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ABSTRACT 

 

Type II Diabetes Mellitus (T2DM) is one of the most frequently occurring heterogenous, multi-system 

disorders characterized by hyperglycemia, responsible for 90% of the 463 million diabetes cases around the 

world. Complex etiology, painful clinical manifestations, and associated comorbidities makes T2DM a 

disease of great concern. T2DM has a strong genetic basis and studies have elucidated the association of 

SNPs of different genes with its progression. SNPs form the basis for precision medicine as the analysis of 

SNPs can aid the tailoring of medical treatments to individual genetic profiles, enhancing the efficacy and 

safety of therapies. This personalized approach helps in predicting disease risk, optimizing drug dosages, 

and minimizing adverse drug reactions, ultimately leading to more precise and effective healthcare. The 

current study aims to investigate the association of rs369262127 and rs201966419 with the risk of T2DM 

using Gradient PCR. In-silico analysis was performed to identify pathogenic exonic missense SNPs of CAV1 

gene. In order to identify damaging nsSNPs in the CAV1 gene, computational tools such as SIFT, SNPs&GO, 

SNAP2, and MutPred2 were used. MUPro and ConSurf predicted protein stability and conservation profiles, 

respectively. Phyre2 and I-TASSER designed the 3D structure of CAV1 mutants. Post-translational 

modifications were determined by GPS-MSP, NetPhos3.1, NetOglyc4.0, and NetNGlyc 1.0. GENEMania 

and STRING predicted the protein-protein interaction. We found six nsSNPs in the coding region to be 

highly damaging: rs369884333, rs372416448, rs200052661, rs369262127, rs151024969, and rs201966419. 

Most alterations in structure were caused by rs201966419. As a result, rs369262127 and rs201966419 were 

selected for invitro analysis as they were found to be clinically significant in ClinVar. Invitro analysis 

including gradient PCR and gel electrophoresis revealed no significant difference between the genotype and 

allele frequency of patients and healthy controls. So, it can be concluded that the risk alleles of the two SNPs 

were not associated with susceptibility to T2DM in our sample pool, but replication of this study with larger 

sample size is required for further validation of results.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 BACKGROUND 

1.1.1 Type II Diabetes Mellitus 

Type II Diabetes Mellitus (T2DM) is one of the most frequently occurring heterogenous, multi-system 

disorders 47 characterized by hyperglycemia. It occurs by two main reason, one is when the pancreas 

produce less insulin and the other is the tissues carrying insulin receptors become unresponsive to high 

insulin levels in the blood leading to insulin resistance 47 (see  

Figure 1). Insulin hormone is required by the body for the uptake of glucose into cells, thereby maintaining 

normal blood glucose levels and ensuring that the cells get energy 47.  In former case, the beta cell of 

pancreas produces insulin in response to the elevated level of glucose in the blood hence maintain glucose 

level. But in later case occurs when insulin binds to the insulin receptor and causes the activation of 

downstream signaling PI3K/AKT pathway leading to the translocation of GLUT4 to the plasma membrane 

for the uptake of glucose, hence maintaining the glucose level in the blood. But in case of diabetes, the 

downstream PI3K/AKT signaling pathway is unable to be activated and GLUT4 is unable to be translocated 

to the membrane, leading to the elevated glucose level in the blood termed hyperglycemia.                

 

Figure 1: The figure shows the body of a healthy individual and a type II diabetic patient. A healthy body displays 

normal insulin-glucose metabolism, whereas a type II diabetic has desensitized insulin receptors leading to 

hyperglycemia. (Created with BioRender.com).  

https://www.biorender.com/
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1.2 EPIDEMIOLOGY 

Diabetes is most commonly found in adults over the age of 45 47. T2DM is responsible for 90% of the 463 

million diabetes cases around the world 47 with 10.5% of the world adult population (20-79 years) affected 

by it 47.  According to the International Diabetes Federation, 3 in 4 adults in low- and middle-income 

countries are diabetic, making Pakistan highly vulnerable 47. In 2021 alone, 32,964,000 people in Pakistan 

were diabetic and 396,625,000 lost their lives from it. The number of diabetes patients are expected to nearly 

double (62,018,000) by 2045 47.  

 

Figure 2: The global epidemiology of diabetes in 2021 according to the IDF. Pakistan had >20 million diabetes cases 

in 202147. 

 

1.3 CLINICAL MANIFESTATIONS 

The symptoms include frequent urination, thirst, hunger, weight loss, tiredness and vision impairment 47.
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Figure 3: Symptoms of type II diabetes.  

 

1.4 COMPLICATIONS OF T2DM 

T2DM affects multiple organ systems. According to WHO, diabetes can cause harm to the heart, eyes, 

kidneys, nerves, vasculature 47 gums, feet and bladder 47. According to CDC, diabetic individuals are twice 

as likely to develop CVDs than normal individuals 47. Hyperglycemia damages blood vessels in the eyes, 

kidneys and nerves leading to diabetic retinopathy 47, chronic kidney disease 47 and neuropathies 47 

respectively.  Figure 4 shows the complications associated with T2DM.  

                                         

Figure 4: The complications of type II diabetes 47. 

1.5 RISK FACTORS OF TYPE 2 DIABETES MELLITUS  

The failure of β cells is an important hallmark of T2DM. A combination of genetic, metabolic and 

environmental factors leads to the development of diabetes. Some risk factors are non-modifiable, but 

working on the modifiable factors can delay the onset of diabetes. 
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1.6.1 Non-Modifiable Risk Factors 

1.5.1.1 Genetic Predisposition 

It is dependent upon the race and ethnicity of an individual. Black populations are the most prone to diabetes 

47. Japanese, Hispanics and Native Americans also have a high chance of developing diabetes whereas 

White American population has a low likelihood in comparison 47. A research study showed that Finnish 

families displayed inheritance for defective insulin secretion 47. T2DM is a polygenic disease that involves 

multiple loci, some impairing insulin secretion while others weakening insulin action 47.  

The genes ABCC8 (sulphonyl urea receptor), KCNJ11 (KIR6.2), SLC2A2 (GLUT2), HNF4A (HNF4α), and 

INS affect the activity of pancreatic β-cells, which in turn causes insulin resistance. Three more genes, INSR, 

PIK3R1, and SOS1, are associated with insulin. Other genes responsible for T2DM include SLC27A5, 

FABP6, Thr79Met, DBI, PTGES2, and CLPS, RAPGEF1, HNF1 homeobox A (HNF1A) and HNF1 

homeobox B (HNF1B) 48. The interaction of the environment with the susceptible loci could explain the 

heritable nature of the disease, however, much is still not understood regarding T2DM loci. 

1.5.1.2  Age 

Insulin levels decline with age due to a decrease in β cell function 48. 

1.6.2 Modifiable Risk Factors 

1.5.2.1 Obesity 

Increase in BMI results in earlier diagnosis of T2DM 48. this is because obesity leads to some metabolic 

abnormalities including both inter-organ connections and cell autonomous processes, resulting in IR 47.  

1.5.2.2  Low physical activity 

Three aspects of an active lifestyle reduce the incidence of diabetes: decreased intra-abdominal fat, enhanced 

glucose uptake, and improved blood flow and glucose uptake caused by skeletal muscle contraction 48. 

Weight loss has proven to improve insulin sensitivity and decrease chances of IR 48. 

1.5.2.3  Diet 

The risk of type 2 diabetes is increased by Western diets, but it is decreased by traditional foods like fish 

and marine mammals. The use of vegetarian, vegan, Mediterranean, and dietary approaches can lower blood 

pressure, enhance insulin sensitivity, and reduce glycated hemoglobin 48. 

1.5.2.4 Persistent Organic Pollutants (POPs) 

Adipose tissues accumulate POPs and enter the human body through consumption of meat, fish and dairy. 

This causes obesity, dyslipidemia and insulin resistance 48.

1.6 PATHOPHYSIOLOGY 

1.7.1 β Cell Dysfunction 

Insulin is stored in granules of β cells until secretion. β cells secrete insulin during high glucose levels, but 

other factors can be responsible for it. During high glucose levels, glucose enters β cells through GLUT2 

and increases ATP/ADP ratio. ATP-dependent potassium channels close and voltage-gated calcium 

channels open and cause insulin release. This is a highly regulated process and any damage to islets can 
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interfere with this process. β cell dysfunction can occur from high nutritional states (like obesity) causing 

hyperglycemia and hyperlipidemia, toxic pressures (inflammatory/oxidative stress) leading to loss of islets. 

Damage to the islets causes insulin insensitivity and T2DM 47. 

1.7.2 Pathological Conditions Propagating T2DM 

1.6.2.1 Nutritional Factors: Diet containing elevated levels of fats and carbohydrates cause the production 

of ROS species and lead to inflammatory stress 47. Glucotoxicity and lipotoxicity damage β cells and 

decrease insulin secretion (48; 48). Both mechanisms participate in the pathogenesis of diabetes. 

 

1.6.2.2 Physical Activity: Sedentary lifestyle causes obesity which leads to a constant state of inflammation. 

Weight loss is an effective way to reduce inflammation and increase insulin sensitivity 47. 

1.6.2.3 Gut Dysbiosis: Gut microbiota participates in many biological processes. Changes in diet and 

lifestyle can disturb gut microbiota and lead to pathogenesis of T2DM 48. In mice, high-fat diets can cause 

the synthesis of lipopolysaccharides, which can cause insulin resistance and inflammation 48. Intestinal 

dysbiosis can result in reduced fatty acid synthesis, disturbed glucose homeostasis, and the development of 

T2DM 48. 

1.6.2.4 Metabolic Memory: The ongoing presence of diabetes problems even after glycemic management 

is known as metabolic memory. Four pathways participate in metabolic memory: oxidative stress, non-

enzymatic protein glycation, chronic inflammation, and epigenetics. Imbalance in any one of these areas 

can lead to diabetes pathogenesis 47.  

1.6.2.5 Mitochondrial Dysfunction: Mitochondrial malfunction results in higher O2 production, a decrease 

in nutrition oxidation efficiency 48, and an accumulation of ROS within the mitochondria 48. One of the 

main processes regulating the quantity and quality of mitochondria is mitophagy 48. Reduced glucose 

homeostasis and hepatic insulin sensitivity are caused by impaired mitophagy 49. 

1.7 INSULIN RESISTANCE 

The pathophysiological abnormality that commonly initiates T2DM is Insulin Resistance (IR) in the tissue, 

muscle and liver. This eventually leads to the decline in the function of pancreatic β cell. IR is most 

commonly an inherited factor, though its inheritance is unclear 49. Insulin resistance is the insensitivity of 

insulin-responding tissues to high insulin levels 47. Muscle, liver and adipose tissue are the central organs 

in glucose metabolism and provide insight into the mechanism of insulin resistance.

1.8.1 Selective Insulin Resistance: 

Some tissues become more sensitive to insulin during IR. This is known as selective insulinresistance. E.g., 

Insulin is required by the liver for lipid synthesis. During insulin resistance, hepatic lipogenesis increases, 

suggesting that hepatic lipid metabolism is independent of the hepatic glucose metabolism pathway 49. 

1.8.2 Liver Insulin Resistance: 

Liver is responsible for endogenous glucose production (EGP) during fasting 49. In patients with T2DM, 

the hepatic glucose production (HGP) rises, even under the influence of high plasma insulin. This shows 

resistance to insulin by hepatocytes 49. Insulin insensitivity leads to a decreased synthesis of glycogen in 

the liver and impaired glucose metabolism 47. 



Chapter 1          Introduction 

6 

 

1.8.3 Skeletal Muscle Insulin Resistance: 

Insulin causes the transport of glucose in skeletal muscles by GLUT4 translocation to the membrane. 

Research has shown that knocking out of the GLUT4 gene in mice muscle cells decreases GLUT4 

translocation to the cell surface, reducing glucose uptake in the and consequently diabetes-like symptoms 

49. Mutations in glycogen synthase, hexokinase, and GLUT4 can also cause hyperglycemia 47. Muscle IR 

accounts for 85-90% of the impairment in body glucose disposal 48. 

1.8.4 Adipose Insulin Resistance: 

Adipose tissue plays a significant role in glucose and lipid synthesis and body weight homeostasis. Insulin 

causes uptake of glucose, fat and glycerol into adipocytes. IR disables this system and causes free fatty acid 

(FFA) release into bloodstream. This stimulates adenine nucleotide translocase 2 (ANT2) and adipose tissue 

dysfunction 47.  

1.8 DISEASE PROGRESSION: 

Insulin resistance worsening and β-cell function decline are the main hallmarks of type II diabetes 

progression. Clinically, there is a decline in multiple markers, including postprandial glucose levels, fasting 

plasma glucose (FPG), and A1C 49. 

1.9.1 Pre-Diabetes 

The phrase "pre-diabetes" has gained widespread usage and denotes a chance of developing into overt 

diabetes. However, according to data from the Diabetes Prevention Programme (DPP), those with insulin-

glycated retinopathy (IGT) are more likely than people with normal A1C levels to develop diabetic 

retinopathy. These people have a 10% incidence of diabetic retinopathy, 80% loss of β-cell function, and 

maximal or near-maximum insulin resistance. It is appropriate to classify these pre-diabetic people as having 

type 2 diabetes 49. 

1.9.2 Pre-Diabetes to Overt Diabetes: 

A lower HDL cholesterol level, higher BMI, blood pressure, and triglycerides and a steeper rate of increase 

in fasting glucose indicate development of diabetes 49. 

1.9.3 Acute Insulin Response 

Following an increase in blood glucose, the insulin levels rise rapidly known as acute insulin response. In 

type II diabetes, this response progressively declines, indicating damage to β cells 49. 

1.9.4 Progression to Medication 

The chance of starting treatment and the risk of advancement declines with age. While elderly patients with 

stable weight may be monitored without pharmaceutical therapy, younger individuals should be 

administered medication earlier 49. 

1.9.5 Loss of Glycemic Control on Medication 

Glycemic control in type 2 diabetes is declining over time. The U.K. Prospective Diabetes Study (UKPDS) 

showed that when compared to standard care, treatment with metformin, sulfonylurea, or insulin 

dramatically lowers A1C and FPG (49; 49). 
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1.9.6 Decline in β Cell Function. 

β cell function declines progressively with hyperglycemia despite treatment. This failure of β cells amplifies 

in old age when other complications aggravate diabetes (49). 

1.9 SCREENING AND DIAGNOSIS 

The test for screening and diagnosis of T2DM is common and follows the guidelines set either by ADA in 

1997 or WHO National diabetic group criteria of 2006 50. These guidelines state that for a person to have 

diabetes, they must show one raised blood glucose reading with diabetes symptoms (e.g. polyuria, 

polydipsia, polyphagia and weight loss) or raised values on two instances of either fasting plasma glucose 

(FPG) (126 mg/dL) or oral glucose tolerance test (OGTT) 2 hours after taking oral glucose drink (200 

mg/dL) 50. While the WHO emphasizes the OGTT, the 1997 ADA criteria for DM diagnosis place more 

emphasis on the FPG. 

The International Expert Committee (IEC) suggested in July 2009 that DM patients should have an extra 

diagnostic criterion of a HbA1c value 6.5%. IEC said that instead of the term ‘pre-diabetes,’ HbA1c values 

of 6% to 6.5% be referred to as having high risk of developing diabetes 50.  

1.10 PREVENTION 

The Diabetes Prevention Program (DPP) led by National Institute of Diabetes and Digestive and Kidney 

Diseases (NIDDK) is a pioneer in cost-effective approaches to prevent diabetes. Their research shows that 

moderate weight loss or the drug metformin significantly delay or prevent diabetes 50. DPP focuses on 

lifestyle changes using real-life well maintained diabetic fitness trainers as educators 50. This study is in 

use by CDC in their National Diabetes Prevention Program 50. 

1.11 MANAGEMENT 

Modern research has allowed us to individualize diabetes treatment and management according to 

complications, comorbidities and the duration of diabetes. For this purpose, education and awareness on 

diabetes self-management is essential to preserve β cell function 50. 

1.12 TREATMENT 

In 1921, Banting, Best and colleagues in Toronto, Canada discovered insulin, the first effective treatment to 

diabetes. Insulin went through numerous changes to become NPH insulin in 1946 that we still use today 50. 

The first pharmacological drug to treat diabetes (sulfonylurea (SU) carbutamide) in 1955 was closely 

followed by others still being used today 50. 

• Sulfonylureas: Stimulates insulin secretion 50. 

• Biguanides: Reduces glucose absorption, improves insulin sensitivity, glucose uptake and fatty acid 

oxidation 50. 

• Meglitinides: Stimulates insulin release from pancreatic β cells 50. 

• Alpha-Glucosidase Inhibitors: Treat postprandial hyperglycemia 50. 

• Thiazolidinediones: Insulin sensitizer 50. 

• Incretin-Based Therapies: Long-term gains in body weight management and glycemic control 50. 

• Insulin Analogs: Mimics normal physiological insulin secretion 50. 
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• Dipeptidyl-Peptidase IV Inhibitors: Inhibits DPP-4, a ubiquitous enzyme that inactivates both GLP-1 

and GIP which improves glycemic control 50. 

• Bromocriptine: Reduces HbA1c levels after 24 weeks of treatment 51 

1.13 CURRENT TRENDS 

Modern technologies in the field of medical biology have allowed advancements in research of diabetes. 

The American Diabetes Association (ADA) collaborated with the European Association for the Study of 

Diabetes (EASD) on the Precision Medicine in Diabetes Initiative (PMDI). The aim of this initiative is to 

provide tailored care to diabetes patients by assessing the unique need of each patient and customizing 

treatment to fit their needs 51.  

1.14 GAP OF STUDY 

Type II diabetes is a complex metabolic disorder that demands a thorough study of its underlying genetic 

factors. One of these is mutations in CAV1. However, a crucial knowledge gap surrounds CAV1 gene variants 

and their role in IR and T2DM, especially in the Pakistani population. Further research will understand their 

specific impact, potentially providing valuable insights into insulin resistance mechanisms and aiding in the 

development of tailored treatment approaches. 

1.15 OBJECTIVES OF STUDY  

The main objectives of the study are as follow:  

1. To check the pathogenicity of the SNPs of CAV1 through in-silico analysis.  

2. To investigate the association of selected SNPs with T2DM through in-vitro analysis. 

1.16 IMPACT OF STUDY 

Research has shown that diabetes may begin as early as in vitro, progress slowly over a lifetime and develop 

into a chronic illness that may lead to an assortment of conditions such as Alzheimer disease, cancer, liver 

failure, depression, and hearing loss 50. These comorbidities combined with the millions of dollars spent 

every year can be avoided by in-depth understanding of the metabolic pathways involved in diabetes and 

research on new and improved methods to understand the special needs of diabetic patients.  

 

 

 

 

 

 

 

 

 

 



Chapter 2        Literature Review 

9 

 

CHAPTER 2 

LITERATURE REVIEW 

 

2.1 DIABETES TYPE 2 

Type II diabetes mellitus ranks among the most prevalent metabolic disorders with 90% of diabetes cases. 

It is characterized by insufficient insulin secretion from pancreatic islet β-cells, tissue resistance to insulin, 

and an insufficient compensatory insulin secretion in response 51. Targeted therapy is the only efficient way 

to minimize symptoms and avoid the onset of comorbidities associated with T2DM. 

2.2 CAVEOLAE 

Caveolae, tiny invaginations of the cell membrane, are integral to essential physiological processes like cell 

signaling, endocytosis, and the movement of cholesterol within cells 51. Caveolin-1, -2, and -3 are unique 

membrane proteins known to be the major components of caveolae 51. In mammals, three caveolin genes 

are identified as CAV1, -2, and -3, respectively. These genes encode five distinct isoforms of the caveolin 

protein 51.  

2.3 CAVEOLIN-1 

Caveolin-1, encoded by the gene CAV1 51 is the principal component of flask-shaped caveolae in 

membranes 51. It is the primary isoform of the caveolin family outside of muscle tissues, abundant in both 

caveolae and vesicles targeted to the apical surface of polarized epithelial cells. Also known as VIP21, it 

was first recognized as a protein undergoing tyrosine phosphorylation in cells transformed by Rous sarcoma 

virus. Caveolae were initially observed between 1953 and 1955 as plasmalemmal vesicles engaged in 

endocytosis, facilitating the movement of molecules across endothelial cells 51. 

2.4 LOCATION OF CAV1 

CAV1 is located on chromosome 07: 116,524,994-116,561,179 forward strand as shown in Figure 5 

(https://asia.ensembl.org/; Accessed May 5th 2024).  

 

Figure 5: Location of CAV1 on chromosome 7. 

2.5 STRUCTURE 

The Caveolin-1 (CAV1) monomer weighs approximately 22 kDa and combines with 14-16 monomers in the 

endoplasmic reticulum to form a 350 kDa oligomer. The oligomers interact with cholesterol molecules in 

the golgi body and transported to the cellular membrane where additional cytosolic adaptor proteins named 

Cavins contribute to caveolar formation. CAV1 mediates the recruitment of Cavin proteins (CAVIN1/2/3/4) 

to the caveolae 51. Figure 6 displays the 3D protein model of Caveolin 1 (https://www.rcsb.org/; Accessed 

on May 16th, 2024). 

https://asia.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000105974;r=7:116524994-116561179
https://www.rcsb.org/search?request=%7B%22query%22%3A%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22terminal%22%2C%22service%22%3A%22text%22%2C%22parameters%22%3A%7B%22attribute%22%3A%22rcsb_uniprot_protein.name.value%22%2C%22operator%22%3A%22exact_match%22%2C%22value%22%3A%22Caveolin-1%22%7D%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%5D%2C%22logical_operator%22%3A%22and%22%2C%22label%22%3A%22text%22%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%2C%22return_type%22%3A%22entry%22%2C%22request_options%22%3A%7B%22paginate%22%3A%7B%22start%22%3A0%2C%22rows%22%3A25%7D%2C%22results_content_type%22%3A%5B%22experimental%22%5D%2C%22sort%22%3A%5B%7B%22sort_by%22%3A%22score%22%2C%22direction%22%3A%22desc%22%7D%5D%2C%22scoring_strategy%22%3A%22combined%22%7D%2C%22request_info%22%3A%7B%22query_id%22%3A%22311524b1ae36416317873b8e4a96b76e%22%7D%7D
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Figure 6: Caveolin 1 model. The figure displays 3D Caveolin 1 model obtained from RCSB PDB. 

Caveolin proteins exhibit three clearly defined regions 51. 

1. A cytoplasmic N-terminal domain 

2. A unique 33-amino acid hydrophobic membrane-spanning segment and, 

3. A cytoplasmic C-terminal domain 

The protein adopts a hairpin-loop structure within the lipid bilayer, allowing both the N and C termini to be 

exposed on the cytoplasmic surface. Scaffolding domain engages with numerous signaling proteins 51. 

Figure 7 shows the structure of caveolae and the caveolin 1 protein with its domains. 

 

                    

Figure 7: Structure of different domains of caveolin 1 protein in caveolae. Caveolin 1 has four main domains namely, 

the N-terminal, C-terminal, transmembrane domain and the scaffolding domain. 

 

 



Chapter 2       Literature Review 

11 

  

2.6 TRANSCRIPTS OF CAV1 

CAV1 consists of 9 transcripts. Among them 6 are protein coding, 1 retained intron and 1 is nonsense 

mediated decay (https://asia.ensembl.org/; Accessed May 5th 2024) as shown in Table 1. 

 

Table 1: Transcripts of CAV1 with their base pair and biotype as obtained from Ensembl. 

Transcript ID Name Base 

pairs 

Protei

n 

Translatio

n ID 

Biotype Uni Prot 

Match 

ENST0000034

1049.7 

CAV1-201 2456 178aa ENSP0000

0339191.2 

Protein coding Q03135-1 

ENST0000040

5348.6 

CAV1-205 2652 147aa ENSP0000

0384348.1 

Protein coding Q03135-2 

ENST0000039

3467.1 

CAV1-202 2628 147aa ENSP0000

0377110.1 

Protein coding Q03135-2 

ENST0000061

4113.5 

CAV1-209 1130 115aa ENSP0000

0479447.2 

Protein coding A0A7P0Y

WJ6 

ENST0000039

3468.1 

CAV1-203 845 147aa ENSP0000

0377111.1 

Protein coding Q03135-2 

ENST0000039

3470.1 

CAV1-204 598 167aa ENSP0000

0377113.1 

Protein coding E9PCT5 

ENST0000045

6473.5 

CAV1-207 557 138aa ENSP0000

0389033.1 

Protein coding C9JKI3 

ENST0000045

1122.5 

CAV1-206 1653 86aa ENSP0000

0409541.1 

Nonsense 

mediated decay 

F8WDM7 

ENST0000048

9856.1 

CAV1-208 575 No 

protein 

- Retained intron - 

 

2.7 PROTEIN CODING TRANSCRIPTS 

CAV1-201, CAV1-209, CAV1-204, CAV1-205, CAV1-207, CAV1-203 and CAV1-202 are protein coding 

transcripts i.e. they contain an open reading frame (https://asia.ensembl.org/; Accessed May 5th 2024). 

https://asia.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000105974;r=7:116524994-116561179
https://asia.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000105974;r=7:116524994-116561179
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Figure 8: Protein coding transcripts of CAV1 gene. The 7 protein coding transcripts out of 9 total transcripts of CAV1 

gene. 

2.8 ISOFORMS OF CAVEOLIN 1 

Caveolin 1 has two isoforms: Q03135-1 and Q03135-2. Q03135-1 is the canonical isoform reviewed in 

Swiss-Prot, with 178 amino acids. By depleting the 1-31 amino acids from isoform 1, Q03135-2 varies from 

Q03135-1. Q03135-2 has a total of 147 amino acids. However, there are 4 unreviewed computationally 

mapped potential isoforms of caveolin 1(https://www.uniprot.org/; Accessed on May 5th 2024) as shown in 

Table 2. 

Table 2: The computationally mapped potential isoforms of CAV1. The table displays the entry name and length of 

the isoform. 

ENTRY 
Review status 

in Swiss Prot 
Protein name 

Gene 

Name 
Organism 

Length 

(Amino 

Acids) 

Q03135 Reviewed Caveolin 1 CAV1 Homo Sapiens 178 

C9JKI3 Unreviewed Caveolin CAV1 Homo Sapiens 138 

E9PCT5 Unreviewed Caveolin CAV1 Homo Sapiens 167 

F8WDM7 Unreviewed Caveolin 1 CAV1 Homo Sapiens 86 

A0A7P0YWJ6 Unreviewed Caveolin 1 CAV1 Homo Sapiens 115 

  

https://www.uniprot.org/uniprotkb/Q03135/entry#sequences
https://www.uniprot.org/uniprotkb/Q03135/entry#sequences
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2.9 LARGELY STUDIED PATHOGENIC VARIANTS OF CAV1 GENE 

There are 188 variants of CAV1, out of which 9 variants are reported in ClinVar as pathogenic. These variants 

include rs121434501, rs2116116365, rs879255578, rs797045176, rs587780295, rs879255566, 

rs587777017, rs797044871. Most of these are single-nucleotide alterations either through deletion, 

insertion, or substitution making them a part of large-scale studies on certain diseases 

(https://www.ncbi.nlm.nih.gov/clinvar/;Accessed on May 5th 2024). Further details are displayed in Table 3. 

 

Table 3: Largely studied pathogenic variants of CAV1. The table shows the nucleotide substitution, position of 

substitution and the diseases caused by them. 

Variation ID Position number 
Nucleotide 

change 
Disease Caused Pathogenicity 

rs121434501 chr7:116526606 G>T 

Partial lipodystrophy, 

congenital cataracts, and 

neurodegeneration 

syndrome 51 

Congenital generalized 

lipodystrophy type 3 51 

Pathogenic 

rs2116116365 
chr7:116559113-

116559119i 

 

delCT 

Partial lipodystrophy, 

congenital cataracts, and 

neurodegeneration 

syndrome 

Pathogenic 

rs879255578 
 

chr7:116559150 
delA 

Partial lipodystrophy 51, 

congenital cataracts, and 

neurodegeneration 

syndrome 52 

Pathogenic 

rs797045176 chr7:116559174 C>T 

Partial lipodystrophy, 

congenital cataracts, and 

neurodegeneration 

syndrome, Congenital 

generalized lipodystrophy 

type 3 52 

Pathogenic 

rs587780295 
chr7:116559151-

116559152 
delTTinsA 

Pulmonary hypertension, 

primary, 3 52 
Pathogenic 

rs879255566 
chr7:116559221-

116559223 
delC Pulmonary hypertension 52 Pathogenic 

rs587777017 chr7:116559224 delA Pulmonary hypertension 52 Pathogenic 

 

rs797044871 
chh7:116559228-

116559229 
delTT 

Partial lipodystrophy, 

congenital cataracts, and 

neurodegeneration 

syndrome 52, Congenital 

Pathogenic 

https://www.ncbi.nlm.nih.gov/clinvar/?term=cav1%5Bgene%5D&redir=gene
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generalized lipodystrophy 

type 3, Inborn genetic 

diseases 52 

rs2116117201 
chr7:116559196-

116559197 
insT 

Pulmonary hypertension, 

primary, 3 

Likely 

Pathogenic 

 

2.10 CAVEOLIN IN T2DM 

As mentioned earlier, diabetes is caused either by failure of β cells to secrete insulin, or insulin resistant 

adipocytes, causing hyperglycemia. Mutation in CAV1 may disrupt the insulin signaling and secretion, as 

Caveolin-1 knockout mice develop remarkable insulin resistance (52 51), while upregulation of Caveolin-1 

could enhance insulin signal transduction and therefore improve glucose uptake after insulin stimulation 52. 

Moreover, CAV1 acts as a molecular chaperone that is necessary for the proper stabilization of the insulin 

receptor in adipocytes. CAV1 depletion in vivo enhances insulin secretion, moderates lipotoxicity, down 

regulates the expression of cell cycle arrest proteins and upregulates the expression of cell cycle activators. 

2.10.1 Role of Caveolin-1 in Insulin Secretion 

Caveolin-1 is known to be involved in insulin secretion from β cells of pancreas. Under physiological low 

glucose conditions, CAV1 forms a complex with insulin granule proteins including the Rho GTPase cell 

division cycle 42 (cdc42), vesicle associated membrane protein 2 (VAMP2), and the guanine nucleotide 

exchange factor 7 (βPIX). Hence present in an inactivated form 51.  

At high glucose conditions, the increased ATP/ADP ratio results in the closure of the ATP-sensitive K+ 

channel Kv2.1, which in turn prompts the opening of the voltage-dependent Ca2+ channel CAV1.2. The 

increase in cytoplasmic Ca2+ ion concentration triggers the activation of exocytotic machinery.  

The process is initiated by the dissociation of the CAV1-cdc42-GDP complex through active Src kinase 

mediated CAV1 P-Y14 phosphorylation. The released inactive cdc42-GDP binds to βPIX resulting in 

conformational changes that activate cdc42-GTP which interacts with insulin secretory granule-bound 

VAMP2 molecules, which are then targeted to fusion with the plasma membrane through the indirect 

interaction between cdc42, VAMP2, F-actin (filamentous actin), Syntaxin 1A, and SNAP-25 (synaptosomal-

associated protein 25) modulations and aid in secretion of insulin from vesicle (Haddad et al., 2020). CAV1 

facilitates insulin secretion through at least interacting with cdc42 and being an integral part of the insulin 

secretion vesicles 51 as demonstrated in Figure 9. 
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Figure 9: Role of CAV1 in Insulin Secretion from β cells of pancreas. Abbreviations: β cell—pancreatic β cell line; 

GLUT—glucose transporter; TCA cycle—tricarboxylic acid cycle or Krebs cycle; cdc42—cell division cycle 42; 

βPIX—guanine nucleotide exchange factor 7; VAMP2—vesicle-associated membrane protein 2; F-actin—

filamentous actin; SNAP-25—synaptosomal-associated protein 25. 

In pancreatic cell lines INS-1 and MIN6, CAV1 siRNA knockdown results in a significant increase in insulin 

secretion under physiological glucose levels 52. Hence, depletion of Caveolin-1 leads to hyperinsulinemia 

as seen in CAV1 knock out mice.  

2.10.2 Role of Caveolin-1 in Insulin Signaling 

Caveolin-1 is a crucial molecular chaperone for stabilizing insulin receptors in adipocytes. In mice lacking 

caveolin-1, insulin signaling is impaired, particularly within adipocytes. Caveolin-1 is involved in Akt-

mediated insulin signaling in vascular smooth muscle cells. Depletion of caveolin-1 impairs insulin 

sensitivity, decreases PI3K p110 expression, and inhibits Akt activation which can lead to insulin resistance 

and T2DM 52. Targeting caveolin-1 could be a therapeutic approach for managing T2DM, obesity, and 

other metabolic disorders characterized by insulin resistance. It is important for insulin sensitivity on insulin 

receptors as well as in translocation of GLUT4 to the plasma membrane for uptake of glucose inside the 

cell. During normal insulin sensitivity, insulin receptor binds insulin and activates CAV1 by phosphorylating 

it at tyrosine 14 position, and then undergoes a series of autophosphorylations and activates the 

IRS/PI3K/AKT signaling pathway, which eventually leads to GLUT4 translocation to the surface in CAV1-

mediated vesicles 51. 

 

During insulin resistance, while CAV1 and insulin receptor expression is increased, insulin receptor 

dissociates from CAV1 and moves into GM3-rich lipid rafts leading to impaired insulin signaling and 
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decreased GLUT4 translocation to the membrane and causing a reduction in glucose uptake by the cell. As 

seen in  

 

 

 

Figure 10.   

 

 

 

Figure 10: Role of CAV1 in insulin signaling. a) Role of normal CAV1 in Insulin Signaling. b) Insulin Resistance due 

to CAV1 structural or functional disruption. Abbreviations: IR—insulin receptor; PI3K—phosphatidylinositol-3-

kinase; IRS1—insulin receptor substrate 1; GLUT4—glucose transporter 4. 

Insulin receptor is localized and highly enriched in caveolae. In pancreatic β cells, insulin receptor signaling 

was impaired by cholesterol depletion or by expression of a dominant-negative CAV1 mutant. CAV1 

silencing showed a reduction in insulin induced GLUT4 recruitment to the cellular membrane and insulin 

receptor activation in adipocytes 51. 
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2.11 ASSOCIATION OF CAVEOLIN 1 WITH OTHER PROTEINS IN T2DM 

 

 

                             

 

Figure 11: Shows a web diagram of the interaction of CAV1 with other proteins in pathophysiology of T2DM (for 

explanation see page 18) 

2.11.1 Obesity 

CAV1 participates in the chronic inflammatory response linked to obesity and insulin resistance, 

characterized by cytokine production, acute-phase reactant synthesis, and proinflammatory signaling 

pathways. 53found that CAV1 mRNA levels are directly related to the presence of circulating inflammatory 

markers like sialic acid and fibrinogen. This indicates that CAV1 plays a role in inflammation stemming 

from obesity. 

2.11.2 Insulin Signaling 

CAV1 knockout mice show a significant decrease in insulin receptor-β tyrosine phosphorylation, because of 

downregulation of insulin receptor protein in CAV1 null adipose tissue, resulting in a 90% decrease in insulin 

receptor 52. 

(51summarize caveolin-1 to interact with cdc42 to increase insulin secretion. (53found that cholesterol 

decline disturbs caveolae, leading to compromised insulin signaling in a pathway that involves IRS1(insulin 

receptor) and Akt. 

2.11.3 Insulin Resistance 

(51note that high CAV1 expression increase the quantity of insulin receptor and causes dephosphorylation 

of IR/IRS1/PI3K, leading to insulin insensitivity. Alternatively, insulin resistance causes the separation of 

insulin receptor with CAV1. Collectively, the disassociation of insulin receptor from CAV1 disrupts the 

insulin signaling pathway. 
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In another study, CAV1 knockdown not only downregulated insulin receptor expression but also decreased 

Akt1 phosphorylation 53. 

2.11.4 Oxidative Stress 

The downregulation of cyclin D1 and the elevation of p53 and p21, resulting from CAV1 negative regulation 

of the ERK1/2 and PI3K/AKT signaling pathways 51. 

Senescent cells, oxidative stress, and diabetes increase CAV1 expression, suppressing Sirtuin 1, a histone 

deacetylase that regulates senescence. Sirt1 deacetylates FOXO3 to prevent cell cycle arrest and apoptosis 

51. 

2.11.5 Inflammation 

Overexpression of CAV1 decreases TNF-α and IL-6 production and increases IL-10 production in vitro. In 

in vivo models, decline in monocyte CAV1 production caused TNF-α and TLR4 to increase, implying that 

CAV1 takes part in TLR4-mediated inflammatory cascade in T2DM 51. 

2.11.6 Cholesterol Homeostasis 

CAV1 null mice show a decrease in CD36 (cell surface fatty acid binding protein). This causes a reduction 

in lipid droplet size in adipocytes 51. 

2.12 CAV1 GENE POLYMORPHISM IN METABOLIC SYNDROME 

Some of the clinical features that make up metabolic syndrome are systemic arterial hypertension (SAH), 

insulin resistance, hyperglycemia, dyslipidemia, obesity, and large abdominal circumference. It has been 

found that elevated levels of CAV1 mRNA have been observed in patients with metabolic syndrome (MS) 

53. And the CAV1 variants, reported in literature associated with MS clinical features are rs926198, 

rs11773845 and rs3807989 53. Their mRNA levels were found to be higher in fasting insulin 53. Moreover, 

a study done on Hispanics and Caucasian cohort proved that the CAV1 gene variant rs926918 is associated 

with metabolic syndrome 53. The rs3807992 polymorphism located in the intronic region of CAV1 gene has 

also been found to be associated with the metabolic syndrome risk 53.  

The caveolin-1 gene variant, rs1997623, has been linked to metabolic syndrome in Arab adults and youth. 

However, while this association was significant in Arab populations, it showed weaker and insignificant 

correlations in South Asian and Southeast Asian cohorts, indicating ethnic variability in the relationship 

between this genetic variant and metabolic syndrome 53; 51). 

2.13 CAV1 GENE POLYMORPHISM IN CARDIOVASCULAR COMPLICATIONS 

Major cardiovascular diseases (CVDs) linked with type 2 diabetes mellitus (T2DM) encompass ischemic 

heart disease, heart failure (HF), stroke, coronary artery disease (CAD), and peripheral artery disease. These 

complications can lead to mortality in over 50% of individuals diagnosed with T2DM 53. Reduced insulin 

sensitivity significantly affects endothelial function and plays a key role in the progression of diabetic 

macrovascular complications. Endothelial dysfunction, characterized by impaired vasodilation in both 

conduit and resistance arteries, contributes to the development of hypertension, atherosclerosis, and 

coronary artery disease. Studies using CAV1-deficient mice have demonstrated that CAV1 downregulates 

endothelial nitric oxide synthase (eNOS), the primary enzyme responsible for nitric oxide (NO) production 

in vascular endothelial cells, thereby increasing paracellular permeability 51. The results  
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of a case control study done on coronary heart disease (CHD) patients in Türkiye suggested that CAV1 

rs3807990 contributes to CHD development by increasing the risk of hypercholesterolemia 53. Similarly, 

54found significant association of CAV1 SNP rs3807989 (minor allele A) with Myocardial Infarction (MI) 

and Coronary arterial disease (CAD) in Chinese population and the major allele G for this SNP was found 

to be associated with Arterial fibrillation. 

2.14 CAV1 GENE POLYMORPHISM AND CANCER RISK 

CAV1 is pivotal in cancer development, being often overexpressed or mutated across various solid human 

tumors. Increased expression and phosphorylation of CAV1 appear to facilitate invasion and enhance the 

survival of multidrug-resistant tumor cells. In multiple cancer types, elevated CAV1 levels contribute to 

cancer cell survival and proliferation, promoting tumor advancement 54. The presence of the A allele in the 

CAV1 gene rs3807987 polymorphism may elevate the risk of breast cancer, particularly evident in both the 

general population and specifically among individuals of Chinese descent. 54 did a study on Taiwanese 

population which showed that this variant is implicated in susceptibility to upper urothelial tract cancer 

among individuals. Additionally, this variant is linked to an increased susceptibility to T2DM, suggesting a 

potential shared genetic predisposition between breast cancer and T2DM 54; 54). The CAV1 polymorphism 

shows a significant association with the risk of HCC and HBV-related hepatocellular carcinoma (HCC) 54; 

54). Moreover, this variant increases the risk of urinary cancer as uncovered by 54.  

The presence of rs7804372 in CAV1; located in intronic region, could potentially serve as a prognostic 

indicator for breast cancer (BC) outcomes, while also being linked to an increased likelihood of developing 

hypertriglyceridemia and digestive cancer (54; 54; 54). Haplotype analysis suggests that the A allele of 

CAV1 rs3807987 and the T allele of CAV1 rs7804372 could serve as promising biomarkers for early 

screening and risk prediction of upper tract urothelial cancer (UTUC) 54. rs7804372 may be used as a novel 

genomic marker for screening of nasopharyngeal carcinoma and prostate cancer as suggested by a study 

conducted in Taiwan (55; 55). 

2.15 CAV1 INHIBITORS AS THERAPEUTIC AGENTS 

Caveolin-1, the integral protein of membrane microdomains caveolae, are essential for modulating signal 

transduction pathways and therefore targeting CAV1 could be a persuasive intervention to treat diabetic 

complications. MβCD (Methyl-β-cyclodextrin) and daidzein are inhibitors of CAV1 that reduces the 

phosphorylation and downstream signaling pathway. Research suggests that utilizing MβCD to partially 

remove cholesterol from muscle fibers could represent a novel therapeutic approach for treating insulin 

resistance in T2DM. Whereas daidzein exhibits beneficial effects on hyperglycemia, insulin resistance, 

dyslipidemia, obesity, and inflammation 55. 

2.16 SELECTED INTRONIC SNPS 

The SNPs selected for present study are rs369262127 (A120T) and rs201966419 (F167S). These are 

nonsynonymous SNPs that have been found harmful and contribute to T2DM. Moreover, they have 

uncertain significance in ClinVar database. 

• SNP rs369262127 

This SNP is in exon 3 of CAV1 gene. 

• SNP rs201966419 

This SNP is in exon 3 of CAV1 gene, is reported in ClinVar and has an association with monogenic diabetes. 
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Previous researches have been conducted on mutations in intronic region of CAV1 gene and limited research 

is done on mutation in exonic region, and the association of intronic mutations has been studied with cancer, 

metabolic syndromes, and cardiovascular diseases, but not with T2DM. And limited research is conducted 

in Pakistani population. Therefore, close association of CAV1 gene with T2DM shows the urgent need to 

look for genetic mutations in exonic regions of CAV1 gene particularly SNPs in Pakistani Population, which 

will help us to predict on individual’s risk of developing disease especially T2DM and development of 

personalized therapeutic approaches

CHAPTER 3 

METHODOLOGY 

3.1 INSILICO ANALYSIS 

3.1.1 SNP Data Mining 

The Ensembl Genetic Variation Database was used to retrieve all gene variations of the human CAV1 protein 

(http://asia.ensembl.org/; accessed June 10th 2023). Only the nsSNPs were selected for further study. The 

protein sequence of CAV1 gene in FASTA format was obtained from NCBI (http://ncbi.nlm.nih.gov/; 

accessed June 10th 2023).  

3.1.2 Identification of High-Risk SNPs 

Different tools were employed to predict the deleterious and functionally damaging nsSNPs. These tools 

included SIFT (Sorting Tolerant From Intolerant) (Sim, N.-L., Kumar, P., Hu, J., Henikoff, S., Schneider, 

G., & Ng, P. C. (2012). SIFT web server: predicting effects of amino acid substitutions on proteins. Nucleic 

Acids Research, 40(W1), W452–W457. https://doi.org/10.1093/nar/gks539 , SNPs&GO (Calabrese, R., 

Capriotti, E., Fariselli, P., Martelli, P. L., & Casadio, R. (2009). Functional annotations improve the 

predictive score of human disease-related mutations in proteins. Human Mutation, 30(8), 1237–1244. 

https://doi.org/10.1002/humu.21047 , and SNAP2 (Johnson, A. D., Handsaker, R. E., Pulit, S. L., Nizzari, 

M. M., O’Donnell, C. J., & I.W, P. (2008). SNAP: a web-based tool for identification and annotation of 

proxy SNPs using HapMap. Bioinformatics, 24(24), 2938–2939. 

https://doi.org/10.1093/bioinformatics/btn564 . nsSNPs identified as deleterious by all three tools were 

selected for further study.  

3.1.3 Prediction of Structural and Functional Effects of nsSNPs 

MutPred2 was used to predict the structural and functional effects the identified nsSNPs had on the CAV1 

protein (Error! Reference source not found. . Through MutPred2, we can analyze the extent of 

pathogenicity of a mutation. We submitted the CAV1 protein sequence to MutPred2 in FASTA format along 

with the amino acid substitutions. A P-value of 0.05 indicates pathogenicity.  

3.1.4 Prediction of Stability  

The protein stability of the selected deleterious nsSNPs was predicted using the MUpro tool, which works 

using two methods: Support Vector Machines (SVM) and Neural Networks. MUpro predicts the sign and 

change of energy using SVM and sequence information. A confidence score was also computed, ranging 

from -1 to +1, using both of the two methods (Pejaver, V., Urresti, J., Lugo-Martinez, J., Pagel, K. A., Lin, 

G. N., Nam, H. J., Mort, M., Cooper, D. N., Sebat, J., Iakoucheva, L. M., Mooney, S. D., & Radivojac, P. 

http://asia.ensembl.org/Homo_sapiens/Gene/Variation_Gene/Table?db=core;g=ENSG00000105974;r=7:116524994-116561179
http://ncbi.nlm.nih.gov/
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(2020). Inferring the molecular and phenotypic impact of amino acid variants with MutPred2. Nature 

communications, 11(1), 5918. https://doi.org/10.1038/s41467-020-19669-x 

Cheng, J., Randall, A., & Baldi, P. (2005). Prediction of protein stability changes for single-site mutations 

using support vector machines. Proteins: Structure, Function, and Bioinformatics, 62(4), 1125–1132. 

https://doi.org/10.1002/prot.20810 . Negative score suggests a decrease in the stability of protein structure. 

3.1.5 Prediction of Conservation Profiles 

The effects of selected nsSNPs on the evolutionary conserved sequences were predicted through ConSurf 

server, which analyzes the phylogenetic relation among the identified homologous sequences using an 

empirical Bayesian inference. Based on the phylogenetic distance, ConSurf server gives conservation scores 

from 1 to 9, with 9 being highly conserved (Ben Chorin, A., Masrati, G., Kessel, A., Narunsky, A., Sprinzak, 

J., Lahav, S., Ashkenazy, H., & Ben‐Tal, N. (2019). ConSurf‐DB: An accessible repository for the 

evolutionary conservation patterns of the majority of PDB proteins. Protein Science, 29(1), 258–267. 

https://doi.org/10.1002/pro.3779 

3.1.6 3D Structure Prediction and Validation 

The 3D structure of both the wild type and mutated CAV1 protein was predicted through Phyre2. Phyre2 is 

an online tool that predicts 3D structure of the protein through homology modeling (
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Kelley, L. A., Mezulis, S., Yates, C. M., Wass, M. N., & Sternberg, M. J. E. (2015). The Phyre2 web portal 

for protein modeling, prediction and analysis. Nature Protocols, 10(6), 845–858. 

https://doi.org/10.1038/nprot.2015.053. I-TASSER and GalaxyWEB were then used for 3D structure 

prediction and refinement respectively. I-TASSER uses threading alignments and repetitive simulations for 

the assembly of structures. Functional interpretation is done by comparison with 3D structures of similar 

proteins (120; 121; Error! Reference source not found. GalaxyWEB server refines loop areas using ab 

initio modelling and predicts protein  

structure using template-based modelling. 

Based on the "Seok-server" approach, it rebuilds unstable loops and constructs core structures from multiple 

templates (Ko et al., 2012). Further analyzing was done through Chimera 1.17.3 (Pettersen et al., 2004). The 

best structures obtained through I-TASSER and GalaxyWEB were submitted to TM-align which structurally 

aligns two proteins to calculate their RMSD (root-mean-square deviation) values and TM-score (threshold 

0.5) 125. Structures with high RMSD values indicate high variation between wild type and mutant type. The 

models were then subjected to structural validation using two softwares; ERRAT that calculates a Quality 

factor using atomic interactions126 and ProSAWeb displays a Z-score127128  

3.1.7 Prediction of Potential PTM Sites  

Post-translational modifications (PTMs) are extremely important to a protein’s function and folding. By 

altering the amino acid sequence, nsSNPs can cause a protein to gain or lose potential PTM site. To predict 

lysine and arginine methylation sites in CAV1 protein, GPS-MSP (Deng, W., Wang, Y., Ma, L., Zhang, Y., 

Ullah, S., & Xue, Y. (2016). Computational prediction of methylation types of covalently modified lysine 

and arginine residues in proteins. Briefings in Bioinformatics, bbw041. https://doi.org/10.1093/bib/bbw041  

was used, while phosphorylation at serine, threonine, and tyrosine sites was predicted through NetPhos3.1 

(Blom, N., Gammeltoft, S., & Brunak, S. (1999). Sequence and structure-based prediction of eukaryotic 

protein phosphorylation sites. Journal of Molecular Biology, 294(5), 1351–1362. 

https://doi.org/10.1006/jmbi.1999.3310. We report amino acids above the threshold cycle of 0.5 to be 

potentially phosphorylated in NetPhos3.1. The potential glycosylation sites of CAV1 protein were predicted 

through NetOglyc4.0 (Steentoft, C., Vakhrushev, S. Y., Joshi, H. J., Kong, Y., Vester-Christensen, M. B., 

Schjoldager, K. T-B. G., Lavrsen, K., Dabelsteen, S., Pedersen, N. B., Marcos-Silva, L., Gupta, R., Paul 

Bennett, E., Mandel, U., Brunak, S., Wandall, H. H., Levery, S. B., & Clausen, H.  

(2013). Precision mapping of the human O-GalNAc glycoproteome through SimpleCell technology. The 

EMBO Journal, 32(10), 1478–1488. https://doi.org/10.1038/emboj.2013.79  and NetNGlyc 1.0 (Gupta, R., 

& Brunak, S. (2002). Prediction of glycosylation across the human proteome and the correlation to protein 

function. Pacific Symposium on Biocomputing. Pacific Symposium on Biocomputing, 310–322. 

https://pubmed.ncbi.nlm.nih.gov/11928486/. A location having glycosylation potential of <0.5 (below 

threshold) in NetNGlyc1.0 predicts a negative site. O-Glycosylation is thought to occur at sites with a 

potential of >0.5 (above threshold) in NetOglyc4.0.  

3.1.8 Protein-Protein Interactions  

The function and regulation of a protein depends upon its interaction with other proteins. We used 

GeneMANIA and STRING to predict the functional interaction of CAV1 with other proteins. Through 

proteomic and genomic data, GeneMANIA creates a list for the gene in question with additional genes that 

are functionally related to it. Additionally, it illustrates the connection between the genes and the query 

(Warde-Farley, D., Donaldson, S. L., Comes, O., Zuberi, K., Badrawi, R., Chao, P., Franz, M., Grouios, C., 
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Kazi, F., Lopes, C. T., Maitland, A., Mostafavi, S., Montojo, J., Shao, Q., Wright, G., Bader, G. D., & Morris, 

Q. (2010). The GeneMANIA prediction server: biological network integration for gene prioritization and 

predicting gene function. Nucleic Acids Research, 38(suppl_2), W214–W220. 

https://doi.org/10.1093/nar/gkq537 . STRING has a database of proteins from 5,090 organisms and predicts 

protein-protein interaction networks if the proteins have a direct or indirect association (Szklarczyk, D., 

Gable, A. L., Lyon, D., Junge, A., Wyder, S., Huerta-Cepas, J., Simonovic, M., Doncheva, N. T., Morris, J. 

H., Bork, P., Jensen, L. J., & Mering, C. von. (2019). STRING v11: protein–protein association networks 

with increased coverage, supporting functional discovery in genome-wide experimental datasets. Nucleic 

Acids Research, 47(Database issue), D607–D613. https://doi.org/10.1093/nar/gky1131 . We used ‘homo 

sapiens’ and ‘CAV1’ as input options for both tools. 

3.1.9 ClinVar Prediction 

ClinVar is a publicly accessible database that categorizes human variations by diseases and treatment 

reactions, providing a platform for discussing hypotheses and supporting data, following the HGVS standard 

for reporting and mapping variations to reference sequences (Landrum et al., 2014). The rsIDs of the six 

SNPs were submitted in ClinVar and their results were noted. 

3.2 IN-VITRO ANALYSIS  

3.2.1 Study Subjects and Sample Collection  

The underlying case control study was conducted to analyze the role of CAV1 (rs369262127 and 

rs201966419) gene polymorphisms in patients with T2DM in comparison with normal control. 

Informed written consent was taken from all the patients and normal controls who participated in this study. 

A total of 36 human subjects were included in this study among which 30 were clinically diagnosed T2DM 

patients and 6 were normal controls. Samples were collected from PIMS hospital Islamabad, Polyclinic  

 

hospital and Research and Diagnostic laboratory ASAB over a period of 2 months.  

 

3.2.2 Criteria of Inclusion and Exclusion  

The following inclusion and exclusion criteria was observed.  
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Figure 12: Inclusion and exclusion criteria. 

3.2.3 Collection and Storage of Blood Samples 

Blood samples from the subjects were collected in 3ml Ethylenediaminetetraacetic acid (EDTA) blood 

collecting tubes by hospital staff. EDTA tubes were properly labelled with name and age of patients and 

controls as well as date of collection of blood sample. EDTA tubes containing blood samples were 

transported to the laboratory by placing them in icebox and were placed at 4°C in refrigerator.  

 

3.2.4 Extraction of Genomic DNA by Phenol-Chloroform Method 

DNA was extracted from the whole blood samples by using Phenol-Chloroform method of DNA extraction. 

It is a two-day protocol which is cost effective as well as a reliable method of DNA extraction giving 

satisfactory results. All the glassware and plastic wares used in DNA extraction were properly washed and 

autoclaved before use. 

 

 3.2.4.1  Preparation of Solutions for DNA Extraction  

Composition and function of all the solutions used in Phenol-Chloroform method of DNA extraction are as 

follow:

 

 

 

 

Table 4: Solutions required for DNA extraction and their functions. 

Component Molarity Quantity Function 

Solution A 
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Sucrose 0.32M 109.55 g 
Facilitates the release 

of cell components 

including DNA by 

causing cell lysis and 

breakage of cell 

membrane. 

Tris (pH 7.5) 10mM 12.114 g 

Magnesium Chloride 5mM 0.476 g 

Autoclaved Distilled 

water 
- Up to 1000 ml 

Solution B 

Tris (pH 7.5) 10mM 12.114 g 

Results in DNA 

precipitation and 

separation of proteins 

Sodium chloride 400mM 23.37 g 

Ethylene Diamine 

Tetra Acetic Acid 

(EDTA) 

2mM 0.58 g 

Autoclaved Distilled 

water 
- Up to 1000 ml 

Solution C 

Phenol - 250 µl 

Helps in the 

separation of DNA 

from protein and 

other cell debris by 

forming an aqueous 

layer 

Solution D 

Chloroform - 48 µl 
Involved in DNA 

purification by 

stabilizing the 

coagulated proteins 

and reducing foaming 
Iso-amyl Alcohol - 2 µl 

 

 

 

20% SDS Solution 

Sodium Dodecyle 

Sulphate (SDS) 
- 20 g 

Involved in 

denaturation of 
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Autoclaved Distilled 

Water 
 Up to 1000 ml 

proteins and lipids 

and separates them 

from DNA 

 

3M Sodium Acetate Solution 

Sodium Acetate 3M 12.3 g 
Involved in 

precipitation of DNA 

by neutralizing the 

negative charges on 

phosphate backbone 

Autoclaved Distilled 

water 
- Up to 50 ml 

 

3.2.4.2   Reagents for DNA Extraction 

Other chemicals needed in Phenol-Chloroform method of DNA Extraction and their functions are as follow:  

 

Table 5: Reagents required for DNA extraction and their function. 

Component Function 

Proteinase K Involved in digestion of proteins 

Isopropanol 

Involved in precipitation of DNA by 

removing the solvation cell that surrounds the 

DNA 

98% Ethanol Involved In precipitation of DNA 

PCR water 
Used for storage of DNA as it prevents 

degradation of DNA 

 

3.2.4.3  Protocol of DNA Extraction  

Day 1:  

1. Blood in EDTA tube was kept at room temperature for some time and mixed well by inverting the tube 

several times. 750 µl of blood was then added in a 1.5 ml microcentrifuge tube and same amount of 

solution A i.e., 750 µl was added in it.  

2. The microcentrifuge tube was inverted 4-6 times and then kept at room temperature for 10 minutes.  

 

3. The mixture in microcentrifuge tube was then centrifuged at 13,000 revolutions per minute (rpm) in a 

microcentrifuge for 10 minutes.  

4. After centrifugation, the supernatant was carefully discarded, and the nuclear pallet was resuspended in 

400 µl of solution B.  

5. The nuclear pallet was dissolved completely in solution B by continuous tapping or slight vertexing.  
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6. The mixture was again centrifuged at 13,000 revolutions per minute (rpm) for 10 minutes.  

7. After centrifugation the supernatant was again discarded and 400 µl of solution B, 15 µl of 20% SDS 

solution and 8 µl of Proteinase K was added in microcentrifuge tube.  

8. The mixture was then incubated at 37°C overnight.  

Day 2  

1. A fresh mixture of 250 µl each of solution C and solution D was prepared in a microcentrifuge tube and 

then was added to the microcentrifuge tube incubated overnight.  

2. The resulting mixture was centrifuged at 13,000 revolutions per minute (rpm) for 10 minutes.  

3. After centrifugation the aqueous layer formed, that contains the DNA, was transferred into a new 

microcentrifuge tube.  

4.  500 µl of solution D was added in the separated aqueous layer and it was then centrifuged at 13000 

revolutions per minute (rpm) for 10 minutes.  

5. The resulting aqueous layer was again transferred to a new microcentrifuge tube and then 55 µl of 3M 

sodium acetate solution and 500 µl of isopropanol was added in it.  

6. DNA was allowed to precipitate by inverting the tube several times and then mixture was again 

centrifuged for 10 minutes at 13000 revolutions per minute (rpm).  

7. After centrifugation the supernatant was discarded and 200 µl of chilled 98% ethanol was added in the 

microcentrifuge tube containing DNA pellet.  

8. Centrifugation was done for 8 minutes at 13000 revolutions per minute (rpm).  

9. After centrifugation the ethanol was evaporated by air drying and DNA pellet was submerged in 100 µl 

of PCR water and stored at -20°C.  

3.2.5 Gel Electrophoresis of DNA  

To analyze the quality of extracted DNA 2% (w/v) agarose gel electrophoresis was performed. The details 

of preparation of buffer solutions and reagents required for gel electrophoresis are as follow:  

 

3.2.5.1  0.5 M EDTA Solution  

0.5 M EDTA solution was prepared by dissolving 186.12 grams of EDTA in distilled water to a final volume 

of 1000 ml which was then used in preparation of TAE buffer for gel electrophoresis. pH of 0.5M EDTA 

solution should be 8.  

3.2.5.2  50X Tris Acetate Ethylene-Diamine-Tetra-Acetic Acid (TAE) Buffer  

50X stock solution of Tris Acetate Ethylene-diamine-tetra-acetic acid (TAE) Buffer was prepared as follow:  

 

 

 

Table 6:Components required for preparation of TAE buffer. 

Component Quantity 

Tris Base 242 g 

0.5M EDTA Solution 100 ml 
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Glacial Acetic Acid 57.1 ml 

Deionized water Up to 1000 ml 

pH of 50 X TAE buffer was adjusted between 8.2 to 8.4. After preparation 50X TAE  

buffer was autoclaved and stored at room temperature.  

3.18.6 1X Tris Acetate Ethylene-Diamine-Tetra-Acetic Acid (TAE) Buffer  

1X TAE buffer was prepared from 50X TAE buffer by taking 20 ml of 50X TAE buffer and adding 980 mL 

of distilled water in it.  

3.2.5.3  Protocol  

1. 2g of agarose was weighed by using electronic weighing balance and was added into 100 ml of 1X TAE 

buffer.  

2. The mixture was dissolved by heating it in microwave oven for approximately 2 minutes. 

3. After slight cooling, 4 µl of ethidium bromide was added for staining of DNA.  

4. The gel solution was then poured into gel casting tray and was allowed to solidify at room temperature. 

Wells for sample loading were made with the help of comb.  

5. When solidified, gel was placed in electrophoresis tank which was filled with 1X TAE buffer.   

6. 2 µl of loading dye was used to stain 6 µl of extracted DNA sample each, which was then loaded into 

gel wells.   

7. 1 kbp DNA ladder was also loaded in gel well for the purpose of determining the length of DNA sample.  

8. Gel electrophoresis was performed at 80 volts for 30 minutes.  

9. After completion of gel electrophoresis, gel was placed in UV Transilluminator as well as ChemiDoc 

and DNA bands were analyzed and compared with DNA ladder.  

  

3.2.6 Quantification of DNA 

ThermoScientific Nanodrop 2000 UV-Vis Spectrophotometer and NanoDrop 2000™ software was used to 

quantify the extracted DNA samples. 1 µl of PCR water was first placed on pedestal which acts as blank 

and then 1 µl of DNA sample was loaded to analyze the absorbance ratio at 260 nm wavelength which was 

kept as standard. The purity of DNA was determined based upon the absorbance ratio of 260/280nm and a 

ratio of ~1.8 is considered as in case of DNA.  

  

3.2.7 Primer Designing  

Primers were designed manually for each gene polymorphism to carry out Gradient PCR. FASTA sequence  

 

of each SNP was retrieved from Ensemble. For each SNP three primers were designed as shown in Table 

7. 
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Table 7:Primers designed for Gradient PCR. The SNP specific primer was the reverse primer. The melting 

temperature, GC content and product sizes are also mentioned. 

SNP Variation Primer Sequence (5’-3’) Tm 
GC 

Content 

Product 

Size 

rs369262127 G/A 

Wildtype Forward 

AAGGTCCAAGGGGAACCCAA 

Wildtype Reverse 

CGGTGTGGACGTAGATGGAA 

Mutant Reverse 

TGCAGGAAAGAGAGAATGGTG 

61.00 

  

59.47 

 

57.90  

55 

 

55 

 

47.6 

695 

rs201966419 T/C 

Wildtype Forward 

AAGGTCCAAGGGGAACCCAA 

Wildtype Reverse 

CGGTGTGGACGTAGATGGAA 

Mutant Reverse 

CATTGCTGGATATTTTCCCAAC 

61.00 

 

59.47 

 

56.5 

55 

 

55 

 

40.9 

826 

 

A common wildtype forward primer and two reverse primers (one for each SNP) were designed.  Eurofins 

software was used to determine the GC content, melting temperatures (Tm), hair-pin formation and self-

complementarity of primers. Primer specificity was determined by using Primer-Blast as well as UCSC in-

silico PCR software which gives information about amplicon size as well as shows the target size where 

primers bind.  

 

3.2.7.1   Preparation Of Working Dilutions of Primers  

Primers were received in a lyophilized state, so first 100 µM stock was prepared for each primer. The amount 

of nuclease free water added into the lyophilized primers was determined by multiplying the nmol of primer 

by 10. After preparation of stock working dilutions of primers were made to avoid contamination and reduce 

freeze/thaw cycles of stock. Working dilutions were made by adding 10 µl of primer from stock and 90 µl 

of nuclease free water in a sterile microcentrifuge tube.   

3.2.8 Gradient PCR  

Gradient PCR was carried out on extracted DNA samples of subjects to validate the presence of SNP. For 

each SNP, two separate PCR reactions were carried out. Common primer was added in both the reactions 

whereas one reaction was carried forward using wildtype primer and other by using mutant primer. If wild 

type SNP is present in sample only that PCR reaction will amplify DNA that contains wildtype primer and 

same will be in case of mutant SNP. In this way the presence of SNP will be indicated in samples. A reaction 

mixture of 20 µl was made in each PCR tube. Reagents of each PCR tube shown in Table 8. 
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Table 8: Components of PCR reaction mixture. 

Components Quantity 

PCR Water 12 µl 

Forward Primer 1 µl 

Reverse Primer 1 µl 

DNA Template 2 µl 

PCR Master Mix (contains DNA Polymerase, 

MgCl2, PCR Buffer, dNTPs) 
4 µl 

Total Volume 20 µl 

 

The reaction mixture was prepared in Biosafety cabinet to avoid contamination and on ice to prevent 

activation of DNA polymerase enzyme. After preparation, reaction mixture was short spun for few seconds 

for removal of air bubbles and homogenous mixing. The PCR tubes were then placed in a Thermocycler for 

amplification. First the primers were optimized using gradient PCR at annealing temperatures ranging from 

57°C to 63°C and then optimized primers were used to amplify sample DNA and detect SNP.  

Three vials were prepared for each sample. Vial 1 contained the forward and reverse primers of the wildtype 

CAV1 gene. The second vial was meant to amplify the first mutant (rs201966419) and the third vial 

amplified the second mutant (rs369262127) if present. This is displayed diagrammatically in Figure 13. 

 

 

 
Figure 13: The PCR vials prepared for each sample. The first vial contained forward and reverse primers of the 

wildtype CAV1 gene. The second vial was meant to amplify the first mutant (rs201966419) and the third vial amplified 

the second mutant (rs369262127) if present. 

 

 

 

The optimized conditions for PCR reaction for rs369262127 and rs201966419 are shown in Figure 14 
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Figure 14: Schematic representation of Gradient PCR Profile. The first step is the denaturation of double-stranded 

DNA at 95°C, followed by annealing of primer at optimized annealing temperature (57°C to 63°C) and finally 

elongation of the DNA strand at 72°C. 

3.2.9 Gel Electrophoresis for Analysis of PCR Products  

For analysis of Gradient PCR products 2 % gel electrophoresis was performed again with the same protocol 

mentioned before but with a change that 50 bp ladder was used and gel was run for 45 minutes at 80 volts. 

After that gel was visualized using UV Transilluminator and ChemiDoc and PCR products were analyzed 

and compared with ladder.   

3.2.10  Statistical Analysis  

Statistical analysis was performed using GraphPad Prism version 10. Fisher's exact test was performed to 

check the frequency of occurrence of variation and the subsequent probability value. The test also gave the 

value of relative risk. P*<0.05 is considered significant and risk value >1 is considered significant. 
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CHAPTER 4 

RESULTS 

 

4.1 IN-SILICO ANALYSIS OF MISSENSE SNPS OF CAV1 

4.1.1 SNP Retrieval 

The gene variant table for CAV1 protein on Ensemble returned a total of 77,626 SNPs. Out of these, 72,812 

were intronic region SNPs. The exonic SNPs included 747 missense SNPs and 356 synonymous SNPs. 487 

located in 5’UTR, while 2,463 were present in 3’UTR region. The remaining 761 SNPs included 

miscellaneous SNPs like stop site SNPs and undefined SNPs. This study only concerned itself with missense 

or nsSNPs for further in silico analysis. Figure 15 shows the graphical representation of all the SNPs. 

 

 

Figure 15: Pie chart of CAV1 gene variants. A pie chart displaying the results for CAV1 gene variants obtained using 

Ensembl. 72,812 of the total SNPs were intronic region SNPs. The exonic SNPs included 747 missense SNPs and 

356 synonymous SNPs. 487 located in 5’UTR, while 2,463 were present in 3’UTR region. The remaining 761 SNPs 

included miscellaneous SNPs like stop site SNPs and undefined SNPs. 

4.1.2 Identification of Damaging SNPs 

The obtained nsSNPs were run through SIFT to identify the deleterious SNPs. A SIFT scorethreshold of 

0.05 was taken and nsSNPs that had a SIFT score less than this threshold value were deemed to be affected. 

SIFT predicted 44 nsSNPs to be deleterious. The CAV1 protein sequence was also given to SNAP2 as input 

which predicted the effect of all possible 3560 mutations in the sequence. By taking variations that had a 
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score of higher than 50 as deleterious, we identified 1454 such variations. Variations common in SIFT and 

SNAP2 were selected and were analyzed to SNPs&GO, which highlighted six nsSNPs to be deleterious (see 

Table 9). We continued our computational analysis with these 6 nsSNPs. gives the nsSNPs detected by 

SIFT, SNAP2, and SNPs&GO as deleterious. 

Table 9: The table below shows the rsID of the SNPs, along with the name and position change in the residue from 

the wild type CAV1 sequence. 

 

4.1.3 Prediction of Structural and Functional Effects of nsSNPs: 

MutPred2 was used to predict the effect of the six shortlisted nsSNPs. The predicted effects include altered 

transmembrane protein, altered ordered interface, gain of relative solvent accessibility, altered DNA 

binding, loss of allosteric site and gain of GPI-anchor amidation. MutPred2 predicted an alteration of 

transmembrane protein for all nsSNPs and predicted altered ordered interface in all nsSNPs except S80G. 

The mutation of F167S was of particular interest as it was predicted to cause allosteric site loss and altered 

DNA binding among other effects. The results of MutPred2 are given in  

 

Table 10. 

 

Table 10: Shows the results of Mutpred2.The Mutpred score, predicted effects in the protein structure and the p-

values of the predicted effects are shown. 

SNP ID 
Residual 

Change 

MutPred 

Score 
Predicted Effects 

P-Values of 

Predicted Effects 

rs369884333 

 

S80G 0.853 Altered Transmembrane protein 2.4e-03 

rs372416448 
T95M 0.827 

Altered Transmembrane protein 

Altered Ordered interface 

0.02 

0.02 

SNP ID Residual Change Position 
Wildtype Amino 

Acid 

Mutated Amino 

Acid 

rs369884333 

 

S80G 80 S G 

rs372416448 

 

T95M 95 T M 

rs200052661 

 

R101H 101 R H 

rs369262127 

 

A120T 120 A T 

rs201966419 

 

F167S 167 F S 
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rs200052661 

 

R101H 0.668 
Altered Transmembrane protein 

Altered Ordered interface 

0.04 

0.02 

rs369262127 

 

A120T 0.825 
Altered Transmembrane protein 

Altered Ordered interface 

1.0e-03 

0.02 

rs201966419 

 

F167S 0.871 

Altered Transmembrane protein 

Altered Ordered interface 

Gain of Relative solvent accessibility 

Altered DNA binding 

Loss of Allosteric site at F167 

Gain of GPI-anchor amidation at N16 

0.04 

0.03 

0.02 

8.9e-03 

0.03 

0.03 

 

4.1.4 Prediction of Stability 

 A protein's function is related to its stability; hence it's crucial to determine whether nsSNPs have altered a 

protein's stability. The MUpro tool was used to assess the effect on stability of protein structure because of 

damaging nsSNPs. The six nsSNPs were submitted into the software and ΔG (difference of free energy 

between native and denatured states of protein) and confidence scores were obtained. All the nsSNPs 

decreased the structural stability of Caveolin 1 protein (negative confidence scores). T95M, and F167S were 

the most damaging mutations. The results are displayed in . 

Table 11. 

Table 11: The table below shows the results of protein stability in all the CAV1 variants assessed using MUpro. ΔG 

score, SVM confidence score and Neural network confidence score are displayed. 

SNP ID 
Residual 

Change 
Stability ΔG 

SVM  

Confidence Score 

Neural Network 

Confidence Score 

rs369884333 S80G Decrease -1.20 -0.34 -0.58 

rs372416448 
T95M 

Decrease 
-0.01 -0.78 -0.58 

rs200052661 
R101H 

Decrease 
-1.15 -0.49 -0.69 

rs369292127 A120T Decrease -1.38 -0.03 -0.61 

rs201966419 
F167S 

Decrease 
-1.40 -1 -1 
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4.1.5 Conservation of Amino Acids  

The highly conserved regions in a protein structure usually have a high functional importance. We checked 

for the conservation profile of amino acids of CAV1 through ConSurf. S80G and A120T were predicted to 

be highly conserved and buried; T95M and F167S were predicted to be buried, while R101H was predicted 

to be exposed. The amino acids and their respective conservation scores are given in Table 12Table 12. 

Table 12: The table below shows the result of ConSurf conservation profiles. A conservation score (range: 1-9) is 

displayed, with 9 being highly conserved.  

SNP ID Residual Change Conservation Score Prediction 

rs369884333 

 

S80G 9 
Highly conserved and buried 

(s) 

rs372416448 

 

T95M 5 Buried 

rs200052661 

 

R101H 7 Exposed 

rs369262127 

 

A120T 9 
Highly conserved and buried 

(s) 

rs201966419 

 

F167S 7 Buried 

 

4.1.6 3D Structure Prediction  

Phyre2 was used to initially predict the structures of the wild and mutant types of CAV1 protein. However, 

the Phyre2 results were incomplete as it only predicted the structure for 128 amino acids (72% coverage) 

out of 178 amino acids. We then used I-TASSER to generate 3D models for the wild type CAV1 protein as 

well as the six mutants as it is more accurate. I-TASSER produced five models, but only those that 

demonstrated the highest confidence score were analyzed using Chimera 1.17.3. The results are shown in 

Figure 16 and Figure 17. The chosen models were submitted in TM-Align to calculate RMSD values and 

TM-score. All models differed slightly from the wildtype. T95M and R101H displayed the highest RMSD. 

The results are given in Table 13. 
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Figure 16: Shows the 3D structure of wildtype Caveolin-1 protein. The annotations in blue represent all six SNP 

positions and their wildtype residues; Serine at position 80, Threonine at position 95, Arginine at position 101, Alanine 

at position 120, Tyrosine at position 148 and Phenylalanine at position 167.       

 

 

Figure 17: The figure shows 3D models of mutant Caveolin-1 proteins generated by I-TASSER and GalaxyWEB. 

The SNP positions are annotated in blue. a) Glycine at position 80, b) Methionine at position 95, c) Histidine at 

position 101, d) Threonine at position 120, e) Serine at position 167. 
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Table 13: The table shows the TM-score and RMSD values of mutant models obtained through TM-Align. 

SNP ID Residual Change TM-score RMSD/Å 

rs369884333 

rs369884333 

 

S80G 0.85957 

 

2.57 

 

rs372416448 

 

T95M 0.81837 

 

2.91 

 

rs200052661 

 

R101H 0.83237 

 

2.70 

 

rs369262127 

 

A120T 0.69153 

 

2.55 

 

rs201966419 

 

F167S 0.86743 

 

2.18 

 
 

For the sake of accuracy, it is imperative that flaws in the protein structures be pointed out. Thus, two distinct 

protein structural validation tools were used to validate the 3D models: ProSAWeb and ERRAT. Quality 

Factor >50 and Z-score in the range -10 to 10 are considered acceptable. For the wildtype Caveolin 1, 

ERRAT displayed a Quality factor of 85.119 and ProSAWeb showed a Z-score of 1.39. Both of these values 

indicate a high-quality model. Structure validation was also performed for the entire mutant models 

obtaining Quality factor, Z-score. All the models were of a high quality. The results are given in Table 14. 

Table 14: Shows the results of structural validation. ERRAT produced the Quality factor and ProSAWeb provided the 

Z-score. 

Residual Change Quality Factor Z-score 

Wildtype 85.119 1.39 

S80G 84.049 0.68 

T95M 75.610 1.40 

R101H 86.391 1.23 

A120T 72.455 0.72 

F167S 67.059 1.03 

 

4.1.7 Prediction of PTM Sites 

The post-translational modification sites for both wild type and mutated CAV1 protein were predicted by 

different tools. The results are given below. 

4.1.7.1  Methylation: GPS-MSP 3.0 predicted no methylation sites in Caveolin 1.  
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4.1.7.2  Phosphorylation: NetPhos3.1. determined the serine at position 80 to be phosphorylated by Casein 

Kinase I (CKI), and the threonine at position 95 was predicted to be phosphorylated by Protein Kinase C 

(PKC). The substitutions S80G and T95M caused a loss of these PTM sites. A score of >0.5 indicates a 

positive prediction. The results of NetPhos3.1 are given in Table 15. 

Table 15: Shows the results of NetPhos3.1. The phosphorylation sites, enzymes and scores are mentioned. A score of 

>0.5 indicates a positive prediction. 

SNP ID Residual Change Enzyme Score 

rs369884333 

 

S80G CKI 0.526 

rs372416448 

 

T95M PKC 0.639 

 

4.1.7.3  Glycosylation: NetNGlyc 1.0 and NetOGlyc4.0 found no N-glycosylation or O-glycosylation sites 

in CAV1 protein.  

 

4.1.8 Gene-Gene Interactions 

GeneMANIA and String were used to predict the gene-gene interactions of CAV1 protein. GeneMANIA 

predicted a physical interaction of CAV1 gene with CAV2, CAV3, NEU3, NOS3, WASL, NOSTRIN, KCNH2, 

EGFR, HDAC6, GRB7, CAVIN1, PLIN1, RAC1, TXNRD1, PTGIS, PTGS2, LRP6, BSG and F2R. CAV1 had 

a co-expression with CAV2, CAV3, NEU3, NOS3, EGFR, HDAC6, GRB7, CAVIN1, PLIN1, RAC1, 

TXNRD1, PTGIS, PTGS2, STRN and F2R. CAV1 was thought to be co-localized with CAV2, PTGIS and 

PTGS2. Genetic interaction was predicted to be with GRB7, STRN, TXNRD1 and PTGIS. CAV1 also shared 

a pathway with NOS3, WASL NOSTRIN, EGFR, RAC1, GRB7, PLIN1, LRP6 and BSG. CAV1 only shared 

protein domains with CAV2 and CAV3. The results are given in Figure 18. 
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Figure 18: Gene to gene interactions. a) The figure shows gene to gene interactions of CAV1 with other genes using 

GeneMANIA. Each thread color represents a different type of interaction between genes. Pink (physical interaction); 

purple (co-expression); orange (predicted); dark blue (co-localization); green (genetic interactions); light blue 

(pathway); and yellow (shared protein domains). b) The result of gene-to-gene interaction using STRING. 

4.1.9 ClinVar Prediction 

ClinVar was used to predict clinical significance of the nsSNPs. The results are displayed in Table 16. 

Table 16: ClinVar prediction results. The table displays the variation ID, accession number and its prediction in 

ClinVar. 

SNP Variation ID Accession ClinVar Prediction 

rs369884333 548689 VCV000548689.2 Uncertain Significance 

rs372416448 - - Not Reported in ClinVar 

rs200052661 1469176 
VCV001469176.5 

 
Uncertain significance 

rs369262127 2894539 VCV002894539.1 

Uncertain significance (However, 

it is expected to disrupt CAV1 

protein function) 

rs201966419 541324 VCV000541324.10 

Conflicting classifications of 

pathogenicity 

Uncertain significance (1); Likely 

benign (1) 
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The results show only rs201966419 to have some clinical significance as reported in research. rs369262127 

although has uncertain significance, it still was mentioned to disrupt CAV1 function according to a 2024 

study. Hence these two SNPs were shortlisted for further invitro analysis. 

4.2 IN-VITRO ANALYSIS 

A case control study was conducted to check the association of rs369262127 and rs201966419 both missense 

SNPs of CAV1 with the risk of T2DM in Pakistani population.  A total of 36 whole blood samples (30 

diseases samples and 6 healthy controls) were collected from Polyclinic hospital, PIMS hospital Islamabad 

and Research and Diagnostic laboratory ASAB. DNA was extracted from the whole blood samples using 

Phenol-Chloroform method of DNA extraction. The quality and quantity of extracted DNA was determined 

through 2% agarose gel electrophoresis and ThermoScientific Nanodrop 2000 UV-Vis Spectrophotometer 

and NanoDrop 2000™ Software respectively. The pure DNA samples having absorbance ratio ~1.8 were 

further analyzed by performing gradient PCR to screen the samples for the presence of polymorphism. 2% 

agarose gel electrophoresis was performed to analyze the PCR products. Statistical analysis was performed 

on the data obtained from Gradient PCR to check any significant association of the two polymorphisms with 

T2DM within Pakistani population. 

4.2.1  Association Analysis of CAV1 rs369262127 and rs201966419 Polymorphism 

CAV1 rs369262127 is a missense SNP (G>A), where G is an ancestral allele and A is the risk allele. It is 

present in exon 3 of the gene on chromosome no 7 at position chr7:116559108 and results in a single amino 

acid change from adenine to threonine (A120T). CAV1 rs201966419 is a missense SNP (T>C), where T is 

an ancestral allele and C is the risk allele. It is present in exon 3 of the gene on chromosome no 7 at position 

7:116559250 and results in a single amino acid change from phenylalanine to serine (F167S). For these 

SNPs, 2% agarose gel electrophoresis results showing PCR products of amplicon size=697 bp(A120T) and 

826bp (F167S) of diseased samples are shown in Figure 19. Fishers exact test values as well as the relative 

risk is mentioned in  

 

 

Table 17. Moreover, a graph for the comparison of frequency of both the mutations in control and diseased 

group is shown in Figure 20. There was no significant association observed between these two SNPs and 

T2DM patients according to statistical analysis. 
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Fishers exact test was performed to check the association of rs369262127 and rs201966419 with T2DM in 

using GraphPad Prism version 10. The p value thus obtained is 0.1662 and 0.1907 respectively for these 

two SNPs. The Relative risk for rs201966419 is 3 whereas for rs369262127 is 0.2955.  

 

 

 

Table 17: Results of the Fisher's exact test. The table shows p-value, statistical significance and relative risk. There 

was no significant association observed between these two SNPs and T2DM patients according to statistical analysis. 

Genotype 

 

Test Performed 

 

P value  Statistical 

significance 

Relative 

risk 

Variation 1 

(F167S) 

 

Fisher’s exact test 

 

0.1907 

 

 ns 3 

Variation 2 

(A120T) 

 

Fisher’s exact test 

 

0.1662 

 

 ns 0.2955 

 

695bp 826bp 

Figure 19: Gel electrophoresis results. 2% agarose gel electrophoresis showing PCR products 

for diseased samples for rs369262127 and rs201966419 of CAV1 gene. A ladder of 1000bp was 

used for comparison. 
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Figure 20: Bar graph of mutations. Graph showing comparison of frequency of occurrence of 

SNPs in individuals in control group and in disease group. Mutation 1 and 2 occurred in greater 

frequency in diseased individuals than in individuals in control group. 
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CHAPTER 5 

DISCUSSION 

 

Understanding protein structures is crucial for comprehending their functions and mechanisms. It helps 

identify drug-binding sites and predict interactions with compounds of interest. Bioinformatics tools analyze 

large genomic and proteomic datasets, aiding in discovering novel proteins and their roles, bridging 

genomics and functional biology. To ensure the accuracy of results, we employed multiple bioinformatics 

tools and based our analysis on their compiled results. 

Studies on Caveolin 1 have revealed its role in regulating cellular signaling, cholesterol homeostasis, and 

vesicle trafficking. Importantly, mutations or dysregulation of CAV1 are associated with a range of diseases, 

including cancer, cardiovascular disorders, and pulmonary diseases Error! Bookmark not defined.. Our 

task involved identifying missense SNPs within the CAV1 gene that could contribute to T2DM. 

The gene variant table for CAV1 protein on Ensemble returned 77,626 SNPs, out of which 747 were 

missense SNPs. We began our analysis by subjecting the obtained non-synonymous single nucleotide 

polymorphisms (nsSNPs) to SIFT, SNAP2, and SNPs&GO analysis, revealing six nsSNPs that were 

consistently classified as deleterious by all three software. MutPred2 predicted changes in transmembrane 

protein structure for all nsSNPs and altered ordered interfaces for all except S80G. The F167S mutation 

stood out as it resulted in several significant effects, including the loss of an allosteric site and altered DNA 

binding. MUpro, a protein stability assessment tool, revealed all nsSNPs to reduce the structural stability of 

Caveolin 1. T95M and F167S were the most destabilizing mutations. Using ConSurf, we analyzed the 

conservation profile of CAV1 amino acids. The more conserved regions indicate a greater role in protein 

function 56. Buried residues are involved in maintaining protein conformation, whereas exposed residues 

participate in ligand binding and protein interactions 57. ConSurf showed that S80G and A120T were highly 

conserved and buried within the protein structure. Conversely, R101H was found to be exposed, indicating 

greater accessibility in the protein's structure.  

We utilized I-TASSER and Phyre2 to predict the 3D protein structure of wildtype and mutant Caveolin 1 

and the RMSD values for the top structures determined through TM-Align. RMSD is a reliable method to 

observe differences between similar structures. The higher the RMSD value, the greater the variability 

between wildtype and mutant structure 57. The results indicate some deviation of structure from the 

wildtype. 

Among post-translational modifications, phosphorylation was the only one identified. Phosphorylation is 

crucial in protein activation, signal transduction, and the interaction between proteins. Serine, threonine, 

and tyrosine are primary residues in protein phosphorylation 57. NetPhos3.1 pinpointed potential 

phosphorylation sites, emphasizing serine at position 80 as a target for CKI and threonine at position 95 as 

a target for PKC. The S80G and T95M substitutions resulted in the loss of these phosphorylation sites. 
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GeneMANIA and STRING analyses have identified a set of shared proteins associated with the CAV1 gene, 

which include CAV2, NOS3, EGFR, CAVIN1, and BSG. Notably, CAV2 has been demonstrated to form 

hetero oligomers with CAV1 within lipid membranes and exhibits a robust physical interaction with CAV1 

57 Mutations, T95M, A120T, R101H, and F167S, which disrupt the interface order of the CAV1 protein, 

could interfere with its interaction with other proteins, potentially leading to diabetes. These SNPs have not 

been investigated in insilico or clinical studies therefore, it is essential to include these in further research 

on CAV1. 

However, biological systems are incredibly complex. Bioinformatics tools often make simplifications and 

assumptions that may not fully capture the intricacies of biological processes. Predictive models generated 

by bioinformatics tools may have limitations in terms of accuracy, particularly for multifactorial and 

dynamic biological phenomena. Hence bioinformatics predictions and findings often require experimental 

validation to ensure reliability and accuracy. 

For invitro analysis, 2 SNPs out of six were shortlisted based on the results that were received from ClinVar 

database. All the SNPs had uncertain significance. However, for rs369262127 the frequency came out to be 

0.04% in population databases and has an allele count higher than expected for a pathogenic variant and it 

also has some association with pulmonary hypertension. The variant rs201966419 had conflicting 

classification of pathogenicity and was reported to be likely benign. So, primers were designed for these 

two SNPs using Primer 3 plus. The validation was done with Eurofin and UCSC genome browser since both 

are reliable tools. The amplicon size for variation 1 came out to be 695bp and for variation 2 it was 826bp. 

In in-vitro analysis, a case control study was carried out to check the role of two selected SNPs i.e., 

rs369262127 and rs201966419 in T2DM in Pakistani population. Gradient PCR was performed to screen 

the samples, collected from various hospitals of Islamabad in comparison with healthy controls for the 

presence of polymorphism. 2% agarose gel electrophoresis was performed to analyze amplified products. 

The results were then statistically analyzed using GraphPad Prism version 10 for any significant association 

with T2DM. For this Fisher’s exact test was used because the sample size was small, and this test gives 

accurate probability value rather than an estimation. The p value came out to be greater than 0.05 for both 

the SNPs because no significant difference was observed in frequency of occurrence of these SNPs in 

controls and in diseased T2DM individuals in Pakistani population, suggesting lack of evidence to reject the 

null hypothesis. For variation 1 the relative risk came out to be 3, which means that there is threefold increase 

in risk of getting the disease (T2DM) however with probability value being greater than 0.05 implies that 

despite the increase in risk, the variation is still statistically non-significant. And for variation 2 the relative 

risk value less than 1 suggests that there is decrease in risk of getting T2DM in individuals with this 

particular mutation. 

Thus, the statistical analysis showed that there was no significant association of the two selected SNPs with 

risk of T2DM within Pakistani population. These results were contrary to what was predicted in insilico 

studies as all the 6 SNPs were predicted to be deleterious. One reason for no association might be the small 

sample size so there is a need for determination of these identified SNPs in large sample size to obtain large 

data size in order to get a better statistical analysis. Another reason  could be that these SNPs though had no 

association with T2DM might be associated with metabolic syndrome, CVDs or even cancer but this of 

course needs to be validated through experimentation and large-scale studies.  
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CHAPTER 6 

CONCLUSION 

 

In 2021, Pakistan saw the tragic loss of nearly 396,625 lives to Type II Diabetes Mellitus (T2DM), a complex 

disorder that affects multiple systems in the body. Among the various factors contributing to T2DM, genetics 

plays a significant role. Out of the 79 genes identified in association with T2DM, one gene, Caveolin 1 

(CAV1), stands out due to its involvement in insulin secretion and signaling. Despite this, research 

specifically exploring genetic mutations in the CAV1 gene in the Pakistani population remains sparse. To 

bridge this gap, a study was undertaken to investigate the association of Caveolin 1 with T2DM using both 

in-silico and in-vitro methods. The research focused on six specific single nucleotide polymorphisms (SNPs) 

within the CAV1 gene, chosen for their predicted harmful effects on the protein's function, as verified by 

SNPs and GO databases. The study revealed that certain mutations (T95M and F167S) significantly 

destabilized the structure and function of the Caveolin 1 protein. Detailed analysis showed that the A120T 

mutation led to structural changes, while the S80G and T95M mutations resulted in the loss of crucial 

phosphorylation sites, potentially disrupting insulin signaling pathways. Furthermore, these mutations could 

interfere with the interaction between CAV1 and other proteins such as Caveolin 2 (CAV2). Among the 

SNPs studied, A120T and F167S were particularly noteworthy; they were not only predicted to be 

deleterious but also showed uncertain significance in the ClinVar database. Hence, these nsSNPs can be 

helpful in understanding the main cause of insulin signaling and secretion disruption in T2DM. These 

deleterious SNPs can be involved in the risk of T2DM and pathogenesis of other diseases as well and can 

be used as potential molecular markers for the diagnosis and personalized treatment of T2DM. In order to 

validate this, the primers of these two mutations were run in gradient PCR with the DNA extracted from 

patients of diabetes type 2, and in some samples one out of two mutations was observed and, in some 

samples, both these mutations were shown. This study demonstrates no significant association of 

rs369262127 (a missense SNP ofCAV1) and rs201966419 with T2DM in our studied samples. This result 

was not consistent with our in-silico findings which were predicted to be deleterious. The present results 

need to be further validated by replication of this research in larger sample population. Moreover, the in-

silico analysis predicted additional polymorphisms located in exonic region of CAV1 having disease causing 

potential as they can affect the normal structure and function of the caveolin 1 protein.  
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CHAPTER 7 

FUTURE RECOMMENDATIONS 

 

Performing a comprehensive analysis of single nucleotide polymorphisms (SNPs) in a large sample size is 

crucial for obtaining robust data sets that can yield meaningful statistical insights. By having a sizable 

cohort, researchers can uncover subtle genetic variations that may influence disease susceptibility, treatment 

response, and overall health outcomes. This abundance of data not only enhances the reliability of statistical 

analyses but also provides a broader understanding of the genetic landscape associated with the condition 

under investigation. 

Moreover, large-scale studies offer invaluable resources for the development of in-silico drug targets. By 

identifying SNPs that correlate with disease progression or treatment efficacy, researchers can pinpoint 

potential therapeutic targets within the genome. This approach facilitates the design of tailored interventions 

that address the specific genetic factors contributing to the disease phenotype. Through computational 

modeling and simulation, in-silico drug discovery can expedite the identification of promising candidates 

for further experimental validation, ultimately accelerating the drug development process. 

In parallel, integrating expressional analysis with SNP data enables a comprehensive assessment of gene 

expression patterns and their relationship to disease states. By comparing the expression levels of the CAV1 

gene between experimental and control groups, researchers can elucidate the impact of genetic variations 

on molecular pathways underlying the disease. This comparative analysis provides insights into the 

functional consequences of SNP-associated changes in gene expression, shedding light on potential 

mechanisms driving disease pathology. 

Overall, the integration of large-scale SNP analysis, in-silico drug target identification, and expressional 

analysis offers a multifaceted approach to understanding the genetic basis of disease and designing effective 

therapeutic strategies. By harnessing the power of big data and computational techniques, researchers can 

uncover novel insights that pave the way for precision medicine and personalized healthcare interventions. 
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