Chapter One
Introduction
1.1 Background to the Study

Diabetes mellitus (DM) is a metabolic disorder that is characterised by persistent
hyperglycemia. This condition occurs as a result of changes in the mm of
carbohydrates, proteins, and lipids, which are caused by absolute OQ‘JQVG insulin
insufficiency and organ system failure'. People with diabetes may e)@’%ﬁe hyperglycemia,
which can have a negative effect on their quality of life, the wel@g of their families, and
society as a whole. Type 1 diabetes (T1D), type 2 d@ T2D), gestational diabetes
mellitus (GDM), and other diabetes variants can be ;ﬁﬁed depending on their aetiology'.
Type 1 diabetes is caused by an autoimmune on to proteins in pancreatic islet cells.
Type 2 diabetes, on the other hand, is cau %‘b a combination of environmental and genetic
variables, including obesity, excess'.\s%

N

ageing?. The wide range of Q@aﬁc diseases makes it difficult to explain the cause of

ic consumption, physical inactivity, stress, and

selective B-cell death i% t in type 1 diabetes mellitus.

When overt h)@@nia first occurs, you may observe pseudoatrophic islets that have

cells that se@e pancreatic polypeptide, somatostatin, and glycogen, as well as normal islets
and %@at have both B-cells and invading lymphocytes and monocytes?. When pancreas
cells die due to an autoimmune response, the body does not produce enough insulin. This
leads to the metabolic issues that are associated with type 1 diabetes. The main
pathophysiological features of type 2 diabetes are decreased insulin production and increased

insulin resistance. The degradation of pancreatic cell function progresses significantly over



time, even though ageing, obesity, insufficient energy intake, alcohol consumption, smoking,
and other factors are all unique risk factors in the development of type 2 diabetes mellitus.
Gestational diabetes mellitus (GDM) is a serious complication of pregnancy that is diagnosed
in women who do not have a prior diagnosis of diabetes but who do have chronic
hyperglycemia throughout pregnancy. Hyperglycemia is usually caused by a decrease in
glucose tolerance that occurs when the beta cells of the pancreas are not functi {pbperly
and insulin resistance is ongoing. Excess weight, obesity, advanced mothct“age, and a
hereditary sensitivity to diabetes comprise risk factors for gestdiabetes mellitus

(GDM)*. Gestational diabetes mellitus can result in problems ffte irth, macrosomia, type 2

diabetes, and cardiovascular disease in the mother. Q

It is believed that genetic, epigenetic, and en%@qental variables have a role in the
development of gestational diabetes melli \@M), and the underlying mechanisms are
complex and change over a long peri \\time. In general, pancreatic B-cells are unable to
make up for a long-term lack of %&b&r\hich leads to insulin resistance, hyperglycemia, and
an increased supply of glu.&QAo the growing foetus. In addition, evidence indicates that
placental factors, glu &genesis, oxidative stress, low-grade chronic inflammation, and
adipose expan@

diabetes r}s (GDM)>. There are many causes of type 1 and type 2 diabetes (T2D), with

re all factors that contribute to the development of gestational

gene% disposition being one of the most important®. Neonatal diabetes mellitus (NDM)
and maturity-onset diabetes of the young (MODY) are two prevalent types of monogenic
diabetes. These types of diabetes are usually caused by mutations in genes that encode
transcription factors or other proteins that are important in the development or function of the

endocrine pancreas. Mutations in many monogenic diabetes genes may induce NDM and



MODY. Neonatal diabetes mellitus (NDM) is a disorder that can be diagnosed within the
first six months of life. It can be classified as either permanent (permanent NDM [PNDM)])
or temporary (transient NDM [TNDM]). The transient form usually goes away during
infancy but often comes back later in life®. Neonatal diabetes mellitus (NDM) is not
commonly associated with high-risk human leukocyte antigen (HLA) haplotypes or the
development of islet autoimmune antibodies, unlike typical type 1 diabetes. Thi Q&pcially
true when mutations occur in the signal transducer and activator of transcriptiofi“gene, which
is related to NDM. Transcription 3 has recently been associated wit@al cases of type 1
diabetes and autoimmune illnesses that develop early in life’ is a type of diabetes

O

that is caused by mutations in numerous islet-related genf—,Q

It is an autosomal dominant, monogenic form of %@hm usually appears before the age
of 25. MODY 7 and 8 are the two main t ODY. They are caused by mutations in
glucokinase (GCK-MODY or MOD S%md hepatocyte nuclear factor 1 homeobox A
(HNF1A-MODY or MODY3)%. %(a\gans that exhibit HNF1A4 expression are the kidney,
stomach, intestine, liver, p. gs, and spleen. A mutation could have an impact on the
function of HNF-1A 1{ mber of organs. MODY?3 is characterised by a severe deficit in
the release of Q.sﬁ}}r om pancreatic B-cells, but the clinical manifestations might differ
from fami}s amily. People with MODY3 may develop a variety of diabetes-related issues,
such\\s/%brovascular abnormalities that damage the kidneys and retina. Although one-third
of people may eventually need insulin therapy, the majority of them can be sufficiently

managed for long periods of time with dietary changes and sulfonylurea treatment®.

The HNF1A4 gene is responsible for controlling liver-specific genes, including those that are

involved in glucose metabolism, transport, and insulin synthesis. Type 2 diabetes is



frequently associated with mutations in the HNFIA4 gene®. The HNF1A protein is made up of
three domains: the dimerisation domain, the DNA-binding domain, and the transactivation
domain. Some mutations in the dimerisation or DNA-binding domains do not have an effect
on the normal allele, while other mutations have dominant negative consequences'?. The
1271, A98V, and S487N polymorphisms are common variants of the HNF1A4 gene that have
been found in both T2D and non-diabetic groups. HNFI14 (MIM*142410) 'Qﬁed on
chromosome 12q24.2 and consists of 10 exons. This gene encodes a trans@g factor that
is essential for the expression of at least 222 liver-specific genes th@&ritical for glucose

synthesis and storage, as well as lipid metabolism, which incltdes olesterol and lipoprotein

synthesis!!. Q

The cause of maturity onset diabetes of the young 2 was found to be mutations in the
HNF14 gene. This kind of diabetes is mah\@ severe hyperglycemia due to insufficient
insulin secretion by beta cells. It is mh&d in an autosomal dominant manner and usually
appears before the age of 25'2. T@M”]A gene may have variations that can show different
levels of severity. These va i %S may lead to monogenic diabetes, increase the risk of type
2 diabetes mellitus, %gnign”. In a Latino population, the low-frequency polymorphism

p-Glu508Lys wﬁ%&

2 diabetetus did not show any differences in clinical phenotype between those who

to type 2 diabetes mellitus'®. The study's cohort of patients with type

cam\{/glNF 1A p.Glu508Lys mutation and those who did not. Compared to older obese
control patients, young, thin people with type 2 diabetes mellitus had three times as many
low-frequency nonsynonymous mutations in several MODY genes'4. Furthermore, another
study investigated whether the functional classification of the uncommon coding HNFIA

variations that were discovered might be used to predict the risk of type 2 diabetes mellitus in



the general population. A group of single nucleotide polymorphisms (SNPs) that reduced
HNF-1A transactivation to below 60% in comparison to the wild type protein was shown to
be related with type 2 diabetes mellitus'>. According to genome-wide association study
(GWAS) meta-analyses, the HNFIA gene has a risk mutation (rs7957187) that is linked to
late-onset type 2 diabetes mellitus (T2DM). A recent study has found that the&f:lor A

variation of HNF1A4 rs1183910 is associated with a higher prevalence of tﬁQ betes

,\(,

Additionally, it has been suggested that other common Variants§ 14, including 127L

mellitus (T2DM) '€,

(rs1169288), A98V (rs1800574), and S487N (rs2464196), be linked to lower insulin
secretion or an increased risk of T2DM in people of nor@veight who have lower insulin
resistance than their obese counterparts!'’. MODB@ condition that often affects people
under the age of 25. It is caused by hete b@’bs mutations in a number of transcription
factors that control the growth and m,a@)n of pancreatic B-cells. In addition, mutations in
enzymes that are connected to &&gﬁ\glucose sensing can result in early-onset diabetes.
However, it is challengin ) *ﬂ:termine the global prevalence of this condition because
MODY is often mis %sed as type 1 or type 2 diabetes mellitus. In addition, the
occurrence of Qéiﬁ&e e varies among different populations because it is uncommon. In
addition, ‘@evalence of MODY varies by country and ethnicity, and certain populations
shov\{/ggher incidence of the condition'8. This variation could be related to differences in
the number of places that offer genetic testing. This study must analyse the HNF1A4 gene in
diabetic patients because HNF'IA encodes the transcription factor hepatocyte nuclear factor 1
alpha, which is predominantly associated to the aetiology of symptomatic maturity-onset

diabetes of the young (MODY)'". In addition, study shows that a frequent mutation (G319S,



located in exon 4) has a major impact on the development of T2D in the Oji-Cree community
of Canada, with a minor allele frequency of 8.7%!'’. Additional research suggests that
HNF1A4 mutations across the allele frequency spectrum are related with a higher risk of
developing Type 2 Diabetes (T2D), since frequent variants in this gene are linked to
multifactorial T2D. This emphasises the need of identifying HNFIA4 in individkals with

diabetes. It is important to identify rare HNFIA mutations that have signiﬁc;@m tional

repercussions since this may affect how pre-diabetic mutation carriers are treated and which

anti-diabetic medications are chosen. 6\

In recent years, there has been a considerable increase in the@:ﬁ)f people with diabetes
mellitus, as well as a change in the demographics of t@ease’s epidemiology. Diabetes
mellitus is increasingly affecting populations that B%)reviously unaffected or only slightly
impacted by the disease, resulting in a co S@e increase in the number of cases*. This
presents a major challenge to healtht@ng by both governments and non-governmental
organisations. According to th%({(ta\t recent prevalence figure from the International
Diabetes Federation (IDF), 4 illion people around the world have diabetes mellitus, and
more than half of t esgeople have not been diagnosed. This number is significantly
impacted by t(.%(%w g economies of Africa and Asia. In Nigeria, the prevalence of
diabetes 138@5 among people aged 20 to 69 years is documented at 1.7%. As diabetes
mell s%ecomes more common, the consequences that come with it are growing
increasingly severe. Nigeria has the largest population in Africa, with an estimated 200
million people. Of these, around 79 million are adults between the ages of 20 and 79*.
Diabetes is found in one-third of instances in rural settings, while the other two-thirds are

found in metropolitan areas. In Nigeria, there are almost two million instances of diabetes



that have not been treated, were an estimated 105,091 deaths caused by diabetes in 2013. 4.
Nigeria has the highest number of diabetes cases in Africa, followed by South Africa with
2.6 million cases, Ethiopia with 1.9 million cases, and Tanzania with 1.7 million cases. The
estimated number of people with diabetes globally in 2013 was 382 million, with a large
share (175 million) undiagnosed. This resulted in an overall prevalence rate of roughly 8.3%.
)

More than half of the deaths caused by diabetes occur in people who are less tEfQ years

old>. ’\<
According to research conducted in Nigeria, as many as 73% tes patients do not
t Stu

check their own blood glucose levels. According to a r@ dy, the prevalence of
hypertension and peripheral neuropathy in Nigeria was abowe’'50%. The prevalence of retinal
issues was 35%, cataracts was 25%, cardiovascu%’bsease was 5%, foot ulcers was 16%,
and nephropathy was 3%. Surveys showe %%caemic control and other goals, such as
lipids, glycated haemoglobin (HbAg@glood pressure, and education, did not meet
expectations. The increasing inc&ca\of diabetes has resulted in a rise in the number of

[ ]
amputations, cerebrovascu@eases, cardiovascular problems, and renal disorders in

groups that were pr&%ly not acknowledged as having these serious health issues.

1.2 Statement Q.ﬁ:w\l)

blem

Although of@ has been significant progress in understanding the genetic basis of diabetes,
the rMular alterations and functional implications of HNFIA gene mutations in people
with diabetes are still not well understood. A complete understanding of how mutations in
the HNF'1A4 gene contribute to the development and progression of diabetes can lead to more
accurate diagnoses, personalised treatment plans, and the discovery of new treatment targets.

As a result, it is essential to conduct research on the relationship between diabetes and



mutations in the HNFIA gene at the molecular level in order to enhance patient care and
treatment. This research should clarify the specific genetic changes, their effects on gene

expression and protein functionality, and their clinical implications.
1.3 Rationale

The research will contribute to understanding the molecular pathways an logical
processes impacted by HNFIA gene mutations by examining the speciﬁ changes
and their possible functional effects on blood glucose levels. This inﬂ&atlon may help to

better understand the pathophysiology of diabetes and may he% ntify new treatment

QO

Justification: Understanding the fundamental mechaF'b@ underlying the onset, progression

targets.

and severity of diabetes can be improved by lo at the molecular characterization of the

HNFI1A4 gene in diabetic individuals. %}ﬁ;nally, because diabetes is a heterogeneous

[ ]
condition, a precise diagnosis and @

action. Diagnosing MODY3$&peciﬁc subtype of diabetes associated with HNFIA

ion are essential for choosing the right course of

mutations, can be mad@y identifying HNF 1A gene mutations in diabetic patients. It's
critical to disting{t&’ﬂ\/IODY3 from other types of diabetes since it has unique clinical
characteristi agleﬂreatment consequences. A trustworthy diagnostic method for identifying
people @%MODY3 can be found in the molecular characterization of the HNFIA gene,

which\egsures precise classification and individualized management.

Also, the molecular characterization of the HNF'1A4 gene in diabetic patients is justified given
its potential to advance our knowledge of the pathogenesis of diabetes, allow precise

diagnosis and grouping, direct specific therapy modalities, ease genetic guidance, and reveal



novel therapeutic targets. The outcomes and management of patients with diabetes may be

improved as a result of this research.
1.4 Aim and Objectives of the Study
The aim of the study is to identify and characterize HNF 14 among diabetic patients in Lagos,
Nigeria. \
R
The study objectives are to: (}0

1. identify non-genetic risk factors associated w §® among the study

participants

1l detect and analyze the HNFIA gene ty@f variants among the diabetic
patient compared with the control @betic patient)

1il. determine the influence of a@ender on HNF'IA gene types

iv. assess the frequencx g&ﬂevalence of HNF1A gene variants in the study

population. \cj\

1.5 Research Questions '$

what § non-genetic factors associated with DM in the study population?
hatvare the HNF'1A gene variants associated with DM?

iil. ,bhfhwh age and gender has influence on HNFIA gene variation?

\& what is the prevalence and pattern of HNFIA gene variants in the study

population?



1.6 Significance of the Study

This study seeks to provide a thorough understanding of the molecular characterization of the
HNF14 gene in diabetic patients and its clinical implications. By addressing these research
objectives, testing the hypotheses, and responding to the research questions, the study hopes
to improve diabetes diagnosis, treatment, and management. This is because unders%ng the
biochemical changes brought on by diabetes-related HNF1A4 gene mutatio@ point to
new treatment targets. The identification of these pathways and molec ar hanisms may
make it possible to develop specialized therapeutics to alter the m ways and molecular
mechanisms impacted by HNF1A4 mutations. This could res %:reatlon of better, more

targeted treatments for people with diabetes, including th(@lth MODY3.
1.7 Scope of the Study gb

This is hospital-based study on diabetic p &;on attending Federal Medical Centre, Lagos,

among diabetes patients in Lagos St@%{g ria.

Study Design: The is a cross onal experimental, analytical study.

1.8 Limitation of t @'

The study may mlted by a sizable sample size due to the limited availability of funding,
as it did@%eceive any form of external funding. It is also important to bear in mind that if
the sample size is small, it may limit the statistical power and the ability to draw robust
conclusions and generalizability of findings. In this study adequate sample size calculation
has been made to address the concern. Likewise, it is important to also bear in mind that
diabetes could occur as a heterogeneous and complex mechanism which may involve HNFIA
gene mutations among study participants and various external factors, such as lifestyle, diet,

10



and environmental factors, which can complicate the interpretation of results. Coexisting
medical disorders or medication use are examples of confounding factors that may influence
the results of the study. To ensure that the study's findings are properly evaluated and used, it

is necessary to be aware of and acknowledge these limitations.
1.9 Operational Definition of the Study

This work relates to a methodical study aiming at identifying the molecular, g’%ns‘ucs of
the HNF1A gene in Lagos State diabetes patients. This category search€s\in the HNF1A gene

genetic variants, mutations, or polymorphisms linked to diabete% tibility, progression,

O

Important Characteristics: ’bQ

or therapy response.

1. Molecular characterization: The work o@in molecular analysis of the HNF1A gene

applied with DNA sequencing, genoty i }1 bioinformatic techniques.

2. Diabetic patients: This study %:% on diabetic patients residing in Lagos State, aiming

to identify the genetic fag@ntrlbutmg to diabetes within this group.

3. HNF1A gene: .Iﬂgatlons into HNF1A are ongoing, as its function is crucial for the

operation of&&mﬁtic beta cells and glucose metabolism.

&
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Chapter Two
Literature Review
2.1 Conceptual Review
2.1.1 Concept of Diabetes Mellitus

Diabetes mellitus (DM) is a group of metabolic diseases that are commo Qarked by
chronic hyperglycemia. This hyperglycemia can be caused by d%&:ﬁs in insulin
synthesis, insulin function, or both. There is a hereditary disorde wn as glucokinase
insufficiency that causes irreversible neonatal diabetes. Tl@% is characterised by a
failure in the glucose-insulin signaling system. The key ntiating feature of this disease
is the degree of hyperglycemia that increases %{ of microvascular consequences

(retinopathy, nephropathy, and neuropathy)@ckness is fundamentally described by the

degree of hyperglycemia that elevate§ K'Sk of these consequences.

There is a correlation between it %Sa—‘}ecrease in life expectancy, a loss in quality of life, an
increased risk of macr @ar complications (such as peripheral vascular disease,
ischaemic heart disease,™and stroke), and a significant morbidity coming from certain
N
diabetes-relate@ov scular disorders. Each and every one of these elements contributes to
a decline ﬁ&% quality of life. There are a number of pathogenetic factors that can be
respw for the developing of diabetes. The processes that contribute to insulin
insufficiency and those that cause insulin resistance are both included in this category. Both
of these mechanisms are responsible for the reduction of beta cells in the pancreas.

Insensitivity to insulin or insufficiency of insulin leads to insufficient insulin action on target

tissues, which in turn leads to metabolic abnormalities in carbohydrates, lipids, and proteins.

14



There are a number of symptoms that are associated with diabetes mellitus, including blurred
vision, increased thirst, polyuria, and weight loss. Frequently, the symptoms are either hardly
noticeable or altogether missing*. There were 285 million persons around the world who
were diagnosed with diabetes in the year 2010. According to projections, this number will
increase to 439 million adults by the year 2030, which will account for 7.70% of the total
population of the world. Here are the two basic types of diabetes mellitus Q% most
commonly seen’: The major cause of type 1 diabetes, also known as {insulifi-dependent

diabetes mellitus (IDDM), is the absence of insulin synthesis by pan@aeta cells.

This condition is often referred to interchangeably as di@s. On the other hand, the
fundamental cause of type 2 diabetes, also known as non@lin—dependent diabetes mellitus
(NIDDM), is a decreased sensitivity of target tiss@% insulin. Chronically elevated blood
glucose levels and varying degrees of @on in the absorption and utilisation of
carbohydrates, proteins, and lipids ane,&allmarks of diabetes mellitus (DM), a metabolic
illness that is marked by consiste%k(a}:vated blood glucose levels. There is a possibility that
diabetes mellitus is one ot®ldest diseases that humans have ever encountered. In the
beginning, it was mentioned in a document that was created in Egypt roughly three thousand
years ago’. 19{%@\% e year that diabetes mellitus (DM) was separated into two distinct
types: typ é&d type 2. 1988 was the year that marked the beginning of the recognition of
type%guetes mellitus (DM) as a component of metabolic syndrome. The condition known
as diabetes mellitus (DM) can have a number of different causes and aetiologies;
nevertheless, along the course of the disease, all of these disorders frequently exhibit
abnormalities in either insulin sensitivity or insulin secretion, or both. The development of

type 2 diabetes is determined by a complex combination of risk factors that include
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environmental variables, genetic factors, and risks associated with behaviour. That is, three,
four, and six. There are a number of factors that have been related to diabetes, including
genetic flaws, various disorders, and the hormonal milieu during pregnancy, and some drugs®*.
On account of its persistent clinical consequences and impacts on cardiac function, renal
failure, retinal degeneration and blindness, diabetic ketoacidosis or hypoglycemia, and
infection, diabetes mellitus has the potential to significantly raise morbidity a Q&rates?
The condition known as diabetes mellitus (DM) and the comorbidities tha@lﬁked with it
can result in a variety of outcomes, including the failure of org®y ems and chronic

damage. Vascular abnormalities are caused by the interaction ofilow-grade inflammation,

advanced glycation end products as a result of oxidative %, nd neovascularisation of the
vasa vasorum. ; (bQ

These abnormalities, when combined With\w@ illnesses, can lead to complications®. It is
possible that diabetic peripheral nephr@r and neuropathy will become common sequelae
of diabetes if the risk factors, whi '(ra\ude hypertension, dyslipidaemia, and hyperglycemia,
are not controlled well®. A@dt of the risk variables not being adequately addressed, this

consequence occurs.&lt%s a possibility of neuropathy developing in thirty-three point five
ion.

percent of the Qo&t

have dial%éthat is dependent on insulin have a much increased risk of acquiring

Since the beginning of time, it has been known that those who

atheN{c/%'osis. The metabolic condition known as diabetes mellitus (DM), which is marked
by various metabolic abnormalities, is frequently associated with a significant disease burden
in developing nations like Nigeria. The level of awareness regarding diabetes mellitus (DM)
in Nigeria was insufficient at the beginning of the 1990s. In the past, people in Nigeria

believed that diabetes mellitus was caused by "curses" or "hexes," and the diagnosis of the
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condition was determined by analysing the glucose levels in the blood or urine. Individuals
who have diabetes mellitus (DM) are currently able to easily obtain and take oral
hypoglycemic medicines; however, insulin is not a viable alternative at this time. Because the
national health insurance system is inadequate, the majority of persons who have diabetes are
responsible for bearing the financial burden of their own care. Because individuals are
responsible for paying for their own diabetes management, the "out of pocket" %e isa
consequence of this commitment. Those who are employed at minimum wage afid use insulin
would be required to allocate 29 percent of their monthly salary@ft&% purchase of the
prescription’. Individuals who have diabetes mellitus %egularly make use of
complementary and alternative treatments, which are w@ onsidered to be an essential
component of the management of DM. There are mﬁ of indications and symptoms that
are associated with diabetes mellitus, the most%§lent of which are polydipsia, polyuria,
vision impairment, and weight loss. An i }Ecient amount of insulin activity on the tissues
.
that are responsible for regulatin&@}cose, lipid, and protein metabolism might lead to

irregularities in these particul bolic processes®.

O

2.1.2 Classification o0 betes Mellitus
In 1980, the WQ@% Organisation (WHO) produced the Second Report, which was the
first classi%@on that was universally acknowledged around the world. Type I diabetes and
type\bgbetes are the two basic kinds of diabetes mellitus that are distinguished from one,
respectively. The prevalence of both types of diabetes is high. Additionally, it was discovered
that there were other forms of diabetes present in addition to gestational diabetes. In 1985,
when it was first published, Diabetes Mellitus: Report of a WHO Study Group was met with

widespread praise, and it continues to be extensively utilised even now. In light of the fact
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that patients are classified according to medicine rather than pathology, it was proposed that
the phrases "insulin-dependent diabetes mellitus" and "non-insulin-dependent diabetes
mellitus" be removed from the vocabulary used in the medical field. In order to differentiate
between the primary form of diabetes that is caused by inadequacies in insulin production
and the cases that are primarily caused by the death of pancreatic islet beta-cells, the
classifications Type I and Type II were formally utilised'?. There is a possibilit Q% most
important aspect of the new diabetes classification aims is the goal of combinifig etiological
perspectives on diabetes care. Type 1 diabetes, type 2 diabetes, o@cialised kinds of
diabetes, and gestational diabetes are the four basic cate%ie t are used to classify
diabetes mellitus. Q

The outmoded and imprecise categories insulin ép@n‘[ diabetes mellitus (IDDM) and
non-insulin-dependent diabetic mellitus (NL D%&hich were defined by the World Health
Organisation in 1980 and 1985, res be y, regarding diabetes mellitus, have been
superseded by the four classiﬁcatiO{ 36&5 mellitus’. The Hyperglycemia is a symptom
that is associated with a nu&ﬂf chronic metabolic disorders, including those that are
related to diabetes. A s@&m number of diabetics do not fall into a single group, and the
characteristics t a@mmd throughout the diagnosis process are crucial in defining the
kind of diabgtes that they contain. It is possible for a woman who has been diagnosed with
gest tio@rgabetes mellitus (GDM) to continue to have elevated blood glucose levels after
delivery, which could increase the likelihood that she would be diagnosed with type 2
diabetes!?. There is a widespread and pressing health risk that is affecting people all over the
same world. Multiple variables, including but not limited to: increased development, age-

related dietary changes, decreased physical activity, and other harmful lifestyle and

18



behavioural patterns, have contributed to the worsening of the problem. Multiple factors have
contributed to the problem. There are numerous lesser kinds of glucose intolerance, with
impaired glucose tolerance being the most recognised one'!. Diabetes mellitus and many
other forms of glucose intolerance are today affecting nearly every population on the planet.
In the absence of suitable preventative and control measures being put into place,
epidemiological research indicate that it is anticipated that this tendency continue
moving forward. The rise in blood sugar levels can be attributed to a IlLij of different
sources, including genetic and acquired influences. Attention shoul@ id to this matter.
Therefore, either the amount of insulin that is produced is de(@ or the insulin's ability to
keep euglycemia stable is significantly diminished. Q

The fact that hyperglycemia is so common gg& that its clinical expression and
progression are likely to vary from person t on, dependent on a variety of factors,
including those that are inherited and tho tXt are environmental. Throughout the course of

.

history, both type 1 and type 2 {GBXtes have been subjected to analysis and research.
Diabetes mellitus during pre@% is a disorder that often goes away after the delivery of
the baby!!. The preseﬂ@?complete insulin insufficiency and a significant incidence of
autoantibodies t ﬁ@llt pancreatic islet beta cells are the defining characteristics of type 1
diabetes. O € most important contributors to type 2 diabetes is insulin resistance. Due
to the t%%at it is useful in practice, this classification continues to be valuable for the
treating physician, despite the fact that it appears to be straightforward in contemporary
culture. Due to the fact that patients are in need of a definitive response regarding their
insulin requirements and the progression of their condition, this situation has come about. At

the moment, diabetes manifests itself in a variety of distinct forms. Examples of these
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illnesses include latent autoimmune diabetes in adults (also known as LADA) and maturity-
onset diabetes of the young (also known as MODY). The condition known as monogenic
diabetes, also known as MODY, is caused by anomalies in genes that are related with the
formation of the pancreas, the activity of beta cells, or glucose recognition. A subtype of type
1 diabetes, LADA is essentially a subtype of diabetes. In diabetics, the LADA11 VKlffeCtS

R
(O

ten percent of the general population!!.
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Individuals who suffer with type 1 diabetes mellitus, also referred to as juvenile diabetes,
have a complete lack of insulin in their bodies. This illness is characterised by an
autoimmune mechanism that causes beta cells to be destroyed, which ultimately leads to an
inadequate amount of insulin'?. There is a high probability that individuals who have type 1
diabetes have antibodies that target glutamic acid decarboxylase, islet cells, or insulin. The
existence of these antibodies is evidence that the autoimmune processe %t ould
ultimately result in the death of beta cells are already in the process of b 'ng@%ablishedlz.
Individuals with type 1 diabetes must consistently undergo insulin to maintain their
blood glucose levels within the normal range.

The majority of people who are diagnosed with type tes, also known as juvenile
diabetes, are children and adolescents. Howev r,@s may also be affected by this
condition on occasion'®. In type 1 diabetes, the reatic beta cells that are responsible for

\®)

insulin production are attacked and des§> d by the immune system. This is the only
characteristic of type 1 diabetes. T, \sul is that the body either produces an insufficient

amount of insulin or generate %at all'3 in total there is no truth to the notion that diabetes
can be caused by cons@ lot of sugar.

Those who hav t@iabetes are afflicted with the condition because their immune system
destroys the&a cells that are responsible for making insulin. Diseases that are caused by
mut tio@ anomalies in a single gene are the root cause of monogenic diabetes, which is a
rare form of diabetes. The term "monogenic diabetes" refers to a multitude of distinct forms.
Newborn diabetes mellitus (NDM) and maturity-onset diabetes of the young (MODY) are the

two primary kinds of monogenic diabetes'.
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Both of these conditions are distinguished by their similarities. In total, it is more likely that
non-autoimmune type | diabetes mellitus (NDM) is the cause of diabetes that manifests itself
before the age of six months, in contrast to autoimmune type 1 diabetes mellitus (TIDM).
The early onset of mild hyperglycemia within the context of autosomal-dominant genetic
disorders is what distinguishes the MODY group from other groups. Insulin resistance is not
the primary problem; rather, the basic issue is malfunction in beta cells. A tQ of eight
different genes have been identified as being associated with MODY as @Qequence of
mutations. In addition to the demographic of young people who are @%ﬂy diagnosed with
type 1 diabetes, there is also a community of elderly adults w, %e a slower progression
of the disease. During the latter years of their lives, th exhibit symptoms of type 2
diabetic mellitus (T2DM). However, tests of th a%'%ﬁtamic acid decarboxylase (GAD)
antibody will demonstrate autoimmune ctiv%ahich will ultimately lead to insulin
dependence. Latent autoimmune diabetex\adults (often abbreviated as LADA) is the name
given to this condition'. \(_;\\'

Children all around the wmd\&%affected by type 1 diabetes, which is a condition that is
both chronic and dang@ » It has been calculated that the mortality risk in prosperous
regions is eiglg:;\f\’ times higher than the danger in nations that are economically

disadvantag en it comes to wealthy nations, the majority of incidents either result in
deat v‘@ a short period of time or go unnoticed by medical workers unless they are
extensively reviewed or recorded'®. The incidence of type 1 diabetes is said to exhibit a
sixtyfold internal gradient during epidemic periods, according to a hypothesis that has been

put up. In order to accurately establish the effects of diabetes on healthcare and the economy,

it is necessary to do research and analysis on the incidence, mortality, morbidity, and
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healthcare related with type 1 diabetes all over the world!>. One reason for this is because
diabetes is a disorder that almost everyone has at some point in their lives. Furthermore, it is
vital to design and carry out training programs in diabetes epidemiology on both a national
and a worldwide scale in order to prevent and address the serious consequences of diabetes
and the impacts that are linked with it. Approximately five to ten percent of all instances of
diabetes are type I diabetes; however, the prevalence of this form of diabe er ickly
increasing all over the world, which has major short-term and long-te ercussions.
According to the World Health Organisation Consultation Report, t@\iabetes is defined
as the death of beta cells in the pancreas, which might potentiallnlead to diabetes mellitus.
The phrase "insulin is vital for survival" is appropriate i blrcumstance because it helps
to prevent the beginning of ketoacidosis, coma a@&ath. Interactions between genetic
predisposition and environmental circumsta can either stimulate or inhibit the
development of type 1 diabetes. \
.

These interactions are complicate{ﬁ%i involve a number of different components!>. This
interaction ultimately leads 1®%eath of pancreatic B-cells, which ultimately leads to an
insufficient amount o%%n being produced. The HLA genotypes DQ and DR are
principally acco or the transmission of the disease among individuals through genetic
means. On t@t er hand, these alterations may either provide protection against the disease
or i cr@n individual's susceptibility to the start of the disease. When it comes to
beginning B-cell death and changing immune function, environmental elements, such as
viruses, chemicals, or nutrients, often play a crucial role. This is in addition to the hereditary
predisposition that is generally present. The T-cell-mediated immune system is stimulated as

a result of this process, which results in inflammation and the formation of autoantibodies
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such as TAA, GAD, and IA2. They may present itself many years prior to the clinical
manifestations of type 1 diabetes as well. In children, the clinical presentation is often acute,
and it is characterised by severe sensations of thirst, polyuria, and a loss in weight. Adults
who have residual B-cell function may not have any symptoms for a considerable amount of
time; however, children frequently exhibit acute symptoms'é. The management of type I
diabetes involves continuing care, which includes the administration of insulin@ing of
blood glucose levels, the planning of diets, and the determination of poten@ﬁ plications.
Due to the many different components that make up this treatmer@ best successfully
delivered within a healthcare team that is comprised of multiplendisciplines. The principal
causes of morbidity and death that are associated with t 1abetes are the sequelae, which
include diseases that affect both the macrovascula a%gtrovascular regions of the body!”.

The etiological factors that are contributin&tog&reased incidence of type 1 diabetes in
children have not been thoroughly researc é\and documented. Despite this, there has been a

.

significant increase in the number\@ses of type 1 diabetes among children around the
world towards the end of &1&( century. There have been consistent shifts in both the
geographical and tempordl ‘eontexts of the progression of type 1 diabetes!s. There is a
possibility that e{@’iﬁcation of the elements that contribute to the occurrence of type 1
diabetes wil&t o the development of treatments for the disorder. Through the utilisation
of ¢ en@rbthat are produced from 1, 3, 4-thiadiazine, there have been initiatives put into
place to treat the abnormalities that are inherently connected with diabetes. An increase in
nsulin levels as well as a decrease in blood glucose and HbA 1c have been observed in rats as

a consequence of these measures!'>. Therapeutic treatments for diabetes are administered by

the use of chemicals that impede the pathogenetic route that has been developed.
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The large growth in disease burden in Europe and North America, in conjunction with their
significant influence on the trajectory of global health, has resulted in type 1 diabetes being
increasingly accepted as a non-communicable condition that is the subject of widespread

discussion on a global scale’.
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Discussions on the roles that insulin secretion abnormalities and deficiencies in peripheral
hormone action play in the actiology of diabetes mellitus have been and will continue to be
relevant in the future. Patients with diabetes are identified as having type 2 diabetes mellitus
(DM2) between 80 and 90 percent of the time'®. The type of diabetes that is the most
common is referred to as type II diabetes. Despite the fact that millions of people throughout
the world have been diagnosed with type 2 diabetes, a significant proport'oQ%yeople
continue to go undetected. In the case that diabetes is not effectively detécted™dr managed,
individuals who have the condition are at a greater risk of experienciovascular events
such as heart attacks and strokes.

Furthermore, patients have a higher risk of becoming bli need to have their feet and
legs amputated because of damage to their nerve a%%od vessels, and they develop renal
failure that requires them to undergo dialys'QoQ a transplant'. The condition known as
"prediabetes" is characterised by blood glucose levels that are higher than the normal range
but do not meet the criteria for a di{@is of diabetes. People who are at risk for developing
type 2 diabetes are frequentl’y&gd to have prediabetes, which is a precursor to the disease.
According to the ﬁndi@ecen‘[ study, prediabetes may be causing long-term damage to
the body, '@f)aﬂicularly to the cardiovascular system.
The presenc@f Visceral obesity, which is often referred to as intra-abdominal obesity, is a
com&@ of type 2 diabetes. There is a strong correlation between insulin resistance and
visceral adiposity. In addition, these individuals generally have hypertension and
dyslipidaemia, which is marked by raised triglyceride levels and decreased HDL cholesterol

levels. This condition is commonly referred to as postprandial hyperlipidaemia.
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There are a number of characteristics that are strongly connected with this prevalent form of
diabetes mellitus, including advanced age, obesity, and insufficient level of physical exercise.
2 People of all ages, including children, are at risk of developing type 2 diabetes, which is
also known as adult-onset diabetes. This condition can manifest itself in a variety of ways. In
general, those who are middle-aged or older are the most common demographic of patients
who have been diagnosed with type 2 diabetes. There is a correlation between Q%ﬁo are
obese and lead a sedentary lifestyle and an increased likelihood of developihg type 2 diabetes.
The condition known as insulin resistance is characterised by t@n ility of adipose,
muscular, and hepatic cells to utilise insulin for the purpose 6a erring glucose into cells
for the purpose of energy production. Q

This state is indicative of the initial stage of the .S%QS a consequence of this, the body
needs a greater supply of insulin in order to enaﬁb e uptake of glucose into the cells. In the
beginning, the pancreas produced a greﬁhﬁpply of insulin in order to meet the growing
demand. Following a meal, an i@e in blood glucose levels causes the pancreas to
gradually reduce the amount &ﬁlin that it secretes. Insulin is produced in an insufficient
amount by the pancre ich ultimately results in the development of type 2 diabetes.
People who ha @ diabetes either have an insufficient amount of insulin produced by
their bodies %he cells in their bodies neglect to produce insulin. If insulin is not present, the
bod w@mable to use glucose as a source of energy!’.

The body converts all of the sugars and carbs that are consumed during a meal into glucose,
which serves as a source of energy throughout the body serves as the primary source of
energy for the cells in the body. It is through the action of insulin that glucose can be

transported from the bloodstream into the cells. When glucose levels in the bloodstream grow

30



rather than being digested by cells, difficulties might emerge as a result of diabetes. The
primary factor that contributes to the pathogenesis of type 2 diabetes mellitus in humans is an
inadequate amount of insulin secretion. According to the data, the aberrations that the
patients have are quantitative as well as qualitative, and they vary in terms of their severity.
As the first sign of the secretory dysfunction that ultimately results in hyperglycemia, this is
the initial signal. It has been demonstrated through research that perso th have
substantial hyposecretion frequently exhibit elevated levels of glyce@Q graphical
representation of the relationship between fasting and postprandial ta and insulinemia
was used to construct the inverted U curve, often know s% Starling curve. When
glycaemic levels are decreased, insulin levels are proply reduced as well. This is
because the relationship between the two is inv rspb%ich means that the relationship is
inverse'”. On the other hand, a decrease in i{% 1a is shown to be connected with higher
glycemia. \
.

When it comes to patients who hav f;%c\%iabetes, persistent hyperglycemia, also known as
glucotoxicity, makes the pao&%{)n of the illness worse by exacerbating the decline in
insulin sensitivity agai@ose. A damaging feedback loop is triggered when there is an
increase in bloo @e levels. This is because glucose alone has the ability to change beta
cells, which@a oxically results in a 17 percent reduction in insulin secretion. Individuals
who ha@e 2 diabetes mellitus have anomalies in the biphasic insulin secretion curve after
being stimulated with glucose through intravenous administration. An absence of the
beginning segment of the curve, a decrease in height for the subsequent segment, and a

duration that is greater than what is often observed in a conventional curve are all

characteristics of this curve. As a consequence of these modifications, which have been
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present ever since the pre-diabetic stage, the efficiency of insulin is considerably reduced. In
addition, studies have shown that individuals with type 2 diabetes have much lower insulin
secretion pulses in response to glucose stimulation. As was said in reference, insulin, along
with other hormones, performs its duties more efficiently when it is released in pulses rather
than continually!’. The presence of type 2 diabetes is associated with a wide &riety of
pathophysiological problems. Functional malfunction of B-cells and insulin resiStance*in the
skeletal muscles and liver are the primary factors that contribute to this@ tion. When
persons with type 2 diabetes experience the onset of glucose intol e it is linked to the

interactions that occur between adipocytes, the gastrointestin trﬁ-cells, the kidneys, and
to?,

the brain. Insulin resistance and insulin secretory dys which are both important
indicators of type 2 diabetes, may also have a su t@@ole in predicting body mass index
(BMI), fasting plasma glucose (FPG), and a his f diabetes in the family. When it comes
to determining the severity of diabetes, th és'gns are absolutely necessary.

The presence of insulin resistance l(ﬁd}to an excessive amount of glucose being synthesised

in the liver during the basal S@%is important to note that this holds true regardless of the

presence of fasting hyp@glinemia and the ineffectiveness of insulin on reducing hepatic

glucose produc&%e development of insulin resistance in skeletal muscle, which is the
b

earliest dete@

conseql%’b of decreased glucose absorption following meals that are high in carbohydrates.

anomaly of type 2 diabetes, leads to postprandial hyperglycemia as a

Obesity and sedentary behaviour are two factors that significantly contribute to the
prevalence of type 2 diabetes. Insulin resistance is made worse by obesity, which is
connected with an increased risk of type 2 diabetes. Visceral fat buildup is particularly

detrimental to the development of diabetes. In this particular circumstance, the pancreatic -
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cells are subjected to a substantial amount of stress, which encourages them to produce and
secrete increased quantities of insulin, as well as to generate additional B-cells from
progenitor cells. All of this is done in order to restore the insulin function that has been
damaged. Over time, the inability of B-cells to adapt for insulin resistance leads to an
increase in blood glucose levels. This elevation reaches the thresholds of impai&fasting
glucose (IFG) or impaired glucose tolerance (IGT), finally leading to the prc@ on'to the

overt stage of type 2 diabetes. The annual probability of transitioning from diabetes to

type 2 diabetes is estimated to fall somewhere in the region of ﬁV@l(&ccnt to ten percent.
Patients who are severely obese and have high insulin resiste@ approximately one-third
more likely to acquire type 2 diabetes!'”. Q

This is a statistics that is truly remarkable. There is @ibility that the diagnosis of type 2
diabetes could be delayed for years, despite the at the disease manifests itself gradually
with few symptoms. Individuals experienge avdecrease in insulin secretion and sensitivity as
they age, which results in an increq&f.ﬁikelihood of acquiring type 2 diabetes. This also
applies to people who are old%gfheir susceptibility to certain diseases is raised as they get
older. As a result of thé\pr stive nature of the disease and the decrease in insulin secretion,

at least fifty pe Q@oeople who are diagnosed with type 2 diabetes acquire an absolute

insulin (%01 within  ten  years of  receiving  their  diagnosis'.

\/QJ
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2.1.2.3 Gestational Diabetes Mellitus (GDM)

Gestational diabetes mellitus is not a pathophysiological condition; rather, it is a
categorisation system that determines how women who develop diabetes mellitus during
pregnancy are classified functionally. A collective term known as gestational diabetes
mellitus (GDM) is used to refer to both untreated, asymptomatic Type 2 diabetes mellitus
identified during pregnancy as well as Type 1 diabetes mellitus that occursQ*pegnant
women. Both conditions are included in the category of gestational dia@/@nellitus. In
certain cases, women who go on to acquire gestational diabet litus will exhibit
symptoms of the condition during the third trimester of their pre@ies”. A total of around
415 million people around the world have been diagnos diabetes, with an estimated
318 million of those individuals exhibiting impair@cose tolerance. The treatment of
diabetes accounts for twelve percent of the tot nditures made in healthcare around the
world, which has significant repercussi &%r the economy'®. In order to accurately
determine the true prevalence of ;‘%s{s%f%nal diabetes mellitus, there are a number of
formidable challenges to overco \

This is because the rac@thnic composition of each group causes the incidence to vary
from country to .c@ and population to population. It has been found that women of
Hispanic A r&d, Native American, African, Pacific Islander, South Asian, and East Asian
heritage@%more likely to suffer from this illness than those of Caucasian descent!®.
Accchﬁg to estimates, the prevalence of gestational diabetes mellitus (GDM) in infants
around the world is approximately 16.50%. Predictions indicate that this incidence is on the
rise, which might be ascribed to the ongoing obesity pandemic'®. The incidence of gestational
diabetes mellitus (GDM) is influenced by a number of factors, including the diagnostic

criteria, the screening procedures that are utilised (whether they are universal or selective),
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and the prevalence of type 2 diabetes in a particular nation. On the other hand, information
from Western countries is consistently provided, whilst data from developed nations is
difficult to obtain. The principal metabolic disorder that has an effect on glucose metabolism
during lactation is referred to as gestational diabetes mellitus. The percentage of people who
are affected by this disorder ranges anywhere from one to fourteen percent, depending on the
demographic category that is involved. The identification of glucose in Q&o that
develops or is detected for the first time during pregnancy is essential to th€ process of
diagnosing gestational diabetes mellitus (GDM) '°. Q
In 2013, sixteen percent of all live births around the world r%cted by hyperglycemia
6}1 the International Diabetes

during pregnancy, according to research that was publi

ould increase in the future due to the

Federation??. According to the information pres;tqb%he article, it is projected that the

prevalence of gestational diabetes mellitus (G

o

increased prevalence of risk factors sucg ight gain and physical inactivity for pregnant
women. In the context of clinical @%h, the prevalence of gestational diabetes mellitus
(GDM) in sub-Saharan Afrit&gﬁot been adequately investigated. Over the course of the
1980s, the prevalence b@ condition among pregnant patients in Nigeria increased from
0.3% to 15.30% 5@21. The prevalence of gestational diabetes mellitus (GDM) in Nigeria
is estimated fo,be around 500,000 women. Individuals who have been diagnosed with type 21
diab%@ at a greater risk of developing hypertensive diseases, such as preeclampsia,
eclampsia, and pregnancy-induced hypertension. The findings of the study indicate that there
is a positive link between the levels of glucose that were measured during the initial glucose

tolerance test and the likelihood of developing preeclampsia. 5.90% of patients were found to

have acquired gestational hypertension, although only 4.80% of patients were diagnosed with
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the illness, according to the findings of the study. During their pregnancies, 6.3% of women
developed preeclampsia, and 5% of women experienced gestational hypertension, according
to the findings of a different study that produced results that were equivalent to those above?*.
Diabetes mellitus occurring during pregnancy is linked to a wide range of problems, which
can affect both the mother and the developing child. Both macrosomia and dehve issues,
which are typically associated with foetal overgrowth, are included in this ¢ ry Such
conditions as shoulder dystocia, Erb's palsy, and hypoxia, in addltlon to an ificrease in the
number of caesarean sections that are performed, are mentioned u omen who have
macrosomia, shoulder dystocia is a delivery complication the@ ens more commonly than
in other conditions. The delivery of babies who were b@o mothers who were suffering
from gestational diabetes mellitus (GDM) is u@ccomplished through the use of
caesarean sections?*. fb\g

Due to the fact that these newborns are gepéndent on maternal hyperglycemia, sometimes
referred to as foetal hypermsuhnen& y are at a greater risk of experiencing
hypoglycemia after delivery: w%condulon is not properly controlled, it can lead to brain
damage. Additionally, Qgewdence to show that gestational diabetes mellitus (GDM) is
associated with ased risk of stillbirth. Children who are born to mothers who were
diagnosed gestational diabetes mellitus have a higher likelihood of acquiring type 2
diab te@itus (T2DM), obesity, cardiovascular disease, and a number of metabolic
problems. It is estimated that children who are born to mothers who have gestational diabetes
mellitus have approximately twice the likelihood of becoming obese as children when
compared to children who are born to moms who do not have diabetes. In addition, in

children as young as five years old, poor glucose tolerance can be found. This is true even
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after taking into account the possibility of confounding variables, such as those associated
with the body mass index of the mother. Hyperbilirubinemia, hypocalcaemia, respiratory
distress syndrome, and polycythaemia are all illnesses that have the potential to manifest
themselves; yet, the reported prevalence of these conditions varies from population to
population. In recent ground-breaking research, it has been established that reducing
maternal hyperglycemia can have an effect on certain adverse outcomes. Th Q& birth
weight reduced from 3.48 kilogrammes to 3.33 kilogrammes as a result of ¢areffil monitoring
of blood glucose levels and management of gestational diabetes. Ad@’xly, the prevalence
of macrosomia, which is defined as birth weight that i@$ than 4 kilogrammes,
decreased from 21% to 10%. Q

A further point to consider is that those who hav. %Q diabetes mellitus (T2DM) have a
higher likelihood of experiencing thromb em%§events and coagulation abnormalities.
When various signalling pathways and rr&hhc processes are disrupted, platelets exhibit an
increased inclination to stick to és\another, become activated, and aggregate. These
abnormalities include insulin &%‘lce, hyperglycemia, and dyslipidaemia, all of which have
been described in pat% ho have gestational diabetes. The utilisation of platelets is
typically emplo e@ particular and exclusive function. Inflammation throughout the body,
oxidative s@s, poor calcium metabolism, decreased nitric oxide bioavailability, and
incr%@sphorylation and glycosylation of cellular proteins all contribute to an increase
in platelet activation and the production of chemicals that promote thrombosis and
inflammation. Each of these characteristics is linked to the development of gestational
diabetes. There is a considerable probability that gestational diabetes mellitus (GDM) can be

caused by both low birth weights and high birth weights. The presence of maternal or

38



placental insufficiency or undernutrition during pregnancy is a typical factor that contributes
to the development of gestational diabetes mellitus. This can be attributed to the link that
exists between insulin resistance and low birth weight in the development of this illness.
Furthermore, it has been hypothesised that the foetus could ameliorate the symptoms of
famine during pregnancy by epigenetically altering the expression of genes that are linked
with the storage of fat, the utilisation of energy, and the regulation Qpp tite?>.
In the postpartum period, the incidence of gestational diabetes m lité(GDM) is
dramatically reduced in women who adhere to a nutritious diet an@ ar exercise while
minimising high-risk variables before to becoming pre@&ccording to research.

A person must exercise extreme caution in order to pre development of gestational

diabetes. Q
O

There is a possibility that the likelihood of b&@ regnant can be decreased by attaining
quick weight loss and maintaining g&lthy weight prior to becoming pregnant®.
There has been an increase in the @ber of cases of diabetes mellitus during pregnancy.
Before becoming pregnant, ﬁ{&%en demonstrated that consuming an excessive amount of
red meat, animal fatN\c sterol, and blood products can increase the likelihood of
developing ges @diabetes mellitus (GDM) 2°. There is a considerable relationship
between obesity ahd overweight during pregnancy and the prevalence of gestational diabetes
mell'tu@M), which can either greatly increase or decrease the prevalence of the
condition?. A reduction in the likelihood of acquiring type 2 diabetes can be achieved by the
management of nutrition and the maintenance of a diet that is balanced. Reducing the amount

of calories and fat that you consume from your meals will help reduce the weight gain that is

associated with pregnancy. It has been established that physical activity is effective in
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regulating blood glucose levels and preventing, lowering, or delaying the need for insulin
among those with diabetes. Exercising is beneficial for making adjustments to one's lifestyle
after giving birth, to ensure proper nutrition for the infant, and to prevent the development of
gestational diabetes in the future. There were six trials that included 322 women with type 2
diabetes and 20 participants. The results of these trials showed that dietary guidance and
exercise led to considerable weight loss and decreased HbA lc¢ levels among th %an‘[s%.
According to the findings of study, a variety of exercise methods, ranging\froritlow to high
intensity, such as yoga, aerobics, and jogging, have been determine@ safe for both the
mother and the unborn. By engaging large muscle groups thro actions that are either
continuous or intermittent, the most effective kind of @ ¢ exercise is called aerobic
exercise. Its primary activities consist of activ'ti% h as climbing stairs, swimming,
boating, jogging, walking, stationary cycl% ing, and other exercises of a similar
nature. \
.

Out of these twenty different optio&(%c transportation, walking is the most common means
of transportation?’. An increa@%ﬁsumption of fat, cholesterol, and serum iron is linked to
an increased risk of de@@?g type 2 diabetes. This risk is connected with an additional risk
factor. This indj \kslt nutrition is a crucial component in the course of treatment for the
illness. It ha@ee demonstrated that consuming foods that are high in fibre, such as cereals,
legu; e@%, and fish, can reduce the likelihood of acquiring type 2 diabetes. According to
Neda Dolatkhah, a medical specialist, a proper eating regimen can assist pregnant women
who have gestational diabetes mellitus in effectively regulating their blood glucose levels and
promoting the growth of their foetuses. Furthermore, the utilisation of supplements in a

prudent manner has the potential to enhance the metabolic processes of pregnant women who
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are diagnosed with gestational diabetes mellitus (GDM) and reduce the likelihood of foetal
abnormalities. In the beginning, mothers who were diagnosed with gestational diabetes
mellitus (GDM) would make use of dietary therapy in order to properly control their illness.
In the event that nutritional therapy is shown to be ineffective, additional treatment
management choices will be thoroughly examined. The patient's suffering ,will be
exacerbated, and further medical costs will be incurred, to the extent that @re nancy
findings are negative?!. (/

The blood glucose levels of pregnant women normally fall duri duration of their
pregnancy, with a level of 3.5 mmol/L being considered normal Ox asymptomatic. It is quite
rare that women who are pregnant and have gestatio 1@betes and are not receiving

pharmacological medication will experience h og@nia. The Clinical Guidelines for
Queensland have been updated to their ﬁfteentﬁ;g§ion. Hypoglycemia is most commonly
caused by medications that are used to r:Qdiabetes. Insulin and sulfonylureas are two
examples of medications that are\G%&monly used to treat diabetes. Hypoglycemia is a
condition that is more likely'KQ%r in pregnant women who are undergoing insulin therapy
for the treatment of g@@l diabetes. Individuals who have diabetes and have a blood
glucose level tl@/@er than 3.9 mmol/L are considered to be hypoglycemic by medical

professionalgal,

&
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Glucose and insulin changes in gestational diabetes
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2.1.2.4 Other Specific Type (Monogenic Diabetes)
The "Other Specific Forms" section contains further recognised etiological groupings of
diabetes mellitus?’. Fewer than 10% of the individuals in this group have pancreatic
dysfunction that is caused by chemicals, medications, or infections. Exocrine pancreatic
disorders account for ninety percent of the remaining occurrences. These include pancreatitis
or cystic fibrosis, dysfunction associated with other endocrinopathies (such a Qm galy),
or pancreatic impairment related to genetic problems in beta-cell function @Qsly known
as MODY or maturity-onset diabetes of the young) 2. 6\

2.1.3 Pathogenesis of Diabetes Mellitus %
Between hyperglycemia and both physiological charact@ and behavioural responses,
there is a direct association that occurs between %%Q When hyperglycemia occurs, the

brain is able to identify it and then sends a_si ﬂb the pancreas and other organs through

the use of electrical impulses in order to\%\riate the symptoms of the disease?®. The risk
factors for diabetes that can be m@ include being overweight and leading a sedentary

lifestyle. On the other hand,t e important risk variables that cannot be controlled, such
as genetics and e@?, which have a big impact on the outcomes.
Because type I @%s a chronic condition that lasts a lifetime, having a family history of
the conditio%t ¢ greatest risk factor for the illness. A history of diabetes in one's family is
asu st@ risk factor that should be taken into consideration to a significant degree. It is
strongly recommended by the Standards of Medical Care in Diabetes published by the
American Diabetes Association that those who have a parent or sibling who has been
diagnosed with type I diabetes undergo screening for the condition. A straightforward blood

test is all that is required to arrive at a diagnosis of type I diabetes. It is also possible for the
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pancreas to be damaged by diseases or injuries that hinder its ability to produce insulin,
which could lead to the development of type I diabetes®. There are a number of extremely
uncommon diseases and conditions that have the potential to cause damage to the pancreas,
which could lead to the development of type I diabetes. The likelihood of getting type II
diabetes can be increased on account of a number of different factors. Increasing age, insulin
resistance, a history of diabetes in the family, genetic predispositions, obesity, &abits,
physical inactivity, and racial or ethnic background are all factors that can, coftfibute to the
development of diabetes. Certain single nucleotide polymorphisms@? ) in gene 14 have
been related to an increased risk of developing diabetes, a@ ing to analysis of genetic
effects. Q

These genes have been associated with a numb p&%lth conditions, such as decreased
insulin production, an increased risk of obesit educed insulin sensitivity in the tissues
of the body. It is believed that racial a hﬁ nic traits are responsible for the increased

N

prevalence of diabetes among a \ﬁ%hber of different ethnic groups, such as African
Americans, Mexican Amer@%merican Indians, Native Hawaiians, and certain Asian
Americans. Patients w@nto the aforementioned groups are more likely to suffer from
cardiovascular %nd diabetes. Diabetes, obesity, and hypertension are all conditions
that are mo@revalent among these groups, which may be a significant contributor to the
heig tel@%cidence of these conditions. When compared to people of other ethnicities, the
percentage of African Americans who have type 2 diabetes is significantly greater. Despite
the fact that ethnicity and heredity are both substantial risk factors for diabetes, they are not

the only factors that determine an individual's likelihood of getting the condition. Changes in

eating habits and a decrease in physical activity, both of which have been brought about by
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urbanisation and rapid technological innovation, have been the primary contributors to the
rise in the prevalence of diabetes. The presence of a history of substance abuse is a
significant risk factor for the development of type II diabetes at an earlier age. There is a
connection between it and the usage of illegal substances in the United States, according to
research that has been accomplished. Despite the fact that cocaine and marijuana are the
illegal narcotics that are used the most frequently, diabetic patients who Q%iving
primary care also frequently use heroin, amphetamines, hallucinogens, and\inhalants that are
not prescribed by their doctors?. Q
2.1.3.1 Pathogenesis of Type 1 Diabetes Mellitus %

The significant differences amongst pancreatic lesions difficult to understand the
cause of selective cell death inside the islet in ppr‘iabetes mellitus. In the beginning
stages of overt hyperglycemia, pseudoatrophic are present. These consist of glycogen-
producing alpha cells, somatostatin-se %g delta cells, and pancreatic polypeptide-
producing PP cells, as well as n ﬁ%}ssets and islets that contain both beta cells and
infiltrating lymphocytes and &g{y‘[es. Lymphocytic infiltration is only seen in islets that
have leftover lymphocw@ghis suggests that this sort of islet lesion may play a part in the
long-term progrgs;@f type 1 diabetes mellitus. When identical twins donate their pancreas

to their lon diabetic twin siblings without the use of immunosuppressive drugs, the
beta ce@ destroyed quickly. This is different from the typical chronic course of the
disease. Under these conditions, extensive insulitis progresses rapidly, and the presence of an
anamnestic autoimmune response is indicated by T cell infiltration.?® The autoimmune loss of

pancreatic beta cells results in insufficient insulin production, which produces the metabolic

abnormalities that are characteristic of TIDM. People with type 1 diabetes (T1DM) have
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pancreatic beta cells that do not work properly, produce more glucagon, and make less
insulin. In healthy individuals, hyperglycemia decreases the amount of glucagon that is
secreted. In people with Type 1 Diabetes Mellitus (T1DM), hyperglycemia does not have an
impact on the secretion of glucagon. When glucagon levels are elevated, the metabolic issues
that arise from low insulin levels become more severe’’. The main problem with type 1
diabetes mellitus (T1DM) is that there is not enough insulin, and there are ot Q%a‘lenges
related to delivering it. When there is not enough insulin, lipolysis is ufregiitated, which
leads to higher quantities of free fatty acids in the plasma. This hi@s\he metabolism of
glucose in peripheral tissues, including skeletal muscle.

This decreases the amount of glucose that is absorbed, ar@ sence of insulin also results
in a reduction in the expression of other genes, s c@ose that encode glucokinase in the
liver and the GLUT-4 class of glucose transpo n adipose tissue. Both are essential for
target tissues to respond to insulin proper }.\In Type 1 Diabetes Mellitus (T1DM), the lack
of insulin results in the body's ina{ﬁg\to properly metabolise proteins, lipids, and glucose.
These are the main metaboh@%ems that develop?’. The significant differences amongst
pancreatic lesions makh@ﬁcult to understand the cause of selective cell death inside the
islet in type 1 @mellitus. At the beginning of overt hyperglycemia, pseudoatrophic
islets may bp esent. These consist of glycogen-producing alpha cells, somatostatin-
secr%@ a cells, and pancreatic polypeptide-producing PP cells, as well as normal islets
and islets that contain both beta cells and infiltrating lymphocytes and monocytes*®. Only
islets with remaining lymphocytic cells exhibit lymphocytic infiltration, and it is likely that
this variety of islet lesions contributes to the chronicity with which type 1 DM develops.

When identical twin donors' pancreas is transplanted into their long-term diabetic twin mates
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without immunosuppression, -cells are quickly destroyed, in contrast to this chronicity in the
disease's normal history. In these circumstances, an amnestic autoimmune reaction is
indicated by the rapid development of a large insulitis with infiltrating T lymphocytes.
Additionally, this discovery suggests that down-regulating events involved in the
immunopathogenesis of the illness are the cause of the chronic time course in type 1 DM (but
not in a transplanted pancreas) *!. In all animal models of type 1 DM, acti Q&f islet
antigen-specific CD4+ T lymphocytes appears to be a necessary but not sufficieht condition
for the onset of diabetes. When injected into pre-diabetic or non-@%c FI mice, CD4+
islet-specific T-cell clones from diabetic NOD mice cause insulitis and diabetes. According
to another paper, CD4+ T cells alone are enough to cau@s itis; however, CD8+ T cells
help determine how severe the damage is **. These s show that CD4+ T cells may be
the sole immunocompetent cells necessary &)rgﬂb sease process, along with evidence that
insulitis in chronic graft versus host illn s\ﬂay develop in the absence of CD8+ T cells.
However, it appears that the induct@lness is limited to one subset of CD4+ T cells®2.
&
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2.1.3.2 Pathogenesis of Type 2 Diabetes

Through a tightly controlled and dynamic interaction between tissue sensitivity to insulin
(especially in the liver) and the secretion of insulin, blood glucose levels are kept within a
narrow range under normal physiological conditions, despite significant fluctuations in
supply and demand?. Due to the breakdown of these systems in type 2 diabetes, the two
main pathophysiological abnormalities are reduced insulin production due to p %b beta-
cell malfunction and impaired insulin action as a result of insulin resistan@ ompared to
type 1 DM, type 2 diabetes mellitus has a stronger hereditary link, aé@%athophysiology is
marked by decreased insulin production and insulin resistance.Nt was reported that, the
primary occurrences are thought to be an initial shortf: e production of insulin and
relative insulin insufficiency in many patienthipb junction with peripheral insulin
resistance*. ’b

The effects of insulin resistance include i&u}scient regulation of hepatic glucose production,

.

impaired triglyceride uptake by t{(—%ﬁ% reduced insulin-mediated glucose uptake in the
peripheral tissues (by musc‘l@%fat). The amount of insulin released by islet cells will
increase in order to cb@%nsulin resistance. Patients with type 2 diabetes or impaired
fasting glucose (&}@crease in endogenous glucose production. Hepatic insulin resistance
is the prima%source of the hyperglycemia associated with type 2 diabetes since this rise
take%@ the context of hyperinsulinemia, at least in the early and intermediate disease
phases®*. Due to the breakdown of these systems in type 2 diabetes, the two primary
pathophysiological abnormalities are reduced insulin production due to pancreatic beta-cell
malfunction and impaired insulin action as a result of insulin resistance?’. In the presence of

insulin resistance, the quantity of insulin-secreting cells undergoes alterations that can
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augment insulin production to compensate for the heightened and irregular demand.
Although the plasma insulin concentration (both fasting and meal-stimulated) is typically
higher in absolute terms, it is typically insufficient to sustain healthy glucose homeostasis
"related" to the severity of insulin resistance. Impaired glucose tolerance eventually results
from insulin resistance and hyperinsulinemia®’. The mode of inheritance for type 2 diabetes
mellitus is unknown, with the exception of maturity-onset diabetes of the y‘bﬁoDY).

Mutations in the glucokinase gene on chromosome 7p may cause M n inherited

autosomal dominant condition. 6\
When islet cell antibodies (ICA) are negative, MODY is defined as\hyperglycemia diagnosed
before the age of twenty-five and manageable for mor@@we years without insulin’?.
Type 2 diabetes is characterized by insulin insens'ti\@e to insulin resistance, diminished
insulin production, and ultimately, the failu pancreatic beta cells. Consequently,

N

diminished glucose is conveyed to the livﬁ uscle, and adipose cells. Hyperglycemia leads
en

to an elevation in lipolysis. It h@:

function contributes to the d's@ of type 2 diabetes. This dysfunction inhibits meals from

y been established that diminished alpha-cell

reducing glucagon aﬂ@%ﬁic blood glucose levels that increase during fasting?>.
Hyperglycemia a®rom diminished insulin levels and increased insulin resistance.
Incretins sigmificantly mediate insulin release in the gut and, specifically for GLP-1, decrease
gluc go@%though type 2 DM patients have reduced GIP activity, these patients
nevertheless retain GLP-1's insulinotropic effects, making GLP-1 a potentially helpful

therapeutic alternative. GLP-1 is quickly inactivated by DPP-IV in vivo, just like GIP is3**
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2.1.3.3 Pathophysiology of Gestational Diabetes Mellitus
Over the course of a typical pregnancy, the maternal tissues gradually exhibit a decreased
sensitivity to insulin concentrations. It is believed that hormones that are secreted by the
placenta are the primary cause of this condition®*. Additionally, there are other pathways that
have not yet been discovered that are associated with pregnancy and obesity. It is possible for
a pregnant woman to develop gestational diabetes mellitus (GDM) if she is una Q&poduce
sufficient insulin to counteract the natural insulin resistance that she deyelops during her
pregnancy>®. There is no difference in the likelihood of develo@’&gmtational diabetes
mellitus (GDM) between pregnant women who are underwei tﬁose who are obese. As
an additional point of interest, it has been asserted tha@ thogenesis of the disease is
believed to differ amongst different populations. Re ings have been made of this problem.
Having a pre-existing increased level of ins% esistance that exacerbates the insulin

NQ

resistance that is caused by pregnancy is >primary factor that determines the aetiology of
.

pregnancy-induced insulin resistan@ese women.

One of the factors that is um'v\e&%fy known to play a role in the development of metabolic
syndrome is improved\%% resistance®®. Despite the fact that a deficiency in the initial
phase insulin 1 @is more obvious, it seems that identical variables also influence
women whc@e aturally thin. As a result of the cumulative effect of these impairments,
insu@fgacity to regulate glucose levels is diminished, which finally results in
hyperglycemia in moms who are 35 years old'®. The placenta is responsible for the
transmission of glucose, which is necessary for the growth of the foetus. Therefore, to offset
the excess glucose transfer from the placenta, foetal hyperinsulinemia is triggered when the

mother's blood sugar levels are elevated significantly. It is believed that the key cause
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contributing to foetal macrosomia, which is defined as a birth weight that is greater than 4000
grammes, is increased insulin levels throughout pregnancy?®*. Insulin levels that encourage
growth are responsible for this condition. Additionally, the hormones that are secreted by the
placenta during pregnancy have a variety of effects on the levels of glucose in the blood. In
many cases, the lower blood glucose levels that are observed throughout the first half of the
second trimester and the early phases of pregnancy can be attributed to the en &%nsulin
sensitivity that is observed during these times?®>. Overt diabetes was diagnosed 1 vomen who
were diagnosed with gestational diabetes mellitus and had blood @&t levels that were
raised during the course of their pregnancy. During the later sta f pregnancy (after the
second trimester), there is a correlation between risin sugar and free fatty acid
concentrations and increased tissue resistance @1 Despite this, it is essential to
maintain these elevated levels in order to fulfi growing nutritional requirements of the
foetus for its growth and development. \
.

Post-receptor changes in the insuli&ﬁ?ﬁ\ing pathways are thought to be responsible for the

pathophysiology of increasin@ n resistance, which has been discussed in the literature. It
is possible for these eﬂ@alities to become apparent at the beta subunit of the insulin

receptor as wi;@’ the level of insulin receptor substrate-1 level. For additional

information, studics have shown that the cytoplasm of some cells has elevated quantities of
the ee@%ubunit of phosphatidylinositol 3 kinase. These characteristics are not exhibited
by other cells. Inconsistencies in insulin signaling lead to a rise in insulin resistance, which in
turn leads to a decrease in insulin-dependent glucose uptake in skeletal muscles, which is

required for glucose utilisation. During the later trimesters of a typical pregnancy, it appears

like the levels of glucose in the blood are increasing in this precise manner. Enhanced insulin
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production is activated by the mother's pancreatic beta cells through a physiological
mechanism in order to maintain elevated blood glucose levels within the normal range.
Insulin resistance can be eliminated due to the increasing insulin level, which helps in the
process. Although there has been a rise, it is anticipated that the mother's glucose levels will
remain within the normal range throughout the duration of the pregnancy3®. There is a lot of
complexity involved in the pathophysiology of gestational diabetes mellitus, 6®1fests
earlier in pregnancy.

There is a possibility that this is connected to the inability of matem@eatic beta cells to
produce a enough amount of insulin, which would help uce the level of insulin
resistance in the tissues. There is a lack of complete com Qn on the pathways that lead
to pancreatic dysfunction, which ultimately result iv& tational diabetes mellitus. There are
three different paths that have been identified tential contributors to the birth of this
illness. These pathways include gene c&?normahtles that inhibit insulin secretion,
autoimmune malfunction of beta @an beta cell damage that is connected to insulin
resistance that has been prese@ long period of time?®.
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The pathophysiology of gestational diabetes mellitus
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2.1.4 Laboratory Diagnosis of Diabetes Mellitus

Diagnosis of diabetes and prediabetes, long-term glucose control, and detection and
monitoring of dysfunctions and consequences are all goals of diabetes testing. It is a very
efficient strategy to manage type-2 diabetes in overweight or obese individuals by decreasing
a small amount of body weight. However, a proper diagnosis of diabetes and Wabetes
necessitates the following tests: 1) fasting plasma glucose (FPG; ideally done@ morning
after a fast of more than 10 hours), ii) hemoglobin A1C or glycohgmoglebin test, even
though RPG (random plasma glucose; no overnight fasting) test” @om plasma test is a
straightforward test which does not call for fasting beforeh f the blood glucose level is
200 mg/dl or more, diabetes is likely present but need@be confirmed again®®. Fasting
plasma glucose test before taking the test, pat%f&)uld have fasted for eight hours.

Diabetes is diagnosed when the blood gluc@ is greater than 126 mg/dl on two or more

occasions and on distinct days®. 5&

Oral glucose tolerance test .is @xﬁed when the fasting plasma test results are 110125
mg/dl and the random 1@ glucose test results are 160-200 mg/dl. This blood test
measures how th.e body reacts to glucose. For this test, you must fast for at least eight hours
but no longer @ixteen. After determining the fasting blood sugar level, 75 grams of
glucose a n and 100 grams for pregnant women. Over the course of two or three hours,
the W 1s examined every 30 to 60 minutes. If the glucose level is less than 140 mg/dl after
two hours, the test is considered normal. The diagnosis of diabetes is confirmed by a fasting
glucose level of 126 mg/dl or higher and a two-hour glucose level of 200 mg/dl or higher.
Glycated proteins the blood, proteins and glucose react naturally to generate glycated

derivatives. The amount of reactive amino groups present in the protein that are available to
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glucose for reaction and the blood glucose concentration both affect how much glycation
occurs. All proteins containing reactive sites have the potential to be glycated, and the
quantity of glycated proteins that can be detected in blood serves as a proxy for changes in
blood glucose levels over time. Glycated proteins having a longer life span in blood are of
relevance from a clinical diagnostic perspective, as they represent the exposure of these
proteins to glucose for extended periods of time3* 28, Glycated Hemoglobin has —120 day

in vivo life span. Glycated hemoglobin A, a ketoamine molecule created byithe ifiteraction of

hemoglobin A with glucose, develops during this period. 6\

It has been possible to separate a number of glycated hesubfractions. Glycated
hemoglobin A fraction HbAlc, which serves as a retroac@neasure of the average glucose
Concentration, is the one of these that is of most 1@%& It is advised that HbAlc be used as
a crucial indicator for tracking blood gluco@)l. Diabetes is regarded as having a blood
HbAlc above 6.5%*. Fructosaming ﬂe plasma proteins primarily consist of albumin.
Plasma glucose and albumin int@%n—enzymatically because albumin also includes free
amino groups. As a result, ;&&d albumin can also be used as a blood glucose measure. In

order to assess the @ blood glucose concentration over a period of 1 to 3 weeks
retrospectively}<glgs>ee
range?. ’bb

\/QJ

albumin is typically obtained. 205-285 micromol/L is the reference
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2.2 Overview of HNF1A4 Gene

The gene known as hepatocyte nuclear factor 1A (HNF1A) is responsible for encoding an
essential component of an auto-regulatory transcriptional circuit that is present in both
mature and developing pancreatic tissue. It is the HNFIAMODY subtype that is responsible
for the major variant of MODY, which is caused by heterozygous mutations in tWNF 14
gene. This classification of monogenic diabetes is distinguished by the @ce of an
autosomal dominant inheritance pattern, an early onset, and a graduawgdiation of beta
cells that ultimately results in severe hyperglycemia. This particu type of MODY has
the highest prevalence and is observed more frequently than @ variants, particularly in the
regions of Europe, North America, and Asia*’. It has a cogction to the highest amount of
prevalence. People who have HNF1A MODY are@&kely to experience extrapancreatic
symptoms, such as glycosuria, since their @cose threshold is lower than their normal

threshold. It's possible that these SY@S will appear for the first time before diabetes

In the majority of cases, he\phenomenon can be attributed to the expression of HNFIA4 in

actually starts.

beta-cells as well. as organs such as the kidney, liver, and small intestine. In light of the fact
that the risk of micgo- and macro-vascular consequences in HNF1A-MODY is comparable to
that of '@%&md Type 2 Diabetes Mellitus, it is absolutely necessary for these patients to
mairmﬂigorous control over their glucose levels. When patients with pathogenic mutations
in the HNFIA gene are exposed to sulfonylureas, even at low doses, they demonstrate
sensitivity to the medication*>. One of the genes that encodes the protein known as

hepatocyte nuclear factor-1 alpha (HNF-la) is the HNFIA gene. The HNF-la protein

performs its job as a transcription factor by binding to certain areas of DNA in order to
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regulate the activity of specific genes. It has been found that this protein is present in a
number of organs and tissues; however, it appears to be of special significance in the liver
and the pancreas. Throughout the process of growth and development of pancreatic beta cells,
the HNF-1a protein plays a crucial role in regulating the activity of genes. Beta cells are
responsible for the production of the hormone insulin as well as its release  into the
bloodstream. The transport of glucose from the bloodstream into cells for t Q*rp)se of
energy utilisation is managed by insulin, which is responsible for regulating B1ood glucose
levels. Protein HNF-la is responsible for regulating genes th@e related with the
development of the liver*?. It is hypothesised that the HN -l$tein has a role in the
suppression of tumours by regulating genes that influen ebevelopment and survival of
cells, hence avoiding excessive or uncontrolled e@iferation. Within the structure of
HNF-1a, there are various crucial regions t@ crucial role in facilitating the execution
of its tasks. When it comes to protei@ctions, the dimerisation domain is absolutely
.
(_)\

&

In order to facilitate the f(&g n of a dimer that functions as a transcription factor, this

necessary.

are structurally@?}ihtf

binding do to engage with particular areas of individual DNA molecules in order for the

particular region pla@cial role in the process of HNF-1a proteins forming proteins that

o one another or to other proteins!®. It is necessary for the DNA

dimér\tol% able to regulate gene activity. The HNFIA gene, which is found on chromosome
12, is responsible for encoding a transcription factor that is composed of 631 amino acids. An
N-terminal dimerisation domain, a DNA-binding domain, and a C-terminal transactivation
domain are the three distinct domains that are contained inside this transcription factor.

Through its interaction with hepatocyte nuclear factor-1-beta, HNFIA is capable of
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producing either a homodimer or a heterodimer, depending on the circumstances. There are
three different isoforms of HNFIA, and each of these isoforms exhibits tissue-specific
expression as well as distinctive transcriptional properties by themselves. HNF1A4 is mostly
expressed in the pancreatic islet beta-cells which are the principal location of expression.
Within these cells, it exerts its influence on the regulation of other transcription factors that
are particular to the islets. Both the kidney and the gut, as well as the liver, ha %found
to express HNFIA. It has been determined that the HNFIA gene has aro@l 0 different
gene variants that are responsible for the development of MODY.@mutations have a

variety of effects on the properties of proteins and the behg\xi(%f cells throughout the

body®. Q

The most common forms of mutations are missen%%stations, which are primarily found in
the dimerisation or DNA-binding domai @uncaﬁng variations, which are primarily
found in the transactivation domain“f.,&der to produce the protein known as hepatocyte
nuclear factor-1 alpha (HNF- %\% HNF1A4 gene is responsible for encoding the
transcriptional instructions&%rotein known as HNF-1a functions as a transcription factor,
interacting with parti lhgreas of DNA in order to regulate the expression of genes. The
liver and the (L/éﬁ% re particularly important organs for the function of this protein,
despite the @hat it is present in a number of organs and tissues. To ensure the growth and
deve‘}%%ﬁ of pancreatic beta cells, it is necessary for the HNF-la protein to exercise
control over the activity of genes. Beta cells are responsible for the production of the
hormone insulin as well as its release into the bloodstream. By limiting the amount of
glucose that enters cells from the bloodstream for the purpose of energy utilisation, insulin is

able to control the levels of glucose in the blood*!.
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Figure 2.10 HNF1a Protein Interaction Partners*!
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Furthermore, the HNF-1a protein modulates genes associated with hepatic development. The
HNF-1a protein, identified as a tumour suppressor, is believed to contribute to the inhibition
of excessive or uncontrolled cellular proliferation and division. This is accomplished
regulating genes that control cell development and viability. Multiple essential regions of the
HNF-1la structure are critical to its functionality. The dimerisation domain is crucial for
protein interactions. Consequently, HNF-1a proteins in this particular regio Q&hteract
with one other or with other structurally analogous proteins. This results in the ation of a
two-protein complex known as a dimer, which functions as a transcfactor. The dimer
can modulate gene expression by attaching to certain DNA ar s%gh a specialised region
Q

termed the DNA binding domain.** A group of illnes ferred to as maturity-onset

diabetes of the young (MODY). &Q

These disorders are characterised by signifi creased glucose levels in the bloodstream
and are caused by mutations in the /—5@ gene. The symptoms of this particular kind of
diabetes usually appear before &(Q}e of thirty. A mutated form of the HNFIA gene
responsible for the primary @)f MODY, known as HNF1A-MODY (or MODY?3). #! The
earliest symptoms, in: @g recurrent skin infections, fatigue, blurred vision, weight loss,
excessive thirsQ.(;R%w as polydipsia), and frequent urination (known as polyuria), are
caused by J sed blood glucose levels. Unregulated hyperglycemia may result in the onset
of ré%%d ocular problems over time. HNF1A-MODY arises from two mutations in the
HNF14 gene, with each mutation affecting one of the two gene copies in each cell. These
mutations result in the production of a mutated and dysfunctional HNF-1a protein. Specific
changes hinder the HNF-1a protein's capacity to dimerise, translocate to the nucleus for

DNA contact, and limit transcription factor binding to DNA for gene control. These
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alterations hinder transcription, resulting in variations in gene expression inside cells. This
obstructs the development and functionality of beta cells. This renders the regulation of blood
glucose levels impractical, as cells demonstrate a reduced ability to synthesise insulin in
response to blood glucose. The manifestations of MODY result from increased blood glucose
concentrations. In exceedingly rare cases, individuals with HNF1A-MODY may develop one
or more hepatocellular adenomas, which are benign liver tumours that do not r Qﬁancer.
A mutation exists in the second allele of the HNFIA gene observed in the heépatic cells of
these individuals. The second mutation, commonly referred to as a @ mutation, is non-
heritable. The processes by which mutations provoke unregul e@velopment and cancer in
©

liver cells are not fully understood; nonetheless, it is co that this phenomena occurs

independently*!. b(bQ

HNFla is crucial in embryonic develop its ability to regulate the proliferation of
intestinal epithelial cells and the differﬂon of particular cell lineages. HNF1a expression
was seen in the kidneys, liver, %(Qh\, and pancreas of adult humans. Through genome-
wide integration of transcrt&b%s and antibody-based proteomics, an analysis of the tissue-
specific expression o rotein HNF1A4 revealed that various human tissues exhibited
differing leveltc.)/%!’ 14 expression*”. HNF1a associates with no fewer than 106 target
genes in %@n pancreatic islets and at least 222 target genes in the human liver.
Furth%gle, it can participate in mitochondrial metabolism due to its role as the
transcriptional regulator of angiotensin-converting enzyme 2. Furthermore, HDL metabolism

is dependent on HNF1a, the transcriptional regulator of bile acid transporters in the kidneys

and intestines®!.
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The expression of organic cation transporter 1 (OCT1), governed by HNF1a, enables the
hepatic absorption of small, hydrophilic, positively charged organic molecules. OCT1
substrates, including metformin, tropisetron, ondansetron, tramadol, and morphine, may
undergo modifications in hepatic absorption and drug metabolism due to genetic variations in
HNF1lo*. HNFlo directly modulates the low affinity/high capacity glucose cotransporter
(SGLT?2), which promotes glucose reabsorption in the kidneys. Moreover, &gt)vems
the transcription of acute phase inflammatory proteins, including fibrinogefy, C-reactive
protein (CRP), and interleukin 1 receptor. Both pancreatic tum@lxnd hepatocellular
adenomas exhibited significantly decreased amounts of H§ rotein compared to the

neighbouring normal tissues. This information indicates@ F-lo may act as a protein

that suppresses cancer progression. ; (bQ

The following table presents a comprehen 'V@rsis of the function of HNF1a in different
tissues. The Gene Ontology (GO) Co&%um offers web access and analytical tools that
leverage the GO knowledgebase@&ca\ldition to experimental support for GO annotations.
The GO database presents @ ue ontologies that define the biological processes related to
the HNFla protein® Qan HNFla is a transcription factor unique to certain tissues,
demonstrating );tg@ expression. It is located on chromosome 12 at q24.31*!. HNFla
modulates séxal liver-specific genes in its function related to the metabolism of lipids,
gluc&%,zhd other compounds. HNF1a regulates many pancreas-specific genes that are
crucial for the maturation, development, and production of insulin by beta cells. The Exome
Aggregation Consortium (ExAC) database has recorded 894 unique variants of the HNF1la

gene. The gene is characterised by many polymorphisms; nevertheless, there are no specific

mutation hotspots. The Genome Aggregation Database (GnomAD) allows users to query
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1,231 unique variants®®. Diverse changes may occur, ranging from the HNFla promoter to
the 3' untranslated region (UTR). These variants include missense, translocation, nonsense,
splice mutations, in-frame amino acid deletions, insertions, duplications, and both partial and
complete gene deletions. Mutations have been detected in all exons; however, exons 2 and 4
demonstrate the highest frequency of alterations. The mutation in exon 4 (p291fsinsc) is the
most common among them*. A study analysing 414 unique variants across Q%milies

with the HNF1a gene revealed that deletions (1.2%), splice site alteration( (9%, frameshift

mutations (22%), missense mutations (55%), and promoter area mo@t ns (2%) were the

O

Single nucleotide polymorphisms (SNPs) are responsible the mutations listed below: A

most prevalent mutation types.

missense mutation occurs due to a mutation in&%xon area of HNFla, leading to the
replacement of a single amino acid. The k@%n occurs in the exon region, leading to
abnormal splicing of the HNF1a tran,sg@This characteristic is ascribed to the mutation. A
synonymous mutation impacting &c‘[gl\ninal nucleotide of exon 8 in HNF1a (c.1623 G > A,
p.GIn541Gln) was expecte.\&isrupt RNA splicing. However, there is no evidence to
support this notion, SQRNA has been collected from patients. Mutations in intronic
regions can le((;i@
3

@promoter region 43 may result in diminished gene expression®.

mutation i}]‘

formation of pseudoexons, hence creating new splice sites. A
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2.2.1 Extra Pancreatic Organs and HNFI1A4

There is a transcription factor known as HNFIA that belongs to the family of homeoboxes
known as HNFI1. The endogenous ligands of HNFIA have not yet been discovered;
nevertheless, aspirin and resveratrol have been recognized as possible exogenous ligands
through the use of in silico studies. However, despite the fact that aspirin and resx“%rol are
not specific ligands for HNF 1A, they are able to exert an influence on a numb@olecules,
including cyclooxygenases and sirtuins, respectively. HNFIA activity wgdnﬂuenced by
these medications**. Furthermore, it has been demonstrated that and sirtuins44 are
engaged in the processes that involve protein interaction. Sifttin 1*in the liver engages in a
physical interaction with HNF1A4, which ultimately lea@ the control of genes that are

targets of HNFI1A. HNF14 is mostly expressed in E%ver, intestines, pancreas, and kidneys,

which are the key organs that are involved @ocassﬂrs.

The physiological functions of HNF fz@lumber of organs are summarized in Figure 2.11,
which may be found there. I£1 t &se of mouse embryo development, HNF1A mRNA was
found in the yolk sac at Xnic day (E) 8.5, as well as in the liver, stomach, and kidneys
at E14.5. The H]Yb;{'*ﬁne contains three different isoforms: A, which is encoded by exons
1-10, B, w ich@coded by exons 1-7, and C, which is encoded by exons 1-6. Isoform A

1S more ¢ nly found in the liver, kidneys, and fetal pancreas, whereas isoforms B and C

are r%vcommonly found in the pancreatic and islets of the adult pancreas**.
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2.2.1.1 HNF1A4 and Liver

There is a connection between HNF families, particularly HNFIA, and the development,
function, and malignancy of the liver. There are eight distinct types of hepatocellular
adenomas (HCAs), which are classified according to the genotype of the individual.
Inactivating HNF 1A mutations and demonstrating histologically steatosis of the Wur are
two characteristics that distinguish one classification from another within @%tegory‘”.
Through their expression, the vast majority of HCAs that fall 1th his category
demonstrate biallelic somatic inactivation of HNFIA. There ar 1ﬁc HCAs that are
identified in MODY?3 families that have a somatic mutatlo ne' allele within the tumour

and a heterozygous germline mutation in the other allele. Q

This shows that HNF14 in the liver has the abilit hibit the proliferation of cancer cells.
To achieve optimal liver function, % metabolism is absolutely necessary*.
Histopathological hepatomegaly anﬂ@ed growth were observed in mice that were
homozygous for the Hnfla Z:gen @ct. In addition to exhibiting hypercholesterolaemia and
hyperbileacidemia, mice a@}g Hnfla exhibited aberrant gene expression in relation to the
formation and ab.so ion of bile acids, as well as de novo cholesterol biosynthesis **. In a
particular stud@as found that mice who lacked the Hnfla gene had higher levels of
triglycerid@}heir blood, a fatty liver, and increased synthesis of fatty acids. The process of
lipidNumulation in these neoplasms was clarified through the use of a lipidomic study of
HCAs that was caused by the inactivation of HNF1A. This investigation demonstrated an
increase in de novo lipogenesis in cells that were tumours. It was shown that the lipid profiles
of those with MODY3 and those who did not have diabetes were comparable. The

individuals who were diagnosed with MODY?3 had higher levels of high-density lipoprotein
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cholesterol and lower levels of triglycerides when compared to those who were diagnosed
with type 2 diabetes. Therefore, it is highly improbable that heterozygous HNF1A4 mutations
are sufficient to cause aberrant lipid metabolism. In the process of hepatic activity, protein
synthesis plays an essential role. The liver is responsible for the production of a number of
essential proteins, including albumin and C-reactive protein (CRP). Elevated CRP levels
have been linked to a wide range of diseases, including but not limited to QQOV scular

disease, type 2 diabetes mellitus, obesity, psychological discomfort, depresQn) d cancer.

The SNPs that are found in the HNFIA gene are correlated with els of plasma CRP.
Furthermore, comparisons between individuals who do @h% diabetes and various
diabetic populations, such as type 1, type 2, MODY1, @)Yl and MODY 548 patients,
show that high-sensitivity CRP levels are lower B@YS cohorts. Two HNFIA binding
sites are present in the human CRP promo\k@%ese sites have the ability to activate CRP
transcription. When people with MO \%symptoms are present in their livers, there is a
possibility that the transcripti@ca\ctivity of HNFIA is diminished®. Through the
modulation of lipid and glu@letabolism, HNF1a has the potential to adversely impair the
liver's ability to maint Qod glucose homeostasis. It does this by affixing itself directly to
the promoter rﬁ.&:&f&l

enzyme of tlucose—6—phosphatase (G6Pase) system. The following genes are more likely

e glucose 6-phosphate transporter (G6PT) gene, which is the major

to bé{{a/gtribed when this promoter region is present*. By contrasting the HNF1a (-/-) mice
with their HNFla (+/+) and HNFla (+/-) littermates, it is clear that the HNF1la (-/-) mice
have significantly lower levels of hepatic G6PT mRNA and a lower level of microsomal G6P
transport activity *°. For the purpose of maintaining glucose homeostasis within the body, the

G6Pase system is absolutely necessary.
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It is possible that the alteration in HNF1a, which took place with the assistance of the G6Pase
system, is the primary cause of the disruption in glucose homeostasis. In the liver, after the
deletion of HNF1a, there was an increase in the expression of genes that code for enzymes
that are involved in the process of fatty acid production. These enzymes include fatty acid
synthase and acyl-CoA carboxylase, as well as peroxisomal -oxidation enzymes including
CYP4A3, bifunctional enzyme, and thiolase. On the other hand, there Q&otable
reduction in the expression of the gene that is responsible for the produ io§ liver fatty
acid binding protein, which is identified as L-FABP. Upon conduc@ analysis of the 5'
promoter region of L-FABP, it was discovered that there v% HNFla binding sites
present. Cellular investigations, which verified this re(@n nt, indicated that HNFla is

essential for the transactivation of L-FABP*. ;h}b%uirement was determined by the

studies. Our hypothesis was that a mutation in might potentially alter the homeostasis

of blood glucose by changing the metab(@; glucose and the process of adipogenesis.

Additionally, HNF1a is respons&iéﬁr facilitating the transcription of the apolipoprotein
gene . In Oji Cree indi s who were diagnosed with type 2 diabetes, a strong

association was seen%gn the HNF1a G319S genotype and the amounts of apolipoprotein

B, low-density <1p&ﬂt

were inved and did not have type 2 diabetes showed a significant link between the

n cholesterol, and total plasma cholesterol. Oji Cree individuals who

HNP%%@ 19S genotype and the plasma levels of HDL-C and apolipoprotein Al. This
correlation was found to be significant. Due to the fact that there was no connection between
the two variables, the phenotype did not exhibit any connection with either lipoprotein or
plasma triglycerides (a). Based on the findings obtained from these individual samples, it was

determined that 127L exhibited a preventive effect against hypertriglyceridemia 48. HNF1a
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has been shown to have a significant impact on the lipid profile of diabetic patients,
according to researchers who conducted the study. According to the findings of these studies,
a more in-depth comprehension of the intricate relationships that exist between genes,
hyperglycemia, and cardiovascular risk factors in type 2 diabetes has been achieved.
According to the findings of a number of research, a decrease in the expression of HNF1a is
linked to an increased risk of developing fatty liver, which is intimately conne Q&nsulin
resistance®®. In conclusion, the HNF1a SNPs that are linked to abnormal blgod gticose levels
may be the result of changes in the maturation, activation, and d@ beta cells. These
changes may also be the result of the maintenance of mat@&eatic function and the

regulation of glucose and lipid metabolism in the liver. I ible that these alterations are

responsible for aberrant amounts of glucose in the%
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2.2.1.2 Kidney and HNFIA

In the early stages of renal development, it was possible to see the expression of both HNF'14
and HNF1B levels®!. Embryonic kidney disorders, including renal cysts, solitary kidneys,
renal hypoplasia, and electrolyte abnormalities, have been linked to HNF1B mutations due to
their association with these conditions. On the other hand, the vast majority NNF 14
mutations do not have any association with aberrant renal morphology . I@aﬁson to
people who exhibit symptoms of type 1 and type 2 diabetes, patien&&.ﬂave MODY3
syndrome have been shown to have a lower rate of glucose r @)ﬁon in their urine,
according to studies. In mice that lacked the Hnfla gene, th@%f phlorizin, which is a
competitive inhibitor of sodium—glucose cotransporter (S ) 1 and 2, to the surface of the
proximal tubule cell was reduced. HNF1A4 was sh%@ directly promote the transcription of

SGLT?2 in both rodents and humans, and t sion of SGLT2 was found to be decreased

in the kidneys of mice that lacked the, I{\&gene““.

When it comes to the treatm.ent (?2 diabetic mellitus (T2DM), SGLT2 inhibitors are the
most commonly used d@)ns. An SGLT?2 inhibitor called dapagliflozin was given to
patients who hacl b diagnosed with MODY3 during a clinical development trial’2. The
patients rec iv@ingle dose of the drug. The surprising discovery that changes in urine
glucose e n after pharmacological therapy were more evident in MODY3 patients than
in th&with type 2 diabetes disproved the theory that the drug's efficacy would decrease in
MODY3 patients due to reduced SGLT2 expression. This finding was made possible by the
fact that the medicine was shown to be more effective in MODY 3 patients. It is possible that

those who have type 2 diabetes will have greater glucose reabsorption in urine through

SGLTI1 rather than SGLT2, which is still a possibility**. There is still a lack of clarity
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regarding the origin of this outcome. On top of that, phenylketonuria and Fanconi syndrome
were discovered in mice that were missing the Hnfla gene. On the other hand, these
characteristics were not found in any of the other investigations. Additionally, there are just a
few cases of renal failure in people who have MODY3, whereas Fanconi syndrome can be

caused by HNF4A mutations (MODY 1)*. *
2.2.1.3 Gut and HNFIA4 OQ

There is a substantial amount of expression of HNF/A and HNF1B in (ﬁ\crypts of the small
intestine, and these two proteins work together to control the pr& n of intestinal cells.
There were no significant problems observed in mice t @) deficits in either Hnfla or
Hnf1b across the gastrointestinal system. Dehydratioq@cu red in mice that had concurrent
defects in both HNF1A and HNF1B immediate&%r birth. This was due to the mice's
inability to absorb water in the colon. LPI{s\\@ch stands for lactase-phlorizin hydrolase, is
an enzyme that is produced in the small‘in{estine and is necessary for the digestion of lactose.
The DNA-binding domain of is able to physically connect with the C-terminal zinc

finger of GATAS, whic%@\s in a considerable increase in the activation of the human

LPH promoter**. *
° \&

The functioh, o FIA in the gastrointestinal tract in relation to diabetes has not been
properh@%nined; however, ghrelin, which is a hormone that stimulates appetite and is
mostl}{woduced in the stomach and intestines, may be a possible target of HNF1A4. A large
rise in ghrelin-positive cells was observed in the colons of Hnfla-null specimens. This was
accompanied by an increase in the expression of the ghrelin gene as well as an increase in the
levels of both total and active ghrelin in the bloodstream. Patients diagnosed with MODY3

had considerably greater quantities of total ghrelin in their blood while they were fasting, in
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comparison to persons who were diagnosed with type 1 or type 2 diabetes. On the other hand,
it was shown that the levels of acylated ghrelin, also known as active ghrelin, were
comparable in patients with MODY3 to those reported in healthy individuals and individuals

with type 2 diabetes®’.
2.2.2 Pancreas and HNFI1A4
2.2.2.1 Physiological and Pathophysiological Roles of HNFIA in (;‘ine and

HNF14 is expressed in endocrine cells, such as alpha, beta, delta, pancreatic polypeptide

Exocrine Cells of the Pancreas

(PP) cells, as well as exocrine cells, such as acinar and Is, inside mouse pancreatic
tissue. These cells are responsible for the productio;bQ\oancreatic oil. Pancreatic cells are
produced by these cells, which are responsible fi ir creation. In the majority of pancreatic
epithelial cells in the E10.5 stage, HNFI w\\szund, and at the E15.5 stage, it was found in
hormone-positive and amylase-posité\%ss&g%. On the other hand, studies have shown that its
expression in duct cells is @ally nonexistent. All during the process of hepatic
development, HNF4A %onsitive regulator of HNF1A expression. On the other hand,
HNF1A has the abi o directly connect with the P2 promoter of HNF4A, which allows it
to moderate e(eu}pression of HNF4A in differentiated pancreatic cells. This hierarchical
structur@‘transcriptional processes is present during the development of the liver.
Furthermore, HNFIA is responsible for the regulation of the production of PDX1, which is
an essential component for the growth of the pancreas as well as the maintenance of beta cell
activity**. Within the beta cells of rodents, this interaction takes place concurrently with

PDX1. When it comes to the transformation of human induced pluripotent stem (iPS) cells

into beta cells, the relationship between HNFIA and HNF4A is absolutely necessary.
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Consequently, the significance of the HNFIA-HNF4A axis in the development of the
pancreas is highlighted by this. Many other types of pancreatic endocrine cells are present,
such as alpha, beta, delta, and PP cells, in addition to cells that are responsible for the
secretion of ghrelin®®. The expression of SGLT1 in murine alpha cells was directly regulated
by HNF'1A4, which made it possible for it to participate in the production of glucagon during
circumstances of hypoglycemia®. The fact that Hnfla-null animals demons Q%duced
insulin synthesis, which resulted in higher blood glucose levels, provi@/Qdence that
HNF14 plays a role in the process of insulin secretion within mous@&ells. On the other
hand, animals with heterozygous Hnfla deficiency showed evels of glucose in their
§)

blood glucose**. Furthermore, Hnfla-null mice that a C3H or CBA genetic

background exhibited non-diabetic traits. &Q

This indicates that there are phenotypic %@:es between subjects with MODY3 and
Hnfla-null mice®®. In addition, these, r@xhibited characteristics that were not associated
with diabetes. A considerable pro&%n rate of these cells was seen in Hnfla-null animals,
despite the fact that their a@ells contained both endocrine and exocrine granules. It has
been determined thrqughuthis discovery that HNFIA is necessary for the formation of
exocrine cells QTEQ& ect manner. Despite the fact that genome-wide association studies
(GWAS) hayeyshown a connection between HNF1A single nucleotide polymorphisms and
panc}%%cancer, it is still unknown whether or not HNF1A4 mutations are responsible for
malfunction in human exocrine cells®'. The exocrine gland is frequently linked to the
development of pancreatic cancer, with pancreatic ductal adenocarcinoma (PDAC) being the
most common form of the disease. According to the findings of a recent study, HNFIA4 is

significantly expressed in pancreatic cancer stem cells (PCSCs), which suggests that it may
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play a role in regulating the functional capabilities of PCSCs. Within a number of PDAC cell
lines, the inhibition of HNFIA resulted in the cessation of tumour growth and even the death
of the tumour, in addition to a reduction in the markers that are associated with stem cells.
Because of the overexpression of HNFIA in PDAC cell lines; there was an increase in the
number of stem cell markers, which in turn stimulated the growth of tumours. With regard to
pancreatic cancer, the observations indicate that activation of HNFIA leads to Q%ase in
the proliferation of tumours, despite the fact that HNF1A has also been sh@ave arole
in preventing the growth of tumours in this context. Through the fo@f a complex with
lysine-specific demethylase 6A, which is expressed by the l@%me, HNFIA4 is able to
1

exercise its efficacy in suppressing tumour growth. A m nar cell line is used for this

purpose, and this complex is responsible for block'g@arcinogenic route.

The fundamental cause of hyperglycemia %@ought on by HNF1a is the impairment of
mature B lymphocytes. During resting @, mature B cells are responsible for the release of
insulin, and when glucose levelsé%reased, they are responsible for the manufacture of
insulin. These are the tw@mry functions of mature B cells. Individuals who have
MODY3 have issues wi eir ability to secrete insulin, and as the condition worsens, the
insulin—secretiné%é? perience a gradual loss in their effectiveness®. Forty HNF1a mutant
carriers fr@e United Kingdom and France demonstrated abnormal levels of insulin while
fastih&/g&rell as abnormal amounts of insulin produced in response to glucose stimulation®?,
These patients had higher insulin sensitivity, as well as elevated proinsulin to insulin ratios.
Additionally, their insulin sensitivity was elevated. Furthermore, the findings suggested that
an HNFla mutation modifies basal insulin secretion directly, as opposed to the insulin

secretion that is connected with glucose sensing. A recent islet study conducted on a patient
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with MODY3 who was 33 years old and had been misdiagnosed as having type 1 diabetes for
17 years demonstrated that HNF1a influences the generation of glucose-stimulated insulin,
which ultimately results in insulin-deficient diabetes®>. One possible explanation for the
disparity between the two outcomes is that different forms of HNFla were present in the
experiment. Following further investigation, it was discovered that individuals who
possessed the G319S mutation demonstrated a reduction in insulin productio Q&o the
initial manifestation of diabetes. Additionally, individuals who have HNQQ2D present
with this hypothesis malfunction of the islets. Therefore, we hypoth@ltxﬁt HNF1a has two
distinct and significant functions in the regulation of insulin s r@at regular intervals and

in insulin synthesis in response to increased glucose . oth of these activities are

important in regulation of insulin secretion. ; (bQ

For the purpose of determining which do BQ NF1a is accountable for baseline insulin
secretion and which domain is responsible for mediating insulin secretion in response to
elevated glucose levels, it is Vi%&?a\evaluate the islet function of HNFla mutants with
varying degrees of clinical @y. Given this information, a better understanding of the role
that HNF1a plays in th sfunction of beta cells will be made possible®*. The hormone
HNF1la 60 has@y to exert control over a number of genes that are involved in the
mechaniszyb%nsulin secretion. Additionally, it has the ability to directly bind itself to the
prorﬁqt\e/%gion of the insulin gene, which may ultimately result in an increase in the gene's
transactivation. It has been demonstrated that HNFla exerts a direct influence on the
transcription of insulin, as well as the GLUT2 and HNF4 pyruvate kinase genes, which are
both necessary for the production of insulin within cells respectively. Furthermore, it has

been revealed that heterozygous HNF1la variations can change the expression of critical
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enzymes that are involved in the glucose metabolism of mitochondria%®. Despite the fact that
HNF1a is an essential transcription factor that makes a major contribution to the maintenance
of B cell activity, additional research is necessary in order to have a better understanding of
the specific mechanisms that are involved. Nkx6 has been shown to have the ability to
directly boost the expression of HNF1a, according to research findings. Insulin-positive cells
that have undergone differentiation are the only cells that express the trans on*factor
MafA. MafA is immediately activated by HNF1a and encodes transcn{@ ors that are

produced later in the pancreatic developmental pathway®2. Q

According to the findings of several studies, HNFla may ha %fect on the development
of beta cells as well as the growth of cells. Six wee&%er birth, HNFla whole-body
knockout mice, which were distinguished by the%%ence of minuscule islets and a high
alpha/beta cell ratio, passed away unexpec\ﬁ@’élese mice had a ratio of a to b that was in
the negative. This phenomenon is paﬁent with the findings of the islet study, which
focused on diabetes patients wh@&ga\a mutation in the HNFla 60 gene. Attributing the
enhanced a/b cell ratio to t.\aésence of a pancreas in these patients that has a marginally
superior a cell pop QQ is one possible explanation for the observed improvement.
Individuals Wk{%(&d gnosed with MODY3 display a variety of symptoms, including
decreased %éﬁve feedback to glucose, higher glucagon secretion, diminished intestinal
gluca%zlnpact, and hyperactivity of cells®. According to the findings of a study that was
carried out in the year 2020 by Kazuya Yamagata60, HNF1la has the ability to reduce
glucagon synthesis via controlling the expression of SGLTTI in cells. It was discovered that
HNF1la inhibits a cellular characteristic that is generated by mutations in HNF1a. This

conclusion was reached by the simulation of monogenic diabetes using human embryonic
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stem cells®’. Human intervention was necessary in order to discover this. Despite the fact that
further research is required, it is clear that HNF1a has an effect on islet-specific transcription
factors. These transcription factors, in turn, play a part in the development of pancreatic

organs, the differentiation of endocrine and exocrine cells, and growth processes ¢°.
2.2.2.2 Roles of HNF1A in Beta Cells

It was discovered through the use of microarrays to examine the pancre (@% of mice
lacking HNF1a that HNF1A is responsible for regulating genes that\are linked with the

metabolism of glucose and amino acids. Glycolysis, the tri ic acid cycle, and

oxidative phosphorylation are all processes that are regula % these genes. In contrast to
type 1 and type 2 diabetes, MODY3 is defined by a Q@lc phenotype that is characterised
by decreased insulin production prior to the on& diabetes*. It was observed that the
insulin production response of ex vivo isle‘&@z mice that were defective in the Hnfla gene
was reduced in response to increase'@s of glucose or arginine. Researchers made the
discovery that MING6 cells, le&@b a murine beta cell line, had a decreased production of
insulin in response to @}e These cells expressed a dominant negative mutation of
HNF1A4, which was deno ed by the symbol P291fsinsC. After a maturation period of six
months foll wi@plantation into mice, human iPS cell-derived beta cells with a MODY?3
mutation 1A+/H126D) demonstrated decreased glucose-stimulated insulin secretion
(GSISW. This was observed after the cells had been implanted into animals. A diabetic
individual with HNF1A+/T260M was found to have an impaired GSIS, which was verified
to be the result of a deficiency in HNF1A from the islets of the individual®. The impact that

type 2 diabetes mellitus has on insulin secretion can be attributed to the interaction between

genetic variables, which include the accumulation of disease-associated common variants,
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and environmental impacts, which include metabolic stress and the effects of ageing.
Modifications to the glucose metabolism caused by HNF 1A mutations (MODY3) reduce the
amount of insulin that is produced by beta cells. In addition to a reduction in glucose
absorption, there is a connection between HNF1A4 mutations and decreased levels of glucose
transporter 2 (GLUT2) in the body. In mouse beta cells, HNFIA has the ability to modulate
both GLUT2 and liver-type pyruvate kinase, which is an enzyme that is r %le for
providing a rate-limiting enzyme in glycolysis®*. The widespread HNF A mutation that is

related with MODY3 (P2911sinsC) is also responsible for a reducti@e amount of ATP

O

As a consequence of this, it is highly probable that HN@HS a role in the production of

that is produced by mitochondria in murine beta cells.

ATP, mostly inside the mitochondria, and the m@%ﬂ secretion of insulin through the
regulation of glucose flux (Figure 2.12). T, i role that HNF1A plays in the regulation
of genes that are related with mitochg ﬁ%function is a topic that is consistently the subject
of debate. This set of genes migl@(a\@ntrolled by a network of transcription factors, which
might include PDX1 and \ , among other possible candidates. There is a disruption in
mitochondrial respirai%?/hen there is no HNFIA present in beta cells that have been

produced from@%ﬁ

and a decredse)in LINKA, which is a human-specific long non-coding RNA®. This suggests

bryonic stem cells. There is a correlation between this disruption

that @A serves a specialised role in the function of mitochondria. Furthermore, HNFIA
is known to directly control TMEM27 and hepatocyte growth factor activator, both of which
are known to cause an increase in the proliferation of murine beta cells. While this is

happening, the primary metabolic route is also taking place.
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Through its involvement in the formation of the SNARE complex, collectrin (TMEM27) is
responsible for regulating the process of insulin exocytosis. Additionally, HNFIA 1is
responsible for the regulation of genes that are connected with roles in beta cells that are not

well understood, some of which are AKR1C19°!.
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2.2.2.3 Epigenetics and HNFI1A in Beta Cells

The genome-wide association studies (GWAS) that have been conducted over the past 15
years have helped us gain a better knowledge of the genetics that are related with type 2
diabetes mellitus (T2DM). With that being said, there is still a hurdle to be faced in terms of
enhancing the accuracy of individualised risk assessment for type 2 diabetes®’. There is a
complicated interaction between inherited and environmental factors, includQ%ﬁsonal
lifestyle choices, which is likely the reason why it is difficult to precisely Q}Qte the start
of type 2 diabetes®’. Additional genetic components also require ider@on and analysis in
order to be well understood. Without regard to the DNA sequen%igenetic modifications,
which include histone modification, DNA methylatio Qon—coding RNA, have the
potential to influence transcription factor binding to )@enome as well as gene expression.
Despite the fact that there is growing evideng‘fb links epigenetic modifications to the

development of type 2 diabetes, the biolo m rocesses that are at the root of the disease are

not yet properly understood®®. , s\\'
&
<

When it comes to the pr6[®t10n and activity of beta cells, histone modification is
absolutely necessary. @result of its ability to relax the structure of chromatin, histone
acetylation is reé:éd an active epigenetic marker. This is because it makes it possible for
transcriptior@:tors to bind to DNA. The two principal histone acetyltransferases are known
as Q@’Qlding protein (CBP) and P300. They are all engaged in the acetylation of
H3K2761 and have structures that are very similar to one another’’. One of the most
important functions of HNFIA4 is to ensure that histone acetylation is preserved in the
promoter regions of its target genes, such as GLUT2, within the mouse islets. This describes

a fundamental biological process. Previous research has demonstrated that CBP is connected
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with the N-terminal domain of HNF'1A4, whereas the P300/CBP associated factor is found to
interact with the C-terminal region of HNFIA. Also noteworthy is the fact that HNFIA is
responsible for recruiting P300 to the promoter of human GLUT2, which is another
important element. The genes that were lowered in islets that lacked Hnfla were identical to
those that were diminished in islets that had faulty CBP or P300. It is possible that HNF14

and CBP/P300 work together to increase gene expression. This could be acco Qe y the

modification of histones, namely the acetylation of H3K27. There is a p ty that this

potential exists, according to our findings collectively®!. 6\
2.3 Diabetes and the HNF1A4 Gene §

When it comes to genetic changes and clinical @@estaﬁons, HNF1A-MODY3 is
characterized by considerable variety. It is poss@ o regard the two human variants of
HNF1a, P408H and P409H, to be distinct@‘nts 70, One of the hypotheses that may be
considered is that these two adjacent °s§gp responsible for regulating the promoters of two
different genes that are influen @y HNFPA. This occurrence is anticipated, and it can be
accounted for by the int a@is that take place between HNF1a and a number of other co-
activators®. Thes? intexactions are absolutely necessary for the full activation of a number of
HNF1a target @ters that are located farther downstream. In the past, observations have
been mad demonstrate the various functions that HNF1a plays, as well as its substantial
invowent in the careful regulation of a number of genes that are associated with metabolic
management. The presence of many HNFla SNPs is associated with an increased risk of
developing type 2 diabetes; however, these SNPs do not directly produce MODY?3. These

incidents are of a very interesting kind. We will be able to enhance our care of diabetes on an

individual basis if we are able to determine the underlying cause of these episodes. First, let's
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take a look at the distinctions that exist between type 1 diabetes, type 2 diabetes, and those
that are associated with pregnancy. One of the most important differences is the age at which
the competition began. The condition known as diabetes can be broken down into three
distinct categories: type 2 diabetes (T2D), maturity-onset diabetes of the young (MODY),
and gestational diabetes mellitus (GDM) !, Diabetes mellitus during pregnancy, also known
as gestational diabetes mellitus (GDM), manifests itself throughout the se Qt third
trimester of pregnancy. When diseases manifest themselves at an earlier s%/ge influence

of hereditary variables on the process is significantly stronger. Q

The influence of environmental and other physical element@&wted to be more evident
when the beginning occurs later. This is because the begir@ happens later. While a woman
is pregnant, her body is subjected to a substantia%%unt of stress. The second significant
difference pertains to the nature of the fami ’bstory that appears to have originated. In
circumstances in which the history e family is more prominent, the influence of
hereditary elements becomes mo@%ﬁcant. As a consequence of heterozygous mutations
in HNFla, MODY3 is pro .@In patients with MODY, the presence of a normal HNF1a
allele is indicative o &act that HNF1la expression is thought to be significant in this
population. Th(@}%m functioning of B cells, in particular, is impossible in the absence of
MODY. I ate protein levels cause a significant drop in the activity of mutant alleles®,
whiel\i/%rn leads to the formation of inactive heterodimers as a consequence of contacts
between mutant products and wild-type forms that are dominated by negative interactions ',
The HNF1A-MODY mutations function by one of the two mechanisms described above: a
dominant-negative mechanism or a direct loss of function. Both of these pathways are

described in the previous sentence.
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Both type 2 diabetes and gestational diabetes mellitus are conditions that can be caused by a
combination of different circumstances. We propose that the HNF1a SNPs that are connected
to type 2 diabetes or type 2 diabetes mellitus partially degrade the functionality of the HNF1a
protein. This is because the HNFla SNP has an effect on the abnormal control of blood
glucose, which is an essential component of both type 2 diabetes and type 2 diabetic mellitus.
The HNF1a protein is made up of three different functional domains: a DNA iQ&g'egion
that contains a nuclear localization signal, a C-terminal transactivation dgmaiff, and an N-
terminal dimerization domain. In addition, a nuclear localization s@\s contained inside
the DNA binding domain. Residues 1-32, which are part of e%ﬂnal dimeric domain,

contain two four-helix bundles that are responsible for @ ing dimerization. Located at

circle ®!, these bundles serve to split the a-helix. &Q

Additionally, when HNF1a links with the %lly similar transcription factor HNF1b, it
often results in the formation of a hete@er. According to reference 66, the formation of a
homodimer occurs when two %én molecules interact with one another. There is a
connection between the reV. alindrome 5'-gttaatnataac-3' and the DNA binding domain
(DBD) of HNF1a (13 ),Qich is an essential component in the formation of a structure that
makes use of l@i\%& lix communication. Both the POU-specific domain (POUs, amino
acids 91— @and the POU-homologous domain (POUH, amino acids 203-279) are
subd%g[s of the DBD. The POU-specific domain is the more prominent of the two. The
DBD incorporates both of the subdomains within its structure. The locations of the amino
acids that are found in DNA-binding domains (DBDs) can vary somewhat from one another
because of these differences. It is the responsibility of POUs, which are necessary for HNF1a,

to maintain the stability of proteins. The key single nucleotide polymorphisms (SNPs) of
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HNF1la that are associated with MODY3 are found in exons 1, 2, and 4, which are
responsible for encoding the DNA-binding region of the C and transactivation domain of
HNFla. Contrast this with the SNPs that are responsible with the development of type 2
diabetes. In exons 8 and 9, the HNF1a SNP that has been associated to type 2 diabetes is
frequently found. Within the transactivation domain, the HNF1la SNP sites that have been
associated to the beginning of type 2 diabetes are situated along the margin &poline-

rich activation domain II. Through the following mechanisms, SNP mutatigfis have the

potential to influence the functionality of the HNF1a protein: 1) the@%ﬁg affinity of DNA

to the transcriptional regulatory region of the target gene; 2 h%scriptional efficacy of
©

HNF1a; 3) the capability of HNF1a to translocate into leus; 4) the stability of the

HNF1a protein; and 5) the expression levels of thc: I—H@ protein, particularly SNPs located

in the promoter region 61 where they are locatecf.b

Research that was carried out in ?.O@ Najmi and colleagues (134) reveals that the
HNF1A-MODY variant and the ﬁ\pe protein exhibit transcriptional activity and DNA
binding proficiency that a@valem to one another®!. According to the aforementioned
research, HNF1la apg& have a role in a number of different signaling pathways that

ultimately resu( :ﬁzél!v

that are ob %d in patients who have type 2 diabetes may not have sufficient penetrance to

ted levels of glucose in the blood. Furthermore, the HNF1a variants

direé%gllse the condition; nonetheless, they do raise the likelihood that the condition will
develop. In conclusion, the HNF1a gene exhibits a high amount of variety, and the clinical
manifestations that result from the presence of several SNPs might greatly differ from one
another®!. For this reason, genetic identification is absolutely necessary in order to acquire

comprehensive information regarding HNF1a. It is essential that this be done in order to
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effectively treat aberrant blood glucose levels that are brought on by mutations in the HNF1a
gene. HNF'14 is made up of 631 different amino acids. The amino acids are made up of three
distinct domains: the DNA-binding domain (residues 203—-276), the transactivation domains
(residues 281-631), and the amino-terminal dimerization domain (residues 1-32).
P291fsinsC (formerly known as p.G292fs) is the HNF 1A mutation that is most preyalent in
MODY3¢!. This mutation has a predominantly negative effect on wild-type QA. It has
been determined that the enzyme is lacking in the part of the transactivation ain that is
most prominent. There is a high prevalence of missense mutati@he DNA-binding
domain and the amino-terminal dimerization region, w@%eletion mutations are

frequently found in the transactivation domain. There is 1bility that this is the reason

for the clinical variability observed in persons witl: ]\48%361.

Single nucleotide polymorphisms, someti \@Nn as SNPs, are the form of variation in
DNA sequences that occurs most freq@y within the genome. It is anticipated that there
will be ten million SNPs in the @(a\genome. Through the statistical analysis of the link
between diseases and SNI@& possible to facilitate the evaluation of disease risk, the
elucidation of the mo ecﬁ causes of the disease, and the development of pharmacological
targets for patié/%h have certain SNPs. Through the use of statistical analysis, each of
these obj @s can be accomplished. More than one hundred single nucleotide
polyb@ﬂsms (SNPs) that are frequently associated with type 2 diabetes mellitus (T2DM)
in individuals have been discovered using genome-wide association studies (GWAS), with a
minor allele frequency (MAF) that is greater than one percent. With the help of simulated
models of type 2 diabetes, it has been suggested that these widespread variations could

account for around 75% of the heritability of the illness. A statistically insignificant
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correlation exists between individual common variants and type 2 diabetes, as indicated by
an odds ratio that is less than 1.37. It is anticipated that individuals who possess a greater
number of disease-associated variations will have a higher probability of getting the ailment.
When it comes to the heritability of type 2 diabetes, infrequent genetic mutations that occur
at a frequency that is lower than 0.5% have a pretty insignificant impact. In light of the fact
that occasional variants have a small impact, it would suggest that common m Qﬁsmave a
significant influence on the inheritance of type 2 diabetes type ’'. A ﬁndin@és supported
across a number of different ethnic groupings is that there is an ass@o between HNF1A
SNPs and the chance of people developing type 2 diabetean%n coding variations of

HNF1A4 include 127L, A98V, and S487N, all of which ha ¢ potential to influence the risk

of developing type 2 diabetes. 17 individuals whogga@ue HNF14 coding variants (minor

allele frequency < 1%) were subjected to an ora ose tolerance test (OGTT) consisting of

75 grams of glucose. @
Q)

Only one of these individuals ha@(@\normally high glucose level after two hours, which is
defined as a difference that @ter than ninety milligrams per deciliter between the glucose
readings taken after a Qnd the readings taken while the individual was fasting. However,
it is feasible th(’[ﬁz\&s in insulin production was partially compensated by an enhancement
in insulin }8 ivity and a reduced threshold for urine glucose excretion, as shown in patients
With% Y3%!. Insulin levels were not evaluated in these uncommon variation carriers;
however, it is possible that this enhancement occurred. Based on the findings, it is clear that

the functional validation of HNF'14 variants is of extremely high importance.

Furthermore, the findings indicate that predicting type 2 diabetes in the general population by

using rare variations that were discovered in genome-wide association studies (GWAS) may
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result in an exaggerated impact of these alterations, which ultimately leads to an increased
prevalence of false positives. Particularly for rare HNFIA mutations linked to MODY3,
ascertainment biases may develop in Mendelian genetic studies’. This is because the
selection of patients with manifest diabetes or a familial history of MODY may lead to the
selection of patients with these characteristics. Typically, it is assumed that variations of
uncommon diseases have a significant influence on the phenotype of the disea &&elve&
In Mendelian genetic investigations, however, there is a possibility of ascéertaffiiment biases
occurring®!. Approximately thirty to seventy percent of all cases of are characterized

by the presence of maturity-onset diabetes of the young type th:ee DY3).

Despite the fact that it is classified as belonging to theg\e subtype, MODY?3 has been
linked to almost 200 distinct heterozygous mutz@m the hepatocyte nuclear factor la
(HNF1a) gene®®. Multiple factors, such a @d and position of HNF1la mutations, the
patient's genetic background (LanggQ & et al., 2010), and environmental impacts that
occur both prenatally and pos‘u&&?@\,all have a role in determining the many clinical
symptoms that are associat L h MODY3 individuals. There is a wide range of treatment
regimens that are n&&r for individuals to follow in order to effectively control their

diabetes®!. In t!e Qm

sulfonylurﬁsébut, as they get older, they require more medication, which may include

ing, younger individuals are treated with dietary modifications and

insu%%ere is currently a lack of clarity on the precise biochemical mechanism that links
specific HNF1a mutations to the increase of B cells. It is possible that modifications in the
dimerization domain will have a significant impact on the functionality of HNF1a. Because
of these alterations, HNFla is unable to interact with co-factors and DNA targets as

effectively as it should. Mutations in the DNA-binding homeodomain have been linked to a
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number of other diseases in addition to MODY 3, which is one of them. Due to the absence of
a definitive connection between decreased transactivation activity and decreased DNA
binding, the ramifications of these alterations are not entirely obvious®!. It is quite likely that
the altered transcriptional activation that occurs as a consequence of mutations in the HNF1a
promoter is the cause of the extremely unusual occurrence of these mutations, This is
because these mutations have the potential to have enormous consequences, h 1s why
they are so uncommon. Additional mutations have been found in the transactivation domain,
which has resulted in changes to the cellular localization of HNF1a @e as its interactions
with DNA and other factors 59, 60. Both of these mutations w% found in that location.

Therefore, the site of the HNF l1a-specific mutation is c@ or both the method and the

consequences that are produced as a consequence %f er

The HNF1ap291fsinsC mutation is one X@’blterations that can be discovered in the
domain that facilitates transactivation® ﬂf&s mutation is found in twenty to fifty percent of
cases among the majority of pati%ca'l\o have MODY3 syndrome. The creation of an early
stop codon and a framesh@@tation& is the result of inserting a cytosine (C) into the
polycytidine sequence,o Fla's codon 291, which is denoted by the notation p291fsinsC*.
When compar{i\\n ividuals who have other HNF1la mutations, those who have this
mutation e@@t clinical symptoms that are more severe. Frequently, they display symptoms
that %%ﬂnparable to those of type 1 diabetes, and in certain instances, they may develop
hepatocellular adenoma®. Unlike the other alterations that can be identified in the
transactivation domain that is connected to MODY 3, this mutation does not duplicate those
modifications. Among the negative consequences that are connected with HNF1ap291fsinsC

phenotypes in MODY3, the most significant one is the synthesis of a shorter HNF1a protein
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or haploinsufficiency.®! This could be the result of nonsense-mediated decay. Additionally, it
is of the utmost importance to underline that HNFla+/ mice do not exhibit diabetes, but
HNF1a/ animals exhibit growth retardation, decreased insulin production, and altered aerobic
glucose metabolism. As a result of the pleiotropic consequences that are caused by the total
deletion of HNF1a61, persons who have MODY3 report experiencing a number, of renal
issues. This demonstrates quite clearly that mice do not fully replicate t&%gy of

MODY 3, which is caused by mutations that are either missense or nonsense(

N

As a result of being subjected to genetic alteration and being la either one or both
HNFla alleles, human embryonic stem cells (hESCs) e@ﬁcreased mitochondrial
function, insulin synthesis, glycolytic activity, and a ten y to differentiate. Despite the
fact that human induced pluripotent stem cell 6 ) lines have been produced from
patients who have HNF1a mutations, there,§ ’bk of understanding regarding the capacity
of these cells to grow into hematopoi.ebj&ls. More severe symptoms are displayed by mice
who overexpress truncated fom@&%)\—lNF la. These symptoms include decreased insulin
synthesis and poor beta c y liferation®'. Consequently, this suggests that the shorter
versions of HNFla t ;Q the result of the p291fsinsC mutation may display additional
functions that @ ndent of HNF1a. This may be the case because of the interactions
that these @ts have with other members of the HNF family. Despite the fact that HNF1b,
Whiel\i/gl(e homologous protein to HNF1a, is expressed in a greater variety of organs, the
ventral endoderm is the primary organ that is affected by the homozygous deficiency
observed in this protein®®. There is a significant role that the expression of HNF1b plays in

the identification of multipotent progenitor cells. This expression can be observed as early as

the primitive gut tube stage of differentiation. The process of pancreatic agenesis takes place
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in mice when there is no expression of HNF1b at all. Heterozygous mice, on the other hand,
exhibit symptoms that are consistent with renal dysfunction and pancreatic hypoplasia. In a
similar vein, mutations in human HNF1b primarily appear in phenotypes that are related with
renal diseases, diabetes mellitus, and MODY®'. A mutation known as HNF1ap291fsinsC is
responsible for the development of MODY3 diabetes, which is characterized by varied
penetrance and is typically detected before the age of 25. To this day, the &on of
human pluripotent stem cells (hiPSCs) for the purpose of elucidating the\me¢Hanisms that

underlie the diseases associated with MODY 3 has produced limited ts"

The deletion of HNF1a in genetically modified embryonic St@&ESCS) has a number of
significant effects, including a reduction in insulin secr@n, a decrease in glycolysis, a
compromise in mitochondrial function, and a de%%mental tendency toward a particular
differentiated cell type®. Putting an emphagi ’Qe fact that these consequences are present
is absolutely necessary. It is not yet n if the whole or partial deletion of HNFla in
embryonic stem cells (ESCs) fait@ imitates the mutation that is most commonly found in
MODY3 (HNFlap291fsins. ~Through the utilization of CRISPR/Cas9-engineered lines,
healthy donor hiPSCs, a ODY3 patients, we were able to successfully identify defects in
the developme@enitor cells and B cells that were attributed to the HNF1ap291fsinsC
mutation. ’8 findings were made possible as a result of the adoption of these three
strat ie@As human embryonic stem cells (ESCs) that are devoid of both HNF1a alleles
mature into [ cells, there is a minor decrease in the quantity of f cells, which is accompanied

by a significant decrease in the expression of PDX1.

In contrast, our data reveal that the target genes of both HNF1a and HNF1b are affected, and

that the additional dominant negative function of HNF1ap291fsinsC over HNF1b results in a
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more severe phenotype that cannot be compared to the absence of HNFla. The
HNF1la/HNF1b target genes PKHDI1 and KIF12, whose disruption correlates with
developmental abnormalities, as well as HNF1b-associated components of the Wnt and
Notch pathways, which are critical for early pancreatic development, were consistently
downregulated in HNF1ap291fsinsC lines. This was the case in all of the lines. In this way,
the circumstance was established. For additional information, our findin Qge t that
HNF1ap291fsinsC forms a dimer with HNF1b, which leads to a decrease i@

ount of PP

differentiation and transcription that is dependent on HNF 1b. 6\

Patients who had truncating mutations had an early on@%e disease, which was
accompanied by a gradual decline in the function of their lls during the course of disease
progression. The severity of the phenotype that %gbbserved in the HNF1aMODY?3 lines
from the very beginning is confirmed by h\@%ults“. The manifestation of more severe
symptoms is a consequence of a Vari@{ factors, including differing genetic origins and
other obstacles. Despite the fact t%ga\severity of the problem varied from patient to patient,
the degree of the PP differé@&m defect was consistently seen across all five patient lines.
According to the ﬁn@m we obtained, this variation can be attributable to the fact that

HNF1ap291 fsi{s&%g

the partial ’Bé(ation of B cells with HNF1b overexpression in HNF1ap291fsinsC organisms,

effect that is complementary to that of HNF1b function. Following

it is pﬂs%e that the amounts of HNF1b in each patient line could shed light on the various

MODY3 phenotypes and the heterogeneity that has been seen.

It has not been possible to mimic diabetes using human induced pluripotent stem cells
(hiPSCs). On the other hand, organoid models for progenitor growth have been constructed

utilizing human embryonic stem cells (hESCs) as well as both murine and human adult
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tissues. We have devised a method that is capable of producing progenitors from human
embryonic stem cells (hiPSCs) in an effective manner and then developing these progenitors
into cells that are similar to b. Using healthy, MODY3, and CRISPR/Cas9 hiPSC-derived
pancreatic organoids, we were able to show that HNF1ap291fsinsC influences the
development of beta-like cells in a relevant human model through a mechanism that has not
yet been described. Similar traits were observed in mice and pigs that W@Oping

MODY3 symptoms. People who have a mutation in the HNFlap291fsin@ e are more

likely to experience pancreatic problems. 6\

The abnormalities include a decrease in the dimensions of @ﬁeas and the volume of
beta cells. These findings are in agreement with our reseatch, which shown that a reduced
progenitor pool derived from mutant induced plur@&tem cells significantly restricts the
growth of the pancreas as well as the nu eta cells. Our research has uncovered a
unique method by which the shorter @gapwlfsinsc protein, which is produced by the
common MODY3 p291fsinsCQ@(a\ation, inhibits the function of HNFIb while

simultaneously inhibiting t @hferation of pancreatic polypeptide and beta cells. In order

to investigate the pa@ developmental defects that are linked with monogenic diabetes,
the PP 0rganoi< s;gém

x@b

hat we developed offers a suitable theoretical foundation®'.
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2.3.1 Pharmacologic Treatment for Diabetic Patients with HNF1A4 Mutations

Metformin's ability to lower glucose levels was found to be equivalent in people with
MODY3 and those with type 2 diabetes. On the other hand, the sensitivity of individuals with
MODY3 to sulfonylureas (SU) was found to be higher than that of adults with type 2
diabetes. People who have MODY3 have a higher sensitivity to sulfonylureas (SU), which
may be due to the fact that they possess a higher insulin sensitivity®'. When@re given

SU, they are more likely to have hypoglycemia as a consequence &f&?‘ In patients

diagnosed with MODY, monotherapy with glucagon-like peptide- ptor agonists (GLP-1
RAs) or dipeptidyl peptidase-4 (DPP-4) inhibitors has the p@a o prevent hypoglycemia
and provide effective glycemic control. In patients diag d with MODY3, the use of a

combination of sulfonylureas and GLP-1 receptE’éonists has the potential to increase

insulin secretion®!. @

Additionally, the combination of DP inhibitors with sulfonylureas has the potential to
improve glucose regulation. in @Xiduals diagnosed with MODY3 while simultaneously
lowering the risk of h emia’. In patients with MODY3, the responsiveness to
sulfonylurea mec.iic ign 1mplies that HNFIA mutations may not significantly affect the
insulin secr tio@way. This is because membrane depolarization occurs in beta cells. The
manifesta f a favorable reaction lends credence to this assertion. Insulin exocytosis is
reguﬁkﬂ by HNF1A, and mutations in HNF'1A4 have the potential to change the production of
mature insulin secretory granules through their effects. In order to have a better
understanding of the effects that HNF /A mutations have on other endocrine cells, such as

alpha cells, it is essential to do additional research using human participants®’.
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Among the many issues that might arise as a consequence of HNF1A-MODY3, severe
diabetic retinopathy, diabetic nephropathy, and diabetic peripheral neuropathy are potentially
among them. The prompt application of identification and administration of
when it comes to improving one's quality of life, delaying the start and progression of
disorders, and managing blood glucose levels, medicine is absolutely necessary.
The hyperglycemia that is accompanied by extra-pancreatic symptoms, rising lycemia,
and stable mild hyperglycemia are the characteristics that define th A-MODY
phenotype characteristics’®. Adjustments to one's diet are a realisti@xuccessful therapy
option for those who have mild hyperglycemia; nevertheless,.ph. cological therapies are
indicated for individuals whose hyperglycemia is getti@ ¢. The therapeutic approach
that is taken for persons who have HNF1A-MO Y('& ontingent upon their age as well as
their HbAlc levels®. Patients who have mu atio@ the HNF1a gene are at a significant risk
when they are given sulfonylurea, whiclﬁa edicine that is used to treat hypoglycemia as

N
an oral preparation. \
&

Those individuals who ha\@%%ons in the HNF1a gene are expected to have decreased
hepatic clearance of ¢ @sulfonylurea derivatives, which is considered to be the source of
higher serum 1(.63%\\& possible that the high amounts of these drugs that are currently in
circulatio he reason for their increased effectiveness. When compared to the response
rate b%g#ith regular metformin, the response rate shown with sulfonylureas was five times
higher in patients who were diagnosed with HNFIAMODY. On the other hand, evidence
suggests that the two medications are practically equivalent in terms of their effectiveness in

treating type 2 diabetes. It is typically observed that individuals who have HNF1IA-MODY

exhibit a more favorable response to sulfonylureas as opposed to insulin therapy when it
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comes to the regulation of blood glucose levels. As an additional point of interest,
sulfonylureas have been shown to have a beneficial hypoglycemic effect when they are
provided while fasting. HNFIA-MODY patients exhibit a high level of sensitivity to
medications that are taken orally that contain sulfonylureas. The occurrence of sulfonylurea
medication that is ineffective is extremely uncommon, and it only happens to a very small
percentage of people who have the c.618G>A mutation. Seventy-four Q%-dose
sulfonylureas, such as gliclazide, which should be administered at a dailyidosage of 2040
mg, are recommended for long-term maintenance and should be ’%}ered the first-line
treatment for HNFIA-MODY 74, A large number of studies h e%m that individuals who
have specific variations, on the other hand, do not r@ the medications that were
mentioned earlier. P.His126Asp individuals exh'bip&%k of sensitivity to glucagon-like
peptide-1 receptor agonists (GLP-1Raa), whicl%bmore commonly referred to as incretin

analogues within the medical community’ \

They exhibit a lack of reactivity @lcm\@nylureas and dipeptidyl peptidase-4 inhibitors (DPP-
4 inhibitors), regardless of t ) age that is administered to them. On the other hand, despite
the fact that low-dose S}szlurea therapy is the primary treatment for MODY 3, it does not
exhibit any pa@lnerability to type 2 diabetes and is not related with HNF1a. Those
Mexicans ave the HNF1a p.E5S08K mutation do not exhibit an increased susceptibility
to sﬁ;@reas, according to the scientific literature’”>. HNFIA-MODY genes are
characterized by a wide variety of clinical and genetic variants, as the conclusion of this
discussion suggests. With that being said, MODY3 continues to display a considerable

amount of character. Reduced levels of high-sensitivity C-reactive protein, often known as

hsCRP, are typically observed in individuals who have been diagnosed with HNF1A-MODY
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conditions™. To further complicate matters, even though MODY?3 is a form of monogenic
diabetes, the severity of the ailment varies depending on the individual's genetic
predisposition as well as the environmental variables that they are exposed to. In the past,
people who were diagnosed with MODY3 were frequently fat or overweight, and they did
not have any additional risk factors for type 2 diabetes, such as dyslipidemia or hypertension.
In addition, they lacked the necessary qualities for this condition. In light of @t that the

prevalence of overweight and obesity is on the rise, it is not out of 'the fuestion that

individuals who have MODY3 who are also classed as overweight @e. The distinction
between type 2 diabetes and HNF1A-MODY?3 is more diffic t&ake due to the fact that
statistics show that more than thirty percent of people die with HNF1A-MODY in the
United States are either overweight or obese. As %%uence of this, despite the fact that
there are clinical standards that have been es ed for the identification of MODY3,
patients who have HNF1IA MODY3 ma oXoccasion fail to meet all diagnostic criteria or

may suffer from an inaccurate diagndsishof type 1 or type 2 diabetes’®.
N\

2.4 Review of Empirical@s

In the HNFIA gen& total of nine different variants were discovered. These variants
included seve@ations, including one novel mutation identified as 538G>C in the
promoter @, as well as six novel mutations in the coding area. Additionally, there were
two p\bﬂnorphisms. Based on the findings of the functional test, it was shown that the
HNFIA4 promoter displayed a decreased transcriptional activity for two different promoter
variants specifically. The mutation in the Arg263His coding region was shown to be
associated with diabetes in eight individuals belonging to a single MODY family, however it

was not found in any members of the family who did not have diabetes’s. Our findings in
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Paper II show that none of the 27 HNF1A variants that were considered to be harmful were
associated with an increased risk of developing type 2 diabetes in the population cohorts
(odds ratio = 2.02; 95% confidence interval = 0.73-5.60; p-value = 0.18). The utilization of
bioinformatics prediction tools allowed for the evaluation of the anticipated adverse
consequences, which were used to establish this’’. The functional repercussions of these
changes were investigated further by analyzing the influence that these variati %\m the
transcriptional activation of HNF-1A, the binding of DNA, and{ th¢™ subcellular
(cytoplasmic/nuclear) localization of the protein. A further investias conducted to

look at the connection between type 2 diabetes and various otﬁr ctional test models.

A transcriptional activity that is lower than sixty percer@ comparison to the activity of
wild-type HNF-1A, was found to be the most sign@gb( predictive factor that correlates type
2 diabetes with the phenotype of a carri e 2 diabetes (odds ratio = 5.04; 95%
confidence interval = 0.0007). The, sj&cs show that around forty-four percent of the
population possesses HNFIA m&‘{(l(—;}s, which considerably raises the chance of disease
onset. This is a huge rise%QAe presence of protein-coding variants that have a mean
absolute frequency (MA at is less than 0.01% is indicative of an increased propensity for
pathogenicity. @M nges are also linked to uncommon disorders like MODY'. In addition,
the misse%é;ariants that were found to be the most abundant were investigated in
pop%%frequency databases, such as gnomAD, as well as clinical variant databases in
Cape Town, particularly ClinVar”’. Two possible variants in HNFI1A were discovered, each
of which had a minor allele frequency that was lower than 0.1%. In this case, the variations
are c.1124delG; p.(Gly375AlafaTer9) and c¢.1243G>A; p.(Gly415Arg). It was discovered

that the p. (Gly375AlafaTer9) mutation was present in three people: two people who had
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poor glucose tolerance and one person who did not have any symptoms of diabetes.
Furthermore, the presence of p. (Gly415Arg) was identified in a single person who had a
decreased glucose tolerance. On the basis of this and other clinical criteria, it would appear
that these polymorphisms do not cause MODY ; nonetheless, it is possible that they are a risk
factor for type 2 diabetes (p.(Gly415Arg))’”. Out of the fourteen modifications that were
found in Indians, four of them were classified as pathogenic, six of them wergﬁﬁed as

potentially pathogenic, three of them were classified as variants of unkn nsequence,

and one of them was classified as benign. The formation of hetero@of HNF1B was a
possibility for patients who possessed mutations that were eithet\pathogenic or potentially
disruptive. Sanger sequencing and next-generation sed %g were performed on four
hundred fifty Hungarian index patients who were su d of having MODY disease*’. The
results of these tests indicated that approxi ate& percent of the patients presented with
a positive result. It was discovered that th gene included more than seventy percent of
.
the pathogenic mutations, the HNIF\(A%ene contained more than twenty percent, and other
genes that are connected to {@[ contained fewer than ten percent of the defects. An

evaluation was perforn@ total of 48 patients and their family members, and the results

revealed that tt}@‘A gene had 8 pathogenic mutations and 9 potentially pathogenic

mutations78.6
Z.SQ/%retical Framework

In an attempt to explain molecular characterization of HNFIA gene among diabetic patients
in Lagos, the health belief model serves as a useful framework in identifying the outcome on
the level of understanding and perception on the molecular characterization of HNF1A4 gene

among diabetic patients.
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2.5.1 Health Belief Model

The health belief model is a psychological framework that was developed with the purpose of
informing and predicting actions that are related to health. The initiative, which was initiated
in the 1950s by a group of social psychologists working for the United States Public Health
Service, aimed to obtain a better understanding of the variables that were contribu,%to the
low level of participation in the computerized program that was developed f@%etection
and prevention of disease’®. According to this theory, two elen@(d(at impact an
individual's behavior about health-seeking are the individual's asse @r of the threat that is
posed by a health condition and the value that is attributed @chniques that can minimize

that threat. It examines the relationship between a person@liefs and the behavior that they

exhibit in their daily life’®. &Q
2.5.2 Major Concepts of the Model @

R
The term "perceived susceptibility{‘%rs to the degree to which an individual is aware of
their sensitivity to a certain h problem’®. According to this point of view, a health worry
may be personally si@s@%@ or it may imply that a medical diagnosis is accurate’®.
Individuals wil f@from taking action until they can determine that the severity of the
situation is Bere enough to result in significant effects for their bodies or for their social
live\]/%’Qe the fact that they admit their special sensitivity to the circumstance, this can
still be considered valid. It is referred to as the patient's perceived advantages when they are
convinced that a particular treatment would either cure their illness or reduce the likelihood
of them becoming sick in the future’®. In the context of the therapy or operation, the phrase

"perceived cost" relates to the difficulty, time, and accessibility involved with the treatment
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or procedure®®. In the context of the concept of motivation, the propensity to comply with a
therapy and the conviction that persons should engage in actions that would enhance their
health state are both included. There are a number of elements that are subject to change,
including personality characteristics, the degree of pleasure that patients experience, and
socio-demographic factors’®. The health belief model is comprised of three fu&mental

S

1. Individual Perception: Individual perception or view of susceptib&gdsease and the

components, which are described in the following manner’®:

seriousness of the disease combine to form his perceived threat ess. For example, a
patient needs to understand the familial link for mental ies particularly when other

people have died from mental illness, the patient ma@ve the personal risk of mental

disorder’®. b(b
(o)

2. Modifying Factors: Age, gender, ra&gm ethnicity are some of the demographic
factors that are taken into conmder&%Q 0 this research. Furthermore, personality, social
status, and the influence of a r&%xe group are addressed, in addition to demonstrations of

approaches that can be @)ractice. Requests for guidance from friends, family members,

professionals in thg& of mental health, and the media’®.

N

3. Variables, Affecting the Likelihood of Initiating Actions: The third component is the
Vari@ting the likelihood that the individual will take any action, the extent to which
action is believed to be beneficial is viewed in conjunction with existing barriers to that

action’®.
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Figure 2.17: Schematic Representation of Health Belief Model’.
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2.5.3 Adaptation of Health Belief Model to Study

1. Perceived Severity
On the other hand, it could be the result of an individual's misunderstandings regarding the
repercussions of diabetes or the difficulties that it would provide in their life. The
anticipation of a potential risk is an essential step that must be taken before putting into
action a preventative approach. The people who live in Lagos State ought t@%cipate in

preventative actions in order to solve the problems that are caused by di etgs/

2. Perceived Susceptibility Q
The greater a person’s perceived susceptibility is, the gr e likelihood that they will
engage in practices to reduce the risk. Lagos state resi § more likely to partake in good
practice if he/she perceives they are at risk é@velopmg health complications and
irreversible health condition associated wit Qetes. An increase in perceived susceptibility

has been shown to enhance engagemé i@md practices.

3. Perceived Benefits \
It is the conviction tha a@dlwdual has regarding the manner in which altering their
behavior would en aghelr life in comparison to the activities that they have been
engaging in_in Q}ast or the manner in which the modification will be useful in reducing
the likeli of obtaining an illness. Those who live in Lagos State and have a
comp\sbensive awareness of the elements that contribute to diabetes are more likely to steer

clear of those causes.
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4. Perceived Barriers

In the context of the acquisition of a new habit, the term "individual assessment" refers to the
appraisal that an individual makes of the factors or challenges that create barriers to the
process. It is the purpose of this article to investigate the negative perceptions that are
connected to preventative actions. Perceived obstacles are the construct that outperforms all
other dimensions in terms of their ability to accurately predict changes iu@wior. The

difficulties may include, among other things, a lack of information, c%guﬂewpoints and

5. Self-efficacy

customs, socioeconomic conditions, and other factors. EQ

Under most circumstances, people will refrain from seeking/out new career chances unless
they are certain that they will be successful in t@)n. In the event that an individual
considers a novel technique to be adva ﬁs@fb but is uncertain about her capacity to
implement it, it is quite probable that ill refrain from attempting to put it into practice.
When taking into considerationé%(oc\vel of pressure that is exerted by society, this is
extremely relevant. .Q\A

2.6 Summary of G Literature Reviewed

There have be@ ous regions and ethnic groups all over the world that have been
investigate @the presence of gene mutations in nuclear and mitochondrial DNA, as well as
singN\n/%eotide polymorphisms (SNPs) that are associated with diabetes. A number of
studies have been carried out in order to investigate the genetic factors that influence diabetes

incidence. There are between one and two and a half percent of all instances of diabetes that

are caused by the MODY type of monogenic diabetes’.
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This is the most common form of the disease. MODY is distinguished by the presence of an
autosomal dominant inheritance pattern, the onset of diabetes in individuals under the age of
25, and a reduction in insulin production as a consequence of mutations in transcription
factors that are responsible for the formation and function of beta cells. There are currently
fourteen distinct subtypes of MODY that have been discovered”. MODY1 (HNF4A),
MODY2 (GK), MODY3 (HNF1A), MODY4 (PDX1), MODY5 (HNF1B), Q DY6
(NeuroD1) are the subtypes that are included in this description. When it cerJthhese three
categories of abnormalities, the most common cause of MODY is @’&aion in the HNFIA

gene. At the same time, single nucleotide polymorphisms (S %s@ are located within and
1

close to HNFIA have been associated with an increas hood of developing type 2

diabetes. Q

Although it has been established that there is a (a?ion between HNF1A4 SNPs and type 2
diabetes, the nature of the causal intera&oxbetween the two is still still unknown. These
findings are consistent with the @\}aﬁon that has been shown between MODY3 and
HNF14 mutations. Multiple’s{@%have made use of mice lacking HNFIA in order to gain a
better understanding @Qpathophysiological role that HNFIA plays in diabetes™.
Nonetheless, t ’\&)' ular foundation remains insufficiently explored owing to the
phenotypic gﬁity revealed in Hnfla-null creatures and individuals with diabetes. In

orde to@r understand the HNF1A gene in diabetes patients in Lagos, it is necessary to do

molecular characterization of the gene.
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Chapter Three
Methodology
3.1 Research Design
The present study employed a quantitative (analytical), cross sectional research design

Study population: All patients attending and confirmed to have elevated b@ugar and

HbA1C in Federal Medical Centre, Ebute-Metta, Lagos. ’\Q/

Study location: According to estimates, the population of L Qs approximately 21
million in the year 2015, making it the most populated metro an area in Nigeria. After the
Nigerian government made the decision in Decemb é@to move the capital to Abuja,
which is located in the middle of the country, Lag@tmued to serve as the nation's capital
until that time. Awori, a subset of the \@fgeople founded Lagos as their place of
residence!. They were originally from ﬂ({' as that are now known as the Local Government
Areas (LGAs) of Lagos Island, %Q a, Amuwo-Odofin, and Apapa. These individuals are
referred to as the Awori s@oup As a result of the rapid progression, the city expanded
westward beyond the encompassing regions that are now known as Lagos Mainland,
Ajeromi-Ifelodun gurulere The two primary regions that are recognized as Lagos are
the Island@h is where the city of Lagos was initially established, and the Mainland,

whi&\@, here it has also evolved since then. In Lagos, there are sixteen different local

government areas, and Ikeja is one of them. Ikeja is the capital of Lagos State.

Study Sites: The Federal Medical Centre Ebute-Metta, Lagos was used in this study. Federal
Medical Centre Ebute-Metta, Lagos, was chosen due to various factors such as its facilities,
patient population and its track record in management of diabetes.
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3.2 Sample Size

The sample size (N) was determined using sample size determination formula for health

studies. The overall pooled prevalence of DM in Nigeria is 5.77%?.

N = Z’P (1-P)
D? \
N = sample size required QQ
Z = confidence level at 95% (standard value of 1.96) Q/
P = estimated prevalence of DM in Nigeria is 5.77% (0.
D = margin of error at 5% (standard value = 0.05
N =1.96X 0.0577 (1-0.0577) Q

0.052 b’b?
3.8416 X 0.0577 (0.94) ’b’
N\
.@
0.0025 \
N =83 mini le si \AQ
= minimum sampie SlZ@

Therefore, a total of 1 &ents were used in this study.

The study op® for the present study consist of 48 patients diagnosed with diabetes
mellitus Oyears and above with no pre-existing chronic kidney disease, chronic liver
dise%b,/chronic obstructive pulmonary disease, smokers, alcoholics and having acute
infectious diseases who are residents of Lagos state. 52 apparently healthy individuals were

employed as controls.
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3.3 Sampling Techniques and Sample Collection

The sampling technique that was adopted for this research study was the simple
random sampling technique. This method was ensured that all diabetic patients who are
residents of Lagos State, have equal chance of being selected. There was no bias in the
participant’s selection. Ten milliliters (10ml) of venous blood were obtained &m the
anterior cubital vein of qualified patients using sterile veni-puncture proced@ng 10ml

disposable, sterile syringe. The blood was collected in ethylene dia@(&ﬁa acetic acid

anticoagulated sample bottle and fluoride oxalate sample bottle forng %1 ic and biochemical

analysis and was stored at 5°C until required for a@se. The fluoride oxalate
anticoagulated blood sample was centrifuged at 3000RP® Sminutes and the plasma was

obtained into a sterile bottle for biochemical analy%%(%n 4hours.

3.4 Description of Research Instruments \Q
3.4.1 Estimation of Fasting Blood Q@

3.4.1.1 Principle A

The enzym se 0x1dase (GOD) catalyzes the conversion of glucose into
gluconic acid Sposure to atmospheric oxygen. This procedure yields hydrogen
peroxide . The enzyme peroxidase (POD) facilitates the liberation of nascent oxygen
(02) ydrogen peroxide. This oxygen subsequently reacts with 4-amino antipyrine and

phenol to yield a crimson molecule known as quinoneimine dye. A direct association exists

between the concentration of glucose in plasma and the intensity of the color?.
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3.4.1.2 Reagents

1. Glucose colour reagent; it contains:
Glucose oxidase (GOD),

Peroxidase (POD),

Phosphate buffer (pH 7.5) %

2. Glucose standard solution, Concentration = 100 mg/dl@ mg of anhydrous glucose was

4-amino antipyrine,

Phenol, and

dissolved in 100 ml of distilled water &Q
3.4.1.3 Procedure @

1. The test tubes were arranged as bli@ dard and test (Sample).

2. 20microlitre of the sample@ard and distilled water were added into their respective

labelled test-tube Q’Q
3. 2000micr01i€.®ose reagent were added into each test-tube.

4. The so]@vere mixed and incubated at 37°C for 15minutes

Q

5. The absorbance were read at 520nm.
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3.4.1.4 Calculation

Results were calculated as follows:

Result = Absorbance of test X standard concentration

Absorbance of standard

3.4.1.5 Reference range

70-110mg/dl

3.4.2 Genomic analyses
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PCR primer sequences for the HNFI1A4 gene

Site Forward Reverse

Exon 1 TGCAAGGAGTTTGGTTTGTG GAAGGTCATGGGGACTCAAC

Exon 2 GCCATGGCAATGAGAAAGAA GGCAACTGGACAGCCTTTTA

Exon 3 GGCAGAGCTCAHCTTCTCAG AAGGAGTGGCATG&GGAA

Exon 4 CTCTGGGAAGGAGAGGTGGT GTCCCAGAGA@TGCAGA

Exon 5 TGAGTCCCCTAGGGACAGG CCTGCCT&&X}TTAGCTT
N\

Source*

3.4.2.1: Primer synthesis: The primers were synthesized usil@igosthesizer machine at the

department of Nigerian Institute of Medical Research . Include primer sequence data

which were given me. b’b
O

3.4.2.2 DNA extraction: Genomic DNA @isolated from EDTA anticoagulated whole

blood using the standard protocol (Q %lood Mini kit) 4.
3.4.3 PCR QIAGEN Proceﬂ&

1. Pipet 200microlitr &ole blood, 20microlitre of QIAGEN protease and 200microlitre

of buffer AL ir@ low binding micro-centrifuge tube and mix by vortexing.

2. Incubaé&oc for 10minutes.

\/QJ

3. Spin down briefly to remove drops from the inside of the tubes.
4. Add 200microlitre of 96-100% ethanol and mix by vortexing.
5. The mixture were carefully applied to a QIAamp spin column.

6. Centrifuge for Iminute at full speed (15,000 xg).
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7. Discard the tube containing the filtrate. The DNA was bound to the filter in the spin

columns.
&. Place column in a 2ml collection tube.

9. Open the QIAamp spin column and add 500microlitre of buffer AW1 without hitting the

rim. Close the cap and centrifuge for Iminute at full speed, the place the spin &n in a

clean 2ml collection tube. ( 0
10. The QIAamp spin column were carefully opened and 500micro]é%&buffer AW2 were

added. The cap was closed and the QIAamp columns were %fuged for 3minutes at

maximum speed. QO

11. Discard the 2ml collection tube containing th 1(@% place the QIAamp spin column in

a new collection tube and spin for Iminute t\é@e residual buffer AW2.

12. Place the spin column in a cleaﬁ\\'. 1 low binding micro-centrifuge tube and add
200microlitre of buffer AE or dis%fi?vater to the spin column.

13. Incubate at room te%e%\lre for Sminutes to elute the DNA and centrifuge for 1minute

at full speed. &

3.4.4 ACM%assiﬁcation

O

All &R variations will be assessed using the ACMG guidelines, which classify variants
as pathogenic (class 5), likely pathogenic (class 4), uncertain significance (class 3), likely

benign (class 2), or benign (class 1).
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3.5 Data Management
3.5.1 Data Collection

Biodata and social demographic data was collected using a well-structured self-
administrated pretested questionnaire which was specifically designed to obtain information

that helped in either including or excluding certain individuals from this study respectively.

3.5.2: Data entry: Data was entered into excel spread sheet OQ
3.5.3 Data analysis /\Q/

The data were analyzed utilizing Statistical Package for @cial Sciences software
(SPSS) version 26.0. Results will be presented as per: , proportions, and mean =+
standard deviation, and will be illustrated in spg@?e tables and figures. To assess
associations and comparisons between groups, % ay ANOVA and Student's t-test will be
employed as appropriate, with p<0.05 dee \;l’;atistically significant.

X
3.6 Ethical Approval \(—)\
Q

A letter of appro:a@collect data and samples from the participants was obtained

from institutions 1% tudy sites. Approval from Research Ethics Committee of the

[ ]
Nigerian Instit@

obtained @ed consent from the participants. Informants/ Participants have the right to

edical research will be obtained for the study. The researcher was

rema}t\ggnymous. Principles of confidentiality and anonymity were maintained throughout
the study. No personal details will appear on the instrument of data collection (questionnaire).
Only the researcher, supervisor and statistician have access to the information and data that
was obtained for the purpose of this study only. Participation was entirely voluntary and

participants were informed that they are free to decline to participate any time without
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suffering any negative consequences. Participants were given adequate information about
the study and no part of the research process is expected to pose a source of physical or

emotional harm to the participants.
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Chapter Four
Results and Discussion of Findings

4.1 Results

Among the 100 study participants, 47 of them (47%) were males while 53% were
females. Mean age of the participants was 46.45 years while 40% of the pagtidipants were
aged 51-70 years (Table 1). Also, 63% of the study participants had n body mass index
(BMI) of 24.3 while 37% were overweight or obese. The mean v {howed significant
difference for both age and sex with p < 0.000 and 0.003 r ﬁ (Table 2). The mean
values showed significant difference for age but no s cant difference was observed
within sex and BMI at 95% confidence level (p able 3). The parameters tested for
showed no significant difference for age, s %I

with respect to the genetic variants at

95% confidence level (p < 0.05) (Table {&

Also, the study showed cQhere is polymorphism of the HNFIA gene in the
participants. Different b d& were detected in the different exons used in the study while
some partlclpants d %\ave the specific exon. All the participants had different types,
band sizes and \bers Exon 1 had three (3) bands while exons 2-5 had only one band but

different @mgh‘[s showing variations in the exons and by extention in the HNAFIA gene

(Tabk&o and plates 1-5).

130



Table 4.1: Frequency Distribution and Percentage of Non Genetic Risk Factors for the Non

Diabetic and Diabetic Mellitus Participants with their Respective Mean = SD

Parameters Frequency Percentage (%) Mean £+ SD
(N=100)
Sex Male 47 47

Female 53 53

Age (years) 2030 16 16 ®5 +12.14
31— 40 13 13 :Q

41 -50 31 31
5170 40 40 /\
BMI (Kg/m?) Normal 63 63 0 2430 +3.88
Overweight 27 2
Obese 10 :
Fasting Blood Non Diabetes 43 7.36 +3.93
Sugar (mmol/L) be
Diabetes 57 fbb 57
JHrPP (mmol/L)  Non Diabetes 21 @ 21 1425 + 4.03
Diabetes 79 5& 79
Hb1Ac (%) Non Diabetes %-)\ 52 6.73 +£3.94
Diabetes A 48
Height (m?) . \ 100 100 1.74 £0.06

Laboratory Analysis, 2024 Q\
P

O

\/QJ
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Table 4.2: Distribution of BMI (kg/m?) across the Age Categories and Sex of Respondents

with their Respective Mean + SD

Parameters BMI (kg/m?) Mean p-value
Normal Overweight Obese
Age 20-30 14 2 0 20.01 = 0.000
22.2% 7.4% 0.0% 2.90
31-40 12 0 1 22,78 £
19.0% 0.0% 10.0% 2.53

4150 21 8 2 24, @
33.3% 29.6% 20.0%  2.67
+

51-70 16 17 7 4(%3).
25.4% 63.0% 70.0<VQ 97

Sex Female 29 19 2530+  0.003
46.0% 70 4% Q 0% 415
Male 34 22.98 +

54.0% 29 6%, % 10.0%  3.98
Mean+£SD 2430+
p-value 3.88

0.003 \\Q(b

\V
The Mean Values Showed Signiﬁcarﬁ@sence or Both Age and Sex at 95% Confidence
Level (p < 0.05) (.)

Laboratory Analysis, 2024 A@
Qﬂ\
R
O
\/QJ
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Table 4.3: Influence of Age, Gender and Body Mass Index in Assessing the Non Diabetic

and Diabetic Mellitus of the Participants

Parameters Fasting blood sugar 2HrPP (mmol/L) HbA1lc (%)
(mmol/L)
Non Diabetes  Non Diabetes Diabetes Non Diabetes Diabetes
Diabetes (\{
Age 20— 30 14 2 4 12 17~ 1
32.6% 3.5% 19.0% 15.2% 2.1%
31-40 9 4 5 8 3
20.9% 7.0% 23.8% 10.19 19.2% 6.2%
41 -50 12 19 4 27 Q 17 14
27.9% 33.3% 19.0% 34% 32.7% 29.2%
51 —70 8 32 8 10 30
18.6% 56.1% 38.1% ~N\40.5% 19.2% 62.5%
Mean+  7.36+3.62 1425+4.03 \) 6.73 = 3.94
SD
p-value 0.001 0.009 ’80 0.001
Vo \
Sex Female 20 37 (&) 49 33 24
46.5% 64.9% @% 62.0% 63.5% 50.0%
Male 23 20 . ,\%(153 30 19 24
53.5% 35. 1%\ %61.9% 38.0% 36.5% 50.0%
Mean 7.36 +3.62 \') 14.25 + 4.03 6.73 + 3.94
p-value 0.546 . o Q 0.688 0.228
BMI Normal 37 \26 17 46 42 21
(kg/m?) 86.00/QQ 45.6% 81.0% 58.2% 80.8% 43.8%
Overweig 2 25 2 25 8 19
ht 4%\ 43.9% 9.5% 31.6% 15.4% 39.6%
Obese (g} 6 2 8 2 8
A% 10.5% 9.5% 10.1% 3.8% 16.7%
Mea 6 7.36 +3.62 14.25 + 4.03 6.73 £ 3.94
SD
Ng%/e 0.232 0.082 0.208

The Mean Values Showed Significant Difference For Age But No Significant Difference

Was Observed Within Sex and BMI at 95% Confidence Level (p < 0.05)

Laboratory Analysis, 2024
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Table 4.4: Influence of Age, Gender and Body Mass Index (BMI) on the HNF1A4 Genetic

Distribution within the Study Participants before Digestion

Exon 5
(919bp)

Parameters Before digestion
Exon 1 300bp 118bp Exon 2 Exon 3 Exon 4
(418bp) (368bp) (469bp)
Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos 0s
Sex Female 3 54 32 25 52 5 6 51 10 47 56
60. 56.8 593 543 57.8 50.0 60.0 56.7 66.7 .0 571
0% % % % % % % % % SQ/ % %
Male 2 41 22 21 38 5 4 39 5&38 1 42
40. 432 40.7 457 422 50.0 40.0 433 4.7 50.0 429
0% % % % % % % % % % %
Age 20-30 0 16 10 6 16 0 4 % 1 15 0 16
0.0 16.8 185 13.0 17.8 0.0 4% s 6.7 17.6 0.0 163
% % % % % % % % % % % %
31-40 2 11 8 5 13 0 ? 11 3 10 0 13
40. 11.6 14.8 109 144 .0 122 200 11.1 0.0 133
0% % % % % % % % % % %
41 -50 0 31 15 16 ’G 2 11 3 28 1 30
0.0 326 27.8 3438 %20 0 200 122 20.0 329 50.0 30.6
% % °o % % °o % % % % % %
51-70 3 37 2 38 8 32 1 39
60. 389 38 9 35 6 80 0 200 422 533 37.6 50.0 39.8
0% % % % % % % % %
BMI (kg/m?) Normal 59 $ 31 59 4 8 55 6 57 2 61
80 @9 3 674 656 40.0 80.0 61.1 40.0 67.1 100. 62.2
0% % % % % % % % % 0% %
Overweight %27 15 12 22 5 1 26 6 21 0 27
‘Q> 84 27.8 26.1 244 50.0 10.0 289 40.0 247 00 27.6
(Jo % % % % % % % % % % %
Obese 6 1 9 7 3 9 1 1 9 3 7 0 10
fb 95 130 6.5 10.0 10.0 10.0 10.0 200 &2 0.0 10.2
0

LN

0%

0

%

%

%

%

%

%

%

%

%

%

Neg
11
61.1
%
7
38.9
%

4
22.2
%
2
11.1
%
6
33.3
%
6
33.3
%

12
66.7
%
5
27.8
%
1
5.6
%

Pos
46
56.1
%
36
439
%

12
14.6
%
11
13.4
%
25
30.5
%
34
41.5
%

51
62.2
%
22
26.8
%
9
11.0
%

The Parameters Tested For Showed no Significant Difference For Age, Sex and BMI With

Respect to the Genetic Variants at 95% Confidence Level (p < 0.05)

Laboratory Analysis, 2024
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Table 4.5: Influence of Age, Gender and Body Mass Index (BMI) on the HNF1A4 Genetic
Distribution within the Study Participants after Digestion

Parameters After digestion
Exon 1 digest Exon 1 digest Exon 5 digest Exon S digest
(248bp) (145bp) (725bp) (165bp)
Neg Pos Neg Pos Neg Pos Pos

Sex Female 1 56 1 46 % 0
25.5%  58.3% 44.0% 61.3% 553% ;0 6% 0.0%

Male 3 40 14 29 42 1
75.5%  41.7% 56.0% 38.7% 44 @ 42.4% 100.0
% %

Age 20 - 30 1 15 5 11 Qs 11 16 0
25.0%  15.6% 20.0% 1 132% 177 162% 0.0%
%
31-40 0 13 fbl 5 8 13 0
0.0%  13.5% 8. 0% 47% 132% 129 13.1% 0.0%
%
41-50 2 \2 24 10 21 31 0
50.0% 30 % 8.0% 32.0% 263% 339 313% 0.0%
%
51-170 Gé 29 18 22 39 1
25 O‘V \4 6% 44.0% 38.7% 474% 355 39.4% 100%
%
BMI (kg/m?) Normal q 59 19 44 21 42 63 0
00.0% 61.5% 76.0% 58.7% 553% 67.75 63.6% 0.0%

%

OV%QI}( 0 27 4 23 11 16 26 1

0.0% 28.1% 16.0% 30.7% 28.9% 25.8 263% 100.0

% %
\;&se 0 10 2 8 6 4 10 0

0.0% 104% 8.0%  10.7% 15.8% 6.5% 10.1% 0.0%

Laboratory Analysis, 2024
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Table 4.6: Frequency and Percentage Prevalence of HNF1A4 Gene Variants Amongst the

Study Populations Before Digestion and After Digestion

Parameters Frequency Percentage
(%)
Neg Pos Neg Pos
Exon 1 (505bp) 5 95 5 95
Before 300bp 54 46 54 46\
Digestion
118bp 90 10 90
Exon 2 (418bp) 10 90 10 Q/ 0
Exon 3 (368bp) 15 85 15 /\ 85
Exon 4 (469bp) 2 98 2 0 98
Exon 5 (919bp) 18 82 18, s 82
Exon 1 digest 4 96 @ 96
(284bp) Q
After Exon 1 digest 25 75 25 75
Digestion (145bp) Q
Exon 5 digest 38 @ 38 62
(725bp)
Exon 5 digest 99 ®%1 99 1
(165bp) ﬁ
RN
Laboratory Analysis, 2024 0&(’)\

.\A@

Qﬂ\
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Table 4.7: Influence of HNF1A Gene Variants on the Parameters Assayed for Non-Diabetic
and Diabetic Mellitus Patients Before Digestion

Parameters Before Digestion
Exon 1 300bp 118bp Exon 2 Exon 3 Exon 4 Exon 5
(418bp) (368bp) (469bp) (919bp)

Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos @Pos Neg Pos
Fasting Non 2 41 20 23 40 3 7 36 6 37 42 7 36

blood sugar diab 450 432 370 500 444 300 700 400 400 .43% ,500 429 389 439
(mmol/L) etes lﬂ%
% % % % % % % % ‘VQ % % % %
Diab 3 54 34 23 50 7 3 54 % 48 | 56 11 46
etes 600 568 630 500 556 700 300 6 0 565 500 57.1 61.1 56.1

% % % % % % % % % % % % %

2HrPP Nom 3 18 8 13 18 3&’@. 2 19 0 21 0 2
3

(mmol/L)  diab 5o 189 148 283 200 233 133 224 00 214 00 100
etes
% % % % % \ % % % % % % 0%
Diab 2 77 5& 69 13 66 2 77 18 61
etes 400 81.1 852 {(%'@ 70.0 100. 76.7 86.7 77.6 100. 78.6 100. 74.4

%%%@ % 0% % % % 0% % 0% %

HbAlc (%) Non 48 QQ 27 49 3 9 43 6 46 2 50 11 41
diab g .@46.3 587 544 300 90.0 47.8 400 541 100. 510 61.1 50.0
etes %(_}e % % % % % % % % 0% % % %
Diab 47 29 19 41 7 1 47 9 39 0 48 7 41
et“%’@.o 495 537 413 456 700 100 522 60.0 459 0.0 49.0 389 500
\, % % % % % % % % % % % % % %

The Parameters Tested For Showed No Significant Difference Between the Non-Diabetic
and Diabetic Mellitus With Respect to the Genetic Variants at 95% Confidence Level (p <
0.05) Before Digestion

Laboratory Analysis, 2024

137



Table 4.8: Influence of HNF1A Gene Variants on the Parameters Assayed for Non-Diabetic

and Diabetic Mellitus Patients After Digestion

Parameters After Digestion

Exon 1 digest Exon 1 digest Exon 5 digest
(248bp) (145bp) (725bp)

Exon 5 digest
(165bp)

Neg Pos Neg Pos Neg Pos %%\ Pos

Fasting Non 2 41 12 31 13 30
blood sugar diabetes 5, g0/ 45 70, 48005 413% 342% 48 4{9:/0

(mmol/L) . &
Diabetes 2 55 13 44 25 56
50.0% 57.3% 52.0% 58.7% 65.%@6% 56.6%

O
Q
2HrPP Non 0 21 17 20
(mmol/L) — diabetes ;o 51 g0, o 0%6 0% 10.5% 27.4% 20.2%
Diabetes 4 75 %\2 34 45 79
100.0 7{»._%* 88.0 76.0% 89.5% 72.6% 79.8%
% &
N\

HbAlc (%) Non g? 49 12 40 16 36 52
d‘ab‘"% 75.0% 51.0% 48.0% 533% 42.1% 58.1% 52.2%
@es 1 47 13 35 22 26 47
49.1% 47.5%

’b.b 25.0% 49.0 52.0% 46.7% 57.9%

\¥

0
0.0%
1
100.0
%

100.0

%

0.0%

0.0%

100.0
%

** The Parameters Tested For Showed No Significant Difference Between the Non Diabetic

and Diabetic Mellitus with Respect to the Genetic Variants at 95% Confidence Level (p <

0.05) After Digestion
Laboratory Analysis, 2024
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Table 4.9: Number(s) of Bands and Molecular Size of HNF 1A Gene Variants Before

Digestion Amongst the Participants

Parameters No. of bands Molecular size No of Percentage (%)
(bp) participants

Exon 1 3 505bp, 300bp and 100 100 \
118bp Q

Exon 2 1 418bp 100 ;\ged
Exon 3 1 386bp 100 EQ 100

Exon 4 1 469bp 100 100

Exon 5 1 919bp &Q 100

Laboratory Analysis, 2024
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4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19

on 1(505bp)

Plate 4.1 Exon 1 Before Digestion b’b
Laboratory Analysis, 2024 @
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M+ C12 3 4 5 67 8 9 1011 12 13 14 15 16 17 18 1% 20 21

1000

con 1 digest(284bp)

on 1 digest{145bp)

10

N4
Plate 4.2 Exon 1 After Digestion Q

Laboratory Analysis, 2024 &
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M 1 2 3 4 5 6 7 8 o 10 11 12 13 14 15 16 17

on 3 (386bp)

Plate 4.3 Exon 3 Digestion Q
Laboratory Analysis, 2024 b’b
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50
40
30

on H465bp)

20

10

Plate 4.4 Exon 4 Digestion Q
Laboratory Analysis, 2024 @’b
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on 3 (919bp)

Plate4.5  Exon 5 Before Digestion ,bQ

Laboratory Analysis, 2024 @
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M»»C 1 2 34 5 67 89 101112131415 16 17 1819 20 21 22

on 3-digest(725bp)

— Fon 5-digest(165bp)

N
Plate 4.6 Exon 5 After Digestion Q

Laboratory Analysis, 2024 b
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Table 4.10: Number(s) of Bands and Molecular size of HNF 1A Gene Variants after
Digestion amongst the Participants

Parameters  No. of bands  Molecular size No. of Percentage (%)
(bp) participant

Exon 1 digest 2 4284bp and 145bp 100 100

Exon 2 1 418bp 100 100 \

Exon 3 1 386bp 100 IOQQ

Exon 4 1 469bp 100 ;\ge’

Exon 5 digest 2 725bp and 165bp 100 0 100

Laboratory Analysis, 2024 Q
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Table 4.11: Mean + SD of the Non Genetic Values of Patients with Non Diabetic and

Diabetic Mellitus
Parameters Fasting blood sugar 2HrPP (mmol/L) HbA1c (%)
(mmol/L)
Non Diabetes Non Diabetes Non Qj&etes
diabetes diabetes diabete 0
Age 3858+ 5239+ 4376+  47.16+ 4081+~ 5256+
p- value 10.94 9.34 12.68 11.97 QS 9.20
0.000 0.000 0.255 0.2 770 0.000 0.000
Height 1.75 1.74 + 1.75 b@ 1.74 + 1.74 £
p-value 0.06 0.06 0.06 6%06 0.06 0.06
0.445 0.445 ’b 0.591 0.660 0.661
BMI 22.40 + 25.73 + 05\\\'%.98 + 24.65 + 22.63 + 26.11 +
p-value 3.88 32 C) 3.94 3.82 3.53 3.43

0.000 % 0.080 0.093 0.000 0.000
OO
g

The Param te@ted For Showed Both Significant and No Significant Differences
Between t n Diabetic and Diabetic Mellitus with Respect to the Non Genetic Factors at
95%& nce Level (p < 0.05) After Digestion For Both Age and BMI But not for Height

Laboratory Analysis, 2024
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4.2 Discussion of Findings

This chapter presents a detailed discussion of the results obtained from the investigation of
non-genetic risk factors and the molecular characterization of HNFIA gene variants in
diabetic and non-diabetic participants. HNFIA gene regulates liver-specific genes, and genes
that have a role in glucose metabolism, transport, and secretion of insulin. HNFIA4 gene
mutations are frequently associated with type 2 diabetes . The analysis showed Qﬁsﬁcally
significant difference between the ages of diabetic and non-diabetic participa = 0.000),
which confirms that older age is associated with a higher risk of ’%wng diabetes. This
finding aligns with the body of research that highlights ho%ng contributes to the
progressive loss of beta-cell function and increasing ingfli istance, both of which are
critical to the pathophysiology of T2DM 2 3. Studie;&@e suggested that the aging process
affects insulin sensitivity due to changes in rr% mass, adipose tissue distribution, and

hormonal regulation, making older ind'V\ﬂN s more susceptible to hyperglycemia and

diabetes onset * 7. , s\\'
5
6\

BMI is a critical factor in thé*&lopment of T2DM, as excess body weight is closely linked
to insulin resistance. T@ults from Table 4.1 reveal that 63% of participants in the study
had normal Bl{.,:\shil 37% were classified as either overweight (27%) or obese (10%).
Among the @betic group, the mean BMI was significantly higher (25.73 + 3.24 kg/m?)
com r@o the non-diabetic group (22.40 + 3.88 kg/m?), and the difference was statistically
significant (p = 0.000). This finding is consistent with numerous studies that have shown that
higher BMI is a strong risk factor for the development of T2DM ¢ 7. The association between
excess body weight and insulin resistance can be attributed to several mechanisms. Adipose

tissue, particularly visceral fat, releases a variety of pro-inflammatory cytokines that interfere
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with insulin signaling pathways, leading to reduced glucose uptake by cells 8. In addition,
obesity alters lipid metabolism, which further exacerbates insulin resistance 3. Given the
global rise in obesity rates, especially in low- and middle-income countries like Nigeria,
addressing BMI-related risk factors is crucial for the prevention and management of T2DM °.
The gender distribution of diabetes in this study showed that more females (64.9%) were
affected by diabetes compared to males (35.1%), as shown in Table 4.3. Altho ﬁee was
no statistically significant difference between the fasting blood sug els, 2-hour
postprandial glucose, and HbA1c levels between males and females,@her prevalence of
diabetes in women could be attributed to several factors@% suggest that women,

especially those post-menopause, may experience ho

metabolism, increasing the risk of developing dia tqbQ

changes that affect glucose

Furthermore, lifestyle factors such as phys@fgtivity and unhealthy dietary habits, which
are more prevalent in some female pO@{ons, may contribute to this higher prevalence 7.
However, it is important to note&g—t}le severity of hyperglycemia, as indicated by fasting
blood sugar and HbAlc le@ld not differ significantly between the sexes. This suggests
that once diabetes develeps, the clinical course of the disease may not be significantly
influenced by @1. he relationship between non-genetic factors (age, gender, and BMI)
and glyce;abontrol was further explored in Table 4.3. The analysis revealed several
impo\&ﬁndings regarding the impact of these factors on fasting blood sugar, 2-hour
postprandial glucose, and HbAlc levels. Participants in the older age groups (51-70 years)
exhibited significantly higher fasting blood sugar levels (p = 0.001), 2-hour postprandial
glucose (p = 0.009), and HbAlc levels (p = 0.001) compared to younger participants. This

indicates that advancing age is associated with poor glycemic control, which is consistent
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with the established understanding that aging exacerbates both insulin resistance and beta-
cell dysfunction 2 8. The findings suggest that older individuals may require more aggressive
glycemic control strategies to mitigate the long-term complications of hyperglycemia, such
as cardiovascular disease and nephropathy 7. BMI was also found to have a significant
impact on glycemic control. Overweight and obese participants exhibited higher fasting
blood sugar and 2-hour postprandial glucose levels compared to those with no %ﬂ. The
findings highlight the importance of weight management in the prevention,and“fhanagement

of diabetes 3. Obesity-induced insulin resistance is a well-known me@ underlying poor

glycemic control, and weight reduction has been shown to 6 ¢ insulin sensitivity and

glycemic outcomes ' 13, Q

The data displays the samples' diabetes PCR res%’b?% of them had positive results for
diabetes genetic markers, while 40% had "\bresults. According to a gender split, 35%
of the negative cases were male and 65@{% female, indicating that women might be more
likely to have false negatives or %é?\ower marker expression. However, the positive cases
were almost evenly distrib@ gender, with 51.7% of the positive cases being female and
48.3% being male. Igicular, 29 males tested positive (48.3%) and 14 males tested
negative (35%{.\%%%:

distributioyb%-lonstrated that there were few significant differences between the sexes,

26 females tested negative (26%) and 31 positive (51.7%). This

desp)& fact that somewhat more females had superior results. These findings are
consistent with worldwide patterns when contrasted with current research conducted between
2020 and 2025. A study conducted by the International Diabetes Federation (IDF) found that
although women are more likely to participate in preventative screening, they frequently

experience delays in diagnosis, which may account for the higher percentage of negative
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results among females despite significant favorable outcomes!®. Additionally, Zhang's study
revealed behavioral and sociocultural factors that affect detection rates but did not find any
discernible sex-based differences in genetic vulnerability to Type 2 diabetes. These results
highlight how crucial it is to take gender dynamics into account when diagnosing and treating
diabetes. Although the handwritten data lacks depth in age and lifestyle variables—which are

%gn'ﬁcant

crucial in modern diabetes risk assessments—it does support this by show@

female involvement and comparable positive rates!®. <
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Chapter Five

Conclusion
5.1 Summary of Findings

One of the key objectives of this study was to investigate the molecular characterization of
HNF14 gene variants and their association with diabetes. The study show a hig valence
of HNFIA gene variants in both diabetic and non-diabetic participanC/@h 95% of
participants testing positive for exon 1 variants before digestion. Th@dy found that the
majority of participants, both diabetic and non-diabetic, carsi FIA gene variants,

particularly in exon 1 and exon 5. However, there was no ;ically significant difference
u

in the distribution of these variants between the two 6 (p > 0.05). This suggests that
while HNF1A4 gene variants are prevalent in the @population, they may not be directly

associated with the development of diabete&Q

The lack of a significant associati '5\% en HNF1A variants and diabetes in this study
could be due to several reaS{Q.QFirst, HNF14 variations are typically associated with a
specific subtype of dig@&mwn as Maturity Onset Diabetes of the Young (MODY),
which accounts f(ﬁ\&mall proportion of diabetes cases globally. It is possible that the
participants& study predominantly had T2DM, which is influenced by a combination of
genetic @nvironmental factors. Despite the lack of a direct association between HNF'1A
variants and diabetes, the study did observe some trends in the influence of HNF1A variants
on glycemic control. Participants with positive HNFIA variants in exon 1 and exon 5 had
higher fasting blood sugar and HbAlc levels compared to those without the variants. This
finding suggests that HNFIA gene variants may play a role in modulating glucose

metabolism, potentially contributing to poor glycemic control in affected individuals. This
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finding is important because it highlights the potential clinical relevance of HNFI1A genetic
screening in individuals with poorly controlled diabetes, especially those who do not fit the
typical profile of T2DM. Genetic screening for HNFIA mutations could help identify
individuals with MODY, who may benefit from targeted therapies such as sulfonylureas,
which are often more effective than insulin in MODY patients. The results of this study have
several important clinical implications for the diagnosis and management of &. The

identification of age, BMI, and gender as significant risk factors for diabet€s ufderscores the

importance of early screening and intervention. Q

Older individuals and those with high BMI are at increased %eveloping diabetes and
may benefit from targeted screening programs that assesgsting blood sugar and HbAlc
levels. Early diagnosis can facilitate lifest%%odiﬁcations and pharmacological
interventions that prevent the progression @%tes and reduce the risk of complications.
The findings related to HNFIA gem@nts suggest that genetic screening could play a

AN

valuable role in the managemel'Q{é?iabetes, particularly for individuals with early-onset

diabetes or a strong famili@ of the disease. Identifying HNF 1A mutations can aid in the

diagnosis of MODY,, allewing for more tailored treatment plans that optimize glycemic
control. Furthe<mo\s'¢&,'u derstanding the genetic basis of diabetes can provide insights into

the mech@ underlying the disease, potentially leading to the development of new

ther%(& targets.
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5.2 Conclusion

This study has provided valuable insights into the non-genetic and genetic factors influencing
the development and progression of diabetes. Age, BMI, and gender were identified as
significant non-genetic risk factors, with older age and higher BMI being strongly associated
with poor glycemic control. While HNFIA gene variants were prevalent in % study
population, no significant association was found between these Variantdiabetes.
However, the presence of HNFIA variants may still influence @gl{lc outcomes,
particularly in individuals with early-onset diabetes. The stud @lights the need for
personalized approaches to diabetes care, where geneti@eening and individualized
treatment plans can optimize outcomes for patients. Furthetsesearch is needed to explore the
nucleotide sequence pattern of the different Varian@he HNFIA gene and its association to

HbAIc levels. ®%

The investigation demonstrated th%@sociation between non-genetic variables (age,
gender, and BMI) and glycgn&@l\rol is significant concerning their influence on fasting
blood sugar, 2-hour p@al glucose, and HbAlc levels. Individuals in the older age
cohorts demonstr arkedly elevated fasting blood glucose levels, 2-hour postprandial
glucose, an &A}c values relative to their younger counterparts. This suggests that
increasi%@e correlates with inadequate glycemic regulation, along with the recognized
noti(}bﬁat aging intensifies both insulin resistance and beta-cell impairment. The results
indicate that elderly adults may necessitate more intensive glycemic control measures to
reduce the long-term effects of hyperglycemia, including cardiovascular disease and

nephropathy.
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The results concerning HNF'1A4 gene variants indicate that genetic screening may be essential
in the management of diabetes, especially for those with early-onset diabetes or a significant
familial history of the condition. Detecting HNF /A mutations can facilitate the identification
of MODY, enabling more personalized therapy strategies that enhance glycemic regulation.
Moreover, comprehending the genetic foundations of diabetes might elucidate the mechanics
of the disease, thereby facilitating the identification of novel treatment targets Q&eearch
revealed a statistically significant disparity between the ages of diabetic@on-diabetic
participants, confirming that advanced age correlates with an ir@s risk of getting
diabetes. This discovery corresponds with existing research t ﬁasizes the role of aging
in the gradual decline of beta-cell functionality and th n insulin resistance, both of

which are essential to the pathophysiology of T2D. (bQ

The study demonstrates a significant incida@%NF 1A gene variants across both diabetes
and non-diabetic people, with 95%s. Q&‘icipants exhibiting positive results for exon 1
mutations prior to digestion. Theégg\ch revealed that most subjects, regardless of diabetes
status, possessed HNF'14 g@riaﬁons, especially in exon 1 and exon 5. Nonetheless, there
was no statistically si Qant disparity in the distribution of these variations between the
two groups. Thé%(&ﬁe

group, the@ not be directly linked to the onset of diabetes.

s that although HNF1A gene variations are common in the research

5.3 l&mmendations

1. Early and Routine Screening: Healthcare providers should prioritize early and routine
screening for diabetes, particularly in older individuals and those with high BMI. This

will facilitate early detection and intervention, reducing the risk of complications.
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2.

3.

5.4 Contribution to Knowledge ’\

5.5

Genetic Screening: Genetic testing for HANF1A4 mutations should be considered in
individuals with early-onset diabetes or a strong family history of diabetes. This can

aid in the diagnosis of MODY and guide more targeted treatment options.

Weight Management Programs: Given the significant association between high BMI
and diabetes, public health interventions that promote weight loss and\ healthy

lifestyle choices should be a priority for preventing diabetes in at-risk tions.

C

This study contributes to existing knowledge by highli the prevalence of
HNF14 gene variants among diabetic patients in Nigeria, and revealing that
although these variants exist, they are not signi@t ssociated with diabetes status.
It emphasizes the stronger influence of no&tic risk factors such as age and BMI
on diabetes prevalence, advocati@r early screening and personalized care
approaches. ¢ 5\%

c_)\
Suggestions for Furtl&@iies

Additional studﬁé&eeded to explore the role of HNF'1A variants and other genetic

factors (@xogenesis of diabetes.

U@nding the genetic underpinnings of diabetes may lead to the development of

\%/ therapeutic strategies.
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Appendices
Appendix I: Informed Consent Form

J F LA ) T

To participate in this research study, it is necessary that you give your informed consent
By signing this form, you are indicating that you understand the nature of the reseatch study

and your role in the research, and that you agree to participate in the resear(@ving read

¢
S

I understand that I am participating in a research 0 s

the subject information form).

Please consider the following points before signing

I understand that my participation will be anonymous (@s, my name will not be linked
with my personal information) and that all info a%Qprovide will remain confidential I
understand that I will be provided with % anation of the research in which I am
participating: . %\

I understand that my participation&é&tis research is voluntary, and that I may refuse to
participate further at any tim’e{@%ﬂ having to offer an explanation

By signing this form, @ting that I understand the above information and consent to

participate in tk'(f;é(;%

Signature/Thumbprint of Participant/Date Signature of Investigator/Date

N y ]

-
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Appendix
Questionnaire

Good day Sir/Ma I am a post graduate student in the department of medical
laboratory science, Leads City University Ibadan, conducting a research titled “Molecular
characterization of HNF1A gene in diabetic patients in Lagos Nigeria”. Please kindly
avail me few minutes of your time to peruse and provide the information requifed, in this
questionnaire. I assured you that all information supplied shall be used on @l research
purpose which is necessary for the control and prevention of conﬁ{catlons associated

diabetes mellitus. Please respond honestly to the question below@nﬁdentiality of your

QO

SECTION A: DEMOGRAPHIC AND CLINICA@‘A:

response to the questionnaire is guaranteed. Thank you.

Instruction: Please tick and fill in the gap a@nate

1. Age (years): 20-30 [ ],31-40[ ] 4'15\& Above 50 [ ]
2. Gender: Male [ ] Female [ ]{Q\

3. Religion: Christianity\b%am [ ] Traditionalist [ ]

4. Ethnic grou@[ ] Igbo [ ] Hausa [ ] Others (specify) ...................

5. Marital Q: Single [ ] Married [ ] Divorced [ ] Widowed [ ]
6. Occupation: Artisan [ | Trader [ ] Civil servant [ | Unemployed [ ]

7. Education status: None [ ] Primary [ ] Secondary [ ] Tertiary [ ]
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SECTION B; KNOWLWDGE OF DM

8. Have you heard about DM? Yes [ | No [ |

9. DM is a disease that occur as a result of excessive sugar in the blood? Yes [ | No [ ]
10. Family History of DM: Yes [ | No [ |

11. Have you been diagnosed with DM: Yes [ [ No|[ ] \

12. If yes to question 11, how long have you been diagnosed with DM: ........ Q

14. How long have you been on treatment for DM: ................... E EQ

13. Are you on treatment for DM: Yes [ | No [ ]

15. DM can be inherited: Yes [ ] No [ ] Q
16. DM is curable: Yes[ ] No [ ] Q

17. The symptoms of DM that you have experienc%’iblude: (Tick all correct answers)

a. Excessive urination: [ ] @b

b. Excessive thirst: [ ] '@
c. Excessive hunger: [ ] Aé

d. Loss of weight: [ ] Q\
18. Complications g\@

a. Blindness,(e lem): [ ]
b. Sexu &ction: []

c. Nerve’damage: [ |

at you have experienced include: (Tick all correct answers)

e. Kidney problem: [ |
f. Amputation of gangrened leg: [ ]
h. Poor libido: [ ]

Others specify: .................
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