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Abstract

Chronic hyperglycemia (HG) promotes pancreatic islet dysfunction which leads to the onset of
T2DM. This study is aimed at defining regulatory roles of Racl, a small G-protein, in the
activation of p53 and ATM Kkinase in pancreatic p-cells, under the duress of HG conditions. We
report significant stimulatory effects of HG (20 mM; 24 h) on p53 activation in INS-1 832/13
cells, normal rodent and human islets. Pharmacological inhibition of Racl (EHT1864 or
NSC23766) significantly suppressed HG-induced p53 activation in INS-1 832/13 cells and rat
islets, suggesting novel roles for this small G-protein in the activation of p53. Inhibition of Racl
geranylgeranylation with simvastatin or GGTI-2147, significantly attenuated HG-induced p53
activation, suggesting requisite roles for this signaling step in HG-mediated effects on p-cells. HG-
induced p53 activation was also suppressed by SB203580, a known inhibitor of p38MAPK.
Additionally, we observed increased activation of ATM kinase under HG conditions, which was
blocked in presence of EHT1864. Furthermore, pharmacological inhibition of ATM kinase
(KU55933) reduced activation of ATM kinase, but not p53, suggesting that HG-mediated
activation of p53 and ATM could represent independent pro-apoptotic events. In conclusion, these
data indicate that sustained activation of Rac1-p38MAPK signaling axis leads to activation of p53
leading to B-cell dysfunction under the duress of chronic hyperglycemic conditions.
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Introduction

Glucose-stimulated insulin secretion (GSIS) from the pancreatic p-cells involves interplay
between metabolic and cationic events leading to translocation of insulin granules to the
plasma membrane for fusion and secretion of the hormone [1-5]. Recent studies have
demonstrated essential roles of small G-proteins (Racl, Cdc42 and Arf6) in cytoskeletal
remodeling and GSIS [3-7]. Activation-deactivation of G-proteins (e.g., Racl) requires
intermediacy of various regulatory factors, including guanine nucleotide exchange factors
(GEFs) and GTPase activating proteins (GAPs) which catalyze binding and hydrolysis of
GTP, respectively [4, 7]. The majority of small G-proteins also undergo post-translational
modifications at their C-terminal cysteines (e.g., prenylation) for targeting to appropriate
cellular compartments for optimal cell function [4, 8]. Previous studies have demonstrated
the requisite roles of Racl in promoting actin cytoskeletal remodeling and GSIS [9-11].

Racl is also involved in the functional assembly and activation of phagocyte-like NADPH
oxidase (Nox2) enzyme complex, a known source of extra-mitochondrial reactive oxygen
species (ROS) [7, 12, 13]. The Nox2 holoenzyme catalyzes one electron reduction of oxygen
to generate superoxide species and is comprised of membranous and cytosolic components.
Upon stimulation, the cytosolic components translocate and interact with the membranous
core, resulting in Nox2 activation. Although published evidence suggests positive
modulatory roles of ROS in GSIS [14-16], recent findings indicate that B-cell dysfunction
under hyperglycemic conditions might be due to sustained activation of Rac1-Nox2 enzyme
complex and excess generation of ROS [7, 12, 17]. We recently implicated abnormal Rac1-
Nox2 activity in p-cell dysfunction under the duress of glucolipotoxicity and exposure to
pro-inflammatory cytokines [12, 18-20]. However, the downstream signaling steps that
underlie the accelerated Rac1-Nox2 pathway leading to cell dysregulation remain largely
unknown.

We previously reported key regulatory roles for Rac1-Nox2 signaling cascade in the
activation of pro-apoptotic p38MAPK, resulting in p-cell dysfunction under glucotoxic
conditions [20]. p38MAPK has been implicated in the activation of p53, a tumor suppressor
and a transcriptional factor [21-23]. p53 is comprised of several functional domains that
regulate its stability and function [24, 25]. Following activation, p53 binds to specific sites in
the DNA and promotes the transcription of genes including p21, PUMA and Noxa [26].
Published evidence also links intracellular oxidative stress and DNA damage to the
activation of the p53 pathway to promote cell cycle arrest, DNA repair and apoptosis [27].
However, role of p53 in the onset of B-cell dysfunction under glucotoxic conditions is less
understood.

Post-translational phosphorylation, acetylation and ubiquitination are involved in the
activation, stabilization and degradation of p53 [28]. Studies in multiple cell types have
shown that phosphorylation of p53 at multiple residues is required for its stability, DNA
binding and transcriptional activation [28]. In particular, multiple studies have demonstrated
a crucial role of p53 phosphorylation at serine-15 residue in its functional activation, by
regulating its interaction with modulatory factors, including MDM2 and CBP/p300 [29, 30].
Further, ATM kinase has been implicated in the phosphorylation events leading to p53
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activation [28, 31]. Yoshida and associates have shown the involvement of ATM kinase and
p53 in doxorubicin-induced cardiotoxicity [32]. They also implicated Racl in ATM kinase
and p53 activation. Oleson et al. have reported activation of ATM kinase in pancreatic -
cells exposed to cytokines. Further, they suggested that upon extensive dsDNA breaks ATM
kinase may be responsible for activating apoptotic pathways primarily through p53-
dependent mechanisms [33].

Herein, we studied potential mechanisms underlying HG-induced metabolic dysfunction of
the islet p-cell. Specifically, we investigated putative regulatory mechanisms involved in the
activation of p53 in islet p-cells exposed to glucotoxic (HG; 20 mM for 24 h) conditions.
Our findings suggest novel roles of Racl in the activation and nuclear targeting of p53
leading to activation of nuclear events terminating in cell death.

Materials and methods

Materials

Antibodies directed against total (Catalog# 2524) and phosphorylated (Serine-15) p53
(Catalog# 9284) were from Cell Signaling Technology (Danvers, MA). Antisera against total
(Catalog# ab78) and phosphorylated (Serine-1981) ATM kinase (Catalog# ab36810) were
obtained from Abcam (Cambridge, MA). Published evidence from several laboratories have
confirmed the specificity of antibodies utilized in this study [30, 33]. IRDye® 800CW anti-
rabbit and anti-mouse were obtained from LICOR (Lincoln, NE). KU-55933, Simvastatin
and Cell Death Detection ELISA® kit were from Sigma (St. Louis, MO). EHT1864 and
SB203580 were from R&D Systems (Minneapolis, MN). GGTI-2147 was purchased from
VDM Biochemicals (Bedford, OH). NE-PER® Nuclear and Cytoplasmic Extraction
Reagents were from Thermo Scientific (Waltham, MA).

Insulin secreting cells

Pancreatic islets were isolated [18, 20] from male Sprague—Dawley rats (6—8 weeks;
ENVIGO, Indianapolis, IN), Zucker Diabetic fatty (ZDF) and Zucker lean control rats
(ZLC; 13 weeks; Charles River, Wilmington, MA). All protocols were approved by the
Institutional Animal Care and Use Committee at Wayne State University. INS-1 832/13 cells
or rat islets were incubated with low glucose (LG; 2.5 mM) and high glucose (HG; 20 mM)
for 24 h in the absence or presence of EHT1864 (10 uM), NSC23766 (20 uM), KU-55933
(10-20 pM), SB203580 (10-20 uM), Simvastatin (15 pM) or GGTI-2147 (10 uM). Human
pancreatic islets from a Caucasian male donor (63 years; BMI = 21.8; HbAlc = 5.8%) were
from Prodo Laboratories, Inc. (Irvine, CA) and incubated in the supplier’s human islet
medium with 5.8 mM glucose or supplemented with 30 mM glucose for 24 h.

Isolation of nuclear fraction from INS-1 832/13 cells

Following incubation of cells with LG or HG in the absence or presence of EHT1864, cell
fractionation was carried out using NE-PER® Nuclear and Cytoplasmic Extraction Kit
according to the manufacturer’s instructions.
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Western blotting

Cell lysates were separated by SDS—-PAGE and transferred onto nitrocellulose membrane
and probed for total and phosphorylated p53 and ATM kinase. For detection, the membranes
were probed with appropriate IRDye® 800CW secondary antibody and developed using
Odyssey® Imaging Systems. Band Intensities were then quantified by densitometry and
ratios between phosphorylated and total protein were calculated and expressed as fold
change over LG. For nuclear and non-nuclear fractions, ratios of phosphorylated and total
p53 were calculated over Lamin B.

Cell death detection

Cell death detection was determined using Annexin V/Propidium lodide kit as well as the
Cell Death Detection ELISAP!US kit. Assays were carried out according to the
manufacturer’s instructions.

Statistical analysis of experimental data

Results

Results are expressed as means with their standard errors as indicated. The statistical
significance of differences between the control and experimental groups were evaluated by
ANOVA followed by SNK Post Hoc test where appropriate. p values <0.05 were considered
as statistically significant.

Glucotoxic conditions promote cell death in INS-1 832/13 cells

We recently established a glucotoxicity (HG conditions) model in our laboratory in which
chronic exposure of INS-1 832/13 cells to HG (20 mM for 24 h) resulted in significant
inhibition of GSIS [20]. Under the same conditions, we now report accelerated p-cell
apoptosis as evidenced by increased Annexin V/Propidium lodide staining (Fig. 1a). These
findings were further confirmed in a cell death quantification assay using Cell Death
Detection® kit, which indicated a significant increase in cell death signal under HG
exposure conditions (Fig. 1b). Together, these findings indicate that long-term exposure of
pancreatic p-cells to HG conditions leads to cell dysfunction (i.e., loss in ability to secrete
insulin in response to physiological glucose concentrations) and demise. We used this model
system for studies described below.

HG conditions induce p53 activation in INS-1 832/13 cells, rodent islets and human islets:
such effects are replicated in islets from the ZDF rat

Experimental evidence indicates that phosphorylation of p53 at serine-15 residue is critical
for its stabilization and transcriptional activation [30]. Therefore, at the outset, we examined
the regulatory effects of HG exposure on p53 phosphorylation in a variety of p-cells. Data
depicted in Fig. 2 (Fig. 2a, b) demonstrate significant increase (~4 fold) in p53
phosphorylation in INS-1 832/13 cells exposed to HG. Such stimulatory effects of HG on
p53 phosphorylation were also demonstrable in primary rat islets (Fig. 2a, ¢) and human
islets (Fig. 2d). We observed no effect on p53 phosphorylation with equimolar
concentrations of mannitol, an osmotic control, and 3-0-methylglucose, a non-metabolizable
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glucose analog, indicating that these effects are consequential to glucose metabolism. In
further support of these findings, we also noticed marked increase in levels of
phosphorylated p53 in islets from the Zucker diabetic fatty (ZDF) rats compared to their
counterparts from age-matched non-diabetic lean controls (Fig. 2e). Together, these findings
suggest that long-term exposure of pancreatic p-cells to HG or diabetic conditions results in
increased p53 phosphorylation in pancreatic p-cells.

Activation and post-translational prenylation of Racl are critical for HG-induced p53

activation in

pancreatic p-cells

We and others have demonstrated novel regulatory roles for Racl, in islet p-cell
dysregulation under the duress of metabolic stress [7, 18, 34]. When stimulated, Racl is
activated by its dissociation with GDP and concomitant GTP binding, which is mediated by
GEFs namely, Tiam1 and Vav2. Previous experiments in our laboratory have employed
NSC23766, a specific inhibitor of Tiam1-mediated Racl activation, to demonstrate the role
of Racl in islet dysfunction in models of diabetes [20, 35]. Therefore, to assess the role of
Racl in the activation of p53, we quantified HG-induced p53 phosphorylation in INS-1
832/13 cells treated with NSC23766. As shown in Fig. 3, HG-mediated p53 phosphorylation
was blocked in presence of NSC23766 in INS-1 832/13 cells and rat islets. Data pooled from
multiple studies in INS-1 832/13 cells and rat islets is provided in Fig. 3b, c, respectively.

To further confirm these findings, we utilized EHT1864, a known inhibitor of Racl, which
blocks Racl activation by preventing its association with GDP/GTP, thereby retaining this
G-protein in its inactive conformation [9]. Data depicted in Fig. 4 (Fig. 4a, b) demonstrate
significant inhibition of HG-induced activation of p53 by EHT1864 suggesting that Racl
activation is requisite for HG-induced activation of p53 in INS-1 832/13 cells. Similar
inhibitory effects of EHT1864 on HG-induced p53 phosphorylation were observed in rat
islets. Furthermore, as depicted in Fig. 1b, we noticed a significant increase in cell death
signal under HG conditions. Our studies also indicated a significant protection against HG-
induced cell death in presence of EHT1864 (~35%; n = 3; additional data not shown), thus
suggesting that Rac1-p53 signaling module plays novel regulatory roles in HG-induced cell
dysfunction (loss in GSIS; 7) and apoptosis.

In addition, post-translational prenylation (i.e., incorporation of isoprenoid groups into the
C-terminal cysteine residues) is necessary for optimal function of G-proteins [8, 36].
Therefore, we next examined the role of prenylation in HG-induced activation of p53 by
assessing the effects of Simvastatin, which inhibits biosynthesis of mevalonic acid and
downstream intermediates of cholesterol biosynthetic pathway, including isoprenoids
(farnesyl and geranylgeranyl pyrophosphates). Data from these studies (Fig. 4a; middle)
indicated significant reduction in HG-induced p53 phosphorylation by co-provision of
Simvastatin. Pooled data from multiple studies demonstrating inhibitory effects of
Simvastatin are provided in Fig. 4c.

We next determined the roles of geranylgeranylation of Racl in the activation of p53 under
glucotoxic conditions. This was accomplished by pharmacological inhibition of
geranylgeranylation of Racl using GGTI-2147, a known inhibitor of
geranylgeranyltransferase-1 [37]. Data from these studies (Fig. 4a; right) indicated marked
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attenuation, by GGTI-2147, of HG-induced phosphorylation of p53. Pooled data from
multiple studies demonstrating inhibitory effects of GGTI-2147 are provided in Fig. 4d.
Taken together, data in Figs. 3 and 4 suggest novel regulatory roles of Racl in mediating
HG-induced phosphorylation of p53, and that post-translation prenylation, specifically
geranylgeranylation is necessary for such a regulation.

Glucotoxic conditions promote translocation of p53 to the nuclear fraction in p-cells

p53 has been implicated in several cellular functions both in the nuclear and non-nuclear
compartments [38]. However, accumulation in the nuclear fraction is critical for p53
stabilization and optimal transcriptional activation of apoptotic genes [39, 40]. To further
elucidate the mechanisms underlying HG-mediated regulation of p53, we questioned if p53
undergoes translocation to the nuclear fraction under HG conditions. To accomplish this,
p53 localization in nuclear fractions from INS-1 832/13 cells exposed to LG or HG was
determined. The purity of the nuclear fractions was assessed by the enrichment of Lamin B.
As depicted in Fig. 5 (Fig. 5a), under HG conditions, we observed significant translocation
of total p53 in the nuclear fraction in cells exposed to HG conditions. Furthermore, in line
with our observations in Fig. 3, inhibition of Rac1 activation (with EHT1864) markedly
attenuated HG-induced p53 phosphorylation (Fig. 5a, b). However, inhibition of Rac1 had
no effect on total p53 in the nuclear fraction (Fig. 5a, ) indicating nuclear translocation of
p53 independent of Racl-sensitive phosphorylation of p53 at Serine-15. Taken together,
these observations indicate that exposure of INS-1 832/13 cells to HG conditions leads to
accumulation of p53 in the nuclear fraction, and that phosphorylation of p53 is mediated via
active (i.e., GTP-bound) Racl.

Inhibition of p38MAPK attenuates HG-induced p53 phosphorylation in INS-1 832/13 cells

Published evidence suggests the involvement of p38MAPK in the activation of p53 by
phosphorylation in response to stress stimuli [21-23]. In this context, we recently reported
activation of p38MAPK in INS-1 832/13 cells, rodent islets [20] and human islets
(unpublished) exposed to HG conditions. Therein, we also demonstrated a regulatory role
for Racl in HG-induced p38MAPK activation. Therefore, as a logical extension to our
current findings, we asked if p38MAPK activation is upstream to p53 activation under HG
exposure conditions. To address this, we quantified HG-induced p53 phosphorylation in the
absence or presence of SB203580, a specific inhibitor of p38MAPK activity [41]. As shown
in Fig. 6 (Fig. 6a), SB203580 significantly reduced HG-induced p53 phosphorylation at both
10 and 20 pM, indicating the involvement of p38MAPK in the activation of p53. Based on
these data (Fig. 6a, b) we conclude that Rac1-p38MAPK module might be upstream to p53
activation in pancreatic p-cells exposed to HG conditions.

Racl mediates HG-induced ATM kinase activation in pancreatic p-cells

Earlier studies have demonstrated that ATM kinase is activated by auto-phosphorylation at
serine-1981 residue [42]. Studies by Yoshida et al. have also implicated the role of ATM
kinase in the activation of p53 resulting in cardiotoxicity caused by doxorubicin [32]. We,
therefore, asked if HG conditions promote activation of ATM kinase, and if so, whether such
a regulatory step involves the intermediacy of Racl. Data depicted in Fig. 7 (Fig. 7a, b),
demonstrate significant increase in ATM kinase phosphorylation under HG conditions,
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which was blocked by EHT1864, an inhibitor of Racl (above). These findings demonstrate
Rac1l-dependent activation of ATM kinase under HG conditions.

HG-induced ATM kinase activation is not upstream to p53 activation

Recent pharmacological (KU55933) evidence implicates ATM kinase in the activation of
p53 in human tumor cell lines exposed to ionizing radiations [31]. To determine if ATM
kinase mediates activation of p53 in INS-1 832/13 cells exposed to HG conditions, we
quantified HG-induced phosphorylation of ATM kinase and p53 following co-provision of
either diluent or KU55933 (20 pmol/l). Data depicted in Fig. 7 (Fig. 7c, d) demonstrate
significant increase in the auto-phosphorylation of ATM kinase under HG conditions, which
was markedly suppressed by KU55933 at 20 uM. Interestingly, however, we observed no
significant effect of KU55933 on HG-induced p53 phosphorylation (Fig. 7c, €). Not shown
here are our data to indicate no effect of KU55993 on HG-induced phosphorylation of p53
in normal rat pancreatic islets exposed to HG conditions (n = 2). Based on these findings, we
conclude that the signaling step of HG-induced p53 phosphorylation is independent of ATM
kinase, and that p53 and ATM Kkinase, although regulated by Racl, might be involved in the
regulation of independent downstream pathways.

Discussion

The overall objective of our study was to investigate cellular mechanisms underlying
dysfunction of the pancreatic p-cell following exposure to chronic hyperglycemic
conditions. We report that: (a) HG conditions promote activation of p53 in INS-1 832/13
cells, normal rodent islets and human islets; (b) p53 phosphorylation is significantly higher
in islets derived from the ZDF rat, a model for T2DM, compared to their counterparts from
non-diabetic ZLC rats; (c) HG-induced phosphorylation of p53 is mediated by
geranylgeranylated Racl; (d) HG conditions promote nuclear translocation and
accumulation of p53, and that phosphorylation, but not translocation of p53, is sensitive to
activation of Racl; (e) HG-induced phosphorylation and activation of p53 is downstream to
HG-induced Rac1-p38MAPK module; (f) HG conditions also promote activation of ATM
kinase, a DNA repair enzyme, in a Racl-dependent manner; (g) p53 activation does not
require the intermediacy of ATM kinase; and (h) pharmacological inhibition of Racl
attenuates cell death induced by HG conditions.

It is well established that exposure to HG results in p-cell dysfunction in diabetes [42, 43].
Using an in vitro model, we have demonstrated significant reduction in GSIS [20] and
accelerated cell death in INS-1 832/13 cells (Fig. 1) exposed to HG. Furthermore, using this
model system, we have recently demonstrated key regulatory roles for Nox2 in the excessive
generation of ROS under HG conditions, resulting in mitochondrial (caspase activation) and
nuclear (lamin degradation) dysregulation and loss of islet f-cell function [20]. We were
able to replicate these findings in normal rodent islets and human islets and islets derived
from ZDF rat and T2DM human donors [18]. Findings from the current study provided
additional insights into the signaling pathways that control cell demise under HG and
diabetic conditions. For example, we have demonstrated that HG-induced activation of p53
is mediated via Rac1-p38MAPK pathway [20]. In this context we have reported that specific
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inhibition of Nox2 with gp91-ds-tat, a specific inhibitor of Nox2, but not its inactive analog,
significantly attenuated HG-induced Nox2 activation, ROS generation and p38MAPK
activation, thus suggesting that Nox2 activation couples with p38MAPK activation. We also
reported that pharmacological inhibition of Racl (EHT 1864, NSC23766 and Ehop-016)
markedly suppressed HG-induced p38MAPK activation in isolated p-cells. Based on these
data, we proposed key roles for Racl in promoting the Nox2-p38MAPK signaling axis in
the B-cell under the duress of HG. The current studies identify p53 as one of the downstream
signaling steps to Rac1-p38MAPK activation in the sequence of events leading to HG-
induced dysfunction of the islet. Our findings are further supported by a recent report by
Vitale and associates that demonstrated phosphorylation of p53 by p38MAPK, specifically
p38MAPKa isoform, in the cascade of events leading to activation of p53 in tetraploid
cancer cells consequential to depletion of checkpoint kinase 1 [44]. siRNA-p38MAPKa or
SB203580 significantly attenuated phosphorylation of p53 (at serines 15 and 46) induced by
Chk1 knockdown. Therefore, it is likely that HG-induced Rac1-p38MAPK-module mediates
phosphorylation of p53 (at serine 15) in the islet p-cells. Additional studies, including
siRNA-p38MAPK may be needed to further validate this postulation.

We also observed that HG conditions significantly augmented the auto-phosphorylation of
ATM Kinase in our model system in a Rac1-dependent fashion. Interestingly, however, in
contrast to several reports [28, 31-33], our findings appear to support ATM kinase-
independent activation of p53 in pancreatic f-cells under the duress of HG conditions since
KU-55933, a known inhibitor of ATM kinase, failed to inhibit HG-induced p53 activation
(Fig. 7e). Together, these findings implicate independent signaling mechanisms might
underlie HG-mediated dysfunction of the islets. Further, as we proposed earlier, it may be
beneficial to target Racl or factors that regulate its activation (GEFs and GAPS) as a means
to suppress the activation of pro-apoptotic kinases/factors, including Nox2, p38MAPK, p53
and ATM Kkinase [7].

Based on available evidence, it seems likely that an increase in intracellular oxidative stress
could contribute to the activation of stress kinases including p38MAPK [20], p53 and ATM
kinase (current study) and JNK1/2 [18]. Such a hypothesis would be worth validating since
several extant studies have demonstrated relatively low anti-oxidant capacity of the islet p-
cell [45] and any alterations or imbalance in the anti-oxidant capacity at the height of
increased activation of Nox2-like enzymes would create more oxidative environment leading
to activation of stress kinases and other pro-apoptotic proteins, culminating in cell
dysfunction. Indeed, our recent observations of marked suppression of HG-induced
p38MAPK by gp91-ds-tat, a specific inhibitor of Nox2, but not its inactive analog, affords
support to such a hypothesis. Recent investigations by Kim and associates have
demonstrated significant protection of human mesenchymal stem cells against oxidative
stress induced apoptosis [46]. These investigators were able to demonstrate significant
restoration of H,O,-induced cell dysfunction following pretreatment with lycopene, a
known antioxidant. Lycopene pretreatment not only attenuated increased levels of ROS and
activation of p38MAPK, JNK1/2, ATM kinase and p53, but also increased the expression of
manganese-dependent superoxide dismutase, an anti-oxidant enzyme in these cells under
conditions of increased oxidative stress induced by HoOo.
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In conclusion, we present evidence demonstrating the role of Rac1-Nox2 in HG-induced

activation of apoptotic p38MAPK-p53 signaling axis, resulting in pancreatic p-cell

dysfunction. We propose (Fig. 8) that HG conditions promote activation of p53 in INS-1

832/13 B-cells, rodent and human islets. Inhibition of Racl results in inhibition of HG-

induced phosphorylation of p53 and ATM kinase, demonstrating that activation of Racl or

p38MAPK are upstream to HG-induced p53 phosphorylation. Our studies have also

indicated that HG-induced ATM kinase activation is not requisite for p53 activation. Based

on these observations, we propose that exposure of pancreatic p-cells to glucotoxic

conditions causes activation of Rac1-Nox2-p38MAPK-p53 signaling cascade, leading to

activation of downstream pro-apoptotic target proteins resulting in islet p-cell death.
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GTPase-activating proteins

Guanine nucleotide exchange factors
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Geranylgerany| transferase inhibitor
Glucose-stimulated insulin secretion

High glucose

Low glucose

NADPH oxidase 2

p38 mitogen activated protein kinase
Ras-related C3 botulinum toxin substrate 1
Reactive oxygen species
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Zucker diabetic fatty rat
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Fig. 1.
Glucotoxic conditions promote cell death in INS-1 832/13 cells. INS-1 832/13 cells (a) were

incubated with LG (2.5 mM) or HG (20 mM) for 24 h and stained with Annexin V/
propidium iodide. Cells were then visualized under Olympus IX71 inverted fluorescence
microscope. Following incubation with LG (2.5 mM) or HG (20 mM) for 24 h, INS-1
832/13 cells (b) were analyzed for cell death using cell death detection ELISAPIUS kit.
Absorbance was measured at 405 nm and expressed as fold change over basal LG. Data
shown are representative of three independent studies (*p < 0.05 vs. 2.5 mM glucose alone)
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Activation of p53 in INS-1 832/13 cells, rodent islets and human islets upon exposure to HG
conditions and in ZDF pancreatic islets. INS-1 832/13 cells and normal rat islets (a) were
incubated with LG (2.5 mM) or HG (20 mM) for 24 h and lysates were analyzed by western
blotting for total and phosphorylated p53. Phospho-p53 band intensities were quantified by
densitometry and ratios were calculated over total-p53 in INS-1 832/13 cells (b). *p < 0.05
vs. 2.5 mM glucose alone (n = 3). Phospho-p53 band intensities were quantified by
densitometry and ratios were calculated over total-p53 in rodent islets (c). *p < 0.05 vs. 2.5
mM glucose alone (n = 3). Total and phosphorylated p53 levels were determined in human
islets (d) following exposure to LG or HG as indicated. Total and phosphorylated p53 levels
were determined in islet lysates from ZDF and ZLC rats (€) as indicated
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Fig. 3.
NSC23766, an inhibitor of Racl, prevents HG-induced p53 phosphorylation. INS-1 832/13

cells and rat islets (a) were incubated with LG (2.5 mM) or HG (20 mM) in the absence or
presence of NSC23766 for 24 h. Lysates proteins were then separated and analyzed by
western blotting for phosphorylated and total p53. Phospho-p53 band intensities were
quantified by densitometry and ratios were calculated over total-p53 in the presence of
NSC23766 (b n =4 in INS-1 832/13 cells and c n = 3 in rat islets). *p < 0.05 vs. 2.5 mM
glucose alone, **p < 0.05 vs. 20 mM glucose alone
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Glucose-induced p53 activation requires activation and post translational
geranylgeranylation of Racl. INS-1 832/13 cells (a) were incubated with LG and HG in the
absence or presence of EHT1864, Simvastatin or GGTI-2147 for 24 h. Lysate proteins were
separated and analyzed by western blotting for total and phosphorylated p53. Phospho-p53
band intensities were quantified by densitometry and ratios were calculated over total-p53 in
the presence of EHT1864 (b n = 4), Simvastatin (cn = 3) or GGTI-2147 (d n = 3). *p < 0.05
vs. 2.5 mM glucose alone, **p < 0.05 vs. 20 mM glucose alone
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Fig. 5.
Exposure to HG induces nuclear translocation of total p53. Nuclear and non-nuclear

fractions were isolated from INS-1 832/13 cells (a) incubated with LG or HG in the absence
or presence of EHT1864. Lysates were analyzed for total and phosphop-53. The purity of
the nuclear fractions was verified by probing for Lamin B. Phospho-p53 band intensities
were quantified by densitometry and ratios were calculated over Lamin B (b n = 3). *p <
0.05 vs. 2.5 mM glucose alone, **p < 0.05 vs. 20 mM glucose alone. Total-p53 band
intensities were quantified by densitometry and ratios were calculated over Lamin B (ch =
3). *p < 0.05 vs. 2.5 mM glucose alone; NS not significant
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SB203580, a specific inhibitor of pP38MAPK, attenuates HG-induced p53 phosphorylation.
INS-1 832/13 cells (a) were incubated with LG (2.5 mM) or HG (20 mM) in the absence or

presence of SB203580 for 24 h. Cell lysates were analyzed for total and phospho-p53.

Phospho-p53 band intensities were quantified by densitometry and ratios were calculated
over total-p53 (b n = 4). *p < 0.05 vs. 2.5 mM glucose alone, **p < 0.05 vs. 20 mM glucose

alone

Apoptosis. Author manuscript; available in PMC 2019 August 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sidarala and Kowluru

(a)

Phospho-ATM
Total-ATM

Glucose, mM
EHT1864, uM

—_
(=2
-

-

Fold Change
[p-ATM : t-ATM]

0.
Glucose, mM
EHT1864, uM

Fig. 7.

(c)

Phospho-ATM

-

Total-ATM

.v?h——-

Phospho-p53

2.5

2.5 20
10 0

25 25 20 20

0

10

0 10

20 Total-p53
10 Glucose, mM
KU-55933, uM
(d)
3
§L 2
5=
=
o
55 4
Lo
0

Page 19

¢ ‘Q.‘-i

HA’\ -

- -

= e Seap  @emD EmD

25 2.5 2.5 20 20 20
0 10 20 0 10 20

—
()
N

Fold Change
[p-p53 : t-p53]

14

0

Glucose, mM 25 25 20 20 Glucose, mM 2.5 2.5 20 20
KU-55933, uM 0 20 0 20 KU-55933,uM 0 20 0 20

Glucotoxic conditions induce Racl-dependent phosphorylation of ATM kinase, which is
independent of p53 activation. INS-1 832/13 cells (a) were incubated with LG (2.5 mM) or
HG (20 mM) in the absence or presence of EHT1864 for 24 h. Lysate proteins were probed
for total and phospho-ATM kinase. Phospho-ATM band intensities were quantified by
densitometry and ratios were calculated over total-ATM (b n = 4). *p < 0.05 vs. 2.5 mM
glucose alone, **p < 0.05 vs. 20 mM glucose alone. INS-1 832/13 cells (c) were incubated
with LG (2.5 mM) or HG (20 mM) in the absence or presence of KU-55933 for 24 h. Cell
lysates were analyzed for total and phosphorylated ATM and p53. Phospho-ATM band
intensities were quantified by densitometry and ratios were calculated over total-ATM (d n =
3). *p < 0.05 vs. 2.5 mM glucose alone, **p < 0.05 vs. 20 mM glucose alone. Phospho-p53
band intensities were quantified by densitometry and ratios were calculated over total-p53 (e
n =3). *p < 0.05 vs. 2.5 mM glucose alone
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Fig. 8.
Proposed model for the activation of p53 in pancreatic p-cells exposed to glucotoxic

conditions. Based on our findings accrued in our study, we propose that exposure to
glucotoxic conditions leads to activation of Rac1-Nox2-p38MAPK signaling cascade, which
promotes activation of p53 and its downstream pro-apoptotic target proteins resulting in islet
B-cell death
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