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 Hypercaloric diet contribues to beta cell apoptosis in type 2 diabetes
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 _________________________________________________________________________________________
 Abstract: A diet rich  in saturated fats, refined carbohydrates, poor in  fruits and vegetables, associated with a sedentary 
life leads to obesity. According to statistical data, the incidence of obesity among children, adolescents and adults has increased 
dramatically in the last 20 years both in the USA and in Europe.  Obesity has many negative effects on the human body, being 
involved in the pathogenesis of  type 2 diabetes, cardiovascular diseases and cancer. An important feature of type 2 diabetes is 
represented by pancreatic beta-cell apoptosis.  Hyperglycemia and hyperlipidemia causes beta-cell dysfunction and may induce 
apoptosis in type 2 diabetes.  Apoptosis can occur through two major pathways, the extrinsic (death receptor mediated pathway) 
and  intrinsic pathway (involves the regulation of Blc-2). The purpose of this review is to present the mechanisms by which the 
hypercaloric diet can induce apoptosis of pancreatic beta cells.
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THE INCIDENCE OF OBESITY 

 A diet rich in saturated fat, refined carbohydrates 
associated with a sedentary life leads to obesity, a serious 
health problem worldwide. USA reported in 2004 an 
obesity rate of 65.1% for the adult population and 16% 
for children [1]. According to a study published in 2019 
by Vidra N and co-workers in which the incidence of 
obesity was analyzed for a period of 37 years, Europe 
ranks second in terms of obesity incidence after USA. 
According to statistical data, the incidence of obesity in 
Europe has increased threefold in the last 20 years. In 
2014, Romania was recorded an incidence of obesity of 
9%, compared to Malta which reported an incidence of 

26% [2]. The incidence of obesity among children and 
adolescents is a global health problem, as it is considered 
that there are currently 108 million children between the 
ages of 2-19 who are overweight or obese. In the case of 
children less than 5 years, it is estimated that by 2025 
there will be 70 million obese or overweight children 
worldwide [3].
 At present, diet rich in saturated fats is 
a worldwide problem, being a risk factor for the 
development of numerous systemic disorders such as 
dyslipidaemia, cancer, cardiovascular diseases, type II 
diabetes, non-alcoholic fatty liver and non-alcoholic 
liver steatosis [4, 5]. 
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 Obesity, oxidative stress and type 2 diabetes
 Obesity is associated with increased levels 
of triglycerides in adipose tissue which will lead to 
intensification of the beta oxidation process of free fatty 
acids and overproduction of reactive oxygen species 
(ROS) [6]. Free radicals are chemical species with 
incomplete structure that have unpaired electrons and 
are highly reactive in tissues such as superoxide anion, 
hydroxyl radical and hydrogen peroxide. Reactive 
species can also derive from nitrogen, so nitric oxide and 
peroxynitrite are considered reactive nitrogen species 
(RNS). ROS and RNS are involved in many physiological 
processes, such as gene expression cell growth, anti-
infectious defense or modulation of endothelial function 
[7, 8]. OS has been shown to be a key contributor to the 
pathogenesis of many metabolic disorders including 
obesity. Excessive ROS will cause lipids, proteins and 
carbohydrates oxidation, DNA damage, which will lead 
to impaired cellular function [1].
 Excessive fat accumulation in adipocytes is crucial 
for the production of pro-inflammatory adipokines, which 
are implicated in the installation of chronic inflammation 
[9]. Activated macrophages by chronic inflammatory 
process secretes pro-inflammatory cytokines, including 
TNF-α, IL-6 and IL-1β, which can induce DNA damage even 
in non-target tissues distant from the site of inflammatory 
process [6]. Obesity involves the accumulation of 
T-lymphocytes and macrophages in adipose tissue that 
will lead to the production of ROS by NADPH oxidase 
expressed by inflammatory cells [10]. Exposure of smooth 
muscle cells and adipocytes to increased concentrations of 
glucose and free fatty acids increases mitochondrial ROS 
production [11, 12]. Following activation of neutrophils 
and macrophages by the pro-inflammatory signals, 
they produce ROS and reactive nitrogen species (RNS). 
ROS are produced by the mitochondrial cells where the 
mitochondrial respiratory chain takes place, reactions 
involving NADPH oxidase, superoxide dismutase, nitric 
oxide synthase and myeloperoxidas activation [13, 14]. 
Chronic inflammation has been associated with numerous 
chronic systemic diseases such as type 2 diabetes, cancer, 
cardiovascular and autoimmune diseases. Oxidative 
stress (OS) may be installed due to hypercaloric diet and 
is associated with systemic inflammation, proliferation 
of endothelial cells, apoptosis, increased vasconstriction. 
Recent data supporting a relationship between OS, 
endothelial dysfunction and cardiovascular disease [7,15]. 
 Hyperglycemia is associated with increased levels 
of advanced glycation end products, which will bind 
to specific receptors and activate NF-kB, which further 
triggers a series of intracellular signaling pathways, 
which will increase production of superoxide anion [16]. 
An increased concentration of free fatty acids in the 
blood leads to increased production of ROS (superoxide 
anion, hydrogen peroxide and hydroxyl radical) which 
will cause oxidation of lipids and proteins [16]. 

 ROS and Apoptosis
 At low concentrations, ROS such as hydrogen 
peroxide is associated with cell survival, but instead 
increased concentrations are associated with processes 
of cell death such as apoptosis [17]. Lower levels of 
ROS leads to the activation of the tumor suppressor 
protein p53. p53 plays an important role in the control 
of cellular stress response, promotes DNA repair and 
survival leading to cell death through apoptosis [17, 18]. 
Hydrogen peroxide induces apoptosis and is associated 
with increased protein expression of p53, Puma, Noxa 
and Bax [19,20]. Caspases 3, 8 or 9 which are involved in 
the apoptosis process can be activated by the hydrogen 
peroxide [19, 21].

 Pathways of Apoptosis 
 In mammalian cells, two pathways that mediate 
apoptosis are described: the extrinsic (death -receptor 
mediated pathway) and the intrinsic pathways (also 
called the mitochondrial or BCl-2 regulated pathway). 

 Extrinsec pathway
 The extrinsic pathway is activated by the binding 
of ligands such as FasL belonging to the tumor necrosis 
factor family (TNF-α), to cell-surface death such as 
Fas or TNFR. Next, there is the recruitment of FAS-
associated death domain (FADD), followed by caspase 8 
recruitment and downstream activation of caspases -3,6 
and 7 effector, which will determine the activation of 
proteases, DNA fragmentation and cell death [22, 23].

 Intrinsec pathway
 The intrinsic pathway can be activated by 
different cellular stresses ( high concentrations of glucose 
or growth factor deprivation). Members of the Bcl-2 
family are the ones that regulate this apoptotic pathway 
by maintaining a balance between pro-apoptotic and 
anti-apoptotic members. Members of the pro-apoptotic 
family include Bim, Puma, DP5, Bid, Noxa factors which 
are called the BH3- protein family, that exhibit only one 
Bcl-2 homology domain. Bcl-2, Bcl-xL, Bcl-w and Mcl-
1 are pro-survival factors. Cellular stressors activates the 
pro-apoptotic Bcl-2 family members and downregulate 
pro-survival factors, which will lead to Bax and Bak 
downstream translocation which further promotes loss 
of the mitochondrial outer membrane potential and 
pore formation. Apoptosis is initiated by cytochrome c 
released into the cytoplasm and activation of caspases-9, 
3, 6 and 7 [22-24].

 Mediators of apoptosis in type 2 diabetes
 High glucose concentration
 In type 2 diabetes associated with insulin 
resistance, visceral obesity and elevated glucose levels 
accelerate the death of β cells by apoptosis [25]. An 
increased concentration of glucose (acute or chronic) 
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leads to increased ROS production and activates beta 
cell apoptosis contributing to the progression of diabetes 
complications such as cardiac, renal and ocular disorders 
[26-28]. A chronic elevated plasma glucose concentration 
has toxic effects on pancreatic beta cells. Experimental 
studies performed in vivo in mice and rats such as 
those performed by McKenzie MD and co-workers who 
administered an increased glucose concentration (33mM) 
over a period of 3-6 days observed the intensification of 
the apoptosis process in pancreatic beta cells [29]. Piro S 
and co-workers administered a dose of 16.7 mM glucose 
to rats for 3 days. The results of the study are in agreement 
with the previous study, they observed that an increased 
concentration of glucose can induce significant apoptosis 
of pancreatic beta cells [30].
 In order to understand the mechanism by which 
glucose induces apoptosis, pancreatic islets from mice 
were isolated that were lacking either by extrinsic (Bid) 
or intrinsic (Bim, Puma, Noxa) key factors and treated 
with a glucose concentration of 33.3 mM for 6 days. DNA 
fragmentation and release of mitochondrial cytochrome 
c were detected. Bid deletion did not affect glucose-
induced apoptosis. Deficiency of Bim or Puma led to a 
partial reduction of apoptosis. Deletion of Bim and Puma 
reduces glucose-induced apoptosis in pancreatic beta 
islets, so the two cooperate to induce apoptosis. Deletion 
of Bax factor and over-expression of Bcl-2 provides a 
protective effect on the pancreas cells against glucotoxicity 
induced by high concentrations. Following experimental 
studies, glucose induces apoptosis of pancreatic beta cells 
by activating intrinsic pathway [29].
 In a study conducted by Butler AE and co-
workers on 124 autopsies, they observed a frequency of 
apoptosis of pancreatic beta cells increased 10-fold in 
lean and 3-fold in obese persons with type 2 diabetes 
compared with a nondiabetic control group [31].
 High glucose concentrations lead to IL-1β 
secretion from pancreatic beta cells by activating NLRP3 
inflammasome. Two studies conducted by Maedler 
and co-workers in which human islets were exposed 
to glucose concentrations of 33.33 mM for 5 days, 
caused IL-1β secretion and activation of apoptosis by 
extrinsic pathway [29, 32]. NLPP3 is highly expressed in 
macrophages and very low in beta cells [33]. Studies on 

cell cultures involving dendritic cells derived from bone 
marrow have observed that glucose does not contribute 
to IL-1β secretion [34]. Study performed by McKenzie 
MD and co-workers on mice pancreatic islets lacking IL-
1receptors or functional Fas treated with 33.3mM glucose 
did not detect a significant reduction in apoptosis [29]. 
The role of NLRP3inflammasome in mediating glucose 
toxicity at pancreatic level remains unclear. 

 High concentration of saturated fatty acids
 Obesity is the major risk factor in the onset of 
metabolic syndrome associated with dyslipidemia and 
increased circulating levels of leptin and cytokines. 
Dyslipidemia affects pancreatic beta cells, so free fatty 
acids and lipoproteins may play a pro-apoptotic role and 
others may be anti-apoptotic. Lipoproteins can affect 
pancreatic beta cell survival, thus VLDL and LDL are 
pro-apoptotic while HDL has a protective effect [35, 36].
Increased concentration of saturated fatty acids such as 
palmitic acid is toxic to pancreatic beta cells. Treatment 
of cell lines isolated from rats such as MIN 6 and INS-
1E with palmitic acid induces apoptosis [37, 38]. In a 
study conducted by Cunha DA et al., which tested the 
induction of apoptosis in human islets treated with 
0.5 mM palmitate conjugated with 1% BSA for 3 days, 
induction of apoptosis was observed [37]. RNA analysis 
by microarray isolated from INS-1E cells treated with 
0.5mM palmitate for 14 h showed upregulation of DP5 
and Puma molecules. Thus, it was observed that intrinsic 
pro-apoptotic factors DP5 and Puma are involved in 
mediating palmitate-induced apoptosis [39].
 In conclusion, the hypercaloric diet leads to 
obesity, characterized by the existence of a chronic 
inflammatory process with the release of pro-
inflammatory molecules and installation of systemic OS. 
An increased concentration of glucose and saturated fatty 
acids leads to the release of ROS that will cause apoptosis 
by intrinsic pathway of pancreatic beta cells. 
 A diet rich in fruits and vegetables and poor 
in refined carbohydrates and saturated fats will have a 
protective effect on pancreatic beta cells.
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