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ABSTRACT 

According to a study, IR & β-cell DF are involved in the onset and advancement of T2D. In addition to the harmful 

consequences of IR, IFM & OS have become significant characteristics that delineate β-cell DF. Key inflammatory markers, 

including CRP, TNF-α and IL-1β linked to β-cell DF in preclinical models. These effects demonstrate a PAT association 

between an aberrant IFM response and the production of OS in the advancement of T2D. Therefore, in this review we have 

discussed about the normal function and pathological aspect of β- cell. 
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1. INTRODUCTION 

Authors have also estimated that DM affects approximately 10% of the population, with type 2 DM (T2D) accounting for 

over 90% of these cases.[1] The primary pathophysiological(PAT-PY) alterations observed in T2D include insulin 

resistance(IR) and dysfunction (DF) of the β-cells. According to past studies, T2D is commonly associated with IR, whereas, 

on the other hand, type 1 diabetes (T1D) may develop IR.[1,2] Moreover, IR according to study, refers to inability of 

insulin(ISN) to cause its intended effects, whereas β-cell DF denotes a reduction in insulin secretion(IS) capacity.[2] IR & 

β-cell DF play significant roles in the pathophysiology of T2D through a complex mechanism that leads to elevated blood 

glucose levels.[3] As the disease advances, there is a deterioration in β-cell function, which initially becomes evident during 

the prediabetic phase of DM progression.[4,5] Consequently, to alleviate challenges related to T2D, particularly those linked 

to inflammation and oxidative stress(OS), it is essential to delineate the PAT pathways responsible for β-cell DF. It has long 

been believed that inflammation is the primary component of DM.[6,7] Inflammatory substances released by fat cells and 

immune cells in fat tissue can make the harmful inflammation(IFM) caused by high blood sugar levels in T2D worse [9]. In 

T2D, according to past studies, OS, IR & β-cell DF exacerbate obesity or an excess of fat in the pancreas, among other 

significant factors.[8,9] It is possible to increase β-cell function and reduce oxidative stress by targeting intracellular 

antioxidant enhancement to fight diabetes-related problems.[10,11] 

2. NORMAL Β-CELL PHYSIOLOGY 

Previous research has shown that RNA binding proteins found in the 5′ and 3′ untranslated regions (UTRs) often maintain 

the stability.[12,13] In contrast, studies on rodent islets demonstrate that proinsulin translation and processing enzymes  
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increases rapidly in response to glucose.[14,15] This observation suggests a posttranscriptional regulation mechanism 

governing INS expression.[14-16] Upon translation of preproinsulin and its subsequent insertion into the ER lumen, a signal 

peptide is cleaved. Study have shown that, protein disulfide isomerases had serve an integral role in the establishment of 

three intramolecular disulfide bonds.[17] 

This mechanisms underlying the trafficking and organization of INS granules within cells remain poorly understood. In 

mature mouse islets, proinsulin is efficiently sorted to regulated secretory pathway with an efficacy of 99% upon its exit 

from the Golgi, where it subsequently undergoes folding.[17] The regulated secretory pathway efficiently directs IAPP to 

granules within mature islets, whereas the constitutive secretory pathway facilitates the release of approximately 50% of it 

in newborn islets.[17] Under baseline glucose conditions, the regulated secretory pathway primarily directed the trafficking 

of (pro) IAPP from human islets. In the context of an 8-day culture in high glucose conditions, the release of proIAPP via a 

constitutive pathway was observed.[18] Under appropriate testing conditions, the findings may suggest that immature or 

dysfunctional β cells could have modified the trafficking and release of secretory products. The conversion of proinsulin and 

proIAPP starts when prohormone convertase activity rises with increasing granule H+ and Ca2+ levels.[19] The C-terminus 

of both the intermediate and mature (MAT) peptides is further trimmed by carboxypeptidase E (CPE). This results in MAT- 

INS & C-peptide in the case of proinsulin. After CPE trims proIAPP, peptidylglycine α-amidating monooxygenase (PAM) 

adds an amidation to the C-terminus, resulting in mature IAPP.[19] Recently, there have been doubts about the role of β cells 

when processing proinsulin because it is hard to detect PC2 in these cells, even though some studies have shown that β cells 

do express it using transcriptomics and immunohistochemistry.[20] Following glucose stimulation, the association between 

stimulus and secretion leads to the swift release of INS in 2 distinct phases. The initial phase in humans commences with the 

initiation of glucose administration, generally concluding within a 10-minute timeframe, and signifies a pool of secretory 

granules that can be released rapidly. The subsequent phase is characterized by its duration, which is contingent upon the 

persistence of elevated glucose concentrations. This phase encompasses granules that contain newly synthesized insulin.[12] 

According to a study, IS is stimulated not only by glucose but also by fatty acids  & amino acids(AA).[12] In the context of 

AA induced IS, mitochondrial glutamate dehydrogenase (GDH) serves as the primary enzyme responsible for anaplerosis, 

facilitating the deamination of glutamate to yield α-ketoglutarate.[12,21,22]To maintain euglycemia, insulin production is 

tightly regulated by various signals from many cell types inside the islet, including other endocrine cells, nerve fibers, 

endothelial cells, pericytes, and immune cells.[23] 

3. PATHOPHYSIOLOGY OF Β CELLS DF IN T2D 

According to a study, pancreatic(PNC) β-cells play a crucial role in the production & secretion of INS, a hormone essential 

for metabolic regulation.[24]  Studies have also concluded that, INS had a vital role in the metabolic regulation of essential 

energy substrates, including carbohydrates, lipids, and proteins to facilitate the uptake of glucose from the bloodstream into 

various targeted area of the body.[24] Thus, disturbances in INS signaling are said to be significant contributors for the 

development of IR.[24] Excessive expansion of adipose tissue results in increased circulating concentrations which 

ultimately contribute to the onset of IR [25] as shown in figure1. 

 

FIGURE 1: OVERVIEW OF PATHOLOGICAL IMPLICATIONS1 

According to study, more blood flow, white blood cells moving in, and increased production of different chemicals show 

that inflammation is happening, which is usually a local reaction to damage in cells or tissues.[26] To hasten the elimination 
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of harmful substances and the repair of damaged tissue, this immunity response is essential.[26] Adipose tissue growth is 

recognized to play a significant part in DF process.[27]  

CRP  

Epidemiological studies have demonstrated a significant association between the progression of T2D and its complications, 

alongside increased levels of inflammatory biomarkers.[28] Obesity, frequently observed in individuals with T2D, is 

recognized as a primary contributor to the detrimental effects of IFM & triggered acute-phase proteins response.[29] Previous 

studies have shown that increased levels of high-sensitive CRP (hs-CRP) are associated with their advanced DF.[30-32] 

Studies have shown that CRP had various roles in inflammatory mechanisms, complement pathway, cell death, autophagy, 

modulation of nitric oxide, and the synthesis of cytokines, IL-6 and TNF- α. [33-36]  

Fibrinogen [1] 

Increased plasma levels of fibrinogen(FBN) have been linked to clinical problems of T2D for more than twenty years. 

Circulating fibrinogen levels indicate systemic IFM and tissue damage.[1] Enzymatic conversion to fibrin by thrombin is the 

primary mechanism by which this protein is secreted; its secretion is essential for coagulation, revascularization, and wound 

healing. Poor blood glucose control and an increased risk of CVS & are associated with elevated fibrinogen levels in T2D 

patients. In pancreatic stellate cells, fibrinogen increases profibrogenic and proinflammatory activities directly.  

IL-6 and IL-1 β [1] 

Increasing evidence links interleukin family proteins to innate immunity and numerous diseases, including inflammatory 

conditions. They had significant role in inflammatory response mechanisms, particularly during the development of 

metabolic disease as they induce CD4+ T cells. Here, IL-1, generated by activated macrophages. The 1β-processing platform, 

in contact with pattern recognition receptors, initiates signaling pathways that govern adaptive immunity and induce 

inflammatory responses. Abnormally regulated levels of them are linked to disruption of immune system. 

TNF-α [1] 

According to study they come from superfamily of type II transmembrane proteins and show significnat role in several 

physiological activities, including immune response and inflammation. A study done on mouse showed an increased levels 

of chemokines and pro-inflammatory cytokines in T2D patients.[21] Therapeutically it was also found that, TNF- α levels 

improved the insulin sensitivity in T2D patients and cause apoptotic cell death in pancreatic β-cells. 

T-cells [1] 

In addition to triggering inflammatory responses, the cytokines produced by innate immune cells have a direct and indirect 

impact on IS. Macrophages and neutrophils, might also help keep the immune response balanced, including the harmful 

activation of pancreatic immune cells. The adaptive immune response depends heavily on T cells. CD8+ "killer" T cells and 

CD4+ "helper" T cells are the two primary subtypes of T cells. Another subtype of T cells, regulatory T cells, are essential 

for tolerance, which allows immune cells to distinguish between parent and invading cells. As a matter of fact, the demise 

of PNC β-cells in diabetes has long been associated with activated helper (TH) 1 CD4+ T cells and CD8+ killing T cells. 

[24] Thus, vicious cycle including cytotoxic T cells, pancreatic islets, IL-12 and macrophages may activate CD4+ T cells. It 

is believed that TH1 promotes damage to β-cells by accelerating the process of cell death and its further worsening in DM 

patients as shown in figure 2.  

 

FIGURE 2 : OVERVIEW OF PATHOLOGICAL MECHANISM LINKED TO IMPAIR IMMUNE SYSTEM.1 
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4. CONCLUSION 

Various PAT mechanisms are acknowledged as factors that contribute to the development and progression of T2D. Both 

types of DM are associated with β-cell DF; however, IR and obesity(OB) are the hallmark features of T2D. Thus, the effects 

correspond with a diminished immune response, potentially leading to heightened IR and increased blood glucose 

concentrations. OS occurs concurrently with inflammation and can interfere with various biochemical processes, ultimately 

leading to the death of PAN β-cells. Therefore, right now, there isn't much clinical evidence showing how well common 

diabetes treatments work to boost intracellular antioxidants that could protect against the problem. Thus, more longitudinal 

& cross sectional studies are encourged in future. 
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