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Insulin effects on pancreatic beta cells-not always what you may
think

Normally, blood glucose levels are controlled within a reasonable range by the release of insulin from
pancreatic beta cells in response to an increase in blood glucose levels following a meal or other glucose
challenge. One of the salient features of late stage type 1 (T1D) and in developing type 2 (T2D) diabetes is
insulin resistance, a state in which target cells fail to respond to ordinary levels of insulin. This results in the
need for increased secretion of insulin to attempt to control blood glucose levels. Thus, there is a cycle of
hyperglycemia and hyperinsulinemia which eventually leads to pancreatic 3 cell deterioration and death
(apoptosis — Fig 1).
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Fig. 1.

This loss of pancreatic 3-cells is a major contributing factor to decreased pancreatic function in both T1D
and T2D. The dynamic changes in insulin levels during progression of diabetes raise certain questions
regarding potential regulatory effects of insulin in the pancreas on B cells. In general, insulin acts as a growth
factor that plays a role to protect cells from apoptosis, and insulin therapy can protect 3 cells from
deterioration. However, it has been shown that hypersecretion of insulin may precede 3 cell dysfunction and
may be an important factor in the progression to B cell failure. Studies indicate that treatment of cultured
beta cells with insulin, or hyperinsulinemia induced in animal models, may promote the generation of
reactive oxygen species (ROS) or superoxide radicals. The low level of anti-oxidant enzymes in pancreatic 3
cells renders them relatively more sensitive to oxidative stress than other cell types. Indeed, ROS, in turn,
can increase oxidative stress and death in pancreatic beta cells. In this study, we investigated the possible
pro-apoptotic and death-promoting effects of insulin on pancreatic 3 cells, utilizing pancreatic 3 cell lines as
well as isolated mouse and human pancreatic islets.

We report that treatment with insulin for 24-48 hours induced a slight but significant increase (20-25%) in
cell death in pancreatic B cells and isolated pancreatic islets. We could also show that insulin effects are
relatively selective for pancreatic 3 cells, because cells from different tissue origins (fibroblasts, kidney, liver
and some tumors) did not demonstrate an insulin-induced increase in cell death. This was accompanied by
an increased production of reactive oxygen species (ROS). Additionally, we could show that insulin altered
the expression of several proteins that regulate the cellular response to different forms of stress, in particular
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TRB3 which was shown to be increased in other cell types as a result of insulin treatment. We also observed
that insulin decreased the expression of Mcl-1, an anti-cell death protein and altered the expression of
several proteins that regulate the cellular response to different forms of stress and induced a modest yet
significant increase the activity of the death promoting enzyme caspase 3/7. In accord with these findings,
inhibition of the caspase cell death pathway eliminated the ability of insulin to increase cell death.
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Thus, the picture that emerges is following (summarized in Figure 2): Increased and sustained insulin levels
(such as occurs in insulin resistant states), perhaps interacting with other factors such as cytokines or high
glucose concentrations, promote ROS production, either via insulin receptor or via the NOX family of
NADPH oxidases, known to be expressed in pancreatic beta cells. This increased ROS may alter expression
or activity of elements detrimental to pancreatic beta cell survival and, thereby, activate or sensitize
mechanisms to promote cell death.
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