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We have previously demonstrated that DNA damage leads to
stabilization and accumulation of Che-1, an RNA polymerase
II-binding protein that plays an important role in transcrip-
tional activation of p53 and in maintenance of the G2/M check-
point. Here we show that Che-1 is down-regulated during the
apoptotic process.We found that the E3 ligaseHMD2physically
and functionally interactswithChe-1 and promotes its degrada-
tion via the ubiquitin-dependent proteasomal system. Further-
more, we found that in response to apoptotic stimuli Che-1
interacts with the peptidyl-prolyl isomerase Pin1 and that con-
formational changes generated by Pin1 are required for Che-1/
HDM2 interaction. Notably, a Che-1 mutant lacking the capac-
ity to bindPin1 exhibits an increasedhalf-life and this correlates
with a diminished apoptosis in response to genotoxic stress.Our
results establish Che-1 as a newPin1 andHDM2 target and con-
firm its important role in the cellular response to DNA damage.

Che-1 is a human RNA polymerase II-binding protein that is
highly conserved from yeast to man and involved in the regula-
tion of gene transcription (1–5). Che-1 interacts with Rb and
affects its growth-suppressing activity by interfering with Rb-
mediated recruitment of histone deacetylase I onto the promot-
ers of E2F1-responsive genes (1, 6). The rat ortholog of Che-1,
AATF, directly interacts with nuclear hormone receptors and
enhances nuclear hormone receptor-mediated transactivation
in a hormone-dependent way (7, 8). In addition, the mouse
ortholog of Che-1, Traube, is essential for proliferation during
early embryogenesis (2). Despite the role of Che-1/Traube/
AATF in proliferation, this protein is also involved in the regu-
lation of apoptosis, exhibiting strong anti-apoptosis activity (4,
9). In agreement with this, Che-1 expression is down-regulated
in several tumors and in particular in �80% of colon carcino-
mas examined (10) andChe-1 overexpression induces cell cycle
arrest in human colon carcinoma cell lines through induction
of the cyclin-dependent kinase inhibitor p21Waf1 (p21) (10).

Recently, we have shown that DNA damage induced by differ-
ent genotoxic agents associates with Che-1 phosphorylation
and extended half-life (11). These post-translational modifica-
tions are induced by ataxia telangiectasia mutated (ATM)3 and
Chk2, both of which phosphorylate Che-1 on specific residues
and are functionally linked to the DNA damage-induced G2/M
checkpoint.Moreover,microarray and chromatin immunopre-
cipitation analyses show that Che-1 is involved in p53 tran-
scription and consequently of several p53 target genes, identi-
fying a new pathway by which ATM and Chk2 can modulate
p53 levels (11).
The peptidyl-prolyl isomerase Pin1 has recently been identi-

fied as an important regulator of cell proliferation and theDNA
replication checkpoint (12–16). Pin1 specifically recognizes
phospho-serine or -threonine followed by proline (pS/pT-P)
catalyzing conformational changes in its substrates (12, 17),
which have profound effects on activity, stability, and subcellu-
lar localization (18–27). Although Pin1 is overexpressed in sev-
eral human tumors (25) and its depletion induces apoptosis
(12), it has also been demonstrated that Pin1 is involved in
stabilizing both p53 and p73 proteins and in the regulation of
their apoptotic functions (28–31). DNA damage enhances the
interaction between Pin1 and p53 (28–30) and Pin1 mediates
conformational changes in p53, affecting its capacity to interact
with HDM2 (29). HDM2 (originally identified in mice as the
murine double minute 2 protein, MDM2) acts as a ubiquitin E3
ligase, transferring ubiquitin to p53, promoting its degradation
via the ubiquitin-dependent proteasomal system (31–33).
Here we report that Che-1 levels are down-regulated in

response to apoptosis induced by HDM2/MDM2-mediated
ubiquitin-dependent degradation. We demonstrate that Che-1
interacts with Pin1 following apoptotic DNA damage and that
conformational changes, driven by Pin1, are required for Che-
1/HDM2 interaction and Che-1 degradation. Furthermore, we
show that a Che-1 mutant that does not interact with Pin1 is
more stable and exhibits greater anti-apoptotic activity.
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MATERIALS AND METHODS

Cell Culture, Transfections, and Analysis—HCT116 human
colon carcinoma cell line, wild-type, and MDM2/p53 null
mouse embryo fibroblasts (kindly provided by Dr. G. Lozano,
University of Texas, Houston) were grown in Dulbecco’s mod-
ified Eagle’s medium supplemented with 10% fetal bovine
serum. Transfections were carried out by calcium phosphate
precipitation as described (1) or by Lipofectamine 2000
(Invitrogen). Transfection efficiency ranged from 30 to 50%.
Flow cytometric analyses were performed as previously
described (11). Caspase 3/7 activities were measured using the
Caspase-Glo 3/7 kit (Promega) following the manufacturer’s
instructions. Doxorubicin was purchased from Sigma, and
MG132 was purchased from Calbiochem and used at 20 �M.
Clinical grade DDP (Cisplatino Teva) was obtained from Teva
Pharma. Calf phosphatase was purchased from New England
Biolabs and used as previously described (29).
Recombinant Plasmids and Proteins—Myc-tagged Che-1

and its partial deletion mammalian expression vectors have
been previously described (1). Glutathione S-transferase (GST)
-taggedPin1 proteinwas produced as previously described (29).
The expression vector containingMDM2wild type andMDM2
�Ring cDNA were kind gifts from Dr. Levine and Dr. Oren,
respectively. The other MDM2 deletion mutants were pro-
duced in Dr.Moretti’s laboratory. Pull-down experiments were
performed as previously described (1). Mutagenesis of Myc-
Che-1 was performed using the QuikChange mutagenesis sys-
tem (Stratagene) following the manufacturer’s instructions.
Antibodies—The following rabbit polyclonal antibodies were

used: anti-Che-1 (1), anti-Pin1 (29), anti-p53 (sc-6243; Santa
Cruz Biotechnology), anti-cleaved caspase-3 (Cell Signaling).
Mouse monoclonal antibodies anti-Myc 9e10 (Invitrogen),
-FLAG M2 (Sigma), -�-tubulin and –HA probe (sc-8035 and
sc-7392; Santa Cruz Biotechnology), -HDM2/MDM2 (a gift
from Dr. Moretti, Consiglio Nazionale delle Ricerche, Rome),
and -Parp (BD Biosciences) were used.
Immunoprecipitations and Western Blot Analysis—For

immunoprecipitation experiments cells were lysed by incuba-
tion at 4 °C for 30 min in lysis buffer (50 mM Tris-HCl, pH 8.0,
150 mM NaCl, 10% glycerol, 1% Nonidet P-40, 0.5 mM EDTA,
0.5mMEGTA, 100mMNaF, 3mMNa3VO4, 10 nM okadaic acid,
1 mM phenylmethylsulfonyl fluoride, 10 mg/ml leupeptin).
After high speed centrifugation, the lysates were precleared
with 20 �l of protein A/protein G beads (Santa Cruz Biotech-
nology) and immunoprecipitated by standard procedures.
Western blots were performed by standard procedures, and
immunoreactivity was detected by ECL chemoluminescence
reaction (Amersham Biosciences).
RT-PCR Analysis—For semi-quantitative reverse transcrip-

tion PCR (RT-PCR) analysis total RNA isolated using TRIzol
reagent (Invitrogen)was subjected to RT-PCRusing a Platinum
quantitative RT-PCR kit (Invitrogen) according to the manu-
facturer’s instructions. PCR products were separated by 2%
agarose gel electrophoresis. PCR conditions were as follow: one
cycle at 95 °C for 5min, followed by 25 cycles at 95 °C for 1min,
60 °C for 1 min, and 72 °C for 2 min. The primers employed in
RT-PCR analysis were as follow: Che-1 Forward primer CCG-

GAATTCGTTTCGCAGTGCTCTGAAA; Che-1 Reverse
primer CCGCTCGAGATGCCATTTCTGTAGTGT.
siRNA—The 22-nucleotide siRNA duplexes corresponding

to nucleotides 191–212 of human Che-1 sequence and nucleo-
tides 122–143 of the negative control green fluorescent protein
sequence were synthesized by Xeragon. RNA interference was
performed as previously described (6). siRNA-mediated inter-
ference experiments of Pin1 expression were performed by
transfecting SMART pool-specific or nonspecific control pool
double-stranded RNA oligonucleotides (Dharmacon) using
Lipofectamine 2000.

RESULTS

Che-1 Is Degraded during Apoptosis—We had previously
shown that, in response to genotoxic stresses, the checkpoint
kinases ATM/ATR and Chk2 physically and functionally inter-
act with Che-1 and promote its phosphorylation and stabiliza-
tion (11). Furthermore, we have found that Che-1-mediated
transcriptional regulation is required for DNA damage-in-
duced, p53- and p21-mediated maintenance of the G2/M
checkpoint (11). Moreover, AATF, the rat ortholog of Che-1,
exhibits anti-apoptotic activity by interfering with Dlk kinase
(4). On the basis of these results, we investigated the effect of
apoptosis on the Che-1 protein levels. To this end, HCT116
human colon carcinoma cells were treated with a lethal dose (1
�M) of the anti-tumor drug doxorubicin (Dox) for different
times. As is shown in Fig. 1A, Che-1 protein levels accumulated
following 2 h of Dox treatment, preceding p53 stabilization,
whereas protein levels decreased concomitantly with the apo-
ptotic process (Figs. 1, A and B). Similar results were observed
when HCT116 cells were treated with cis-diammine-dichloro-
platinum (cisplatin) (Fig. 1C).
To identify the mechanism(s) of Che-1 down-regulation,

Che-1 mRNA levels in response to DNA damage were assessed
by RT-PCR. Che-1 expression was not altered either by growth
arrest or apoptotic Dox treatments (Fig. 1D), confirming previ-
ous results showing post-translational regulation of Che-1 in
response to genotoxic stress (11). Consistent with this, Che-1
promoter activity, assessed by a luciferase-reporter gene did not
show appreciable differences upon drug treatment (data not
shown). Thus, repression of Che-1 must occur, at least in part,
through its degradation. Ubiquitin-dependent proteasomal
degradation represents a major pathway for regulated protein
levels in eukaryotic cells; we therefore treated HCT116 cells
transfected with an HA-tagged ubiquitin plasmid for different
times with Dox. Che-1 immunoprecipitation from treated cells
exhibited incremental ubiquitination during the induction of apo-
ptosis (Fig. 1E). Taken together, these data confirm that Che-1
levels are reduced by proteasome-mediated degradation and that
following apoptotic induction this process is enhanced.
HDM2/MDM2 Binds Che-1 in Response to DNA Damage—

Protein ubiquitination results from a multienzymatic pathway
responsible for the transfer of ubiquitin onto a specific target
protein mediated by an E3 ubiquitin ligase. Polyubiquitinated
proteins are subsequently recognized and hydrolyzed by the 26
S proteasome (34). An E3 ligase implicated in the regulation of
the response to DNA damage is HMD2/MDM2, which pro-
motes p53 ubiquitination and degradation (31, 32). We there-
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fore speculated that HDM2may also interact with and regulate
Che-1 degradation. Indeed, strong interaction between Che-1
andHDM2was detected following DNA damage-induced apo-

ptosis (Fig. 2A), indicating that both
proteins belong to the same com-
plex and that apoptosis induces the
Che-1 presence in this complex. To
characterize the regions involved
in this interaction, we performed
co-immunoprecipitations from
HCT116 cells transfected with par-
tial deletions of Che-1 or MDM2
and treatedwithDox.As is shown in
Fig. 2B, the Che-1 region spanning
amino acids 270–370 is necessary to
bind HDM2, whereas the first 50
amino acids of HDM2 are required
for HDM2/Che-1 interaction (Fig.
2C). Notably, this region is also
involved in p53/HDM2 interaction
(35). Next, we tested HDM2/Che-1
interaction during Dox treatment.
As shown in Fig. 2D, Che-1 strongly
bound HDM2 after 12 h of Dox
treatment and this interaction was
still barely detectable after 24 h of
treatment.
HDM2/MDM2 Is a Negative Reg-

ulator of Che-1 Protein Levels—We
evaluated whether HMD2/MDM2
is involved in the degradation of
Che-1. For this purpose, mouse
embryo fibroblasts (MEFs) double
knock-out (Mdm2�/� and p53�/�)
mice were transfected with MDM2
wild type or with a mutant �Ring
lacking the enzymatic activity and
HA-tagged ubiquitin plasmid (Fig.
3A). Che-1 immunoprecipitation
exhibited a strong increase of ubiq-
uitination in cells transfected with
MDM2 but not in cells transfected
with the �Ring mutant (Fig. 3A),
thus indicating that Che-1 is a
direct target of E3 ligase activity of
MDM2. Similar resultswere obtained
when MEF cells from wild-type
(Mdm2�/�) and double knock-out
(Mdm2�/� and p53�/�) mice were
treated with Dox for different times.
As is shown in Fig. 3B, in wild-type
MEFs Che-1 levels were low and
almost undetectable following 12 h
of drug treatment. In contrast,
MEFs lacking MDM2 expression
exhibited higher levels of Che-1
protein, which was less degraded
during apoptosis (Fig. 3B). Intro-

duction ofMDM2 intoMdm2�/� and p53�/�MEF cellsmark-
edly reduced Che-1 levels in untreated cells and restored Che-1
degradation during DNA damage (Fig. 3C). Consistent with

FIGURE 1. Che-1 is degraded during apoptosis. A, Western blot analysis of HCT116 cells exposed to 1 �M

Doxorubicin (Dox) for the indicated times and subjected to immunoblot analysis with the indicated antibodies.
B, HCT116 treated as in panel A were collected and DNA content determined by fluorescence-activated cell sorting
analysis after staining with propidium iodide. At least 20,000 cells were examined in each experiment. Sub-G1 refers
to apoptotic nuclei. C, HCT116 cells were treated with 5 �g/ml cis-diammine-dichloroplatinum (cisplatin) for the
indicated times and subjected to Western blot analysis as in panel A. D, RT-PCR analysis of Che-1 expression. RNA
from HCT116 cells exposed to 1 �M Dox for the indicated times was isolated. Equal amounts of RNA (Total RNA) were
analyzed by RT-PCR (25 cycles) for Che-1 expression. E, Western blot analysis of HCT116 cells transfected with
HA-ubiquitin and treated with 1 �M Dox for the indicated times. Cell extracts were immunoprecipitated with anti-
Che-1 polyclonal antibody and analyzed by Western blot using the indicated antibodies.

FIGURE 2. Che-1 interacts with HDM2/MDM2. A, Western blot analysis of HCT116 cells treated for the indicated
times with 1 �M Dox. Cell extracts were immunoprecipitated with anti-Che-1 polyclonal antibody and analyzed by
using the indicated antibodies. B and C, HCT116 cells were transfected with the indicated expression vectors and treated
for12hwith1�MDox.Cellextractswereimmunoprecipitatedwithanti-Myc(B)oranti-HDM2(C)antibodiesandanalyzed
by using the indicated antibodies. D, HCT116 were exposed to 1�M Dox for the indicated times. Cell extracts were immu-
noprecipitated with anti-Che-1 polyclonal antibody and analyzed by using the indicated antibodies.
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these findings, transfection of MDM2 into Mdm2�/� and
p53�/� cells increased Che-1 polyubiquitination (Fig. 3D).
Together, these data indicate that HDM2/HMDM2 directly
ubiquitinates Che-1 and in such way regulates Che-1 stability
during apoptosis.
Pin1 Interacts with Che-1 and Affects Its Stability—The find-

ing that the interaction between Che-1 and HDM2 is strongly
increased by apoptotic induction prompted us to investigate
the possible mechanism/s by which this interaction is regu-
lated. Previous evidence has indicated that Pin1-mediated con-
formational changes in phosphorylated p53 influence its capac-
ity to interact withMDM2 (29). Because we have demonstrated
that in response to DNA damage Che-1 is phosphorylated at
least in part by ATM/ATR andChk2 (11), we hypothesized that
Pin1 may also interact with Che-1. To test this, we used GST-
Pin1 in pull-down assays. Pin1 bound to Che-1 only following
Dox treatment (Fig. 4A). Consistent with this result, co-immu-
noprecipitation using anti-Che-1 antibody and extracts from
untreated and Dox-treated cells confirmed Che-1/Pin1 inter-
action in DNA-damaged cells (Fig. 4B). Moreover, this interac-
tion requires Che-1 phosphorylation, as demonstrated by the
lack of bindingwhenChe-1was dephosphorylated by phospha-
tase treatment (Fig. 4B). We also evaluated whether Pin1 could
affect Che-1/HDM2 interaction by coimmunoprecipitation
with anti-HDM2 antibody in HCT116 cells, in which Pin1
expression was depleted by siRNA, treated with Dox. As shown
in Fig. 4C, siRNA inhibition of Pin1 strongly reduced the
amount of Che-1 bound to HDM2, indicating that Pin1-medi-
ated Che-1 conformational changes are required for its inter-

action with HDM2. Consistent with
this, Pin1 depletion inHCT116 cells
produced an increase in Che-1 sta-
bility (Fig. 4D) and a decrease of its
ubiquitination (Fig. 4E). These data
demonstrate that in response to
apoptotic stimuli, Pin1 binds Che-1
and affects its stability by increasing
its capacity to interact with HDM2.
Pin1 binds phosphoproteins by

recognizing pSer/Thr-Pro motifs
via its amino-terminalWWdomain
(23, 37). One such putative consen-
sus site is present in Che-1 at resi-
due Thr-144 (Fig. 5A). To evaluate
its potential involvement in Pin1/
Che-1 interaction, a Myc-tagged
Che-1 mutant with Thr-144 substi-
tuted with alanine (AP) was assayed
in GST-Pin1 pull-down assays. As
shown in Fig. 5B, the AP mutant
failed to bind GST-Pin1, demon-
strating that Thr-144 is required for
this interaction. Next, we assessed
whether the AP mutant was able to
interact with MDM2. Co-immuno-
precipitation experiments per-
formed with HCT116 cells trans-
fected with wild-type Myc-Che-1

FIGURE 3. HDM2/MDM2 is a negative regulator of Che-1 protein levels.
A, MDM2�/� MEF cells were transfected with HA-ubiquitin and MDM2, MDM2
�Ring, or empty vector. Cell extracts were immunoprecipitated with anti-
Che-1 polyclonal antibody and analyzed by Western blot using the indicated
antibodies. B, Western blot analysis of mouse embryo fibroblasts (MEF) wild
type or MDM2�/� treated with 1 �M Dox for the indicated times and probed
with the indicated antibodies. C, Western blot analysis of MDM2�/� mouse
embryo fibroblasts (MEF) transfected with the indicated vectors and treated
with 1 �M Dox for the indicated times. D, MDM2�/� MEF cells were trans-
fected with HA-ubiquitin and MDM2 or empty vector and treated with 1 �M

Dox for the indicated times. Cell extracts were immunoprecipitated with anti-
Che-1 polyclonal antibody and analyzed by Western blot using the indicated
antibodies.

FIGURE 4. Pin1 interacts with Che-1 and affects its stability. A, in vitro binding analysis of GST-Pin1
fusion protein with cell extracts from HCT116 cells treated with or without 1 �M Dox. The membrane was
analyzed by Western blot using anti-Che-1 antibody. B, Western blot analysis of HCT116 cells incubated
with or without 1 �M Dox. Cell lysates were incubated for 30 min with or without Calf intestinal alkaline
phosphatase (Ciap), immunoprecipitated with anti-Che-1 antibody, and immunoblotted with the indi-
cated antibodies. C, HCT116 cells were transiently transfected with siRNA smartPool control (siControl) or
siRNA Pin1 (siPin1) and 72 h later treated where indicated with 1 �M Dox. Cell extracts were immunopre-
cipitated with anti-HDM2 antibody and immunoblotted with the indicated antibodies. D, Western blot
analysis of HCT116 cells transiently transfected with siRNA smartPool control (siControl) or siRNA Pin1
(siPin1) and 72 h later treated with 1 �M Dox for the indicated times. Cell extracts were immunoblotted
with the indicated antibodies. E, Western blot analysis using the indicated antibodies of HCT116 cells
transfected with HA-ubiquitin, siRNA smartPool control (siControl), or siRNA Pin1 (siPin1) and 72 h later
treated with 1 �M Dox for 12 h. Cell extracts were immunoprecipitated with anti-Che-1 polyclonal
antibody.
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and AP mutant and treated with Dox indicated that Myc-
Che-1, but not AP, strongly interacted with MDM2 (Fig. 5C).
Consistent with this, the stability of the AP mutant was not
affected by Dox treatment (Fig. 5D), supporting the possibility
that Pin1 regulates Che-1/MDM2 interaction and Che-1
stabilization.
Apoptosis Requires Che-1 Degradation—Given that apopto-

sis induces Che-1 degradation through its modification, we
examined the effects of wild-type Che-1 or AP mutant overex-
pression on apoptosis induced by Dox. Overexpression of wild-
type Che-1 significantly reduced the number of apoptotic cells
following Dox treatment, with the AP mutant exhibiting a
greater effect (Fig. 6A). Similar results were obtained upon
measuring the effect of Che-1 upon caspase 3/7 activities (Fig.
6B), thus implying that phosphorylation and ubiquitination of
Che-1 are essential for induction of apoptosis. Consistent with
these findings, a time course treatment with DPP confirmed
that Che-1 exerts a strong anti-apoptotic activity (Fig. 6C).

DISCUSSION

Proteins that regulate the cell cycle are themselves regulated
by transcriptional and posttranslationalmechanisms, including
phosphorylation, acetylation, and ubiquitination, which can
also alter their functions. We have previously shown that in

response to genotoxic stresses the transcriptional regulator
Che-1 is phosphorylated and stabilized by ATM and Chk2
kinases (11). In particular, we found that the half-life of Che-1 is
tightly regulated by the proteasome and that specific phospho-
rylations protect the protein from degradation. Moreover, we
have shown thatChe-1 is required formaintenance of theG2/M
checkpoint and that its down-regulation by siRNA sensitizes
cancer cells to chemotherapy (11).
In this study, we demonstrate that in response to apoptotic

stimuli HDM2/MDM2 protein negatively regulates Che-1 by
promoting its ubiquitin- mediated degradation. We show that
Che-1 is a direct target of HDM2/MDM2 and that this interac-
tion is increased following induction of apoptosis. We also
report that HDM2/MDM2-Che-1 interaction is regulated by
Pin1, whichmodifies Che-1 structure, increasing its capacity to
interact with HDM2/MDM2. Indeed, Pin1 bound Che-1 only
upon Dox-mediated apoptosis, and siRNA-mediated Pin1
depletion strongly decreased HDM2/MDM2-Che-1 interac-
tion, resulting in Che-1 stabilization. Pin1 regulates several cel-
lular processes (12–16) by binding and isomerizing prolyl
bonds within phospho-Ser/Thr-Pro motifs. The effect of Pin1
on Che-1 was phosphorylation-dependent, with a lack of inter-
action observed upon Che-1 dephosphorylation. Mutation of

FIGURE 5. Che-1 Thr-144 is a Pin1 target. A, amino acid sequence of Che-1. The putative binding site of Pin1 is circled and in red. B, in vitro binding analysis of
GST-Pin1 fusion protein with lysates from HCT116 cells transfected with Myc-Che-1 or with Che-1 AP mutant and treated with or without 1 �M Dox. Western
blot analysis was performed using anti-Myc monoclonal antibody. C, HCT116 cells were transfected and treated as in panel B. Cell extracts were immunopre-
cipitated with anti-HDM2 (left) or anti-Myc (right) antibodies and immunoblotted with the indicated antibodies. D, Western blot analysis of HCT116 cells
transfected as in panel B and treated with 1 �M Dox for the indicated times. Cell extracts were immunoblotted with the indicated antibodies.
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the single Ser/Thr-Pro motif (Thr-
144) in human Che-1 reduced
Che-1 capacity to bind both Pin1
and HDM2 (Fig. 5, B and C). In
agreement with this, the AP mutant
half-life was not affected by Dox-
mediated apoptosis, confirming
that Pin1 regulates the degradation
of Che-1. In addition, the observa-
tion that Che-1 is degraded during
the induction of apoptosis even in
the absence of MDM2 (Fig. 3B)
leads us to hypothesize that Che-1 is
a substrate of other E3 ligase
enzymes.
In agreement with previous find-

ings (4, 11), we confirm thatChe-1 is
an anti-apoptotic factor and that its
degradation is required for execut-
ing the apoptotic program. Indeed,
overexpression of Che-1 APmutant
counteracted apoptosis more effi-
ciently than wild-type protein.
Therefore, it possible to speculate
that Pin1 is required for the apopto-
tic response to DNA damage, not
only stabilizing p53 and p73 (28–
31) but also increasing Che-1
degradation.

FIGURE 6. Apoptosis requires Che-1 degradation. A and B, HCT116 cells were transfected with Myc-Che-1 or with Che-1 AP mutant and treated with
1 �M Dox. 48 h later, cell death (A) or caspases 3/7 (B) activities were assayed. C, HCT116 cells were transfected with Myc-Che-1 or with Che-1 AP mutant
and treated with 5 �g/ml cis-diammine-dichloroplatinum (cisplatin). 48, 72, and 96 h later, cell death was assayed. Data are presented as the mean � S.D.
from three independent experiments performed in duplicate.

FIGURE 7. Model to explain Che-1 activation in response to DNA damage. Non-apoptotic genotoxic
stresses induce Che-1 stabilization through its phosphorylation by ATM and Chk2. Stabilization of Che-1
produces an increase of p53 and p21 expression and contributes to arrest cell growth in response to DNA
damage. Apoptotic DNA damage induces Che-1 Thr-144 phosphorylation and Che-1/Pin1 interaction.
Pin1 catalyzes Che-1 conformational changes, increasing Che-1/HDM2 interaction and in such way Che-1
degradation.
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Recently, association between Che-1 and TSG101 has been
reported (8). TSG101 is a tumor suppressor that stabilizes pro-
teins, including MDM2 and p21, by inhibiting their polyubiq-
uitination (36, 38). Indeed, TSG101 contains an inactive Ubc
domain and may act as a dominant-negative inhibitor of ubiq-
uitination (37). Che-1/TSG101 interaction could protect Che-1
from polyubiquitination and subsequent degradation. Con-
versely, Che-1 modifications induced by Pin1 in response to
apoptotic stimuli could inhibit Che-1/TSG101 interaction, per-
mitting Che-1/HDM2 binding and Che-1 degradation.
Computational analysis has identified the Thr-144 residue

within Che1 as a potential target for kinases, including p38
mitogen-activated protein kinase or cdk5. Furthermore, pre-
liminary evidence indicates that Che-1 is a substrate of the pro-
apoptotic kinase Hipk2 (data not shown). The identification of
the kinase/s responsible for Thr-144 phosphorylation in Che-1
should provide new insight into the intracellular signaling path-
way involved in the regulation of Che-1.
In conclusion, our data allow us to hypothesize a model in

which different stresses activateChe-1 to increase its stability in
case of growth arrest or to promote its degradation driving apo-
ptosis (Fig. 7).
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