
Sestrin2 integrates Akt and mTOR signaling to protect
cells against energetic stress-induced death
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The phosphoinositide-3 kinase/Akt (PI3K/Akt) pathway has a central role in cancer cell metabolism and proliferation. More
importantly, it is one of the cardinal pro-survival pathways mediating resistance to apoptosis. The role of Akt in response to an
energetic stress is presently unclear. Here, we show that Sestrin2 (Sesn2), also known as Hi95, a p53 target gene that protects
cells against oxidative and genotoxic stresses, participates in the protective role of Akt in response to an energetic stress
induced by 2-deoxyglucose (2-DG). Sesn2 is upregulated in response to an energetic stress such as 2-DG and metformin, and
mediates the inhibition of mammalian target of rapamycin (mTOR), the major cellular regulator of energy metabolism. The
increase of Sesn2 is independent of p53 but requires the anti-apoptotic pathway, PI3K/Akt. Inhibition of Akt, as well as loss of
Sesn2, sensitizes cells to 2-DG-induced apoptosis. In addition, the rescue of Sesn2 partially reverses the pro-apoptotic effects of
2-DG. In conclusion, we identify Sesn2 as a new energetic stress sensor, which appears to be protective against energetic stress-
induced apoptosis that integrates the pro-survival function of Akt and the negative regulation of mTOR.
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Glucose is a major source of energy for cancer cells. Warburg
demonstrated that cancer cells use preferentially glycolysis to
generate ATP and have defective oxidative phosphorylation.1

A direct consequence of this discovery is the development of
therapeutic strategies that specifically target cancer cell
metabolism. 2-Deoxyglucose (2-DG) is the best known
inhibitor of the glycolytic pathway. It is converted to
phosphorylated 2-DG (2-DG-P) by the hexokinase, the first
enzyme of glycolysis. 2-DG-P cannot be metabolized further
in the glycolysis pathway and thus accumulates intracellularly
and inhibits the hexokinase or can alternatively use the
pentose phosphate pathway. The inhibition of glycolysis leads
to ATP depletion and energetic stress.2 Cells require nutrients
for their energetic needs and to support the biosynthetic
pathway necessary for their growth and proliferation. This led
to the hypothesis that glucose deprivation sensitizes cancer
cells to apoptosis.3 Indeed, several studies have shown that 2-
DG induces apoptosis in cancer cells.4–8

Energetic stress activates the AMP-activated protein
kinase (AMPK), a stress sensor protein kinase, which down-
regulates the mammalian target of rapamycin (mTOR).
mTOR is a master switch of anabolism and catabolism.9

Indeed, to avoid death and energy shortage, cells slow down
their metabolism and inhibit anabolic reactions via the
downregulation of the mTOR pathway. Other biological

processes implicated in the resistance to apoptosis involve
the phosphoinositide-3 kinase/Akt (PI3K/Akt) pathway. The
PI3K/Akt is a major pro-survival pathway. Its constitutive
activation by growth factors, mutation of PI3K and inactivation
of PTEN (phosphatase and tensin homolog) promotes cell
growth and is a characteristic of numerous cancer cells.10 One
of the first identified Akt target with direct implications for
regulating cell survival is the pro-apoptotic Bcl-2 family
member BAD. Once phosphorylated, the phosphoserine
residues of BAD form affinity-binding sites for 14–3–3
molecules, thus localizing phosphorylated Bad to the cytosol
and effectively neutralizing its pro-apoptotic activity.11 Other
targets such as cytochrome C and FOXO1a have been
described as mediators of the Akt anti-apoptotic
response.12,13 While AMPK inhibits mTOR, Akt positively
regulates mTOR via the phosphorylation and the inhibition of
tuberous sclerosis protein complex 2 (TSC2), and promotes
anabolic reactions required for cell growth and proliferation.14

Sestrin2 (Sesn2) negatively regulates mTOR signaling and
executes this function through the activation of AMPK and
TSC2 phosphorylation.15 Sesn2 is implicated in the cellular
response to oxidative stress and DNA damage. It exerts its
cytoprotective function by regenerating peroxiredoxins, hav-
ing therefore amajor role in the antioxidant defense of the cell.
Sesn2 is a target of the tumor suppressor gene p53 and was
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shown to provide an important link between genotoxic stress,
p53 and the mTOR pathway.15 However, the role of Sesn2 in
the cellular response to an energetic stress is presently
unknown. Given the important role of Sesn2 in response to
genotoxic and oxidative stresses, and its role in the regulation
of the AMPK/mTOR axis, we chose to determine the role of
Sesn2 in energetic stress-induced apoptosis. We show that 2-
DG induced ATP depletion and upregulated Sesn2 expres-
sion in an Akt-dependent but p53-independent way. We also
provide evidence that Sesn2 is required for mTOR inhibition in
response to an energetic stress. Finally, we demonstrate that
Sesn2 is a new mediator of energetic stress, which protects
against 2-DG-induced apoptosis and participates to the
protective role of Akt.

Results

2-DG induces energetic stress and apoptosis. LNCaP
cells were treated with high concentration of the inhibitor of
glycolysis 2-DG (20mM) or incubated in the Hank’s
buffered salt solution (HBSS) for 8 h to induce an energetic
stress. Both treatments led to a strong decrease in the
intracellular ATP concentration (Figure 1a). We then deter-
mined if this energetic stress triggered apoptosis. 2-DG
stimulated caspase 3 activity and induced the cleavage of
poly (ADP-ribose) polymerase (PARP) and pro-Caspase 3,
two markers of apoptosis, in LNCaP (Figures 1b and c),
DU145, PC3 and A549 cells (Supplementary Figures S1A
and B). To determine the implication of caspases in
2-DG-induced apoptosis, LNCaP cells were treated with the
pan-caspase inhibitor Z-VAD-fmk. Such a treatment
drastically inhibited the cleavage of PARP and pro-caspase
3 induced by 2-DG (Figure 1c). These results demonstrate
that the treatment with 2-DG induced an energetic stress and
is associated with the induction of caspase-dependent cell
death.

2-DG induces the activation of Akt. Akt is a pro-survival
and anti-apoptotic pathway,16 and 2-DG has been shown to
phosphorylate Akt in cancer cells.17 The full activation of Akt
requires its phosphorylation on two sites, Ser473 and Thr308.
We show that 2-DG stimulates the phosphorylation on both
sites from 4 to 24 h (Figure 2a). The Akt activation was
confirmed as 2-DG induced the phosphorylation of its
substrates, the glycogen synthase kinase 3 (glycogen
synthase 3 (GSK3)) and TSC2, on Thr 1462 (Figure 2b). In
order to determine if Akt exerts a protective effect against 2-
DG-induced apoptosis, we invalidated Akt1 and Akt2 with
siRNA against the two isoforms. The inhibition of Akt led to
an increase of caspase 3 activity upon 2-DG treatment
demonstrating that Akt protects against 2-DG-induced
apoptosis (Figure 2c and Supplementary Figure S2).

Sesn2 is induced by 2-DG and is important for energetic-
stress-induced inhibition of mTOR. Sesn2 is a stress-
induced protein that regulates the AMPK/mTOR axis, a major
sensor of the energetic level of the cell. To determine if
Sesn2 is modulated by an energetic stress, cells were
treated with 2-DG and HBSS. Both conditions increased
Sesn2 expression, and as expected, this energetic stress led

to the inhibition of phosphorylation of S6 ribosomal protein, a
marker of mTOR activation (Figure 3a). Of note, Sesn2
antibodies detect two bands, but only the high molecular
weight band (56 kDa) corresponds to Sesn2, as illustrated in
Figure 3c where Sesn2 siRNA decreases only the upper
band. To determine if the cellular response to the energetic
stress is reversible, cells were treated with 2-DG or incubated
with HBSS for 15 h and then the media was changed to
regular growth media for 24 h. When the energetic stress is
removed, Sesn2 protein levels, as well as the phosphoryla-
tion of S6 ribosomal protein, returned to the control level
(Figure 3a). These results indicate that the energetic stress
inducers reversibly control Sesn2 expression. Similarly to
Sesn2, Sesn3 has been shown to inhibit mTOR complex 1
(mTORC1), and Akt affects Sesn3 expression through
FoxO1.18 We analyzed Sesn3 expression in response to
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Figure 1 2-DG induces caspase-depenent apoptosis in LNCaP. (a) Intracellular
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different stimuli, and we show that Sesn3 expression is not
affected by 2-DG and the inhibitor of PI3K, LY294002. On
contrary, we observed an increase of Sesn3 expression with
HBSS and in the condition of serum starvation (Figure 3b).
To determine the role of Sesn2 in mTOR inhibition in
response to an energetic stress, we invalidated Sesn2 in
LNCaP cells using siRNA. 2-DG and rapamycin (a direct and
specific inhibitor of mTORC1) inhibited the phosphorylation
of S6 ribosomal and 4EBP1 in cells transfected with siCt or in
non-transfected cells (Supplementary Figure S3). Invalida-
tion of Sesn2 reversed the inhibition of S6 phosphorylation
and 4EBP1 induced by 2-DG (Figure 3c and Supplementary
Figure S3A). The downregulation of Sesn2 had no effect on
mTOR activity in basal conditions and did not affect the
inhibition of mTOR by rapamycin. We then analyzed mTOR
activity in Sesn2� /� mouse embryonic fibroblasts (MEFs)
upon 2-DG and metformin treatment. Metformin is an

anti-diabetic drug that decreases intracellular ATP concen-
tration as described previously.19 Similarly to 2-DG, metfor-
min increased Sesn2 expression. Both agents inhibited
mTOR activity in wild-type (WT) MEFs but not in Sesn2� /�

MEFs (Figure 3d and Supplementary Figure S3B). On
contrary, the inhibition of phospho-S6 ribosomal protein
was not reversed in Sesn2� /� cells in response to HBSS.
Altogether, these results demonstrate that Sesn2 is required
for the inhibition of mTOR induced by an energetic stress
induced by 2-DG and metformin but not by HBSS.

Sesn2 response to an energetic stress is independent of
p53. p53 has been shown to upregulate Sesn2 expression in
reponse to genotoxic and oxidative stresses.15,20 To deter-
mine if p53 is implicated in Sesn2 increase in response to an
energetic stress, we invalidated p53 in LNCaP cells. The
downregulation of p53 did not alter 2-DG-induced Sesn2
expression, whereas as expected, it blocked its increase
induced by bleomycin (a DNA damage inducer) (Figure 4a).
We also used different cancer cells harboring WT p53
(LNCaP), mutated p53 (DU145) or invalidated for p53 (PC3).
Whatever the status of p53, 2-DG increased the expression
of Sesn2 and decreased the phosphorylation of S6 ribosomal
protein in the three cell lines (Figure 4b). Similarly, 2-DG was
able to induce Sesn2 expression in MEFs invalidated for p53
(Supplementary Figure S4A). To overrule the possibility that
2-DG indirectly regulates Sesn2 expression, we measured
the formation of reactive oxygen species (ROS) in response
to 2-DG and HBSS. 2-DG and HBSS did not alter ROS levels
while as expected, H2O2 increased ROS formation and this
was inhibited by N-acetyl cysteine (Supplementary Figure
S4B). Altogether, these results demonstrate that the upre-
gulation of Sesn2 is independent of p53 in response to an
energetic stress.

Akt is required for energetic stress-induced Sesn2
expression. We have shown that Akt is phosphorylated
and activated in response to 2-DG (Figures 2a and b). To
determine if the PI3K/Akt pathway modulates Sesn2 expres-
sion in response to an energetic stress, cells were treated
with LY294002, an inhibitor of PI3K. LY294002 efficiently
abolished the phosphorylation of Akt in LNCaP (Figure 4c).
Interestingly, in the presence of LY294002 or an inhibitor of
Akt1/2, 2-DG no longer increased Sesn2 expression in
LNCaP, PC3 and DU145 (Figure 4c, Supplementary Figures
S5A, B and C). We then used siRNA against Akt1 and Akt2.
While Akt was efficiently knocked down, Sesn2 expression
decreased in control conditions and did not increase in
response to 2-DG (Figure 4d). In order to determine if the
increase of Sesn2 is transcriptionally regulated, we analyzed
Sesn2 mRNA levels in LNCaP cells, in which Akt1/2 were
downregulated, and in cells treated with LY294002. 2-DG
strongly increased Sesn2 mRNA levels, and inhibition of Akt
did not significantly affect Sesn2 mRNA basal levels.
Downregulation of Akt or inhibition of PI3K, partially but
significantly, decreased the level of Sesn2 induced by 2-DG
(Supplementary Figure S5D), suggesting that the increase of
Sesn2 induced by 2-DG is regulated in part by Akt.
Altogether, these results clearly demonstrate that the PI3K/
Akt pathway controls Sesn2 in response to 2-DG.
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Sesn2 protects against 2-DG-induced apoptosis. From
the above results, we hypothesized that Akt activation is a
survival process against 2-DG-induced apoptosis and that
Sesn2 is implicated in this protective response. To validate
this hypothesis, we downregulated Sesn2 expression in
LNCaP cells using three different siRNA targeting different
regions of Sesn2. The three siRNA efficiently abolished
Sesn2 expression, and invalidation of Sesn2 resulted in an
increase of PARP cleavage in basal conditions and in
response to 2-DG (Figure 5a). In parallel, the downregulation
of Sesn2 significantly increased caspase 3 activity in control
conditions and in response to 2-DG (Figure 5b). To further
validate the implication of Sesn2 in the protection against
apoptosis, we performed an annexin V/propidium iodide (PI)
labeling assay, and we demonstrated that invalidation of
Sesn2 sensitized cancer cells to 2-DG-induced apoptosis
(Figure 5c). Endoplasmic reticulum (ER) stress response has
been shown to mediate apoptosis induced by 2-DG in
rhabdomyosarcoma cells.21 We demonstrate that tunicamy-
cin (positive control for ER stress) and to a less extend 2-DG
induced the expression of GRP78/Bip (a specific marker of
ER stress) in LNCaP cells (Supplementary Figure S6A).
Importantly, siRNA-mediated invalidation of Sesn2 did not
affect the increase of GRP78 induced by 2-DG, while it
augments GRP78 expression in response to tunicamycin.
These results suggest that Sesn2 does not interfere with

2-DG-induced ER stress in LNCaP cells but may sensitize
LNCaP cells to tunicamycin-induced ER stress (Supple-
mentary Figure S6B). We then determined if MEFs invali-
dated for Sesn2 were more sensitive to 2-DG-induced
apoptosis. Interestingly, we observed an increase of the
cleaved forms of PARP and caspase 3 in Sesn2� /� MEFs
compared with WT MEFs in response to 2-DG (Figure 5d,
Supplementary Figure S6C) and Sesn2� /� cells displayed a
higher caspase 3 activity than WT cells treated with 2-DG
(Supplementary Figure S6D). In accordance with these
results, 2-DG and HBSS decreased more significantly the
viability of MEFs invalidated for Sesn2 compared with WT
(Supplementary Figure S6E). Then, we restored Sesn2
expression in cells invalidated for Sesn2 and 2-DG no longer
increased PARP and Caspase 3 cleavage in cells rescued
for Sesn2 (Figure 5e). Altogether, our results demonstrate
that invalidation of Sesn2 sensitizes cells to 2-DG induced
apoptosis.

Sesn2 knockdown affects AMPK activity and intracel-
lular ATP levels. Energetic stress activates AMPK and
leads to the phosphorylation of the acetyl CoA carboxylase
(ACC), a direct substrate of AMPK (Figure 6a). To determine
whether Sesn2 regulates AMPK activity in response to 2-DG,
we knocked down Sesn2 in LNCaP cells and analyzed the
phosphorylation of ACC. As expected, 2-DG decreased the
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phosphorylation of S6 ribosomal and induced the phosphor-
ylation of ACC on Ser79. Invalidation of Sesn2 reversed the
inhibitory effect of 2-DG on the phosphorylation of S6
ribosomal (Figure 6a). Interestingly, the knockdown of Sesn2
led to a significant reduction of 2-DG-induced phosphoryla-
tion of ACC suggesting that, in response to an energetic
stress, Sesn2 potentiates the activity of AMPK. AMPK is a
sensor of the energetic status of the cell sensitive to
intracellular ATP concentration. In order to determine if the
variation of Sesn2 expression affects the energetic status of
the cell, we measured ATP concentration in LNCaP cells
transfected with Sesn2 siRNA. While 2-DG lead to a
decrease of ATP after 8 h of treatment, the downregulation
of Sesn2 led to a stronger and significant decrease of ATP
concentration compared with cells transfected with siCt
(Figure 6b). Interestingly, the knocking down of Sesn2 by
itself decreases ATP concentration significantly (P¼ 0.003)
(Figure 6b). Altogether, these results suggest that Sesn2
protects against ATP depletion.
Our results demonstrate that Sesn2 protects against 2-DG-

induced apoptosis and participates to the pro-survival role of
Akt by regulating mTOR signaling.

Discussion

As cancer cells largely depend on glycolysis for their energetic
needs, inhibition of this metabolic pathway is an important

issue in cancer therapy.22 Glucose deprivation causes
decrease of ATP, and inhibition of glycolysis induces
apoptosis in cancer cells.23 We confirm that 2-DG markedly
decreased intracellular ATP concentration together with the
induction of apoptosis in several cancer cell lines. Consecu-
tively, the prosurvival kinase Akt is phosphorylated on Ser473

and Thr308 and activated. We demonstrate that inhibition of
Akt sensitizes cancer cells to 2-DG-induced apoptosis.
Typically, growth factors such as insulin and nerve growth
factor activate the PI3K/Akt pathway to protect cells against
apoptosis, and inhibition of this pathway triggers apoptosis.24

In this study, we demonstrate that the activation of Akt is an
adaptative response and protective mechanism against
glycolysis inhibition. The mechanism of Akt protection in
response to cellular stress has been previously described. For
example, Wei and Vander Heide25 showed that heat shock
activates Akt to protect cardiomyocytes from heat stress-
induced cell lethality; similarly, Akt is activated in C2C12 cells
subjected to mitochondrial stress generated by the depletion
of mtDNA, and Akt1 silencing sensitizes cells to apoptosis.26

Akt regulates several proteins, such as Foxo3, GSK3b, Chk1
and Bad, which participate to its protective role against
apoptosis.27 Indeed, the phosphorylation of these proteins
inhibits their functions in inducing apoptosis, causing cell cycle
arrest and establishing DNA damage checkpoint.27 2-DG has
been shown to activate Akt in several cancer cell lines (see
Zhong et al.17 and Supplementary Figures S5B and C). Zhong
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et al.28 demonstrated that the phosphorylation of Akt is not
due to the inhibition of glycolysis and is independent of AMPK.
Similarly to this study, we show that the treatment with the
PI3K inhibitor, LY294002, inhibited 2-DG-induced Akt phos-
phorylation, suggesting that PI3K activity is required for this
process. Another possibility is that 2-DG activates Akt via
insulin-like growth factor 1; indeed, 2-DG has been shown to
dissociate IGF-1 from IGF-binding protein 3 (IGFBP3) so that
the free form of IGF-1 could be released from the IGF-1–
IGFBP3 complex to activate IGF-1 receptor signaling.
Interestingly, the status of PTEN does not seem to interfere

with the induction of Sesn2 upon 2-DG treatment as Sesn2
expression is increased in both PTEN-deficient cells (LNCaP,
PC3 and DU145) and PTEN-proficient cells (Mefs). We
hypothesized that eventhough Akt activity is high in PTEN-
deficient cells, 2-DG is still able to activate Akt to regulate
Sesn2 protein level.

We demonstrate that Sesn2 is required for the down-
regulation of mTOR by 2-DG andmetformin. However, Sesn2
does not mediate the effects of HBSS on mTOR. HBSS
medium does not contain glucose but also does not contain
amino acids. Therefore, we suggest that Sesn2 mediates
differentially its effects onmTOR depending on the nature, the
‘intensity’ of the energetic stress and the metabolic pathway
affected. Indeed, we have shown previously that AICAR (5-
amino-1-b-D-ribofuranosyl-imidazole-4-carboxamide) and
metformin, two energetic stress inducers, trigger different
cellular responses in the same cell line.29 Besides, depending
on the concentration, 2-DG has been shown to trigger
autophagy or apoptosis.19,30 Here, we work with high
concentration (20mM) of 2-DG that induces apoptosis, in
the same cells, we demonstrated previously that 1mM of 2-
DG triggers autophagy. The inhibition of mTOR, mediated by
Sesn2, participates to the protective response against
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apoptosis.31,32 The role of mTOR in apoptosis is controver-
sial, in some models inhibition of mTOR sensitizes to
apoptosis,33,34 while in other cell lines it reduces apoptosis.30

To explain this discrepancy, one can hypothesize that mTOR
as a master regulator of protein synthesis may control
differentially depending on cell lines and metabolic stress
the expression of pro and anti-apoptotic genes. In LNCaP
cells, similarly to Sesn2 invalidation, we observed that the
downregulation of mTORwith siRNA sensitizes cells to 2-DG-
induced apoptosis (data not shown).
It was shown recently that 2-DG stimulates autophagy or

apoptosis through ER stress response.21,30 We demonstrate
that Sesn2 is not implicated in the induction of ER stress by 2-
DG (Figure 6a). The mechanism of induction of apoptosis
induced by 2-DG is poorly known. Ramirez-Peinado et al.21

showed that ER stress rather than ATP depletion induces
apoptosis in a Noxa-dependent manner. 3-Bromopyruvate
(another inhibitor of glycolysis) triggers apoptosis through the

dephosphorylation of the pro-apoptotic protein Bad.23 In our
model, we did not see any significant modification of Noxa and
Bad expression in microarray analysis (data not shown).
Akt is known to activate anabolic processes to support cell

proliferation.35 Intriguingly, we show that Akt by inducing
Sesn2 expression participates to the inhibition of a biosynth-
esis process (mTORC1). In brief, 2-DG activates an energy-
consuming pathway (Akt) that triggers an energy saving
pathway (inhibition of mTOR via Sesn2). We suggest
that a subtle regulation of Akt activity supports this dual
action.We hypothesize that Akt by inducing Sesn2 activates a
negative feedback loop, which help to refrain its activation
effects on mTORC1, thus limiting energy-consuming path-
ways. This hypothesis is in accordance with a decrease of Akt
activity after a 24 h treatment with 2-DG and a role for Sesn2
in the modulation of anabolism. It was reported recently that
FoxO downregulates mTORC1 via Sesn3 and activates Akt to
maintain energy homeostasis.18 We show here that Sesn3 is
not modulated by 2-DG (Figure 3b). We demonstrate that
Sesn2 participate to the maintenance of energy homeostasis
to protect against cell death; however, whether or not in our
model, FoxO is implicated remains to be determined. A better
understanding of the mechanism underlying the regulation of
Sesn2 by Akt will help to elucidate this issue in future studies.
We identified a new function for Sesn2. Indeed, we obtained

evidences in several cell lines that invalidation of Sesn2
sensitizes cells to energetic stress-induced apoptosis, and
more importantly, that re-expression of Sesn2 in Sesn2-
deficient cells protects against cell death. The role of Sesn2 as
a pro- or anti-apopotic protein is controversial. Previous
studies have shown that Sesn2 expression inhibits cell growth
and proliferation in response to a genotoxic stress.15,36

However, in the same study, the expression of Sesn2
protected MCF-7 cells against ischemia/low glucose and
H2O2. These results reveal that Sesn2 has a different role
depending on the nature of the stress, and our study
demonstrates that Sesn2 counteracts the deleterious effects
of the inhibition of glycolysis by 2-DG.
We demonstrate that invalidation of Sesn2 aggravates

intracellular depletion of ATP in response to 2-DG. This is in
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accordance with the function of Sesn2, which inhibits mTOR
and limits anabolic reactions, thus initiating an energy saving
process (Figure 7). Interestingly, we show that the knockdown
of Sesn2 by itself decreases basal ATP concentration
showing that Sesn2 is required for the maintenance of energy
homeostasis. Despite this diminution of ATP, we did not
observe an increase of ACC phosphorylation. This is in line
with the role of Sesn2, which is required for the activation of
AMPK.15

Targeting glycolysis and cancer cell metabolism is a new
promising strategy to fight cancer.37 Indeed, several
studies associate inhibitors of glycolysis with classical
chemotherapeutic agents to improve their efficiency. Although
2-DG alone is poorly effective in vivo, it was successfully
used in combination with chemotherapeutic agents, radio-
therapy or metformin in vitro and in animal models.19,38,39

Consequently, the resistance to energetic stress-induced
apoptosis is an important issue in cancer biology. Our study
demonstrates that Sesn2 mediates this resistance against 2-
DG; therefore, a low expression of Sesn2 in tumors should be
predictive of a better response to therapies targeting cancer
cell metabolism.

Materials and Methods
Cell lines and culture conditions. Cells were cultured in RPMI 1640
(LNCaP) or Dulbecco’s modified Eagle’s medium (Invitrogen, Carlsbad, CA,
USA) for other cell lines. Both media contain 4500 mg/1 glucose supplemented
with 10% fetal bovine serum, 100 U/ml penicillin, 100 mg/1 streptomycin and
2 mM glutamine. Sesn2� /� and sesn2þ /þ MEFs were freshly thawed before
each experiment.

Chemicals. 2-DG (Sigma Chemical Co., St Louis, MO, USA) was dissolved in
culture media. Akt1/2 inhibitor, bleomycin and staurosporin were purchased from
Calbiochem, Merck, Darmstadt, Germany. Doxycyclin (VWR Scientific, Radnor,
PA, USA) and Z-VAD fmk (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were
dissolved in DMSO, Hank’s Balanced Salt Solution (HBSS, Invitrogen).

Cell transfection. Cells were transfected with Lipofectamine RNAi max
(Invitrogen), using three different siRNA targeting Sesn2 (Applied Biosystems,
Ambion, Carlsbad, CA, USA and Dharmacon, Lafayette, CO, USA). siRNA against
p53, Akt1 and Akt2 were from Applied Biosystems, Ambion. LNCaP and MEFs
cells were transfected with pCMV-Flag-Sesn2 or with pCMV-empty-vector
plasmids using Lipofectamine 2000 or Jet PEI (Polyplus, Illkirch, France).

Measurement of ATP concentration. ATP concentration was measured
by luciferase activity using the kit from Roche Applied Science (Meylan, France)
and normalized to protein concentration.19

Cell analysis. Cell extracts were prepared using lysis buffer.29 Immunoblotting
was performed with antibodies against Sesn2 (ProteinTech, Chicago, IL), Thr172

P-AMPK, P-S6 ribosomal protein, S6 ribosomal protein, AMPK, Caspase 3, ACC,
Akt, Ser473 P-Akt, Thr308 P-Akt, Ser79 P-ACC and Thr1462 P-TSC2 (Cell Signaling
Technology, Danvers, MA, USA); p53, PARP, ERK2 and HSP90 (Santa Cruz
Biotechnology); SESN3 (Abcam, Cambridge, UK); and a-tubulin (Sigma Chemical Co.).

Caspase 3 assay. Caspase 3 activity was fluorimetrically measured in
presence or not of Ac-DEVD-CHO (caspase 3 inhibitor) (Calbiochem, Merck).
Enzyme activities were expressed in relative intensity per minute and per milligram
of protein.29

AnnexinV/PI staining assay. Apoptosis was assessed by measuring
membrane redistribution of phosphatidylserine using an annexin V-FITC
apoptosis detection kit (Roche Diagnostics, Mannheim, Germany). According to
the protocol kit, cells were collected, washed twice with PBS and resuspended in
500ml of staining solution containing FITC-conjugated annexin V antibody and PI.

After incubation on ice for 30 min, cells were analyzed by flow cytometry. Basal
apoptosis and necrosis were identically determined on untreated cells.
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