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The tumor suppressor p53 is pivotal in cell growth arrest and apoptosis upon cellular stresses including
DNA damage. Mounting evidence indicates that p63 proteins, which are homologs of p53, are also
involved in apoptosis under certain circumstances. In this study, we found that treatment with DNA dam-
age agents leads to down-regulation of ANp63a and induces apoptosis in FaDu and HaCat cells carrying
mutant p53. Further study shows that DNA damage reduces steady-state mRNA level of ANp63a, but has
little effect on its protein stability. In addition, knockdown of endogenous ANp63a directly induces apop-
tosis and sensitizes cells to DNA damage, while exogenous expression of ANp63a. partially confers cellu-
lar resistance to DNA damage. Together, these data suggest that DNA damage down-regulates ANp63a,

which may directly contribute to DNA damage-induced apoptosis.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

p53 protein has been known to be a major tumor suppressor,
which plays a central role in the cellular response to DNA damage
from both endogenous and exogenous sources by inducing
p53-dependent apoptosis, providing a protective effect against
tumorigenesis through controlling cell proliferation or cell death
under potentially oncogenic conditions [1,2]. However, p53 gene
is not stable in the genome and it is mutated in more than 50%
of human cancer types, including squamous cell carcinomas of
head and neck [3]. The majority of tumor-derived mutations make
p53 defective in regulating its target genes, which defines the clas-
sical loss of function for mutant p53. DNA damage can induce
apoptosis independent of wild type p53 in this case [4,5]. Some
of p53 mutants can also acquire new oncogenic properties, termed
gain of function. These mutant p53 proteins function to promote
invasion and metastasis of cancer cells [1,6,7].

p63 is a member of the p53 gene family [8,9]. It encodes two
groups of protein isoforms: TA-isoforms, including TAp63a,
TAp63B and TAp637; AN-isoforms, including ANp63a, ANp63p3
and ANp63y [10,11]. Evidence from human genetics and animal
models reveals that p63 gene is crucial for stratification of
squamous epithelia, differentiation of mature keratinocytes, and
epidermal morphogenesis during development [12,13]. In contrast
to the high frequency of p53 mutation, p63 gene is rarely mutated
in tumor cells. Recently, mounting evidence indicates that
TAp63 isoforms function as tumor suppressors while ANp63 as
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oncoproteins, and they play different roles during tumorigenesis
[14,15]. It has been reported that p53-dependent apoptosis can
take place in either p63-required or p63-unrequired pathways
[16,17]. It has been also reported that ANp63o can antagonize
DNA damage-induced apoptosis in a p53-independent manner in
some cell lines [18].

ANp63 proteins are overexpressed in some types of human can-
cer, particularly in squamous cell carcinoma of the head and neck
(SCCHN). ANp63a is the predominant isoform of p63 expressed in
FaDu cells (an SCCHN cell line) and in HaCat cells (immortalized
keratinocytes cell line) [19]. Mutation of the p53 gene is the most
common genetic alteration detected in SCCHN. In FaDu cells, p53
gene bears an R248L mutation and this point mutation stabilizes
mutant p53 protein. It is unclear whether this p53 mutant protein
has any effects on the function of ANp63a [20]. In another
ANp63a-expressed cell line, HaCat cells, p53 gene carries two
point mutations: H179Y and R282W. Mutant p53 in HaCat cells
has been reported to have some oncogenic functions [21]. In our
study, we found that treatment with DNA damage drugs (doxoru-
bicin and cisplatin) can lead to down-regulation of ANp63a and
induce apoptosis without affecting expression of mutant p53 in
FaDu and HacCat cells. Our further study revealed that DNA dam-
age-induced down-regulation of ANp63a is mainly at transcrip-
tional level but not due to the effect on protein stability.
Moreover, the knockdown of ANp63a directly induces apoptosis
and increases cellular sensitivity to DNA damage agents, while
exogenous expression of ANp63a confers cells resistance to DNA
damage-induced apoptosis. Taken together, our data show that
ANpP63a is a major player of DNA damage-induced apoptosis in
FaDu cells and HaCat cells carrying p53 mutations. This study
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would be helpful for exploring the therapeutic strategy to manage
tumors that depends on ANp63a for survival.

2. Materials and methods
2.1. Cell culture and drug treatment

FaDu, HaCat and 293T cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM, Hyclone) supplemented with
10% fetal bovine serum (FBS, Hyclone) and 1% penicillin G/strepto-
mycin sulfate at 37 °C in a humidified 5% CO, incubator. Doxorubi-
cin (Dox), cisplatin (CDDP) and cycloheximide (CHX) were
purchased from Sigma.

2.2. Western blot analysis

Cells were collected, washed with phosphate-buffered saline,
and resuspended in EBC 250 lysis buffer (50 mM Tris-HCl, pH
8.0, 250 mM Nac(l, 0.5% Nonidet P-40, 0.2 mM phenylmethylsul-
fonyl fluoride [PMSF], 2 pug/ml leupeptin, 2 pg/ml aprotinin,
50 mM NaF, and 0.5 mM NasVO,). Protein concentration was
determined using the Bio-Rad protein assay reagent (Bio-Rad).
An equal amount of protein (about 50 pg total protein) was loaded,
separated on a 10% SDS-PAGE, transferred to polyvinylidene
difluoride membrane (Bio-Rad), and hybridized to an appropriate
primary antibody and horseradish peroxidase-conjugated second-
ary antibody for subsequent detection by ECL(Millipore).
Monoclonal antibody DO-1 specific for p53 (Santa Cruz Biotechnol-
ogy) was used at a dilution of 1:250. Monoclonal antibody 4A4 spe-
cific for p63 (Santa Cruz Biotechnology) was used at 1:200 and goat
polyclonal C-11 for actin (Santa Cruz Biotechnology) was used at
1:500. PARP1 polyclonal antibodies (Zenable, ChengDu, China)
were used at 1:3000.

2.3. Constructs

Constructs for p63 shRNA were generated as described [22]. In
brief, stem-loop oligomers were synthesized in sense and anti-
sense directions corresponding to human ANp63a at nucleotides
808-826 (1#: 5-GTT TCG GAC AGT ACA AAG A-3'), 566-584 (2#:
5-GAC AGA GTG TGC TGG TAC C-3') and 787-795 (3#: 5-GAT
AGC ATC AGA AAG CAG A-3'); the fragments were cloned into
lentiviral vector pLKO.1 (Invitrogen).

For overexpression, the full-length human ANp63a cDNA was
cloned into lentiviral vector pHAGE (Invitrogen).

2.4. Lentiviral infection

293T cells were transfected with ANp63a overexpression or
shRNA constructs (or their vector controls) along with psPAX2/
pMD2.G lentiviral packaging plasmids in Lipofectamine 2000. At
48 h after transfection, the media were collected and filtered
through a 0.45 pM filter to remove debris. The lentiviral particles
were then concentrated by ultra-centrifugation (20,000 rpm, 2 h
at 4 °C), resuspended in fresh medium at 4 °C at least 1 h, then sup-
plemented with polybrene (10 pg/ml) and used to infect cells. 48 h
after infection, the cells were selected in growth medium supple-
mented with puromycin for 48 h.

2.5. Quantitative reverse transcription-polymerase chain reaction
(qRT-PCR)

Total RNA was extracted from treated cells according to manu-
facturer’s protocol (QIAGEN). 2 pug of total RNA was reversely tran-
scribed to cDNA using Reverse Transcription System according to

manufacturer’s instructions (Promega, USA). Quantitative-PCR
(Q-PCR) was performed in CFX96 Real-Time PCR System
(Bio-Rad) using a SoFast EvaGreen Supermix (Bio-Rad). The reac-
tions were incubated in a 96-well plate at 95 °C for 10 min, fol-
lowed by 40 cycles of 95°C for 15s, 60°C for 30s. GAPDH
expression was used as an endogenous control to normalize target
gene expression. Primer sequences are as follows: pan-p63 Fwd,
GTTATCCGCGCCATGCCTGTCTAC; pan-p63 Rev, TCCCCTCTACTC-
GAATCAAATG; GAPDH Fwd, GGGGAGCCAAAAAGGGTCATCATCT;
GAPDH Rev, GAGGGGCCATCCACAGTCTTCT.

2.6. Cell viability assay and protein stability assay

Cell viability assay (MTT) with CellTiter 96® kit (Promega, USA)
was performed as described in the instruction.

To test protein stability of ANp63a, FaDu cells were incubated
with 1 pM Dox and 50 pg/ml CHX for different times. Cells were
collected at the indicated time points for western blot. B-actin
was used as a loading control.

2.7. Flow cytometry analysis (FACS)

Cells were trypsinized, washed with cold phosphate-buffered
saline, and fixed in 70% ethanol at 4 °C overnight. 1 x 10° cells
were stained with 50 pg/ml propidium iodide (PI) supplemented
with 80 pg/ml RNase A at room temperature in dark for 1 h. Cells
were then subjected to FACS analysis by FACScan flow cytometer
(Becton Dickson). Data were analyzed using the Cell Quest
program.

3. Results

3.1. DNA damage induces apoptosis and down-regulates ANp63u
without affecting expression of mutant p53

p53 is activated in response to DNA damage. Activation of wild
type p53 plays important roles in regulating cell cycle arrest, geno-
mic stability, and apoptosis, providing a protective effect against
tumorigenesis. However, p53 is mutated in more than 50% human
cancer types including FaDu cells [1,20].

To investigate the effect of DNA damage agents on cells express-
ing mutant p53, we treated FaDu cells with doxorubicin (Dox) and
measured the cellular response by MTT assay. We observed that
doxorubicin-induced FaDu cell death is dose-dependent (Fig. 1A).
Flow cytometry analysis revealed that percentage of cells in sub-
G1 is increased by doxorubicin treatment in a dose-dependent
manner (Fig. 1B), suggesting that DNA damage agent, doxorubicin,
induces apoptosis independent of wild type p53 in FaDu cells.

It has been reported that ANp63o can be down-regulated by
treatment of DNA damage agents such as ultraviolet radiation
[23,24]. To understand the influence of chemotherapeutic agents
on the expression of ANp63a, a predominant isoform of p63 pro-
tein expressed in FaDu and HaCat cells, we treated FaDu cells with
doxorubicin at different time duration under different concentra-
tions. We found that the protein level of ANp63a, but not the mu-
tant p53, was down-regulated by doxorubicin in a dose- (Fig. 1C)
and time- (Fig. 1D) dependent manner. In concomitant with the
down-regulation of ANp63a, PARP1 cleavage, which is a molecular
marker of apoptosis, was increased with the treatment of doxoru-
bicin in a dose- and time- dependent manner (Fig. 1C and D). The
treatment with another genotoxic stress drug, cisplatin (CDDP),
can also induce the down-regulation of ANp63a (Fig. 1E and F)
as the fashion treated with doxorubicin (Fig. 1C and D). The
down-regulation of ANp63a and the increase of PARP1 cleavage
by the treatment of Dox or CDDP can also be observed in HaCat
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Fig. 1. DNA damage induces apoptosis and down-regulates ANp63o without affecting expression of mutant p53. (A) FaDu cells were treated with 0 ~ 2.0 uM doxorubicin
(Dox) for 20 h, then subjected to MTT cell viability assay. Data are presented as means + SE; n = 5. (B) FACS analysis of FaDu cells treated with 0 ~ 1.5 uM Dox for 20 h. Sub-G1
cell population represents the cells that are undergoing apoptosis. (C) Western blot analysis of FaDu cells treated with 0 ~ 1.5 uM Dox for 24 h. (D) Western blot analysis of
FaDu cells treated with 1 pM Dox for 0 ~ 36 h. (E) Western blot analysis of FaDu cells treated with 0 ~ 40 uM cisplatin (CDDP) for 24 h. (F) Western blot analysis of FaDu cells
treated with 20 uM CDDP for 0 ~ 24 h. (G) Western blot analysis of HaCat cells treated with 0 ~ 1.0 uM Dox for 24 h. (H) Western blot analysis of HaCat cells treated with

0 ~ 30 1M CDDP for 24 h.

cells, which is another cell line bearing mutant p53 and expressing
abundant ANp63a isoform (Fig. 1G and H).

These data indicate that treatment with DNA damage drugs can
lead to down-regulation of ANp63a and induce apoptosis indepen-
dent of wild type p53.

3.2. The down-regulation of ANp63« induced by DNA damage is
mainly at transcriptional level

To examine whether the down-regulation of ANp63a following
the DNA damage is at transcriptional level, we analyzed mRNA

levels of p63 by quantitative RT-PCR after the treatment of FaDu
cells with doxorubicin at the different time duration or with the
different drug doses. Our data showed that in FaDu cells p63 mRNA
levels were decreased in response to doxorubicin treatment in a
dose- (Fig. 2A) and time- (Fig. 2B) dependent manner. The down-
regulation of p63 mRNA was also observed in FaDu cells treated
with CDDP (Fig. 2C) and HaCat cells treated with doxorubicin
(Fig. 2D). Although the PCR primers we used are for all p63 iso-
forms (pan-p63), the mRNA levels we detected should closely re-
flect the levels of ANp63a, since ANp63a is the predominant
isoform expressed in FaDu and HaCat cells, and ANp63o protein
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Fig. 2. The down-regulation of ANp63a induced by DNA damage occurs mainly at mRNA level. (A-D) The relative mRNA levels of p63 in FaDu or HaCat cells treated with
different doses of DNA damage agents or at different time durations were analyzed by real-time quantitative PCR (qRT-PCR). GAPDH was used as a reference gene for
normalization. Data are presented as means * SE; n = 3. (E) Protein stability of ANp63o were measured by treating FaDu cells with 50 pg/ml cycloheximide (CHX) in the
presence of 1.0 uM Dox or 20 uM CDDP in a time-course experiment followed by Western blot analysis. (F) Quantification of ANp63o protein stability with Image Lab

(Bio-Rad).

is the only isoform of p63 that can be detected with Western blot
analysis in these cells [25].

It has been reported that DNA damage can decrease the protein
stability of ANp63a. [23,24]. To examine whether this phenome-
non also happens in FaDu cells treated with DNA damage agents,
we measured the stability of ANp63a protein by treating cells with
cycloheximide (CHX) in the presence of Dox or CDDP in a time-
course experiment followed by Western blot analysis. As shown
in Fig. 2E and F, the percentage of ANp63a protein was not signif-
icantly affected by the treatment of Dox or CDDP. These data
suggest that the down-regulation of ANp63a in Dox- or
CDDP- treated FaDu cells is mainly at transcriptional level
(Fig. 2A-D), but not at post-translational level.

3.3. ANp63« directly affects cell survival and cellular sensitivity to
DNA damage

To investigate whether the induction of apoptosis is the direct
effect of ANp63a down-regulation, we knocked down the endoge-
nous ANp63a in FaDu cells with three different lentiviral con-
structs of p63 shRNAs (1#, 2# and 3#), which correspond to
different regions of ANp63c. We found that the efficiency of PARP1
cleavage was closely related to the efficiency of ANp63a

knockdown (Fig. 3A). Next, we want to know whether the down-
regulation of ANp63a in cancer cells could increase their sensitiv-
ity to DNA damage-induced apoptosis. To pursue this answer, we
treated FaDu cells, in which ANp63a is partially knocked down
by expression of 2# p63 shRNA, with doxorubicin. The cell lysates
from these cells and cells transfected with empty control vector
were subjected to Western blot analysis with antibodies recogniz-
ing ANp63a and PARP1 (Fig. 3B). We found that the reduction of
endogenous expressed ANp63a by gene knockdown made cells
more sensitive to DNA damage-induced apoptosis, shown as in-
creased PARP1 cleavage (Fig. 3B, lane 4).

To confirm that the increased DNA damage-induced apoptosis
of FaDu cells is directly related to the cellular expression level of
ANp630a, we overexpressed ANp63a in FaDu cells by lentiviral
gene delivery method. As shown in Fig. 3C, the overexpression of
ANp63a inhibited doxorubicin-induced PARP1 cleavage (lane 4)
and protected FaDu cells from DNA damage-induced apoptosis.
This result indicates that the expression level of ANp63a play an
important role in cancer cell’s sensitivity toward the DNA dam-
age-induced apoptosis.

Taken together, these data suggest that the treatment of chemo-
therapeutic agents could induce apoptosis in ANp63a-positive
cells via down-regulating expression of oncoprotein ANp63a,
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Fig. 3. Np63a directly affects cell survival and cellular sensitivity to DNA damage.
(A) Western blot analysis of FaDu cells infected with lentiviral-based short hairpin
RNAs (shRNAs) for p63. FaDu cells infected with different lentiviral-based shRNAs
for p63 (1#, 2# and 3#) were subjected to western blot analysis for endogenous
Np63a expression and PARP1 cleavage. (B) Western blot analysis of p63-knock-
down FaDu cells treated with Dox. FaDu cells infected with vector or p63shRNA
(2#) were treated with 0.5 puM Dox for 24 h. (C) Western blot analysis of
p63-overexpressed FaDu cells treated with Dox. FaDu cells infected with pHAGE
vector or pHAGE-Np63a were treated with 1.0 M Dox for 24 h.

and reducing expression of ANp63a in ANp63a-positive cancer
cells could potentially increase the sensitivity of cancer cells to
chemotherapeutic agents induced cell death. These observations
are consistent with the report that down-regulation of ANp63a
is required for epidermal DNA damage-induced apoptosis [26].

4. Discussion

It has been reported that p63 plays an important role in the
epithelial development [27,28] and is essential for proliferative
potential of stem cells in stratified epithelia [22]. TA-isoforms of
p63 can induce apoptosis/senescence and suppress tumorigenesis/
metastasis [29,30], while ANp63 isoforms are oncoproteins that
promote cell proliferation and adhesion [31,32].

As a tumor suppressor, p53 plays key roles in apoptosis. In the
presence of wild type p53, apoptosis can occur either dependent or
independent of p63 and p73 [16,17]. However, p53 is mutated in
more than 50% of human cancer types. In the absence of wild type
p53, DNA damage can also induce apoptosis [4,5,33]. It has been
shown that ANp63a inhibits p53-independent apoptosis in

bladder cancer cells, 5637 and lung cancer cells, A549 [18]. In
our study, we explored the effect of DNA damage drugs on cells
with mutant p53 (FaDu cells and HaCat cells), and found that che-
motherapeutic agents (Dox and CDDP) can down-regulate ANp63a.
and induce apoptosis. Our further study revealed that the reduc-
tion of endogenous ANp63a by gene knockdown confers cells
more sensitive to DNA damage-induced apoptosis, while ectopic
expression of ANp63a makes cells resistant to DNA damage-
induced apoptosis. These data suggest that in these cells DNA dam-
age-induced apoptosis is mainly due to the down-regulated
expression of ANp63a. This is well consistent with the previous re-
ports that ANp63a has anti-apoptotic activity [18,26,34]. In addi-
tion, ANp63a. has been documented as an essential survival
factor in head and neck squamous cell carcinoma through its abil-
ity to suppress p73-dependent apoptosis [35].

It has been reported that in HaCat cells, arsenic compounds
induces degradation of mutant p53, which contributes to arsenic-
mediated growth suppression [36]. In our work, we have not
observed change of mutant p53 protein levels in either FaDu or
HaCat cells after treatment with DNA damage agents. It is
unclear whether the potential oncogenic activities of mutant p53
in these cells are involved, since p63 can play roles in tumorigen-
esis and metastasis via interacting with mutant p53 in some
circumstances [6].

Previous studies show that ANp63a is down-regulated upon
DNA damage mainly through decreasing its protein stability
[37,38]. In our study, however, we found that DNA damage agents,
doxorubicin or cisplatin, down-regulate ANp63o mainly through
transcriptional regulation, but not post-translational regulation.
The discrepancy may be due to the difference of cell types or drug
types we used.

There are some recent studies on transcriptional regulation of
p63 [39,40], but this is the first report that DNA damage-induced
apoptosis due to the down-regulation of ANp63a at transcriptional
level. Under our experimental condition, how ANp63a mRNA level
is down-regulated by DNA damage drugs needs further investiga-
tion. Understanding this mechanism might help us for the better
design of therapeutic strategies.
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