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KEY WORDS Abstract Over the last 20 years, intensive research has been focused on the specific mechanisms
Lipotoxicity; mediating the pancreatic f-cell injury. Both the decreased viability and the dysfunction of fS-cells
Pancreatic f-cells; have become the key factors in the development of diabetes mellitus. Thus, it is of utmost
Insulin biosynthesis; importance to elucidate the discrete pathological changes in pancreatic f-cells within the context of
Insulin secretion; the various lipotoxicity models. The goal of these studies is to generate evidence to improve not
Aquaporin only the clinical treatment for diabetics, but also modulate the diet and activities of groups at high

risk for diabetes. In this regard, we review the role of lipotoxicity in pancreatic ff-cell injury and
identify potential therapeutic targets in this cell model.
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1. Introduction

Glucose and fatty acids are the two main nutrients in energy
metabolism in most organisms, and are of particular interest in
metabolic diseases such as diabetes and obesity. Though the
specific pathogenesis of these metabolic diseases remains unclear,
considerable evidence showing the deleterious effects of elevated
glucose and fatty acid levels on pancreatic f-cell viability and
function has been generated in recent years. Moreover, several
hypotheses including glucotoxicity' and lipotoxicity® caused by
chronic hyperglycemia and chronic dyslipidemia, respectively,
have been well established. With prolonged exposure to these
harmful conditions, pancreatic f-cell function and viability
worsen over time, further impairing the metabolism of glucose
and lipids in a detrimental cycle leading to further f-cell damage
and, ultimately, diabetes.

Currently, a high fat diet has been considered as one of the
causative factors in the decline of f-cell survival and function.
The absorption of excess fatty acids can result in an elevated
free fatty acid (FFA) level in blood and is worthy of close
attention, as the extra FFAs that are not able to be appro-
priately metabolized can produce many negative effects via
multiple pathways in pancreatic f-cells and may lead to f-cell
apoptosis.

2. Fatty acid metabolism and lipotoxicity

Fatty acids and glycerol are mainly generated from triacylgly-
cerol via catalysis by various lipases activated at the initial step
of fatty acid metabolism, which is recognized as fat mobiliza-
tion. Insulin and prostaglandin are able to inhibit fat mobi-
lization, reduce the generation of fatty acid, and prevent the
actions of many lipotropins such as adrenaline and glucagon,
which can activate adenylate cyclase via cell membrane surface
receptors and further stimulate the intracellular lipases via the
phosphorylation of PKA. Free fatty acids are subsequently
activated by long-chain fatty acid-CoA synthetase leading to
the formation of long-chain fatty acid-CoA. In contrast to
short-chain fatty acid-CoA (< C10), carnitine-acyl transferase
(CAT) is needed for long-chain fatty acid-CoA transport into
mitochondria. The activity of CAT-1, the rate-limiting enzyme
of long-chain fatty acid-CoA transport and metabolism, is
significantly increased in some conditions such as diabetes and
chronic high fat or low sugar diet, indicating that CAT-1
could be recognized as a potential regulatory target in
disorders of lipid metabolism. Therefore, chronic fatty-acid
exposure could be deleterious through its various impacts on
the intracellular fatty-acid metabolism.

Accordingly, malonyl-CoA, a product of glucose metabo-
lism in the cytoplasm, possesses a beneficial effect by inhibit-
ing CAT-1 activity®, thereby blocking the transport of long-
chain fatty acid-CoA into mitochondria. This would lead to
the accumulation of long-chain fatty acid-CoA, potentially
resulting in many deleterious effects on f-cell function and
viability. The rise in apoptosis in INS-1E cells was partially
reversed by the inclusion of the AMP-activated protein kinase
(AMPK) agonist AICAR*, which increased the oxidation of
palmitate; during culture in low glucose palmitate-triggered
apoptosis is accentuated both in human islets and f-cell lines
when the carnitine-palmitoyl transferas-1 (CPT-1) inhibitor
etomoxir was present. Etomoxir under these low glucose

conditions decreased palmitate oxidation. However, in work
by the group of Jun®, treatment with carnitine and with
carnitine-lipoic acid increased the mRNA levels of both
CPT-1 and peroxisome proliferator activated receptor-y
(PPAR-y), which controls lipid synthesis and storage in
adipose tissue®, in the presence of thiazolidinedione. Thus,
carnitine and carnitine-lipoic acid can prevent lipotoxicity by
increasing mitochondrial f-oxidation and reducing intracellu-
lar oxidative stress. Moreover, it has also been reported that
CPT-1 was upregulated by the GW501516-induced activation
of PPARJ, which further attenuated apoptosis and reduced
basal insulin secretion induced by palmitate in HIT cells’. Tt
was also observed that stearate, but not oleate, inhibited cell
proliferation and induced cell death, and the activation of
stearate in the form of stearoyl-CoA was a necessary element
for the lipotoxic effects®. According to these data, it was
concluded that the interruption of triacylglycerol synthesis in
the endoplasmic reticulum, possibly because of the formation
of a pool of oversaturated intermediates, represents a key
event in the mechanism of saturated fatty acid-induced
lipotoxicity.

3. Fatty acid metabolism and pancreatic f-cell damage
3.1.  Ceramide formation

In recent years, research on cytokine-mediated cytotoxicity
has gained extensive attention. Accumulating evidence reveals
that the apoptosis of pancreatic f-cells has a direct relation-
ship with ceramide formation (Fig. 1). An elevated level of
ceramide has been found in the islets of Zucker Diabetic Fatty
(ZDF) rats and the f-cell apoptosis mediated by the enhanced
ceramide biosynthesis was effectively prevented by treatment
with fumonisin Bl, a ceramide synthase inhibitor, in these
rats’. Moreover, Cy-ceramide, an analog of ceramide which
can freely cross cell membranes, is able to potentiate the
effects of palmitate on pro-apoptosis and anti-proliferation in
p-cells'®.

3.2.  Endoplasmic reticulum (ER) stress

The detailed mechanism of generation of ER stress induced by
saturated fatty acids such as palmitate in f-cells mainly
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Figure 1 Cellular and molecular basis of pancreatic f-cell
damage.
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