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Abstract Phosphatase and tensin homolog (PTEN), a
tumor suppressor gene, by negatively regulating the PI3K-
Akt signaling pathway, participates in multiple biological
processes such as cell proliferation, apoptosis, differentia-
tion, and migration. Recent studies show that selective
deletion of PTEN in pancreatic f-cells leads to resistance
to streptozotocin (STZ)-induced diabetes, but the mecha-
nism is unclear. One major mechanism underlying STZ
toxicity is cytokine-mediated f-cell destruction in which
oxidative stress plays a key role. The present study inves-
tigated the role of PTEN in cytokine-induced f-cell
apoptosis, and further explored whether oxidative stress,
particularly peroxynitrite formation, could regulate PTEN-
Akt pathway. Incubation of BTC-6 cells with cytokine
mixture (IL-1p, TNF-o, and IFN-y) or exogenous perox-
ynitrite significantly increased apoptotic cell percentage,
elevated PTEN and p-PTEN levels, and inhibited Akt
activation. Transfection with PTEN-specific siRNA pro-
tected STC-6 cells from cytokine or peroxynitrite-mediated
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cell apoptosis and partially reversed Akt inhibition. Fur-
thermore, nitrotyrosine formation, an indicator of perox-
ynitrite production, was significantly elevated after
cytokine treatment. Preventing peroxynitrite formation by
administrating NAC/L-NMMA, or scavenging peroxyni-
trite directly by UA, attenuated cytokine-induced PTEN
upregulation, Akt inhibition, and f-cell apoptosis. These
findings suggest that peroxynitrite-mediated PTEN upreg-
ulation plays an important role in cytokine-induced pan-
creatic f-cell apoptosis.
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Introduction

Phosphatase and tensin homolog (PTEN), originally iden-
tified as a tumor suppressor gene frequently mutated in a
large percentage of human cancers, is the central negative
regulator of the PI3K-Akt signal transduction cascade [1].
Reduced PTEN function results in marked activation of
Akt survival pathways, leading to hyperplasia, inhibition of
apoptosis, and thereby contributing to tumor formation [2].
Recent studies have given insight to the broader role of
PTEN beyond tumor suppression. In major insulin target
organs (principally the liver, muscle, and fat), PTEN
deficiency affects glucose metabolism and protects mice
from developing diabetes [3-5]. Importantly, pancreas-
specific PTEN deletion leads to resistance to streptozotocin
(STZ)-induced diabetes and decreased f-cell apoptosis [6,
71, but the underlying mechanisms are still unclear. As a
major mechanism of STZ toxicity is believed to be cyto-
kine-mediated [8, 9], and evidence supports that cytokines
cause f-cell loss by inducing apoptosis [10-12], we
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hypothesize that PTEN may play a role in cytokine-
induced f-cell apoptosis.

It has been reported that generation of high levels of
reactive oxygen/nitrogen species plays a key role in cyto-
kine-induced f-cell apoptosis [13, 14]. Peroxynitrite, the
reaction product of nitric oxide (NO) and superoxide, is a
highly reactive radical species with increased toxic
potential compared with NO or superoxide alone [15].
Scavenging peroxynitrite has been shown to prevent dia-
betes development in NOD mice, and significantly
decreases f3-cell destruction when incubated with cytokines
[16]. Expression of calbindin-D28k can protect fTC-3 cells
against cytokine-mediated apoptosis by inhibiting perox-
ynitrite formation [17]. These findings suggest that perox-
ynitrite is a key mediator of f-cell apoptosis induced by
cytokines.

Furthermore, several studies have demonstrated that
oxidative stress is an important regulator of PTEN
expression/activation [18, 19]. It has been specifically
reported that peroxynitrite inhibits PTEN, activating the
anti-apoptotic PI3K-Akt pathway in primary neurons, and
consequently providing neuroprotection [20]. Studies using
human umbilical vein endothelial cells have shown that
hyperglycemia triggers apoptosis by inhibiting Akt sig-
naling via peroxynitrite-mediated PTEN activation [21].
We currently investigate the role of PTEN in cytokine-
induced apoptosis, and explore the potential regulatory
effect of peroxynitrite upon the PTEN-Akt pathway in
p-cells.

Materials and methods
Reagents

N-Acetyl-L-cysteine (NAC), N®-Methyl-L-arginine acetate
salt (L-NMMA), Uric acid (UA), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) and Hoechst
33342 were purchased from Sigma-Aldrich (St. Louis,
MO). Peroxynitrite was obtained from Calbiochem (San
Diego, CA). Dulbecco’s modified Eagle’s medium
(DMEM) and fetal calf serum (FCS) were purchased from
Invitrogen (Carlsbad, CA). Murine IL-1f, murine TNFa,
and murine IFNy were purchased from Peprotech (Rocky
Hill, NJ). Antibodies against Akt, phospho-Akt-Ser473,
PTEN, phospho-PTEN-Ser380/Thr382/383, and caspase-3;
PTEN small interference RNA (siRNA) and control siRNA
were all from Cell Signaling Technology (Beverly, MA).
siRNA delivery agent DharmaFECT 2 was obtained
from Dharmacon (Lafayette, CO). Nitrotyrosine Assay
Kit (Chemiluminescence Detection) was from Upstate
(Temecula, CA). f-actin antibody and HRP-conjugated
secondary antibodies were purchased from Santa Cruz
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Biotechnology (Santa Cruz, CA) and Caspase™ assay
system (colorimetric) was purchased from Promega
(Madison, WI).

Cell culture and treatment

Mouse STC-6 cells were grown in DMEM medium sup-
plemented with 10% heat-inactivated FCS, penicillin
(100 TU/ml), streptomycin (100 pg/ml), and 2 mM L-glu-
tamine in the presence of 5% CO,/95% air with 100%
relative humidified atmosphere at 37°C. Medium was
changed every 2-3 days. Cells were passaged at 80%
confluence. Unless otherwise stated, cells in logarithmic
growth phase were treated with cytokine mixture for 24 h.
The following cytokine concentrations were used based on
dose-response experiments (data not shown): recombinant
murine IL-1f at 2 ng/ml, recombinant murine TNF-« at
5 ng/ml, and recombinant murine IFN-y at 25 ng/ml. Cells
were preincubated for 1 h with pharmacologic inhibitors
NAC (1 mM), .-NMMA (1 mM), or UA (0.5 mM) prior to
cytokine exposure. During time course analysis of protein
levels, cells were treated at time zero, and harvested at the
indicated time points.

Cells were treated with peroxynitrite as described pre-
viously [22]. After PBS wash, and equilibration (pH 7.4)
for 5 min, cells were exposed to 5 pM peroxynitrite
(diluted in 10 mM NaOH) in PBS for 1 h. Subsequently,
PBS was removed and replaced by fresh serum-free med-
ium and incubated for another 6 h.

Cell viability assay

The viability of fTC-6 cells was determined by a colori-
metric MTT assay. Cells were cultured in 96-well plates at
a density of 2 x 10°/ml. After designed treatment, 20 ul
MTT (5 mg/ml) was added and cells were incubated for 4
more hours. Medium was removed, and the formazan
crystals were dissolved in 150 pl DMSO with shaking for
10 min. The absorbance at 570 nm was read using a
microplate reader (Bio-Rad, USA). Cell viability was
expressed as a percentage to untreated control.

Hoechst 33342 staining

Morphologic evidence of apoptosis was assessed by
nuclear staining with Hoechst 33342. After above-men-
tioned treatment, fTC-6 cells, seeded on coverslides in
24-well plates, were fixed with 4% paraformaldehyde for
30 min, washed with PBS, and stained with Hoechst 33342
(0.5 pg/ml) for 10 min at room temperature in the dark.
Samples were observed under a fluorescence microscope
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(Olympus, Japan). Cells intensely fluorescing and/or with
condensed nuclei were considered apoptotic. Apoptotic and
total cells were counted in four random fields of four dif-
ferent slides. The number of apoptotic cells was expressed
as a percentage to total cells.

Measurement of caspase-3 activity

Caspase-3 activity was determined using a colorimetric
caspase-3 assay kit (CaspACE™ Assay System, Colori-
metric) per manufacturer’s protocol. Briefly, treated cells
were lysed in lysis buffer and centrifuged. The supernatant
was collected and protein concentrations were determined
by the Bradford method. Samples were mixed with
Ac-DEVD-pNA, a caspase-3 substrate, and incubated for
4 h at 37°C. Enzyme-catalyzed release of pNA was mon-
itored at 405 nm by means of a microplate reader (Bio-
Rad, USA), and the caspase-3 activity was calculated per
manufacturer’s instruction.

siRNA gene silencing of PTEN

Mouse STC-6 cells were seeded in 6-well plates and
incubated overnight. PTEN siRNA or control siRNA was
mixed with DharmaFECT 2 transfection reagent per man-
ufacturer’s instructions. siRNA-DharmaFECT complexes
were added to the cells, which had been washed twice with
serum free medium. After 6 h incubation, the transfection
medium was replaced by full culture medium. The control
siRNA contained inert genetic sequences non-degrading of
cellular material.

Nitrotyrosine assay

After treatment, cells were washed with cold PBS, lysed on
ice, and centrifuged for 15 min at 12,000 g at 4°C. The
supernatant was collected and protein concentrations were
determined by the bicinchoninic acid method. Nitrotyro-
sine levels were determined via a modified ELISA proce-
dure [23, 24]. In short, after blocking the nonspecific
binding sites, a nitrated protein solution was prepared and
diluted for use as a standard. These standard samples, along
with cell samples (50 pl/well), were applied to the ELISA
plate and allowed to incubated for 1 h with a rabbit poly-
clonal anti-nitrotyrosine primary antibody (1:100) at 37°C.
Samples were then incubated with a HRP-conjugated sec-
ondary antibody (1:5,000) for 1 h. After washing, samples
were incubated with freshly prepared LumiGLO® Chemi-
luminescent Substrate (75 pl/well) for 10 min. Lumines-
cence was measured with a microplate reader (Bio-Rad,
USA). The nitrotyrosine content in cell samples was cal-
culated using standard curves generated from nitrated BSA
containing quantified nitrotyrosine amounts.

Western blotting

After treatment with cytokine combination for 4 h, cells
were washed with cold PBS and lysed in lysis buffer
(20 mM Tris—HCI of pH 7.5, 150 mM NaCl, 1 mM
Na,EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium
pyrophosphate, 1 mM beta-glycerophosphate, 1 mM
Na3VQ,, and 1 pg/ml leupeptin) with PMSF on ice. Pro-
teins (~35 pg) from each sample were separated by
electrophoresis on a SDS-PAGE gel and transferred onto a
nitrocellulose membrane using semi-dry blotting apparatus
(Bio-Rad, USA). The membrane was blocked for 1 h with
5% non-fat milk in TBST (Tris Buffered Saline-0.1%
Tween 20), and then probed with primary antibodies
(PTEN, 1:1000; p-PTEN, 1:1000; Akt, 1:1000; p-Akt,
1:1000; caspase-3, 1:1000; fS-actin, 1:1000) overnight at
4°C. After incubation with HRP-conjugated secondary
antibodies (1:5,000), specific bands were visualized with
the ECL detection system.

To detect reduced and oxidized forms of PTEN, protein
samples were fractionated by SDS-PAGE under non-
reducing conditions, and subjected to PTEN immunoblot
assay.

Statistical analysis

All experiments were repeated at least three times. All
values in the text and figures are presented as mean = SEM.
All data were subjected to one-way ANOVA followed by
Bonferroni correction for post hoc ¢ test. P values less than
0.05 were considered statistically significant.

Results

IL-1p, TNF-o, and IFN-y induce apoptosis
of fTC-6 cells

Exposure to the cytokine mixture of IL-1f (2 ng/ml),
TNFo (5 ng/ml), and IFNy (25 ng/ml) for 24 h signifi-
cantly decreased viability of mouse pancreatic fTC-6 cells,
as determined by MTT assay (Fig. la). To observe the
cytokine induced-apoptosis of STC-6 cells, we performed
Hoechst staining (Fig. 1b, c¢) and measured caspase-3
activity (Fig. lc, d). The round nuclei of normal cells
demonstrated homogeneous and diffused staining with
regular contours. After cytokine treatment, there was sig-
nificantly increased apoptotic cells, which exhibited an
asymmetric and bright blue fluorescence. Caspase-3 acti-
vation was used as a key marker of apoptosis. Elevated
levels of cleaved caspase-3 and caspase-3 activity were
observed after cytokine exposure. Each cytokine alone had
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Fig. 1 Cytokine mixture A
induced apoptosis of STC-6 120 -
cells. Cells were treated with the
combination of IL-1/ (2 ng/ml),
TNF-o (5 ng/ml), and IFN-y
(25 ng/ml) or each alone for
24 h. a Cell viability was
measured using MTT assay and
expressed as a percentage to
untreated control (n = 5).

b Morphology of untreated or
cytokine-treated fTC-6 cells g
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no notable effect on cell apoptosis at the dose and time
course regiment investigated.

Cytokines induce the upregulation of PTEN
and p-PTEN

To investigate whether PTEN was targeted by cytokines,
we examined the protein levels of total PTEN and phos-
phorylated PTEN (S380/T382/383). As shown in Fig. 2a, a
time course analysis revealed that the level of total PTEN
increased approximately 2.4-fold after 4 h cytokine expo-
sure. Similarly, cytokines up-regulated p-PTEN levels,
peaking at 1 h (~2.0-fold vs. control, P < 0.05). A slight
decline of p-PTEN levels was observed at 4 h (~ 1.6-fold
vs. control, P < 0.05), plateauing for 24 h. The time-mat-
ched controls (0, 4 h) had no significant difference in
protein levels.

Knockdown of PTEN decreases cell apoptosis induced
by cytokines

To determine whether PTEN upregulation was responsible
for cytokine-induced apoptosis, STC-6 cells were trans-
fected with PTEN siRNA or control siRNA, and apoptosis
initiation was monitored. Transfection efficiency was
estimated between 70 and 80%. PTEN siRNA suppressed
the basal expression of PTEN and p-PTEN. In parallel,
PTEN siRNA attenuated the elevation of PTEN and
p-PTEN induced by cytokines (Fig. 2b). Importantly, fSTC-
6 cells transfected with PTEN siRNA, but not control
siRNA, were resistant to cytokine toxicity. Cells transfec-
ted with control siRNA had significantly decreased
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viability after cytokine treatment, similar to non-transfec-
ted cells. However, the viability of cells transfected with
PTEN siRNA was increased compared to control after
cytokine treatment (Fig. 3a). Transfection with PTEN
siRNA resulted in significantly reduced pro-apoptotic
effects of cytokines (Fig. 3b, c).

Knockdown of PTEN reverses cytokine-induced
Akt inhibition

Akt is known to play a key role in f-cell growth and sur-
vival, and we investigated the effects of cytokines on total
Akt and Akt-Serd473 phosphorylation in cultured fTC-6
cells. As shown in Fig. 4a, exposure of STC-6 cells to
cytokines for 1 h led to significant inhibition of Akt-Ser473
phosphorylation, a result even more prominent after 4 h of
treatment. Total Akt levels did not change during cytokine
stimulation.

It has been well established that PTEN is a lipid phos-
phatase specifically dephosphorylating plasma membrane
lipid PIP;. Conversion of PIP; to PIP, enables PTEN to
functionally antagonize PI3K, thereby inactivating down-
stream protein kinases, most notably Akt [25]. Conversely,
PTEN inhibition, or mutation, impairs PIP; inactivation,
thus enhancing the Akt-mediated anti-apoptotic pathway
[20]. We assessed the levels of phosphorylated Akt in STC-
6 cells transfected with or without PTEN siRNA, to
determine whether PTEN elevation was responsible for the
cytokine-induced Akt inhibition. As shown in Fig. 4b,
siRNA-induced reduction of PTEN reversed cytokine-
induced Akt inhibition.
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Fig. 2 a Cytokines increased the protein levels of PTEN and
p-PTEN. Cells were treated with or without the combination of IL-
1 (2 ng/ml), TNF-a (5 ng/ml), and IFN-y (25 ng/ml) for the
indicated times. b PTEN siRNA decreased basal expression of
PTEN/p-PTEN and inhibited cytokine-induced elevation of PTEN/p-
PTEN. Cells were transfected with either control siRNA (100 nM) or
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Cytokines cause the upregulation of PTEN
via peroxynitrite

Several studies have shown that peroxynitrite is a key
mediator of cytokine-induced f-cell destruction, but it is

+ - +

still unknown whether increased peroxynitrite formation
will contribute to the upregulation of PTEN induced by
cytokines. To detect the role of peroxynitrite in the sig-
naling pathway, fTC-6 cells transfected with or without
PTEN siRNA were directly treated with exogenous
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Fig. 4 a Cytokines decreased AE B
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Fig. 5 Knockdown of PTEN partially reversed peroxynitrite-induced
cell apoptosis and Akt inhibition. a The apoptotic cells were assessed
by Hoechst 33342 staining (n = 4) and caspase-3 activity (n = 3).
b Caspase-3 expression was detected by Western blotting. ¢ The
protein levels of PTEN/p-PTEN and Akt/p-Akt were detected by
Western blotting. Cells were transfected with either control siRNA

peroxynitrite (5 tM) for 1 h. Treatment with peroxynitrite
induced apoptosis of STC-6 cells and, similar to cytokines,
increased the levels of PTEN and p-PTEN, and inhibited
Akt activation. Moreover, cells transfected with PTEN
siRNA partially reversed peroxynitrite-induced cell apop-
tosis and Akt suppression (Fig. 5).
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(100 nM) or PTEN siRNA (100 nM) for 48 h and treated with or
without peroxynitrite (5 puM) for 1 h. Subsequently, PBS was
replaced by serum-free medium and incubated for another 6 h.
Results are shown as mean &= SEM. Corn indicates control; PN
peroxynitrite; s-Con control siRNA; and s-PTEN PTEN siRNA.
# P < 0.05 vs. Con. * P < 0.05 s-PTEN/PN vs. s-Con/PN

Next, we measured nitrotyrosine production in fTC-6
cells with or without cytokine exposure, a footprint of
increased peroxynitrite presence. Consistent with previous
studies in pancreatic islets and in other f-cell lines [17, 26,
27], the mixture of cytokines significantly increased the
formation of nitrotyrosine (Fig. 6a). While it is known that



Apoptosis (2010) 15:877-886

883

-

2.5 1

=]
o
1

*# *#

=
(]
1

*#

Nitrotyrosine Content
(ug/mg protein)
P

i=d
]
1

Con CTK NAC  L-NMMA UA

CTK

B
PTEN:
non-red Re—) — L — —

(o) e
PAGE

& o S o N
< { 04{-\“ p ‘:&fl« q}t‘

Fig. 6 a NAC, L-NMMA, or UA decreased cytokine-induced
nitrotyrosine formation. Exposure of fTC-6 cells with cytokines for
24 h with or without the preincubation with NAC (1 mM), L-NMMA
(1 mM), or UA (0.5 mM) for 1 h. Nitrotyrosine formation was
detected by ELISA (n = 3). Results are shown as mean + SEM. Con
indicates control; CTK cytokine mixture; and UA uric acid.
* P < 0.05 vs. Con. * P < 0.05 vs. CTK. b Cytokines did not cause
PTEN oxidation in fTC-6 cells. The reduced and oxidized forms of
PTEN were fractionated by nonreducing SDS-PAGE and identified
by immunoblot assay. Cells were treated with HO, (500 uM) for
5 min as a control for oxidized PTEN. 2-mercaptoethanol (2-ME) was
added to an aliquot of cell lysate as a control for reduced PTEN

PTEN activity can be regulated by oxidation, cytokine
treatment in our study for a duration of 4 or 24 h did not
result in PTEN oxidation (Fig. 6b). To further confirm the
role of peroxynitrite in cytokine-induced PTEN upregula-

scavenger), L-NMMA (a NOS inhibitor), or UA (a perox-
ynitrite scavenger), were applied prior to cytokine admin-
istration. Both inhibition of peroxynitrite formation by
administrating NAC or L-NMMA and scavenging perox-
ynitrite directly by UA attenuated cytokine-induced
nitrotyrosine production (Fig. 6a) and apoptosis (Fig. 7).
Simultaneously, these inhibitors significantly decreased the
protein levels of PTEN and p-PTEN, and increased Akt
phosphorylation compared to cells exposed to cytokines
alone (Fig. 8). In addition, NAC, L.-NMMA, and UA alone
had no effect on baseline cell viability and PTEN level
(data not shown). Taken together, these data suggested that
peroxynitrite-mediated PTEN upregulation played a
potential role in the cytokine-induced fTC-6 cell apoptosis.

Discussion

In type 1 diabetes, insulin-producing f-cells are selectively
destroyed by the cellular autoimmune response. Proin-
flammatory cytokines (such as IL-1f, TNF-«, and IFN-y)
released during this autoimmune response are regarded as
important mediators of f-cell apoptosis [28]. Recently,
inflammatory mediators have been increasingly implicated
in type 2 diabetes development [29-31]. These data
strongly suggest that cytokine signaling blockade may be a
potential method for preventing diabetic f-cell loss. The
present study is the first to demonstrate that peroxynitrite-
mediated the upregulation of PTEN and p-PTEN via
inhibition of Akt activation, plays an important role in
cytokine induced f3-cell apoptosis.

In our experiment, the combination of IL-1f, TNF-a,

tion, pharmacologic inhibitors, including NAC (an O3~  and IFN-y significantly decreased pf-cells viability,
Fig. 7 NAC, L-NMMA, or UA A 120 C
decreased cytokine-induced
PTC-6 cell apoptosis. Exposure - *i .
of BTC-6 cells with cytokines ey £ 80+ i i E—— e— ey GE— e— C35pase-]
for 24 h with or without the g 5 % s )
preincubation with NAC for -g Cleaved
(1 mM), LNMMA (I mM), or 3 ¢ 40+ —_ B Caspase-3
UA (0.5 mM) for 1 h. a Cell = .
viability was measured using ——— e a— a— (}-3CtiN
MTT assay and expressed as a 0
percentage to untreated control Con  CTK  NAC L-NMMA _UA Con. CIK. NAC _TNMMA _UA
(n = 5). b The apoptotic cells ol CTK
were assessed by Hoechst 33342 B 501 : - 50
.. 0 |I:| Hoechst M Caspase-3 activity s
staining (n = 4) and caspase-3 2 g
activity (n = 3). ¢ Caspase-3 o = fn;
expression was detected by E f ?—:E
Western blotting. Results are a 8 2 $
shown as mean + SEM. Con 2-"5 3 -
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mixture; and UA uric acid. § E_E.
#P<0.05vs. Con. ¥ P<005 I 2
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Fig. 8 NAC, .-NMMA, or UA

attenuated cytokine-induced —
PTEN/p-PTEN elevation and
Akt inhibition. Exposure of
PTC-6 cells with cytokines for
4 h with or without the
preincubation with NAC

(I mM), .-NMMA (1 mM), or
UA (0.5 mM) for 1 h. Results
are shown as mean = SEM.

— - -

Con indicates control; CTK
cytokine mixture; and UA uric
acid. * P < 0.05 vs. Con.

# P <0.05 vs. CTK

Con CTK NAC L-NMMA

CTK

consistent with previous studies [11, 32]. Additionally,
because cytokines likely act synergistically during in vivo
pancreatic immune infiltration inducing f-cell damage, we
tailored our study to focus on the effect of these three typical
inflammatory cytokines in combination. To investigate the
mechanisms responsible for cytokine-induced f-cell injury,
we evaluated the morphologic and biochemical apoptotic
hallmarks by Hoechst staining and caspase-3 activity assays.
The results confirmed that apoptosis was the primary
mechanism of cell death by cytokine exposure. At the con-
centration- and time- dose utilized in our study, each cyto-
kine alone demonstrated no detrimental effect on cellular
viability. While some studies have demonstrated that IL-1f
alone was sufficient to cause f-cell death or the impairment
of cell function [33, 34], others report that massive induction
of f-cells apoptosis usually requires a combination of IL-1f
plus TNF-« and/or IFN-y [10, 11, 35].

The PI3K/Akt pathway is critically involved in regu-
lating cell survival [36, 37]. It has been previously dem-
onstrated that cytokine-induced apoptosis was significantly
increased in f-cells infected with kinase-dead Akt [38],
while cytokine-induced decrease of bcl-2 promoter activity
and increase of f-cell apoptosis were partially restored
when cells were cotransfected with a constitutively active
form of Akt [28]. PTEN, a member of the protein tyrosine
phosphatase family, by negatively modulating the PI3K-
Akt signaling pathway, participates in multiple biological
processes such as cell proliferation, differentiation, apop-
tosis, and migration [39—41]. In the present study, exposure
of fTC-6 cells to cytokine mixture significantly elevated
PTEN level, inhibited Akt-Ser473 phosphorylation, and
increased the percentage of apoptotic cells. Moreover,
knockdown of PTEN with PTEN-specific siRNA partially
reversed cytokine-induced Akt inhibition and cell apopto-
sis. These results imply that PTEN is involved in the sig-
naling pathway of cytokine-induced f-cell apoptosis. More
importantly, the cell apoptosis and Akt inactivation are
PTEN-dependent.
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The activity and half-life of PTEN are reciprocally
regulated by phosphorylation. Several studies have dem-
onstrated that, after phosphorylation, reduced PTEN
activity can facilitate cellular protection via activators of
the PI3K/Akt prosurvival kinase pathway [42]. Other
studies have indicated that phosphorylation of PTEN
increases its stability, while dephosphorylation leads to its
rapid degradation [43, 44]. Our experimental data showed
that PTEN was phosphorylated under basal conditions.
Moreover, the level of p-PTEN was significantly increased
during cytokine-induced apoptosis, which was accompa-
nied by the PTEN level elevation. These findings are
consistent with the idea that phosphorylation of PTEN may
increase the protein’s stability. As total PTEN level
remained elevated for 4 h with slight decline of PTEN
phosphorylation, PTEN expression may be also regulated
by other mechanisms (such as transcriptional regulation
and protein—protein interactions) requiring further investi-
gation for elucidation.

The production of reactive oxygen/nitrogen species is a
key regulator of PTEN function [18, 19, 21]. It has been
reported that peroxynitrite (100 uM) could rapidly (5 or
15 min) oxidize PTEN along with Akt phosphorylation
[20]. But, in our experiment, cytokine exposure did not
cause PTEN oxidation. A possible explanation for the
inconsistent result may be that peroxynitrite production
post cytokine treatment was lower than the amount requi-
site for PTEN oxidation. Furthermore, the stimulatory
effect of endogenous peroxynitrite may differ from exog-
enous sources.

While it has been established that peroxynitrite is a
primary mediator of cytokine toxicity upon f-cell viability
[16, 17, 26], whether cytokine-induced PTEN upregulation
is caused by peroxynitrite formation remains unclear. In the
present study, exogenous peroxynitrite treatment increased
both PTEN and p-PTEN levels, and simultaneously
inhibited Akt activation. Moreover, cells transfected with
PTEN siRNA exhibited attenuated peroxynitrite-induced
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cell apoptosis and Akt inhibition compared to control.
Assays for nitrotyrosine formation and pharmacologic
inhibitors further confirmed peroxynitrite mediated PTEN-
dependent Akt inhibition. We demonstrated that the ele-
vated nitrotyrosine formation, up-regulated levels of PTEN
and p-PTEN, Akt activation inhibition, and increased
f-cell apoptosis induced by cytokines were all partially
reversed by either peroxynitrite formation inhibition (NAC
and L-NMMA) or direct scavenging peroxynitrite (UA).
Taken together, our data demonstrated that cytokines
induce PTEN-dependent Akt inhibition via peroxynitrite in
PTC-6 cells apoptosis.

In conclusion, PTEN-dependent Akt inhibition is
involved in the apoptosis induced by cytokine mixture in
STC-6 cells. PTEN-specific siRNA can partially attenuate
cytokine toxicity. These findings suggest that PTEN may
be a potential target for prevention of cytokine induced
p-cell loss in diabetes. Moreover, our results provide a link
between oxidative stress and f-cell destruction, as PTEN
upregulation was mediated by peroxynitrite, a relationship
that still needs in vivo clarification.
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