
Abstract. Objective: To investigate the possible association
between alterations in the p53 system and human
papillomavirus (HPV) infection in the etiology of
odontogenic keratocysts (OKCs) and to study proliferation
and epithelial maturation patterns by topographic analysis of
Ki-67 expression. Materials and Methods: Eighty-three OKC
samples (29 cases associated with nevoid basal cell
carcinoma syndrome, 29 solitary non-recurrent cases 20
solitary recurrent cases, and 5 chondroid keratocysts) were
studied by immunohistochemistry to detect p53 protein (PAb
244) and Ki-67 (MIB-1) expression, and by PCR to detect
HPV DNA. Results: Twelve cases (14.6%) expressed p53
protein; no case showed the presence of HPV DNA; 9 cases
(11%) presented with mild epithelial dysplasia. The
suprabasal expression of Ki-67 was significantly more
frequent than its basal expression (p<0.001). p53 protein
expression was significantly associated with the presence of
epithelial dysplasia (p=0.023). Ki-67 expression was not
associated with OKC type, the presence of dysplasia, or p53
expression. Conclusion: HPVs do not participate in the
etiology of OKC, and it appears unlikely that a p53 gene
mutation mechanism plays a major role in the genesis of
OKC. OKCs show proliferation and genuine maturation
behavior reminiscent of benign neoplasms with local
destructive capacity.

The odontogenic keratocyst (OKC) appears to have an
intrinsic growth potential not found in other odontogenic
cysts (1-6), characterized by a marked ability for destroying
bone and a high tendency for recurrence. OKC is one of the
lesions associated with the Nevoid Basal Cell Carcinoma
Syndrome (NBCCS), which can also include the presence of
multiple basal cell carcinomas and can occasionally undergo
malignant transformation (7-9). Some of these features are
more in accordance with a neoplastic lesion than with
developmental odontogenic cysts (10-14). 

One of the most common disorders found in neoplastic
processes is related to the p53 system. Some
immunohistochemical studies of p53 expression in OKCs
have reported a high percentage of cases with
overexpression of this protein (10, 15-19). However,
antibodies previously used to recognize p53 could not
differentiate between overexpression due to fixation of p53
to cell or viral protein and that due to a p53 gene mutation
or accumulation of wild-type p53. However, the anti-p53
clone PAb240 recognizes an evolutionarily conserved
epitope that is present on the p53 protein in immunoblots
of denatured cell extracts from human, rat, mouse, hamster,
bovine and chicken (20, 21). The results of previous studies
on this antibody indicate that it may preferentially recognize
the mutated form of p53 protein (21, 22). Moreover, the
anti-p53 clone PAb240 can be used on formalin-fixed,
paraffin-embedded tissue sections.

The monoclonal antibody PAb240 was used in our
immunohistochemical study that included single, recurrent
and NBCCS-associated OKCs, as well as OKCs with
chondroid wall. The objective of this study was to assess the
importance of p53 system alterations in the etiology of these
cysts and to explore their clinicopathological implications,
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with special reference to the presence of dysplasia, the main
predisposing factor for squamous carcinoma. At the same
time, in response to a published report of an OKC that was
positive for human oncogenic papillomavirus type 16 
(HPV-16) (23), we conducted a study to detect HPV DNA
in order to assess the possible etiological significance of
HPVs in OKCs and their influence on the expression of p53
in these lesions. Finally, since OKCs appear to show a
pattern of proliferation and genuine maturation behavior
reminiscent of benign neoplasms with local destructive
capacity (2-6, 17, 24), we performed a topographical analysis
of Ki-67 expression and assessed its clinicopathological
implications in OKCs, with special reference to the presence
of dysplasia and its relationship with p53 expression. 

Materials and Methods

Tissue samples from 83 patients with OKC were selected from the
records of the Oral Pathology Laboratory of the Department of
Health Care at the Universidad Autónoma Metropolitana
Xochimilco, Mexico. In all cases, clinical data were collected from
patient medical records, including age, gender, location of the
OKC and time of evolution. It was also recorded in every case
whether the lesion was a solitary and non-recurrent OKC, solitary
recurrent OKC or NBCCS-associated OKC. Additionally, lesions
diagnosed as OKCs with a chondroid fibrous wall (chondroid
keratocysts) were included as a separate group.

Histopathological study. For hematoxylin-eosin staining, 5-Ìm
sections were cut from formaldehyde-fixed and paraffin-embedded
samples. A single experienced pathologist (AMT) confirmed the
diagnosis of OKC given in the clinical records and assessed the
presence of epithelial dysplasia. 

Immunohistochemical study. For the detection of Ki-67 and p53
expressions, 3- to 5-Ìm tissue sections were cut from the tissue block.
The sections were deparaffinized with xylene and incubated in 96%
ethanol. Endogenous peroxidase activity was blocked by incubating
the slides in methanol with 1.5% H2O2 for 20 min. For antigen
retrieval, the sections were boiled in citrate buffer (2.94 g/L sodium
citrate, pH 6.0) for 15 min and subsequently cooled to 30ÆC. After
washing with phosphate-buffered saline (PBS), the sections were
incubated with 10% non-immune horse serum for 15 min.
Subsequently, they were incubated for 60 min with 1:200 diluted
mouse anti-Ki-67 (MIB-1, DakoCytomation, Glostrup, Denmark)
and with monoclonal mouse anti-p53 PAb 240 (Dako, Carpinteria,
USA), followed by washing in PBS and incubation with 1:500 diluted
biotinylated horse anti-mouse antibody (Vector Laboratories Inc.,
Burlingham, CA, USA) for 30 min with peroxidase-streptavidin
conjugase (Immunotech) in a 1:400 dilution. The sections were
washed in phosphate-citrate buffer (17.5 g/L Na2HPO4Ø2H2O and
10.7 g/L citric acid, pH 5.8), and Ki-67 and p53 were visualized for
light microscopy with DAB reagent (0.06% 3,3-diaminobenzidine
tetrahydrochloride and 0.03% H2O2 in phosphate-citrate buffer).
The sections were counterstained with hematoxylin for 3 min. A
positive result was recorded when brown staining was present in the
cell nucleus. To evaluate Ki-67, the total number of cells and the
number of positive cells were counted in both the basal layer and

suprabasal layer of 4 randomly selected fields (X40), thereby
establishing a mean percentage of Ki-67 expression. The cell count in
suprabasal layers was undertaken in the layers immediately above
the basal, excluding more superficial layers in which nuclei were
beginning to assume a clearly flattened morphology or even
disappear. We considered this nuclear morphology to indicate that,
at more superficial layers, the cell is very close to its terminal
differentiation and is about to be shed, having lost its ability to
proliferate by means of a normal physiological mechanism, and
independent from proliferation and maturation events at deeper
epithelial layers. At any rate, there were no positive results in these
flattened nuclei. Ki-67 expression was also evaluated, considering the
basal and suprabasal expression together in each of the 4 fields. We
assigned the following values: 0= no field with Ki-67 expression, 1=
Ki-67 expression in one field, 2= expression in 2 fields, 3=
expression in 3 fields, and 4= expression in all 4 fields. p53
expression was recorded as positive or negative depending on the
presence or not of stained cells, regardless of their quantity or
location. This approach was adopted because the scarce number of
epithelial cells with p53 expression did not allow for any other type
of evaluation. Assessment of immunohistochemical expression was
always conducted by the same observer (MAGM). 

Analysis of presence of human papillomavirus DNA by means of
PCR. The PVHfast test (Pharma gen S.A., Madrid, Spain) was used
for HPV detection and typing.
a) DNA extraction. Three 5-Ì sections were treated in an
Eppendorf tube with 50 ÌL of digestion solution and 50 ÌL of
proteinase K and were incubated at 60ÆC for 3 h, then placed in a
100ÆC bath to inactivate the proteinase K. The supernatant was
extracted, avoiding the solid paraffin, and a 5-ÌL aliquot was used
for the amplification reaction. 
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Table I. Clinical findings in patients with odontogenic keratocyst (n=83).

Variable No. x±s %

Age in years 
Unknown 81 26.0±14.1

2
Gender 

Male 47 56.6
Female 36 43.4

Type of keratocyst 
NBCCS 29 34.9
Solitary recurrent 20 24.1
Chondroid 5 6.0
Solitary non-recurrent 29 34.9

Location of cyst 
Posterior maxilla 17 20.5
Posterior mandible 47 56.6
Anterior mandible 4 4.8
Body of mandible 5 6.0
Anterior maxilla 9 10.8
Anterior and posterior mandible 1 1.2

x±s = mean±standard deviation



b) Amplification reaction. Five microliters of the extracted DNA
were added to the amplification reaction tubes supplied in the kit
and placed in a Perkin Elmer 9600 thermal cycler with the
following amplification program: 1 cycle: 90ÆC/4 min; 35 cycles:
94ÆC/0.5 min, 48ÆC/1.5 min, 72ÆC/2 min; 1 cycle: 72ÆC/10 min. 
c) Visualization of amplified product. Ten microliters of amplified
product and 2 ÌL of loading solution were placed in an Eppendorf
tube and then loaded on 2% TBE 1X Agarose gel; 0.5 Ìg of DNA
Molecular Weight Marker VIII (Boehringer Manheim) were used

as molecular weight marker. The electrophoresis was run at 8V/cm
until the bromophenol blue migrated half the length of the gel. The
samples were considered positive for HPV DNA when a 450-bp
band corresponding to the HPV gene and a 1200-bp band
corresponding to the internal control appeared. In positive
samples, typing was performed by digestion with restriction
enzymes according to the manufacturer’s instructions. This
procedure was not required in our analysis, since no positive
sample was observed. 

The statistical analysis was performed with SPSS-Windows
v.12.0 (SPSS Inc., Chicago, IL, USA) and SUDAAN 7.0 (RTI,
RTP, NC), using the methods described in the table footnotes.

Results

The clinical data collected on the 83 patients with OKC are
listed in Table I. Table II shows the immunohistochemical
results for Ki-67 and p53 detection and the cases with
epithelial dysplasia (Figures 1, 2, 3 and 4). The associations
found among p53 expression, presence of dysplasia in the
epithelium of the OKC, and lesion site with their statistical
significance are exhibited in Table III. A statistically
significant association (p=0.023) was observed between p53
expression and presence of dysplasia, which always was
mild. The associations observed in the study of Ki-67
expression are displayed in Table IV. We highlight the
significantly greater frequency of Ki-67 expression found in
the suprabasal layers of the epithelium, as compared to the
basal layers (p<0.001). Finally, we were unable to amplify
HPV DNA in any of the studied samples. 
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Table II. Immunohistochemical and histopathological results in patients
with OKCs (n=83).

no. x±s %

Dysplasia 
No 73 89.0
Yes 9 11.0
Unknown 1

p53 expression 
Negative 70 85.4
Positive 12 14.6
Unknown 1

Basal Ki-67 expression (no. of fields) 
0 11 13.6
1 8 9.9
2 12 14.8
3 20 24.7
4 30 37.0
Unknown 2

2.62±1.42

Suprabasal Ki-67 expression (no. of fields) 
0 6 7.4
1 3 3.7
2 2 2.5
3 10 12.3
4 60 74.1
Unknown 2

3.42±1.19

Percentage of basal Ki-67 expression 
Unknown 81

2
6.3±10.3

Percentage of suprabasal Ki-67 expression 
Unknown 81

2
13.7±9.5

Basal Ki-67 dysplasia 
Dysplasia with negative Ki-67 3 33.3
Dysplasia with positive Ki-67 6 67.7

Suprabasal Ki-67 dysplasia 
Dysplasia with negative Ki-67 5 55.6
Dysplasia with positive Ki-67 4 45.4

Table III. Association between p53 and dysplasia in keratocysts (n=83).

Variable p53 expression

no.a Negative Positive

Dysplasia
No 73 65 (92.9%) 8 (7.1%)
Yes 9 5 (55.6%) 4 (44.4%)

Comparisonb

p=0.023

Location of cyst 
Posterior maxilla 16 11 (68.7%) 5 (31.3%)
Posterior mandible 47 41 (87.2%) 6 (12.8%)
Anterior mandible 4 3 (75.0%) 1 (25.0%)
Body of mandible 5 5 (100%) 0 -
Anterior maxilla 9 9 (100%) 0 -
Anterior and 1 1 (100%) 0 -

posterior mandible 
Comparisonb

p=0.256

a: Not collected in 1 patient.
b: Bilateral Fisher’s exact test.
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Figure 1. Suprabasal Ki-67 expression in the epithelium of an OKC (IMH
technique, x40).

Figure 2. p53 expression in the epithelium of an OKC (IMH technique, x40).

Figure 3. Dysplastic epithelium in a Ki-67 negative OKC (IMH
technique, x40).

Figure 4. Dysplastic epithelium in a p53-positive OKC (IMH technique, x40).

Discussion

One aim of this study was to evaluate the expression of p53
protein in the OKC epithelium by PAb240. Previous studies
consistently reported high levels of p53 overexpression in this
type of cyst (16, 25-27). However, it has not been clarified,
due to limitations of the antibodies used to date, whether this
overexpression is caused by wild-type protein bound to cell



or viral protein, by overexpression of mutant p53 protein or
by increased wild-type protein production in response to
proliferative activity in the cyst epithelium. With regard to the
first possibility, some authors found HPV DNA sequences in
isolated cases of OKC (23) and ameloblastoma (28).
However, we used a PCR technique to detect the presence
of HPV DNA in our wide sample of OKCs and found no
positive cases. Therefore, it appears that HPVs have no
etiological relationship with OKCs and are not responsible
for the overexpression of p53 in these lesions. Based on the
results of previous studies, it appears unlikely that p53
overexpression in OKCs is due to gene mutation with
stabilization of the mutant protein or that a mutant
mechanism of the p53 gene plays a major role in the genesis
of OKC. Li TJ et al. (15) used PCR to detect p53 gene
mutation in 10 OKCs, with negative results. Using the
monoclonal antibody PAb240, we detected p53 expression in
14.6% of cases (12 cases), a lower percentage than that
published by other authors who used different antibodies
(Table V). 

In our view, the widely documented p53 overexpression
in OKCs is probably due to an increase in wild-type p53
related to the increased cell proliferation observed in these
lesions. This hypothesis is supported by studies on OKCs
that showed a maximum positivity for p53 in areas with an
intense expression of the proliferation marker proteins
PCNA and Ki-67 (5, 10, 16, 18). It has been suggested that
OKC epithelium has an intrinsic growth potential (1-6, 15,
24), and the epithelial proliferation rate is known to be
higher in OKCs than in any other odontogenic cyst (2-6, 15,
17, 24). Furthermore, OKC epithelium appears to undergo
a genuine maturation process in which suprabasal layer cells
increase their proliferation capacity.

Various authors (5, 17, 24) have described a higher
proportion of proliferative epithelial cells in suprabasal
versus basal layers of OKC epithelium. In the present study,
13.7% of suprabasal cells expressed Ki-67 versus only 6.3%
of basal cells (p<0.001). Likewise, our assessment of the
number of fields that expressed Ki-67 showed a significantly
greater frequency in suprabasal fields. This suprabasal
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Table IV. Association between Ki-67 expression (by number of fields positive and by percentage) and different variable in keratocysts (n=83)a.

Variable Ki-67 expression (no. of fields positive) Ki-67 expression (%)

n Basal Suprabasal Ratio basal/ Basal Suprabasal Ratio
x±sb x±s suprabasal±sec x±s x±s basal/suprabasal±se

Total 81 2.62±1.42 3.42±1.19d 0.76±0.04 6.3±10.4 13.7±9.6d 0.46±0.08

Type of keratocyst
Gorlin 28 2.61±1.40 3.46±1.11 0.75±0.06 3.7±3.4 12.5±8.2 0.30±0.05
Recurrent 19 2.11±1.82 3.05±1.55 0.69±0.09 8.9±18.7 13.4±12.2 0.67±0.29
Chondroid 5 3.20±0.84 3.00±1.73 1.07±0.16 5.8±5.2 11.6±11.9 0.50±0.33
Solitary 29 2.86±1.16 3.69±0.85 0.78±0.06 7.1±7.3 15.4±8.6 0.46±0.08
Comparison p=0.550e p=0.250e f p=0.255e p=0.553e g

Dysplasia
No 73 2.63±1.40 3.47±1.14 0.76±0.04 5.3±6.1 13.9±9.4 0.38±0.05
Yes 8 2.50±1.69 3.00±1.60 0.83±0.10 15.6±27.1 12.4±11.7 1.26±0.67
Comparison p=0.895h p=0.382h p=0.497i p=0.493h p=0.612h p=0.196i

p53 Expression
Negative 70 2.69±1.39 3.47±1.13 0.77±0.04 6.6±10.9 14.1±9.7 0.46±0.09
Positive 11 2.18±1.60 3.09±1.58 0.71±0.11 4.6±5.8 11.0±8.0 0.42±0.13
Comparison p=0.289h p=0.365h p=0.553i p=0.484h p=0.320h p=0.780i

a: Data missing in 2 patients.
b: x : arithmetic mean; s: Standard deviation.
c: se: Standard error.
d: Comparison between basal and suprabasal expression by no. of fields (Student’s t-test for related samples) is p<0.001 and the Pearson correlation

is r=0.56, p<0.001. Corresponding figures for the expression by % are p<0.001, and r=0.30, p=0.007, respectively.
e: Kruskal-Wallis test.
f: SUDAAN comparison of ratios; in the comparison by pairs only "Recurrent" versus "Chondroid" is statistically significant (p<0.05).
g: SUDAAN comparison of ratios; in the comparison by pairs there is no statistical significance.
h: Mann-Whitney test.
i: SUDAAN comparison of ratios.



proliferation has been related to the disorganization
observed in squamous epithelial dysplasia of the oral
mucosa (3, 4), the most potent predisposing factor for
malignant transformation of the oral epithelium. However,
this interpretation is not supported by our results, because
the basal and/or suprabasal expression of Ki-67 expression
was not significantly more frequent in dysplastic versus non-
dysplastic OKCs. In our opinion, this unique capacity for
proliferation and differentiation represents an inherent
characteristic of OKCs that positions them closer to locally
destructive neoplasms than to other odontogenic cysts of the
jaws. This view is also supported by their capacity for local
destruction, their tendency to recur and their association
with NBCCS, as well as by genetic studies that have shown
loss of heterozygosity in these lesions (10-13, 29). 

Very few authors have studied dysplasia in OKC
epithelia. Rud and Pindborg in 1969 (30) and Brannon et al.
in 1977 (31) observed epithelial dysplasia in some OKCs in
their series, whereas Lo Muzio et al. (10) found no
dysplastic alterations in their 1999 study. Epithelial dysplasia
was present in 11% (9 cases) of our series. Detection of
epithelial dysplasia may be even more difficult in OKCs
than in squamous epithelium of the oral mucosa, for which
objective indicators have been developed.

Our group (32) previously reported the usefulness of
suprabasal Ki-67 expression as an objective indicator of the
presence and severity of epithelial dysplasia in oral mucosal
epithelium. However, in the present study, neither basal nor
suprabasal Ki-67 expression were associated with the
presence of epithelial dysplasia in the OKCs. In fact,
suprabasal Ki-67 expression was significantly more frequent
than basal expression, demonstrating the existence of a
differential proliferation and maturation pattern in OKCs
that is unrelated to the presence of epithelial dysplasia. The
detection of epithelial dysplasia in OKCs is important, since
the malignant transformation of these lesions, although rare,

is a well documented phenomenon (7-9). Some cases of
malignization have been secondary to the radiotherapeutic
treatment of facial basal cell carcinomas in the NBCCS
setting (33), which suggests a mutational mechanism
associated with DNA aggression. One study (34) showed the
presence of p53 mutation in a carcinoma derived from an
odontogenic cyst, indicating that these genetic changes can
also be associated with malignant transformation of
odontogenic cysts. In this context, a very interesting result of
the present study was the statistically significant association
observed between p53 expression and the presence of
dysplasia. The only other study (19) that addressed the
relationship between p53 overexpression and the presence of
epithelial dysplasia in OKCs gave similar results to ours. This
association warrants further investigation, because p53
overexpression may represent an early sign of potentially
malignant change in OKC epithelium (18). 
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