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Abstract

Type 2 Diabetes Mellitus (T2DM) is one of the leading incommunicable and rapidly growing
health afflictions worldwide; a condition challenging to treat and costly to manipulate. A global
estimation of diabetes by the International Diabetes Federation (IDF) in 2021 stipulates those
537 million adults lying in the age group of 20-79 are currently living with diabetes. This
number is anticipated to ascent to 643 million by 2030 and 783 million by 2045. The risk
factors associated with T2DM includes hormonal, environmental, and genetic.

The aim of the study was to replicate intronic SNPs (rs3787345 and rs718049) of PTPN1 gene
within the Pakistani population that has been reported earlier in Caucasian and French
population via ARMS PCR. In silico analysis was carried out for the prediction of most
deleterious missense SNPs in PTPN1 gene.

Results of our in-silico study revealed that the 16 missense SNPs that can dysregulate the
function of PTPN1. The genotypic analysis of the two selected intronic SNPs rs3787345 and
rs718049 manifested the presence of heterozygous genotype (CT) in the sample study of
rs718049 while rs3787345 requires further investigation. Our results support the existence of
functionally significant intronic SNPs in T2DM patients. Further studies having substantial

sample size are required to authenticate our findings.

Xiv
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Chapter 1 Introduction

1.1 Diabetes Mellitus

Type 2 Diabetes Mellitus (T2DM), is one of the leading incommunicable and rapidly growing
health afflictions worldwide; a condition challenging to treat and costly to manipulate. A global
estimation of diabetes by the International Diabetes Federation (IDF) in 2021 stipulates that
those 537 million adults lying in the age group of 20-79 are currently living with diabetes. This
number is anticipated to ascent to 643 million by 2030 and 783 million by 2045 (IDF, IDF
Diabetes Atlas, 2021). People with diabetes mellitus are at an elevated chance of developing a
scope of complications, for example; nephropathy, cardiovascular diseases, visual impairment,
and retinal changes that can prompt early death. In addition, it forces crucial clinical and
monetary weights. Hereditary responsiveness and ecological impacts appear to be the main
reasons for the occurrence of the disease. Anyhow, due to drastic inclination towards heftiness,
lack of physical activity, and type 2 diabetes has been lately noticed. It indicates that obesity
and physical inactivity might comprise the primary purposes behind the spiraling load of
diabetes in the developed world (Asif, 2014).

1.2 Epidemiology

The onset of non-insulin dependent diabetes mellitus is slow; hence its determination of true
time in an individual can be a difficult task. Type 2 diabetes reports for approximately 90% of
all cases of diabetes, and the number of cases is predicted to increase with time. It was reported
by IDF in 2021 that globally 1 in every 10 individuals is living with diabetes and over 3 in 4
adults suffering from it belong to countries with low or middle incomes. Moreover, a total of
6.7 million deaths were reported in the past year; it was also discovered that 547 million adults
having impaired glucose tolerance are considered to be at a high risk of developing type 2
diabetes. Next, is the western Pacific where a total of 206 million people is affected by diabetes
and the number is expected to rise to 260 million by 2045. In southeast Asia, 90 million adults
are reported with diabetes and that number would rise to 152 million by 2045. Other regions

such as Middle East, North Africa, Europe, Africa, South and Central America, North America
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Diabetes around the world in 2021

Europe

61 million

51 million

Western Pacific

South East Asia 206 million

‘90 million

Figure 1: Diabetes around the world in 2021 (IDF, IDF Diabetes Atlas, 2021).

and Caribbean have millions of people living with diabetes and their numbers are also expected
to elevate at a rapid rate by 2045 (WHO, 2021).

Pakistan lies in Southeast Asia and according to a report published by IDF in 2021, 33 million
adults were living with diabetes resulting in a drastic rise in the number. Therefore, leading it
to become a country with the highest number of diabetic patients in the world after, China
which has 141 million, and India having 74 million. Furthermore, 11 million Pakistani adults
suffer from impaired glucose tolerance placing them at high level of chance of developing type
2 diabetes (IDF, IDF Diabetes Atlas, 2021).

More than 26.9% of the Pakistani population is left untreated with diabetes which leads to them
facing lethal consequences such as suffering from kidney failure, heart attack, stroke, blindness
etc. which issues an increase in healthcare expenses and poor quality of life (IDF, IDF Diabetes
Atlas, 2021).

1.3 Etiology

Type 2 diabetes mellitus (T2DM) represents 90% instances of diabetes. In T2DM, the reaction
to insulin is decreased and this is characterized as insulin resistance. In this state insulin is
unproductive, and at first it is encountered by an expansion in insulin production in order to
keep up with glucose homeostasis. However, after some time there is a decline in insulin

production due to the destruction of the beta cells of pancreas, resulting in T2DM. It is

4
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Chapter 1 Introduction

commonly detected in people above the age of 45, but recently it is being observed in children
and adolescents because of unhealthy lifestyles and deficient dietary intake (Goyal & Jialal,
2021).

1.4 Pathophysiology

Diabetes Mellitus Type 2 is a globally prevalent metabolic disease that is characterized by the
inability of pancreatic beta cells to secrete insulin and the failure of tissues to respond to insulin.
Secretion and action of insulin inside the body are the two factors that need to be highly
regulated because an imbalance will affect tissues sensitive to insulin like the liver, skeletal
muscles, adipose tissues, and beta cells of the pancreas. Disturbance in the functioning of these
tissues will cause an abnormal increase in blood glucose level (Galicia-Garcia et al., 2020).
Therefore, both beta cell dysfunction and insulin resistance are major contributors to the

pathogenesis of diabetes.

Factors that affect insulin secretion and action

= Hody welglhit = Heawvy alcohol consumpiion = Eplgenetics
= Lewvel af physical activity = Genetic predispasition = Gestational diabetes
= Smicking = Cens—anvironment interaction mellitus
| . }
Positive risk profile Megative risk profile

| |

f-cell dysfunction and
insulin resistance

I

Insulin-mediated [ Insulim-mediated Insulin-mediated ]

Mormaoglycaemia

glucose production T glucose uptake | glucose uptake |

Liver Adipose tissue Skeletal muscls

L r

|

Hyperghycaemia

Figure 2: Pathophysiology of Diabetes Type 2 (Zheng et al., 2018a).

Under normal conditions insulin secretion from beta cells of pancreas upregulate glucose intake
in skeletal muscles and adipose tissues and downregulate the production of glucose in liver. If

there is resistance of insulin in muscles, adipose tissue or liver or beta cells are dysfunctional
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Chapter 1 Introduction

hyperglycemia will occur, causing an increase in glucose level of blood. Factors listed above

affect the action and secretion of insulin in diabetes mellitus.

1.5 Beta Cells Physiology and their Dysfunction

Beta cells of the pancreas are responsible for maintaining the glucose concentration in the blood
via the release of insulin. They produce pre-pro insulin that undergoes conformational change
in the endoplasmic reticulum to form proinsulin. This proinsulin is translocated from the
endoplasmic reticulum (ER) to the Golgi apparatus where the mature form of insulin is
prepared. This insulin is then stored in a granule until beta cells get the signal to release insulin
(Cerf, 2013). This release is triggered mainly by high levels of glucose and some other factors
like hormones, amino acids, and fatty acids. Glucose, one of the crucial regulators of insulin
secretion from beta cells, causes stimulation of gene transcription, insulin synthesis, and insulin
release from beta cells (Mahler & Adler, 1999).

Cellular regulation and proper functioning of beta cells depend on cellular regulation and
integrity. However, it is evident that a complex interplay of environmental and molecular
pathways is responsible for the dysfunction of beta cells. High levels of free fatty acids and
glucose cause dysfunction by triggering ER stress. Similarly, lipid and glucose toxicity in
obesity affect the functioning of beta cells by inducing metabolic and oxidative stress (Zheng
et al., 2018b). Furthermore, persistent hyperglycemia increases proinsulin production, leading
to the deposition of misfolded insulin in beta cells that increases the production of reactive
protein folding mediated oxygen species. While ER stress disturbs calcium mobilization within
cells, that stimulates proapoptotic signals including insulin degradation, recruitment of

macrophages, and inflammation of beta cells (Galicia-Garcia et al., 2020).

Highly regulated insulin release is very crucial for various metabolic processes in the body and
for that functional integrated beta cells are required. In a morbific state, the process
demonstrated above can get activated in beta cells, causing failure in cell-to-cell
communication, loss of integrity, and poor regulation of glucagon and insulin release from the
pancreas (Cerf, 2013). Any disruption in the insulin gene expression, insulin folding, or
precursor of insulin synthesis will cause an insulin release defect that is the primary cause of

beta cell dysfunction and the basis of diabetes type 2.

1.6 Insulin Resistance
A decreased or impaired response of insulin sensitive cells to the secreted insulin at a systemic

level is insulin resistance (Wondmkun, 2020). There are three main categories of insulin
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resistance: impaired response of target cells, diminished secretion of insulin by the pancreas or
the presence of an antagonist in plasma. Persistent increases in glucose and saturated free fatty
acids are the risk factors for insulin resistance. A high level of fat in circulation either due to
diet or lipolysis leads to a competition between glucose and fat for cellular uptake. And
increased level of lipid and glucose cause glucolipotoxicity, a situation that can compromise
the function and structure of beta cells by inducing oxidative stress (Amiel, 2011). In addition,
inflammatory cytokines and hormones that are secreted by adipose tissue can interact with
genetic factors responsible for insulin resistance pathway. Initially, beta cells try to compensate
IR by secreting more insulin or by increasing their number. But overtime, due to excessive
workload, their capacity to secrete insulin decreases and various stress factors induce apoptosis

in beta cells, which is characteristic of T2D.

1.7 Usual Insulin Functioning

In response of increased blood glucose level, insulin is produced and secreted by beta cells in
pancreas. This insulin then binds to insulin receptor and induces the translocation of GLUTE-
4 receptor, normally present in adipose tissue, skeletal muscles and cardiac tissues, to the cell
membrane. GLUTE-4 uptakes the glucose from blood stream and this glucose is then either

stored in form of glycogen in the tissue or catabolized to form ATP in cells (Reed et al., 2021).

1.8 Diagnosis

Clinically diabetes is usually diagnosed by using glycated hemoglobin (Alc) test or fasting
plasma glucose test (FPG). In some instances, healthcare professionals may use random plasma
glucose test (RPG).

e Glycated Hemoglobin Test

This test provides you with an average of blood sugar level over past two to three
months. A person is not required to starve before this test. This diagnosis procedure is
also known as glycosylated hemoglobin, HbA1C and hemoglobin A1C. Different
factors need to be considered while using this method of diagnosis like age and anemia
because this test does not give accurate result on anemic people. Test results are

indicated in percentages and higher percentage indicates higher level of blood sugar.

e Fasting Plasma Glucose Test

In silico and Genotypic Analysis of SNPs of PTPN1 in T2DM



Chapter 1 Introduction

Test is performed after overnight fasting or at least after fasting of 8 hours. Fasting
means person will not eat or drink anything except for the sips of water. This test

provides average of blood glucose level instantly.
Random Plasma Glucose Test

In some cases, this test is performed when person have symptoms of diabetes but do
not want to wait hours of fasting for diagnostic test. This procedure does not require

any prior fasting and can be performed at any time.
Gestational Glucose Diagnosis

Following tests are performed on pregnant women to know how their body deals with

the glucose.
Oral glucose tolerance test

Oral glucose tolerance test/ Glucose tolerance test is performed after overnight fasting.
Firstly, clinician draws your blood and then you drink sugar containing liquid. After

that your blood is drawn and examined for sugar level after every 1 to 2 hours.

This test can also be performed on people who are not pregnant. But it is not preferable
for diabetes diagnosis because it is expensive and less convenient method as compared

to other diagnosis procedures.

Diabetes 6.5% or 126 mg/dL or 200 mg/dL or 200 mg/dL or above
above above above

Prediabetes 5.7-6.4%  100-125mg/dL 140 - 199 mg/dL N/A

Normal Below5.7% 99 mg/dLor below 140 mg/dL or N/A

below
Figure 2: Diagnostic Tests and their results for Diabetes (CDC, Diabetes Tests, 2021).

Glucose Screening Test
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Glucose challenge test is another name for this test. In this diagnosis healthcare
professional draws your blood 1 hour after your intake of a liquid containing glucose.
Fasting is not required for this test. If your blood sugar level is too high (135-140mg/dl)
you need to have glucose tolerance test for confirmation of diabetes. (NIDDK, Diabetes
Tests and Diagnosis, 2016)

1.9 Treatment Options

Improved lifestyle plays a key role in management of blood sugar level in the body. A person
should prefer healthy eating options like diet having more of high fiber items like fruits, whole
grains and less of sweets and starchy vegetables. Controlled Portion size with low calories is
preferable. Furthermore, one can consult a dietitian to have a balanced healthy diet plan
according to the preferences. An adult should indulge in physical activity for at least 30 minutes
in most days of the week. It helps in losing weight that results in better control of cholesterol,
blood sugar level and blood pressure (Mahler & Adler, 1999).

Medicines along with healthy lifestyle further ameliorates the situation of diabetes. The most
commonly used medication is metformin, it decreases the glucose production in liver and
peripheral insulin resistance. This drug also helps in weight loss. In some cases, patient is
required to take combination of diabetic drugs because different drugs act differently to
maintain blood sugar level. DPP-inhibitor, GLP-1 inhibitor agonist, Sulfonylureas and glinides

are some other diabetic medications that are available in market (Reed et al., 2021).

Some diabetic patients need insulin therapy, different types of insulin depending on their
bioavailability and half-life are available, for instance, long-acting insulin works for whole day
or overnight to maintain glucose level in body. Physician decides the type of insulin suitable
for the patient after monitoring (MayoClinic, 2021). For situations in which medication and
lifestyle is not working, some fewer common treatments are also available. Weight loss surgery
or bariatric surgery helps to lose a large amount of fat from the body resulting in improvement
of blood sugar level. In some cases, patient do not need medication after this surgery (NIDDK,
Insulin, Medicines, & Other Diabetes Treatments, 2022).

1.10 Risk Factors associated with Type 2 Diabetes Mellitus (T2DM)

The chances of getting T2DM by an individual depends on combination of multiple reasons
such as genetic makeup and lifestyle. It is impossible to manipulate the factors such as your
genes, family history, ethnicity, or age, however what you can do to prevent the onset of T2DM
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is to take precautionary measures by involving physical activity, maintaining healthy weight,

diet, and lifestyle.

1. Endocrine connection with T2DM

The body is responsible for glucose production from the food we eat. The hormone,

insulin is produced by pancreas that enables the uptake of glucose from bloodstream

into the cells to provide energy. However, in T2DM the body is unable to efficiently
utilize the insulin or at times the insulin is not being produced in sufficient quantity

which leads to excess of glucose in blood (Anhalt, et al., 2022).

2. Environmental connection with T2DM

e Diet: Variety of diet exist and are consumed in different parts of the world and as
result different food groups are associated with the incidence of T2DM. However,
normally plant food group tends to have lower risk of developing T2DM in
comparison to meat, high density energy food is less protective than low density
energy food, and sugary food items are responsible for obesity, hence increasing
the risk of developing diabetes.

e Physical activity: diabetes is reported to be in reverse proportion with leisure time
physical activities as physically fit means your weight and glucose homeostasis is
balanced and your cells are well sensitive to insulin but if you are physically
inactive, chances of developing diabetes are increased.

e Coffee, tea, alcohol, and smoking: intake of coffee and tea are reported to lower the
risk of developing diabetes as they aid in improving the glycemic control in the
human body. The effect of alcohol seems to be dependent on its dose, and it’s
reported that alcohols moderate consumption has chances of reducing the risk of
T2DM by an approximate of 20% specifically in females and not in Asian
populations. Moreover, the health impact of smoking is hazardous and that is why
whether it is active or passive smoking, both tend to be at inclined risk of developing
diabetes (Kolb & Martin, 2017).

3. Genetic connection with T2DM

It has been observed that type 2 diabetes does not appear to have a direct inheritance

pattern, but mostly the diabetic patients have at least one of their family members for

instance parents or siblings to be suffering from diabetes. The chances of an individual
to develop diabetes is influenced by an increase in the number of the family members
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being diabetic. This could be to the shared genetic factors along with the lifestyle that

is common among them (MedlinePlus, Type 2 Diabetes, 2017).

e TCF7L2- insulin secretion and production of glucose is affected by this gene

e PPARG- at position 12 of the chromosome there is a change from proline to
arginine which results in a 20% increase in likelihood of getting T2DM

e KCNJ11- The gene encodes for ATP sensitive potassium channel that is involved

in insulin regulation by beta cells.

Chromosome Risk Allele Frequency

1 NOTCH2 1 0.11
2 PROX1 1 0.5
3 IRS1 2 0.61
4 THADA 2 0.92
5 RBMS1/ITGB6 2 0.57
6 BCL11A 2 0.46
7 GCKR 2 0.62
8 IGF2BP2 3 0.29
9 PPARG 3 0.92
10 ADCY5 3 0.78
11 ADAMTS9 4 0.81
12 WFS1 4 0.27
13 ZBED3 5 0.26
14 CDKAL1 6 0.31
15 JAZF1 7 0.52
16 GCK 7 0.2
17 KLF14 7 0.55
18 DGKB/TMEM195 7 0.47
19 SLC30A8 8 0.75
20 TP31INP1 8 0.48
21 CDKN2A/B 9 0.79
22 TLE4 9 0.93
23 TCF7L2 10 0.25

11
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

HHDX
CDC123/CAMKID
KCNQ1
KCNJ11/ABCC8
CENTD2
MTNR1B
KCNQ1
HMGA?2
TSPANS/LGR5
OASL/HNF1A
PRC1
ZFAND6
FTO
HNF1B
DUSP9

10
10
11
11
11
11
11
12
12
12
15
15
16
17
X

0.56
0.23
0.61
0.50
0.88

0.30.

0.52
0.10
0.23
0.85
0.22
0.56
0.56
0.43
0.12

Introduction

Table 1: Thirty-eight genetic variants associated with Type 2 Diabetes at genome-wide significance

(Ali, 2013)

1.11 Impact of study

The present study is based on in silico and genotypic analysis of nonsynonymous SNPs of the

PTPN1 gene that will lead to personalized medicine which will allow for earlier diagnosis, risk

assessments, and better treatments such as therapies for the patients. Personalized medicine

and therapies outlined on the basis of each individual patient’s genetic make-up will lead to

better healthcare services and lower costs.

1.12 Objectives of the study

The objectives of the study are as follows

e Elucidate the possible role of SNPs of PTPN1 through in silico analysis.

e Determine the genotypic analysis of SNPs rs3787345 and rs718049 as a causative agent

in disease etiology.

In silico and Genotypic Analysis of SNPs of PTPN1 in T2DM
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2.1 Diabetes

Type 2 Diabetes mellitus is one of the most common metabolic diseases in the world. Globally
its prevalence is anticipated to ascent to 643 million by 2030. Diabetes is associated with a
wide range of life-threatening health implications. Major features of diabetes include insulin

resistance, hyperglycemia and dysfunction of beta cells (Teimouri, et al., 2022).

Insulin resistance is usually caused by the impairment of insulin receptor (IR). Normally,
binding of insulin-to-insulin receptor which is a type of receptor tyrosine kinases, causes
phosphorylation of its tyrosine residues. This process then phosphorylates several downstream
targets for the activation of two signaling Cascades, phosphatidylinositol 3-kinase (PI3K)
pathway and mitogen-activated protein kinase (MAPK), both pathways are responsible for
mediating the function of insulin. Thus, phosphorylation plays crucial role in physiological
functioning of insulin in target body tissues. Several phosphatases like inositol phosphatase
and protein tyrosine phosphatases (PTPs) plays role in reverse phosphorylation of insulin
receptors. As protein tyrosine phosphatases have importance in insulin regulation, they have

part in insulin resistance and diabetes mellitus.

2.2 PTP1B Location and Structure

Protein Tyrosine Phosphatase 1B (PTP1B) is a key member of the protein tyrosine
phosphatases (PTPs) which are a superfamily of enzymes mainly involved in inhibiting the
function of protein tyrosine kinases (PTKs). PTP1B is an intracellular cytosolic tyrosine-
specific phosphatase isolated from the human placenta by Tonks in 1988 (Abdelsalam, et al.,
2019). The protein tyrosine phosphatase non-receptor type 1 (PTPN1) gene encodes this
enzyme located on chromosome 20g13.13, a region that has been linked with insulin resistance,
obesity and diabetes. The genomic coordinates of PTPN1 gene are chr20:50,510,321-
50,585,241 having a genome size of 74,921 bases.

Chr 20
e B B =l e gl i [ ] L= | (3]
o od ) oo -l - L8} 0l L] - - o [ ] L]
L) | o Ly | - = - — - - - o i L] Lo, Ly ] w7
= = =] =} = = = = = k= | - = = = b= = = =]
=3 =3 o = o @ & -3 o o o o o o =2 o oo o
I X I [ T ]

Figure 3: Location of PTPN1 on chromosome 20 (GeneCards, 2022).
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Figure 4: Genomic organization of PTPN1 gene on chromosome 20. Exons are represented by boxes, white
region showing translated regions. Introns are represented by regions in between the boxes with size
indicated in base pairs (Olivier et al., 2004).

In humans, two transcripts of PTP1B are identified categorized as PTPN-201 comprising of 10

exons and PTPN1-202 comprising of 9 exons.

Transcript  Transcript ID Length (bp)  Protein Length (aa) UniProt Match
Name
PTPN1-201 ENSTO00000371621. 3979 435aa P18031
5
PTPN1-202 ENSTO00000541713. 3469 362aa B4DSN5
5

Table 2: Protein coding transcripts and respective PTP1B isoforms.

PTPN1 gene is translated into 435 amino-acid protein with a molecular weight of 50kDa
comprising of a catalytic N-terminal domain crucial for PTP1B catalytic activity, two proline
rich domains involved in protein-protein interactions, and a C- terminal hydrophobic region

associated with the regulatory function (Zou, 2016). PTP1B is targeted to the cytoplasmic face

Arg24 /’:w-afﬂniw non-catam

Arg254

Targeting to cytoplasmic face
of endoplasmic reticulum

High-affinity catalytic site

‘ cys215
1 130 T ‘ 278 298 400 435 495
H214. g2t
Catalytic site
N-terminal domain C-terminal non-catalytic domain
Phosphorylation of Serine 50 by Akt Oxidation and S-nitrosylation of Cys215 Phosphorylation of Ser 352, 378,386 during metaphase
Phosphorylation of Tyr 66,152,153 by IR Sulfhydration of cysteine inactive site Sumoylation of lys335 and lys347

Calpain-mediated cleavage in c-terminus

Figure 5: Structural representation of PTPB1 (Teimouri et al., 2022).

of the endoplasmic reticulum by the 35 amino acid C-terminal tail where it interacts with

various substrates including nuclear, cytosolic, mitochondrial, adherent junction and plasma
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protein bound proteins. The catalytic domain comprising of Cys215 and Arg221 along with the
non-catalytic domain regulates the interaction of PTP1B with its substrates (Villamar-Cruz, et
al., 2021). PTP1B controls various signaling processes including differentiation, apoptosis, cell

growth, and movement by dephosphorylating the target molecules.

2.3 Regulation of PTP1B

PTP1B expression and function is regulated at transcriptional, post-transcriptional, and post-
translational levels. At the transcriptional level, various transcription factors like SP1, early
growth response protein 1(EGR1), Y box-binding protein 1 (YBX1), nuclear factor Kappa B
(NF-KB) and androgen receptor (AR) bind to the promoter region regulating the PTP1B

promoter activity (Villamar-Cruz, et al., 2021).

At the post transcriptional level, variety of miRNAs such as, miR193a-3p, miR-146-a, miR122,
miR338-3p, miR-206 act as regulators of PTP1B through interaction with its 3’-UTR regions.
In T2DM, down regulation of miR146-a causes enhanced PTP1B expression leading to

impaired insulin signaling (Abdelsalam et al., 2019).

Post translational modifications such as oxidation, phosphorylation, nitro-sylation, proteolytic
cleavage and sumoylation regulate PTP1B activity. Phosphorylation of serine and tyrosine
plays a significant and effective role in regulation of PTP1B activity in the insulin signaling
pathway. For instance, tyrosine phosphorylation of PTP1B leads to the effective interaction
with the activated insulin receptor. Moreover, serine phosphorylation of PTP1B by protein
kinase B (Akt) which is a downstream effector in the insulin signaling pathway negatively

regulates PTP1B activity and corroborates insulin signaling (Abdelsalam et al., 2019).

2.4 Role of PTP1B in Insulin Signaling Mechanism of Type 2 Diabetes Mellitus

PTP1B acts as a negative regulator in the insulin transduction pathway, which is crucial to
glucose and energy metabolism. Increased expression of PTP1B gene has also been observed
in liver, skeletal muscles and adipose tissues of diabetic and obese patients. The locus of PTP1B
is positioned in the region which is related to obesity, insulin resistance and T2DM and
variations in the PTPN1 gene leading to single nucleotide polymorphisms have also been
associated with insulin resistance, diabetes and obesity. Studies have confirmed increased
insulin sensitivity, low blood glucose and insulin levels in PTP1B knockout mice as compared
to wild type mice establishing PTP1B as a significant regulator and a novel therapeutic agent

in insulin resistance.
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Impaired insulin signaling and defects in insulin secretion by B-cells are the major factors in
the pathogenesis of type 2 DM. Insulin resistance can occur in a variety of tissues including
liver, muscle, gastrointestinal tract, adipose tissue, pancreatic beta cells and brain and
vasculature. Impaired insulin signaling, glycogen synthesis or glucose transport leads to the
development of insulin resistance in tissues. In the intricate process of insulin signaling, insulin
binds with insulin receptor (IR) resulting in the auto phosphorylation of tyrosine residues on
IR causing the activation and binding of insulin receptor substrate proteins. The recruitment of
IRS proteins in turn activates phosphatidylinositol 3-kinase (PI3K) and protein kinase B that
are intracellular signaling molecules stimulating the GLUT -4 transport to the membrane
surface facilitating glucose uptake (Rocha, et al., 2021).

Q In§ylin @ Leptin
@ o @ () Q

Glucose
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vesicles

Figure 6: Schematic representation of the down regulation of the insulin signaling pathway by
PTPB1(Rocha, et al., 2021).

PTP1B is associated with the down regulation of the insulin signaling cascade by
dephosphorylating the tyrosine residues on the insulin receptor (IR) at positions 972, 1162 and
1163. IR/IRS-1 signaling cascade is impaired, resulting in the diminished activity of
phosphatidylinositol 3-kinase (PI3K) leading to reduced translocation of glucose transporter
type 4 GLUT-4 to the cell surface. Increased expression of PTP1B induces insulin resistance
causing Type 2 diabetes. Induction of PTP1B in type 2 diabetes alleviates glucose-stimulated
insulin secretion. However, its attenuation results in improved B-cell functioning and

pancreatic insulin secretion (Abdelsalam, et al., 2019).
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Furthermore, PTP1B negatively regulates the leptin signaling pathway and is considered as a
significant target in the treatment of obesity. Both inactivity and obesity are linked to insulin
resistance. Genetic predisposition and obesity cause the development of insulin resistance and
impaired beta cell functioning leading to decreased insulin secretion progressing to

development of type 2 diabetes mellitus (Rocha, et al., 2021).

Leptin hormone is involved in the maintenance of fatty acid homeostasis and promotes fat
tolerance mainly in adipose tissue. Leptin functioning is impaired in obesity resulting in
lipotoxicity in tissues including muscles and liver. Leptin signaling pathway involves the
binding of leptin to ObR (leptin receptor), that activates JAK2 by phosphorylating it resulting
in the subsequent activation of the downstream process. Dephosphorylation of ObR associated
JAK2 by PTP1B, leads to the deactivation and impairment of leptin signaling pathway. Thus,
suppression of leptin can lead to improved leptin secretion, acting as a potential remedial target
for type 2 diabetes and obesity (Abdelsalam, et al., 2019).

2.5 Role of PTP1B in Cardiovascular Complications

PTP1B is associated with endothelial functioning as it is involved in regulation of insulin
signaling pathway in smooth muscle cells and endothelial cells. Deficiency of PTP1B in
endothelium results in restored production of nitric oxide (NO), reversed overproduction of
reactive oxygen species, reduced endothelial impairment and cardiac failure. Nitric oxide is a
significant mediator in the endothelial functioning as reduction in NO production causes
endothelial dysfunction initializing diabetic cardiac complications. In Diabetic patients,
phosphorylated levels of Akt in arteries are half as compared to controls, demonstrating the
impaired insulin signaling in diabetic patients. Deletion of endothelial PTP1B results in
enhanced signaling of vascular endothelial growth factor and angiogenesis, decreased
oxidative stress and cardiac hypoxia under hypertrophic conditions leading to ameliorated
survival of endothelium and reduction in cardiac heart failure. Cardiac dysfunction and
remodeling improved in mice with cardiac heart failure due to reduced cardiac fibrosis and
myocytes hypertrophy along with enhanced insulin sensitivity restoring endothelial
functioning. PTP1B deficiency is associated with improvement in cardiovascular inflammation
and functioning after myocardial infarction and inhibition of cardiomyopathy induced by
obesity (Abdelsalam, et al., 2019).
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2.6 Role of PTP1B in Cancer

PTP1B demonstrates tissue specific tumor suppressor or promoter role in cancer. In Neu (rat
ortholog to human epidermal growth factor receptor 2) driven breast cancer mouse model,
PTP1B acts as an oncogene. P62Dok and Src are the two significant mediators involved in the
oncogenic signaling of PTP1B. Dephosphorylation of P62Dok by PTP1B results in inhibition
of p120RasGAP causing increased levels of GTP-bound Ras.

In pancreatic ductal adenocarcinoma PTP1B is highly expressed and is associated with
metastasis and tumor staging, modulating cell growth by regulating PKM2/AMPK/Mtocl
signaling pathway.

In lymphomas, glioblastomas, melanoma, esophageal cancer and non-small cell lung cancer
PTP1B acts as a tumor suppressor. Dephosphorylation by PTP1B of caveolin leads to down
regulation of Rab5/Racl pathway which is crucial for cell migration. PTP1B inhibition in
glioblastomas leads to suppression of adhesion, migration and invasion by IL-13 due to the
inhibition of Src dephosphorylation and subsequent inactivation of the pathway (Villamar-
Cruz, et al., 2021).

2.7 Role of PTP1B in Diabetic Retinopathy

Diabetic retinopathy (DR) is one of the most significant complications of diabetes and is
associated with a variety of cells and disease-causing mechanisms. Mutations in the rhodopsin
gene and its photobleaching defects results in elevated levels of PTP1B causing decreased auto
phosphorylation of IR in the retina that is associated with retinal degeneration. IR signaling is
a crucial pathway in the functioning of retina and defects in this pathway leads to DR.
Increased levels of PTP1B impedes IR signaling in the rods in dark therefore, inhibitors of
PTP1B can act as significant targets in the treatment of DR. Growth factor receptor bound
protein 14 (Grb14) on capturing photon by rhodopsin inhibits the phosphatase activity of

PTP1B and act as a therapeutic agent for retinal degeneration (Abdelsalam, et al., 2019).

2.8 PTP1B Inhibitors as Therapeutic Agents

Research efforts are disposed at developing PTP1B inhibitors that interact with both the
catalytic as well as the non-catalytic phosphotyrosine binding sites of PTP1B. Efficient
inhibitors of PTP1B bind to the high affinity catalytic site of PTP1B that is highly charged.
PTP1B inhibitors are under clinical trials including Ertiprotafib, Trodusquemine and ISIS-
PTP1BRx as potential therapeutic targets for T2DM, weight loss, breast cancer and obesity
(Abdelsalam, et al., 2019).
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2.9 Importance of Single Nucleotide Polymorphisms (SNPs) in disease diagnosis

Single nucleotide polymorphisms (SNPs), also pronounced as ‘“snips”, are a category of
polymorphisms that involve a single base pair variation. Among the people, SNPs are the most
frequent type of genetic variation. To be classified as an SNP, the frequency of the variation
needs to occur at least in 1% or more of the population (MedlinePlus, What are Single
Nucleotide Polymorphisms (SNPs)?, 2022).

The difference between a mutation and an SNP is that a SNP represents a change in a single
nucleotide in the DNA genome whereas a mutation has any type of changes that can affect

single to many nucleotides in the DNA genomic sequence (Samanthi, 2017).

2.10 Synonymous and Nonsynonymous SNPs

There are two categories of SNPs: Synonymous and Non-synonymous SNPs. Synonymous
SNPs are SNPs that do not cause a change in the amino acid sequence. Nonsynonymous SNPs
are SNPs that cause an alteration to an amino acid present in the protein coding sequence (Chu
& Wei, 2019) (Hunt, et al., 2009).

2.11 Intronic SNPs

Intronic SNPs have the ability to essential functional elements such as the intron splice
enhancers and silencers, trans-splicing elements (Nair, et al., 2021), and other controlling
elements such as the ability to cause dysregulation of the mMRNA splicing so that biological
activities can be regulated (Lin, et al., 2019). Intronic SNPs may lead to increase in

susceptibility to disease (Nair, et al., 2021).

2.12 Missense SNPs

Missense SNPs have an altered single nucleotide present in the amino acid sequence that may
lead to structural and functional disturbances (Lin, et al., 2019) such as the folding, ligand
binding, catalysis, allosteric regulation, localization, post-translational modification, or
aggregation and half-life (Pal & Moult, 2015). Missense SNPs occur in the coding region of
the gene (Marcolino, et al., 2016). These structural and functional disturbances in the coding

regions may lead to disease outcome.

Some of these SNPs have been associated with breast cancer, cardiovascular diseases,
esophageal squamous cell carcinoma, diabetic retinopathy, obesity, polycystic ovary syndrome
and ovarian response, Turner syndrome, and colorectal cancer (Emadi, et al., 2020) (Venkata
Subbiah, et al., 2020).
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2.12 Selected Intronic SNPs
The selected SNPs for the present study chosen have been found in the French, and Caucasian

populations.

e SNP rs3787345

SNP rs3787345 is located o intron 4. This SNP has been reportedly found in the
Caucasian and the French population (Bento, et al., 2004) (Cheyssac, et al., 2006). SNP
rs3787345 has also been associated with breast cancer (Huang, et al., 2019) and

cardiovascular diseases (Farbstein Bsc & Levy MD, 2010).

e SNP rs718049

SNP rs718049 is located between intron 8. This SNP has been reported in the Caucasian
population (Bento, et al., 2004). SNP rs718049 has been associated with breast cancer
(Huang, et al., 2019) and cardiovascular diseases (Farbstein Bsc & Levy MD, 2010).
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3. Materials and Methods
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3.1 Selection of Intronic SNPs

The following SNPs were selected for this study and they all are intronic SNPs.

e SNP rs3787345: Its position is 50568886 on the Genome Reference Consortium
Human Build 38 (GRCh38) and is located between introns 4 and 5.

e SNP rs718049: Its position is 50580062 on the GRCh38 and is located between introns
8 and 9.

3.2 In silico Analysis of Missense SNPs

3.2.1 Retrieval of Missense SNPs

For further investigation, the missense SNPs of PTPN1 gene were also analyzed. The missense
SNPs data (position number, protein sequence) was collected from NCBI dbSNP
(https://ncbi.nlm.nih.gov/snp/). A total of 261 SNPs were retrieved.

3.2.2 Identification of the most damaging SNPs

The missense data were submitted in the following two prediction tools for predicting the
functional effects: Ensembl BioMart (https://asia.ensembl.org/info/data/biomart/index.html),
and Protein Variation Effect Analyzer (PROVEAN) (http://provean.jcvi.org/index.php).

Ensembl BioMart produces results of protein coding regions when filters and attributes are
selected. PROVEAN is a software prediction tool that informs if an amino acid substitution or
indel is affecting the biological properties of a protein (Sabiha et al., 2021).

The SNPs were filtered out through the following criteria in Ensembl BioMart.

Ensembl Variation 106

Human Short Variants (SNPs and indels excluding flagged variants)

(GRCh38.p13)
General Variant Filters Variant Source: dbSNP
Clinical Significance
Gene Associated Variant Filters Gene Stable ID:
ENSG00000196396
Variant Consequence:

Missense Variant

Variant Associated Variant Variant Name
Information Information
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Chromosome/scaffold
name
Chromosome/scaffold
position start (bp)
Chromosome/scaffold
position end (bp)
Variant Alleles
Gene Associated Gene Attributes  Gene Name
Information Transcript Stable ID
Transcript Strand
Variant Consequence
Consequence Specific
Allele
Protein Allele
Variant Start in cDNA (bp)
Variant End in cDNA (bp)
Variant Start in translation
(aa)
Variant End in translation
(aa)
Polyphen Prediction
Polyphen Score
SIFT Prediction
SIFT Score
Table 3: Criteria set for Ensembl BioMart.

of Structural and Functional effects of missense SNPs
the SNPs into disease causing SNPs or neutral SNPs, PMut
lona.org/PMut/) and MutPred?2 (http://mutpred.mutdb.org/software) were

zes the SNP effect on the protein’s functional abilities, and MutPred2

s the amino acid substitution in either the pathogenic or the benign

in sequence (FASTA format) was submitted to each of these web tools.
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3.2.4 Effect of missense SNPs on conserved amino acids

Consurf (https://consurf.tau.ac.il/) is an online software that utilizes protein sequences by

making estimations on the evolutionary amino acids. The analysis is based on the phylogenetic
relations with homologous sequences. The homologous sequences were submitted so that the
estimation of conservation degree of the amino acids could be made. Only those SNPs were

selected for further analysis that had highly conserved amino acid residues.

3.2.5 Predicting the effect of missense SNPs on Protein Stability
For the functioning of any protein, its stability is important. Single amino acid mutations can

disturb the stability of a protein. I-mutant 3.0 (http://gpcr.biocomp.unibo.it/cgi/predictors/I-

Mutant3.0/1-Mutant3.0.cgi) is a support vector machine (SVM) based tool that automatically

predicts the stability of a protein upon single amino acid mutations whether the mutation
increases (+) or decreases (-) the stability of a protein. The AAG value and direction are
predicted which the mutation is either a stabilizing mutation (increase, >0) or a destabilizing
mutation (decrease, <0). The reliability index (RI) of the prediction is also generated along
with the results. The criteria were set at 25°C and the pH at 7.0.

3.2.6 Prediction of the effect of missense SNPs on Post Translational Modifications
(PTMs) Sites

Post translational modification (PTMs) sites have an important role in protein function
regulation. Methylation site at arginine; phosphorylation sites at tyrosine, threonine, and serine;
glycosylation sites, ubiquitination sites, SUMOylation sites, palmitoylation sites and more sites
were predicted by MusiteDeep (https://www.musite.net/). The amino acid residues that had a

score > 0.5 were considered to be phosphorylated, methylated, ubiquitylated, SUMOylated,
palmitoylated, and glycosylated.

3.2.7 Protein Modelling

The missense SNPs that were predicted as highly conserved, decreasing the protein stability
and containing PTMs are selected so that they undergo 3D modelling. Phyre2
(http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index) is a homology modelling tool

that creates the 3D structural model of both wild and mutant types. Phyre2 works on profile-
profile match alignment. The 3D models that are constructed through Phyre2 are then validated
by ERRAT (https://www.doe-mbi.ucla.edu/errat/) and VERIFY3D. PROCHECK is also used

to confirm the stereo-chemical quality of the protein structures. TM-align tool is also utilized

to find any differences between the wild and mutant 3D structures. This algorithm calculates
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the root mean square deviation (RMSD); the greater the RMSD value, the greater the deviation
between the wild and mutant protein structures The template modelling (TM) score is also

generated along with this where 0 and 1 are given.

3.2.8 Retrieval of Intronic SNPs data

The two intronic SNPs (SNPs) that were chosen for this study, were analyzed first through
computational methods to check their impact on the PTPN1 gene. The data for each of the
intronic SNPs was gathered from the NCBI dbSNP (https://ncbi.nlm.nih.gov/snp/) database.

Next, the PTPN1 gene was searched on Ensembl (http://asia.ensembl.org/index.html) database

where it showed the analysis of the exon and intron numbers. The position of the SNPs was

crossed checked to observe in which intronic region do each of the two SNPs lie.

3.2.9 Prediction of deleterious effect of SNPs
The SNPs were then placed in the regSNP-itnron (https://regsnps-intron.ccbb.iupui.edu/)

software tool. This tool predicts whether intronic SNPs are disease causing or not based on the
SNP’s genomic and protein attributes. The SNP position, change in allele, and the chromosome

number where the SNP’s located were inputted into the software and analyzed.

The SNPs were analyzed by the NETGENE2
(https://services.healthtech.dtu.dk/service.php?NetGene2-2.42), SNP2TFBS
(https://ccg.epfl.ch/snp2tfbs/),  ConSite (http://consite.genereg.net/), and RegulomeDB

(https://requlomedb.org/requlome-search/).

NETGENE2 produces results about the splice sites in human DNA. It checks if the SNP lies in
the splice site or not. SNP2TFBS is an interface that studies variants that affect the transcription
factor binding site occurring on the human genome. ConSite software allows the exploration
of the transcription factor binding sites. RegulomeDB allows the identification of DNA features
and the regulatory components such as transcription factors, promoter, enhancers, motifs, and

binding proteins present in the non-coding regions by submitting the dbSNP IDs.

3.3 Genotypic Analysis

3.3.1 Patient Consent and Sample Collection

To begin the study, blood samples are to be acquired from diabetic patients. The hospital ethical
committee and the ASAB review board were informed about the study and garnered approval.
Next, the patients were enlightened about the study before blood samples were taken. The
blood samples were collected in purple EDTA tubes and were carefully labelled according to
26
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the patient 1D, gender, age, sample type and if any special handling is required with any of the

blood samples.

3.3.2 Sample Transport and Storage
The blood samples collected were transported carefully in an ice box and were stored at 4°C in

a refrigerator.

3.3.3 Genomic DNA Extraction
Before the procedure was started, the following reagents were gathered and utilized for the

genome DNA extraction method.

Patient’s Blood Ethanol (100% and 70%)
Salt Solution (10M Ammonium acetate,
8M LiCl, 5M NaCl/3M Sodium acetate)
Solution A (0.32M sucrose, Tris (pH
TE Buffer (10X, pH 7.8) 7.5), 5mM Magnesium chloride, 1%
V/V of Triton X-100)

Proteinase K

Solution B (Tris (pH 7.5), 400mM
Sodium chloride, and 2mM Ethylene Solution C (Phenol)
diamine tetra acetic acid (EDTA))
Solution D (24 volumes of Chloroform,
and 1 volume of Isoamyl-Alcohol)

Table 4: Reagents required for DNA Extraction.
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The function of Solution A is to break the cell’s cell membrane so that DNA can be released.
Solution B’s function is to separate proteins from the DNA and allow DNA to precipitate. The
function of Solution C is to separate the aqueous and the organic phases clearly in the solution
where the aqueous layer contains the DNA and the organic layer contains cellular components
such as lipids. Solution D’s function is to stabilize the protein coagulation and to reduce the

foaming in the solution so that pure DNA can be isolated successfully.

3.3.4 Procedure of Genomic DNA Extraction
The DNA extraction from the blood samples was done through the phenol-chloroform method

and it takes two days.
Day 1 Procedure

1. 750uL of the patient’s blood sample is taken and pipetted into an Eppendorf tube.

2. Next, 750uL of Solution A is added into the Eppendorf tube and the tube is inverted
about 4-6 times.

3. The tube is kept at room temperature for 10 minutes.

4. The Eppendorf tube is then placed in the centrifuge machine and centrifuged at
13,000rpm for 10 minutes.

5. The supernatant is discarded after centrifugation and resuspended in 400uL of Solution
B and pellet is dissolved by repeated tapping.

6. The tube is placed back in the centrifugation machine at centrifuged at 13,000 rpm for
10 minutes.

7. The supernatant is discarded again and 400puL of Solution B is added along with SuL.
of proteinase K.

8. The Eppendorf tube is then placed in the incubator overnight at 37°C.
Day 2 Procedure

1. The Eppendorf tube is taken out the next day from the incubator and 250uL of Solution
C and 250uL of Solution D are added in a separate Eppendorf tube.

2. The tube containing both Solutions C and D are then poured into the overnight
incubated Eppendorf tube.

3. The tube is then placed in the centrifugation machine and centrifuged at 13,000 rpm for

10 minutes.
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9.

The aqueous layer contains the DNA and is transferred into a separate tube while the
remaining layer is discarded.

The aqueous layer needs to be submerged in 55uL of 3M sodium acetate and 500uL of
chilled isopropanol.

The tube is then inverted several times so that DNA can be precipitated.

The supernatant is discarded after centrifugation and the DN pellet is resuspended in
100% chilled ethanol.

The tube is placed back inside the centrifugation machine and centrifuged at 13,000rpm
for 8 minutes and is allowed to be air dried so that ethanol can be evaporated.

Once dried, the DNA is submerged in 200uL of TE buffer or PCR water.

3.3.5 Qualitative Analysis

The extracted DNA has to undergo qualitative analysis and for this, agarose gel
electrophoresis procedure was utilized.

1% Agarose gel is prepared in 1X TAE buffer (0.5g of Agarose is mixed in 50puL of 1X
TAE buffer)

5uL of DNA sample is loaded along with 1uL of 6X loading dye.

The sample was run at 110 volts for 30 minutes and visualization of the gel was done
under a UV transilluminator.

Under the UV light, the presence of DNA was confirmed and the DNA sample was
then processed further in PCR.

3.3.6 Detection of PTPN1 Gene SNPs

The goal of this study is to check the presence of single nucleotide polymorphisms (SNPs) in

the gene given below.

PTPN1 gene

Amplification-refractory mutation system (ARMS) was used to detect SNP mutation using

sequence-specific SNP primers in PCR, allowing the amplification of sample DNA only if the

target allele is present in it.

So, ARMS PCR was done for PTPN1 gene
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SNP Primer
Name

Product

Primer Sequence

Annealing

Temp. (°C) Size

rs718049WF

MF
R

MF
R

1
2
3
4 rs3787345WF
5
6

ATCCTTGGGGAACAGGGC
ATCCTTGGGGAACAGGGT
ATGGTTGTTAACCTGCAAGG
GAGTGTGGCTACCTCTGC
GAGTGTGGCTACCTCTGT
AGTCAAGAAGGAGAGGTGGC

62.2
59.9
58.4
62.2
59.9
62.4

Table 5: Primer sequences of PTPN1 SNP variants.

3.3.7 ARMS PCR

The ARMS PCR procedure was utilized for PTPN1 gene.

1. PTPNL1 Gene preparation:

2. Two tubes were prepared.

336
336
336
234
234
234

3. Tube 1: 1uL of common primer, 1uL of forward primer, 21.5uL of master mix, 1uL of

sample, and 0.5uL are added and mixed.

4. Tube 2: 1uL of common primer, 1uL of reverse primer, 21.5uL of master mix, 1uL of

sample, and 0.5uL are added and mixed.

1 2 3 4 5 6 7
94 °C 94 °C
72°C 72°C
1 G
57°C / 0
T
0
4°C
< Step 2
3:00 00:30 00:50 00:40 30X 3:00 00

Table 6: PCR program for PTPN gene.

3.3.8 Gel Electrophoresis
Once ARMS PCR was conducted, the product was then analyzed through the gel

electrophoresis method.
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The following steps were followed by the students performing this experiment.

1.
2.

10.
11.

12.

13.

14.

1.0g of agarose was measured and placed in a conical flask.

100mL of the 1x TAE solution was poured into the same conical flask and then the
flask was placed on a hot plate for 3.0 minutes so that all of the agarose was dissolved
with the occasional mixing by the stirrer.

The agarose solution was allowed to cool down.

About 8uL of ethidium bromide was added to both the agarose solution and the running
buffer solution.

The agarose gel was then gently poured into the casting tray, with the well combs in
place. The gel was allowed to settle at room temperature for at least an hour.

Next, the loading buffer was added to each of the PCR products.

Once the gel was solidified and the well combs removed, it was place in the
electrophoresis chamber.

The chamber was then filled with the 1x TAE solution until all of the gel was covered.
A molecular weight ladder was loaded into the first lane of the gel with the help of a
pipette.

Next, the PCR products were loaded into the wells with the help of a pipette.

Once loading of the samples was done, the gel was run at 120V until the dye line was
more than 75% down the gel. The run time of the gel was for 45 minutes.

The power supply was turned off and the gel was removed from the electrophoresis
chamber carefully.

The gel was the visualized under a UV light source so that the fragments of the PCR
products were seen as bands.

The results of the bands on the gel were analyzed with the DNA ladder in the first lane

as a guide.
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4. Results
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4.1 In Silico Mutational Analysis

4.1.1 Identification of the Most Damaging SNPs.
A total of 261 missense SNPs were retrieved from the dbSNP database. These 261 SNPs were

Results

further analyzed by Ensembl Biomart and PROVEAN prediction tools to identify the most

damaging SNPs. On the basis of the Polyphen and SIFT scores that were generated through

Biomart, 56 SNPs were selected in a range from 0.46 — 1 generated by Polyphen and 0 - 0.04
generated by SIFT. SIFT classified these SNPs as deleterious. These 56 SNPs were inputted in
PROVEAN for further analysis. PROVEAN filtered a total of 36 SNPs as the most damaging

SNPs with a score ranging from 2.7 to 8.73.
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Deleterious
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32  rs1437231621 CIT 0.938 0.02 7.79
33 51452015420 CIT 1 0 7.81
34 rs1467589776 A/G 0.997 0 6.39
35 51601415665 AIC 0.999 0 5.29
36  rs1601415670 A/C 0.99 0 5.06

Table 7: Results of

4.1.2 Disease Causing SNPs
The 36 SNPs were submitted to PMut and MutPred2 to generate the pathology of these SNPs.

PolyPhen, SIFT, and PROVEAN.

Results

Deleterious
Deleterious
Deleterious
Deleterious
Deleterious

PMut generated a score range of 0.5 to 0.9 and informed that all SNPs were disease causing.

The SNPs were submitted to MutPred2 for further analysis and the results showed that the snips

that had a score >0.5 were classified as pathogenic and the SNPs that had a score <0.5 were

classified as benign. 0.5 was kept as the threshold. Provide results in table

4.1.3 Conservation Analysis

The SNPs went under a conservation analysis using ConSurf and the results produced were on

the basis of a 1-10 scale with 1 being highly variable region and 9 being the highly conserved

region. The results also informed about if the SNP is in a buried or an exposed region and if

that SNPs lies in the functional or structural region.
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Variable Average Conserved

- An exposed residue according to the neural-network algorithm.
- A buried residue according to the neural-network algorithm.

A predicted functional residue (highly conserved and exposed).
- A predicted structural residue (highly conserved and buried).
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- Insufficient data - the calculation for this site was
performed on less than 10% of the sequences.

Figure 7: Conservation Analysis Results

Conserved Functional / Structural

Exposed / Buried Site

Variant name

Region Score Region

1 rs372483862 9 Exposed Functional
2 rs759459286 9 Exposed Functional
3 rs765072009 8 Exposed Functional
4 rs760953373 9 Exposed Functional
5 rs763558512 7 Exposed Functional
6 rs768861855 9 Exposed Functional
7 rs779200250 9 Buried Structural
8 rs750431969 7 Buried -
9 rs1181068233 8 Buried =
10 rs1224554949 7 Exposed -
11 rs1234412248 9 Exposed Functional
12 rs1242137245 7 Buried -
13 rs1250785943 8 Exposed Functional
14 rs1285079073 9 Exposed Functional
15 rs1364690180 7 Exposed -
16 rs1384590527 9 Exposed Functional
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17 rs1452015420 9 Exposed Functional
18 rs1467589776 8 Exposed Functional
19 rs1601415665 9 Exposed Functional
20 rs1601415670 7 Buried -

Table 8: ConSurf predictions for sites of nSNPs are found.

4.1.4 Predictions the effect of missense SNPs on Protein Stability
The SNPs were submitted to I-mutant 3.0 to check the protein stability. 7 out of 20 SNPs

showed that they increased the stability of the protein. Whereas, the rest of the SNPs decreased
the stability.

Variant name AAS PhD-SNP Stability

1 rs372483862  P180S ~ Disease =~ Decrease 7 -1.55
2 rs759459286 R254S Disease Decrease 8 -1.16
3 rs765072009 R169Q Disease Decrease 1 -0.4

4 rs763558512 D265H Disease Decrease 7 -0.68
5 rs768861855 E115Q Disease Decrease 7 -0.56
6 rs779200250 I57T Disease Decrease 9 -2.52
7 rs750431969 1171M Disease Decrease 7 -1.22
8 rs1181068233 C226Y Disease Decrease 0 -0.1

9 rs1234412248 S222C Disease Decrease 7 -0.64
10 rs1250785943 E276K Disease Decrease 8 -0.96
11 rs1364690180 R112G Disease Decrease 8 -1.52
12 rs1384590527 R257Q Disease Decrease 7 -0.63
13 rs1452015420 R257W Disease Decrease 5 -0.14
14 rs1467589776 E276G Disease Decrease 8 -1.46
15 rs1601415665 T224P Disease Decrease 4 -0.54
16 rs1601415670 T230P Disease Decrease 5 -0.72

Table 9: Effect of deleterious nSNPs on Protein Stability.

4.1.5 Protein Modelling

The SNPs were submitted to Phyre2 so that the protein structures can be generated of both wild
and mutant types. Once these were generated, they were submitted to ERRAT and VERIFY3D
for validation. Followed by checking the stereo-chemical properties of the protein structures
through PROCHECK. Lastly, the structures were checked for differences between the wild and
mutant types by TM align tool. The RMSD and TM scores were generated as 1 mention your

model value here and 0 with 1 representing a perfect match between the wild and mutant types.
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VERIFT PROCHECK TM align ™

Variant Name 3D Value Score (RMSD)  Score

157 90.6574 94.61 90.3 0 1
1 rs779200250
T57 90.6574 94.61 90.3 0 1
R254 90.6574 94.61 90.3 0 1
2 rs759459286
S254 90.6574 94.61 90.3 0 1
D265 90.6574 94.61 90.3 0 1
3 rs763558512
H265 90.6574 94.61 90.3 0 1
E115 90.6574 94.61 90.3 0 1
4 rs768861855
Q115 90.6574 94.61 90.3 0 1
R169 90.6574 94.61 90.3 0 1
5 rs765072009
Q169 90.6574 94.61 90.3 0 1
1171 90.6574 94.61 90.3 0 1
6 rs750431969
M171 90.6574 94.61 90.3 0 1
C226 90.6574 94.61 90.3 0 1
7 rs1181068233
Y226 90.6574 94.61 90.3 0 1
S222 90.6574 94.61 90.3 0 1
8 rs1234412248
C222 90.6574 94.61 90.3 0 1
E276 90.6574 94.61 90.3 0 1
9 rs1250785943
K276 90.6574 94.61 90.3 0 1
P180 90.6574 94.61 90.3 0 1
10 rs372483862
S180 90.6574 94.61 90.3 0 1
E276 90.6574 94.61 90.3 0 1
11 rs1467589776
G276 91.0035 94.61 90.3 0 1
R112 90.6574 94.61 90.3 0 1
12 rs1364690180
G112 89.9654 94.95 90.3 0 1
R257 90.6574 94.61 90.3 0 1
13 rs1384590527
Q257 88.5813 94.61 90.3 0 1
T224 90.6574 94.61 90.3 0 1
14 rs1601415665
P224 90.6574 94.61 90.3 0 1
R257 90.6574 94.61 90.3 0 1
15 rs1452015420
W257 90.3114 94.61 90.3 0 1
T230 90.6574 94.61 90.3 0 1
16 rs1601415670
P230 90.6574 94.61 90.3 0 1

Table 10: Results from ERRAT, VERIFY3D, PROCHECK, and TM Align tools.
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Figure 8: Ramachandran plot graph of PTPN1mutant (G276) values showing number of residues

favored, allowed, and outlier regions.
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Superposition of two proteins Superposition of two proteins with ligands and solvents (when available)

SUPERIMPOSITION OF E276 and G276 using TM-align

Figure 9: Superimposition of PTPN1 wild (E276) and mutant (G276) using TM-align tool.

4.1.6 Results of deleterious effects of intronic SNPs
Intronic SNPs were analyzed in regSNP-intron software. The results showed that both the SNPs

were benign with a lower probability ranging from 0.1 to 0.37.

1 rs3787345 49185423 C T B 0.102252 off
2 rs718049 49196599 C G B 0.237641 off
3 rs718049 49196599 C T B 0.373311 off

Table 11: regSNP-intron results for intronic SNPs.

4.1.7 Results for the presence of splice sites.
The SNPs were further analyzed in the NetGene2 tool to evaluate whether the SNPs are located
in the splice site region or not. The results showed that no donor and acceptor splice sites are

found the or mention the threshold value for both of these intronic SNPs.
4.1.8 Results for the effect on Transcription Factor Binding Sites (TFSB)

In order to determine the effect of variants on the transcription binding sites (TFBS), the SNPs
were analyzed in the SNP2TFBS software. The results demonstrated that no TFBS were
affected by the SNP rs718049 and rs3787345. The transcription binding sites were explored
using the ConSite software and the results revealed that no transcription binding sites were

detected in the region where intronic variants are located.
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4.1.9 Results for the regulatory potential

The SNPs were investigated in the RegulomeDB. Results revealed a score of 3a for the
rs3787345 SNP and a score of 4 for the rs718049 SNP demonstrating the regulatory potential

evidence.

4.2 Genotypic Analysis
The results of the ARMS PCR were validated by gel electrophoresis for the two intronic SNPs.

e SNP rs718049
SNP rs3787345

L -veCon Con Ao Aio Ann A1z A13 Ai14 Ai1s
G T €T 7 ¢ T C T G T C T

L=Ladderofikbp  C allele amplicon size = 336bp
A =Diabetic samples T allele amplicon size =336bp
Con = Control
Figure 10: Gel results of PTPN1 rs718049 variant.

4.3 Statistical Analysis

N=4 n (%) N=31n (%) OR P RR P
ccC  0(0) 12(38.7) 5.7692 02533  3.9063 0.3163
CT  0(0) 19(61.2) 14.0400  0.0850  6.0938  0.1804
TT  4(100) 0(0) 0.0018 00021  0.0174 0.0041

Table 12: Genotypic frequencies of PTPN1 rs718049 polymorphism.

Genotypic distribution of rs718049 (C-T) shows that the heterozygous genotype (CT) was
prevalent in the Type 2 diabetic patients (61.2%) whereas the homozygous (TT) as
predominant in the control group (100%). Among all the genotypes CT was prominent in
patients, and TT was prominent in control group. However, homozygous (CC) genotype was

also found in diabetic patients (38.7) having a lower prevalence than heterozygous (CT)
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genotype. The OR value for the association of rs718049 polymorphism depicted a strong
association of genotype CT with the incidence of T2DM (OR=14.0400). However, a larger
sample size is required to further validate the role of this genotype (CT) in the incidence of
T2DM.
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5. Discussions
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Type 2 Diabetes mellitus is one of the most common metabolic diseases worldwide. Diabetes
is associated with a wide range of life-threatening complications. Diabetes is characterized by
insulin resistance, hyperglycemia and dysfunction of beta cells. People diagnosed with T2DM
diabetes are at an elevated risks of developing a scope of complications, such as nephropathy,
cardiovascular diseases, and visual impairment. Genetic disposition and ecological impacts

have been observed as the main reasons for the occurrence of the disease.

5.1 In Silico Analysis

5.1.1 Missense SNPs

Single nucleotide polymorphisms (SNPs) are the most frequent type of genetic variations that
occur in the world and have been linked to many genetic diseases. About 2% SNPs that are
linked with genetic diseases are SNPs and they occur in the protein coding regions and have
led to a single amino acid substitution. The SNPs identified for PTPN1 gene have been
corelated with the PTP1B protein that is encoded by the gene. Disturbances in the PTP1B
protein have been associated with diseases such as Type 2 Diabetes Mellitus. Through in silico
analysis, the SNPs were identified along with their effect on the structure and function of the
PTP1B protein.

The 261 SNPs were submitted to BioMart that produced Polyphen and SIFT results. PolyPhen
is a software which helps in predicting the effect of an amino acid substitution on the structural
and functional properties of a protein. PolyPhen scores are generated on the basis of 0 being
the least damaging, and 1 being the most damaging. The SNPs that had a score closest to 1
were selected that were further filtered out by SIFT. Sorting intolerant from tolerant (SIFT) is
a software that predicts the impact of an amino acid substitution has on the functional properties
of a protein that is based on the sequence homology and the physical properties. SIFT scores
are generated on the basis of 0, being the most damaging, and 1, being the least damaging. The
SNPs that had a score closest to 0 were selected. In total, 56 SNPs were selected which were
further analyzed by PROVEAN and a total of 36 SNPs were classified as the most damaging
SNPs. These 36 SNPs were common among these two softwares.

When the 36 SNPs were submitted to PMut to know whether they are disease causing or not,
the results showed that they were all disease-causing snips. For further analysis, the snips were
submitted to MutPred2 where the results showed majority of the SNPs were pathogenic.
Mutpred2 informed that 6 of the snips were had a score in the range of 0-0.5 which meant that

these snips were benign while the rest of the thirty snips were pathogenic as they were in 0.5-
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1.0 range. The probability of the snips to be benign or pathogenic is corelated with the gain and
loss of function of the protein. The snips that showed a probability of 0.5 and lower were
classified as benign and the snips that had a probability of 0.5 and higher were classified as
pathogenic. The pathogenic snips can cause significant functional damage to the protein. 30

out of 36 SNPs had a score >0.5 and were selected for further analysis.

The conservation analysis of these 30 deleterious SNPs was determined by ConSurf. The
alignments of amino acid residues in protein have marked that may lead to disease if mutations
are caused. The conserved regions are important for a protein both functionally and structurally.
The SNPs that can replace the conserved amino acids can cause a disruption in the function
and structure of a protein. SNPs present at the conserved regions have known to be highly
damaging for the protein and may lead to disease. 20 out of 30 SNPs (grade 7 and above) were
considered to be detrimental to the protein. From those 20 SNPs, 14 (grade 8 and 9) of the
SNPs were replacing amino acids in highly conserved regions and were predicted by ConSurf
as functional residues. Therefore, these 14 SNPs can cause a significant functional damage to
the protein. Whereas, only one SNP was substituting a highly conserved amino acid and can

cause significant structural damage to the protein (Table 8).

Missense SNPs can affect the protein stability and the results were in correspondent with this.
The 16 of the SNPs were predicted to decrease the stability of the protein while 4 were
increasing the protein stability. Two of the SNPs that were increasing the protein stability were
contradicting with their AAG values as they below 0. According to the I-mutant3.0 website, the
predictions of the AAG values and signs are carried by two different SVMs which can
contradict the sign and value. This occurs when the reliability index is low, which is true for
one of the contradictory cases only. When the protein is destabilized, it can lead to increase in
degradation, aggregation, and misfolding of the protein. The 16 SNPs that were decreasing the

protein stability were submitted forward for additional analysis (Table 9).

The 16 SNPs were submitted to Phyre2 software so that the protein structures of wild and
mutant types for each of the snips could be generated. The accuracy of protein structure models
was then verified through ERRAT, and VERIFY3D to evaluate the information of the non-
bonded connections between the atoms and analyze the compatibility of the 3D models with
the amino acid sequences. The stereo-chemical properties of the protein models were verified
by PROCHECK where Ramachandran plot graphs were created. The Ramachandran plot
graphs revealed that the key residues of the PTPN1 models were portioned in acceptable
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segments of the map (Error! Reference source not found.). In all the models, the largest
number of residues was present in the mutant G276 in favorable regions with only few residues
seen in unfavorable regions, which signifies the quality of the models. G276 was chosen on the
basis of attaining the highest ERRAT score (91%). TM align tool superimposed these 16 SNPs,
both wild and mutant structure as to check any differences between the structures. All of the
SNPs scored a 1 which means that the structures are a perfect match. The RMSD scores of this
superimposed structure was 0 which meant that there was no change in the structures. The
superimposition of the PTPN1 wild (E276) and mutant (G276) types were also on the basis of
the ERRAT score.

5.1.2 Intronic SNPs

In silico analysis of the selected intronic SNPs rs3787345 and rs718049 was carried out for
determining the regulatory effect of these SNPs. The RegSNP-intron software was used to
determine the disease-causing nature of these SNPs. Chromosome number, coordinate
position, and the reference and variant alleles were entered. Both of these SNPs were revealed
to be benign in nature with a lower probability of causing the disease ranging from 0.1 to 0.37.

Further analysis was conducted by NetGene2 software to evaluate whether the SNPs are
located in the splice site region or not. For both these intronic SNPs, no splice sites in the donor
and acceptor region were found above the threshold. The cut off value used for confidence of

nearly all true donor sites is 50% and for nearly all true acceptor sites is 20%.

To determine the role of these variants on TFBS, SNP2TFBS tool is used which maps the
variants to the TFBS. No effect was manifested on the transcription binding sites by these
variants. Further analysis for the presence of transcription binding sites in the region of SNP
was checked using ConSite software. Transcription binding sites were not detected in that
region showing that these SNPs are not involved in the regulation of transcription.

The regulatory functions of these intronic SNPs were studied using RegulomeDB which is a
database used for the identification of the DNA features and regulatory potential of the variants
in the non-coding regions. Variants in this database are described into four categories that
represent their regulatory potentials. Intronic variant rs3787345 has a RegulomeDB score of
3a predicting a less likely effect of this variant on binding. Similarly, the variant rs718049 has

a RegulomeDB score of 4 predicting minimal binding evidence of this variant.
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5.2 Genotypic Analysis

The Amplification Refractory Mutation System PCR (ARMS PCR) is a method utilize for
genetic diseases diagnosis. ARMS PCR was used to check for the presence of the wild and/or
mutant alleles of intronic SNPs. The results of the ARMS PCR of the following two intronic
SNPs were verified by agarose gel electrophoresis. The rs718049 has “C” as the wild allele
and the “T as the mutant allele in the Caucasian population. For the South Asian population,
the “T” is the mutant allele and the “C” is the mutant allele for the rs718049. The rs718049
results were shown in the gel that were visualized by the UV illuminator. Both the “C” and the

“T” alleles were visible, which means that rs718049 is heterozygous for the diabetic patients.
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6. Conclusion
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6.1 Conclusion

In silico analysis of 16 damaging missense SNPs revealed their involvement in dysregulating
the function of PTPNL1 representing they may be involved in disease pathogenesis. Next, in in
silico analysis of intronic SNPs rs3787345 and rs718049 showed no significant role in
regulation of PTPN1 gene. Further validation of the selected intronic SNPs through genotypic
analysis represented a role of rs718049 in the pathogenicity of diabetic patients. The genotypic
distribution depicts higher prevalence of heterozygous trend in rs718049. In case of rs3787345,
resulted nonspecific bands, hence needs additional optimization for detecting its role in diabetic
patients. For further verification of results, larger sample size is required in order to replicate

these findings.

6.2 Future Prospects

Study of rs3787345 and rs718049 polymorphisms in PTPN1 gene of a large sample size in
Type 2 diabetic patients can be beneficial in providing significant details for the development
of new therapeutic drug target. Also, genome wide association sequencing (GWAS) is required
for this gene to help in diagnosing the disease. Moreover, further validation through wet-lab

analysis is needed.
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