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Summary
p63 is a transcription factor that is required for normal epidermal development and differentiation.
Due to the complexity of these processes, p63 is expected to regulate a myriad of target genes. This
has provided the impetus to many laboratories to identify these genes. To date, p63 target genes have
been shown to encode a diverse group of proteins including structural proteins, proteins that control
cell cycle withdrawal, and proteins that regulate the epidermal differentiation program. In this issue
Antonini et al describe a novel p63 target gene, whose evolutionary conservation suggests a critical
role for this gene in the epidermis.

Epidermal morphogenesis initiates during embryonic development when cells of the single-
layered surface ectoderm, which initially covers the developing embryo, adopt an epidermal
fate and differentiate into actively proliferating basal keratinocytes (Reviewed in Koster and
Roop, 2007). The first morphological sign of stratification occurs when these basal
keratinocytes give rise to a suprabasal cell layer. Cells in this so-called intermediate layer
undergo a few rounds of cell division before they permanently withdraw from the cell cycle
and become spinous keratinocytes. During subsequent stages of epidermal morphogenesis,
spinous keratinocytes differentiate into cells of the granular and cornified cell layers, the latter
of which is primarily responsible for the barrier function of the epidermis. The endpoint of the
terminal keratinocyte differentiation program is the shedding of the dead and enucleated
keratinocytes of the cornified cell layers into the environment. The embryonic differentiation
program described above is maintained, with few modifications, during postnatal development.
This program is required to continuously replace cells that are lost and to maintain epidermal
tissue architecture. One striking difference between the terminal differentiation programs
executed during embryogenesis and postnatally, is the mechanism by which the spinous layer
is formed. Whereas this layer develops from intermediate keratinocytes during embryonic skin
development, basal keratinocytes directly differentiate into spinous keratinocytes in postnatal
epidermis. In addition to generating the epidermis, basal keratinocytes also produce and secrete
crucial components of the basement membrane, the dermal-epidermal interface which anchors
epidermal keratinocytes to the dermis. Finally, basal keratinocytes participate in epithelial-
mesenchymal interactions that are required for the formation of epithelial appendages,
including teeth, hair follicles, mammary glands, and limbs.

A key role for the transcription factor p63 in the above-described processes was first inferred
from the phenotype of p63 deficient mice. These mice do not develop stratified epithelia or
epithelial appendages (Yang et al., 1999; Mills et al., 1999). Instead of an epidermis, these
mice are covered by a single layered epithelium that resembles the surface ectoderm which
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covers the early embryo, suggesting that loss of p63 leads to a block of keratinocyte
commitment and differentiation, and thus aborted skin development. As a consequence, p63
deficient mice die shortly after birth due to uncontrolled water loss caused by a lack of skin
barrier function.

The p63 gene encodes six different proteins, each of which can function as a transcriptional
activator or transcriptional repressor. Since p63-deficient mice lack expression of all six
proteins, it is not possible to determine which isoform(s) is/are required for normal skin and
appendage development using this animal model. In late embryonic and postnatal epidermis,
ΔNp63α is the predominantly expressed p63 isoform, whereas expression of the other isoforms
is barely detectable (Yang et al., 1998). To determine the contribution of ΔNp63α to epidermal
development and differentiation, two different groups downregulated ΔNp63 expression in the
epidermis using different approaches. We generated transgenic mice which express a hairpin
sequence (shRNA) consisting of sequences unique to the ΔNp63 isoforms using a
epidermalspecific inducible promoter. The hairpin was designed to be processed into short
interfering RNA (siRNA) sequences which subsequently degrade endogenous ΔNp63
transcripts (Koster et al., 2007). Truong and colleagues took an in vitro approach by
downregulating ΔNp63 expression in human primary keratinocytes using an siRNA specific
for ΔNp63. These keratinocytes were then placed into organotypic cultures to allow them to
regenerate epidermis (Truong et al., 2006). In both the transgenic mouse epidermis and the
human skin equivalents, the spinous layer failed to develop properly as demonstrated by a delay
in the expression of a marker of the spinous layer, keratin 1 (K1). As a consequence, subsequent
stages of terminal differentiation failed to proceed normally. The data summarized above
clearly highlight the importance of ΔNp63α in epidermal differentiation.

How does ΔNp63α regulate epidermal development and differentiation? One approach to
obtain insight into the p63 regulatory network is to identify genes whose expression is
controlled by p63. Although several groups have performed microarray or ChIP-on-chip
experiments to address this question, the use of cell lines rather than primary cultures or tissue
extracts to perform these high-throughput experiments has limited their biological significance.
Nevertheless, several downstream effectors of ΔNp63α have been identified.

Most recently, Antonini and colleagues identified a novel target gene of ΔNp63, which they
have named Tprg (Transformation related protein 63 regulated; Antonini et al., 2008; Figure
1). Unlike ΔNp63, Tprg is predominantly expressed in the suprabasal layers of the epidermis.
Although the role of Tprg in epidermal development and differentiation remains unknown, the
expression pattern of Tprg suggests a role for this protein in epidermal differentiation. In further
support of this hypothesis, Tprg transcripts are first detected at the developmental stage when
terminal differentiation of the epidermis initiates. Although a role for Tprg in epidermal
terminal differentiation appears plausible, neither the structure nor the subcellular localization
of Tprg provide any clear hints into its precise function. The extensive variety of processes
that need to occur during terminal differentiation, leave the possibilities open. For example,
Tprg may be involved in cell cycle withdrawal, the regulation of structural proteins, and/or
barrier formation. Finally, the evolutionary conservation of Tprg suggests a critical role for
this protein in the epidermis. However, future experimental approaches, such as the germline
deletion of Tprg, will be required to reveal its exact function.

In addition to Tprg, ΔNp63α also regulates the expression of other genes involved in epidermal
terminal differentiation. One of these genes is IKKα, which is a direct transcriptional target of
ΔNp63α in the developing epidermis (Koster et al., 2007; Figure 1). The importance of
IKKα in epidermal morphogenesis is highlighted by the phenotype of mice lacking IKKα. In
IKKα-deficient mice, the intermediate cell layer forms normally. However, in the absence of
IKKα intermediate keratinocytes fail to withdraw from the cell cycle and therefore, the spinous
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layer fails to develop. The consequent failure of the granular and cornified cell layers to develop
results in compromised barrier function and early postnatal lethality. In addition to the defects
in epidermal morphogenesis, development of epithelial appendages, including teeth and limbs,
is aborted in IKKα deficient mice. These defects are a direct consequence of the failure of the
underdeveloped epidermis to participate in the epithelial-mesenchymal interactions required
for appendage development (Sil et al., 2004). Whereas IKKα is primarily responsible for cell
cycle withdrawal during keratinocyte terminal differentiation, ΔNp63α also induces markers
of terminal differentiation, such as K1. For example, ΔNp63α was found to synergize with
Notch signaling components to initiate K1 expression (Nguyen et al., 2006).

In addition to the induction of genes that are required for epidermal differentiation, ΔNp63α
also directly induces the expression of genes required for maintaining the structural integrity
of the skin. This includes Fras1, a basement membrane component, and Perp, a desmosomal
component which is important for cell-cell adhesion (Ihrie et al., 2005; Koster et al., 2007;
Figure 1). Thus, it comes as no surprise that mice with reduced ΔNp63 expression in the
epidermis develop fragile skin which is easily inured, resulting in large skin erosions (Koster
et al., 2007).

Together, the data summarized above establish an emerging network of signaling pathways
controlled by ΔNp63α. Due to the complexity of the p63 signaling network, high-throughput
approaches may prove to be less useful in identifying components of the pathway that are only
active at a certain stage of epidermal development or differentiation. That being said, ongoing
efforts to identify novel ΔNp63α target genes are needed to further clarify the various complex
roles of this intriguing transcription factor in the epidermis.
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Figure 1. ΔNp63α regulates the expression of a myriad of target genes
These target genes encode proteins that have different functions in the epidermis. For example,
within the basal layer, ΔNp63α induces expression of Fras1, a critical component of the
basement membrane. Another structural protein induced by ΔNp63α is Perp, a desmosomal
protein which is essential for keratinocyte adhesion. In addition to structural proteins,
ΔNp63α induces the expression of IKKα, a protein that is required for cell cycle withdrawal
during spinous layer development. Finally, a novel ΔNp63α target gene, Tprg, is expressed in
the suprabasal layers of the epidermis and may have a role in epidermal terminal differentiation.
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