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Introduction
Oxidative stress has been strongly implicated in the pathogenesis
of hyperglycemia-induced cell injury that causes various tissue damage
known as diabetic complications [1]. These include microangiopathy,
atherosclerotic macroangiopathy, muscle injury, and immune
abnormality. It is also known that hyperglycemia induces pancreatic
β-cell apoptosis leading to insulin deficiency [2]. There have been four
main molecular mechanisms implicated in the hyperglycemia-induced
cell injury, such as increased polyol pathway flux, increased advanced
glycation end-product (AGE) formation, activation of protein kinase
C (PKC) isoforms, and increased hexosamine pathway flux. It was
proposed that all of these mechanisms reflect a single hyperglycemiainduced process, overproduction of superoxide by the mitochondrial
electron-transport chain [3]. Oxidative stress induces reactive oxygen
species (ROS) production, lipid peroxidation, protein oxidation and
DNA damage in the cells that leads to apoptosis. Until recently, ROS
have been proposed as the key mediator of oxidative stress-induced cell
injury [4-6]. However, large scale antioxidants (including vitamins, free
radical scavengers) clinical trials have been unsuccessful to improve
the outcome of cardiovascular and cerebrovascular diseases in humans
[7,8] raising a possibility that there is some unknown mechanism other
than ROS that mediates oxidative stress-induced cell injury.
We formerly identified a novel apoptosis-inducing humoral factor
in a conditioned medium from cardiac myocytes subjected to hypoxia/
reoxygenation. In 2015, we reported that this novel secreted form of
eukaryotic translation initiation factor 5A (eIF5A) is sulfated at 69th
tyrosine residue and contains more hypusinated isoform than cytosolic
eIF5A [9]. We found that eIF5A undergoes tyrosine-sulfation in the
trans-Golgi and is rapidly secreted from cardiac myocytes in response
to hypoxia/reoxygenation, then, induces apoptosis in the cells by acting
as a pro-apoptotic ligand in an autocrine fashion (Figure 1). We named
this novel tyrosine-sulfated secreted form of eIF5A, Oxidative stressResponsive Apoptosis Inducing Protein (ORAIP) [9]. We confirmed
that ORAIP is secreted in response specifically to the oxidative stresses
including ischemia/reperfusion, hypoxia/reoxygenation, ultraviolet
light, ionizing radiation, cold/warm-stress (heat shock), and blood
acidification [10], then plays a pivotal role in inducing apoptosis in target
cells such as cardiac myocytes, and cerebral neurons. Furthermore,
rat myocardial ischemia/reperfusion (but not ischemia alone) rapidly
and markedly increased plasma levels of ORAIP, which returned to
the control levels within 60 min. In vivo treatment with anti-ORAIP
neutralizing monoclonal antibodies (mAbs) significantly reduced
myocardial ischemia/reperfusion injury [9]. These results strongly
suggested that ORAIP is a specific biomarker and a critical therapeutic
target for oxidative stress-induced cell injury. We also found that
the plasma levels of ORAIP were markedly elevated in patients with
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Figure 1. A model for the mechanism by which oxidative stress induces apoptosis via the
autocrine secretion of eIF5A (ORAIP). (reproduced from Seko Y, et al. Sci Rep 5, 13737,
doi 10.1038srep13737 (2015)

chronic diseases such as chronic kidney disease, atrial fibrillation, heart
failure, dyslipidemia, diabetes mellitus, and so on, in which oxidative
stress plays a critical role in the pathogenesis involved [11-13]. It seems
that ORAIP may be a common humoral factor among various cell
types as the dominant apoptosis-inducer in response to various types
of oxidative stress. Especially, (cardiac and skeletal) myocytes, neurons,
and cancer cells need a lot of oxygen for their activities, making them
to be very sensitive to oxygen concentrations and hence susceptible to
oxidative stress-induced apoptosis mediated by ORAIP. We previously
reported that plasma ORAIP levels in diabetes model rats were about
18 times elevated during diabetic phase as compared with non-diabetic
control phase, and that there was a significant positive correlation
between plasma levels of glucose and ORAIP [14]. This strongly
suggested that hyperglycemia plays a critical role in increasing plasma
levels of ORAIP. Here, I summarize the knowledge regarding the
possible roles of ORAIP in diabetic complications.
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Microangiopathy
Diabetic microangiopathy is known to cause nephropathy,
retinopathy, and neuropathy. As the mechanism that capillary
endothelial cells and glomerular mesangial cells are preferentially
injured by hyperglycemia, it was proposed that these cells cannot
reduce the transport of glucose inside the cell when they are
exposed to hyperglycemia, [15]. Although we do not have the data
whether ORAIP pathway is activated in these cells in response to
hyperglycemia, we cannot exclude a possibility that ORAIP plays
at least a partial role in diabetic microangiopathy. We previously
reported that plasma levels of ORAIP were markedly elevated in
dialysis patients largely with diabetic nephropathy, suggesting the
roles of ORAIP in cardiovascular injury and sarcopenia in these
patients [11]. Recently, we found that vitreous body concentrations
of ORAIP were significantly increased in diabetic retinopathy
suggesting that ORAIP plays a role in the oxidative stress-induced
retinal cell injury (unpublished data). Because neurons are sensitive
to oxygen concentrations, elevated plasma levels of ORAIP induced
by hyperglycemia should injure peripheral neurons.

Atherosclerotic macroangiopathy
It is known that diabetes mellitus (DM) often associates
hypertriglyceridemia due to insulin resistance and hyperglycemiainduced oxidative stress facilitates low density lipoprotein (LDL)cholesterol oxidation, resulting in the development of atherosclerotic
macroangiopathy, which involves coronary, cerebral, and peripheral
arteries. These complications cause life-threatening conditions such as
ischemic heart disease, stroke, and arteriosclerosis obliterans. We found
that cardiac myocytes and cerebral neurons secrete ORAIP in response
to ischemia/reperfusion, which in turn induces apoptosis of the cells
in an autocrine fashion. In vivo administration of a neutralizing antiORAIP mAb markedly reduced ischemia/reperfusion injury, indicating
that ORAIP plays a pivotal role and will be a critical therapeutic target
for ischemia/reperfusion injury induced by reperfusion therapy for
acute myocardial infarction and acute ischemic stroke. Furthermore,
we found co-localization of ORAIP and oxidized LDL in the plaque
lesion of coronary arteries, suggesting a critical role of ORAIP in
the development of plaque vulnerability leading to acute myocardial
infarction (unpublished data). These findings offer a possible antiORAIP therapy for these complications.

Muscle injury
DM is also known to develop myocardial injury that causes various
types of arrhythmia and heart failure such as diabetic cardiomyopathy,
as well as sarcopenia. We reported that high glucose induced massive
apoptosis in cardiac myocytes, which was mostly suppressed by
neutralizing anti-ORAIP mAb, indicating the pivotal role of ORAIP
in hyperglycemia-induced myocardial injury [14]. Because cardiac
and skeletal myocytes are susceptible to oxidative stress-induced
apoptosis mediated by ORAIP, hyperglycemia-induced high plasma
concentrations of ORAIP may play a critical role in the development
of sarcopenia as well.

Immune abnormality
Although susceptibility to infection is often associated with DM
patients, the precise mechanism of impairment of immune function
has been still elusive. We found the strong expression of ORAIP
in infiltrating immune cells such as T-cells, natural killer cells, and
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macrophages at the site of inflammation. This suggests that ORAIP may
play a role in inducing apoptosis in target cells as well as immune cells
themselves (unpublished data).

Pancreatic β-cell injury
Insulin resistance or insufficient insulin secretion have been
implicated in the pathogenesis of type 2 DM. Evidence has
accumulated that loss of pancreatic β-cells through hyperglycemiainduced apoptosis plays a critical role in the progression of type 2
DM [16]. We found that pancreatic β-cells strongly expressed ORAIP
under hyperglycemia and recombinant ORAIP induced massive
apoptosis in pancreatic β-cells in vitro [14]. This suggested that
ORAIP also plays a critical role in the progression of type 2 DM itself
as well as diabetic complications.
In conclusion, increasing evidence has shown that ORAIP plays a
pivotal role in oxidative stress-induced cell injury leading to diabetic
complications as well as aggravating DM itself. I hope future clinical
application of the anti-ORAIP therapy (such as neutralizing mAb) will
have innovative effects on these disorders.
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