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Expression of GATA-3 in epidermis and hair follicle: Relationship to p63
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Abstract

The epidermis is a multi-layered stratified epithelium continuously renewed by differentiating keratinocytes that develops by the
action of p63, a member of the p53 family. The TP63 contains two promoters, resulting in the expression of different proteins, containing
(TAp63) or not (ANp63) an amino-terminal transactivation domain, which contribution in skin formation is not fully understood. We
found that p63 binds and transactivate GATA-3 promoter, which in turn transactivate IKKa, two pivotal regulators of epithelial devel-
opment. Indeed, GATA-3 is a regulator of cell lineage in skin and hair follicles formation. To further study the relationship between
GATA-3 and p63 isoforms here we investigated their expression during keratinocyte differentiation, in human epidermis and hair follicle.

© 2007 Elsevier Inc. All rights reserved.

Keywords: p63; p53 family; GATA-3; IKKo; Hair follicle; Epidermis

p63, a member of p53 gene family, plays a key role in
regulating epithelial development and maintenance of
squamous epithelia [1]. Data from p63 knock out mice sug-
gest that p63 is critically required for limb, skin and cranio-
facial development. Indeed, these mice display defects in
their skin and their derivatives, and die shortly after birth
due to lack of epidermal barrier [2,3]. Recently, it has been
shown that p63 specifically functions to maintain the
extraordinary proliferative capacity of the epithelial stem
cells of stratified epithelia [4]. In addition p63, and partic-
ularly the ANp63 isoform, is important for thymic develop-
ment [4,5]. p63 is expressed in at least six different isoforms,
these multiple isoforms are the result of two different pro-
moters, one preceding the first exon and the second within
the third intron; transcription from these promoters give
rise to TA- or AN-amino termini of p63, respectively. In
addition, alternative splicing of the C-termini generate iso-
forms o, B and v.
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The ANp63a isoform is the main isoform expressed at
all embryonic stages during epithelial, tooth and hair devel-
opment, accounting for 100% of all p63 expressed up to E9
and 99% at E13; accordingly, TAp63 expression starts at
E13 and accounts for 1% of total p63 protein expressed
at this time [6]. ANp63 is the main isoform expressed in
the basal layer of the adult epidermis and it is important
for the formation of the basal layer, whereas TAp63 acts
synergistically and/or subsequently to ANp63 to contribute
to the differentiation program [7-9].

p63 reveals a remarkable structural similarity to p53
reaching 66% identity in the DNA binding domain, suggest-
ing that, p63 can regulate target genes transcription by bind-
ing to p53-like responsive element, in addition to p63-specific
responsible elements that have been recently identified [7,10—
12]. By micro array analysis [7,13,14] we found out that sev-
eral GATA family members are up regulated by p63 [14].

The GATA family is divided into two subfamilies,
based on the tissue distribution of each GATA family
member: GATA-1, -2, and -3 and GATA-4, -5, and -6.
GATA-1, -2, and -3 are predominantly associated with
the haematopoietic cell lineage; whereas GATA-4, -5, and
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-6 are mainly associated with organ development such as
liver, lung, pancreas, gut, and heart [15]. In addition to
the haematopoietic system, GATA-3 displays temporally
and spatially, a developmental dynamic expression pattern
in the embryo. The expression pattern of GATA-3 changes
in the differentiating organs and tissues, and during the ges-
tation, GATA-3 is restricted to the central and peripheral
nervous systems, the kidney, the adrenal gland and the
primitive thymus [16]. Embryos deficient in GATA-3 do
not survive beyond E11.0, showing massive internal bleed-
ing, malformations of the brain and spinal cord, aberra-
tions in foetal liver haematopoiesis and marked growth
retardations [17]. The cause of lethality seems related to
be due to the noradrenalin deficiency, which is critical for
maintaining cardiac homeostasis, a consequence of the
heart failure [18].

In addition to the immune system, GATA-3 is expressed
in the upper basal layers (spinous) of the epidermis and in
the inner root sheat (IRS) of the hair follicle [19,20]. Inter-
estingly, it has been shown that GATA-3 is a regulator of
cell lineage in skin and hair follicles formation [19]. Indeed,
GATA-3-null embryos show aberrations in hair follicle
morphogenesis that include not only structural defects in
the IRS and in the hair shaft, but also molecular defects
in cell lineage determination [19]. Beside its role in cell line-
age determination, GATA-3 is required to establish the
epidermal barrier and survive in ex-utero environment,
by direct transactivation of the lipid acyltransferase gene,
AGPATS [20]. In addition, we found at molecular level
that GATA-3 is a p63 target gene [14]. In order to further
investigate the role of GATA-3 in epidermal and hair mat-
uration, we investigated the expression of GATA-3 in nor-
mal human epidermis and human hair follicle in
comparison to TAp63 and ANp63 isoforms.

Materials and methods

Antibody production. The N-terminal part of TAp63, which is not
shared with ANp63, (amino acids 1-69) was cloned into the pET101/D
vector with an N-terminal six histidine tag. Recombinant proteins were
expressed in Escherichia coli (BL21) and purified under denaturing con-
ditions using Ni-NTA resin. Proteins were then refolded and buffer
exchanged to PBS using NAP buffer exchange columns (Amersham).
Finally, proteins were concentrated to 0.5 mg/ml using Centripreps
(Millipore). Antisera were generated by subcutaneous injection of
recombinant proteins emulsified with Titermax adjuvant (Stratech Scien-
tific, UK) into New Zealand White rabbits at 4-week intervals. Serum was
collected prior to the first immunization (pre-immune serum) and after the
third immunization with peptide conjugate. The immune sera obtained
only recognized TAp63 but not ANp63; hereof referred to as anti-TAp63-
sp.

Cell culture and transfection. Sub confluent HEK293 cells in 10-cm
dishes were transfected with 15 pg of total DNA (HA-tagged TAp63 and
ANp63 vectors) using 30 pl of lipofectamine 2000 reagent (Invitrogen).
Cells were harvested 24 h after transfection and lysed in RIPA buffer with
protease inhibitors (Sigma, St. Louis, MI, USA) and 1 mM DTT (Sigma).

Solubilization of proteins and Western blots. To extract proteins from
E19.5 embryonic skin, embryos were incubated at room temperature (RT)
for 24 h in 100 mM Tris-HCI, pH 8.5, 1% SDS, 20 mM DTT, and 5 mM
EDTA; 50 ng of extracted proteins was separated on SDS-PAGE and
transferred onto polyvinylidendifluoride membranes; blots were kept in

blocking solution for 2 h. Blots were incubated for 2 h with shaking at RT
with the following primary antibodies: monoclonal anti-p63 (H-137,1:200
dilution; Ab-4, 1:100 dilution), polyclonal anti-HA (Y-11, Santa Cruz,
CA, USA, 1:100 dilution), polyclonal anti-K10; polyclonal, anti-loricrin
and anti-filaggrin (Babco, 1:300 dilution), anti GATA-3 (Santa Cruz,
dilution 1:50). Normalization was achieved with a polyclonal anti-tubulin
(H-235, Santa Cruz, 1:1000 dilution) or with a goat anti-actin antibody (C-
11, Santa Cruz, 1:1000 dilution). After three washes in PBS-Tween 20
(0.05%), HRP-conjugated secondary antibodies (Bio-Rad, goat anti-
mouse, 170-5047 and goat anti-rabbit, 170-5046; and Santa Cruz, bovine
anti-goat, sc-2384) were added (1:10 000-20,000 dilution in blocking
solution). Proteins were detected using the ECL method.

Immunofluorescence and confocal analysis. Plastic surgery samples of
human scalp skin were obtained from informed volunteers according to
hospital ethical committee practice. Samples were cut into small pieces
containing about 6 intact follicles. Unfixed tissue samples were embedded
in Tissue-Tek OCT compound (Miles, Naperville, IL, USA), quick frozen
over dry ice, and stored at —80 °C until used for immuno-fluorescence.
Longitudinal frozen sections (10-um thick) of hair follicles and human
skin were prepared on a cryostat CM3050 (Leica, Rueil-Malmaison,
France) whose chamber temperature was set at —40 °C. Sections were then
air dried and stored at +4 °C overnight before being processed as previ-
ously described [21]. Briefly, samples were fixed in acetone at —20 °C for
10 min followed by several washes in phosphate-buffered saline (PBS).
Primary antibodies, were diluted in 0.05% PBS-Tween containing 10% of
normal serum corresponding to the conjugated secondary antibody spe-
cies, and applied for 30 min at room temperature (dilutions: GATA-3,
HG3-35 Santa Cruz, 1:50; p63 (H137), Santa Cruz, 1:100; TAp63-sp
1:100). Fluorescent species-specific secondary antibodies were then applied
for 30 min at room temperature (dilutions: FITC, Jackson, 1:100; Cv3,
Jackson, 1:300. Stainings were analysed with a Zeiss Axioscop microscope
(Carl Zeiss, Oberkochen, Germany), and multi-fluorescent detections were
analysed with a confocal laser-scanning microscope LSM 510 (Carl Zeiss,
Oberkochen, Germany). Data were processed with Zeiss software allowing
a fine analysis of labelling co-distribution.

Results and discussion

Generation and characterization of TAp63-sp polyclonal
antibody

The N-terminal part of human TAp63, which is not
shared with ANp63, (amino acids 1-69) was cloned into
the pETI101/D vector, expressed in Escherichia coli
(BL21) and purified (Fig. 1A). Purified protein was used
to inject rabbits at 4-week intervals. An affinity column
purified the immune sera obtained, the antibody obtained
was then characterized by Western blot and immunofluo-
rescence (Fig. 1). Hemagglutinin-tagged (HA-tagged)
TAp63a, B, v, and ANp63a, B, y constructs were transiently
transfected in HEK-293 cell line. Following transfection,
total proteins were extracted and subjected to Western
blotting with the new polyclonal anti-TAp63 (named:
TAp63-sp) and anti-HA antibodies (Fig. 1B). The anti-
TAp63-sp antibody detected the proteins at the expected
sizes only in TAp63a, B, or y transfected cells but did not
detected any band in the ANp63 a, B, or v transfected cells,
showing the specificity of the new polyclonal antibody gen-
erated (Fig. 1B) within TA and AN isoforms. In order to
evaluate the specificity and the affinity of the anti-TAp63-
sp polyclonal antibody within the other p53 family mem-
bers, HEK-293 cells were transiently transfected with
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Fig. 1. Characterization of the specific anti-TAp63-sp antibody. (A) Schematic representation of the p63 molecule indicating the location of the epitopes
recognised by the antibodies used in this study. (B) HA-tagged TAp63 and ANp63 isoforms were transiently transfected in HEK 293 cells. Protein extracts
were analysed by Western blotting using anti-HA (upper panel) and anti-TAp63-sp (middle panel) antibodies. The expression of all p63 isoforms was
shown by anti-HA staining. As loading control we have used the actin staining. The specificity of the new antibody was tested against p53 (E) and p73
isoforms (C and D). In both cases TAp73, ANp73 isoforms, and p53 were transiently transfected in HEK 293 cells. Protein extracts were analysed by
Western blotting using anti-p73 (C and D, upper panels) and anti-p53 (C, upper panel) and TAp63-sp antibodies. The anti-TAp63-sp that we have
generated does not recognise p53 and p73 isoforms (middle panels). As loading control we have used the actin staining. Human skin cryo-sections were
used to test the anti-TAp63-sp antibody as compared to the p63 (H137) commercially available antibody. (F) By immunofluorescence positive staining is
seen using anti-TAp63-sp in the nuclei of the keratinocytes. TAp63 positive nuclei are detected mostly in the upper layers of the epidermis (as indicated by
the white arrow), while many nuclei in the basal layer are TAp63 negative (yellow arrow). (G) The nuclei stained by anti-p63(H137) are partially
overlapping with the one stained with TAp63-sp antibody, indeed the p63(H137) detects p63 into the nuclei of almost all the epidermal layers (basal and
upper layers). The staining was more intense in the basal layer, where 100% of the nuclei were positive, here the ANp63 isoform is the more abundant
protein. Bars: 30 pm.

non-tagged TAp73a, B, v, ANp73a, B, v, or non-tagged p53
plasmids. Total proteins were extracted as described in
Materials and methods, run on SDS—page gel, transferred
to PVDF membrane and blotted with anti-TAp63sp,
anti-TAp73, anti-ANp73, and DO-1 (anti-p53) antibodies
(Fig. 1C-E). As shown in Fig. 1C-E, the TAp63-sp anti-
body did not detect p73 isoforms and p53 at all, demon-
strating that its specificity for TAp63 isoforms.

The new antibody generated, TAp63-sp, was also used
to detect the endogenous TAp63 proteins by staining
human skin cryo-sections; the results were compared with
the one obtained using anti-63 (H137, Fig. 1G, and Ab-4
clone, not shown) antibodies, which recognises both
TAp63 and ANp63 isoforms (Fig. 1F and G). These two
commercially available antibodies, can detect all p63 iso-

forms (both TAp63 and ANp63, see Fig. 1A for epitope
mapping). By immunofluorescence positive staining was
seen using anti-TAp63-sp in the nuclei of the keratinocytes:
TAp63 positive nuclei were detected mostly in the upper
layers of the epidermis (Fig. 1G, as indicated by the white
arrow), whereas many nuclei in the basal layer are TAp63
negative (Fig. 1G, yellow arrow). The specificity of the
staining observed was also validated by using pre-immune
serum that did not detect any staining at all (not shown).

The staining pattern obtained using anti-p63(H137) was
partially overlapping with the one obtained using TAp63-
sp antibody; indeed the p63(H137) detected p63 into the
nuclei of the keratinocytes of the basal and spinous layers.
Several nuclei of the keratinocytes of the granular layer are
negative (Fig. 1G, yellow arrows). In conclusion, the
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Fig. 2. Expression of GATA-3 during keratinocytes differentiation. (A) Keratinocytes were induced to differentiate by calcium addition (1.2 mM) for 1-
5 days. Proteins were extracted and Western blotting analysis were performed using anti-GATA-3, anti-TAp63-sp, anti-p63(H137), anti-K 10, and anti-
actin (the latter as loading control). K10 increases as indicating that the cells undergoes to terminal differentiation. (B) Semiquantitative real time PCR
performed on differentiating HaCat, shows a small increase of the GATA-3 mRNA levels. (C) Expression of epidermal differentiation proteins by Western
blot in wt and p63—/— mice. The epidermal proteins were extracted in wt and p63—/— mice by incubation of E18.5 embryos for 24 h in buffer (1% SDS,
20 mM DTT) to solubilise the outermost epidermal layers; proteins were quantified, electrophoresed and blotted. GATA-3 protein is not detected in
p63—/— embryos. As control, Western blot for K10, K14, loricrin, and filaggrin, was performed. Loading control, actin.

p63(H137) staining was more intense in the basal layer, GATA-3 is regulated during normal human keratinocyte
where 100% of the nuclei were positive (Fig. 2G), while differentiation
TAp63 (TAp63-sp) was mainly observed in the granular

layer. This result further support that ANp63 is pivotal in In addition to the hemapoietic lineages, GATA-3 is also
the basal layer for the maturation of the epidermis [6,7,22]. a regulator of cell lineage determination in skin [19].
Y GATA-3

Fig. 3. GATA-3 partially colocalises with p63 isoforms in human interfollicular epidermis. GATA-3 is expressed in human skin and partially co-localizes
with TAp63 and ANp63. Frozen sections of normal human skin are subjected to immunofluorescence with anti-p63(H137) and anti-GATA-3 (A) or anti-
TAp63-sp and anti-GATA-3 (B). Immunofluorescence shows a partial nuclear localization of GATA-3 and p63 both in nuclei located in the basal and in
the upper layers, indicating that GATA-3 colocalize both with TAp63 and ANp63 isoforms. (white arrows: nuclei positive only for GATA-3; yellow
arrows: nuclei positive for both GATA -3 and p63). Bars: 30 pm.
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However, the role of GATA-3 in epidermis, as well as its
epidermal target genes, has not been fully established so
far. Very recently, we have demonstrated that IkB
kinase-o (IKKa), which is very important in keratinocyte
differentiation and skeletal and craniofacial morphogenesis
[23], has four putative binding sites located on its proximal
promoter and that GATA-3 is able to transactivate IKKa
by luciferase assay [14]. We have also demonstrated by
chromatin immunoprecipitation that both TAp63 and
ANp63 bind GATA-3 promoter, which contains a p53-like
responsive element, and that they are able to transactivate
GATA-3 in a luciferase assay [7]. In order to further study
the relationship between GATA-3 and p63 isoforms we
decided to investigate the expression of these transcription
factors during keratinocyte differentiation and in epider-
mis. Normal human epidermal keratinocytes, NHEK, were
differentiated by calcium addition (1.2 mM), cells were col-
lected, proteins extracted and Western blot was performed.
The results obtained showed a significative accumulation
of GATA-3 protein during keratinocyte differentiation,
parallel to and increase for TAp63 and keratin 10 (K10;
the latter reported as differentiation positive control)
(Fig. 2A). As expected the ANp63a decreases while the cells
undergo to differentiation (Fig. 2A). Semi-quantitative RT-
PCR analysis (Fig. 2C) revealed two fold increase of the
induction of GATA-3 mRNA during keratinocyte
differentiation.

To further confirm that GATA-3 is downstream of p63
as indicated in vitro by us [14], we decided to check in vivo
expression of GATA-3 in the epidermis of p63—/— mice.
Using epidermal proteins extracted from E19.5 embryos
wt and p63—/— [7], we observed by Western blotting the
absence of GATA-3 protein in absence of p63 (Fig. 2C).
As control we included epidermal markers such us K14,
K10, loricrin and filaggrin.

Expression of GATA-3 and p63 proteins in human epidermis
and hair follicle

To analyse the pattern distribution of GATA-3 and p63
isoforms, we investigated their expression in normal human
skin. GATA-3 is located both in basal and suprabasal epi-
dermal layer (Fig. 3A and B). As shown in the “merge”
panels, GATA-3 co-localizes with both ANp63 (H137; yel-
low arrows) and with TAp63 (TAp63-sp; yellow arrows).
This co-localization is partial, since nuclei positive only
for GATA-3 are also evident (white arrows) in the upper
layer of the epidermis, indicating that other transcription
factors contribute in the expression of GATA-3.

We investigated the expression of GATA-3 and p63 iso-
forms in different hair follicle compartments (Fig. 4A and
B). GATA-3 labelling confirmed a specific nuclear distribu-
tion from the early onset of the inner root sheath (IRS)
(Fig. 4A and B; left panels). p63 labelling obtaining using
both anti-TAp63-sp and anti-p63 (H137/Ab-4) is more dif-
fuse but preferentially observed in the nuclei around the
dermal papilla and in the outer root sheath (ORS). Analy-

Fig. 4. Expression of GATA-3 and p63 isoforms in the different hair
follicle compartments. (A) GATA-3 presents a nuclear distribution in the
inner root sheath (IRS) compartment of the hair follicle. Anti-p63(H137)
staining is observed in the nuclei around the dermal papilla and in the
outer root sheath (ORS). GATA-3 and p63 co-localize in a very limited
portion of the IRS as indicated by the white spots. (B) TAp63-sp antibody
staining is more diffuse in comparison to H137 antibody. Also in this case
GATA-3 and TAp63 co-localize in a very limited portion of the IRS as
shown by the white spots. Left panels are details of right panels (indicated
with dashed line). Bars: 100 pm.

sis by laser confocal microscopy confirmed the indirect
immuno-fluorescence results. Intensities of both channels
were analyzed and two distinct populations of spots were
distributed. Only occasional spots were found in the area
where both intensities were maximal (Fig. 4A and B, right
panels). These spots were selected for white colour, and
revealed that scattered IRS cells co-expressed p63 and
GATA-3. These results clearly evidenced that GATA-3
and p63 proteins are only partially co-localizing in the
human hair follicle. GATA-3 is specific for the IRS differ-
entiation program while p63 is mainly detected in the hair
shaft and the ORS cells. Nevertheless, we detected some
IRS cells exhibiting a distinct amount of p63 protein.

Conclusion

The characterization of TAp63-sp, which reacts specifi-
cally with TAp63 isoforms, compared to the commercial
antibodies anti-p63 (HI137/Ab-4), which recognises all
p63 isoforms, allowed us to investigate which p63 isoform
is associated with GATA-3 expression in vivo. In our previ-
ous studies, was reported that GATA-3 is a p63 target gene
in vitro [14]. In this study, we illustrated that in a p63 null
embryo, GATA-3 is not detectable by Western blot in the
outer part of the embryo, suggesting that in vivo p63 con-
tribute to GATA-3 transcription. Finally, we demonstrated
that in the interfollicular epidermis and in the IRS of the
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hair follicle GATA-3 partially co-localizes with both
TAp63 and ANp63 isoforms.
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