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Contribution of endoplasmic reticulum stress to the
development and progression of diabetes mellitus

Abstract

Adaptation is the ability of the cell to sense disturbances, and initiates series of molecular
reactions to survive. The main adaptations mechanisms involve atrophy, hypertrophy,
hyperplasia and metaplasia. However, throughout these adaptation mechanisms, cells
maintain their viability, nevertheless, under certain conditions; adaptive reactions may also
produce organ damage. When the cell fails to adapt, it progresses to cell death programs
(apoptosis, autophagy and necrosis) resulting in cellular dysfunction, parenchymal scarring
and ultimately organ failure ensue. Disruption of these mechanisms from adaptation to cell
death may cause unwanted inflammation and disease. ER stress has been contributed to
pancreatic B-cell dysfunction and cell death resulting in the development of diabetes. ER
stress has also been contributed to pancreatic B-cell dysfunction in more common forms of
diabetes associated with obesity. ER stress also downregulates insulin hormone signaling
pathways and contributes to the development of diabetes. Several studies have reported
increased ER stress markers in pancreatic islets in rodent and in obese humans with type
2 diabetes mellitus. In these review we will discuss how ER stress (as a common early
adaptation phase) and expression of unfolded proteins and their role in the development and
progression of diabetes mellitus.
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Background

The clinical presentation of any disease is the “functional
expression and augmentation of disrupted cells”. Cell stress can be
infection, malnutrition, obesity, physical or mental exertion and other
ecologic factors. The duration, severity and frequency of exposure to
stressors are of particular importance in determining the progression
of a disease from cell adaptation to cell death.! The term cell injury
is used to indicate a state in which the capacity for physiological
adaptation is exceeded. This may occur when the stimulus is excessive
or when the cell is no longer capable to adapt without suffering some
form of damage. Cells are also subjected to different stresses relate to
metabolic alterations. These conditions can lead to the accumulation
of substances inside the cell (intracellular accumulation), such as
fat (steatosis), proteins (e.g. unfolded) and more. The main cellular
mechanisms of cell injury can be ATP depletion, loss of calcium
homeostasis, oxidative stress (excess Reactive Oxygen Species) and
damage to mitochondria with increased permeability of membranes
and ER stress with excessive expression of UPR.2 The functions of the
endoplasmic reticulum can be summarized as the synthesis and export
of proteins and membrane lipids, but varies between cell type and cell
function. The quantity of rough endoplasmic reticulum (RER) and
sooth endoplasmic reticulum (SER) in a cell can slowly interchange
from one type to the other, depending on the changing metabolic
activities of the cell.’> ER stress has been contributed to pancreatic
B-cell dysfunction and cell death resulting in the development of
diabetes. ER stress has also been contributed to pancreatic f-cell
dysfunction in more common forms of diabetes associated with
obesity. Several studies have reported increased ER stress markers in
pancreatic islets in rodent and in obese humans with type 2 diabetes
mellitus.*

Functions of the endoplasmic reticulum include folding of

protein molecules and the transport of synthesized proteins to Golgi
bodies. Only properly folded proteins are transported and secreted.
Disturbances in redox regulation, calcium regulation, glucose
deprivation, viral infection’ and proteins over-expression® can lead to
(ER stress), an adaptive state in which the folding of proteins slows,
leading to intra-cytoplasmic accumulation of unfolded proteins. This
stress is emerging as a potential cause of damage in hypoxia/ischemia,
insulin resistance, and other disorders. The correct three-dimensional
structure of translated proteins is essential to function, although some
parts of functional proteins may remain unfolded.” Failure to fold
into native structure generally produces inactive proteins. However,
some misfolded proteins have modified or toxic function. Several
neurodegenerative disorders as Alzheimer’s disease are believed to
result from the accumulation of amyloid fibrils formed by Misfolded
proteins.'” Many allergic conditions and autoimmune disorders are
caused by incorrect folding of some proteins to which the immune
system does not produce antibodies.!! In these review we will
emphasize how ER stress and the expression of unfolded proteins may
play a role in the development and progression of diabetes mellitus.
Thus, understanding how pancreatic -cells and insulin receptor cells
respond to ER stress may help developing new strategies and open the
gate for novel therapeutic modalities of the disease.

Endoplasmic reticulum stress of the pancreatic  cells

Unfolded and misfolded proteins accumulation in the endoplasmic
reticulum (ER) of B cells leads to the activation of the unfolded
protein response (UPR). UPR will transiently slow protein translation
and activation transcription of many genes that impair the secretory
function of the ER of § cells.! Three ER stress response sensors have
been recognized, PERK, IRE1 and ATF6. These ER-transmembrane
proteins can sense the accumulation of misfolded proteins. UPR is
usually associated with a wide variety of expression and relative
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abundance of various ER secretions such as chaperone proteins,
including protein disulfide isomerase (PDI), ERp29, the Hsp70 family
member, calnexin, calreticulin and the peptidylpropyl isomerase
family to correct folding of newly made proteins.'> Highly specialized
cells such as insulin-secreting pancreatic [-cells have a unique
chaperone expression profile.'?

Prolonged persistence of ER stress will initiate apoptosis through a
number of pathways, including prolonged expression of pro-apoptotic
transcription factors such as CHOP, JNK stress kinase activation, and
the IRE1- dependent degradation (or RIDD) activity of IRE1 that
non-selectively degrades mRNAs of the ER membrane.'*!> ER stress
has been contributed to pancreatic -cell dysfunction, cell death and
the development of diabetes. This is evident in rodents and humans
that certain mutations in the insulin gene may cause misfolding
of proinsulin in the ER."*'® ER stress has also been contributed
to pancreatic B-cell dysfunction in more common forms of T2D
associated with obesity. Furthermore, enhanced chaperone capacity
in pancreatic B-cells can improve B-cell function and protect C57Bl/6
knockout mice from developing glucose intolerance in response to a
high fat diet.””

Endoplasmic reticulum stress at the level of insulin
receptors

ER stress significantly down regulate insulin receptor substrate-1
(IRS-1), the substrate for insulin tyrosine kinase, which inhibit
phosphorylation of tyrosine residues. ER stress stimulates
phosphorylation and activates high levels of IRE-1a, which itself is
phosphorylated and activated in the presence of ER stress. Furthermore,
C-Jun N-terminal kinase (JNK) is also activated which subsequently
phosphorylates serine residues of IRS-1, and thus inhibits insulin
receptor signaling. This kinase cascade that is dependent on IRE-1a
and JNK mediates ER stress—induced inhibition of insulin action.?
Chronic inflammation associates obesity provides suitable stimuli for
UPR pathway as a result of ER stress which down regulates insulin
hormone signaling and hence, obese individuals become very likely to
develop diabetes.?! Exercises can also impair endoplasmic reticulum
homeostasis and express chaperones in response to exercise-induced
ER stress. Muscular contraction during exercise release calcium from
the sarcoplasmic reticulum (SR), a specialized ER vesicles which
store and release calcium necessary for muscle contraction. Calcium
released from SR is then interacts with calcineurin and calcium/
calmodulin-dependent kinases that activate transcription factors
which regulate muscle contractions. PGC-1 alpha, a transcriptional
coactivator, is expressed in muscles after acute and long-term exercises
by co-activating ATF6 alpha.?? This transcription factor is important
to increase the number and function of mitochondria necessary to
slow oxidative stress of muscle fibers, as these are fatigue-resistant.
Therefore, this UPR pathway mediates changes in muscles that have
undergone endurance exercises by making them more resistant to
fatigue and protecting them from future stress.?

Conclusion

In genetically predisposed patients, accumulation of environmental
factors (malnutrition, obesity, physical or mental exertion and viral
infections) and other ecologic factors induce a state of subclinical
chronic inflammation. Cells constantly adapt to cope physiological
demands and to maintain a homeostatic steady state. Disruption of
these adaptation mechanisms superimposed to unwanted ER stress.
ER stress has been contributed to pancreatic B-cell dysfunction and
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cell death resulting in the development of diabetes. ER stress also
down regulates insulin hormone signaling pathways and contributes
to the development of diabetes. Thus, understanding how pancreatic
B-cells and insulin receptors cells respond to ER stress may help in
developing new strategies to improve cell function and open a new
gate for novel therapeutic modality of diabetes mellitus.
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