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a b s t r a c t

Background: p63, a member of p53 family, known to be expressed in embryonic tissues

and basal regenerative layers of many epithelial tissues in the adult, is also expressed in

various benign and malignant lesions of body including lesions of oral cavity. To evaluate

the expression of p63 and compare the expression qualitatively and quantitatively in

normal buccal mucosa, epithelial dysplasia, oral submucous fibrosis (OSMF), and oral

squamous cell carcinoma (OSCC).

Methods: The study material consisted of 45 archival cases which were divided into Group I

with 5 cases of normal buccal mucosa, Group II with 15 cases of epithelial dysplasia, and

Group III with 10 cases of OSMF and 15 cases of OSCC. Immunohistochemical expression

of p63 was assessed by using mean, standard deviation, and analysis of variance.

Results: Overexpression of p63 was seen in epithelial dysplasia, OSMF, and squamous cell

carcinoma with an increased suprabasal expression in cases of epithelial dysplasia. The

mean labeling index (LI) of p63 was found to be in increasing order from normal oral mucosa

(33.75%), OSMF (57.37%), epithelial dysplasia (63.87%) to squamous cell carcinoma (69.76%).

Conclusion: The results suggest a possible role of p63 in oral carcinogenesis, and an increased

LI as well as increased suprabasal expression of this gene in dysplastic lesions may have

a potential to be utilized as a marker for premalignancy.
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Fig. 1 – Photomicrograph showing p63 expression in normal
prostrate tissue (400T).
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1. Introduction

Accumulation of genetic alterations is the basis for the
progression from a normal cell to a cancer cell. These
alterations can be in the form of mutations in certain genes
(tumor suppressor genes or oncogenes), gain or loss of
chromosome material, or loss of heterozygosity. Even though
a large proportion of oral squamous cell carcinomas (OSCCs)
are thought to be preceded by visible precursor lesions and
conditions like leukoplakia, erythroplakia, and oral submu-
cous fibrosis (OSMF), it is often difficult to predict the actual
malignant transformation in an individual case. Hence, it
would be of interest to develop markers, which could detect
early genetic changes in these lesions, and may facilitate
detection of those lesions, which may have potential to
progress to malignancy.

p63 gene, one of the members of p53 family, encodes
a transactivation domain at N-terminal, a core DNA
binding domain, and a oligomerization domain at carboxy
terminal. The gene contains two transcriptional start
sites that are used to generate transcripts encoding proteins
with or without an N-terminal transactivation domain.
Proteins with the transactivation domain are termed
TAp63, and proteins lacking the transactivation domain
are termed DNp63.1 p63 expression is absolutely essential
for limb formation and epidermal morphogenesis (integu-
ment and tongue), including the formation of adnexa
(teeth, hair, mammary and prostate glands, and sweat and
lacrimal glands). In postnatal epidermis, p63 expression
is restricted to nuclei of basal cells of normal epithelia
(skin, oral mucosa, esophagus, tonsil, prostate, urothelium,
ectocervix, and vagina) and to certain populations of basal
cells in glandular structures of prostate, breast, and
bronchi.2 The human p63 gene is located on chromosome
3q27-28 within a region that is frequently altered in
epithelial dysplasia3 and OSCC.4

This study was designed to analyze and compare the
expression pattern of p63 in OSCC, leukoplakia, OSMF, and
normal buccal mucosa and to assess its usefulness as marker
for premalignancy.

2. Materials and method

The study material comprised of biopsy samples from 15
cases of leukoplakic/erythroplakic lesions histopathologi-
cally showing epithelial dysplasia, 10 cases of clinically
and histopathologically diagnosed OSMF, and 15 cases of
OSCC obtained from the archives of Department of Oral
Pathology, Saraswati Dental College, Lucknow. Five speci-
mens of nonkeratinised buccal mucosa were taken from
normal subjects with no oral lesions and no tobacco/
alcohol/areca nut habits. Normal prostrate tissue with
positive expression of p63 was taken as positive control
(Fig. 1).

The diagnosis and grading of dysplasia and OSCC was
done according to WHO classification 2005 & Anneroth's
classification, respectively, using routine Hematoxylin &
Eosin-stained sections.5,6
3. Immunohistochemical procedure

The immunohistochemical staining for p63 expression was
performed as per manufacturer's instructions. Briefly, tissue
sections cut at approximately 4 mm were mounted on glass
slides precoated with poly-L-lysine. Antigen retrieval was
done using pressure cooker method in citrate buffer at pH
(6.0–6.2). Sections were stained by using anti-p63 monoclo-
nal antibody (prediluted 'ready to use' antibody, Clone-4A4
catalog number: AM418-5M from BioGenex Inc., San Ramon,
CA, USA). Super sensitive poly-HRP (antimouse and anti-
rabbit IgG labeled with enzyme polymer in phosphate
buffered saline with stabilizers and proclin 300; catalog
number: QD400-60K: Biogenex Inc., San Ramon, CA, USA)
was used as secondary antibody. Color development was
done with Di-amino benzidine (DAB) and sections were
counterstained with hematoxylene. Positive and negative
controls for staining were run along with all batches of
staining of study samples. Positive control consisted of
normal human prostate tissues with known antigenic
reactivity to p63 in basal cells of prostatic epithelium. A
negative control was performed by omitting the step of
primary antibody during the staining, which resulted in lack
of staining in all cases.

4. Counting criteria

Stained sections were observed and assessed on Olympus BX-
51 light microscope and cases showing uniform brown
coloration of DAB in nuclei of epithelial cells at low power
were considered as positive. Sections showing complete lack
of immunostaining of epithelial cells were considered nega-
tive. Positivity of individual cells was assessed at magnifica-
tion of 200� and those cells showing uniform brown nuclear
staining were considered positive, while those showing only
hematoxylin staining were considered negative. Qualitative
assessment of p63 expression was done based on the level of
positivity of p63 in basal/parabasal, suprabasal, and superficial



Fig. 3 – Photomicrograph showing p63 expression in
dysplastic epithelium (400T).

Fig. 2 – Photomicrograph showing p63 expression in normal
control: basal expression was seen (400T).

Graph 1 – Showing distribution of sample.
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layers in normal oral epithelium (Fig. 2), various grades of oral
epithelial dysplasia (Fig. 3), and OSMF (Fig. 4). In OSCC, the
pattern of expression was assessed either as peripheral and/or
central or as diffuse, based on level of staining of tumor islands
Fig. 4 – Photomicrograph showing p63 expression in basal
and suprabasal layers in OSMF (400T).
(Fig. 4). For quantitative assessment, 5 non-overlapping fields
selected at 400� magnification photomicrographs were taken
using Olympus Live View Digital SLR Camera E-330. The
photomicrographs were then analyzed using Image Pro
Express 6.0 software for windows (Media Cybernetics, Inc.,
USA). Positive as well as total number of nuclei was counted in
each field and mean scores were used to calculate the percent
positive nuclei, which was considered as labeling index (LI)
of p63.

5. Results

Statistical analysis was done using Chi-square test, Student
t-test, and analysis of variance (ANOVA). p value of 0.05 or
less was considered significant. All the cases were divided
into 4 groups. Groups I, II, III, and IV comprised of normal oral
mucosa, epithelial dysplasia, OSMF, and OSCC, respectively
(Graph 1).

p63 expression was seen in all cases except 2 cases, one
case each from Group I and Group IV (Table 1). p63 expression
was seen in basal layer (Fig. 2) of normal epithelium except one
case, which showed expression in suprabasal layer.

p63 expression was seen in basal and suprabasal layers
of dysplastic epithelium while superficial layers did not
show expression of p63 (Fig. 3).

p63 expression was seen in basal and suprabasal layers
of all cases of OSMF. None of the cases showed expression
extending to the superficial layers (Fig. 4).

Three patterns of staining were observed in OSCC. In few
cases, p63 expression was restricted only in peripheral layer of
tumor islands. In some cases, p63 expression was seen in both
peripheral and central cells (Fig. 5).

In rest of the cases, p63 expression was diffused throughout
the tumor tissue (Fig. 6).

Mean LI of p63 varied from 33.75 to 69.76 with minimum
value of 21.5 seen in normal to maximum of 92.6 in OSCC
(Table 2, Graph 2).

Statistical analysis was done using ANOVA, and it was
found that there was significant difference among the groups
(F = 11.471; p < 0.001) (Table 3, Graph 3).



Table 1 – Qualitative assessment of p63 expression.

S. No. Group n No expression Expression x2( p)

No. % No. %

1. I 5 1 20 4 80 4.186 (0.242)
2. II 15 0 0 15 100
3. III 10 0 0 10 100
4. IV 15 1 6.7 14 93.3

x2 = Chi-square test (degree of freedom = 3); p < 0.05 significant.

Fig. 5 – Photomicrograph showing p63 expression in
peripheral cells of tumor islands (400T).

Fig. 6 – Photomicrograph showing diffuse expression of p63
in OSCC (400T).
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Multiple comparisons revealed a statistically significant
difference between control group and all the other groups
( p < 0.01), while no significant difference was observed
between dysplasia, OSCC, and OSMF ( p > 0.05).
Table 2 – Mean LI in different groups.

N Mean Std

Dysplasia 15 63.87 

SCC 14 69.76 

OSMF 10 57.37 

Normal 4 33.75 

Total 43 61.47 
A statistically significant difference was observed between
OSCC and OSMF group ( p = 0.05). No significant difference was
observed between OSMF and dysplasia group ( p = 0.492)
(Table 4, Graph 4).

6. Discussion

The concept of a two-step process of cancer development in
the oral mucosa, i.e., the initial presence of a precursor lesion
or condition subsequently developing into cancer, is well-
established.7 The precancerous lesion and condition included
in this study, i.e., leukoplakia, have malignant transformation
rate of about 7.9% and 7.6%, respectively.8,9 The human tumor
protein (TP) 63 locus lies on chromosome 3q27-28, a frequently
amplified region in squamous cell carcinoma. A member of
tumor suppressor p53 family, TP63 has been known to act
as oncogene.10 In our study, p63 positivity was seen in all cases
of leukoplakia, OSMF, and OSCC except one case of OSCC.

In normal buccal mucosa, the expression pattern of p63 was
restricted to the basal/parabasal layers as reported previous-
ly.4 p63 expression has been seen in embryonic ectoderm as
early as seventh to eleventh day,11 and it is suggested that it is
the first gene product that distinguishes stem cells from their
transient amplified progeny in stratified squamous epithelia.12

The finding that p63 is specifically expressed by stem cells of
human epidermis, limbal and not by transient cells strongly
suggests that p63 can be recognized as a stem cell marker.13

In our study, out of 15 cases of OSCC, 14 cases were positive
and 1 well-differentiated case was negative for p63. The
number of p63 positive cells was outstandingly increased
when compared to normal buccal epithelium. These findings
are consistent with the studies done by other authors on
OSCC.3 Potential role for p63 in tumorigenesis is supported by
the finding that p63 is a target of genomic amplification and/or
overexpression in >80% of primary head and neck squamous
cell carcinomas (HNSCC) as well as other squamous epithelial
malignancies, thus suggesting the role of p63 as an onco-
gene.14 The 3q26 region that contains the p63 locus, and is
frequently amplified in many tumors, also contains genes for
. deviation Minimum Maximum

11.62 38.2 76.8
11.92 51.5 92.6
8.28 41.2 66.3

12.95 21.5 50.8
14.76 21.5 92.6



Graph 3 – Showing ANOVA of mean p63 expression in different groups.

Graph 2 – Showing mean LI in different groups.

Table 3 – ANOVA of mean p63 expression in different groups.

Sum of squares df Mean square F Sig.

Between groups 4289.328 3 1429.776 11.471 <0.001
Within groups 4861.019 39 124.642
Total 9150.347 42
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phosphoinositide-3-kinase (PI3K), a positive regulator of
pathway. Barbieri et al. showed that DNp63a levels are
regulated by phosphoinositide-3-kinase pathway downstream
of the epidermal growth factor receptor and hence amplifica-
tion of PIK3CA would possibly explain p63 overexpression in
select squamous cell carcinomas.15 In our study, well and
moderately differentiated SCCs showed p63 positive cells
present mainly at the periphery of tumor islands while few
central cells showed immunoreactivity. Tumor islands are
composed of peripheral less-differentiated cells close to their
embryogenic state, while central cells of tumor islands are the
differentiated cells and hence did not show any expression. In
poorly differentiated SCCs, p63 expression was seen in almost
all the cells.16 The overexpression of p63 reflects the



Table 4 – Multiple comparison between normal oral mucosa, dysplasia, OSMF, and OSCC.

(I) Group (J) Group Mean difference (I � J) Std. error Sig. 95% confidence interval

Dysplasia SCC �5.89 4.1488 0.495 �17.023 5.242
OSMF 6.50 4.5578 0.492 �5.734 18.727
Normal 30.12* 6.2825 <0.001 13.258 46.975

SCC Dysplasia 5.89 4.1488 0.495 �5.242 17.023
OSMF 12.39 4.6225 0.050 �0.017 24.791
Normal 36.01* 6.3296 <0.001 19.023 52.992

OSMF Dysplasia �6.50 4.5578 0.492 �18.727 5.734
SCC �12.39 4.6225 0.050 �24.791 0.017
Normal 23.62* 6.6049 0.005 5.897 41.343

Normal Dysplasia �30.12* 6.2825 <0.001 �46.975 �13.258
SCC �36.01* 6.3296 <0.001 �52.992 �19.023
OSMF �23.62* 6.6049 0.005 �41.343 �5.897

* The mean difference is significant at the 0.05 level.
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immaturity of the tumor cell lineage, which in turn may cause
disruption of terminal differentiation and consequently
preserve their ability to multiply.

Dominant negative DNp63a isoforms have been considered
to be the preferential isoforms to be expressed in squamous
cell carcinoma.17 Even though the monoclonal antibody (4A4)
used in our study stains all isoforms of p63, it is probable that
the increased expression of p63 in malignant and premalig-
nant lesions is due to overexpression of the DNp63a isoforms,
which acts as an oncogenic protein. Preferential overexpres-
sion of DNp63a mRNA has previously been shown in cases
of head and neck squamous cell carcinoma and epithelial
dysplasia.18,19 The role of DNp63a form in tumorigenesis is
based on the hypothesis that this form can act in a dominant
negative manner toward both p53 and transactivating version
of p63 such as TAp63, both of which have tumor suppressive
functions. Hence, overexpression of DNp63a may cause
inhibition of tumor suppressor function of p53, leading to
propagation of mutated clones.

Insulin growth factor binding protein-3 (IGFBP-3) is a
growth inhibitory pro-apoptotic protein, and is a direct
transcriptional target of negative regulation by endogenous
DNp63a in squamous epithelial cells and tissues. Tumors
overexpressing p63 have been reported to show loss of IGFBP-
3, suggesting that DNp63a and IGFBP-3 expression patterns are
Graph 4 – Showing multiple compa
inversely correlated in normal squamous epithelium and
squamous cell carcinomas, and that this repression represents
a mechanism by which tumors that overexpress p63 may be
protected from apoptosis.20 Another target of p63 in its
oncogenic action may be HSP70, one of the most abundant
heat shock protein. Its overexpression is associated with
metastasis, whereas repression results in inhibition of tumor
cells proliferation and induction of apoptosis. Strong associa-
tion between HSP70 and DNp63a has been seen in head and
neck squamous cell carcinoma, and it was suggested that
DNp63 actively upregulates HSP70 similarly to mutant.21

One case each of normal mucosa and OSCC did not show
p63 expression even on repeat staining. The most probable
explanation may be because of lack of unmasking of the
antigen possibly related to fixation of the tissues. Immuno-
histochemistry is a sensitive technique and fixation is one
of its most critical aspects, and hence needs to be kept in
consideration before interpreting the results.22 Negative
expression of p63 in some cases of OSCC has been reported
previously.23

All 15 cases of epithelial dysplasia included in our study
showed positive p63 expression in dysplastic epithelium with
increase in LI as compared to normal buccal epithelium. p63
positive cells were found in substantial numbers in suprabasal
layers along with strong staining in basal/parabasal region as
risons between various groups.
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compared to normal epithelium, which is in concordance with
some of previous studies.19. In stratified squamous epithelia,
basal cells express DNp63a, which maintains the proliferative
undifferentiated state of basal keratinocytes cells, while
TAp63 is required for the stratification program.19 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 an increased prolifer-
ative capacity of dysplastic cells.19 Increase in the level of
expression and p63 LI in dysplastic epithelium as compared
to normal may thus establish the pre-assumption that p63
could be considered as marker of premalignancy.

Although OSMF is a known pre-malignant condition, the
molecular basis of progression of OSMF to squamous cell
carcinoma is still not established. In our study, we found a
significantly higher p63 expression in the epithelium of OSMF
as compared to normal oral epithelium with mean LI close to
the group of oral epithelial dysplasia. These findings are
consistent with some previous reports.24,25 The relationship
between malignant transformation of OSMF and presence
of epithelial dysplasia is still debatable. The finding that even
those cases of OSMF, which lacked epithelial dysplasia, also
showed a high p63 LI indicating that molecular changes
predisposing toward malignant transformation do take place
in the OSMF epithelium, even in the absence of morphologi-
cally apparent dysplastic changes. Also, grading of dysplasia
in OSMF is highly subjective and variable, especially due to the
varying degree of epithelial atrophy, which may lead to over or
under grading of dysplastic changes. Studies have reported
aberrant expression of p53 in OSMF as well as that of DNp63a
isoform, which has action similar to mutant p53 and may be
associated with the carcinogenesis involving OSMF.24

7. Conclusion

To conclude, the results of our study demonstrate a significantly
increased p63 expression in oral premalignant and malignant
lesions as compared to the normal oral mucosa. p63 LI was
found to be highest for OSCC followed by epithelial dysplasia
and OSMF. The finding that p63 expression was stronger in
regions known to show lack of differentiation suggests that
increased p63 expression in oral epithelium is suggestive of
increased proliferative potential and aberrant maturation,
which in turn would predispose to malignant transformation,
and hence may have a role as a marker for premalignancy.
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