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To clarify the role of p53 homologs in oncogenesis and cytodifferentiation of odontogenic lesions,
expression of p53, p73 was analyzed in tooth germs, dentigerous cyst and ameloblastomas.
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Materials and methods: Tissue specimens of twenty tooth germs, twenty dentigerous cyst and
twenty ameloblastomas were examined by immunohistochemistry for the expression of p53, p73.
Immunohistochemistry test was performed using Peroxidase Detection System.
Results: p53 expression was noted significantly higher in Ameloblastoma as compared to
Dentigerous cyst and Tooth germ. P53 expression was significantly higher in tooth germ than
dentigerous cyst. The expression of p73 was noted significantly higher in tooth germ as compared to
Ameloblastoma and dentigerous cyst. p73 expression was significantly higher in ameloblastoma
than dentigerous cyst. All three are independent markers i.e. all are expressed irrespective of the
other in various groups. The expression of p53, p73 suggests that all these are independent
biological markers with differential expression in all the groups. Variations of predominantly
expressed isoforms suggest that p53, p73 might differentially function in odontogenic tissues.
Thus, it can be hypothesized that p53 may be used as cell proliferation marker in odontogenic
lesions, p73 may play an important role in cytodifferentiation and proliferation.

Copyright © Mimansha Patel et al, 2017, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is
properly cited.

INTRODUCTION
Odontogenic cysts are defined as those cysts, which arise from
the enamel organ or their remnants. During and after
odontogenesis, these cell remnants are common source of
cystic change within the jaw bones. Dentigerous cysts (DC) are
the most common developmental odontogenic cysts making up
to 16.6% of all jaw cysts (Shear, 1992)1.
Tumors arising from epithelium of the odontogenic apparatus
or from its derivatives or remnants exhibit considerable
histological variation and are classified into several benign and
malignant entities (1–3). Ameloblastoma is the most frequently
encountered tumor arising from odontogenic epithelium and is
characterized by a benign but locally invasive behavior with a
high risk of recurrence (1, 2, 4). Histologically, ameloblastoma
shows considerable variation, including follicular, plexiform,
acanthomatous, granular cell, basal cell, and desmoplastic types
(1). Several recent studies have detected genetic and cytogenetic
alterations in these epithelial odontogenic tumors(5, 6); however,

the detailed mechanisms of oncogenesis, cytodifferentiation,
and tumor progression remain unknown. p53 gene is a wellrecognized tumor suppressor gene that is frequently altered in
tumors (7, 8). Its gene product is a transcriptional factor that
regulates the expression of genes involved in cell cycle arrest
or apoptosis in response to genomic damage or cell stress(9).
Two p53 homolog genes, p63 and p73, have been identified at
loci 3q27-29 and 1p36, respectively(10–12). These genes encode
multiple proteins that have a significant degree of sequence
homology, particularly in the transactivation, DNA-binding,
and oligomerization domains(10–13). Isoforms derived from two
different promoters are named TA and Δ N isoforms. TA
isoforms (TAp63 and TAp73) containing the transactivation
domain are capable of transactivating p53 target genes and
inducing growth arrest or cell death, whereas Δ N isoforms ( Δ
Np63 and Δ Np73) lacking the transactivation domain exert a
dominant negative effect on their TA isoforms and wild-type
p53 by blocking their transactivation (12, 13). Recently, one of Δ
Np63 isoforms has been shown to possess a second
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transactivation domain in the C-terminus(14). Although these
p53 homologs might have a tumor suppressor function, genetic
alterations, such as mutation and loss of heterozygosity (LOH),
are less frequent than those associated with p53 (11, 13, 15, 16). In
recent studies, up-regulated expression and/or activity of p63
and p73 have been demonstrated in some malignancies(17–26).
Previous studies have confirmed p53 and its related factors,
such as p21WAF1/Cip1, Bax, MDM2, and p14ARF, in tooth
germs and ameloblastomas, suggesting that the p53 signaling
cascade has an important role in oncogenesis or
cytodifferentiation of odontogenic epithelium(27–30). Recently,
several syndromes associated with p63 gene mutations have
shown to include various tooth abnormalities of both the
primary and permanent dentition(31, 32). In the present study,
expression of p53 and p73 in dentigerous cyst, ameloblastomas
as well as in tooth germs was examined by
immunohistochemistry to clarify the possible role of these p53
homologs in epithelial odontogenic tumors.

IgG2a), and normal rabbit IgG instead of the primary
antibodies and were confirmed to be unstained.

MATERIALS AND METHODS

p 53/p73 (LI ) = Number of IHC Positive Cells (p53, p73) ×
100 / Total number of cells observed

The present study was carried out in Department of Oral and
Maxillofacial Pathology and Microbiology, Triveni Institute of
Dental Sciences Hospital & Research Centre, Bodri, Bilaspur,
India .The study protocol was approved by our institutional
ethical committee. The study included histopathologically
diagnosed, 20 cases of tooth germ, 20 cases of dentigerous cyst
and 20 cases of Ameloblastoma. Immunohistochemistry was
performed on tissues fixed in 10% neutral buffered formalin,
paraffin embedded tissue. The sections were cut serially to 5
mm for immunohistochemistry to evaluate for p53 and p73
antigens.
Procedure
Immunohistochemical method for detection of p53, p73
antigen:
For immunohistochemistry, Peroxidase Detection System
(Streptavidin-Biotin Detection System HRP-DAB; Product
Code: RE7110K, Novocastra kit) was employed. Endogenous
peroxidase activity was blocked by treating hydrated sections
with 3% H2O2 in methanol for 30 min. The slides were heated
in a microwave oven for 10 min in 0.01M sodium citrate buffer
(pH 6.0) for antigen retrieval and bench cooled for 20 min and
again the same cycle was repeated. To prevent non-specific
reactions, sections were incubated with 10%s erum for 10min.
Pre- diluted p53 antibody (clone DO-7; Product code: N1581,
Dako, Denmark) were incubated at room temperature in a
humidifying chamber for 60 min and then at 40 C overnight.
The applied antibodies were mouse anti-p63 monoclonal
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA;
subclass IgG2a; diluted at 1:100) and rabbit anti-p73 polyclonal
antibody (Chemicon, Temecula, CA, USA; diluted at 1:500).
This was followed by incubation with secondary biotinylated
antibody
and streptavidin-peroxidase reagent at room
temperature in a humidifying chamber for 30 min. Freshly
prepared
substrate/chromogen
solution
of
3,
3’
Diaminobenzidine (mixing 5 ml of concentrated DAB in 50 ml
of substrate buffer) was used to visualize the antigen-antibody
reaction. Finally, the sections were counterstained in Mayer’s
hematoxylin. For control studies of the antibodies, the serial
sections were treated with phosphate-buffered saline, mouse
anti-L26 (CD20) monoclonal antibody (Nichirei; subclass

Assessment of immunohistochemically stained sections
The cells were considered positive for p53 and p73 antigens if
there was an intra-nuclear DAB staining (brown color). All the
stained nuclei were scored positive regardless of their intensity
of staining. Cells that lacked a clear nucleus were excluded.
Minimum of 1000 cells were counted in each section. Tissue
sections were scanned at 100 magnification for most heavily
labeled p53 and p73 positive cells in the epithelial linings. The
cell counts were made on captured image at 400 magnification
with conventional light microscope in 10 randomly selected
fields. The counting was done by two observers and the mean
was taken as a final count. The number of positively stained
nuclei was expressed as a percentage of the total number
counted. The index of positivity, i.e. Labeling index (LI) was
obtained for p53 and p73 protein expression for all the groups.

Statistical analysis
Group means for Ki-67 LI and p53 LI were derived for each
group. The data was analyzed statistically using SPSS 16.0
version software for Windows, Mann-Whitney U-test, KruskalWallis test and Pearson’s rank correlation analysis test. Oneway Analysis of Variance (ANOVA), independent student Ttest and multiple comparisons using “post-hoc” test were also
carried out. The level of statistical significance was at p < 0.05.

RESULTS AND OBSERVATIONS
p53 antigen was expressed in 100% of ABs, 100% of DC,
100% of tooth germ. p53 immunolabeling was seen as very
few densely stained cells which were sporadically located in
the basal cell layer and very few in the suprabasal cell layers in
DC and tooth germ.
p53 protein was expressed with
predominantly dense immunoreactivity in peripheral cells and
cells in the central area of the ameloblastic follicle of SMA.
(fig)
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Immunohistochemical reactivity for p73 was detected in the
nuclei of normal and neoplastic odontogenic epithelial cells;
mesenchymal cells in tooth germs and stromal cells in
ameloblastomas were faintly reactive with anti-p73 antibody.
In tooth germs, expression of p73 was found in most cells of
inner and outer enamel epithelium and dental lamina and in
fewer cells of stratum intermedium and stellate reticulum (Fig
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1a and 2a). Ameloblastomas showed p73 reactivity in most
peripheral columnar or cuboidal cellss and in fewer central
polyhedral cells. Central polyhedral cells in ameloblastomas
were far less positive for p73.
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Graph No. 2 p53 & p73 expression in Dentigerous Cyst, Ameloblastoma
& Tooth Germ

p53 LI were observed in descending order in ABs, tooth germ
and DC. p53 LI was significantly higher in ABs than DC (p <
0.00) and tooth germ (p < 0.00).
p73 LI showed highly significant difference (p=0.00).
p73 LI showed a significant difference (p=0.00). p73 counts
were observed in decreasing order in tooth germ,
Ameloblastoma and Dentigerous cysts .
Correlation between p53 LI and p73 LI
In dentigerous cyst
p53 and p73 expression showed non significant correlation
(p=0.628).
In ameloblastoma
p53 and p73 expression showed non significant correlation
(p=0.584)
In tooth germ
p53 and p73 expression showed non significant correlation
(p=0.503).

DISCUSSION
In this study,, p53 immunolabelling in dentigerous cyst was
minimal and seen weakly in the basal cell layers and very few
densely stained cells were sporadically located in basal cell
layer and only few faintly stained suprabasal cells were seen
p73 immunolabelling was moderate in the basal and parabasal
layer with few densely stained cells located in basal cell layer
and only few faintly stained suprabasal cells were seen. The
immunohistochemical detection of p53 protein indicates an
alteration in the p53 protein metabolism
abolism probably because of
increased production or decreased breakdown of the protein
other than mutation. Thus, low p53 positivity suggests that p53
expression is not due to p53 mutation but due to the
disturbance of growth regulation leading to stabilization
stabiliz
of p53
protein. p73 is a remarkable marker for assessing the
neurogenesis as p73 is important for neuronal differentiation
and proliferation. Odontogenic epithelium is neuroectodermal
derivative. Hence, tooth germ is derivative of neuroectoderm
and DC arises when some deviation occurs in the normal
odontogenesis process leading to overexpression of p73. This
type of staining in Dentigerous cyst could indicate the normal

wild type p53 and p73 protein expression; related to apoptosis
and cell proliferation,
ation, thus maintaining the regular 22-3 cell
layer thickness of epithelium.
This was in accordance with Slootweg et al 1995 , LI T-J et al
1996 who demonstrated that p53 positive cells were detected
in all the odontogenic cysts.30,32 No study till date have been
reported for p73 expression in odontogenic cyst35. The present
study results were not consistent with Ogden et al 1992 and
Lombardi et al 1995 who reported that DC were negative for
p53 antigen29,31. Variations in findings might be because of the
differences in the sampling population, small sample size and
sampling technique. Thus, it can be concluded that the
mechanism of expansion of Dentigerous cyst could be some
distinct factors other than the epithelial proliferation which is
often the probable cause of expansion for other cysts. This is
confirmed by lack of increased proliferative activity in lining
epithelium of DC.
In Ameloblastomas, p53 was highly expressed and p73 was
intermediatly expressed. p53 immunolabelling was weak to
moderate
rate and predominantly in the peripheral cells and only
very few weakly stained cells were seen in central area of
ameloblastic follicle SMA . Strong and dense p53
immunolabelling was seen in the peripheral cells and most of
the central stellate reticulum
lum cells showed weak positive
staining and few showed strong positivity. p73
immunoreactivity was seen positive predominantly in the
peripheral cells than in the central cells in ameloblastoma.
Overexpression of p53 could be because of mutation or
enhancedd proliferation in short interval of time. As largely
elevated expression of p53 is seen in the peripheral cells
suggesting alteration of the p53
p53-mdm2-p14ARF cascade leading
to proliferation. This could be involved in the oncogenesis,
enlargement of lesion and malignant transformation of
odontogenic epithelium. p53 mutation probably play a minor
role in invasion and cytodifferentiation of Ameloblastoma.
It can be hypothesized that the p53 mutation in Ameloblastoma
may be sporadic and cumulative.
Enhanced
hanced expression of p73 in the peripheral cells of
ameloblastoma suggests that p73 plays role in differentiation
and / or proliferation of ameloblastoma cells. The present study
results were consistent with results of El
El-sissy et al in 1999,
Zhong et al inn 2004, Barboza et al in 2005, Vicente et al in
2010 who also found weak to moderate p53 LI in periphery and
few weakly stained cells in center33,36,37. Kumamoto et al in
2005 stated that the immunoreactivity for p63 and p73 in
epithelial odontogenic tumou
tumours was found evidently enhanced
in the peripheral neoplastic odontogenic cells24.
Our hypothesis of p53 mutation playing minor role for
development of ameloblastoma was in accordance with the
Shibata et al in 2002 stated an infrequent p53 gene mutation
was
as seen in limited number of neoplastic cells on ELISA and
yeast functional assay39. Kumamoto et al in 2004 stated that
positive expression of p53 increased with the recurrence and
malignant transformation of the ameloblastoma, impling that
the p53 mutation might play a minor role in invasion and
cytodifferentiation of Ameloblastoma 24,25. Our findings were
not in accordance with Slootweg who stated that ABs is
associated with mutation of p53 gene30. Barnes et al in 2004
stated that there was a relatively high frequency (47%) of
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allelic loss of tumor suppressor gene (such as p16, pten and
p53) found in the development of ameloblastic tumours41.
Judging from these reported results, it remains possible that
wild-type p73, but not the mutant forms, may have been
expressed in the odontogenic lesions, alluding to
the
possibility that p73 may play oncogenic role through the
expression of wild-type forms rather than as tumor suppressors
via the mutant forms.
We put forward following hypothesis for the increase in p73
expression in ameloblastoma. This could be assumed that Δ
Np73 might play oncogenic role by inhibiting apoptosis and
increasing proliferation in ameloblastoma. Thus it could be
hypothesized that Δ Np73 isoform might play a role in
oncogenesis of odontogenic epithelium. Our hypothesis was in
accordance with the results of Kumamoto et al in 2005 who
concluded that Δ Np73 mRNA were the major isoform of p73
respectively expressed in all epithelial odontogenic tumours, by
the suppression of their transcriptionally active forms i.e. TA
isoform24,25 .
Mutations of the homologs of p53 i.e. p73 gene are infrequent.7
Judging from the previous reported results, it remains possible
that wild p73, but not the mutant form, may have been
expressed in the odontogenic lesions, it can be hypothesized
that there can be a possibility that p73 may play oncogenic role
through the expression of wild -type forms rather than as tumor
suppressors via the mutant forms.
Over years attempts have been made to investigate the possible
correlation between different histologic variants of
ameloblastoma and their biologic behaviour. In the present
study,
plexiform
ameloblastoma
showed
strong
immunopositivity for p53 and p73 when compared with
follicular ameloblastoma, indicative of increased aggressiveness.
This result was in accordance to previous studies conducted by
Toryu et al in 2004, Kumamoto et al in 200536,24.
In the present study Basal cell Ameloblastoma showed strong
positivity for p53 and p73 this was in accordance to the study
done by Kumamoto et al in 2005 who concluded that, p73
immunoreactivity was slightly higher in basal cell and
desmoplastic ameloblastomas than in other subtypes24,25.
However, we believe that comparison of our results may not be
useful to assess the kinetic cellular events in cellular kinetic
tumours because variations in the methodology. Future studies
should be carried out by using a large number of cases of each
histological subtype of Ameloblastoma.
In the present study, in tooth germ p53 immunolabelling was
least and p73 immunolabelling was intermediate. As tooth
germ shows normal odontogenesis so ideally p53 expression
should be absent although low expression is still evident due to
the continuous proliferation taking place during odontogenesis.
This is the wild type of p53. p73 is important in neurogenesis.
As odontogenic epithelium is neuroectodermal derivative so
there must be a definite role of p63 and p73 in the
differentiation of the developing odontogenic epithelium while
p53 does not influence the normal odontogenesis. 37,38. This was
in accordance to the Kumamoto et al in 2005 who concluded
that p53 expression in tooth germs is much lower than the
expression of its upstream regulators, mdm2 and p14arf and

p73 are important for epithelial differentiation during tooth
development24,25.
Keeping in mind these burning questions study was performed
to explore the penetrance of p53 and its paralogue p73 in tooth
germ, Dentigerous cyst and ameloblastoma and to clarify the
role of p53 and its paralogues in oncogenesis and
cytodifferentiation of tooth germ, odontogenic cyst and
odontogenic tumours.
p53 expression was highest in Ameloblastoma, intermediate in
tooth germ and lowest in Dentigerous cyst. p73 expression
was highest in tooth germ, intermediate in Ameloblastoma and
least in Dentigerous cyst.
Taking into account of the staining pattern seen in our study
and the previous reports it could be hypothesized that, p53 gene
mutation might play only minor role and not essential role for
neoplastic changes of odontogenic epithelium. The higher
expression of p53 in ameloblastoma could be because of the
stabilization of the gene thus providing only locally invasive
behaviour to the ameloblastomas. There is high proliferative
activity noted in the tooth germ indicated by the low expression
of p53. This could probably be because of the accumulation of
p53 protein39, due to rapidity of cell turn over in a short interval
of time, leading to stabilization of p53. In DC, as regular
thickness of epithelium is maintained, except for cases of
infection, the expression of p53 is minimum, suggesting the
stabilization of the p5340.
p73 is responsible for the normal neurogenesis incidated by the
increased expression in tooth germ, a derivative of
neuroectoderm. It is also like p63, has a dual role in normal and
neoplastic process but the difference comes with the isoform
expressed causing variation in staining pattern41.

CONCLUSION
This study confirmed that p53 signaling cascade, p73 has an
important role in the cytodifferentiation and oncogenesis of the
odontogenic epithelium and formation of dentigerous cyst and
ameloblastoma arises from the aberrations in the normal
odontogenesis there is overexpression of the p53 family
members in the odontogenic lesions when compared with the
tooth germ. Hence, it could be stipulated that p53 family
members can be used as prognostic marker in odontogenic
lesions.
Future Scope for Research





Identification of definite isoform of p53 family
members involved in a particular lesion.
Identification of the mutation involved in the p53
family members, if any, in creating other more
aggressive odontogenic lesions.
Number of cases in the study should include more
samples of each histological sub-types of
Ameloblastoma to assess the correlation, if any, exists
between the histological subtypes and the expression
of p53 and p73.
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