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ABSTRACT

The p53 homologue p63 encodes multiple protein isoforms either with (TA) or without (AN) the N-terminal transactivation domain.
Accumulating evidence indicates that TAp63 plays an important role in various biological processes, including cell proliferation,
differentiation, and apoptosis. However, how TAp63 is regulated remains largely unclear. In this study, we demonstrate that NF-«B induces
TAp63 gene expression. The responsible elements for NF-kB-mediated TAp63 induction are located within the region from —784 to —296 bp
in the TAp63 promoter, which contains two NF-kB binding sites. Ectopic expression of RelA stimulates TAp63 promoter-driven reporter
activity and increases endogenous TAp63 mRNA levels. Inhibition of NF-kB by IkBa super-repressor or with a chemical inhibitor leads to
down regulation of TAp63 mRNA expression and activity. In addition, mutations in the critical NF-kB-binding sites significantly abolish the
effects of NF-kB on TAp63. Activation of NF-kB by TNFa enhances p50/RelA binding to the NF-«B binding sites. Furthermore, we show that
an Sp1 site adjacent to the NF-kB sites plays a role in NF-kB-mediated upregulation of TAp63. Taken together, these data reveal that TAp63 is
a transcriptional target of NF-«kB, which may play a role in cell proliferation, differentiation and survival upon NF-«B activation by various

stimuli. J. Cell. Biochem.

109: 702-710, 2010. © 2010 Wiley-Liss, Inc.
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differential promoter usage and alternative splicing [Mills et

, 1999; Yang et al., 1999]. The transactivation (TA) isoforms,
which resemble p53, are generated by the use of an upstream
promoter and consist of several domains, including an acidic N-

P 63, a p53 homologue, encodes six isoforms derived from

terminal transactivation domain, a central DNA binding domain and
a C-terminal oligomerization domain. The AN isoforms, produced
from an intronic promoter, lack the N-terminal transactivation
domain and are capable of forming protein complexes with other
p53 family members to inhibit their function [Yang et al., 1998;
Rocco et al., 2006]. Furthermore, both TAp63 and ANp63 isoforms
undergo alternative splicing, yielding different C-terminal tails
(TAp63a, B, v and ANp63a, B, vy isoforms).

Unlike p53, which is dispensable for normal development, p63 is
critical for the development of stratified epithelial tissues, such as
epidermis, breast and prostate [Yang et al., 1998; Yang et al., 1999;
Mills et al., 1999]. p63—/— mice lack stratified epithelia and their
ectodermal derivatives, including epidermal appendages, mam-
mary, lacrimal, and salivary glands. Due to the absence of an

epidermal barrier, these mice dehydrate and die shortly after birth.
In addition, p63—/— mice have major defects in limb and
craniofacial development, including limb truncation, and cleft lip
and palate [Yang et al., 1999; Mills et al., 1999]. Several autosomal
dominant inherited human syndromes have been mapped to the p63
gene. These syndromes are characterized by various combinations of
limb malformations fitting the split hand-split foot spectrum,
orofacial clefting, and ectodermal dysplasia [Brunner et al., 2002].

TAp63 has been implicated in regulation of cell proliferation,
apoptosis and differentiation. Overexpression of TAp63 inhibits
anchorage-independent cell growth and induces apoptosis in
human lung, gastric and pancreatic cancer cells [Kunisaki et al.,
2006]. TAp63a can stimulate expression of proapoptotic genes,
including Bax, BCL2L11, RAD9, DAP3, and APAF1, and induce
apoptosis through death receptor CD95 and the mitochondrial
apoptosis pathways [Gressner et al., 2005]. It was also shown that
TAp63a is induced by several chemotherapeutic drugs and that
inhibition of TAp63 function leads to chemoresistance [Gressner
et al., 2005]. Despite the observation that ectopic expression of
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TAp63 induces apoptosis and cell growth arrest, its physiological
functions remain elusive. Recently, it was reported that TAp63 is
expressed in sympathetic neurons during neuronal development,
and its expression is induced by NGF withdrawal. Upregulation of
TAp63 leads to neuronal cell death in a p53-independent fashion
[Jacobs et al.,, 2005]. Furthermore, TAp63a is constitutively
expressed in female germ cells during meiotic arrest and is
dispensable for ovary development. However, TAp63« is essential
for DNA damage-induced oocyte death [Suh et al., 2006].

The transcription factor NF-kB is a key mediator of a wide variety
of cellular processes involving growth, differentiation and apoptosis
[Wu and Kral, 2005]. NF-«B transcription factors consist of five
subunits (RelA/p65, c-Rel, RelB, p50, and p52) that bind to DNA as
hetero- or homodimers [Sonenshein, 1997]. In resting cells, NF-«B is
mainly retained in the cytoplasm by the IkappaB (IkB) family of
proteins, which mask the nuclear translocation signal. Upon
stimulation, IkB proteins are phosphorylated, triggering their
ubiquitination and subsequent proteosomal degradation. The NF-
kB proteins are then released for translocation to the nucleus, where
they induce expression of NF-kB-dependent genes. Many different
extracellular stimuli can induce NF-kB, which in turn regulates gene
expression. Activation of NF-kB leads to cell survival in response to
a variety of apoptotic signals [Wu et al., 1996; Bours et al., 2000].
Under certain circumstances, NF-kB functions to promote apoptosis
[Chan et al., 1999; Ryan et al., 2000; Zheng et al., 2001; Aleyasin et
al., 2004]. Induction of p53 causes activation of NF-«kB and
apoptosis in Saos-2 cells expressing inducible p53, while inhibition
of NF-«kB abrogates p53-mediated apoptosis [Ryan et al., 2000]. It
was also showed that acute inhibition of NF-kB protects cortical
neuron from DNA damage-induced apoptosis [Aleyasin et al., 2004].

Although the function and downstream targets of TAp63 have
been studied extensively, the regulation of TAp63 at the
transcriptional level is largely unknown. Here we show that
TAp63 is a transcriptional target of NF-«kB in vitro and in vivo.
Ectopic expression of RelA stimulates TAp63 reporter activity and
increases endogenous TAp63 mRNA levels. Inhibition of NF-«B by
IkBa super-repressor or a chemical inhibitor leads to down-
regulation of TAp63 mRNA expression and activity. In addition,
mutations in the critical NF-«kB-binding sites located on the
upstream p63 promoter significantly abolish the effects of NF-kB on
TAp63, whereas activation of NF-kB by TNFa enhances p50/RelA
binding to these NF-«B binding sites.

CELL CULTURE AND DRUG TREATMENT

Human mammary epithelial MCF10A cells were maintained in 1:1
mixture of Dulbecco’s modified Eagle’s medium (DMEM) and Ham'’s
F12 medium with reduced Ca®" (0.04mM) (Invitrogen Inc.,
Carlsbad, CA), 20ng/ml epidermal growth factor (Invitrogen),
100 ng/ml cholera toxin (Sigma, St. Louis, MO), 10 p.g/ml insulin
(Sigma), 500 ng/ml (95%) hydrocortisone (Sigma) and 5% of Chelex-
treated horse serum (Invitrogen). Human embryonic kidney 293
cells and NIH3T3 cells were maintained in DMEM containing 4.5 g/L
glucose supplemented with 10% heat-inactivated fetal bovine serum
(FBS; Invitrogen). Human breast cancer Hs578T cells were cultured

in DMEM supplement with 10% FBS and 10 pg/ml of insulin. All
media contain 100 units/ml penicillin G sodium and 100 wg/ml
streptomycin sulfate (Invitrogen). Primary cultures of cortical
neurons were prepared from E15.5 mouse embryos as described
[Wartiovaara et al., 2002]. Briefly, the meninges were removed, and
cortical tissue was transferred into cold Dulbecco’s phosphate
buffered saline (DPBS; Invitrogen). The tissue was triturated into a
single-cell suspension and the cells were resuspended in neurobasal
medium containing 500 pM glutamine, 2% B27 supplement (Gibco,
Life Technologies, Rockville, MD), and 1% penicillin-streptomycin,
then plated at 2.4 x 10°/cm? in poly-p-lysine-coated 12-well plates
(Becton Dickinson Labware, Bedford, MA). After 3 days in vitro, half
of'the media was replaced with fresh media supplemented with 7 pM
cytosine arabinoside (CA). Three days later, all media was replaced
with fresh media without CA. The cells were subjected to
experimentation at day 6.

GENERATION OF MUTATIONS IN THE HUMAN TAp63 PROMOTER
pGL3-TAp63 luciferase (TAp63-FL) was kindly provided by Dr.
Matthias Dobbelstein from Institut fiir Virologie in Germany
[Waltermann et al., 2003]. To generate mutants including the 5'-
deletions, internal deletion (A—655 to —611), and point mutations,
we used the QuickChange Site-Directed Mutagenesis Kit (Stratagene
Inc., La Lolla, CA) according to manufacturer’s protocol. Primers
used for mutagenesis are listed in Supplementary Table I. All of the
constructs were confirmed by DNA sequencing.

ELECTROPHORETIC MOBILITY SHIFT ASSAY (EMSA)

Nuclear extracts were prepared as described [Dignam et al., 1983].
Briefly, cells were washed with cold PBS and lysed in RSB buffer
(10 mM Tris pH 7.6, 10 mM NaCl, 3 mM MgCl, and 0.5% NP40). The
nuclear pellets were collected and lysed in DR buffer (20 mM
HEPES pH 7.9, 420 mM KCI, 1.5 mM MgCl,, 0.2 mM EDTA and 20%
glycerol) supplemented with a cocktail of protease inhibitors
(0.5 mM PMSF, 1 pg/ml leupeptin, and 1 mM DTT). The cell debris
was removed by centrifugation and the supernatant was saved as
nuclear extract and stored at —80°C. For EMSA, 20,000 cpm of
labeled probe were incubated with 5-10 g of nuclear extract in 5x
binding buffer (10 mM HEPES pH 7.5, 4 mM DTT, 0.5% Triton X-
100, 1 pg/ml poly(dI-dC), and 2.5% glycerol) for 20 min at room
temperature. For supershift experiments, 1 pg of primary antibody
(anti-p50: sc-114 or anti-RelA: sc-109, Santa Cruz Biotechnology,
Santa Cruz, CA) was added to the nuclear extract and incubated
overnight at 4°C prior to the addition of labeled probe. DNA/protein
complexes were separated in a 4% polyacrylamide gel. After
electrophoresis, the gels were dried and autoradiographed to X-ray
films. Oligonucleotides used for EMSA are listed in Supplementary
Table L.

TRANSFECTION AND REPORTER ACTIVITY ASSAYS

Cells in 12-well plates were co-transfected with 0.2 ug of TAp63
firefly luciferase reporter construct (TAp63-luc), 10 ng of Renilla-luc
(Promega, CA), 0.2 ng each of p50 and RelA [Sovak et al., 1997], or
0.4 pg of empty vector (pcDNA) using FUuGENE 6 reagent (Roche,
Switzerland). 24-48 h post-transfection, cells were harvested and
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subjected to firefly and Renilla luciferase activity assays using a
Dual-Luciferase Reporter Assay System (Promega).

QUANTITATIVE POLYMERASE CHAIN REACTION

Total RNA was extracted from cultured cells using TRIzol (Gibco)
according to manufacturer’s protocol. Aliquots of RNA (5 pug) were
reverse-transcribed using SuperScript III First-Strand Synthesis
System for RT-PCR (Invitrogen). Quantitative-PCR (Q-PCR) was
performed in 7300 Real-Time PCR System (Applied Biosystems, CA)
using a QuantiTect SYBR Green PCR Kit (Qiagen, Netherlands). The
oligonucleotide primers used for Q-PCR are listed in Supplementary
Table L.

NF-xB ACTIVATES TAp63 REPORTER ACTIVITY IN A
DOSE-DEPENDENT MANNER

p63 plays a critical role in various cellular processes, including cell
proliferation, apoptosis, senescence and differentiation. We were
interested in elucidating the upstream signaling that regulates
p63 expression. We analyzed the human TAp63 promoter
sequence (—2335 to +26) by TRANSFAC software (www.biobase-
international.com/pages/index.php?id=transfac) to identify puta-
tive regulatory elements. Notably, there are several putative sites for
the NF-kB, Sp1, TCF/LEF-1, and E2F transcription factors. The
putative NF-kB binding sites are located at —537 to —527 and —648
to —634. Interestingly, an Spl site (—581 to —567) is located
between the two NF-kB sites (Fig. 1A).

Since NF-kB is a central player in integrating various
extracellular signals, we focused on whether NF-kB plays a role
in regulating TAp63 expression. We performed co-transfection
experiments to examine the effects of NF-kB on TAp63-luciferase
reporter activity in NIH3T3 cells. Ectopic expression of RelA led to
an increase in the reporter activity of up to 10-fold in a dose-
dependent manner (Fig. 1B). By contrast, inhibition of endogenous
NF-kB by expression of an IkBa super-repressor [[kBa-SR; Brown
et al., 1995; Shin et al., 2006] in Hs578T breast cancer cells, which
show constitutively activated NF-kB [Sovak et al., 1997], resulted in
a dose-dependent reduction of TAp63 reporter activity (Fig. 1C).
These data indicate that NF-«kB can activate TAp63 reporter activity.

TWO NF-xB SITES ARE RESPONSIBLE FOR NF-kB-MEDIATED
ACTIVATION OF THE TAp63 REPORTER

We next investigated whether the putative NF-kB sites in the
proximal TAp63 promoter region are responsible for this NF-kB-
mediated effect. We generated deletion mutants in the promoter
region and examined their responsiveness to NF-kB. As expected,
co-expression of p50 and RelA stimulated a 10-fold increase in
reporter activity driven by the full-length TAp63 promoter (FL,
—2335to +26). Deletion of the —2335 to —785 region (DL1, —784 to
+26) had little effect on NF-kB induction. However, further deletion
of —784 to —294 (DL2, —293 to +26) led to a dramatic loss in
response to NF-kB, indicating that this fragment (—784 to —294) is
pivotal for NF-kB activation (Fig. 2A). Of note, this fragment
contains two putative NF-«kB sites (Fig. 2B). We therefore generated
a deletion mutant lacking the distal NF-kB site [NF-«B (I), A(—665 to

—611)]. As shown in Figure 2B, deletion of NF-kB (I) partially
impaired the promoter activity in response to NF-«B, suggesting that
other elements are also responsive to NF-«B. To avoid possible
detrimental structural changes due to deletion, we generated point
mutations in the critical NF-«B binding sites [Akama et al., 1998] in
NF-kB (I) (639G) and NF-«kB (II) (531G) as well as a double mutation
(DM, 639G/531G) in the TA-p63 reporter (—784 to +26) (Fig. 3,
bottom panel). Under similar experimental settings, a single point
mutation in either NF-kB (I) (639G) or NF-«B (II) (531G) partially
reduced reporter activity, while the double point mutation (639G/
531G) further reduced the reporter activity (Fig. 3). Notably, the
double mutation in both NF-«kB binding sites (639G/531G) does not
completely eliminate the responsiveness to NF-kB, suggesting that
other elements may play a role in the NF-kB-mediated effects. Since
Sp1 sites have been shown to contribute to NF-kB-mediated effects
[Pazin et al., 1996; Boekhoudt et al., 2003], and there is a putative
Spl element adjacent to the NF-«kB sites (Fig. 3), we therefore
examined whether this Sp1 element contributes to NF-kB-mediated
TAp63 expression. We generated a double mutation (575TT), which
is reported to inactivate Spl-binding [Tamaki et al., 1995].
Interestingly, even in the presence of intact NF-kB binding
elements, the reporter activity in response to NF-kB from the
575TT mutant is impaired, indicating that the Spl element is
important for NF-kB-mediated transcription of TAp63. To confirm
the role of Sp1 in the NF-kB action, we generated a triple mutant
(TM, 639G/531G/575TT). As shown in Figure 3, this triple mutant
exhibited almost complete loss of activity when compared to the
double NF-kB mutant. Together, these data indicate that Sp1 is
important in NF-kB-mediated activation of TAp63.

p50/RelA SPECIFICALLY BINDS TO NF-xB SITES IN THE TAp63
PROMOTER IN VITRO

Next, we performed electrophoretic mobility shift assay (EMSA)
using nuclear extracts derived from NIH3T3 cells transiently
transfected with p50/RelA. As shown in Figure 4A, the p50/RelA
heterodimer and p50/p50 homodimer were readily detected using
3?p_labeled oligonucleotides containing NF-«B (I) (lane 2) or NF-kB
(I) (lane 7), in keeping with other reports [Duckett et al., 1993; Lin
et al, 1998]. NF-kB-DNA complex formation was completely
blocked by an excess of cold wild type NF-«kB (I) oligonucleotides
(WT, lane 3) or NF-«kB (II) oligonucleotides (WT, lane 8), but not by
their respective mutant derivatives (639G, Lane 4; and 531G, lane 9).
In addition, cold oligonucleotides corresponding to the c-Myc
promoter URE (upstream regulatory element), which has been shown
to be an NF-kB responsive element [Duyao et al., 1990], completely
blocked the NF-kB-DNA complex formation, indicating that both
NF-kB (I) and NF-kB (II) elements in the TAp63 promoter are likely
functional for NF-kB-binding.

We then examined the effects of TNFa, a well-defined NF-«kB
activator [Kaltschmidt et al., 2005], on NF-kB-TAp63 promoter
complex formation by EMSA. To this purpose, we used nuclear
extracts from 293 cells untreated or treated with TNFa. As shown in
Figure 4B, treatment with TNFa significantly increased NF-«B
binding to elements NF-«B (I) (lane 2) and NF-«B (II) (lane 7). As
expected, cold oligonucleotides completely blocked complex
formation (lanes 3 and 8). In addition, we performed EMSA-
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NF-kB activates TAp63 reporter activity. A: The proximal region (—786 to +26) of the human TAp63 promoter contains a number of putative transcription factor-

binding sites, as analyzed by TRANSFAC software. B: NIH3T3 cells were co-transfected with TAp63 luciferase reporter (TAp63-luc) containing the TAp63 promoter (—2335 to
+26), Renilla-luc, 0.2 p.g of human p50 and increasing amounts (0.1. 0.2, 0.5 j.g) of human RelA expression plasmids. Forty-eight hours later, cells were lysed and luciferase
activities were measured using the Dual-luciferase Reporter Assay Kit (Promega). TAp63-luciferase activities were normalized to Renilla-luciferase activities and presented as
fold activation (mean + SE). At least three independent experiments in triplicate were performed. C: Hs578T cells were co-transfected with TAp63-luc, Renilla-luc and
increasing amounts (0.1. 0.2, 0.5 pg) of IkB-SR expression plasmids. Luciferase activities were measured as in (B).

antibody supershift assay. Treatment with a p50-specific antibody
led to a decrease in NF-kB-DNA complex formation (compare lane 4
to lane 2 and lane 9 to lane 7), whereas treatment with a RelA-
specific antibody led to a supershift of the NF-kB-DNA complexes
(lanes 5 and 10). Thus, these data indicate that activation of NF-«B
by TNFa stimulates their binding to NF-kB elements in the TAp63
promoter.

NF-xB PLAYS AN IMPORTANT ROLE IN TAp63 EXPRESSION

We next examined whether NF-kB is involved in endogenous
expression of TAp63. We first ectopically expressed NF-«B and
examined TAp63 mRNA levels in MCF10A cells, an immortalized
human mammary epithelial cell line that expresses endogenous

TAp63 [Li et al., 2006]. Our data show that ectopic expression of
p50/RelA in MCF10A cells leads to a significant increase of TAp63
mRNA levels (P < 0.01) as assessed by Q-PCR (Fig. 5A). Since these
cells have detectable levels of NF-kB, we next treated MCF10A cells
with Bay 11-7082, a specific inhibitor of NF-kB [Pierce et al., 1997].
TAp63 mRNA levels were markedly decreased in a dose-dependent
manner (Fig. 5B).

It has been reported that NF-«kB is constitutively active in mouse
cortical neurons [Bhakar et al., 2002], and that TAp63 is expressed in
developing cortical neurons [Jacobs et al., 2005]. We therefore
examined the effects of NF-kB inhibition on the expression of
TAp63 in primary mouse embryonic day 15.5 cortical neurons.
Consistent with the results from MCF10A cells, inhibition of NF-«kB
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Fig. 2.

Deletion of a putative NF-kB binding site reduces TAp63 promoter response to NF-xB. A: 5'-deletion mutants of the TAp63 promoter were constructed by using

SiteDirect Mutagenesis Kit. NIH3T3 cells were co-transfected with the indicated full-length or deletion mutants of TAp63 promoter and Renilla-luc in the presence or absence
of 0.2 g each of p50/RelA. In the absence of p50/RelA, an equal amount of vector plasmid DNA (pcDNA) was used. B: NIH3T3 cells were co-transfected with either WT TAp63-
luc or TAp63-luc (A—665 to —611) with Renilla luciferase reporter in the presence or absence of p50/RelA. Twenty-four hours after transfection, cells were lysed and subjected
to luciferase activity assay. The relative activity was normalized to the vector control and presented as fold activation (mean + SE). At least three independent experiments in

triplicate were performed. Schematic presentation is not to the scale.

by Bay11-7082 decreased TAp63 mRNA levels in a dose-dependent
manner (Fig. 5C). Taken together, these data indicate that NF-«B is
important for TAp63 expression.

In this study, we demonstrated that NF-kB transcriptionally induces
TAp63 expression. The responsible elements for NF-kB-mediated
TAp63 induction are located within the region from —784 to —296
in the TAp63 promoter, which contains two NF-«kB binding sites.
Ectopic RelA expression stimulates TAp63 reporter activity and

increases endogenous TAp63 mRNA levels, while inhibition of NF-
kB by IkBa super-repressor or a chemical inhibitor leads to down
regulation of TAp63 mRNA expression and activity. In addition,
mutations in the critical NF-kB binding sites significantly abolish
the effects of NF-kB on TAp63. Activation of NF-kB by TNFa
enhances p50/RelA binding to the NF-«B binding sites. Further-
more, we show that the Sp1 site between the NF-«kB binding
elements plays a role in NF-kB-mediated upregulation of TAp63
expression.

The p63 gene can be transcribed from an upstream promoter,
giving rise to TAp63, or from an intronic promoter, resulting in
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Fig. 3. Mutations in the NF-«B and Sp1 sites reduce NF-«kB effects on TAp63 promoter activity. A: NIH3T3 cells were co-transfected with wild type or a TAp63-luc mutant
bearing either a single site mutation, double site mutations (DM, 639G531G) or triple site mutations (TM, 639G 531G 575TT), as indicated. Twenty-four hours after
transfection, cells were lysed and subjected to luciferase activity assay. The relative activity was normalized to the vector control and presented as fold activation (mean + SE).
At least three independent experiments in triplicate were performed. Schematic presentation is not to the scale.

ANp63. Koster et al. [2004] observed that the TAp63 isoforms are
primarily expressed in the mouse from E7.5 through E15 during
embryogenesis, the interval for ectoderm commitment and initiation
to epithelial lineage, followed by increasing and dominant
expression of ANp63 isoforms. Other reports have shown that
TAp63 expression can be detected by RT-PCR only until E13
[Laurikkala et al., 2006], or that TAp63 is undetectable from E10 to
3 days after birth by in situ hybridization [Laurikkala et al., 2006;
Mikkola, 2007]. In general, TAp63 expression is at very low levels in
adult cells and established cell lines. Interestingly, it has been shown
that TAp63«a is induced during oocytogenesis at E18.5, and that
y-irradiation induces TAp63a phosphorylation [Suh et al., 2006].
Notably, TAp63 is induced under certain stress conditions, such as
withdrawal of growth factors [Jacobs et al., 2005], DNA damage
[Katoh et al., 2000; Gressner et al., 2005], or upon wounding [Su
et al., 2009]. In particular, TAp63 appears to be highly trans-
criptionally potent and is essential for maintaining adult epidermal
stem cells by regulating cell proliferation, senescence and genomic
stability [Su et al., 2009].

NF-kB has been shown to positively regulate p53 transcription
[Kirch et al., 1999], although the physiological relevance is not clear.
Here, we show that p50/RelA complexes bind to the NF-«B binding
sites in the TAp63 promoter and upregulate TAp63 expression. In
addition, we show that the Sp1 site adjacent to the NF-«B sites plays
an important role in this regulation, consistent with reports that Sp1
can play an important role in NF-kB-induced promoter activity
[Pazin et al., 1996; Boekhoudt et al., 2003]. Of note, it has been

shown that activation of CD74 in murine mature follicular B cells
upregulates TAp63 via the NF-«kB pathway, which in turn
transactivates Bcl-2 thereby increasing cell survival [Lantner
et al., 2007]. Furthermore, it has been reported that IKK@, which
activates NF-kB by promoting IkBa degradation, can also
phosphorylate and stabilize TAp63y protein [MacPartlin et al.,
2008]. Thus, activation of NF-kB by various stimuli can upregulate
TAp63 at different levels.

p63 is required for developmental neuronal death [Jacobs et al.,
2005]. NF-«kB induction by cytokines, oxidative stress, viral
products, glutamate and beta-amyloid has been implicated in the
pathogenesis of several neurodegenerative and inflammatory
disorders [Hunot et al., 1997; Kaltschmidt et al., 1997; Gveric
et al., 1998; Mattson, 2005]. Although NF-«B complexes are inactive
and sequestered in the cytoplasm in most of resting cells, they are
constitutively active in cortical neurons [Bhakar et al., 2002]. It has
also been reported that TAp63 is the predominant p63 isoform in the
developing cortex, and that TAp63 can induce apoptosis of
developing cortical neurons [Jacobs et al., 2005]. Our data show
the presence of TAp63 mRNA expression in mouse embryonic
cortical neuron (E15.5). Importantly, TAp63 mRNA levels are
approximately 100-fold higher than that of ANp63 isoforms (data
not shown). In addition, our data indicate that NF-«B plays a pivotal
role in TAp63 expression since inhibition of NF-kB dramatically
decreases TAp63 mRNA levels. Of note, TAp63 is also expressed in
sympathetic neurons during the developmental death period, and
protein levels are induced by NGF withdrawal [Jacobs et al., 2005].
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Fig. 4. NF-«kB directly binds to the TAp63 promoter fragments by EMSA.
A: Nuclear extract derived from NIH3T3 cells transiently transfected with p50-
and RelA-expressing plasmids were incubated with either *2P-labeled NF-«B
(1) oligonucleotides (lane1-5) or NF-«B (I1) oligonucleotides (lane 6-10). No
nuclear extract was used in the control lanes (lanes 1 and 6). Competition
experiments were performed by adding a 30-fold excess of cold oligonucleo-
tides as indicated prior to the addition of *?P-labled probe. URE: upstream
NF-kB-responding element [Duyao et al., 1990]. B: Human embryonic kidney
293 cells were treated with TNFa (1 ng/ml) for 30 min and nuclear extracts
were isolated. Equal amounts of nuclear protein was subjected to EMSA and
supershift assay by using *?P-labeled oligonucleotides containing NF-«B (1) or
NF-kB (11). Antibodies specific for p50 or RelA were used as indicated. Cold WT
oligonucleotides were used in the competition assay (see Supplementary Table
1). Nuclear extracts derived from cells without TNFa treatment were used as a
control (Lanes 1 and 6).

Since activation of NF-kB by various stimuli can promote neuronal
cell death [Grilli et al., 1996; Bian et al., 2001; Goff1 et al., 2005;
Sarnico et al., 2008], it is conceivable that TAp63 plays an important
role in these processes.

p63 is essential for skin, limb and nervous system development
[Celli et al., 1999; Mills et al., 1999; Yang et al., 1999; Jacobs et al.,
2005], by regulation of cell proliferation, differentiation and
maintenance of epithelial stem cells [Koster et al., 2007; Senoo
et al., 2007]. The specific functions for different p63 isoforms are still
under vigorous investigation. Ectopic expression of TAp63a, but not
ANp63, induces K5 and K14, two well defined differentiation
markers for keratinocytes and commitment to stratification [Koster
et al., 2004, 2006]. Interestingly, studies of TAp63—/— mice suggest
that the TAp63 isoforms are dispensable for epidermal development.
However, these mice are defective in DNA-damage induced oocyte
death [Suh et al., 2006]. A recent study shows that conditional
TAp63 knockout mice display accelerated aging and develop
blisters, skin ulcerations, and senescence of hair follicle-associated
dermal and epidermal cells. These phenotypes are caused by the loss
of TAp63 in dermal and epidermal precursors, since both cell types
show defective proliferation, early senescence and genomic
instability [Su et al., 2009]. Importantly, skin-derived precursors
(SKP) lacking TAp63 proliferate 4-5 fold more than wild type
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Fig. 5.  NF-kB regulates TAp63 mRNA expression. MCF10A cells were tran-
siently transfected with p50- and RelA-expression plasmids for 24 h (A) or
treated with a specific NF-kB inhibitor Bay 11-7082 (10 M) for the indicated
times (B). Total RNA was extracted and subjected to quantitative-PCR (Q-PCR)
analysis. The amount of TAp63 mRNA was normalized to GAPDH in the same
samples and presented as mean + SE. Three independent experiments were
performed in triplicate. “*P<0.01. C: Primary cortical neuron cells isolated
form E15.5 embryonic mice were treated with Bay 11-7082 (10 uM) for the
indicated times followed by Q-PCR. Two independent experiments were
performed in triplicate. “P < 0.05.

counterparts. Intriguingly, inhibition of NF-«kB function in the
epidermis causes massive tissue hyperplasia, whereas in transgenic
mouse models expression of constitutively active NF-kB subunits
produces epithelial hypoplasia [Seitz et al., 1998]. Furthermore,
increasing NF-kB activity in normal keratinocytes leads to growth
arrest via induction of p21Cip independently of p53 [Seitz et al.,
2000; Basile et al., 2003]. Thus, it is tempting to speculate that
TAp63 negatively regulates cell growth of SKP and that activation of
NF-«B by various stimuli leads to cell growth arrest via TAp63-
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mediated pathway. Whether NF-kB/TAp63 pathway is involved in
epidermal differentiation remains to be investigated.
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