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INTRODUCTION

The p63 protein plays an essential role in 
epithelial development and the proliferation of limb 
and craniofacial-structures. Studies with murine model 
have revealed that p63 knockout-mice display profound 
defects in differentiation of tissues with stratified 
epithelium, including skin, oral cavity and esophagus. 
Moreover, these animals did not develop teeth, hair 
follicles and salivary, lachrymal and mammary glands 
(1). In human oral mucosa, p63 is chiefly restricted to 
basal and parabasal layers of the normal epithelium. 
As the odontogenic cystic lesions are essentially of 
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epithelial origin, the p63 protein may be important in the 
growth and progression of these lesions. However, only 
one study evaluated the p63 expression in odontogenic 
cystic lesions, which detected positivity more intense 
and diffuse in the epithelial lining of keratocystic 
odontogenic tumor when compared with radicular and 
dentigerous cysts (2). 

The epidermal growth factor receptor (EGFR) 
is localized on the surface membranes of many cell 
types and is mostly involved in cell proliferation (3). 
Immunohistochemical analysis has shown that EGFR is 
frequently present in the epithelial elements of human 
tooth germ as well as cystic odontogenic lesions and 
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odontogenic tumors, thus implicating its participation 
during normal odontogenesis and development of these 
lesions (4,5). 

Notch is an important signaling system composed 
by four receptors (Notch 1-4) and 5 ligands (Delta 1, 
Delta 3, Delta 4, Jagged 1 and Jagged 2), which regulate 
embryonic development and adult tissue homeostasis 
(6). Notch signaling pathway plays an essential role 
during odontogenesis, neurogenesis, hematopoiesis, 
vasculogenesis and keratinocyte growth/differentiation 
(7-9). Aberrant Notch function has been associated with 
a wide range of developmental disorders and neoplasms 
(10,11). Expression of Notch receptors and ligands 
in tooth germs and odontogenic tumors suggests that 
Notch signaling might control the cell differentiation 
and proliferation of normal and neoplastic odontogenic 
epithelium (7). However, Notch expression in cystic 
odontogenic lesions is scarcely studied. Recently, 
Meliou et al. (6) observed abundant Notch expression 
in the epithelial lining of radicular cysts, suggesting an 
involvement of this pathway in the growth of these cysts. 

Because the p63, EGFR and Notch receptors 
are involved in the development and differentiation of 
odontogenic epithelium, the aim of this study was to 
evaluate the immunohistochemical expression of p63, 
EGFR, and Notch-1 receptor in radicular cysts (RC), 
dentigerous cysts (DC) and keratocystic odontogenic 
tumors (KOT). 

MATERIAL AND METHODS

Seventy-four cases of odontogenic cystic 
lesions (35 radicular cysts, 22 dentigerous cysts and 17 
keratocystic odontogenic tumors) from the files of the 
Oral Pathology Laboratory, Dental School, University 
of Ribeirão Preto, Ribeirão Preto, SP, Brazil, from the 
period between 1994 to 2006, were selected for this 
study. Clinical and epidemiological data, such as age, 
gender and site of the lesion, were collected from the 
patient charts filed in the Oral Pathology Laboratory. All 
cases were reviewed histologically in slides stained with 
hematoxylin and eosin and the inflammatory reaction 
eventually present in the fibrous capsule was classified 
as mild (foci of inflammatory cells) or severe (diffuse 
inflammatory reaction). This study was approved by 
the institutional Ethics Committee (Process #085/06).

Immunohistochemical reactions against p63 
(mouse anti-human monoclonal antibody, clone 4A4, 
dilution 1:2000; ThermoScientific, San Jose, CA, USA), 

EGFR (mouse anti-human monoclonal antibody, clone 
EGFR-25, dilution 1:100; Abcam, Cambridge, UK) 
and Notch-1 (mouse anti-human monoclonal antibody, 
clone A6, dilution 1:100; Abcam) were carried out in 
3-µm-thick histological sections. Antigen retrieval was 
performed in a pressure cooker for 4 min using a 10 
mmol L-1 citrate buffer (pH 6.0). Histological sections 
were quenched of endogenous peroxidase with 3% 
aqueous hydrogen peroxidase (Merck, Rio de Janeiro, 
RJ, Brazil) for 20 min at room temperature, followed 
by a washing with 10 mmol L-1 phosphate-buffered 
saline (pH 7.4) for 5 min. Incubations with the primary 
antibody were performed for 18 h at 4oC. Next, the 
tissue sections were incubated with Post Primary 
Block for 30 min at 37oC (NovoLink Max Polymer, 
Novocastra, Newcastle, UK), followed by application 
of diaminobenzidine as the chromogen (Dako, Glostrup, 
Denmark). Slides were counterstained with Harris 
hematoxylin, mounted and analyzed by two previously 
calibrated oral pathologists. Positive (normal skin for 
p63, large bowel for EGFR and placenta for Notch-1) 
and negative (omission of primary antibody) controls 
were included in all reactions.

The p63, EGFR and Notch-1 expressions were 
evaluated in the cystic epithelial lining. For EGFR, the 
cells considered positive were those with membrane 
and/or cytoplasmic markings; for Notch-1, the cells with 
nuclear and/or cytoplasmic marking were considered 
positive and for p63, the cells considered positive were 
those with nuclear staining pattern only. The percentage 
of positive cells in 10 high-power fields was evaluated, 
adopting the following criteria: negative: 5% of positive 
cells; low expression: 5-50% of positive cells, and high 
expression: >50% of positive cells. In addition, for 
EGFR and Notch-1, the intensity of positive cells was 
also assessed as weak intensity and strong intensity, 
considering the cases that presented cells with pale 
brown staining as showing weak intensity of expression, 
and the cases with dense brown staining as strong. The 
evaluators were blinded with respect to the types of cystic 
lesions during the analysis and the disagreements were 
discussed until a consensus was reached.

For statistical analysis, the lesions were 
compared with regard to the expression of the studied 
antibodies (Fisher’s exact test), and to the possible 
existence of  correlation among p63, EGFR and Notch-1 
expressions in each cystic lesion (Spearman’s correlation 
coefficients). A significance level of 5% was adopted 
for all analyses.
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RESULTS

Radicular Cysts

Eighteen cases (51.4%) showed the cystic wall 
lined by thin stratified squamous epithelium, whereas 
the remaining 17 cases (48.6%) showed epithelial 
hyperplasia. The chronic inflammatory reaction in the 
adjacent connective tissue was classified as severe and 
mild in 23 (65.7%) and 12 (34.3%) cases, respectively.

The immunohistochemical analysis revealed 
that 32 cases (91.43%) of RC presented high positivity 
for p63 protein in all layers of the epithelial lining. In 
2 cases (6.25%) that showed hyperplastic epithelium 
associated with severe inflammation in the fibrous 
capsule, decreased p63 expression was observed (Fig. 
1). All RC cases showed high expression of EGFR in 
all epithelial cell layers. Out of them, 21 cases (60%) 
presented strong staining intensity, whereas 14 cases 
(40%) showed weak staining intensity (Fig. 1). The 
chronic inflammatory reaction present in the fibrous 
capsule did not influence the expression of EGFR in 
the epithelial lining. Similar to EGFR expression, all 
cases were positive for Notch-1. High expression for 
Notch-1 was noted in 28 cases (82.35%) and 6 cases 
(17.65%) showed low expression. Seventeen cases 
(50%) showed strong staining intensity and 17 presented 
weak expression intensity (Fig. 1). For Notch-1, one case 
of RC was excluded because of a significant unspecific 
reaction. 

Dentigerous Cysts

All cases of DC were positive for p63 in all 
layers of the epithelial lining, with 16 cases (72.73%) 
showing high positivity and 6 cases (27.27%) showing 
low positivity (Fig. 2). 

Similar to p63 expression, all analyzed cases 
were positive for EGFR in all cell layers. Twenty cases 
(95.24%) showed high positivity and 1 case (4.76%) low 
positivity (Fig. 2). Regarding the expression intensity, 
16 cases (76.19%) presented strong staining intensity, 
whereas 5 cases (23.81%) showed weak expression 
intensity. After immunohistochemical analysis, one 
case of DC did not present sufficient tissue for analysis.

All cases showed high positivity for Notch-1 in 
all epithelial layers, with 17 cases (77.27%) presenting 
strong staining intensity and 5 (22.73%) weak intensity 
(Fig. 2).

Keratocystic Odontogenic Tumors

All cases of KOT showed high p63 expression in 
all layers of the epithelial lining (Fig. 3). One case was 
not evaluated because of the small amount of tissue. 

The EGFR immunoexpression was observed 
in 16 cases of KOT (94.12%) (Fig. 3). Regarding the 
expression intensity, 12 cases (75%) showed strong 
expression intensity for EGFR and 4 cases (25%) weak 

Figure 1. Radicular cyst. A: High and strong expression intensity 
of Notch-1 in the epithelial lining (×100); B: High and strong 
staining intensity of EGFR in the cystic epithelial lining (×200); 
C: High expression of p63 in all layers of the cystic epithelial 
lining (×100).
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staining intensity. 
All evaluated KOT cases were positive for 

Notch-1, with 12 cases (75%) showing high positivity 
and 4 cases (25%) showing low positivity (Fig. 3). 
From these cases, 14 (87.5%) presented strong staining 
intensity, whereas 2 cases (12.5%) showed weak 
intensity. One KOT case was not evaluated because of 
significant unspecific reaction.

Statistical Analysis

KOT showed significantly higher positivity for 
p63 (p<0.001) than RC and DC. However, no significant 
difference in the expression (p=0.1) and expression 
intensity of EGFR (p=0.2) was observed among the 
lesions. In the same way, no differences in the expression 
(p=0.1) and expression intensity (p=0.08) of Notch-1 

Figure 2. Dentigerous cyst. A: High and strong expression intensity 
of Notch-1 in the cystic epithelial lining (×100); B: High and 
strong staining intensity of EGFR in the epithelial lining (×100); 
C: High expression of p63 in all layers of the cystic epithelial 
lining (×100).

Figure 3. Keratocystic odontogenic tumor. A: High and strong 
expression intensity of Notch-1 in the epithelial lining of 
keratocystic odontogenic tumor (×100); B: High and strong 
expression intensity of EGFR in the cystic epithelial lining 
(×200); C: High p63 expression in all layers of the cystic epithelial 
lining (×100).
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were observed (Table 1).
In RC and DC, positive correlation was observed 

between the expression and staining intensity of EGFR 
(p<0.001), or expression and staining intensity of 
Notch-1 (p<0.001). In both lesions, positive correlation 
was found between expression and staining intensity of 
EGFR, expression and staining intensity of Notch-1 and 
p63 expression (p<0.001). In KOT, there was positive 
correlation between p63 expression and the expression 
and staining intensity of EGFR (p<0.001) as well as 
between expression and staining intensity of Notch-1 
(p<0.001). Moreover, correlation was observed between 
expression and staining intensity of EGFR (p=0.03) as 
well as between expression and staining intensity of 
Notch-1 (p=0.005).

DISCUSSION

Recent studies have focused on the etiopathogenesis 
of chronic periapical lesions, odontogenic cysts and 
tumors, using immunohistochemistry to investigate the 
role of cytokines, growth factors, cellular differentiation 
factors, tumor suppressor genes and oncogenes in the 
initiation, development, and progression of these lesions 
(4,6,12-17).

In this study, most of RC and DC cases and all 
KOT cases showed high positivity for p63 protein in 
all cell layers. Lo Muzio et al. (2) observed that the 
positivity for p63 in RC and DC was restricted to basal 
and parabasal layers of the cystic epithelial lining, 
whereas in KOT the positivity was more evident in 
the intermediate and superficial layers. These results 

are similar to the present study and 
may probably be associated with a 
disturbance in cellular cycle control, 
leading to a higher intrinsic growth 
potential, which could explain the more 
infiltrative and aggressive growth and 
higher rates of recurrence observed 
in KOT. Interestingly, in RC, the 
epithelium adjacent to regions with 
severe inflammatory reaction presented 
diminished p63 expression. This 
finding suggests that the alterations 
caused by the inflammatory cells in the 
epithelial lining contributed to decrease 
the expression of that protein.

Cell proliferation has been 
associated with growth factors such 
as epidermal growth factor (EGF), 
transforming growth factor (TGF) 
and their receptors. These growth 
factors may trigger the process of 
cell proliferation through a cascade 
of protein phosphorylation, allowing 
the signs of proliferation be received, 
translated and transmitted to the cell 
nucleus (18). In the current study, only 
1 KOT case was negative for EGFR, 
similar as observed by Clark et al. 
(19). Likewise, assessing the intensity 
of EGFR expression, the percentage 
was similar for all studied odontogenic 
cystic lesions. Thus, it is assumed that 
the epithelium of these cystic lesions 

Table 1. Comparative analysis of the expression and staining intensity patterns for 
p63, EGFR, and Notch-1 in odontogenic cystic lesions. 

Variables
Lesions

p valueRC
n=35 (%)

DC
n=22 (%)

KOT
n=17 (%)

p63 expression

  Negative 3 (8.57) 0 (0.0) 0 (0.0) <0.001

  Low 0 (0.0) 6 (27.27) 0 (0.0)

  High 32 (91.43) 16 (72.73) 16 (100)*

EGFR expression

  Negative 0 (0.0) 0 (0.0) 1 (5.88) 0.1

  Low 0 (0.0) 1 (4.76) 0 (0.0)

  High 35 (100) 20 (95.24)* 16 (94.12)

EGFR intensity

  Weak 14 (40.0) 5 (23.81) 4 (25.0) 0.2

  Strong 21 (60.0) 16 (76.19)* 12 (75.0)*

  Notch-1 expression

Negative 0 (0.0) 0 (0.0) 0 (0.0)

  Low 6 (17.65) 0 (0.0) 2 (12.5) 0.1

  High 28 (82.35)* 22 (100) 14 (87.5)*

Notch-1 intensity 

  Weak 17 (50.0) 5 (22.73) 4 (25.0) 0.08

  Strong 17 (50.0) 17 (77.27) 12 (75.0)

RC: radicular cyst; DC: dentigerous cyst; KOT: keratocystic odontogenic tumor. 
*One case was not available.
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is capable of proliferation mediated by EGFR and that 
this is an important factor for maintaining the cystic 
epithelial lining. Most cases of the current series showed 
membranous and cytoplasmic staining pattern for 
EGFR. The immunolocalization of this receptor seems 
to be important in the speed of the cellular response 
to proliferation stimulus. In cases where EGFR is 
restricted to the cellular membrane, the response in the 
presence of a ligand is faster. Otherwise, if the EGFR 
is internalized into the cytoplasm, the proliferative 
response to stimulation is diminished. If EGFR is 
observed concurrently in the membrane and cytoplasm, 
as in this study, the response of the cells to a proliferative 
stimulus is similar to a physiological response type (20).

In this study, all cases studied were positive for 
Notch-1. Additionally, there was a greater intensity 
of expression for Notch-1 in DC and KOT compared 
with RC. However, the difference was not significant. 
The Notch signaling system appears to be important 
in maintaining normal epithelial tissue. Notch-1 
triggers differentiation and inhibits growth of human 
keratinocytes in vitro. In the odontogenic tissues, 
the activation of the Notch signaling may inhibit the 
differentiation of pulp stem cells into odontoblasts 
(21), indicating distinct roles of this pathway depending 
on the analyzed tissue. Genetic deletion of the Notch 
system in human keratinocytes is sufficient, along 
with the activation of the ras gene to cause aggressive 
squamous cell carcinomas (22). Kumamoto and Ohki 
(7) found similar levels of Notch-1 expression in tooth 
germs and neoplastic cells in ameloblastoma. These 
findings show that despite accumulated information 
concerning the Notch signaling in cell fate determination 
and differentiation, the molecular mechanisms through 
which the Notch signaling participates in oncogenesis 
is complex. The Notch proteins appear to have dual 
opposing properties resulting in a net oncogenic or 
oncosuppressive function depending on the tumor 
cells (23). In this context, in the present study and as 
previously demonstrated in odontogenic tumors (7), 
Notch-1 displayed high expression levels in DC and 
KOT, followed by RC, suggesting that overactivation 
of the Notch pathway occurs in these cystic odontogenic 
lesions. 

Several growth factors and other endogenous 
regulator mediators have been identified in RC, DC 
and KOT (3-5,12,13,15). The association of these 
mediators with the Notch-1 expression might induce the 
epithelial cell proliferation, with consequent growth of 

the lesions. Another important property of Notch-1 is 
the antiapoptotic action in T cells. Thus, Meliou et al. 
(6) hypothesized that activation of Notch pathway might 
have antiapoptotic effect in epithelial cells and contribute 
to the preservation of the cystic lining epithelium. 
Particularly in RC, Meliou et al. (6) observed that Notch 
pathway is an active downstream in the epithelial lining 
of RC, indicating that this pathway is involved in the 
growth and expansion of this lesion. Further studies 
will be necessary to determine the exact role of Notch-
mediated intracellular signaling in odontogenic cystic 
lesions development.

The positive correlation and co-expression of 
p63, EGFR and Notch-1 in all the lesions is one more 
fact that suggests the importance of these proteins in 
the development and persistence of odontogenic cystic 
lesions, since all these molecules are essential for 
differentiation and homeostasis maintenance of epithelial 
tissue. Thus, the concomitant expression indicates that 
they can interact and act synergistically to maintain the 
structure of the cystic epithelial lining.

The present study adds new information regarding 
the expression of growth factors and proteins involved 
in cell differentiation, and their possible roles in the 
studied cystic odontogenic lesions. The identification of 
Notch-1 in odontogenic cystic lesions, suggests that the 
Notch system participates in maintaining the integrity 
of the cystic epithelium, possibly contributing to the 
persistence of the lesion. 

RESUMO

O objetivo deste estudo foi avaliar a expressão imunoistoquímica 
da proteína p63, receptor do fator de crescimento epidérmico 
(EGFR) e Notch-1 no revestimento epitelial de cistos radiculares 
(CR), cistos dentígeros (CD) e tumores odontogênicos 
queratocísticos (TOQ). Para este estudo, 35 CR, 22 CD e 17 TOQ 
foram utilizados. Os dados clínicos e epidemiológicos foram 
coletados das fichas dos pacientes arquivadas no Laboratório de 
Patologia Oral, Universidade de Ribeirão Preto, Brasil. Reações 
imunoistoquímicas contra p63, EGFR e Notch-1 foram realizadas 
em cortes histológicos de 3 µm. As lâminas foram avaliadas de 
acordo com os seguintes critérios: negativo <5% das células 
positivas, baixa expressão - 5%-50% das células positivas e alta 
expressão >50% das células positivas. Além disso, a intensidade 
de expressão de EGFR e Notch-1 foi também avaliada. Teste exato 
de Fisher e coeficiente de correlação de Spearman foram usados 
para análise estatística, considerando um nível de significância de 
5%. Quase todos os casos demonstraram expressão de p63, EGFR 
e Notch-1. A expressão de p63 foi significativamente maior nos 
TOQ (p<0.001). Correlação positiva entre os imunomarcadores 
foi observada. Esses achados sugerem a participação de p63, 
EGFR e Notch-1 no desenvolvimento, manutenção e integridade 
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do revestimento epitelial cístico, favorecendo a persistência das 
lesões. A alta expressão de p63 no TOQ sugere que ela pode 
estar relacionada ao comportamento biológico mais agressivo e 
marcada tendência a recorrência.
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