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p63 is a p53-related transcription factor. Utilization of two differ-
ent promoters and alternative splicing at the C terminus lead to
generation of six isoforms. The � isoforms of TAp63 and �Np63
contain a transactivation-inhibitory (TI) domain at the C termini,
which can bind to the transactivation (TA) domain and inhibit its
transcriptional activity. Consequently, TAp63� can directly inhibit
its activity through an intramolecular interaction; similarly,
�Np63� can inhibit the activity of the active TAp63 isoforms
through an intermolecular interaction. In this work, we demon-
strate that after induction of apoptosis, the TI domain of the p63�
isoforms is cleaved by activated caspases. Cleavage of �Np63�
relieves its inhibitory effect on the transcriptionally active p63
proteins, and the cleavage of TAp63� results in production of a
TAp63 protein with enhanced transcriptional activity. In agree-
ment with these data, generation of the N-terminal TAp63 frag-
ment has a role in apoptosis because stable cell lines expressing
wild-type TAp63 are more sensitive to apoptosis compared with
cells expressing the noncleavable mutant. We also used a model
system in which TAp63 expression was induced by trichostatin-A
treatment in HCT116 cells. Trichostatin-A sensitized these cells to
apoptosis, and this sensitization was associated with cleavage of
up-regulated p63.

cancer � p53 � transcription � histone deacetylase inhibitor � trichostatin A

TP63 belongs to the p53 family of transcription factors and
shares high homology with the other family members (1).

The p63 gene encodes six isoforms with different N and/or C
termini [supporting information (SI) Fig. 6]. The transactivation
(TA) domain containing isoforms are encoded from an up-
stream promoter and, because of the presence of an N-terminal
transactivation domain, activate a set of target genes, including
bax, mdm2, and p21, and can consequently induce cell cycle
arrest and apoptosis (1–3). The �N isoforms are expressed from
an intronic promoter and therefore lack the TA domain. How-
ever, the presence of a second TA domain between residues 410
and 512 (TA2) confers transcriptional activity on at least some
�Np63 isoforms (4–7).

Alternative splicing of both TAp63 and �Np63 generates
proteins with different C termini (TAp63�, �, and � isoforms
and �Np63�, �, and � isoforms). The C terminus of the �
isoforms contains a transactivation-inhibitory (TI) domain that
can interact with the TA domain and mask the residues that are
important for transactivation, thereby suppressing TAp63-
mediated transactivation (1, 8).

Unlike p53, expression of p63 is highly tissue-specific. Al-
though �Np63� is expressed predominantly in the regenerative
compartment of epithelial tissues, TAp63 is the predominant
isoform expressed in the nervous system and in oocytes (1,
9–13). p63 mutations are very rare in cancer, and the role of
specific isoforms of p63 in cancer is not clear. It has recently been
shown that in squamous cell carcinoma, TAp63 and �Np63
isoforms are both up-regulated at the mRNA level although only
�Np63 protein could be detected (R. Cui, J. He, R. Mei, C. C.

de Fromentel, G. Martel-Planche, P. Taniere, and P. Hainaut,
unpublished data). TAp63 has been shown to be up-regulated in
malignant lymphomas, and treatment of hepatocellular carci-
noma cells with chemotherapeutic drugs results in a dramatic
increase of TAp63� levels (2, 15).

TAp63 isoforms can transactivate many p53 target genes
because they can bind DNA through p53-responsive elements.
We have recently shown that TAp63� can activate major apo-
ptosis pathways by triggering death receptor signaling and
mitochondria and thus sensitizes hepatocellular carcinoma cell
lines toward chemotherapy (2). TAp63� can directly induce the
expression of death receptors such as CD95, TNF-R, and
TRAIL-R, as well as proapoptotic Bcl-2 family members such as
Bax. Furthermore, inhibition of TAp63 function results in che-
moresistance.

Although both the TA and �Np63 isoforms can act as
transcription factors when homodimerized, the �N isoforms can
heterooligomerize with other p53 family members as well as with
the TAp63 isoforms and can modify their activity in vitro (8,
16–18). �Np63� inhibits the function of p53 and TAp63 effi-
ciently, whereas �Np63� is incapable of inhibiting TAp63� but
can still inhibit p53 in vitro (8).

Here we demonstrate that p63 is cleaved after an apoptotic
stimulus by activated caspases. Cleavage of � isoforms resulted
in the loss of the C-terminal TI domain. Although the transcrip-
tional activity of �Np63� was unchanged after caspase cleavage,
this modification relieved the inhibitory effect of �Np63� on the
transcriptionally active TAp63 isoforms. In contrast, cleavage of
TAp63� resulted in a marked increase in its transcriptional
activity. Cleavage of the TI domain was biologically relevant
because cell lines stably expressing the noncleavable mutant of
TAp63� were more resistant to apoptosis. We also demonstrated
that TAp63� expression was up-regulated by treatment of
HCT116 cells with the histone deacetylase (HDAC) inhibitor
trichostatin-A (TSA). After pretreatment with TSA, these cells
became sensitized to apoptosis, which coincided with induction
and cleavage of TAp63�.
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Results
p63 Is a Target of Caspases. We have recently detected a change in
the molecular weight of p63 protein after induction of apoptosis
(Fig. 1A). To understand whether this change was a result of
caspase cleavage, we in vitro translated TAp63� and incubated
these proteins with recombinant active caspases (Fig. 1B). All of
the caspases tested (caspase-3, -6, -7, and -8) cleaved p63 with
different efficiencies in vitro, yielding two cleavage products.
�Np63� was also cleaved when incubated with caspase-3 in vitro
(Fig. 1C). By using two different p63 antibodies directed against
either the N terminus (4A4) or the C terminus (H129) of p63,
we identified the smaller molecular weight cleavage product as
a C-terminal p63 fragment (Fig. 1D, lanes 1 and 2, and 5 and 6).
Mutation of candidate aspartate residues by site-directed mu-
tagenesis in the C-terminal region based on putative caspase
cleavage sites revealed that p63 is cleaved at a single site, at aa
458 (Fig. 1D).

Cleavage of p63 by caspase-3 was efficient because 5 nM active
caspase-3 was sufficient to cleave in vitro translated p63 (SI Fig.
6B), and 100 nM recombinant active caspase cleaved p63 within
the first 5 min of incubation (SI Fig. 6C). Kinetics of caspase-8
cleavage was similar to cleavage by caspase-3 (data not shown).

To evaluate the biochemical and biological characteristics of
the p63 cleavage fragments, we cloned them into pcDNA3.1 as
the N-terminal fragment of TAp63 (TA-F), the N-terminal
fragment of �Np63 (�N-F), and the C-terminal fragment of the
� isoforms (C-F) (Fig. 1E).

N-Terminal p63 Cleavage Fragments Remain in the Nucleus. When
expressed in H1299 cells, both TA-F and �N-F localized to the
nucleus, whereas the C-terminal fragment was detected outside
the nucleus (Fig. 2A). The � isoforms of p63 contain a C-
terminal TI domain that controls the activity of p63 by inter-
acting with the TA domain. It has been suggested that this

intramolecular interaction inhibits the transcriptional activity of
TAp63�, therefore explaining why TAp63�, which lacks the TI
domain, is transcriptionally more active than the � isoform (8).
Retention of both TA-F and �N-F in the nucleus after cleavage
and the lack of the TI domain in both fragments raised the
question as to whether these N-terminal fragments were tran-
scriptionally active and if so, whether the loss of the TI domain
resulted in enhanced transcriptional activity.

To answer this question, we transfected H1299 cells with these
fragments and compared their transcriptional activity with
TAp63, �Np63, and p53 on different promoters. After transfec-
tion, TAp63, �Np63, and the cleavage fragments were expressed
at comparable levels (SI Fig. 7A). With all of the p53-responsive
promoters tested (bax, PG13, mdm2, and cyclin G) TA-F showed
a marked increase in transcriptional activity compared with
uncleaved TAp63� (SI Fig. 7B, compare second and fourth
lanes) as also verified at the protein level for mdm2 and cyclin G
(SI Fig. 7B). Cleavage of �Np63 had no effect on its transcrip-
tional activity on these promoters (Fig. 2B, compare third and
fifth bars). We also tested the activities of these fragments on
p63-responsive promoters of genes important in epithelial dif-
ferentiation with similar results (SI Fig. 7C) (19, 20). These
results demonstrated that caspases could regulate p63 activity by
transforming the transcriptionally less active full-length � iso-
form into a more active truncated form. However, because TA-F
transcriptional activity was more markedly enhanced over that of
TAp63� on apoptosis-related promoters and overexpression of
TA-F in H1299 cells resulted in 25% apoptosis after 3 days,
whereas TAp63� caused only 14% apoptosis (SI Fig. 7D), we
focused on the effects of p63 cleavage fragments on apoptosis in
subsequent experiments.

Endogenous p63 Is Targeted by Caspases. We next asked whether
endogenous p63 is also modified by caspases after apoptotic

Fig. 1. p63 is a caspase target. (A) HaCaT cells were treated with different UV-B doses, and cells were collected 24 h after treatment. Apoptosis was assessed
by caspase-3 activation and PARP cleavage. H129 antibody was used to detect p63. (B) TAp63� protein, produced by in vitro translation in the presence of [35S]
methionine, was incubated with 200 nM recombinant active caspase-3, -6, -7, or -8 for 2 h. All caspases cleaved p63 efficiently, yielding two cleavage products,
indicated by the arrows. The star indicates the p63 isoform generated by an in-frame upstream methionine (see SI Fig. 6D). (C) TAp63� and �Np63� were
generated by in vitro translation and cleaved by 200 nM active caspase-3. Both isoforms were cleaved by caspase-3. (D) The candidate caspase-3 cleavage site,
Asp-458, was mutated by site-directed mutagenesis, and in vitro translated WT and mutant (mt) p63 proteins were incubated with 200 nM caspase-3 for 2 h.
The cleavage products were detected by using two different antibodies. The 4A4 antibody (� N-ter) detected the high molecular weight p63 fragment (Left),
whereas the H129 antibody (� C-ter) antibody detected the small molecular weight fragment (Right), which suggests that p63 has a single caspase-3 site. (E)
Schematic representation of the p63 cleavage products. TA-F is the N-terminal fragment of TAp63, �N-F is the N-terminal fragment of �Np63, and C-F is the
C-terminal fragment of p63�.
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stimuli. Treatment of immortalized human keratinocyte HaCaT
cells with UV-B, staurosporine, or cisplatin resulted in cleavage
of p63 in direct proportion to the apoptosis observed (Fig. 3A).
As before, we detected the cleavage products by using two
different p63 antibodies against the N terminus and the C
terminus of p63. Apoptosis was assessed by phosphatidylserine
externalization, processing of caspase-3, and poly(ADP-ribose)
polymerase (PARP) cleavage. Generation of these cleavage
products was caspase-dependent because it was inhibited by
Z-Val-Ala-Asp-fluoromethyl ketone (z-VAD-fmk) (Fig. 3A,
lanes 3, 5, and 7).

p53 and the other family member p73 are also known to be
targeted and cleaved by calpains (21, 22). To exclude the
possibility that cleavage of p63, after apoptotic stimuli, was
through calpain activation, we treated HaCaT cells with UV-B
in the presence or absence of either calpeptin or z-VAD-fmk.
Although no cleavage product was observed in z-VAD-fmk-
treated cells, calpeptin failed to protect cells against UV-induced
p63 cleavage (Fig. 3B). This result demonstrated that generation
of these p63-derived peptides was the result of caspase- and not
calpain-mediated proteolysis.

To demonstrate further the cleavage of endogenous p63 after
treatment with chemotherapeutic drugs, we exposed the bladder
cancer cell line HT1376 to cisplatin, etoposide, and Taxol (Fig.
3C). As in HaCaT cells, all three drugs caused cleavage of p63
along with caspase-3 activation and PARP cleavage.

Our data based on overexpression of p63 cleavage fragments
implied that the N-terminal p63 fragments were retained in the

nucleus whereas the C-F was predominantly localized to the
cytosol. To verify the localization of p63 fragments after cleavage
of endogenous p63, we induced apoptosis in HT1376 cells by
etoposide and prepared nuclear lysates from untreated and
treated cells. Although we were readily able to detect the
N-terminal cleavage product in the nuclear lysate, the C-
terminal fragment was barely detectable in the nucleus (SI Fig.
8). This finding suggested that after cleavage of endogenous p63,
the C-terminal fragment was released from the N terminus of the
protein and excluded from the nucleus.

�Np63 Cleavage Reduces Its Inhibitory Effects on Transcriptionally
Active TAp63 Isoforms. Our results demonstrated that cleavage of
�Np63 had no effect on the transcriptional activity of the protein
(Fig. 2B). However, �Np63 isoforms can oligomerize with
TAp63, and the interaction between the TA domain of TAp63
with the TI domain of �Np63� results in inhibition of transcrip-
tional activity of the TA isoforms in vitro (1, 8). Therefore, we
wanted to evaluate the effect of �Np63 cleavage on its ability to
inhibit transcriptionally active TAp63 isoforms and also on TA-F
because the activated caspases would also cleave TAp63�. We
cotransfected TAp63�, TAp63� isoforms, or TA-F, together
with �Np63� or �N-F and tested their transcriptional activities
on mdm2, bax, and PG13 promoters (Fig. 4). Cleavage of the
�Np63� TI domain reduced the inhibitory effect of �Np63 on
TAp63-mediated transactivation. However, this reduction in
inhibitory activity was more evident when �N-F was coexpressed
with TAp63� or TA-F. Thus, expression of TAp63� with
�Np63� resulted in a 25–60% loss in the transcriptional activity
of TAp63�, whereas when coexpressed with �N-F this loss was
reduced to 0–12% (Fig. 4B). The results were very similar when
TA-F was coexpressed with �Np63� (40–60% loss) or �N-F
(5–20% loss) (Fig. 4C). These results were also confirmed at
protein level for mdm2, p21, and cyclin G expression (SI Fig. 9).

TAp63 Cleavage Confers Sensitivity to Apoptosis. To evaluate the
biological significance of p63 cleavage after apoptotic stimuli, we
generated cell lines stably expressing TAp63� or the noncleav-
able mutant of TAp63� (TAp63�-D458�) (SI Fig. 10A). We
then exposed these cells to different doses of UV-B to induce
apoptosis. As expected, although we were able to detect the
cleavage fragment in the stable cell lines expressing wild-type
(WT) p63, no cleavage product was detected in the stable cell
lines containing the noncleavable mutant (Fig. 5A). Before
analysis of the effect of TAp63 cleavage on apoptosis in these
stable cell lines, we tested the transcriptional activities of the WT
and TAp63�-D458� mutant on bax, mdm2, and p21 promoters
by luciferase assay. Both of the p63 forms, WT and the D458A
noncleavable mutant, showed similar activities on these promot-
ers (SI Fig. 10B). To compare the transcriptional activities of
TAp63� and TAp63�-D458A under stress conditions, we trans-
fected H1299 cells with these plasmids and induced cell death by
a low concentration of staurosporine (SI Fig. 10C). Analysis of
mdm2 and p21 expression levels after 6 and 12 h of treatment
revealed that although TAp63� could rapidly induce mdm2 and
p21 levels, the noncleavable mutant failed to up-regulate ex-
pression of these genes as efficiently as the WT isoform,
providing evidence that the cleavage of TAp63� after an apo-
ptotic stimuli enhances the transcriptional activity in vivo.

To evaluate the contribution of TA-F production to apoptosis,
we treated the stable cell lines with a low concentration of
staurosporine for 24 h and analyzed p63 processing and
caspase-3 activation by Western blotting (Fig. 5B). As expected,
staurosporine treatment induced cleavage of TAp63� but not of
TAp63�-D458A. Caspase-3 activation was observed at an earlier
time point in cells expressing WT TAp63� compared with the
cells expressing mutant TAp63� or cells transfected with empty
vector, suggesting that cells containing the noncleavable mutant

Fig. 2. TAp63 cleavage product has high transcriptional activity. (A) H1299
cells were plated on coverslips and transfected with TAp63� or p63 fragments
by using Lipofectamine-2000. Twenty-four hours after transfection, cells were
fixed, permeabilized, and probed with 4A4 antibody (for TAp63�, TA-F, and
DN-F) or the H129 antibody (for C-F). Nuclei were stained with DAPI. Both TA-F
and DN-F displayed a predominantly nuclear staining, whereas C-F localized
mainly outside the nucleus. (Scale bars, 10 �m.) (B) TA-F has an enhanced
transcriptional activity compared with TAp63� on p53-responsive promoters.
H1299 cells were cotransfected with the indicated plasmids and promoters.
Luciferase assay was performed 36 h after transfection. The results represent
the mean � SE for three independent experiments.
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of TAp63 were more resistant to apoptosis. A fraction of cells
from the same experiment was also used to measure apoptosis
at different time points by sub-G1 analysis (Fig. 5C). In accor-
dance with the data obtained by Western blotting, 32–40% of
cells were detected in the sub-G1 population at the end of the
treatment in cells expressing WT TAp63�. However, cells ex-
pressing the noncleavable TAp63�-D458� mutant were resistant
to apoptosis (13–18% sub-G1).

These data suggested that TAp63� can induce apoptosis
efficiently and this induction relies predominantly on the cleav-
age of C-terminal domain of the protein by activated caspases.
Therefore, we thought it would be clinically relevant to identify
a pharmacological agent that would specifically induce TAp63 in
cancer cells. For this purpose, we treated HCT116 colon cancer
cells with various drugs, including etoposide, cisplatin, TSA,
Taxol, doxorubicin, and staurosporine for 24 h. Among these
compounds only the HDAC inhibitor TSA produced a marked
increase in p63 expression, as detected by the anti-p63 antibody
(Fig. 5D). By using TAp63- or �Np63-specific primers, we
showed that the p63 isoform induced by TSA is TAp63 (Fig. 5D).

We used TSA treatment of HCT116 cells as a model system
to understand the consequences of up-regulation of TAp63 and
to see whether cleavage of endogenous TAp63 has any influence
on apoptosis. First we identified a sublethal dose of TSA that will
induce TAp63 expression in the absence of apoptosis (SI Fig.
10E). We identified 250 nM TSA as the most efficient concen-
tration. After pretreatment of HCT116 cells with TSA, we
incubated these cells with sublethal concentrations of various
agents. After TSA treatment, the drugs tested produced efficient
TAp63 cleavage (Fig. 5E). Moreover, apoptosis was greater
when TSA was used in combination with etoposide or stauro-
sporine (Fig. 5F).

Discussion
Our results demonstrate that p63 is a caspase target, and in vitro,
low concentrations of recombinant active caspases are sufficient
to cleave p63. The cleavage occurs at aa 458, which results in loss

of the TI domain at the C terminus of the p63� isoforms. This
cleavage site is not a classical caspase cleavage consensus (SI Fig.
6E) as also described recently for the p53 caspase cleavage site
(23). Cleavage of TAp63� results in enhanced transcriptional
activity as a result of loss of the TI domain. Cleavage of �Np63�
does not affect its transactivational ability but abrogates its

Fig. 3. Endogenous p63 is cleaved after apoptotic stimuli. (A) Detection of endogenous p63 cleavage forms after apoptotic stimuli. HaCaT cells were treated
with 60 mJ/cm2 UV-B, 500 nM staurosporine, or 30 �M cisplatin for 24 h in the presence or absence of 100 �M z-VAD-fmk. Apoptosis was measured by FACS analysis
for annexin-V-positive cells. For the analysis of p63 processing, equal number of cells were sonicated in Laemmli buffer and subjected to Western blotting.
Caspase-3 activation and PARP cleavage were also analyzed in the same preparations. Arrowheads indicate the full-length p63 and the p63 cleavage products
detected by the 4A4 (N-terminal) and the H129 (C-terminal) antibodies, whose production was inhibited in z-VAD-fmk-treated cells. (B) To test the possibility
that cleavage in apoptotic cells may be the result of calpain activation, HaCaT cells were treated with UV-B, and the C-terminal cleavage fragment was detected
by H129 antibody. Calpeptin treatment did not inhibit the p63 cleavage, but cleavage was inhibited by z-VAD. (C) To demonstrate further the cleavage of
endogenous p63, HT1376 were treated with 100 �M cisplatin, 75 �M etoposide, and 1 �M Taxol. Apoptosis was evaluated by caspase-3 activation PARP cleavage
and annexin-V. All drugs produced p63 cleavage as detected by the H129 antibody, together with caspase-3 activation and PARP cleavage.

Fig. 4. Cleavage of �Np63 relieves its inhibitory effect on TAp63�- or
TAp63�-mediated transcription. TAp63� (A), TAp63� (B), or TA-F (C) was
expressed in H1299 cells alone or together with �Np63� or �N-F. Twenty-four
hours after transfection-relative activities on the indicated promoters were
measured by luciferase assay. When coexpressed with �Np63�, the transcrip-
tional activities of TAp63�, TAp63�, and TA-F were reduced by �55–70%,
25–60%, and 40–60%, respectively. When coexpressed with �N-F, both TA
isoforms retained most of their transcriptional activities (20–25% loss with
TAp63�, 0–12% loss with TAp63�, and 5–20% loss with TA-F).
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inhibitory effects on TAp63 isoforms, again after loss of the TI
domain. Treatment of cells with various DNA-damaging agents
also resulted in cleavage of endogenous p63, and cells expressing
a noncleavable mutant showed reduced apoptosis after DNA
damage. Moreover, increased p63 expression induced by TSA
(and consequently, increased expression of the N-terminal cleav-
age form) conferred enhanced chemosensitivity.

A previous study has also demonstrated caspase-mediated
cleavage of a p63 fragment, p40 (24). However, p40 fragment
does not contain the Asp-458 residue, which is shown to be the
caspase target in the present work. Moreover, p40 cleavage was
mediated by caspase-1 but not by other caspases. Therefore,
because we were interested primarily in the effects of p63
cleavage on apoptosis rather than the inflammatory response, we
have focused on the Asp-458 cleavage mediated by apoptotic
caspases.

We have recently shown that p53 is also a caspase target and
that p53 cleavage results in enhanced apoptosis. However,
some p53 cleavage products localize to mitochondria, and the
increased apoptosis is at least partly the result of mitochondrial
damage. Although the C-terminal p63 fragment exits the
nucleus and becomes predominantly cytosolic, there is no clear
evidence for its mitochondrial localization. Therefore, the
increased apoptosis seen after p63 cleavage is unlikely to be
caused by mitochondrial injury but to result from two factors.
First, cleavage of the TI domain from TAp63� relieves its
intramolecular interaction with the N-terminal TA domain
and results in increased transcriptional activity on proapopto-
tic genes. Second, removal of the TI domain from �Np63
isoforms abrogates their ability to inhibit the transcriptional
activity of TA isoforms in an intermolecular manner, again
resulting in an overall enhancement of transcription. There-

fore, the effects of caspase cleavage of p63 are nuclear and
transcriptional, whereas the effects of caspase cleavage of p53
are mitochondrial and nontranscriptional.

Chemoresistance is a major problem in cancer therapy, par-
ticularly in the 50% or so of tumors where p53 is either absent
or present only as a mutant inactive form. TAp63 is important
for DNA damage-induced oocyte apoptosis (13), and TAp63 can
activate both death receptor- and mitochondrial-mediated apo-
ptotic pathways. Inhibition of TAp63 function leads to enhanced
chemoresistance (2). p63 is an epithelial protein, and epithelial
tumors (e.g., breast, prostate, lung) form a large percentage of
total tumor incidence. Therefore, strategies to enhance the
apoptotic effects of p63 in epithelial cancers may offer thera-
peutic benefits. In our experiments, we have shown that DNA
damage-induced apoptosis is in proportion to the degree of p63
cleavage induced by the DNA-damaging agent. Moreover, in-
creasing p63 expression with an HDAC inhibitor enhances
chemosensitivity to DNA-damaging agents (which cause caspase
activation) in parallel with increased expression of p63 cleavage
products, which may be an additional mechanism whereby
HDAC inhibitors exert their clinical effects. Therefore, thera-
peutic approaches that enhance both p63 expression and its
cleavage are likely to improve the management of chemoresis-
tant tumors, especially those of epithelial origin.

Materials and Methods
Cell culture and drug treatments are discussed in SI Materials
and Methods.

Plasmids and Luciferase Assay. To generate the noncleavable p63
mutants or different p63 cleavage fragments, a plasmid contain-
ing human WT p63 with an N-terminal HA tag was used. The

Fig. 5. TAp63�-D458A expression confers resistance to apoptosis. (A) TAp63�-1 and TAp63�-D458A-1 cells were treated with two different doses of UV-B to
verify the noncleavable phenotype of the TAp63�-D458A cells. No cleavage product was observed in either of the noncleavable cell lines with 120 or 400 mJ/cm2

UV-B. (B) TAp63�-1 and TAp63�-D458A-1 cells were treated with 100 nM staurosporine for 24 h, and p63 processing, caspase-3 activation, and PARP cleavage
were assessed by Western blotting. Actin was used as an equal loading control. The p63 cleavage product in staurosporine-treated TAp63�-1 cells was produced
in parallel with caspase-3 activation and PARP cleavage. Although staurosporine also induced caspase-3 activation in TAp63-D458A cells (lanes 11 and 12), there
was no corresponding p63 cleavage. Arrows indicate the full-length p63 and the p63 cleavage products detected by H129 antibody. (C) Three different stable
clones of TAp63� and TAp63�-D458A were treated as in B to analyze apoptosis by FACS analysis. Although 33–40% of TAp63� cells were apoptotic at 24 h, only
12–18% TAp63�-D458A cells were in the sub-G1 population at this time. (D) Treatment of HCT116 cells with TSA resulted in induction of TAp63� expression.
HCT116 cells were treated with 5 �M TSA, and p63 expression was analyzed by RT-PCR after 24 h. (E) TSA-induced TAp63� is cleaved after apoptotic stimuli.
HCT116 cells were treated with 250 nM TSA for 24 h. Fresh medium was added to cells containing the indicated drugs, and cells were incubated with these drugs
for 12 h. With the drugs tested, up-regulated TAp63� was cleaved efficiently. (F) Up-regulation and cleavage of TAp63� coincide with sensitization of cells to
apoptosis. HCT116 cells were treated with 250 nM TSA, 100 �M etoposide (etop; for 12 h), or 100 nM staurosporine (sts; for 12 h) alone or treated with etoposide
or staurosporine after pretreatment of cells with 250 nM TSA. With both of the drugs, pretreatment with TSA sensitized these cells to apoptosis significantly.
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QuikChange site-directed mutagenesis kit was used to mutate
candidate aspartate residues (Stratagene, La Jolla, CA). p63
fragments were cloned in pcDNA3.1 with V5-His tag using a
TOPO cloning kit (Invitrogen, Carlsbad, CA). Luciferase assays
were performed as described previously (23).

In Vitro Transcription–Translation of p63 and in Vitro Caspase Cleav-
age Assay. WT and alanine-substituted p63 plasmids were in vitro
translated and [35S]methionine labeled by the TnT-T7-coupled
reticulocyte lysate system (Promega, Madison, WI) according to
the manufacturer’s instructions. For in vitro cleavage, proteins
were incubated with either 200 nM active caspase-3, -6, -7, or -8
or 20–400 nM recombinant caspase-3.

Antibodies and Immunoblot Analysis. Equal numbers of cells were
sonicated in 2� Laemmli buffer and boiled at 95°C for 5 min.
HA tag, actin, and anti-p63 antibodies 4A4 (sc-8431) and H129
(sc-8344), cyclin G antibody (sc-7865), anti-p21 antibody (sc-
756), and anti-mdm2 antibody (sc-13161) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). Anti-PARP anti-
body was from Alexis Biomedicals (San Diego, CA). Nuclear
lysates were prepared by using nuclei isolation kit (Sigma, St.
Louis, MO).

Immunofluorescence. H1299 cells (105) were plated on coverslips
and transfected with expression vectors containing p63, TA-F,

�N-F, or C-F. Immunofluorescence was done as described
before (23) and analyzed with a confocal laser microscope (LSM
510; Zeiss, Thornwood, NY).

Analysis of Apoptosis. For sub-G1 cell population, cells were
treated and collected at the indicated time points for analysis.
Briefly, cells collected and fixed, and treated cells were treated
with RNase and propidium iodide. Annexin-V/propidium iodide
treatment was performed as described previously (23). Apopto-
sis was measured by using a flow cytometer (FACSCalibur; BD
Bioscience, San Jose, CA).

PCR. RNA extraction and cDNA synthesis were done as described
before (14).
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