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ABSTRACT  

One of the main causes of death with a fast-rising 

prevalence is type 2 diabetes. After lifestyle 

changes fail, pharmacological treatment is the first 

recommended course of action. However, a sizable 

portion of patients exhibit or develop treatment 

resistance over time and as their diseases worsen. 

Additionally, not every type 2 diabetic patient 

responds the same way to medication. Although 

nongenetic factors (hepatic, renal, and intestinal) 

are present, genetic explanations account for the 

majority of this heterogeneity. Despite the fact that 

there are still some unresolved issues, 

pharmacogenomics studies have described a link 

between single nucleotide polymorphisms and 

medication resistance. The most trustworthy 

method for examining allelic variants to far is next-

generation sequencing, which enables the 

simultaneous investigation of nucleotide variants 

and gene expression on a genome-wide scale. 

Here, we evaluate. the association between insulin 

signaling and CYP2C9 gene polymorphisms, a 

gene involved in drug metabolism (ABCC8, 

KCNJ11, and PPARG). We also point out how 

recent developments in sequencing technology have 

made it possible for researchers to conduct 

extensive pharmacogenomics studies. The 

discovery of allelic variations linked to drug 

resistance will provide a strong foundation for 

developing individualized therapeutic strategies for 

the management of type 2 diabetes. 

Keywords: Type 2 diabetes, Pharmacogenomics, 

Pharmacological treatment, Metabolism, Insulin. 

INTRODUCTION 

Pharmacogenomics is the study of how 

genetics affect drug response, which can 

vary from losing the desired therapeutic 

benefit at one end of the spectrum to 

having an unfavourable drug reaction at 

the other [1,2]. The most often prescribed 

medication for the treatment of type 2 

diabetes, metformin, was recently the 

subject of a workshop sponsored by the 

National Institute of Diabetes and 

Digestive and Kidney Diseases (NIDDK). 

Metformin's effectiveness varies widely, 

and it occasionally causes major side 

effects [3]. This issue includes a report on 

that workshop. In addition to providing 

information on the current status of 

metformin pharmacogenomics [4] also 

give an overview of the field of 

pharmacogenomics as a whole. The data 

from pharmacogenomics is the current 

state of the field of pharmacogenomics. 

Pharmacogenomic data is increasingly 

being used in clinical settings to modify 

drug dosage or prevent negative drug 

reactions [5]. Contrary to most 

medications, metformin does not go 

through biotransformation. It is not broken 

down [6]. On the other hand, it is moved 

into and out of cells and organs [7–9]. 

Metformin transporter genes such as 

OCT1 (SLC22A1), MATE1 (SLC47A1), 

and MATE2 (SLC47A2) have been the 

subject of successful pharmacogenomic 

investigations [7–9].  

 Diabetes is a chronic disease, which over 

time leads to cardiovascular and blood 

vessels damage and neuro, and 
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retinopathy, with a dramatic impact on 

health and high costs for all National 

Health Systems. Intensive programs that 

consider lifestyle changes to reduce T2D 

risk have revealed a moderate efficacy in 

reducing diabetes incidence in at-risk 

individuals [15]. When lifestyle changes 

are not sufficient to ameliorate the clinical 

features of T2D patients, it is necessary to 

design an appropriate pharmacological 

approach. In this scenario, the 

pharmacogenomics is a discipline that 

studies the importance of optimal 

treatment to patients, starting from the 

knowledge about the genetic and 

molecular etiology of the disease. Several 

studies have shown a widespread 

variability in glycemic response 

tolerability, and a plethora of variable 

effects in patients treated with similar 

antidiabetic drug [16, 17]. The foundation 

of pharmacogenomics is represented by 

these lines of evidence [14]. SNPs 

typically have a major role in determining 

interindividual variability (SNPs). 

Particularly, genes directly (or indirectly) 

linked to the activity (or metabolism) of 

oral antidiabetic medications have been 

identified to account for a significant 

portion of the genetic variability seen in 

T2D patients (OAD). Following the failure 

of lifestyle adjustments, the assumption of 

these medications is the initial intervention 

step in the therapy of T2D. Therefore, 

finding genetic variations linked to altered 

medication responsiveness is crucial for 

diabetes research since it will allow for a 

more individualised therapy strategy. 

However, other biological, non-genetic 

variables, such as hepatic, renal, and 

intestinal processes, can have an impact on 

the pharmacodynamics of OADs. These 

Considerations underline the significance 

of taking into account both the genetics 

and the phenotype of T2D patients in order 

to select the most effective therapy 

strategy [15]. The association between 

treatment responsiveness in T2D patients 

and SNPs is described in this review, 

along with the organs that are crucial for 

drug metabolism or action. We also go 

through recent developments in 

sequencing technology, emphasising how 

they can significantly boost 

pharmacogenomics research. The 

development of individualised therapeutic 

strategies for the treatment of type 2 

diabetes will undoubtedly be supported by 

the recent technological advances in the 

identification of allelic variations linked to 

altered medication response. 
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Even though the MATE1 and MATE2 

genes have common genetic 

polymorphisms that have been linked to 

altered metformin-related glucose-

lowering effects, the clinical utility of 

these transporter gene polymorphisms has 

yet to be proven, despite the fact that 

OCT1 encodes the main metformin 

transporter in the liver and is functionally 

genetically polymorphic 40 genes were 

subjected to a candidate gene research that 

discovered polymorphisms in these 

possible metformin target pathways, 

including the AMP-activated protein 

kinase pathway (10) . One of the biggest 

causes of death in modern civilization is 

diabetes [11]. According to the 

International Diabetes Federation's most 

recent report from 2013, there were 382 

million cases of diabetes globally with an 

adult-onset rate of roughly 8.4%. The 

World Health Organization (WHO) has 

classified this problem as a "global 

outbreak" because it is predicted that by 

2035, there would be 592 million cases 

worldwide [11]. Type 1 diabetes mellitus 

(T1D), also known as "insulin-dependent 

diabetes" or "juvenile diabetes," [12] and 

type diabetes mellitus (T2D), sometimes 

known as "noninsulin-dependent diabetes," 

are the two more prevalent types of 

diabetes that are both caused by 

abnormalities in insulin function. The first 

kind has an early onset and results from an 

utter lack of insulin [13], whereas the 

second type—the most common type—has 

an older onset and results from an 

impaired function of the hormone [14]. 

More than 5% of people in affluent 

countries have T2D, and its prevalence is 

rising globally.  Diabetes is a chronic 

condition that over time damages the heart, 

blood vessels, nerves, kidneys, and eyes 

(causing retinopathy). Diabetes is a 

chronic disease having a significant 

negative impact on health and substantial 

expenses for all National Health Systems 

[12]. Over time, diabetes causes damage to 

the heart, blood vessels, nerves, kidneys, 

and retina. Intensive programmes that take 

into account lifestyle modifications to 

lower T2D risk have shown a moderate 

effectiveness in lowering diabetes 

incidence in at-risk patients [15]. 

Designing an adequate pharmaceutical 

strategy is important when lifestyle 

adjustments are insufficient to improve the 

clinical aspects of T2D patients. For all 

National Health Systems, there is a tic 

influence on health and high cost [12]. 

Intensive programmes that take lifestyle 

changes into account to lower the risk of 

T2D have shown a modest reduction in the 

incidence of diabetes in those at risk [15]. 

To improve the clinical aspects of T2D 
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patients when lifestyle changes are 

insufficient, an effective pharmaceutical 

strategy must be developed. In this case, 

the study of pharmacogenomics, which 

begins with knowledge of the genetic and 

molecular causes of the disease, examines 

the significance of providing patients with 

the best possible care. In patients receiving 

comparable anti-diabetic medications, 

numerous studies have revealed a wide 

range of variability in glycaemic response 

tolerance and a variety of varied effects 

[16, 17]. The foundation of 

pharmacogenomics is these lines of 

evidence [14]. 

Pharmaceutical Genomics of Diabetes 

Drugs 

The sulphonylureas, metformin, and 

thiazolidinediones are now the medicines 

used in T2D treatment that are the most 

popular (troglitazone, pioglitazone, and 

rosiglitazone). The major proteins that are 

either activated by the administration of 

oral antidiabetic medications or involved 

in their absorption and metabolism are 

schematized in Figure 2.  

 

Figure 3: Main proteins involved in uptake 

and metabolism of OADs. IR = insulin 

receptor; GLP-1 = glucagon-like peptide-

1; SUR1 = sulphonylureas receptor 1; 

Kir6.2 = potassium inward rectifier 6.2 

subunit; PI3K = phosphoinositide 3-

kinase; TCF4 = transcription factor 4; 

RXR = retinoid X receptor; 

PI3K/AKT1/GSK3 = phosphoinositide 3-

kinase/RAC-alpha serine/threonine-protein 

kinase/glycogen synthase kinase 3; MAPK 

= mitogen-activated protein kinases 

Pharmacogenetics studies often take a few 

clinical outcomes into account when 

assessing medication response. The 

guidelines' definition of HbA1c levels of 

7% and an overall decrease in HbA1c 

stand out as the most relevant parameters 

to take into account in T2D 

pharmacogenetics investigations [18]. The 

medicine of interest's use during early or 

late stages of the disease, where there is a 

very limited chance of achieving a 

meaningful therapeutic benefit, is another 

essential factor. The medicine of interest's 

use during early or late stages of the 

disease, where there is a very limited 

chance of achieving a meaningful 

therapeutic benefit, is another essential 

factor. We have compiled a list of SNPs in 

Table 1 that, based on GWASs, are 

frequently linked to altered medication 

responsiveness in T2D. These 

investigations have frequently shown a 

lack of a statistically meaningful 

relationship between SNPs and the closest 

gene's expression levels, demonstrating a 

wide range of variability. These 

association studies have also highlighted 

the ethnic differences in the expression 

patterns of SNPs in tissues that are 

essential for maintaining glucose 

homeostasis [19]. 

Effects of Sulphonylureas and 

Polymorphisms in the ABCC8, 

KCNJ11, TCF7L2, CYP2C9, IRS1, and 

CAPN10 Genes. 

Sulphonyl urea effects are affected by 

polymorphisms in the genes ABCC8, 
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KCNJ11, TCF7L2, CYP2C9, IRS1, and 

CAPN10. Sulphonylureas (SUs) are often 

used medications for the treatment of T2D. 

Various side effects, such as weight gain 

and an increased risk of hypoglycaemia, 

have been reported often despite the 

widespread use of these medications in 

clinical practise [20, 21]. The four primary 

SUs that are now used to treat T2D are 

glibenclamide, gliclazide, glipizide, and 

glimepiride [22]. All SUs promotes 

glucose-stimulated insulin release from the 

pancreatic -cells via binding to the 

sulphonyl urea receptor 1 (SUR1). As a 

result, SUs work by interacting with the 

proteins that make up the ATP sensitive 

potassium (KATP) channel and causing it 

to close. In contrast to the outer pore of the 

KATP channel, which is made up of four 

K+ ions, Four molecules of SUR1 [23]. 

The ATP generated by the mitochondrial 

oxidation of glucose results in the closing 

of the KATP channel, which depolarizes 

the -cell membrane and increases the 

entrance of Ca2+ ions. This is followed by 

the release of pre synthesized insulin from 

the -cells. In the end, sulphonylureas bind 

to a particular receptor outside the KATP 

channel, causing the closing of these 

channels and the release of insulin. 

The Effects of SLC22A1 Gene 

Polymorphisms on Metformin 

In addition to SU, metformin is a 

medication that is widely used to treat 

T2D. Since it becomes positively charged 

at physiological pH, its pharmacokinetic 

characteristics are altered [24]. Metformin 

is eliminated in the urine rather than being 

processed in the liver like sulphonylureas 

are. Therefore, genetic variations in the 

genes encoding metabolising enzymes had 

no effect on the glucose-lowering action of 

metformin. Even in this instance, 

pharmacogenetics has benefited from 

GWASs to comprehend how SNPs in the 

genes that encode metformin transporters 

affect the medication's clinical effects 

conducted a GWAS on 1024 individuals 

on metformin treatment, examining 700 K 

polymorphisms [25, 26]. For genotyping 

purposes, researchers employed the Go 

DARTS and United Kingdom Prospective 

Diabetes Study (UKPDS) populations and 

got the same outcomes [22]. 

Pro12Ala 5. PPARG Polymorphism and 

Thiazolidinedione Responsiveness 

Peroxisome Proliferator-Activated 

Receptor (PPARG), a nuclear receptor, is 

an important transcription factor in the 

metabolism of lipids and glucose. 

Numerous metabolic target genes, 

including lipoprotein lipase, fatty-acid 

transcript protein, and aquaporin, which 

control triglyceride hydrolysis, fatty acid 

absorption, and glycerol uptake, can be 

activated by it [27, 28]. Due to the large 

number of target genes, ligands, and 

coregulators (coactivators or corepressors) 

as well as the existence of many isoforms, 

some of which even have opposite or 

dominantly negative activity, PPARG is a 

master gene of adipogenesis and its roles 

are extremely complex [28, 29].    Indeed, 

numerous investigations have found 

PPARG transcripts to exist, strongly 

indicating that alternative splicing plays a 

significant role in how such a nuclear 

receptor functions [30, 31]. PPARG 

polymorphisms have been extensive 

analysis over the past ten years, both in the 

coding and regulatory domains, to 

determine whether they may be linked to 

pathologic phenotypes like T2D. [32,33]. 

 Pro12Ala PPARG Polymorphism and 

Thiazolidinedione Responsiveness 
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Peroxisome Proliferator-Activated 

Receptor (PPARG), a nuclear receptor, is 

an important transcription factor in the 

metabolism of lipids and glucose. 

Numerous metabolic target genes, 

including lipoprotein lipase, fatty-acid 

transcript protein, and aquaporin, which 

control triglyceride hydrolysis, fatty acid 

absorption, and glycerol uptake, can be 

activated by it [27, 28]. Due to the large 

number of target genes, ligands, and 

coregulators (coactivators or corepressors) 

as well as the existence of many isoforms, 

some of which even have opposite or 

dominantly negative activity, PPARG is a 

master gene of adipogenesis and its roles 

are extremely complex [28, 29s]. In fact, 

numerous studies have demonstrated that 

there are a significant number of PPARG 

transcripts, strongly suggesting showing 

the functionality of such a nuclear receptor 

is significantly influenced by alternative 

splicing [28, 29]. During the last ten years, 

PPARG polymorphisms—both in Coding 

and regulatory areas have undergone 

extensive analysis to determine whether 

they may be connected to pathologic traits 

like T2D. Pro12Ala (rs1801282), which is 

frequently linked to clinical implications 

and changes in the physiological metabolic 

status, is one of the most researched 

polymorphisms [28]. It has been 

hypothesised that the amino acid alteration 

will significantly alter the protein's 

secondary structure. 

Diabetes and Next-Generation 

Sequencing 

Studies based on genotyping and 

transcriptomics have increasingly moved 

away from hybridization-based methods 

and toward sequencing-based methods 

during the past few years. Indeed, an 

increasing number of studies have 

demonstrated how polymorphisms might 

alter gene expression variance among 

populations as a result of the development 

of the Next-Generation Sequencing (NGS) 

technique and new improved sequencing 

platforms [34, 35]. 

These results demonstrate that the 

complexity of T2D and other 

multifactorial disorders cannot be fully 

captured by GWAS alone. In fact, the 

possible causal involvement of SNPs in 

the susceptibility to complex diseases is 

only foreseeable in the absence of 

functional investigations. It is obvious that 

combining various NGS applications (such 

RNA-, ChIP-, and DNASeq) may aid 

doctors in analysing the genetic and 

epigenetic complexity that underlies 

complex traits/diseases, including cancer 

[36]. The most popular and effective 

method for genome sequencing, studying 

gene expression, and examining epigenetic 

markers is currently next-generation 

sequencing (NGS). Recent years have seen 

a huge decrease in the cost of experiments 

because to this sequencing technology, 

which has also resulted in a significant 

increase in data production. 

Among its uses, RNA-Seq has 

significantly enhanced transcriptome 

analysis because of its capacity to identify 

and quantify low expressed genes, 

alternative splicing events, 

posttranscriptional RNA editing, and SNP 

expression [35, 37]. This is made possible 

by the type of sequence (read length), the 

sequence quality, the high throughput, and 

the low cost of RNA-Seq [38]. 

Conclusions 

Since more research is demonstrating how 

ncRNAs play a role in human diseases, 

NGS has the potential to dramatically 
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advance our understanding of SNPs, 

medication response, and the non-coding 

portion of the human genome. 

To the best of our knowledge, no 

comprehensive examination of SNPs in 

regulatory regions that might modify 

nucleotide methylation, alter chromatin 

structure, or effect novel binding sites for 

transcription factors and microRNAs 

(miRNAs) has yet been described. The use 

of NGS to investigate this new possible 

avenue seems vital in light of this concern  

All things considered, we anticipate that 

NGS will considerably enhance the 

identification of genetic variations linked 

to altered medication responsiveness in 

T2D and that a thorough investigation of 

better drug use in clinic is anticipated to be 

guided by how these variations alter gene 

expression and epigenetic mechanisms. 
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