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Pancreas

Pancreatic B cells
produce and release
insulin, a potent
anabolic hormone that
functions to maintain
glucose levels in a
narrow physiological
range. However, the
eventual failure of B
cells through
mechanisms shown
here marks the pivotal
point in the
development of T2D.
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Mechanisms of B cell failure
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Insulin is a potent anabolic hormone that mediates glucose uptake in
insulin-responsive tissues such as muscle, fat, and liver while in-
hibiting hepatic glucose production to maintain euglycemia. Type
2 diabetes (T2D) occurs when insulin-producing B cells of pancreatic
islets are unable to produce and/or release sufficient insulin to
overcome peripheral insulin resistance, resulting in hyperglycemia.
Multiple metabolic and inflammatory cellular stresses ultimately lead
to the impaired insulin biosynthesis and secretion from B cells in
response to glucose, culminating in B cell failure. These include oxi-
dative and ER stress, proinflammatory responses, and islet amyloid
deposition, which can lead to 8 cell apoptosis or necrosis. Deteriorating
B cell function also leads to impaired insulin gene expression by down-
regulating insulin gene promoter activity, resulting in the eventual net
decrease in insulin secretion in response to glucose stimulation.

In T2D, increased metabolic stress due to hyperglycemia and
peripheral insulin resistance can induce mitochondrial dysfunction,
leading to production of reactive oxygen species (ROS). Elevated
levels of ROS can cause oxidative stress and activation of mito-
chondrial cytochrome C (CytC)-mediated apoptotic pathway in B
cells. B cells inherently express low levels of antioxidant enzymes,
rendering them prone to ROS-induced oxidative stress. Increased
ROS activate multiple transcriptional pathways including c-Jun
N-terminal kinase (JNK), p38, and PKC that can reduce insulin
gene expression through suppression of pancreatic and duodenal
homeobox 1 (PDX-1) and MafA binding to the insulin gene promoter (1).
Moreover, transient oxidative stress down-regulates respiratory
chain proteins and reduces mitochondrial ATP production, which
can impair insulin secretion (2).

During development of T2D, peripheral insulin resistance can
induce hyperinsulinemia through up-regulation of insulin tran-
scription and translation, which can lead to the accumulation of un-
folded or misfolded proteins in the B cell ER lumen. The overload of
defective proteins can trigger the unfolded protein response (UPR)
through activation of PKR-like ER kinase (PERK), inositol-requiring
enzyme 1 (IRE1), and activating transcription factor 6 (ATF6) path-
ways, resulting in attenuation of global protein synthesis to promote
proper protein folding and degradation of misfolded proteins. How-
ever, when UPR can no longer attenuate the increasing protein load on
the ER, ER stress-mediated P cell dysfunction and death can occur (3).

Autophagy is the basic catabolic mechanism to degrade dys-
functional proteins as well as defective cellular components. During
development of T2D, autophagy is enhanced to adapt to the dynamic
changes occurring in B cells, in part providing protection against
accumulating oxidative and ER stress (4). However, persistent
metabolic stress on [ cells under hyperglycemic conditions leads to
dysregulation of autophagy, which can ultimately aggravate 8 cell
function or result in B cell demise.

Islet inflammation, characterized by immune cell infiltration by
macrophages, can lead to local release of cytokines and chemokines.
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This, in turn, can activate nuclear factor k-light-chain-enhancer of
activated B cells (NF-«B)-mediated transcriptional up-regulation of
proinflammatory genes, contributing to B cell dysfunction and death (5).
Increased islet inflammation and islet-associated macrophages have
been detected in pancreatic sections from humans with T2D and in
animal models of T2D. Moreover, islet B cells themselves can also
produce cytokines and chemokines such as IL-1B, IFNy, TNFa, and
IL-6 (6). These proinflammatory signals can in turn activate apo-
ptotic mechanisms including ER stress and UPR in f cells.

Islet amyloid is a pathological lesion found in the pancreas of
more than 90% of individuals with T2D (7). Islet amyloid is formed
mainly by abnormal aggregation of the B cell hormone islet
amyloid polypeptide, which is coproduced and cosecreted with
insulin. Increased islet amyloid deposition correlates with de-
creased P cell mass and insulin production via multiple mecha-
nisms including promotion of islet inflammation and activation of
apoptotic pathways (8, 9).

Taken together, deteriorating pancreatic B cell function and mass
through multiple mechanisms (see illustration) promote hypergly-
cemia due to inadequate levels of circulating insulin, ultimately
resulting in T2D. Preservation of B cell mass and function is therefore
critical to maintain glucose homeostasis and prevent diabetes.
Pharmacological agents currently used for treatment of T2D include
incretin-based therapies such as GLP-1 receptor (GLP-1R) agonists or
dipeptidyl peptidase-4 (DPP-4; enzyme responsible for GLP-1 inac-
tivation) inhibitors, which can enhance B cell proliferation and
function through activation of multiple signaling pathways including
the epidermal growth factor receptor (EGFR)-mediated PI3K/Akt
signaling and the cAMP/PKA-dependent signaling pathways (10).
Better understanding of the underlying mechanisms contributing to
B cell loss and dysfunction will facilitate the identification of novel
therapeutic targets to effectively restore and maintain B cell phys-
iology for improved glycemic control.
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