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Objectives: An odontogenic keratocyst (OKC) is a developmental odontogenic cyst with
aggressive clinical behavior. This cyst shows a different growth mechanism from the more
common dentigerous cyst and now has been renamed as a keratocystic odontogenic tumor
(KCOT). Inflammation can assist tumor growth via different mechanisms including
dysregulation of the p53 gene. This study aims to assess and compare the expression of
tumor suppressor gene p53 in inflamed and non-inflamed types of OKC and dentigerous
cyst. Methods: Immunohistochemical expression of p53 was assessed in 14 cases of dental
follicle, 34 cases of OKC (including 18 inflamed OKCs), and 31 cases of dentigerous cyst
(including 16 inflamed cysts). Results: The mean percentage of p53 positive cells was
0.7% in dental follicles, 5.4% in non-inflamed OKCs, 17.3% in inflamed OKCs, 1.2% in
non-inflamed dentigerous cysts, and 2.2% in inflamed dentigerous cysts. The differences
between the groups were statistically significant (p < 0.050) except for the difference
between inflamed and non-inflamed dentigerous cysts, and between dental follicle and
non-inflamed dentigerous cyst. Conclusions: The difference in p53 expression in OKC
and dentigerous cyst can explain their different growth mechanism and clinical behavior.
Inflammation is responsible for the change in behavior of neoplastic epithelium of OKC
via p53 overexpression.
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dontogenic keratocyst (OKC) is a
developmental odontogenic cyst
with an aggressive clinical behavior,
suggesting a change in its terminology
from a cyst to a tumor and has been renamed as
keratocystic odontogenic tumor (KCOT).1–4 This
cyst shows a different growth mechanism from the
more common dentigerous cyst, which enlarges as a
result of increased osmotic pressure within its lumen.
Increased osmotic pressure seems to play a negligible
role in the enlargement of OKC. Increased mitotic
activity and a higher rate of proliferation have
been shown in the epithelial lining of OKC. These
characteristics can explain the aggressive clinical
behavior, a distinctive histopathology and the high
frequency of recurrence in OKC.2,5–8
The p53 protein is a nuclear protein with a
molecular weight of 53 kilodalton, which is coded
*Corresponding author: n-mahdavi@tums.ac.ir

by the p53 gene located on chromosome 17. This
tumor suppressor gene plays an important role
in apoptosis, cell cycle, and genetic stability.9,10
Adaptive response elicited by p53 causes growth
arrest and apoptosis.11–13 It has also been reported
that expression of p53 protein is correlated with the
expression of ki-67 (a proliferation marker) and can
be related to the activation of cell proliferation in the
epithelial lining of OKC.14,15
Using different clones of antibodies, several
studies have investigated the expression of tumor
suppressor genes (p53, p63, and p21), proliferating
factors (PCNA and Ki-67), and antiapoptotic
markers (Bcl-2) in OKC and dentigerous cyst to
explain their different clinical behavior and growth
mechanisms7,15–20 yielding variable and sometimes
paradoxical results.21–27Inflammation is the body’s
reaction to any assault including the presence of
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neoplastic tissues and is initiated by the immune
system. It is now accepted that the inflammatory cells
within a tumor, assist tumor growth by secretion of
proteolytic, angiogenic, and mitogenic factors.28
OKC has been reported to contain inflammation
in its fibrous wall in 67.8–75% of cases. 23,29
Inflammation can change the OKC's characteristic
histopathology and further complicate its differential
diagnosis from other odontogenic cysts. By direct
adhesion of inflammatory cells or an indirect
response to their chemokines, inflammation can alter
both morphology and proliferative potential of the
epithelial lining of cysts.7,8,30
Dental follicle consists of a condensed
ectomesenchyme tissue that surrounds the
developing tooth and its odontogenic organs.31
Dentigerous cyst is the most common
developmental cyst of the jaws and enlarges as a result
of increased osmotic pressure within its lumen.5,32–34
The aim of this study was to assess and compare
the expression of tumor suppressor genes p53 in
dentigerous cyst, OKC, dental follicle, and their
inflamed types to find an explanation for their
different growth mechanisms and to discover the
relationship between the presence of inflammation
and the expression of p53.

M ET H O D S

The protocol for this study was approved by the
university Research and Ethics Committee. In this
retrospective study, 79 paraffin-embedded tissue
blocks including 34 cases of OKC (18 inflamed
and 16 non-inflamed), 31 cases of dentigerous cyst
(16 inflamed and 15 non-inflamed), and 14 cases
of dental follicle were chosen from the archives of
Department of Oral and Maxillofacial Pathology,
School of Dentistry, Shahid Beheshti University
of Medical Sciences, from 2001 to 2012, after
verification of the clinical and radiographic data.
KCOTs were nonsyndromic and primary
(nonrecurrent). All dental follicles were collected
from teeth extracted for orthodontic reasons
and radiographically presented as a radiolucency
less than 3 mm in diameter. The diagnoses were
confirmed again by an oral and maxillofacial
pathologist. All inflammatory samples included
more than 70% inflammatory cells subjacent to the
epithelium observed in 400 × magnification field
while all the noninflammatory cases had less than

15% inflammatory cells in the field.
The EnV ision system was used for
immunohistochemical staining. Paraffin blocks
were cut into 5 µm sections. The sections were
deparaffinized by first placing them in a 37 °C oven
and then into xylene solution. Samples were then
washed with 100% ethanol followed by phosphatebuffered saline (PBS) and distilled water. Sections
were incubated with 3% H2O2 for 10 minutes to
block endogenous peroxidase activity. For antigen
retrieval, we placed samples in a plastic dish
containing citrate buffer (PH-6) and restored them
for 10 minutes in an autoclave with 1 atm pressure at
120 °C. Samples were then allowed to cool at room
temperature for 30 minutes and washed with PBS
for 10 minutes. Protein block solution was poured
on each specimen. Ready-to-use monoclonal mouse
antihuman p53 protein (clone DO7 code1581;
Dako, Denmark) was used as the primary antibody.
After 30 minutes at 4 °C followed by 60 minutes
at room temperature, samples were washed with
PBS. The secondary antibody (Dako, Denmark)
was reacted for 30 minutes at room temperature.
Diaminobenzidine (DAB) (dilution 1:2; Dako,
Denmark) was used as the chromogen to visualize
the reaction. Slides were then washed with water and
counterstained with hematoxylin. Finally, they were
dehydrated with alcohol and mounted.
Oral squamous cell carcinoma was used as the
positive control and substitution of primary antibody
with nonimmune serum served as a negative control.
The number of positive cells in the epithelial lining
of the cysts as well as the connective tissue wall were
counted to evaluate the p53 stained sections.
Brown stained nuclei regardless of the color
intensity was considered positive. For the epithelial
lining of the cysts number of the positive cells out
of every 100 cells in 10 randomly selected fields
were counted under 400 × magnification (total
1 000 cells).35,36 To evaluate p53 expression in the
connective tissue wall of the cysts, 10 random fields
near the epithelial-connective tissue interface were
selected and counted under 400 × magnification
(total 1 000 cells). For the inflamed cysts, 10 fields
in the epithelium-connective tissue interface and
five fields in the deep portion of the cyst wall were
also counted. The proportion of positive cells was
calculated for each specimen. For each of the five
groups, the mean number of all specimens in that
group was calculated as the final percentage.

229

M ashh adi abbas Fat emeh, et al.

Table 1: Mean percentage of p53 expression and correlation of p53 expression between the groups.
Type

Stained cells,
(mean ± SD) %

Dental
follicle

Dentigerous
cyst

Inflamed
dentigerous cyst

OKC

Inflamed
OKC

Dental follicle

0.7 ± 0.9

-

0.252

0.009

0.000

0.000

Dentigerous cyst

1.2 ± 1.3

0.052

-

0.151

0.000

0.000

Inflamed dentigerous cyst

2.2 ± 2.4

0.009

0.151

-

0.020

0.000

OKC

5.4 ± 4.8

0.000

0.000

0.020

-

0.000

Inflamed OKC

17.3 ± 7.1

0.000

0.000

0.000

0.000

-

OKC: odontogenic keratocyst; SD: standard deviation.

The Kruskal-Wallis H and Mann-Whitney U
tests were used for statistical analysis. A p-value
< 0.05o was considered statistically significant.

R E S U LT S

Expression of p53 in the epithelium in a decreasing
order of frequency was as follows: inflamed OKCs
(17.3±7.1%) > non-inflamed OKCs (5.4±4.8%)
> inflamed dentigerous cysts (2.2±2.4%) > noninflamed dentigerous cysts (1.2±1.3%) > dental
follicle (0.7±0.9%) [Figure 1 and Table 1].
The differences between all the groups were
statistically significant (p < 0.05,), except differences

between inflamed dentigerous cyst and non-inflamed
dentigerous cyst, and between non-inflamed
dentigerous cyst and dental follicle.
In the connective tissue wall of the cysts, no p53
expression was detected except for the inflammatory
cells infiltrate in the inflamed cysts.

DISCUSSION

Many studies have investigated the mutations and
changes in cell-cycle regulatory, proliferative, and
apoptotic proteins in OKC and dentigerous cyst.7,15–20
In this study, immunohistochemistry (using
the EnVision system) was used to investigate the

Figure 1: p53 expression in (a) epithelial cells of dental follicle, (b) non-inflamed dentigerous cyst, (c)
non-inflamed odontogenic keratocyst (OKC), (d) inflamed dentigerous cyst, (e) inflamed OKC, (f ) oral
squamous cell crcinoma as a positive control, 400 × magnification.
O man m e d J, vo l 3 2 , no 3, may 2017
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expression of p53 in dental follicle, dentigerous
cyst, and OKC and to investigate whether the
inflammation can change expression in these lesions.
We employed monoclonal mouse antihuman p53
antibody clone DO7 with antigen retrieval, which
is the most sensitive and specific procedure for
immunohistochemical detection of p53 protein in
paraffin-embedded tissues.37
P53 gene mutation may be one of the causes of
uncontrolled cell proliferation.29 p53 protein inhibits
cellular proliferation by binding to specific sites on
DNA and may regulate expression of other genes.
p53 arrests the cell cycle in the G1 phase to allow the
repair of DNA and to prevent the cell from entering
S-phase.2,38 Normally, the wild type of p53 has a very
short half-life (6–20 minutes) and cannot be detected
by standard immunohistochemical methods. Some
have proposed positive immunostaining for p53 as
an indicator of p53 gene mutation.39 However, others
believe that it is a consequence of overproduction
or stabilization of wild types of protein and not
mutation.21,22 Other researchers have hypothesized
that regulatory defects of the p53 gene result in
overexpression or stabilization of wild types of
protein.40
In the current study, we found that the expression
of p53 in OKC was significantly greater than in the
dentigerous cyst and dental follicle and the intensity
of staining in OKC was greater than other lesions.
Increased proliferation activity in the epithelial
cells of OKC have been shown in different studies
using different proliferating and antiapoptotic
markers.7,8,15–18,23,26 However, others have reported
contradictory results.18,25,26 Increased proliferation
activity in the epithelial cysts of OKC might be
related to p53 gene dysregulation, which leads to
loss of balance between the proliferative potential
and apoptotic activity. Similar findings have been
reported by others.15,17
We found increased p53 expression in inflamed
OKC. Inflammation has a puzzling effect on
the epithelium of OKC and remains a subject of
controversy.8,41 However, many studies suggested
the role of inflammation in the enhancement
of aggressive behavior in OKC by increasing its
proliferative potential.8,41 It is now accepted that
the inflammatory cells within a tumor, assist tumor
growth by secretion of proteolytic, angiogenic, and
mitogenic factors.28 Inflammation can also cause
dysregulation of p53 or inhibition of several of its

functions. A number of studies suggested that p53
is a general inhibitor of inflammation. During the
chronic inflammatory process, upregulation of the
nuclear factor kappa B (NFkB) pathway occurs,
which is activated by various cytokines. The antiinflammatory effects of p53 is due to its antagonistic
effect on NFkB.11,12 We suggest that the effect of
inflammation on the proliferative activity in OKC
might be caused by one of the p53-dependent
mechanisms.
In contrast to OKC, dentigerous cyst expands
as a result of increased osmotic pressure within its
lumen5 and its epithelium does not have the intrinsic
growth potential. It seems that the inflammatory
reaction resulting from tooth eruption process
leads to proliferation of the reduced epithelial rest
and development of dentigerous cyst. Once the
cyst cavity is formed, dentigerous cyst expands as
a result of increased osmotic pressure and becomes
independent of new inflammatory stimuli.7,8
In our study, expression of p53 was weak
or not detected in dental follicles, which is in
agreement with the results of Matsumoto et al.24
We found statistically significant difference in p53
expression between dental follicle and inflamed
dentigerous cyst. However, the difference in p53
expression between non-inflamed dentigerous cyst
and dental follicle was not statistically significant.
Different studies have shown increased expression
of proliferation markers and antiapoptotic proteins
in inflamed dentigerous cyst.7,8 We suggest that the
increased p53 expression resulting from the presence
of inflammation leads to development of dentigerous
cyst and after the resolution of inflammation p53
expression decrees and the cyst grows as a result
of increased osmotic pressure within its lumen,
which reflects the non-aggressive clinical behavior
of dentigerous cyst. Higher p53 expression in both
inflamed and non-inflamed types of OKC compared
to dentigerous cyst emphasizes the neoplastic nature
of OKC. We found that inflammation leads to a
significant overexpression of p53 in OKC, while in
dentigerous cyst there was no statistically significant
difference in p53 expression between inflamed and
non-inflamed types, which might be attributed to
the loss of p53 regulatory mechanisms in OKC.
Several studies over the last decade have
highlighted a potential paracrine role for p53 tumor
suppressor. p53 activation within a cell affects
not only that cell but also its surroundings, by
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modulating the expression of genes that encode for
secreted factors.11
The possibility that the primary defect in an
OKC might be in the mesenchymal capsule rather
than in the epithelial cells themselves was mooted
by Browne and other researchers have referred to
the ectomesenchyme influence in recurrences and
growth of OKC.41
We investigated p53 protein expression in the
connective tissue wall of cysts to study the role of
p53 expression in mesenchymal cells in the growth
of OKC and dentigerous cyst and found no p53
expression in the connective tissue, except for the
inflammatory cells infiltrate in the inflamed cysts.
These findings suggest that if mesenchymal cells have
an active role in the growth of OKC, this effect is not
mediated by p53-altered expression.

6.

7.

8.

9.
10.

11.
12.

C O N C LU S I O N

Expression of p53 is greater in OKC than in
dentigerous cyst, which may indicate some changes
in the cell cycle. Inflammation significantly increases
p53 expression in OKC but does not have such effect
on the dentigerous cyst. This may be attributed to
the potential of the OKCs epithelium to increase
cell cycle alterations when accompanied by
inflammation.
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