been shown in a recent study to be associated with an elevated risk of
type 2 diabetes. Additional evidence comes froma research by Boyuk
et al (Boyuk et al., 2017).

Demonstrated that vitamin D deficiency was common among both
T2DM patients and healthy adults (Bayani et al., 2014).
25-hydroxyvitamin D levels are lower in the obese. It might be due
to inefficient exposure to sun light because decreasing activity, or
because more of their 25-hydroxyvitamin D is being stored as fat
(Salih et al., 2021).

Low vitamin D (insufficient and deficient) was significantly
more prevalent in female patients; they explain that the deficiency of
vit D may be due to social behavior and religious reasons, as women
are required to cover their entire bodies and don a hijab when they go
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outside. Consequently, 25(0OH) D synthesis and levels are reduced
(Salih et al., 2021).

Vitamin D may have a positive effect on insulin secretion and
sensitivity, either directly via its role in pancreatic beta-cellactivation
and sensitive organs, or indirectly via calcium homeostasisregulation
(Bayani et al., 2014). The vit D has been shown to increase

the expression of insulin receptors (Sacerdote et al., 2019).
Vitamin D-binding protein (VDBP) is responsible for binding the
vast majority of circulating 25(OH)D3 and, after activation in the
kidneys, 1,25(0OH),D3. Only about 1-2% of it is not linked to albumin
and circulates freely in the blood (Christakos et al., 2016).VDBP is
crucial in regulating the levels of both total and free 25(OH)D in the
body (Chun et al., 2014).

Vitamin D3 plays a function in insulin secretion and sensitivity,
as evidenced by the discovery of a receptor for (1,25(0OH),D3) in the
pancreatic cells (Alvarez & Ashraf, 2010). Larger adipocytes are
thought to be less efficient at sequestering and mobilizing vitamin D,
leading to reduced vitamin D bioavailability (Liel et al., 1988). It has
also been hypothesized that altered hepatic production and harmful
feedback mechanisms contribute to the lower 25(OH)D3 levels in
obese people (Compston et al., 1981). The rapid rise in diabetes rates
calls for attention to VDBP because of the correlation between vitamin
D insufficiency and glucose homeostasis(Saraswathi et al., 2019).

Insulin secreting-cell dysfunction, and glucose metabolism are all
thought to be influenced by variations in vitamin D-binding proteins

(Wang et al., 2014). Insulin secretion and sensitivity have been linked
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to vitamin D-binding proteins (Mohammed et al., 2023). The role of
VDBP in insulin dynamics is yet unclear. No significant link was
found between VDBP and insulin resistance in other study
(Naderpoor et al., 2018). While others found a negative and
independent relationship between VDBP concentration and several
parameters (lipid, c-peptide, HA1c) in those with metabolic syndrome
and the free and bioavailable fraction linked with specific components
of the disease (Pelczynska et al., 2017). Another analysis of the
connections between these factors HSP-70 , D3 and VDR found that
VDBP was linked to insulin resistance, with the strength of the link
appearing to be influenced by racial background (Ashraf et al 2014).
found a negative correlation between insulin resistance and insulin
level, and they found the same thing for VDBP concentrations. These
results also suggested that VDBP levels might need to shift to keep
bioavailable 25(OH)D3 levels stable (Ashraf et al., 2014). Based on
the findings that VDBP levels can rise in response to inflammation,
specifically to interleukin-6, it stands to reason that the prevalence of
systemic inflammation in obese and overweight individuals would
cause VDBP levels to rise (Guha et al., 1995).
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Inflammation is positively correlated with serum HSP70 levels,and

elevated insulin resistance may be a mechanism by which HSP70
contributes to the aetiology of T2DM (Nakhjavani et al., 2013). By
binding to Toll-like Receptor-2 and Toll-like Receptor-4 (TLR-2,TLR-
4), HSP70 may stimulate inflammatory responses (Vabulas et al.,
2002). In the past decade, some studies have shown the significant
role of a chaperone family. HSP70 belongs to a family of
chaperones that have been found to play a crucial role in the
pathophysiology of insulin resistance, the underlying cause of T2DM,
in recent years. Insulin resistance and T2DM may result from a
confluence of biological mechanisms. Increasing HSP70 expression
in the brain has been shown to directly affect insulin sensitivity and

glycemic regulation.
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The role of HSP-70 in T2DM patients has been validated by several

investigations, and these results are compatible with those of
previously reported studies. There are multiple mechanisms through
which HSP-70 influences inflammation and insulin resistance. The
formation of reactive oxygen species (ROS) may rise in obese people.
The rate of ROS generation may influence the expression of HSP-70
(Archer et al., 2018).Serum HSP70 levels are positively linked with
inflammatory parameters, according to investigations of T2DM and
older patients; endogenous HSP-70 (eHSP-70) may contribute to the

aetiology of T2DM by increasing insulin resistance

(Nakhjavani et al., 2013). Patients with T2DM and healthy people
show significant positive correlation between HSP70 and BMI. Our
results raise the possibility that HSP70 plays (Vabulas et al., 2002).

C-Peptide level considerably decreased in patient groups that are
subdivided based on gender and BMI compared to the controls.
Chronic malfunction of the pancreatic -cells results in an inadequate
supply of C-peptide and insulin entering the bloodstream
simultaneously. More and more research suggests that c-peptide via
its antioxidant, vasoprotective, antiapoptotic, anti-inflammatory, and
necrotic factor NF-b modulatory actions, has a protective potential
(Yaribeygi et al., 2019). Various studies demonstrate that C-Peptide
protects vascular networks by reducing NF-b translocation and
activity in diabetics (Cifarelli et al., 2008). Others show that C-
peptide could slow down the development of DM by inhibiting NF-
kB activity and, in turn, its subsequent effects (Li et al., 2018). Renal
damage from diabetes can be reduced through NF-b regulation,
according to research by Hills
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and colleagues (Hills et al., 2010). C-Peptide's anti-apoptotic actions
were shown to depend on NF-b modulatory potentials in renal tissues,
as shown by research conducted by others which hypothesized that
NF-b activation produced by C-peptide shields renal cells from tissue
necrotic factor TNF- damage in a diabetic environment (Al-Rasheed
et al., 2006). In 2008, Luppi and

colleagues discovered that the C-peptide treatment improves diabetes-
induced endothelial dysfunction (Luppi et al., 2008).

VDBP was found to be protective in patients of normal weight,
Furthermore, C-peptide and HSP-70 were investigated to be a risk
factors for both normal and obese individuals. The VDBP was
reported to have links to glucose levels. Having a higher BMI and
being overweight are both known risk factors (Vasilopoulos et al.,
2013).

ROC analysis was carried out as a multivariable clinical diagnostic
model that incorporates clinical aspects of diabetes in obese
individuals and is also used to analyse the ideal diagnosis points in
instances of DM, with the goal of determining the sensitivity

C-peptide has been shown to have potential as a biomarker for
use in assisting in the risk stratification of diabetic complications
(Maddaloni et al., 2022).
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4.2 Genetics variants of VDR genotype

Previous research has demonstrated a robust association
between VDR polymorphisms and metabolic markers related to type
2 diabetes (Zaki et al., 2017).

In a nutshell, the human VDR gene sits at 12g13.1 on the human
chromosome. The VDR gene is made up of spliced-together coding
and non-coding exons (Gyapay et al., 1996). Polymorphisms in the
VDR gene may contribute to increased secretion from cellsand be
linked to type 1 and type 2 diabetes (Mackawy & Badawi, 2014).
Homozygous dominant model analysis was used to verify the role of
the important allele in the VDR gene's connection to type 2 diabetes.

Homozygous CC was discovered in 40% of the groups, with 26%
finding CT and 33% finding TT. Recessive model analysis alsohelped
shed light on the impact of the minor allele on the VDR gene's
connection with T2DM.

In this study, the A-allele of the VDR gene's rs1544410 polymorphism
was linked to higher insulin secretion, as evaluated bya disposition
index, in women with a history of DM. As a transcriptional regulator,
VDR belongs to the nuclear receptor superfamily. It is found in a variety
of cell types across the body and,specifically, in pancreatic beta cells,
where it exists as a heterodimer with retinoid X receptors (RXRS)
(Bouillon et al., 2008). Consistentwith previous research, this study
found that vitamin D may play a role in a variety of health problems
(Wang et al., 2017).
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Potentially beneficial effects on insulin secretion and sensitivity
have been postulated. Vitamin D receptor (VDR) activation on
pancreatic beta cells and insulin-sensitive organs and calcium
homeostasis modulation may mediate the effects (Wang et al.,
2017).

Researchers have shown an inverse association between vitamin D
levels in the blood and the likelihood of developing diabetes,
metabolic syndrome, impaired insulin production, or insulin resistance
(Knekt et al., 2008).

Polymorphisms in the VDR gene have been linked to diabetes and
insulin resistance in multiple studies, including a meta-analysis and
those conducted by Malik et al (Malik et al., 2018).The VDR gene
has been linked to around 25 distinct polymorphisms thus far. These
VDR polymorphisms have been linked to type 2 diabetes and altered
insulin secretion in a number of studies (Shaat et al., 2017).
Metabolic syndrome, which includes abnormalities in metabolism
related to obesity, is also associated with VDR polymorphisms (Ignell
et al., 2013). According to the results of this study, Pakistani patients
with the genotype of the VDR gene variant rs1544410 are more likely
to develop T2DM and obesity.

103



Chapter Four Discussion

In people with vitamin D deficiency, the (rs10735810) polymorphism
of the VDR gene was discovered to be an additional independent
driver of insulin secretion. In addition, the ability to secrete insulin
depends on VDR mRNA levels (Ogunkolade et al., 2002). Recently,
DNA polymorphisms in the VDR gene have been linked to an
increased risk of developing metabolic syndrome (MetS)
(Uitterlinden et al., 2004). Several studies found that variations in the
vitamin D receptor, gene was associated with the risk of cluster
disorder (Al-Daghri et al., 2014).

However, there is room for improvement in the consistency of the
findings; this may be attributed to the fact that study participants are
of different ethnicities. It still needs to be apparent what role VDR
polymorphisms have at the molecular level in the pathogenic context
of MetS. Moreover, the linkage disequilibrium (LD) and haplotypes
of the four VDR above SNPs and their relationships with MetS in the
Thai population have not been published (Karuwanarint et al., 2018).
Other researchers have proved that the underlying pathophysiological
processes of these correlations are still unclear. Since VDR is found
In pre-adipocytes, it is plausible that vitamin D has an indirect effect
on adipocyte development and metabolism(Kamei et al., 1993). It has
been shown in vitro that vitamin D inhibits the differentiation of pre-
adipocytes and promotes adipocytes' completion of their

differentiating process andlipoprotein lipase production and release.
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In Caucasian patients, a negative correlation was found between
body mass index and vitamin D3 levels in the blood (Vasilopoulos et
al., 2013).Moreover, it was discovered that VDR polymorphisms
affected the amount of vitamin D in the blood. The modification of
insulin secretion may possibly play a role in the connection of VDR
polymorphisms with obesity in type 2 diabetic people, which is a
compelling theory to make. Obese individuals frequently have
hyperinsulinemia, which may result from a B-cell compensatory
response to insulin resistance. Alternately, it could be brought on by
a primary over-secretion of insulin due to cellular malfunction, leading
to the accumulation of extra fat and the emergence of insulin
resistance. In the population we analysed, the association between
these genotypes and insulin levels could not be determined because
every participant received insulin or oral hypoglycaemic medication.

If their insulin levels were measured, they would mainly represent

how well they managed their diabetes and/or the harmful
consequences of persistent hyperglycaemia (glucotoxicity) on B-cell
activity. These SNPs were discovered to affect how much insulin a
group of non-diabetic Asians secretes in response to an oral glucose

tolerance test (Hitman et al., 1998).
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1. Conclusions

1. There was a significant increase in sera levels of heat shockprotein-
70 in T2DM patients as compared with the control group (p-value
< 0.05). only a the age range (55-67) years

2. Vit D3 level shows a significant decline in the patient's group in
comparison to the control group (p-value < 0.05).

3. VDBP levels were changed variably depending upon the patients
age.

4. C-peptide level shows a significant decline in the patient's group in
comparison to the control group (p-value < 0.05), and that might
be due to elevated insulin level and its feedback effect on insulin
production.

5. VDR gene analysis revealed that the SNP obtained as follows (40%
wild or CC, 26.7% indicate heterogenotype or CT and33.3%
indicate homogenotyes or TT) of VDR Bsml genotytpe.
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2. Recommendations

According to all previous knowledge, we can recommend the

following:

1.

Study the relationship between HSP-70 with long-term
complications of type 2 diabetes (retinopathy, kidneys, nerves,
and arteries and veins).

Studying the relationship between advanced glycemic end
products (AGE) with (VDBP, D3, and HSP-70).

Study of the level of insulin, C-peptide in the case of pre-
diabetes, and whether these markers can be used as a diagnosis
of type 2 diabetes and in pre-diabetes.

Study the effect of exercise for (30-45) minutes a day on the
level of heat shock protein-70 and insulin.

In forthcoming research, C-peptide testing can be effectively
applied in some settings, such as in persons with predominant
insulin resistance. C-peptide testing helps sort out muddled
diagnosis and keeps tabs on a select group of people over time.
Study various genetic variants of VDR and other genotypes in
T2DM and in obese individuals to investigate its associations

with trhe disease pathogenesis.
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