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Statins are the gold standard treatment in patients with familial hypercholesterolemia due to their effectiveness reducing

circulating cholesterol levels and their low cost. However, increasing evidence shows a clear relation between long term

statin treatment and new-onset type 2 diabetes mellitus (T2DM) development. However, the mechanisms by which statin

treatment induces T2DM are not fully understood. Recent evidences suggest that statins could increase circulating

glucose levels inducing insulin resistance in peripheral tissues and modulating insulin sensitivity and secretion in beta-

cells. It has been described that calcium signaling, a key process that allows insulin-containing vesicle mobilization is

impaired in the beta-cells under statin treatment, the expression and mobilization of glucose transporters are also reduced

and insulin signaling pathway is down regulated after statin treatment. All together contribute to glucose and insulin

homeostasis deregulation and favors T2DM development.
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1. Introduction

Insulin secretion from pancreatic β-cells is initiated by glucose-induced Ca   entry controlled by voltage-gated

Ca  channels . Therefore, maintenance of intracellular Ca  homeostasis is tightly regulated in order to ensure proper

insulin secretion and maintain the integrity of the β-cell physiology . Briefly, glucose uptake activates glycolysis in β-cell

thus elevating the [ATP]/[ADP]   ratio . This acts as a signal that closes K   channels and depolarizes the plasma

membrane, with subsequent activation of voltage-dependent Ca  channels, entry of extracellular Ca  and finally insulin

exocytosis . ATP sensitivity of the K  channels is modulated by several effectors including PIP  and acyl CoAs  .

Conversely, a decrease in the metabolic signal causes reopening of K  channels and suppresses the electrical trigger

for insulin secretion, thereby providing feedback regulation of insulin secretion . In addition, ATP and ADP can act as

autocrine activators of β-cell purinergic receptors because they are also within insulin exocytosis granules . Indeed,

inhibition of both P2X and P2Y purinergic receptors causes a reduction in glucose-induced insulin secretion  .
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Figure 1. Intracellular actions of statins in β-cells. Red lines indicate the mechanisms affected by statins.

To date, the relationship between statin-mediated inhibition of cholesterol synthesis and impaired L-type Ca   channel

activity remains unclear. However, in vitro studies have indicated that simvastatin can directly inhibit L-type Ca  channels

in rat pancreatic islet β-cells . Specifically, because simvastatin was found to immediately inhibit channel activity, it has

been suggested that there is a direct interaction between simvastatin and the channel. In contrast, pravastatin lacks L-

type Ca  channels inhibition, possibly because of its lipophilicity  . Alternatively, other authors have suggested that the

long-term cholesterol reduction caused by statins can lead to incorrect sorting of membrane lipid-raft bound proteins or

conformational changes of the Ca  channel subunits . More recently, it has been suggested that statins can reduce

the membrane potential by inhibiting mitochondrial complex II activity, which causes oxidative stress . These off-target

effects of statins have been very recently corroborated by Curry et al.  in experiments showing that simvastatin impairs

β-cell function by at least two mechanisms: (1) via direct inhibition of K   channels in a mitochondria-independent

manner and (2) via interference with mitochondrial respiration, thus decreasing cytosolic ATP levels and inhibiting

metabolic upregulation of L-type Ca  channels  .

2. Development

As described before, insulin is secreted by β-cells in response to glucose uptake through GLUT receptors (primarily

GLUT-1 to 4), with GLUT-2 being the predominant isoform in β-cells . GLUT-2 represents a high-affinity and low-

capacity glucose transporter  . It has been shown that treatment of β-cells with atorvastatin and pravastatin inhibited

GLUT-2  expression in a concentration-dependent manner .  However, rosuvastatin and pitavastatin showed a slight

increase in GLUT-2 expression  . In addition to this, it has also been observed in mouse pancreatic β-cell line MIN6

cells that simvastatin treatment diminishes GLUT-2 mRNA and protein expression via a dose-dependent reduction of ATP

production . Another mechanism through which statins may interfere with glucose metabolism is the statin-mediated

LDLR upregulation that increases cholesterol uptake in the β-cell leading to reduced mRNA and protein expression of

GLUT-2, consequently limiting glucose uptake  .

The direct inhibition of the mevalonate pathway by statins reduces the intracellular concentration of isoprenoids, the final

products of the pathway. Isoprenoids are essential for G protein posttranslational modification, which is important for

insulin granule exocytosis  . Interestingly, it has been shown that the glucose-induced insulin secretion by lovastatin in

normal rat islets is reduced by co-incubation with mevalonate  . 
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