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ABSTRACT

Diabetes mellitus is usually a complex, long-term illness characterized by increased glucose
levels in blood. It is a condition primarily defined by the level of hyperglycaemia giving rise to
risk of microvascular damage.\ Probable mechanisms through which STK11 variants influence
type 2 diabetes integrate its part in pancreatic islet expansion, beta cell persistence and insulin
secretory granule. Diabetes prevention programme found that variants in STK11 are intricate in
development of type 2 diabetes'and some variants are also accompanying with a positive reaction

to metformin therapy and actiofl.

Diabetes mellitus type 2 is often a metabolic dysfunction that is considered as a hyperglycemic
condition inside the framewo}k connected with insulin level of resistance. In the present
research, we studied A/G poly{’norphism in STK11 gene in 100 diabetes type 2 patients and 50
healthy individuals. For rs3756525 87 A>G genotypes, the homozygous AA was 14% in controls
and 20% in patients that were on sulphonylureas medication, and 6% in patients that were on
métformin medication. The heterozygous AG was 23% in controls and 9% in patients that were
on sulphonylureas medication, and 15% in patients that were on metformin medication. The
homozygous GG genotype was higher in patients (14%) that were on metformin medication as

compared to the control (1 0%).-;

:Allele frequency of the major allele A was 0.5% in controls and 0.3% in patients that were on
metformin medication and 0.6% in patients that were on sulphonylureas medication. The
percentage of the minor allele G was 0.7% in patients that were on metformin medication as
compared to the controls 0.41%. This study will help in exact therapeutic targets for drug

dévelopment and pattern of mutation in humans.
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Chapter 2 literature Review

are often originally misdiagnosed as having T2DM, on the basis of an age relative to

particular cause of the disease (Borg et al., 2002).

2.2.8 Diabetes insipidus (DI): It is a situation categorized by unnecessary thirst and
elimination of large amounts of rigorously dilute urine, with decrease of fluid intake

having no consequence on the concentration of the urine (Babey et al., 2011).

2.3 Type 1I Diabetes

Type 2 diabetes is known as non-insulin dependent or insulin independent diabetes mellitus. It is
the most collective and mutual form of diabetes. Lots of individuals around the world have been
identified with this type of diabetes, and several individuals remain undiagnosed. It is the most
common form of diabetes and 90-95% of individuals are suffering from T2DM. Individuals are
at a larger threat of emerging cardiovascular diseases such as heart attack and stroke if type 2
diabetes is left undiagnosed or measured poorly. These individuals are also at a greater risk for
vision loss, foot and leg subtraction due to injury to the nerves and blood vessels, and renal
failure demanding dialysis or organ relocation (Babey er al,, 2011).

T2D is found of excessive significance as compared to the type 1 diabetes, because of the
encumbrance of sickness and transience (Dabelea ef al., 2014). Insulin is an essential component
for our body, so that it will be able to use proper amount of glucose in order to provide the
optimal quantity of energy to the immune system. Sugar and starches that we get after
consuming the food are broken down into glucose, which is the foremost requirement for the
cells. The role of Insulin is to take the sugar from the blood into the cells, but when glucose
deposit in the blood rather than going into the cells, it can lead to diabetes complications and
difficulties (Redondo, 2013).

Before the development of Type 2 diabetes, people mostly have "prediabetes" in which the blood
glucose levels in the body are higher than the normal but not adequately high to be identified as
diabetes In the case of type 2 diabetes, there is a less production of insulin in the body or the
cells do not respond properly to insulin. Insulin resistance in type 2 diabetes patients upsurges
the mandate for insulin in insulin-target tissues. In accumulation to insulin resistance, the
improved request for insulin could not be encountered by the pancreatic B cells due to

imperfections in the utility of these cells (Halban et al., 2014).
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2.4 Epidemiology of type 2 diabetes

Presently Diabetes Mellitus affects 387 million people globally (International Diabetes
Federation, 2014), creating up about 90% of the cases with Type-2 diabetes, which is equal to
8.3% of the adult inhabitants, with identical tariff in both male and female (Vos ef al., 2012).
Diabetes mellitus is assessed to‘have caused 1.5 to 4.9 million deaths per year, subsequently in

the years 2012-2014 (World Health Organization, 2013). In 2014, the worldwide financial

‘budget of diabetes was expected to be $612 billion USD (IDF Diabetes Atlas, 2013). By 2035,

the figure of people associated with diabetes is estimated to rise to 592 million. Pakistan is-
considered as an excessive epidemic region, presently involving 6.9 million people affected with
expected estimations likely to double and affect 11.5 million people by 2025 (International
Diabetes Federation, 2014). Pakistan at present stands at the 7th position among the countries
affected by DM and if situation prevails it is anticipated to move to forth position. Type 2
diabetes is the most common form as compared to thé type 1 diabetes and it includes 90% of
individuals with diabetes around the world. Occurrence of Type 2 diabetes mellitus between the
adult population (>25 years) is 13.9% in Sindh and considered to be 8.6% in Baluchistan, and a
incidence rate of type 2 diabetes mellitus in NWFP is 11.6% in adult women and 9.2% in adult

men (Shaw et al., 2010).

2.5 Risk factors for type 2 diabetes
There are certain environmental and biological factors which upsurge the risk of developing type

2 diabetes.
2.5.1 Environmental factors:

2.5.1.1 Physical inactivity:
The less dynamic the individual is, more prominent the danger of type 2 diabetes will be.
Physical movement controls weight, uses glucose as an energy source and help body cells to

become more subtle to insulin (Almdal ef al., 2008).

2.5.1.2 Smoking:
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Centrifuged was repeated at 1200 rpm at 4°C for 10 minutes, after discarding the
supernatant the nuclear pallet was re-suspended in Sml SDS drop wise while vortex and

10pl of protein kinase. The sample tubes were left overnight on a water bath at 55°C.

On thé following day‘Sml of freshly prepared mixture of equal volume of Solution C

(phenol) and Solution D was added, mixed and kept on ice for 10 minutes.

The sample tubes were then centrifuged at 3200 rpm for 30 minutes at 4°C.

The upper layer containing the aqueous phase was collected in a new tube. Equal quantity

of Solution D was added and centrifuge was repeated at 3200 rpm for 30 minutes at 4°C.

The upper layer having the aqueous phase was collected in a new tube and DNA was
precipitated by adding 500ul of 10M ammonium acetate and 5ml of chilled Isopropanol
and tubes were inverted several times to precipitate the DNA. Tubes were centrifuged at

3200 for 60 minutes at 4°C, supernatant was discarded.

The obtained pallet was then washed with 5Sml of chilled 70% ethanol and centrifuged

again at 3200 for 40 minutes at 4°C and ethanol was discarded.

The DNA was dried for half an hour by keeping the tube in a vaccum concentrator at
45°C for 10 minutes. After the evaporation of the residual ethanol, the DNA pallet was
dissolved in 150pu! of 10Mm Tris-EDTA and incubated overnight.

3.8 Composition and Preparation of different solutions:

3.8.1 Solution A:

Solution A contained a mixture of 10 Mm tris (pH-7.5), 0.32 mM sucrose and 5SmM mgCl, This

solution was autoclaved and finally 1% trition X-100 was added.

»
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3.12 Primer 3

By using Primer3 software (www.ncbi.nlm.nih.gov/tools/primer-blast) we designed primers to
find the polymorphism in STK11 gene. In order to verify that the sequence of primer attaches on
the intronic region of interest which has to be amplified, we wused Blast
(blast.ncbi.nlm.nih.gov/blast.cgi). After verification we got them designed from Integrated DNA
Technologies, Inc., Coralville, Iowa, United States. In order to determine polymorphfsm in the

STK11gene, PCR was performed by the following primers.
Primers for STK11 Gene

Forward Primer: 5°- CAACTA
CTGAGGAGGTTACGGCACA Y

Reverse Primer: 3’- CATGGGGGTGTCCACAGATGAC-5

3.13 Polymerase Chain Reaction

PCR amplification of specific alleles (PASA) is method for genotyping of single-base mutations.
éer{dﬁiic'beA is used as a template in two reactions, one with a primer that makes a perfect
match to'the wild-type allele, another with a primer matched to the mutated allele; both reactions
contain a second primer that makes a i)erfect match to the opposite strand of either wild-type or

mutant allele.

3.14 PCR Methodology

After optimization with reproducible results, all samples were amplified at optimized conditions
of PCR. The master mix for all PCR reactions with specific primer pair was prepared in 1.5mL
Eppendorf tube. Total reaction volume for a single PCR reaction was 25uL. All the PCR

reagents with their concentrations are summarized in the table 3.1.

3.15 Thermal Profile of PCR Reaction for STK11

The PCR was carried out in 96 well thermal cyclér (BIO RAD, Thermo Electron Corporation,
Mill ford, USA) the thermal stages, steps and cycles of which are shown in table 3.2.

Study of STK11 Gene Polymorphism in Selected Type 2 Diabetic Population of Pakistan Page 23
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a) lon free fine agarose (Promega) = 6.5gm
b) 1X TBE = 300ml

¢) Glycerine = 300ul

d) Ethidium bromide (10mg/ml) = 5pul

6.5gm agarose, 300ml 1X TBE and 300pl glycerin in Pyrex bottle were mixed and heated in
oven with loose bottle cap until agarose boiled. Then 5ul Ethidium bromide in the agarose gel
solution was added and shaken to mix, The 20cmx20cm gel plate was set with combs at suitable

distance and the gel solution was poured. The gel was polymerized in 30-45 minutes.

3.17 Gel Electrophoresis and Gel Documentation

Before loading the sample in the gel, Spl of the PCR product was mixed with 6X gel loading
:blllffe‘ri(.Féltimentas, Lituania). Then samples were loaded on agarose gel. In the first well of gel,
100bp DNA ladder CAT NO (15628-019), Invitrogen Life Technologies, USA was loaded as
size reference for amplified target DNA. The gel was run for 35 minutes using the Maxicell
EC360-M horizontal gel electrophorétic system (EC Apparatus Corporation, St: Petersburg,
Florida, USA) at 120 constant volts by using BioRad Power Pack 3000 (BioRad, USA) in 1X
TBE buffer. DNA bands were visualized under UV illumination and photographed using
Syngene gel documentation system (Gene Genius, Syngene, UK).

3.18 Statistical Analysis

The following statistical tests were performed for the data by using statistical program SPSS

(Version 20.0).

3.19 Hardy-Weinberg Equilibrium
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Fig 4.3: PCR Gel Image of STK11 Gene A/G Polymorphism of Type 2 Diabetic Patients

that were on Sulphonvlureas Medication

L1:DNA Ladder(100bp)

L3(S4,S5): Homozygous for allele G

L5(S8,S9): Heterozygous for both alleles

L7(S12,S13): Homozygous for allele G

L9(S16,S17): Homozygous for allele G

L11(S20,S21): Homozygous for allele G

L13(S24,525):Homozygous for allele A

L15(528,529): Homozygous for allele A

L2(S2,S3): Homozygous for allele A

L4(S6,S7): Homozygous for allele A

L6(S10,S11): Homozygous for allele G

L8(S14,S15): Homozygous for allele G

L10(S18,S19): Heterozygous for both alleles

L12(S22,S23): Heterozygous for both alleles

L.14(S26,S27):Homozygous for allele G

e S S —— |
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Table 4.2: Number and Percentage of Patients (Metformin) and Controls with

their Genotypes for STK11 A/G Polymorphism

STK11 Genotypes Percentage

Group StUdied AA AG GG

Controls 14% 23% 10%

Expected H-W 0.359 0.479 0.196
frequency

Metformin 6% 15% 14%

Expected H-W 0.09 042 0.49
frequency

P Value of Patients 0.105 0.09 0.04

(Metformin) and
Control

LS

T o T e e e e e e
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Table 4.3: Number and Percentage of Type 2 Diabetic Patients
(Sulphonylureas) and Control with their Genotvpes for STKII A/G

Polymorphism

STK11 Genotypes Percentage |

Group Studied AA AG GG
Controls 14% 23% . 10%
T Expected H-W 0.359 0.479 0.196
B frequency
Sulphonylureas 20% 9% 12%
Expected H-W 0.45 0.510 0.130
frequency
P value of Patients 0.07 0.06 0.02
(Sulphonylureas) and
Control

_
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Table4.4: Number and Percentage of Type 2 Diabetic Patients with their
Genotypes for STK11 A/G Polymorphism
STK11 Genotypes Percentagé
Group Studied AA AG GG
Sulphonlureas 20% 9% 12%
%= Expected H-W 0.45 0.510 0.130
frequency
Metformin 6% 15% 14%
Expected H-W 0.09 0.42 0.49
frequency
P Value of Patients and 0.08 0.06 10.03
Control
g} Study of STK11 Gene Polymorphism.in Selected Type 2 Diabetic Population of Pakistan Page 38
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Chapter 5 Discussion

5.0 Discussion

Diabetes mellitus, or simply diabetes, is a group of diseases characterized by high blood glucose
levels that result from defects in the body's ability to produce and/or use insulin. It is a condition
primarily defined by the level of hyperglycaemia giving rise to risk of microvascular damage. It
is associated with reduced life expectancy, significant morbidity due to specific diabetes related
microvascular complications, increased risk of macrovascular complications (ischaemic heart
disease, stroke and peripheral vascular disease), and diminished quality of life (American
Diabetes Association, 2014). Several pathogenetic processes are involved in the development of
diabetes. These include processes, which destroy the beta cells of the pancreas with consequent
insulin deficiency, and others that result in resistance to insulin action. The abnormalities of
carbohydrate, fat and protein metabolism are due to deficient action of insulin on target tissues

resulting from insensitivity or lack of insulin (Galtier, 2010).

Type 2 diabetes is known ds non-insulin dependent or insulin independent diabetes mellitus. It is
the most collective and mutual form of diabetes. Lots of individuals around the world have been
identified with this type of diabetes, and several individuals remain undiagnosed. It is the most
common form of diabetes and 90-95% of individuals are suffering from T2DM. Individuals are
at a larger threat of emerging cardiovascular diseases such as heart attack and stroke if type 2
diabetes is left undiagnosed or measured poorly. These individuals are also at a greater risk for
vision loss, foot and leg subtraction due to injury to the nerves and blood vessels, and renal
failure demanding dialysis or organ relocation. T2D is found of excessive significance as
compared to the type 1 diabetes, because of the encumbrance of sickness and transience

(Dabelea et al., 2014).

Most cases of diabetes involve many genes, with each being a small contributor to an increased
probability of becoming a type 2 diabetic. Most of the genes linked to diabetes are involved in
beta cell functions. STK11-adenosine monophosphate (AMP)-activated protein kinase (AMPK)
motioning path is a leading controller of glucose and lipid metabolism with fundamental
functions in liver, skeletal muscle, pancreas and brain. These roles of STK11 are supposed to be
attained via uninterrupted phosphorylation of the adenosine monophosphate activated protein
kinase family of proteins (Kola er al, 2006). Previous studies specify that obliteration

W
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of STK11 in white adipose tissue decreases the level of insulin receptor substrate 1 and leads to
the diminished expression of several adipogenic genes. Dysfunctions in white adipose tissue are
known to cause several metabolic diseases, such as obesity and type 2 diabetes (Zhang ef al.,
2013). Probable mechanisms through which STK11 variants influence type 2 diabetes integrate
its part in pancreatic islet expansion, beta cell persistence and insulin secretory granule. Diabetes
prevention programme found that variants in STK11 are intricate in development of type 2
diabetes and some variants are 'also accompanying with a positive reaction to metformin therapy
and action. In mice, who is STKI1 deficient, results with hyperglycemia, increased
gluconeogenic and lipogenic gene expression. It is anticipated by certain evidences that in
patients with type 2 diabetes, variants in STK11 gene e.g rs741765,were examined in relation to
the metformin treatment which is defined by attaining HbAlc <7% and a complete decline in
HbAlc after 6-months of metformin pharmacotherapy. Another variant in STKI11 gene
rs8111699 SNP influences both insulin sensitivity and metformin efficacy in hyperinsulinemic

girls with androgen excess (Hardie, 2006).

The novelty of this study is that there is no work done on humans before on this SNP of STK11
gene. In this study we examined the STK1lgene polymorphism in selected type 2 diabetic
population of Pakistan. The results showed that homozygous AA genotype of the major allele
had a significantly higher percentage in patients than in controls and serves as a protective factor,
whereas the heterozygous AG genotype had a significantly higher percentage in controls as
compared to the patients and also serves as a protective factor. The homozygous GG genotype of
the minor allele had a significantly higher percentage in patients as compared to the controls and
is a risk factor. To summarize, our investigation on STK11 gene polymorphisms, homozygous

GG genotype showed statistically significant association between diabetic patients and controls.
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5.1 Conclusion

It is concluded from our current study that STKI11 GG polymorphism was significantly
associated with type 2 diabetes mellitus group comprised of Pakistani population.Even though
many new drugs have been developed for type 2 diabetes mellitus, metformin is still extensively
recognized as the first-line therapy because of its low occurrence of microvascular and

macrovascularactions and its advantageous effects on the body.

5.2 Future Work

Investigation of gene—gene and gene—environment interactions may clarify sig’n{ﬁcant
polymorphisms, which are involved in triggering type 2 diabetes. Additionally, with progressions
in sequencing platforms, whole exome or genome sequencing will simplify the exploration of
rare variants, copy number variants, insertions, deletions, and other genetic variants that may

play an important role in pharmacodynamics of metformin and its response.

L e ]
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