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Abstract

ABSTRACT

Mutations in hepatocyte nuclear factor-lalpha (HNF-lalpha) gene
cause one type of maturity onset diabetes of the young (MODY) called
MODY3, which is characterized by poor insulin secretion in response to
glucose. Our study is focused on HNF-1alpha gene related to MODY3. The
aim of the present study is to detect the mutations in the HNF-1alpha gene in
the Egyptian patients for the first time, and to compare the results for

Egyptian patients with those in other regions of the world.

The present work includes eight Egyptian patients diagnosed with
MODY 3, their ages were between 12 and 17 years old. The direct sequence
analyses of the exons 6, 7, 8, 9 and 10 and promoter 1 of HNF-1alpha gene
were performed. The obtained results of the sequences were aligned with the
normal ones which were obtained from "NCBI" reference sequence database
with the accession number NM_000545.5.

The obtained results showed that three types of variants were
detected, i.e. single nucleotide polymorphism (SNP), missense and silent
mutations. It was observed that the maximum number of the variants was the
SNP variants that were found in the promoter 1, intron 7 and intron 9.
Twenty different SNPs were detected in the promoter 1 only in about 75% of
all patients (6 from 8 patients). The SNP variant ¢.1501+7G>A was detected
in intron 7 and represented about 62.5% of all patients (5 from 8 patients),
while the SNP variant ¢.1769-24T>C was found in intron 9 in about 75% of
all patients (6 from 8 patients). The two previous SNP variants detected in

intron regions were recorded before in different locations all over the world.

Two missense mutations were detected in this study. The first
missense mutation ¢.1304T>A was found in the exon 6 in about 12.5% of all

patients (one from eight patients). This mutation is a novel heterogeneous
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missense mutation. This mutation inserts the amino acid Aspartic acid in the
location of the amino acid Valine at the protein code number 435
(Val435Asp). The second missense mutation ¢.1460G>A was detected in the
exon 7 in about 62.5% of all cases (5 from 8 patients). It inserts the amino
acid Asparagine in the location of the amino acid Serine at the protein code
number 487 (Ser487Asn), and this mutation was mentioned before in other
places outside Egypt. The missense mutation substitutes the normal amino
acid to a different one, it changes the polypeptide so it can change the
function of whole protein. Therefore, the mutation can affect the gene
function causing several abnormal phenotypes. Based on that, we suggested

that the missense mutation is the most effective one.

Also, two silent mutations were detected in this study. The first one
was ¢.1375C>T which was found in the exon 7 in about 62.5% of all cases
(5 from 8 patients). This silent mutation alters the codon of Leucine amino
acid into another codon of the same amino acid (Leu459Leu). The second
silent mutation was ¢.1545G>A that was detected in the exon 8 in about
37.5% of all patients (5 from 8 patients). It changed the codon of Threonine
amino acid into another codon of the same amino acid (Thr515Thr). The

previous two silent mutations were also detected before in other populations.

An agreement is noticed between the mutations on the HNF-lalpha
gene detected in our study of Egyptian patients and those of other regions in
the world. Because of the exon 7 carries the different three mutations
(missense, silent and SNP) that were detected in our study, we can say that
this exon (7) may be responsible for the MODY3 diseases in the Egyptian
population. According to these results we suggest that the mutations in the
HNF-lalpha gene may be the main cause — and have an essential
contribution in the appearance — of MODY 3 disease in the Egyptian patients

who were enrolled in our study.
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LIST OF ABBREVIATIONS

Abbreviation The Meaning
A adenine nucleotide.
ABI 3730 | applied bio-system DNA analyzer 3730.
Asn (N) asparagine (an amino acid).
Asp (D) aspartic acid (an amino acid).
Buffy coat concentrateq white blood cells at th_e plasma/
erythrocyte interface, after blood centrifugation.
C cytosine nucleotide.
dbSNP single nucleotide polymorphism database.
DNA deoxyribonucleic acid.
EDTA ethylene-diamine-tetra-acetic acid.
EtBr ethidium bromide.
G guanine nucleotide.
HNF-1lalpha | hepatocyte nuclear factor-lalpha gene.
Leu (L) leucine (an amino acid).
MODY maturity-onset diabetes of the young.
MODY3 maturity-onset diabetes of the young, type 3.
NCBI national center of biotechnology information.
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Abbreviation

The Meaning

NHGRI national human genome research institute.
NIDDM non-insulin-dependent diabetes mellitus.
PCR polymerase chain reaction.

Proteinase K

tritirachium alkaline proteinase.

Ser (S) serine (an amino acid).
SNP single nucleotide polymorphism.
SNPs single nucleotide polymorphisms.
T thymine nucleotide.
T1D type 1 diabetes.
T2D type 2 diabetes.
TBE tris borate EDTA buffer.
Thr (T) threonine (an amino acid).
Val (V) valine (an amino acid).
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CHAPTER ONE

1.1 Introduction

Diabetes mellitus (DM) is a group of metabolic diseases in which
there are high blood sugar levels over a prolonged period (WHO, 2014).
Scientists and physicians have documented the condition for thousands of
years. From its discovery to the dramatic breakthrough in its treatment,
many brilliant minds have played a part in fascinating the history of such
disease (Krisha, 2009).

Diabetes is one of the first diseases that was described in the Egyptian
manuscripts in about 1500 BC; the ancient Egyptians described it as too
great emptying of the urine. Indian physicians around the same time
identified the disease and classified it as honey urine noting that the urine
attracts ants (Poretsky, 2009). Diabetes was given its name by the Greek
physician Aretaeus (30-90 AD). He has recorded a disease with certain
symptoms such as constant thirst "polydipsia”, excessive urination
"polyuria™ and loss of weight. He named the condition diabetes which means
a flowing through (Mohana et al. , 2012). The term mellitus or from honey
was added by Thomas Willis in the late of the 16" century to separate this
condition from diabetes insipidus which is also associated with frequent
urination (Poretsky, 2009). Although they both have a common name,
diabetes mellitus and diabetes insipidus are two entirely separated conditions
with unrelated mechanisms. Both cause producing large amounts of urine to
be produced (polyuria). Diabetes insipidus is caused either by a problem in
the production of antidiuretic hormone (central diabetes insipidus) or in
kidney's response to antidiuretic hormone (nephrogenic diabetes insipidus).

While diabetes mellitus causes polyuria by a process called osmotic diuresis,
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due to the high blood sugar leaking into the urine and taking excess water
along with it (Saborio et al. , 2000).

Throughout the 20th century, the treatment and understanding of the
disease have been advanced significantly. Although its prevention and
management remain difficult, the life of diabetic becomes both longer and
easier by the time (King et al. , 1998). The chronic metabolic disorder of
diabetes mellitus is a fast-growing global problem with the huge social
health and economic consequences. It was estimated that in 2010 there were
globally 285 million people "approximately 6.4% of the adult population”
suffering from this disease. This number was estimated to increase to 430
million in the absence of a good control or cure. Ageing and obesity are the
two main reasons for the increase of diabetes mellitus (Kaul et al. , 2012).

Diabetes mellitus is a real problem that influences the world in
general and Egypt in particular. Regarding the Egyptian society, diabetes is
inherited in Egyptian families; unhealthy Egyptians diet may also contribute
to diabetes spread too. Diabetics, in the Egyptian society, may suffer from
many side effects that probably affect their lives badly, such as: diabetic
foot, poor circulation, neuropathy, retinopathy, dermopathy, etc. (Soliman,
2013).

Every time we eat sugary or starchy food, the amount of glucose
available to the body rockets. However, the levels of glucose in the
bloodstream are maintained within narrow limits by two key hormones
insulin and glucagon that work to prevent hyperglycemia (abnormally high
blood glucose levels) or hypoglycemia (low blood glucose), respectively.
Both insulin and glucagon are released by the pancreas, that is a long,
tapered gland lying behind the stomach. The exocrine part of the pancreas
produces digestive enzymes, which travel via ducts into the small intestine.

Embedded in this tissue are nests of hormone-producing cells, i.e., the islets
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of Langerhans which secrete insulin and glucagon into the surrounding
network of the blood vessels.

High blood sugar levels stimulate the release of insulin produced by
the beta cells in the islets; this increases the uptake of glucose by cells.
Inside the body cells, the glucose may be used either as a source of energy,
converted to glycogen for storage mainly in the liver and muscles, or be used
in the production of fats. Glucagon is produced by the alpha cells in the
islets, and is released by the pancreas when the blood glucose is low. It
stimulates the breakdown of the stored glycogen to glucose, which is then
released into the bloodstream (Giles, 2004).

Diabetes is a condition in which the body does not produce or respond
to insulin, which is a hormone that regulates the level of sugar in the blood.
Diabetes mellitus arises when the produced insulin is insufficient, or when
the available insulin does not function correctly. Without insulin, the amount
of glucose in the blood stream becomes abnormally high, causing
unquenchable thirst and frequent urination. The body's inability to store or
use glucose causes hunger and weight loss (Giles, 2004).

In the short-term, hyperglycemia causes symptoms of increased thirst,
increased urination, increased hunger and weight loss. However, in the long-
term, it leads to blindness, kidney failure and nerve damage that may cause
impotence and foot disorders. As well, it increases the risk of heart disease,
stroke and insufficiency in the blood flow to legs. Studies showed that good
metabolic control prevents or delays these complications. Thus, the primary
goal of treatment is to bring the elevated blood sugars down to the normal
range to improve symptoms of diabetes and to prevent or delay diabetic
complications as well. Achieving this goal requires a comprehensive and
coordinated health care system (Kaul et al. , 2012).

Diabetes mellitus can be classified into three main types as following:
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« Type-1 DM results from the body's failure to produce enough insulin.
This type was referred to as insulin-dependent diabetes mellitus (IDDM)
or juvenile diabetes. The cause is unknown (WHO, 2013).

« Type-2 DM begins with insulin resistance, a condition in which the body
cells fail to respond to insulin properly (WHO, 2013). As the disease
progresses, a lack of insulin may also develop (Tripathy et al.,
2012). This type was referred to as noninsulin-dependent diabetes
mellitus (NIDDM) or adult-onset diabetes. The primary cause is
excessive body weight, and not enough exercise (WHO, 2013).

« Gestational diabetes, is the third main form, and it occurs when pregnant
women — without a previous history of diabetes — develop a high blood
glucose level (WHO, 2013).

Other categories of diabetes, are due to rarer causes such as genetic
syndromes, acquired insults (i.e., pancreatitis), diseases (i.e., cystic fibrosis),
exposure to certain drugs and viruses, and unknown causes (Kaul et al. ,
2012).

1.2 Maturity Onset Diabetes in the Young (MODY)

The most two common forms of diabetes are type-1 DM and type-2
DM. Both forms are caused by combination of genetic and environmental
risk factors. However, there are forms of diabetes that are directly inherited.
These include diabetes that is due to mutations in mitochondrial DNA, and
Maturity Onset Diabetes in the Young (MODY). An uncommon form of
Type-2 diabetes is accounting for < 5% of all Type-2 diabetes cases that
generally occur before age 25 years is MODY. MODY is characterized by a
slow onset of symptoms, the absence of obesity, no ketosis and no evidence

of beta cell autoimmunity. MODY displays an autosomal dominate pattern
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of inheritance that generally spanning three generations (Stride and
Hattersley, 2002).

Up to date 11 subtypes of MODY diabetes have been described
corresponding to mutations in 11 different genes, some of which encode
enzymes, and others encode transcription factors of the pancreatic beta cell
(Alemany et al. , 2014). Each one of these subtypes of MODY is caused by
a mutation in different gene that is directly involved with beta cell function
(Winter, 2003). MODY genes include (Ali et al. , 2014):

- Hepatocyte nuclear factor-4alpha (HNF-4alpha) gene, MODY1.
- Glucokinase gene (GCK), MODY?2.

- Hepatocyte nuclear factor-lalpha (HNF-1alpha) gene, MODY 3.
- Insulin promoter factor-1 (IPF-1) gene, MODY4.,

- Hepatocyte nuclear factor-1beta (HNF-1beta) gene, MODYY5.

- Neurogenic differentiation factor-1 gene (NeuroD-1), MODY6.
- Krueppel-like factor-11 (KLF-11) gene, MODY?7.

- Carboxyl-ester lipase (CEL) gene, MODYS8.

- Paired box4 (PAX4) gene, MODY9.

- Insulin (INS) gene, MODY 10.

- Tyrosine-protein kinase (BLK) gene, MODY'11.

Our study will deal with MODY 3 which is one of the most common
types of MODY; its cause is mutations in HNF-1alpha (Hepatocyte Nuclear
Factor-lalpha) gene. HNF-lalpha gene is expressed in the liver and
pancreas. It can also influence HNF-4alpha expression, indicating a
connection between MODY1 and MODY 3. In addition to causing MODY 3,
HNF-1lalpha mutations are associated with Type-2 diabetes (Pearson et al. ,
2004). MODY3 (also known as HNF-lalpha MODY) is caused by the
mutations of the HNF-lalpha gene, a homeobox gene which is located
on chromosome 12 (Frayling et al. , 2001). And locus was thought to be in
the region 12924 as shown in Figure 1-1 (Menzel et al. , 1995).
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