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BACKGROUND: Abnormalities in the TP53 are regarded

as the most consistent findings in oral squamous cell

carcinoma. Two related members of the TP53 family, p73

and p63, have shown remarkable structural similarity to

TP53, indicating possible functional and biological inter-

actions. The aim of the present study was to investigate

the expression of p63 protein and mRNA in oral epithelial

dysplasia.

METHODS: Immunohistochemical p63 staining was

compared for samples from 90 male patients with buccal

epithelial dysplasias and 15 healthy individuals with nor-

mal buccal mucosa and 15 subjects with reactive epi-

thelial hyperplasia of the oral mucosa secondary to

traumatic insult. The buccal lesions consisted of mild,

moderate and severe epithelial dysplasias (30 samples in

each category). The mRNA expression using reverse

transcription polymerase chain reaction (RT–PCR) was

also included for a subset of available fresh tissue speci-

mens (four samples in each category of mild and mod-

erate epithelial dysplasia; five samples in severe epithelial

dysplasia; five samples in each of normal and reactive

epithelial hyperplasia).

RESULTS: Nuclear p63 staining was demonstrated pre-

dominantly in the basal layers of the epithelium of the

normal buccal mucosa and reactive epithelial hyperplasia

specimens. For epithelial dysplasia lesions, however,

staining was not restricted to the basal layers, extending

to the middle spinous layer for samples in the mild cat-

egory, with p63 immunoexpression observed across al-

most the full thickness of the dysplastic epithelium for

analogous moderate and severe specimens. Compared

with normal/reactive hyperplastic mucosa, p63 staining in

the dysplastic mucosa was significantly increased. The

severity of dysplasia was increased with the increase of

p63 staining. Furthermore, DNp63mRNA was identified

in all of the fresh tissue samples whereas expression of

transactivation (TA) isotype was not detected. A subset

of moderate epithelial dysplasia and severe variant

showing p63-positive staining has undergone malignant

transformation to squamous cell carcinomas in about

5 years follow-up.

CONCLUSION: Our results indicate that impaired p63

immunoexpression (predominantly DN isoform) is asso-

ciated with the severity of oral epithelial dysplasias and

up-regulation of p63 may play a role in the early stage of

human oral tumorigenesis.
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Introduction

About two decades after the discovery of the p53
tumour-suppressor gene (TP53), two related genes (p73
and p63) have been cloned giving rise to the notion of a
TP53 family (1–4). Because of the significant structural
similarity of these two genes with TP53, it was expected
that their function would be similar to TP53 in terms of
tumour suppression, induction of apoptosis, and cell
cycle control. In this study, the investigative emphasis
was on p63.

Structurally, TP53 has a single promoter with three
conserved domains, namely, transactivation (TA)
domain, the DNA-binding domain and the oligomeri-
zation domain (5). By contrast, p63 has two promoters,
resulting in two different types of protein products:
those containing the TA domain (TAp63) and those
lacking the TA domain (DNp63) (2). Furthermore, p63
mRNA undergoes alternative splicing at the COOH-
terminus, giving rise to three isoforms (a, b and c) (4–6).
These various isoforms have been reported to possess
either similar or opposite functions to those of p53-
related transcription factors, depending on which par-
ticular isoforms are expressed (7). In general, the TAp63
isoform might behave like p53 because they transacti-
vate various p53 downstream targets, induce apoptosis,
and mediate cell cycle control, whereas, the DNp63
isoform has been shown to display opposing functions
of the TAp63 isoform, including acting as oncoproteins
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(8–10); however, a recent study (11) has indicated that
this may not be absolutely true. Some DNp63 isoforms
have shown to be as effective, or even more effective
than TAp63 isoforms regarding TA and growth sup-
pression (11). Most recently, Thurfjell et al. (12) has
showed that the high levels of DN isoforms present in
basal layers were similar to those seen in tumour tissues
of the head and neck.

Further, it has been shown that p63 knock-out mice
manifest profound defects in limb and craniofacial
development and in the differentiation of tissues, such
as the skin, oral cavity and oesophagus (13), with the
stratified epithelia, suggesting that p63 is essential for
ectodermal differentiation during embryogenesis. Addi-
tionally, p63 has been identified in keratinocyte stem
cells (14). This may be of practical importance for
studies of epithelial tumorigenesis because it is thought
that stem cells are involved in the formation of
malignant tumours (15, 16). Because of the almost
restricted expression of p63 in epithelial cells, as well as
the functional similarity to p53, it is suggested that p63
may play a role in the regulation of proliferation and
differentiation in pre-malignant and malignant lesions of
epithelial origin. Although a few studies have examined
p63 in head and neck (17–20) and oral (21) squamous
cell carcinoma, the involvement of p63 in human oral
pre-malignant lesions remains largely unelaborated.
Thus, the aim of the present study was to investigate
the expression of the p63 protein and mRNA in oral
epithelial dysplasia.

Materials and methods
Patients
Specimens of epithelial dysplasia of the buccal mucosa
were obtained from tissue samples derived from 90 male
patients aged between 34 and 75 years (mean: 54), who
had visited our institution. All of the patients were betel-
quid chewers. All cases of dysplasia included in this
study were subjected only to biopsy and standard
follow-up for at least 5 years. All cases selected for this
investigation consisted of single oral epithelial dysplasia
without multifocal lesions at time of diagnosis. The
diseased buccal mucosa involved in this study comprised
mild, moderate and severe epithelial dysplasia (30
samples in each category). The histopathological char-
acteristics of epithelial dysplasia include: (i) basal layer
hyperplasia; (ii) nuclear enlargement and hyperchroma-
tism; (iii) loss of intercellular adhesion and normal
polarization; (iv) abnormal mitoses above the basal cell
layer; (v) individual cell keratinization within the spin-
ous layer; (vi) cellular pleomorphism; (vii) drop-shaped
epithelial ridges; (viii) irregular stratification; and (ix)
altered nuclear-cytoplasmic ratio (22). Among these
histological changes, the presence of basal cell hyper-
plasia, nuclear enlargement and hyperchromatism and
drop-shaped rete-ridges are regarded as the minimal
criteria for the histological diagnosis of epithelial
dysplasia (23). Diagnosis was successfully achieved and
the degrees of dysplasia were graded with reference to
the following criteria (24): (i) mild epithelial dysplasia –

dysplastic alterations confined to the lower third of the
buccal epithelium; (ii) moderate epithelial dysplasia –
dysplastic changes observed for up to two-thirds of the
thickness of the buccal epithelium; and (iii) severe
dysplasia – more than two-thirds but less than the whole
thickness of the buccal epithelium contains the dysplas-
tic cells. The lesions were independently graded by two
broad certified oral pathologists. If there was disagree-
ment, the haematoxylin and eosin slides were evaluated
again by the two pathologists until a consensus was
reached. Additionally, normal buccal mucosal tissue
was taken from 15 healthy individuals (mean age:
47 years; range: 22–65) using punch biopsy. Reactive
hyperplastic oral mucosal tissue secondary to traumatic
insult was obtained from other 15 subjects (mean age:
54 years; range: 43–67), none of whom chewed betel-
quid or smoked cigarettes, for inclusion as control
samples. All tissues (including control samples) were
conformed to an informed consent protocol, approved
by the Ethics Committee for Scientific Research on
human beings, which reviews research proposals at this
institution. The biopsied tissue was fixed in 10%
neutral-buffered formalin solution for about 24 h,
dehydrated in graded alcohols, cleared in xylene, and
embedded in paraffin for immunohistochemical study.
Twenty-three fresh tissues samples (four samples in each
category of mild and moderate epithelial dysplasia; five
samples in severe epithelial dysplasia; five samples in
each of normal and reactive epithelial hyperplasia) were
available for mRNA analysis.

Immunohistochemistry
Staining was performed using a standard avidin-biotin
peroxidase complex (ABC) (25). The p63 protein
expression was examined using p63 antibody raised
against amino acids 1–205, mapping at the amino-
terminus of DNp63 (Clone 4A4; Santa Cruz� Biotech-
nology, Santa Cruz, CA, USA). According to the
manufacturer’s specifications, this antibody reacts with
tissues of human, rat and mouse origin, as determined
from Western blotting and immunohistochemistry
(including paraffin-embedded sections). The specificity
of the anti-p63 antibody has been previously demon-
strated using a variety of immunoblotting experiments,
as well as analogous studies of immunohistochemical
staining of mouse tissues from which the p63 gene has
been deleted (4, 13). Subsequent to deparaffinization in
xylene and ethanol, the tissue sections were treated in
0.3% H2O2-methanol and 10% normal goat serum
(Dako, Santa Barbara, CA, USA). All sections were
subsequently incubated at room temperature with the
primary antibody (1:200) for 30 min, then for a further
30 min with biotin-conjugated goat antirabbit immuno-
globulin G (IgG) (1:100; Vector, Burlingame, CA,
USA), and finally for 30 min using ABC (Dako). The
sites of peroxidase-binding were visualized as brown
products of the diaminobenzidine reaction. The sections
were then counterstained with haematoxylin. Each set of
experiments included a human buccal squamous cell
carcinoma specimen known to express p63, which served
as a positive control and ensured the reproducibility of
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the staining process. A negative-control, in which the
primary antibody had been omitted, was also included
in each set of experiments. Tissue sections, where the
primary antibody was substituted for one of the same
IgG subclass but different antigen specificity, served as
additional negative staining controls.
At least three representative areas were viewed per

section, depending on size. The area of staining was
evaluated according to the extent of positively stained
tissue within the microscopic fields as follows: 0, <10%;
1+, 10–20%; 2+, 20–40%; 3+, 40–60%; 4+, 60–80%;
5+, >80%.

Reverse transcription polymerase chain reaction
Total RNA was extracted by homogenizing the 23
available fresh tissue specimens in guanidium isothio-
cyanate followed by ultracentrifugation in caesium
chloride, as described previously (26). The RNA con-
centration was determined by way of the sample’s
optical density at a wavelength of 260 nm (by using an
OD260 unit equivalent to 40 lg/ml of RNA).
Isolated total RNA (1 lg) was reverse-transcribed to

cDNA in a reaction mixture (with a final volume of
20 ll) containing 4 ll of MgCl2 (5 mM), 2 ll of 10X
reverse transcription buffer [10 mM Tris-HCl (pH 9.0),
50 mM KCl, 0.1% Triton� X-100], 2 ll of dNTP
mixture (1 mM each), 0.5 ll of recombinant RNasin�
ribonuclease inhibitor (1 l/ll), 15 units of avian-
myeloblastosis virus (AMV) reverse transcriptase (high
concentration) (15 l/lg), 0.5 lg of oligo(dT)15 primer
(catalogue no. A3500; Promega, Madison, WI, USA).
The reaction mixture was incubated for 15 min at 42�C.
The AMV reverse transcriptase was inactivated by
heating for 5 min at 99�C and then incubated at 0–5�C
for a further 5 min.
All oligonucleotide primers were purchased from

Genset Corp. (La Jolla, CA, USA). The primer pairs
were chosen from the published cDNA sequences of p63
(20) (TA and DN isoforms; GenBank accession number
NM-003722) and b-actin (27) (GenBank accession no.
X-00351). Oligonucleotide primers used for polymerase
chain (PCR) reactions are as indicated in Table 1. The
20 ll first-strand cDNA synthesis reaction product
obtained from the reverse transcriptase reaction was
diluted to 100 ll with nuclease-free water. The PCR

amplification reaction mixture (with a final volume of
100 ll) contained diluted, first-strand cDNA reaction
product (20 ll; <10 ng/ll), cDNA reaction dNTPs
(2 ll; 200 lM each), MgCl2 (4 ll; 2 mM), 10X reverse
transcription buffer (8 ll; 10 mM Tris-HCl, pH 9.0,
50 mM KCl, 0.1% Triton� X-100), upstream primer
(50 pmol), downstream primer (50 pmol) and Taq DNA
polymerase (2.5 units, catalogue no. M7660; Promega).

The PCR steps were carried out on a DNA thermal
cycler (TaKaRa MP, Tokyo, Japan). Thermocycling
conditions included denaturing at 94�C for 1 min (one
cycle), then denaturing at 94�C (1 min), annealing at
52�C (1 min) for both DNp63 and TAp63, or at 60�C
(1 min) for b-actin, and extending at 72�C (1 min) for
30 cycles and a final extension at 72�C for 7 min. The
b-actin primers were utilized as positive controls. Neg-
ative-controls, i.e. those conducted in the absence of
RNA and reverse transcriptase, were also performed.
Amplification products were analysed by electrophoresis
in a 2% agarose gel along with the relevant DNA
molecular weight marker (Boehringer Mannheim,
Mannheim, Germany) and stained with ethidium bro-
mide. The PCR products were visualized as bands with a
UV transilluminator. Photographs were taken with a
Polaroid DS-300 camera (Applied Biosystems Taiwan,
Taipei, Taiwan). The PCR products were then sequenced
to confirm their identities using a T7 Sequenase version
2.0 kit (Amersham International, Little Chalfont, UK).

Results
Immunohistochemistry
For the normal buccal mucosa specimens, p63 nuclear
staining was predominantly detected in the basal layers of
the epithelium and only focally in parabasal cells layers
(Fig. 1a). For lesions of hyperplastic oral epithelium,
nuclear p63 positivity was also chiefly noted in the basal
cells and occasionally in cells a few layers above basal
layers (Fig. 1b). For lesions from mild epithelial dyspla-
sias, however, nuclear staining of p63 was no longer
restricted to the basal layers andwas detectedobviously in
the middle spinous layer (Fig. 1c). Further, p63 immu-
noexpression could be observed across almost the full
thickness of the dysplastic epithelium for the moderate
(Fig. 1d) and severe analogues (Fig. 1e; p63 immuno-
expression is summarized in Table 2). The severity of
dysplasia was increased with the increase of p63 staining
(Table 2). The staining scores were analysed statistically
using Statistical Parameter for Social Sciences (SPSS) for
Window 9.0 Software. The Kolmogorov–Smirnov non-
parametric two-sample test was employed to compare
dysplasia and control samples. The level of significance
for all tests was set at P < 0.05. The increase in p63
staining for dysplasia specimens compared with control
samples was significant (P < 0.05). Furthermore, in
about 5 years follow-up, five of 30 cases (16.7%) of
moderate epithelial dysplasia and nine of the 30 cases
(30%) of severe variant showing p63-positive staining
have undergone malignant transformation to develop
squamous cell carcinomas (Table 2); however, the case
number was not large enough for statistical analysis.

Table 1 Oligonucleotide primers used to amplify DNp63, TAp63 and
b-actin cDNAs

Oligonucleotide
primers Sequences

PCR
products
(bp)

DNp63 sense 5¢-TTAGTGAGCCACAGTACACG-3¢ 681
DNp63 antisense 5¢-GCCCATCTCTGGTTTCCAG-3¢
DTAp63 sense 5¢-ATTCCCAGAGCACACAG-3¢ 600
DTAp63 antisense 5¢-AGCTCATGGTTGGGGCAC-3¢
b-actin sense 5¢-AACCGCGAGAAGATGACCCA

GATCATGTTT-3¢
350

b-actin antisense 5¢-AGCAGCCGTGGCCATCTCTT
GCTCGAAGTC-3¢

PCR, polymerase chain reaction.
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Reverse transcription polymerase chain reaction
Upon reverse transcription (RT)–PCR, DNp63mRNA
was detectable as a band corresponding to a 681-bp
PCR product for all of the fresh tissue specimens of
buccal epithelial dysplasia as well as for the normal
mucosa and reactive epithelial hyperplastic specimens
whereas expression of TA isotype was not detected in all
of the tissue specimens (Fig. 2). All samples apart from
the negative-control sample reveal bands of b-actin
(350-bp) (Fig. 2). The expression of DNp63mRNA for

the fresh tissue specimens was noted to be consistent
with the findings of corresponding specimens using
immunohistochemistry.

Discussion

Reviewing the English language medical literature, most
reports are focused on p63 expression in head and neck
squamous cell carcinoma (17–21) and there is only one
published immunohistochemistry-based report of p63

Figure 1 Representative sections of (a) normal buccal mucosa specimen revealing nuclear p63 positivity predominantly in basal layers and only
focally in parabasal cells layers; (b) reactive epithelial hyperplastic oral mucosa specimen revealing nuclear p63 positivity was noted in some basal
cells, and with occasionally in cells a few layers above basal layers; (c) mild epithelial dysplasia specimen showing positive p63 staining in the middle
spinous layer; (d) moderate epithelial dysplasia and (e) severe epithelial dysplasia specimens showing p63 positivity through nearly the whole
mucosal layer (avidin-biotin peroxidase complex, ABC stain ·100).

Table 2 p63 immunoexpression in samples of normal/reactive hyperplastic mucosa and human buccal epithelial dysplasia

Staining scores

Tissue/dysplasia type 0 1+ 2+ 3+ 4+ 5+

Normal mucosa 0a 15 0 0 0 0
Reactive epithelial hyperplasia 0 15 0 0 0 0
Mild 0 3 27 0 0 0
Moderate 0 0 2 26 (1) 2 (2) 0
Severe 0 0 0 0 3 (1) 27 (8)

Data in parenthesis indicating the number of cases undergo malignant transformation to squamous cell carcinomas.
Positive-staining scores, proportion of cells in microscopic fields: 0, <10%; 1+, 10–20%; 2+, 20–40%; 3+, 40–60%; 4+, 60–80%; 5+, >80%.
aNumber of cases.
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expression in samples of epithelial dysplasia lesions
taken from the head and neck (17). Our results are in
agreement with those of this small study of 16 epithelial
dysplastic lesions (five, mild; six, moderate; five, severe).
Choi et al. (17) demonstrated that all samples expressed
p63 protein; however, no attempt was made to grade
degree of staining with respect to the severity of the
dysplastic lesions (17). As far as we have been able to
determine, this is the first investigation of the relation-
ship between p63 protein expression and grade of oral
epithelial dysplasia.
The p63 gene can be expressed into at least six protein

isotypes, which are divided into two groups, those
containing the TA domain (TA isotypes) and those that
do not (DN isotypes) (2). Immunohistochemistry using
the 4A4 antibody, however, was not able to absolutely
confirm which isotypes (TA or DN) were implicated
in oral carcinogenesis. The presence of TAp63mRNA
within skeletal muscle tissue, in the absence of staining
with the 4A4 antibody, has been previously reported
(28), indicating that this antibody may not necessarily
identify all isotypes of p63 using immunohistochemical
techniques. In order to elucidate which isotypes of
p63 were expressed in the current study, RT–PCR
was performed using isotype-specific primers. The
DNp63mRNA was identified within all dysplastic buccal
tissue specimens as well as the normal and reactive
epithelial hyperplastic specimens, whereas expression of
TAp63 was not able to be detected in any of these tissue
specimens. No variation of DNp63mRNA at the expres-
sion level was recognized between normal and dysplastic
buccal tissue. On the basis of this finding, it was able to
conclude that DNp63 is the major isotype of p63 in this
study. A similar result has been reported in squamous
cell carcinomas for both human (29) and hamster (30)
buccal tissues but, this may be, to our knowledge, the
first study to demonstrate the presence of DNp63mRNA
in human oral epithelial dysplastic lesions.
In the present study, it was observed that the number

of p63-positive epithelial cells increased as severity

increased (from normal/reactive epithelial hyperplasia
specimens through to mild, moderate and severe epi-
thelial dysplastic buccal lesions). Further, this increased
penetration is reflected in an upward extension of p63-
stained keratinocytes, from the basal/parabasal layers
in normal buccal mucosa/reactive hyperplastic oral
mucosa to the middle spinous layer in mild epithelial
dysplasia, and spanning almost the entire epithelial layer
in the moderate and severe variants. These results
suggest that the extent of up-regulation of p63 expres-
sion may be correlated with the severity of epithelial
dysplasia. It is important to consider the potential role
of p63 protein in lesions of oral epithelial dysplasia.

A dual role of p63 protein has been reported (31):
(i) during embryogenesis, p63 may be the molecular
switch required for initiation of epithelial stratification
because, if lacking p63, epithelium remains single-
layered; (ii) for mature epithelium, p63 needs to be
switched off for terminal differentiation to take place;
otherwise, p63 may maintain the proliferative potential
of basal keratinocytes preventing stratification to occur.
Based on our immunohistochemical data, p63 protein is
expressed in the proliferative layer of cells near the
basement membrane of the normal oral mucosa, where
it likely serves to prevent basal cells from differentiating
and thereby helps to maintain their basal cell status.
Then, upon the maturation of normal oral stratified
squamous epithelium, the expression of p63 protein
should have been down-regulated and p63 protein has
rarely been detected in upper layers of the epithelium.
However, upon dysplastic change (i.e. transition from
normal oral mucosa to epithelial dysplasia), dysplastic
keratinocytes above the basal layers may shift to a status
similar to the embryogenesis condition and are still able
to express p63 protein producing an antidifferentiation
effect as well as a proliferative capacity of dysplastic cells
in oral dysplastic mucosa. Under this presumption, it
can explain why there is an upward extension of p63
protein as the dysplastic lesions progress from mild to
moderate and severe variants.

Sniezek et al. (32) reported that p63 protein is under
expressed in cases of oral lichen planus, a mucosal
lesion that seldom progresses to malignancy and is
characterized by hyperdifferentiation and apoptosis. A
similar phenomenon has also been observed for lesions
of reactive epithelial hyperplasia secondary to trau-
matic insult in our study. Could the lymphocytic
infiltrates of these two kinds of lesions responsible for
the release of cytokines that result in decreased p63
expression? Surely, further study is required. Then, in
summary, if our hypothesis is correct, there are strong
grounds for speculation that for circumstances of
malignant transformation of oral dysplastic lesion to
squamous cell carcinoma, the overexpressed p63 pro-
teins might exert an alternative mechanism to overcome
p53 tumour-suppressor function and hence induce
clonal expansion of the dysplastic kerationcytes. There-
fore, it appears reasonable to suggest that the p63-
stained keratinocytes could be important in neoplastic
transformation of the squamous cell, favouring neo-
plastic proliferation and antidifferentiation effect,

Figure 2 Expression of p63 [DN and transactivation (TA) isotypes]
mRNA in human buccal epithelial dysplasia (ED) using reverse
transcription polymerase chain reaction (RT–PCR). A band of a 681-
bp PCR product corresponding to DN isotype is observed for all the
fresh tissue specimens of oral epithelial dysplasia (lanes 1–13) as well as
for the normal mucosa (lane 14), and reactive epithelial hyperplastic
(lane 15) specimens whereas no specimens reveal a 600-bp PCR
product corresponding to TAp63mRNA (lanes 1–15). All samples
(lanes 1–15) apart from the negative-control sample (lane N) reveal
bands of b-actin (350-bp). Lane M is the DNA molecular weight
marker.
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which cannot be ascertained by conventional haema-
toxylin and eosin staining.

Furthermore, it has been shown that DNp63 isoforms
were predominated in squamous cell carcinomas of the
head and neck (12, 33) as well as of the oral cavity (29).
Similarly, in this study, we demonstrated that DN
isoforms were also dominated in the basal layer from
which carcinomas are thought to arise, and the expres-
sion of p63 increased with the severity of dysplaisa.
Therefore, the enhanced expression of these N-terminal
truncated proteins could have a negative impact in the
differentiation of the epithelial cells in lesions of
dysplasia, and might contribute to subsequent cancer
formation.

It is interested to note that a similar immunoexpres-
sion pattern has been reported for keratin-19 for human
oral carcinogenesis (34) when compared with our results
for p63 protein. Both keratin-19 and p63 protein have
been regarded as a novel basal cell immunohistochem-
ical marker (35). Indeed, an association of keratin-19
and p63 expression has been found for human oeso-
phageal dysplasia and carcinoma (36). Whether there is
a similar correlation between keratin-19 and p63 protein
for human oral carcinogenesis is warranted for further
study.

Paralleling recent findings for pulmonary (37), cuta-
neous (38), nasopharyngeal (39), oesophageal (40) and
laryngeal (41) squamous cell carcinomas, in our study
p63 immunoexpression was determined for all of the
buccal epithelial dysplasias. Importantly, p63 is located
in the 3q27–29 chromosomal region, the most frequently
overexpressed genomic locus for head and neck carci-
noma (42), and amplification of the p40/p51/p63 locus
has been demonstrated for most such specimens (6–9).
Taken together, these findings suggest that abnormal
status and expression of the p63 gene may be associated
with the early phase of human oral squamous cell
carcinogenesis. A similar finding has recently been
reported with respect to the expression of p63 in
dysplastic laryngeal (41) and oesophageal (40) mucosa.

Both p63 and p73 up-regulation have already been
demonstrated in the early stages of 7,12-dimethyl-
benzanthrance (DMBA)-induced hamster buccal-pouch
squamous cell carcinogenesis (43, 44). An upward
extension of the p63 protein from the basal/parabasal
layers to the entire epithelial layer was noted with
prolonged DMBA exposure suggesting that elevated p63
expression is consistent with the progression of dyspla-
sias in DMBA-induced hamster buccal-pouch carcino-
genesis (43, 44). The results of the current human study
are compatible with the aforementioned findings of
the animal experiment (43). Therefore, in human oral
carcinogenesis, it may be expected that expression of p63
(perhaps in concert with p73) will block the growth-
inhibition and apoptosis-induction activities of p53 (45)
and, thus, may help to maintain the proliferative capacity
of progenitor cells in human oral dysplastic mucosa.

To study tumour development, it is preferred to follow
a tissue that has developed into a tumour. In order to
evaluate the potential predictive value and biological
implication of p63 expression in oral carcinogenesis,

it is better to employ control samples from subjects with
exposure to risk factors similar to the affected subjects
because this would reduce the likelihood of identifying
alterations only indicative of exposure but not transfor-
mation. As not all patients chewing betel-quid have
dysplasia, it should been, if possible, to include also
betel-quid chewers with clinically normal oral mucosa as
controls. In fact, that is necessary before confirmative
conclusions in the role of p63 in dyspastic development
can be drawn. The effects of another risk factor, long
time heavy smoking, on the p63 expression in clinically
normal oral mucosa has been studied by Thurfjill et al.
(12) who found that tobacco usage had no effect on p63
expression in oral epithelium. However, such kinds of
controls (with exposure to betel-quid but without
disease), to our experience in Taiwan, are very difficult
to collect as without any oral mucosal abnormalities, the
possibility for them to visit a dental clinic is very low.
Therefore, non-betel-quid users have been selected for
normal control mucosa in the present study. In about
5 years follow-up, a subset of moderate epithelial
dysplasia (16.7%) and severe variant (30%) showing
p63-positive staining have undergone malignant trans-
formation to develop squamous cell carcinomas. It also
appears that the higher the staining scores, the greater
the likelihood of malignant transformation, but the
number of cases is not large enough for statistical
analysis. Nevertheless, to our knowledge, this may be the
first report to provide follow-up data of p63 expression
for lesions of oral epithelial dysplasia. These observa-
tions suggest that impaired p63 expression has an early
role in oral tumorigenesis and deserves additional
evaluation as a biomarker for oral cancer progression.

References

1. Kaghad M, Bonnet H, Yang A, et al. Monoallelic
expressed gene related to p53 at 1p36, a region frequently
deleted in neuroblastoma and other human cancers. Cell
1997; 90: 809–19.

2. Trink B, Okami K, Wu L, Sriuranpong V, Jen J,
Sidransky D. A new human p53 homologue. Nat Med
1998; 4: 747–8.

3. Osada M, Ohba M, Kawahara C, et al. Cloning and
functional analysis of human p51, which structurally and
functionally resembles p53. Nat Med 1998; 4: 839–43.

4. Yang A, Kaghad M, Wang Y, et al. p63, a p53 homolog at
3q27–29. Encodes multiple products with transactivating,
death-inducing, and dominant-negative activities. Mol
Cell 1998; 2: 305–16.

5. Lane DP. Cancer, p53, guardian of the genome. Nature
1992; 358: 15–6.

6. Yamaguchi K, Wu L, Caballero OL, et al. Frequent gain
of the p40/p51/p63 gene locus in primary head and
neck squamous cell carcinoma. Int J Cancer 2000; 86:
684–9.

7. Jost CA, Maria MC, Kaelin WG. p73 is a human p53-
related protein that can induce apoptosis. Nature 1997;
389: 191–4.

8. Ratovitski EA, Patturajan M, Hibi K, Trink B, Yama-
guchi K, Sidransky D. p53 associates with and targets
DNp63 into a protein degradation pathway. PNAS 2001;
98: 1817–22.

p63 in oral epithelial dysplasia

Chen et al.

237

J Oral Pathol Med



9. Hibi K, Trink B, Patturajan M, et al. AIS is an oncogene
amplified in squamous cell carcinoma. PNAS 2000; 97:
5462–7.

10. Patturajan M, Nomoto S, Sommer M, et al. DNp63
induces b-catenin nuclear accumulation and signaling.
Cancer Cell 2002; 1: 369–79.

11. Ghioni P, Bolognese F, Duijf PH, Van Bokhoven H,
Mantovani R, Guerrini L. Complex transcriptional
effects of p63 isoforms: identification of novel activa-
tion and repression domains. Mol Cell Biol 2002; 22:
8659–68.

12. Thurfjell N, Coates PJ, Uusitalo T, et al. Complex p63
mRNA isoform expression patterns in squamous cell
carcinoma of the head and neck. Int J Oncol 2004; 25: 27–
35.

13. Yang A, Schweitzer R, Sun D, et al. p63 is essential for
regenerative proliferation in limb, craniofacial and epithe-
lial development. Nature 1999; 398: 714–8.

14. Pellegrini G, Dellambra E, Golisano O, et al. p63 identifies
keratinocytes stem cells. PNAS 2001; 98: 3156–61.

15. Miller SJ, Wei ZG, Wilson C, Dzubow L, Sun TT, Lavker
RM. Mouse skin is particularly susceptible to tumour
initiation during early anagen of the hair cycle: possible
involvement of hair follicle stem cells. J Invest Dermatol
1993; 101: 591–4.

16. Morris RJ, Coulter K, Tryson K, Steinberg SR. Evidence
that cutaneous carcinogen-initiated epithelial cells from
mice are quiescent rather than actively cycling. Cancer Res
1997; 57: 3436–43.

17. Choi HR, Batsakis JG, Zhan F, Sturgis E, Luna MA, El-
Naggar AK. Differential expression of p53 gene family
members p63 and p73 in head and neck squamous
tumourigenesis. Hum Pathol 2002; 33: 158–64.

18. Weber A, Bellmann U, Bootz F, Wittekind C, Tannapfel
A. Expression of p53 and its homologues in primary and
recurrent squamous cell carcinomas of the head and neck.
Int J Cancer 2002; 99: 22–8.

19. Faridoni-Laurens L, Bosq J, Janot F, et al. p73 expression
in basal layers of head and neck squamous cell epithelium:
a role in differentiation and carcinogenesis in concert with
p53 and p63? Oncogene 2001; 20: 5302–12.

20. Nylander K, Coates PJ, Hall PA. Characterization of the
expression pattern of p63b and DNp63a in benign and
malignant oral epithelial lesions. Int J Cancer 2000; 87:
368–72.

21. Chen YK, Hsue SS, Lin LM. Differential expression of
p53, p63 and p73 proteins in human buccal squamous-cell
carcinomas. Clin Otolaryngol 2003; 28: 451–5.

22. Van der Waal I. Diagnostic and therapeutic problems of
oral precancerous lesions. Int J Oral Maxillofac Surg 1986;
15: 790–8.

23. Lumerman H, Freedman P, Kerpel S. Oral epithelial
dysplasia and the development of invasive squamous cell
carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1995; 79: 321–9.

24. Wright A, Shear M. Epithelial dysplasia immediately
adjacent to oral squamous cell carcinoma. J Oral Pathol
1985; 14: 559–64.

25. Hsu SM, Raine L, Fanger H. Use of avidin-biotin
peroxidase complex (ABC) in immunoperoxidase tech-
niques: a comparison between ABC and unlabelled anti-
body (PAP) procedures. J Histochem Cytochem 1981; 29:
577–80.

26. Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidium thiocyanate-phenol-chloro-
form extraction. Anal Biochem 1987; 162: 156–9.

27. Briggs JP, Todd-Turla K, Schnermann JB, Killen PD.
Approach to molecular basis of nephron heterogenicity:
application of reverse transcription-polymerase chain
reaction to dissected tubule segments. Semin Nephrol
1993; 13: 2–12.

28. Di Como CJ, Urist MJ, Babayan I, et al. p63 expression
profiles in human normal and tumour tissues. Clin Cancer
Res 2002; 8: 494–501.

29. Chen YK, Hsue SS, Lin LM. Expression of p63 (TA and
DN isoforms) in human primary well differentiated buccal
carcinomas. Int J Oral Maxillofac Surg 2004; 33: 493–7.

30. Chen YK, Hsue SS, Lin LM. Differential expression of
p53, p63 and p73 protein and mRNA for DMBA-induced
hamster buccal-pouch squamous-cell carcinomas. Int J
Exp Pathol 2004; 85: 97–104.

31. Koster MI, Roop DR. The role of p63 in development and
differentiation of the epidermis. J Dermatol Sci 2004; 34:
3–9.

32. Sniezek JC, Matheny KE, Burkey BB, Netterville JL,
Pietenpol JA. Expression of p63 and 14-3-3r in normal
and hyperdifferentiated mucosa of the upper aerodigestive
tract. Otolaryngol Head Neck Surg 2002; 126: 598–601.

33. Nylander K, Vojtesek B, Nenutil R, et al. Differential
expression of p63 isoforms in normal tissues and neoplas-
tic cells. J Pathol 2002; 198: 417–27.

34. Nie M, Zhong L, Zeng G, Li B. The changes of
cytokeratin 19 during oral carcinogenesis. Zhonghua Kou
Qiang Yi Xue Za Zhi 2002; 37: 187–90.

35. Shah RB, Zhou M, LeBlanc M, Snyder M, Rubin MA.
Comparison of the basal cell-specific markers, 34bE12 and
p63, in the diagnosis of prostate cancer. Am J Surg Pathol
2002; 26: 1161–8.

36. Glickman JN, Yang A, Shahsafaei A, McKeon F, Odze
RD. Expression of p53-related protein p63 in the gastro-
intestinal tract and in esophageal metaplastic and neo-
plastic disorders. Hum Pathol 2001; 32: 1157–65.

37. Pelosi G, Pasini F, Olsen Stenholm C, et al. p63 immu-
noreactivity in lung cancer: yet another player in the
development of squamous cell carcinomas. J Pathol 2002;
98: 100–9.

38. Reis-Filho JS, Torio B, Albergaria A, Schmitt FC. p63
expression in normal skin and usual cutaneous carcino-
mas. J Cutan Pathol 2002; 29: 517–23.

39. Crook T, Nicholls JM, Brooks L, O’Nions J, Allday MJ.
High level expression of DN-p63: a mechanism for the
inactivation of p53 in undifferentiated nasopharyngeal
carcinoma (NPC)? Oncogene 2000; 19: 3439–44.

40. Hu H, Xia SH, Li AD, et al. Elevated expression of p63
protein in human esophageal squamous cell carcinomas.
Int J Cancer 2002; 102: 580–3.

41. Pruneri G, Pignataro L, Manzotti M, et al. p63 in
laryngeal squamous cell carcinoma: evidence for a role
of TA-p63 down-regulation in tumourigenesis and lack of
prognostic implications of p63 immunoreactivity. Lab
Invest 2002; 82: 1327–34.

42. Speicher MR, Howe C, Crotty P, du Manoir S, Costa J,
Ward DC. Comparative genomic hybridization defects
novel deletions and amplifications in head and neck
squamous cell carcinomas. Cancer Res 1995; 55: 1010–
3.

43. Chen YK, Hsue SS, Lin LM. Immunohistochemical
demonstration of p63 in DMBA-induced hamster buc-
cal-pouch squamous-cell carcinogenesis. Oral Dis 2003; 9:
235–60.

44. Chen YK, Hsue SS, Lin LM. Immunohistochemical
demonstration of p73 protein in the early stages of

p63 in oral epithelial dysplasia

Chen et al.

238

J Oral Pathol Med



DMBA-induced squamous-cell carcinogenesis in hamster
buccal pouch. Arch Oral Biol 2002; 47: 695–9.

45. Chen YK, Hsue SS, Lin LM. Correlation between
inducible nitric oxide synthase and p53 expression for
DMBA-induced hamster buccal-pouch carcinomas. Oral
Dis 2003; 9: 227–34.

Acknowledgements

Authors would like to acknowledge the technical assistance of Ms NY Dai.

This research was supported by a grant from the National Science Council,

ROC (NSC 92-2314-B-037-073).

p63 in oral epithelial dysplasia

Chen et al.

239

J Oral Pathol Med


