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Obesity and Insulin Resistance

  Obesity is a condition with excessive and abnormal fat accumulation in the body. Overweight and obesity is now a widespread problem and presents as a risk factor for chronic diseases, like diabetes, heart diseases and cancers [1]. Mainly, a population measure of obesity is the body mass index (BMI), a person's weight (kilogram) divided by the square of his or her height (meters) [2]. Normally, individual with BMI equal to or more than 30 is considered obese [2]. Obesity is a worldwide problem and major risk factor for multiple disease complications like insulin resistance.

  Insulin resistance is defined clinically as the inability of insulin to increase glucose uptake and utilization in an individual. Insulin resistance is the consequence of obesity and other causes which impair signalling pathways [3]. It is believed that obesity- related chronic inflammation at the cellular level is responsible for the decrease in insulin sensitivity [4]. The decrease in insulin sensitivity makes obesity a major risk for the development of insulin resistance related disorders like type 2 diabetes and metabolic syndrome [5]. The main source for inflammation induced obesity and insulin resistance were reported, are tissue hypoxia, excess nutrients and adipocyte dysfunction [6]. The researcher identified that hypoxia via hypoxia-inducible factor 1α (HIF-1α) and other signalling mechanism might enhance the free fatty acid release and inhibit glucose uptake in adipocytes [6]. Hypoxia also triggers the nucleus translocation of nuclear factor kappa β (NF- κB), which initiate the regulation of genes that encode inflammatory cytokines. These cytokines i.e. TNF-α, IL-6, and IL-1β are involved in adipose tissue inflammation [7].



  Chronic inflammation is also caused by over eating that leads to excessive lipid accumulation in adipocytes [4]. Obesity due to overeating might activate inflammatory signalling pathways by increasing expression of inflammatory cytokines. These signalling pathways are involved in the pathogenesis of insulin resistance by interfering with insulin action. Many studies suggested that fluctuation of cytokines and state of signalling pathways should be considered before analysing inflammation induced obesity and insulin resistance [8].


Obesity Inflammation to Insulin Resistance

  Insulin resistance is a condition in which cells fail to respond to insulin. Insulin resistance is a complex problem in which tissues, which are highly sensitive to insulin becomes less sensitive to insulin. There are three metabolic tissues, skeletal muscle, liver and white adipose tissue which becomes less sensitive under normal serum glucose conditions [9]. Insulin resistance is related to various diseases like obesity, hypoglycemia, hypertension and heart diseases. It might occur due to various disorders like insulin receptor dysfunction, inflammation and micro vascular dysfunction [10,11].

  Obesity is the main cause of insulin resistance. Obesity increases the lipid inflation in adipocytes due to over nutrition [9]. Excessive lipid accumulation activates c-Jun N-terminal kinase (JNK) and nuclear factor kappa B (NF-κB) signalling pathways and increases the production of pro-inflammatory markers like tumour necrosis factor-α(TNF-α) and interleukin-6 (IL-6) [12].


Cytokines Involved in Insulin Resistance 


TNF-α

  In 1990 researcher first time studied  and relationship of inflammation with insulin resistance [13]. TNF-α is one of adipose tissue derived pro-inflammatory cytokine that increases lipolysis and also causes serine/threonine phosphorylation of insulin receptor substrate-1 [12]. Among pathways activated by TNF-α, activation of adenosine mono-phosphate-activated protein kinase (AMPK) increases glucose uptake in both visceral and subcutaneous adipocytes, whereas activation of JNK pathway leads to insulin resistance in visceral adipocytes [14].

IL-6

  IL-6 is an inflammatory cytokine and secreted by adipose tissues and considered as the mediator that regulates insulin resistance. It increases insulin resistance by reducing expression of insulin receptor substrate-1 and glucose transporter-4 via Janus kinase-signal transducer and activator of transcription (JAK-STAT) signalling pathway [15]. It is also reported that IL-6 also cause insulin resistance through activation of phosphoinositide 3-kinase (PI3K) pathway by reducing microRNA expression and up-regulating GATA-2 [16,17].


Leptin

  Leptin a protein which is derived from adipose tissue i.e. white adipose tissue and it intervened between appetite and energy balance and associated with progression of insulin resistance [18]. The role of leptin is not clear in insulin resistance because of Leptin resistance that is often observed in obese people, and weight loss decreases serum Leptin level. Besides this, Leptin stimulates PI3K signalling pathway that regulates glucose metabolism and pancreatic -cell function [18,19].


Adiponectin


  Adiponectin is a human protein that is involved in regulation of glucose and fatty acid breakdown. It is produced by adipose tissues, primarily by white adipose tissues. It plays a dual role, as an anti-inflammatory cytokine in insulin resistance, obesity, type 2 diabetes and acts as a pro-inflammatory cytokine in osteoarthritis and type 1 diabetes [18,20]. Adiponectin receptor 2 contrarily enhances glucose consumption by regulating their gene expression via PPAR-α signalling pathway [21]. In short, adiponectin improves hepatic insulin resistance by making balance via reducing glycogenesis and lipogenesis and increasing glucose consumption.

IL-1β

  Interleukin-1β is also pro-inflammatory cytokine which secretes in the result of inflammasome activity in obesity. It also contributes to insulin resistance via impairment of insulin signalling in tissues and cells leads to impaired insulin secretion [21].




Signalling Pathways Involved in Insulin Resistance


  The above described pro-inflammatory cytokines and proteins are mainly involved in insulin resistance related to inflammation induced obesity [4]. These cytokines and proteins, TNF-α, IL-6, IL-1β, Leptin, and Adiponectin act through JNK pathway, (JAK-STAT) signalling pathway, Inflammasome Activity, PI3K signalling pathway and PPAR-α signalling pathway respectively [22].

  Pro-inflammatory cytokines act via transcriptional factors that regulate the expression of inflammatory genes. Among these regulatory pathways, IKK/NF- k,B pathway is significant that regulate inflammation induced insulin resistance [23,24]. NF- κB is a transcriptional factor, a complex of proteins such as p65/RelA, RelB, c-Rel, p50/p105, and p52/p100. It is required in series of pathogenic processes including inflammation and immune responses [25].


  In normal condition NF-κB is bound to IB protein in the cytoplasm. IB protein inhibits the nuclear localization of NF- κB in normal circumstances. During pathological problems, various stimuli trigger the IKK complex which causes phosphorylation of IBα on Ser32 and 36. This leads to degradation of IBa and triggers translocation of NF-κB to the nucleus [25,13]. NF-κB nucleus translocation causes the up-regulation of target genes that encode inflammatory mediators.


  NF-κB mediated cytokines involve TNF-α, IL-6, and IL- 1β that regulate the inflammatory processes which induce insulin resistance. It is noticed that lack of IKKβ in adipocytes prevents expression of TNF-α, IL-β, and IL-6 by free fatty acid; it inhibits the expression of anti-inflammatory cytokine leptin and adiponectin [26]. Many studies suggested that treatment that inhibits NF- κB always improve insulin resistance. It is also observed that NF- κB plays a vital role in insulin resistance related diseases that couples pro-inflammatory cytokines, like obesity and type 2 diabetes [23,24]. These facts bring us to the conclusion that pro-inflammatory cytokines which regulated by NF- κB signalling pathway play a central role in inflammatory process and obesity toward insulin resistance.
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