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[image: ]Abstract:
Autophagy is involved in clearance of redundant or dysfunctional components. To maintain physiological functions properly and promoting survival, autophagy acts as a molecular mechanism. Dysfunction in autophagy causes many diseases such as neuro-degeneration, cancer and diabetes mellitus (DMJ, infectious diseases and aging. Inadequate or ineffective insulin or both are the main causes of diabetes mellitus. In T2DM, autophagy provides nutrients to uphold cellular energy at fasting and also removes injured organelles, lipids and miss-folded proteins. In addition, autophagy plays a key role to prevent dysfunction of pancreatic beta cell and insulin resistance. In this review, we stated the functions of autophagy in diabetes mellitus.
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Introduction:
Autophagy is the natural regulated mechanism of the cell that disassembles unnecessary or dysfunctional components (Klionsky 2008). Now­ a-days the frequency of diabetes mellitus (DM) is increasing globally. The major contributing factors in the pathogenesis of diabetes (Calcutt et.al., 2009) may be the increased plasma glucose levels secondary to insulin resistance. The pancreatic beta cells dysfunction occurred due to increasing the metabolic disorder that causes of the succession of diabetes. However, DM is traditionally introduced as a non-immune disorder. Evidence showed that the main pathways in the progression and pathogenesis of
01

this chronic metabolic disease are inflammatory mechanisms, apoptosis, autophagy and endoplasmic reticulum stress (Su et. al., 2013). Autophagy which is denoted as a stress­ responsive intracellular system is thought that the disturbance of this machinery is involved in the pathogenesis of age and diabetes related diseases (Gonzalez et.al., 2011; Mizushima et.al., 2008) The damaged intracellular proteins and organelles are degraded by autophagy that is a part of the catabolic processes (Hartleben et.al., 2010). Autophagy has also a defensive role against kidney dysfunction induced by aging (Kume et.al, 201O; Kimura et. al, 2011), hypoxia (Jiang et.al, 201O; Takahashi et.al., 2012) and anticancer drugs autophagy in diabetic mellitus.

Autophagy:
Autophagy is one kind of cellular degradation process that involves the fusion of autophagosomes and lysosomes (Yang et.al., 2008). It is a tightly regulated lysosomal pathway and critical for homeostasis, development and survival of cell Levine (Kroemer et.al., 2008). Autophagy, a programmed cell death became popular in the 1990s by the discovery of autophagy-related genes (Levine et.al., 2004). Autophagy becomes activated in a single-cell organism if no food is available to digest. As autophagy takes place in both cell survival and death in humans so this process is more complicated to understand. Autophagy may have a central role in the integrated pathways including apoptosis and mammalian target of rapamycin (mTOR) signaling which are also

keystone of cell homeostasis (Tanaka et.al., 2012; Kroemer et.al., 2010). However, eukaryotic cells must adjust to various detrimental effects of external stimuli including ultraviolet light, microbial pathogens, starvation and fluctuations of conditions such as temperature, ion concentration, pH, cytokines and hormones (Kroemer et.al., 2010). Eukaryotic cells undergo

autophagosomes with lysosomes. In the case of vesicle nucleation, Beclin-1 interacts with Atg14L, Bcl2, Rubicon, p150 and Pl3Kinase class Ill proteins. After binding regulators such as Bcl-2 protein (anti-apoptotic protein) and Rubicon bind Beclin-1 inhibit the vesicle nucleation stage of autophagy.
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rapid changes to protect themselves against detrimental attacks and can fight with sub-lethal stress. In this stress-induced adaptation, autophagy plays a major role by eliminating
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mechanism including lysosome-associated digestion (He et.al., 2009). Thus, exaggerated or exiguous autophagy can be harmful to cells. For recycling of essential amino acids autophagy is required (Mizushima et.al., 201O). A specific gene family called autophagy-related genes is involved with initiation, formation and maturation of autophagosomes. These autophagosomes later fuse with lysosomes for hydrolysis or degradation of enwrapped materials by the process of autophagy (Figure 1).
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Figure 1: Molecular machinery of autophagy.

The molecular mechanisms of autophagy: Autophagy is consisted of four stages: (A) induction,	(B)	vesicle	nucleation,	(C)
autophagosome membrane elongation and (D)
termination/ fusion and degradation I (Figure 2) (Salminen et.al., 2016; Kume et.al., 2015). Recent evidence suggests that mTORC1 complex is also regulated by some signaling pathway such as, Pl3K-1/Akt, MAPK/ ERK and AMPK. And, autophagy is initiated by the activation of AMPK phosphorylates Raptor and inhibition of mTOR (Cetrullo et.al., 2015; Dunlop et.al., 2014; Sridharan et.al., 2011). Beclin-1 complex (Pl3Kinase class 111, p 150, Beclin-1 and Atg14) is essential for vesicle nucleation which promotes the synthesis of
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Figure 2:There are four stages in the autophagic process: (A) induction, (B) nucleation, (C) elongation and
(D) termination. (Courtesy:Yang et al., 2017)

Autophagosome membrane arrangement is performed by the Atg12 and LC3 ubiquitin-like conjugation systems: (1) Atg12 ubiquitin-like conjugation system: ubiquitin-like Atg12 is coupled to Atg5, Atg7 and Atg10. Atg10 known as the E2 enzyme. The Atg5-Atg12/Atg16L complex is balanced by the Beclin-1 complex and assigns to the convex surface of the isolation membrane.(2) LC3 ubiquitin-like conjugation system: LC3 is splited by the Atg4 cysteine protease, consecutively processed by Atg7 and Atg3 and then combined to the membrane lipid phosphatidylethanolamine (the conjugated form is termed LC3-II). The Atg5-Atg12/Atg16L1 complex is important to develop the modification of LC3-I to LC3-II. Thus autophagy allows the sequential humiliation and reprocess ion of cellular components. Quality control of organelles and proteins are the main objectives of autophagy and protection of intracellular homeostasis in stress and nutrient efficiency (Yang et.al., 2017).

Type 2 diabetes mellitus {T2DM):
Type 2 diabetes mellitus (T2DM) is commonly known as diabetes, which is a metabolic and chronic disease all over the world (Hou et.al., 2016; Chen et.al., 2016). The patients have hyperglycemia over a prolonged period. The

character in diabetes mellitus is a relative or absolute lack of insulin, causing hyperglycemia (Middleton et.al., 2016). Frequent urination , thirst and increased hunger are the symptoms of hyperglycemia.The Acute symptomps of DM can include nonketotic hyperosmolar coma, diabetic ketoacidosis and death. Serious complications of DM include cardiovascular disease, stroke, chronic kidney failure, nephropathy, foot ulcers, neuropathy and damage to the eyes (Adeshara et.al., 2016; Zatalia et.al., 2013; ResI et.al., 201O; Hahr et.al., 2010). According to World Health Organization (WHO) report in 2014, approximately 422 million people were diagnosed with DM (Balakumar et.al., 2016; Nowotny et.al., 2015). There are three main types of diabetes mellitus: (1) Type 1 diabetes (T1D): also called insulin-dependent, juvenile or childhood-onset diabetes.Tl D is specified by deficient insulin production in the body. The pathology in T1D is described as an autoimmune disease because the pancreatic beta cells (insulin­ producing tissue) are shattered in the islets of Langerhans (Boldison et.al., 2016). T1D is diagnosed most in children and young adults. T1D patients require daily supervision of insulin to regulate the amount of glucose in their blood (Kesavadev 2016). Environmental factors and genetic influence play a key role in T1D. (Zou et.al., 2016; Hotta-lwamura et.al., 2016). (2) Type 2 diabetes (T2D): formerly called non-insulin­

(hyperinsulinemia). The pancreatic beta cells severely secrete insulin and then slowly decline. T2D at late stage is characterized by insufficient secretion of insulin from the pancreatic beta cells, conjugated with impaired insulin action in target tissues such as muscle, liver and fat. Hyperglycemia results when insulin secretion is inadequate to repay for insulin resistance (Tian et.al., 2017; Garabadu et.al., 2017; Eaton et.al., 2017; Wong et.al., 2012; Yang et.al., 2004). Mechanisms in the development and pharmacological treatments of T2D are summarized in Figure 3, 4.
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Figure 3: Etiology of T2D. Two major physiological defects associated with T2D are reduced insulin sensitivity, insulin resistance and combined with impaired insulin secretion. Obesity, poor diet, physical inactivity, increasing age, family history and ethnicity lead to a higher risk ofT2D. (Yang et. al., 2017).
The mechanisms of Type 2 diabetes mellitus (T2D)
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dependent (NIDDM) or adult onset diabetes. T2D is the most common type of diabetes widespread in Bangladesh in which cells fail to respond to and uptake of insulin. In the body T2D begins with  insulin  resistance  (Sakai  et.al.,  2016;
 (
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et.al.,
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et.al.,
 
2016).
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Figure 4: Mechanisms in the development and pharmacological treatments ofT2D. (Yang et. al., 2017).

Autophagy and type 2 diabetes:
Autophagy has close link to the progression of type 2 diabetes mellitus as it regulate the function of pancreatic beta cells and insulin

target tissues (skeletal muscle, liver and adipose tissue) of our body (Marrif et.al., 2016; Lee 2014; Wang et.al., 2013; Hur et.al., 2010). Upon insulin resistance, hyperinsulinemia occurs to compensate for hyperglycemia on the early onset of T2D (Figure 5). On the late onset of T2D, in contrast, the number of pancreatic cells progressively diminished through apoptotic cell death (Marrif et.al., 2016; Montane et.al., 2014; Quan et.al., 2013; Lee et.al., 2012). Studies suggest that enhanced autophagy acts as a protective mechanism against oxidative stress in pancreatic beta cells (Hur et.al., 2010; Montane et.al., 2014; Quan et.al., 2013; Lee et.al., 2012; Rivera et.al,. 2014). In vivo studies demonstrated that Atg7- deficient mice showed a decrease in the number of pancreatic beta cells, impairment of glucose tolerance and reduction in insulin secretion (Kim et.al., 2014). The insulin resistant mice (beta-cell­ specific Atg7 knockout mice) model has been shown that autophagy plays a vital role in the development of diabetes and in preserving the structure and function of pancreatic beta cells. Accumulation of autophagosomes in the pancreatic beta cell has been demonstrated in db/db mouse model (Las et.al., 2010; Fujitani et.al., 2009) showed that reduction in insulin secretion was associated with pancreatic beta cell disintegration and impaired glucose in autophagy-deficient mice. However, constitutively activated autophagy has deleterious effects on pancreatic beta cells and chronic activation of autophagy causes autophagic cell death (Las et.al., 2010; Demirtas et.al., 2016; Pabon et.al., 2016; Wang et.al., 2013; Bartolome et.al., 2012;
Masini et.al., 2009).

Autophagy and Insulin resistance: Dysregulated autophagy in addition to beta-cell dysfunction, may possibly be involved in insulin
resistance as well, because ER stress has been
implicated not only in beta-cell dysfunction but also in insulin resistance (Ozcan et.al., 2004). Because autophagy deficiency could lead to abnormal ER stress or ER stress response, impaired autophagy may affect insulin resistance. A recent paper reported that autophagy is deficient in the liver of obese mice and over expression of Atg7 restored insulin sensitivity

together with alleviated expression of ER stress markers (Yang et.al., 2010). Recently, autophagy was reported to participate in the down­ regulation of insulin receptors and ER stress­ mediated insulin resistance as an adaptive process in ER stresses (Zhou et.al., 2009). Conversely, insulin resistance has been reported to suppress autophagy (Liu et.al., 2009). Although these findings suggest that autophagy may be related to insulin resistance, direct causal relationship between them would require further investigation.

Conclusion and future perspective:
We know that obesity is one of the risk factors for diabetes. But not all human or experimental animals with obesity develop diabetes. Our survey suggests that in case of deficiency of beta­ cell, autophagy could be an preventing factor in the progression from obesity to diabetes. With respect to the confirmation of pathogenetic role of dysregulated autophagy in the development of natural human diabetes a new class of drugs will be possible to discover on a new principle. Metformin is generally used in the treatment of T2D that can defend pancreatic beta cells from damage by activating autophagy through AMPK pathway. We precis the function of autophagy in diabetes mellitus. New medicine would be expected to develop and more effective agents are targeted in autophagy for the therapy of T2D. In our study we found not so strong evidence about the relationship of autophagy with type 1 diabetes. So, future experiments are needed to explore this relationship.
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