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Abstract Aim To investigate the immunohistochemical

expression of Ki-67, p53 and p63 in Keratocyst Odonto-

genic Tumours (KOTs) in order to contribute to the

biological profile of this tumor. Methods Immunohisto-

chemical technique was performed using the EnVisionTM

System in 37 cases of KOTs. Results Ki-67- and p53-

immunostained cells were mainly located in the suprabasal

layers. p63-positive cells were found throughout the lining

cystic epithelium. No difference in the immunostaining for

these proteins was observed between primary and recurrent

KOTs (Ki-67: P = 0.5591; p53: P = 0.9847; p63:

P = 0.9127), or between KOTs associated with Nevoid

Basal Cell Carcinoma Syndrome (NBCCS) and sporadic

KOTs (Ki-67: P = 0.7013; p53: P = 0.3197; p63:

P = 0.2427). Conclusions It is possible that biological

behavior of KOTs may be related to suprabasal prolifera-

tive compartment in the cystic epithelium as observed by

high levels of Ki-67, p53 and p63. In addition, p63

immunostaining may represent immaturity of keratinocytes

in KOTs, and suggests that this protein may participate in

the regulation of epithelial cell differentiation. Taken

together, these data may favor tumorigenesis on KOTs.
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Introduction

Keratocyst Odontogenic Tumours (KOTs) are lesions

affecting the jawbones, especially in young adults, whose

biological behavior differs from that of other odontogenic

cysts. Classically, KOTs are considered to be develop-

mental cysts arising from remnants of the dental lamina

(Kolar et al. 2006). However, their aggressive clinical

behavior, associated with a high rate of recurrence, infil-

trative growth and association with Nevoid Basal Cell

Carcinoma Syndrome (NBCCS) suggests a neoplastic ori-

gin of these lesions (Shear 2002a, b; Agaram et al. 2004;

Kolar et al. 2006). KOTs are frequently found in the pos-

terior region of the mandible (Oda et al. 2000; Stoelinga

2001; Giuliani et al. 2006).

The growth mechanism of KOTs has been investigated

by different researchers, especially the proliferative

potential of the epithelial lining (Shear 2002b; Kim et al.

2003; Agaram et al. 2004; Thosaporn et al. 2004) includ-

ing proteins involved in the cell cycle (Kimi et al. 2000;

Kichi et al. 2005). The Ki-67 antigen is a non-histone

protein with a molecular weight ranging from 345 to

395 kDa (Gerdes et al. 1991; McCormick et al. 1993). It is

encoded by a single gene on chromosome 10 (McCormick

et al. 1993), being part of the nuclear matrix during
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interphase and binding to the chromosome during mitosis

(Verheijen et al. 1989). In KOTs, Ki-67 has been found to

be overexpressed (Kim et al. 2003; Kaplan and Hirshberg

2004; Kichi et al. 2005). The p53 gene encodes a protein of

the same name with a molecular weight of 53 kDa, whose

functions are related to the control of cell proliferation and

apoptosis (Levine et al. 1991; Lane 1992). Despite the

continuous transcription of this gene, the half-life of the

p53 protein is short and the protein does not reach high

concentrations in non-lesioned cells (Morgunkova 2005).

KOTs express high levels of p53 (Ogden et al. 1992;

Slootweg 1995; Lo Muzio et al. 1999; Kichi et al. 2005).

The p63 gene encodes at least six isoforms which are

subdivided into two groups according to the presence or

absence of a transcriptional activation domain: the TAp63

isoforms contain the transcriptional activation domain and

are involved in apoptosis, whereas the DNp63 isoforms,

which do not contain this domain, participate in the cell

proliferation (Yang et al. 1998; Little and Jochemsen 2002;

Barbiere and Pietenpol 2005). This protein, a p53 homo-

logue, is essential for regenerative proliferation in

epithelial development, however, p63 may act as an on-

cogen (Yang et al. 1998; Yang et al. 2002; Mills 2006).

Regarding the local invasiveness of KOTs, several

authors have found expression of Ki-67 and p53 in these

lesions, indicating a key role in the growth and prolifera-

tive activity (Slootweg 1995; Kichi et al. 2005; Gonzalez-

Moles et al. 2006). However, to our knowledge, little is

known about the distribution of p63 in KOTs and its

association with Ki-67 and p53. Thus, we performed this

study to evaluate the immunoreactivity of Ki-67, p53 and

p63 in epithelial cells lining keratocysts in order to con-

tribute to the biological profile of this tumor.

Material and methods

After Institutional Ethics Committee approval, 37 cases of

KOTs obtained from excisional biopsy were selected from

the files of the Laboratory of Oral Surgical Pathology,

School of Dentistry of the Federal University of Bahia

(FOUFBA, Brazil). They were analyzed and selected based

on the anatomopathological reports.

For morphological analysis, material fixed in formalin

and embedded in paraffin was cut 4 lm thick sections. The

Hematoxylin/Eosin-stained slides of each case were sub-

mitted to a new histological exam by light microscopy in

order to assess the morphological aspects representative of

each lesion.

Immunohistochemistry was performed on formalin-

fixed and paraffin-embedded 3 lm thick sections. The tis-

sue sections were deparaffined, and for antigen retrieval,

conditions included sections boiled in citrate monohydrate

solution for 30 min, pH 6.2, in humid heat at 96�C. The

reactions were treated with peroxidase block solution

(EnVisionTM System) for 10 min to quench endogenous

peroxidase activity. Monoclonal antibodies against Ki-67

(Clone KIS5, 1:100 dilution, DAKO Cytomation, Glostrup,

Denmark), p53 (Clone DO-7, 1:50 dilution, DAKO Cyto-

mation, Glostrup, Denmark), p63 (Clone 4A4, 1:150

dilution, DAKO Cytomation, Glostrup, Denmark) were

applied with EnVisionTM System (DAKO Corporation,

Carpinteria, CA, USA).

The tissue sections were then exposed to antibodies for

40 min at room temperature using an antibody diluent with

background reducing components (DAKO Corporation,

Carpinteria, USA). Immunohistochemical reactions were

developed with diaminobenzidine as the chromogenic

peroxidase substrate and the slides were counterstained

with Harris Hematoxylin. Oral squamous cell carcinomas

tissues served as positive controls. Negative controls

included replacement of the primary antibody with non-

immune bovin serum albumin.

For the analysis of immunostaining, the slides were

examined with a light microscope coupled to a digital

camera system (Axiocam HRP, Zeiss, Germany, 2004) at a

final magnification of 4009. For each case a minimum of

1000 nuclei located in the basal and suprabasal layers were

counted in up to 10 consecutive microscopic fields per case

using the Image Tool 2.0 software (UTHSCSA, Texas

University, USA, 1996).

The immunoreactive cells were evaluated semiquanti-

tatively using the following scores: negative (0 to 5% of

cells immunostained), +1 (6 to 25% immunostained), +2

(26 to 50%), and + 3 ([50%). In addition, clinical features

as recurrence and association with NBCCS also were

compared.

The differences between groups were tested using sta-

tistically Mann–Whitney. All statistical calculations were

performed with BIOESTAT 3.0 program (Sociedade Civil

Mamirauá, MCT-CNPq, Conservation International, Bra-

zil, 2003). The level of significance was set at 5%.

Results

Thirty seven lesions diagnosed as KOTs between 2003 and

2006 were selected in this study, including nine lesions

diagnosed in five patients with NBCCS. Of all KOTs, 14

(46.67%) were recurrent lesions, during a mean follow-up

of 24 months. Histopathologically, all KOTs showed a thin

cystic wall exhibiting an epithelial lining of uniform

thickness as well as parakeratinized and corrugated surface.

Twenty-six cases displayed significant inflammation.

Ki-67 immunostaining was detected in 36 (97.3%)

cases, mainly in the suprabasal layers of the cystic
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epithelium. In one case, all cells were negative for this

antibody. Immunostaining was scored as +1 in most cases

(n = 18, 48.65%). p53 immunostaining was observed in 34

(91.9%) cases, mainly in the suprabasal layers. p53

immunostaining was scored as +3 in 51.35% (n = 19) of

KOTs. p63 was expressed in all cases studied (n = 37,

100.0%) and involved all epithelial layers. Immunostaining

for this marker was scored as +3 in all KOTs analyzed

(Tables 1 and 2, Fig. 1a–f).

No significant difference in the expression of Ki-67, p53

and p63 was observed between groups of lesions associated

with NBCCS (n = 9) and sporadic KOTs (n = 28)

(Table 3) or between primary (n = 23) and recurrent

lesions (n = 14) (Table 4).

Discussion

Ki-67 has been used as excellent marker of cell prolifera-

tion (Li et al. 1995; Slootweg 1995; Lo Muzio et al. 1999;

De Paula et al. 2000; Kaplan and Hirshberg 2004). Its level

increases durant the S phase but MIB-1 recognizes Ki-67

antigen in all cell cycle. Studies comparing KOTs and

dentigerous cysts have demonstrated a greater proliferative

potential of the epithelium of KOTs comparable to that of

ameloblastomas (Li et al. 1995; Thosaporn et al. 2004). In

this study, cells immunostained for the anti-Ki-67 antibody

were predominantly found in the suprabasal layer. In syn-

dromic patients, Ki-67 was expressed in all cell layers of

the cystic epithelium. These results suggest a dysregulation

of the cell cycle and agree with studies indicating the

presence of a suprabasal proliferative compartment in

KOTs (Lo Muzio et al. 1999; Shear 2002c; Kim et al.

2003; Kaplan and Hirshberg 2004; Kichi et al. 2005).

Although the distribution of Ki-67 was more uniform in the

cystic epithelium of syndromic patients, no significant

difference in immunostaining could be demonstrated

between lesions associated with NBCCS and sporadic

KOTs (P = 0.7013). Similar results have been reported by

Li et al. (1995). In contrast, Lo Muzio et al. (1999) sug-

gested that the higher expression of cell proliferation

markers in syndromic patients reflects a more aggressive

behavior of these lesions, especially in terms of a greater

tendency to recurrence.

Also regarding the proliferative activity of the lining

epithelium of KOTs, some investigators have analyzed the

expression of p53 (Ogden 1992; Lombardi et al. 1995;

Slootweg 1995; Kichi et al. 2005). p53 is a tumor sup-

pressor gene effective at the G1 phase of cell cycle, which

participates in the growth arrest, initiates repair, or induces

apoptosis (Levine et al. 1991, Lane 1992; Morgunkova

2005). The biological mechanism associated with the

expression of this protein in the epithelium of KOTs has

not been defined, but the aggressive behavior and high

recurrence rate of these lesions might be related to the

immunoexpression of this protein (Lombardi et al. 1995)

In the present study, 34 (91.9%) cases were positive for

p53. Most of them presenting a score of +3 (n = 19,

51.35%), and identified in the suprabasal layers of the

cystic epithelium as also demonstrated by Lombardi et al.

(1995), Slootweg (1995), Li et al. (1996), Piattelli et al.

(2001), Kichi et al. (2005) and Kolar et al. (2006). No

significant difference in p53 immunostaining was observed

between the lesions associated with NBCCS and sporadic

KOTs (P = 0.3195), or between primary and recurrent

lesions (P = 0.9847). These results were similar to those

found by Lombardi et al. (1995), Li et al. (1996) and

Piattelli et al. (2001). However, in the present study the

percentage of p53-positive KOTs was higher than those

reported by Ogden et al. (1992), Lombardi et al. (1995)

and Piattelli et al. (2001). This finding might be attributed

to the use of the immunohistochemical method.

Although we did not observe any difference in p53

immunostaining between KOTs associated with NBCCS

and sporadic KOTs, the distribution of positive cells among

epithelial layers was more homogeneous in the first group.

This finding is similar to the results of Lo Muzio et al.

(2005). Immunodetection of this protein seems to be

Table 1 Distribution of the number of lesions positive for the Ki-67,

p53 and p63 antibodies according to mean score

Score Ki-67 na (%) p53 n (%) p63 n (%)

- 5 (13.5) 3 (8.11) 0 (0)

+1 18 (48.65) 4 (10.81) 0 (0)

+2 13 (35.13) 11 (29.73) 0 (0)

+3 1 (2.72) 19 (51.35) 37 (100)

a Four of the five lesions classified as negative for Ki-67 presented

less than 5% of immunostained cells, and one case presented all cells

negative for this protein

Table 2 Distribution of positive cells for Ki-67, p53 and p63 in basal and suprabasal cells

Ki-67 P p53 P p63 P

Basal cells 49.4 ± 44 P \ 0.0001 205.8 ± 116.2 P \ 0.0001 371.8 ± 138.4 P \ 0.0001

Suprabasal cells 154.6 ± 127.6 357.0 ± 165.3 585.1 ± 214.8

Mann–Whitney Test, Values are means ± standard deviation
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related to the stabilization of p53 product, a fact reflecting

cell cycle regulation in favor of proliferation (Slootweg

1995; Piattelli et al. 2001; Shear 2002b), indicating an

intrinsic growth potential of the KCOT epithelium. More-

over, we found similar distribution between Ki-67 and p53-

positive cells.

Fig. 1 Immunohistochemical

staining of Keratocyst

Odontogenic Tumours.

(a) +1 score in a non-syndromic

patient exhibiting Ki-67

expression predominantly in

suprabasal cells (EnVisionTM

System, approximately 4009).

(b) +3 score in a NCBBS patient

exhibiting Ki-67 expression

predominantly in suprabasal

cells (EnVisionTM System,

approximately 4009). (c) +2

score in a non-syndromic

patient exhibiting p53

expression predominantly in

suprabasal cells (EnVisionTM

System, approximately 4009).

(d) +3 score in a NCBBS patient

exhibiting p53 expression

predominantly in suprabasal

cells (approximately 4009).

(e) +3 score in a NCBBS patient

showing p63 expression in basal

and suprabasal cells

(EnVisionTM System,

approximately 4009). (f) +3

score non- syndromic patient

showing p63 expression in basal

and suprabasal cells

(EnVisionTM System,

approximately 4009)

Table 3 Median number of cells immonostained for Ki-67, p53 and p63 between KOTs associated with NBCCS and sporadic OKs

Ki-67 P p53 P p63 P

NBCCS (n = 9) 150.3 ± 76.3 P = 0.7013 150.3 ± 76.3 P = 0.3195 627.1 ± 190 P = 0.2427

Sporadic OKs (n = 28) 156.7 ± 141.4 156.7 ± 141.4 571.6 ± 223.7

Mann–Whitney Test, Values are means ± standard deviation

Table 4 Difference in the immunostaining for Ki-67, p53 and p63 between primary and recurrent KOTs

Ki-67 P p53 P p63 P

Primary Oks (n = 23) 235.5 ± 222.2 P = 0.5591 557.2 ± 284.4 P = 0.9847 1008.0 ± 311.6 P = 0.9127

Recurrent OKs (n = 14) 177.6 ± 124.8 561.8 ± 318.7 971.0 ± 303.3

Mann–Whitney Test, Values are means ± standard deviation
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It is possible that the accumulation of p53 in KOTs can

not be attributed to gene mutation with stabilization of this

protein, but it may be due to an accumulation of normal

p53 protein (Li et al. 1996; Gonzalez-Moles et al. 2006).

This explanation might be attributed to mdm2 defects as a

response in different situations (Save et al. 1998). How-

ever, it is important to state that Agaram et al. (2004) and

Henley et al. (2005) have demonstrated lost of heterozig-

osity in TPp53 gene in KOTs. Further studies are needed to

clarify this matter.

Yang et al. (1999) and Little and Jochemsen (2002)

reported the existence of different isoforms of p63, TAp63

and DNp63, that are involved in apoptosis and cell pro-

liferation, respectively. Clone 4A4 used here in the

immunohistochemical reactions recognizes both the TAp63

and DNp63 isoforms. However, Nylander et al. (2002)

observed that this clone only labels the non-transactivated

isoforms in stratified squamous epithelia. In agreement

with this hypothesis, Parsa et al. (1999) and De Laurenzi

et al. (2000) only detected DNp63 RNA in human

keratinocytes.

Studies using an anti-p63 antibody for the investigation

of odontogenic lesions are scarce and only two reports

investigating the expression of this protein in KOTs are

available. In 2005, Lo Muzio et al. (2005) published the

first study describing the immunostaining of p63 in KOTs.

These authors used a clone similar to ours, however, that

study included an orthokeratinized variant, a distinct and

less aggressive disease (Thosaporn et al. 2004; Philipsen

2005). In 2006, Foschini et al. (2006) reported a more

homogenous and superficial distribution of p63 in recurrent

OKs, using a polyclonal antibody (antip-40). In the present

study, p63 immunostaining was demostrated in all 37

KOTs analyzed (score +3) and involved all epithelial lay-

ers. The expression of this protein was not associated with

the clinical features investigated, such as recurrence

(P = 0.9127) or NBCCS (P = 0.2427). Lo Muzio et al.

(2005) observed intense p63 positivity in epithelial cells of

KOTs, including more superficial cells, and in 64% of

cases this staining was found to be intense in up to 50%

of cells of the cystic epithelium. Despite similar results, in

the present sample the percentage of stained cells in each

case was higher, probably because of use of the immuno-

histochemical method. In addition, Lo Muzio et al. (2005)

included orthokeratinized cases in their sample.

The results of this study suggest that p63 immuno-

staining might reflect the immaturity of epithelial cells in

this lesion. This aspect may favor tumorigenesis and

support the hypothesis of a neoplastic nature of KOTs and

of the existence of a suprabasal proliferative compartment

as previously described. In addition, the expression of

this protein decreases during the differentiation of

keratinocytes (Parsa et al. 1999; De Laurenzi et al. 2000;

Morgunkova 2005). According to Yang et al. (1999),

DNp63 isoform is capable of inhibiting the wild-type p53

function in a dominant negative manner. Thus, it is pos-

sible that p63 plays a role on blocking apoptosis-inducing

and growth-inhibitory actions. This may facilitate its pro-

liferative potential on stratified epithelial as described by

Yang et al. (1999), De Luca et al. (2006) and Senoo et al.

(2007). In addition, p63 contributes to regulation of the

Sonic hedgehog [Shh] signaling pathway (Caserta et al.

2006). Alterations in this pathway have been described

in different diseases, including KOTs, as mutations in

the PTCH gene result in aberrant activation of this

pathway (Kochaji et al. 2005). Furthermore, no difference

in the expression of Ki-67, p53 or p63 was observed

between primary (n = 23) and recurrent (n = 14) KOTs,

in agreement with the findings of Li et al. (1995) and

Lombardi et al. (1995).

The immunohistochemical features of KOTs found in

this study suggest the existence of a suprabasal prolifera-

tive compartment in the epithelium of such lesions as

demonstrated by high levels of Ki-67, p53 and p63. Our

results indicate that these proteins contribute to the bio-

logic profile of KOTs, and that p63 plays a role in the

regulation of epithelial cell differentiation, and may favor

tumorigenesis.
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