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CASE REPORT

Overexpressed tumor protein p53 and the impaired function in
aggressively growing calcifying odontogenic cyst: a case report

Yoichi Ohiro a*), Wataru Kakuguchi a,b), Kazuyo Kuribayashi a),
Tetsuya Kitamura c) and Kanchu Tei a)

ABSTRACT : A case of a calcifying odontogenic cyst (COC) is described. The patient was referred to our hospital for the 
treatment of a recurrence of an ameloblastoma. To perform enucleation as conservative surgery, deflation and biopsy 
were applied. From the specimens, the pathological diagnosis had changed to COC. After the biopsy, the lesions 
presented rapid growth and partial maxillectomy was performed. Morphologically, malignant findings were not 
determined in the surgical specimens. To exclude the possibility of malignant transformation because of the rapid 
growth, an immunohistochemical analysis with cell growth marker Ki-67 and tumor suppressor p53 was performed, here 
a somewhat high positive staining of 10 % for Ki- 67 and 20-30 % for p53 were observed. To examine the metabolism and 
function of p53, further immunohistochemical staining was performed and showed negative staining for the p53 
degradation enzyme MDM2 and positive staining of the p53-mediatied apoptosis molecule BAX with 80 % positive 
staining. These findings suggest that the lesion had a high growth potential as well as abnormal p53 metabolism and 
function. Finally, COC was assigned as the pathological diagnosis giving priority to the morphological findings. No 
recurrence has been observed for 3 years after resection.
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Introduction

　The COC is a rare odontogenic cyst which is  
characterized as a simple cyst with a well-defined basal 
layer, lined by ameloblastoma-like epithelium and with 
accumulations of ghost cells. It is not completely agreed 
whether the COC is to be classified as a tumor or as a 
developmental cyst 1）. The COC is also known as an 
odontogenic ghost cell lesion in conjunction with 
dentinogenic ghost cell tumors or ghost cell odontogenic 
carcinomas (GCOC) 1）. The criteria for a differential 
diagnosis as COC or GCOC are mainly based on 
morphological characteristics. An immunohistochemical 
analysis by p53 and PCNA to distinguish benign from 
malignant lesions has also been reported2）.
　The p53 is a well studied tumor suppressor protein 

with the transcription ability to maintain cells under 
stress from DNA damage 3，4）. Upon DNA damage, p53 
functions as a transcription factor and activates various 
molecules related to cell cycles and apoptosis to protect 
cells from genetic instability. In half of human cancers, 
p53 loses its function caused by genetic mutation or 
deletion 5）. Many mutated or deleted p53 proteins, so 
called mutant p53 accumulate in cells escaping from the 
degradation enzyme MDM2 the expression of which is 
also controlled by p53 4）. The mitochondrial mediated 
apoptosis molecule BAX is also activated by p53 in cells 
in which where the accumulation of DNA damage is 
irreparable6）.   
　In this report, overexpressed p53 and its downstream 
protein, MDM2 and BAX in COC with rapid growth 
potential is described.

Case report

　A 50-year-old female had been aware of a swelling on 
her left cheek and stuffy nose. She had visited ENT 
surgeons and been diagnosed with an odontogenic cyst. 
After enucleation through the nasal cavity with 
endoscopic sinus surgery, the pathological diagnosis 
assigned it as an ameloblastoma. Six months after the 
treatment, there was a swelling and spontaneous pain in 
the left cheek. The ENT surgeons determined a 
recurrence of the tumor, and she was referred to our 
department for further treatment .  A computed 
tomography (CT) and Magnetic resonance (MR) images 
showed a multicystic lesion localized in the left upper 
alveolar bone and floor of the maxillary sinus (Fig. 1 ). 
The nasal wall of the maxillary sinus had been removed 
as the ENT surgeon approached the lesion via the nasal 
cavity. Enucleation after deflation was planned to remove 
the recurrent ameloblastoma, and the specimens obtained 
by the def lat ion showed a cystic lesion l ined by 
ameloblastomatous epithelium with scattered nests of 
ghost cells in the histological examination. Ameloblastic 
follicles and odontogenic islands were present in the 
adjacent connective tissue (Fig. 2 ). The pathological 
diagnosis was changed to COC, then, after deflation the 
lesion showed rapid growth to occupy the posterior wall 
of the sinus ,  and next part ia l  maxi l lectomy was 
performed rather than enucleation (Fig. 3 ). Because of the 
rapid expansion of the tumor, an immunohistochemical 
(IHC) analysis was performed for a differential diagnosis 
to exclude a malignant transformation. No extensive 
necrosis was observed in a hematoxylin eosin stained 
specimen. An IHC analysis showed the growth marker 
Ki-67 (MIB-1 clone; Dako) as positive in 10 % of the tumor 
cells and p53 (DO-7 clone; Roche) in 20 to 30 % (Fig. 4 A, 
B). To determine the mechanism of the positive staining 
of p53, a further immunohistochemical analysis was 
performed against BAX (A3533 clone; DAKO) and 
MDM2  ( I F 2  c l o n e ;  I n v i t r o g e n ) .  T h e  BAX  i s  
transcriptionally activated by p53 and causes apoptosis of 
the cells, and MDM2 is also activated by p53 and plays 
an important role in the degradation of p53, a so called 
negative feedback mechanism. In the IHC analysis, 80 % 
of the tumor cells were positive for BAX and there was 
negative staining in MDM2 (Fig. 4 C, D). Morphologically, 
there was no excessive mitosis or apoptosis, which would 
have indicated an absence of a malignant transformation. 
Finally, COC was diagnosed by the morphological 

features. No recurrence has been observed for 3 years 
after the resection.

Discussion

　In a recent version of WHO classifications, COC is 
considered as a developmental cyst, but it is also thought 
to be an odontogenic ghost cell lesion with dentinogenic 
ghost cell tumors or ghost cell odontogenic carcinomas 
(GCOC) 1）. The GCOC is the most infrequent ghost cell 
lesion with a wide variety of growth patterns 1). Almost 
half of GCOC arise from pre-existing benign lesions by 
malignant transformation 7）. Positive staining of p53 is 
observed in two thirds of GCOC7－9）. In addition to the 
regular cytological index including mitotic activity and 
pleomorphism, rapid growth and positive staining of p53 
in IHC are practical indicators in a differential diagnosis. 
To the best knowledge of the authors, there is no report 
investigating the relations between p53 with its related 
molecules in COC. 
　The p53, a so called guardian of the genome, is a well 
investigated transcriptional factor, due to its important 
function in the maintenance of genomic stability 4）. 
Responding to DNA damage by UV, irradiation, hypoxia, 
or other metabol ic  stresses ,  p53 funct ions as a 
transcription factor and activates the expression of 
important molecules to save cells by maintaining their 
normal mitosis 3，4）. The TP53 gene encoding p53 protein 
is mutated in more than half of cancers and the mutated 
region is accumulated in its DNA-binding domain which 
is important for its transcriptional activity5）. A mutation 
or deletion, a major anomaly of the TP53 results in 
producing abnormal p53 and accumulation of abnormal 

p53 in the cells.
　The half-life of normal, so called, wild type p53 is 
strictly controlled by its degradation enzyme molecule 
MDM210）. The expression of MDM2 is dependent on the 
transcriptional activity of wild type p53, so positive 
staining of p53 in IHC analysis generally indicates the 
mutation or impaired functioning of p53 11）. The p53 is 
also responsible for cell apoptosis by activating BAX 
which plays an important role in inducing mitochondria 
mediated apoptosis in the cells in which the accumulation 
of DNA damage is irreparable6）.
　In the present report, a COC in the left maxilla which 
showed rapid growth after a biopsy is described. At the 
first visit , enucleation was scheduled assuming a 
recurrence ameloblastoma. But by the rapid growth of 
the lesion after the biopsy and by altered pathological 
diagnosis to COC of the biopsy specimens, operation was 
changed to partial maxillectomy to remove the lesion 
completely. Differential diagnosis had been performed to 
exclude its malignant potential after complete resection. 
In the IHC analysis against Ki-67 and p53, tumor cells 
showed positive staining of Ki-67 and p53. These results 
indicated a strong growth potential by the Ki-67 staining 
and the possibility of malignant transformation by 
accumulation of p53. After further IHC analysis was 
performed to evaluate the p53 metabolisms and function 
by an IHC analysis against MDM2 and BAX, the 
expression of which is controlled by p53. Results of the 
IHC analysis showed negative staining of MDM2 and 
positive staining of BAX. 
　In Fig. 4B, the positive staining of p53 in the IHC 
assumes the accumulation of mutant p53 escaping from 
degradation by MDM2 10）. The discrepancy in the 
expression levels of both p53 transactivating molecule 
MDM2 and BAX may implicate either the anomalous 
transcriptional activity of mutant p53 12）, or ARF－
dependent degradation of MDM2 induced by wild type 
p53-mediated cell-cycle arrest13）.
　 In o r d i n a t e  a p o p t o s i s  wa s  n o t  o b s e r v e d  i n  
histopathological specimen despite of positive staining of 
BAX in the IHC (Fig. 4 ). There is a report that benign 
lesion such as ameloblastoma, odontogenic keratocyst or 
radicular cyst expresses BAX14). Executing the apoptosis, 
BAX forms a complex with other apoptosis related 
factor, so called Bcl-2 family 6). Further studies on the 
apoptosis related molecule in benign odontogenic lesions 
may help for better understanding of the role of BAX in 
COC.

　Finally, the pathological diagnosis of COC was assigned 
based on the morphological findings without atypia, 
massive mitosis, or apoptosis. No recurrence has been 
observed for 3 years after the resection.
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Overexpressed tumor protein p53 and the impaired function in
aggressively growing calcifying odontogenic cyst: a case report

Introduction

　The COC is a rare odontogenic cyst which is  
characterized as a simple cyst with a well-defined basal 
layer, lined by ameloblastoma-like epithelium and with 
accumulations of ghost cells. It is not completely agreed 
whether the COC is to be classified as a tumor or as a 
developmental cyst 1）. The COC is also known as an 
odontogenic ghost cell lesion in conjunction with 
dentinogenic ghost cell tumors or ghost cell odontogenic 
carcinomas (GCOC) 1）. The criteria for a differential 
diagnosis as COC or GCOC are mainly based on 
morphological characteristics. An immunohistochemical 
analysis by p53 and PCNA to distinguish benign from 
malignant lesions has also been reported2）.
　The p53 is a well studied tumor suppressor protein 

with the transcription ability to maintain cells under 
stress from DNA damage 3，4）. Upon DNA damage, p53 
functions as a transcription factor and activates various 
molecules related to cell cycles and apoptosis to protect 
cells from genetic instability. In half of human cancers, 
p53 loses its function caused by genetic mutation or 
deletion 5）. Many mutated or deleted p53 proteins, so 
called mutant p53 accumulate in cells escaping from the 
degradation enzyme MDM2 the expression of which is 
also controlled by p53 4）. The mitochondrial mediated 
apoptosis molecule BAX is also activated by p53 in cells 
in which where the accumulation of DNA damage is 
irreparable6）.   
　In this report, overexpressed p53 and its downstream 
protein, MDM2 and BAX in COC with rapid growth 
potential is described.

Case report

　A 50-year-old female had been aware of a swelling on 
her left cheek and stuffy nose. She had visited ENT 
surgeons and been diagnosed with an odontogenic cyst. 
After enucleation through the nasal cavity with 
endoscopic sinus surgery, the pathological diagnosis 
assigned it as an ameloblastoma. Six months after the 
treatment, there was a swelling and spontaneous pain in 
the left cheek. The ENT surgeons determined a 
recurrence of the tumor, and she was referred to our 
department for further treatment .  A computed 
tomography (CT) and Magnetic resonance (MR) images 
showed a multicystic lesion localized in the left upper 
alveolar bone and floor of the maxillary sinus (Fig. 1 ). 
The nasal wall of the maxillary sinus had been removed 
as the ENT surgeon approached the lesion via the nasal 
cavity. Enucleation after deflation was planned to remove 
the recurrent ameloblastoma, and the specimens obtained 
by the def lat ion showed a cystic lesion l ined by 
ameloblastomatous epithelium with scattered nests of 
ghost cells in the histological examination. Ameloblastic 
follicles and odontogenic islands were present in the 
adjacent connective tissue (Fig. 2 ). The pathological 
diagnosis was changed to COC, then, after deflation the 
lesion showed rapid growth to occupy the posterior wall 
of the sinus ,  and next part ia l  maxi l lectomy was 
performed rather than enucleation (Fig. 3 ). Because of the 
rapid expansion of the tumor, an immunohistochemical 
(IHC) analysis was performed for a differential diagnosis 
to exclude a malignant transformation. No extensive 
necrosis was observed in a hematoxylin eosin stained 
specimen. An IHC analysis showed the growth marker 
Ki-67 (MIB-1 clone; Dako) as positive in 10 % of the tumor 
cells and p53 (DO-7 clone; Roche) in 20 to 30 % (Fig. 4 A, 
B). To determine the mechanism of the positive staining 
of p53, a further immunohistochemical analysis was 
performed against BAX (A3533 clone; DAKO) and 
MDM2  ( I F 2  c l o n e ;  I n v i t r o g e n ) .  T h e  BAX  i s  
transcriptionally activated by p53 and causes apoptosis of 
the cells, and MDM2 is also activated by p53 and plays 
an important role in the degradation of p53, a so called 
negative feedback mechanism. In the IHC analysis, 80 % 
of the tumor cells were positive for BAX and there was 
negative staining in MDM2 (Fig. 4 C, D). Morphologically, 
there was no excessive mitosis or apoptosis, which would 
have indicated an absence of a malignant transformation. 
Finally, COC was diagnosed by the morphological 

features. No recurrence has been observed for 3 years 
after the resection.

Discussion

　In a recent version of WHO classifications, COC is 
considered as a developmental cyst, but it is also thought 
to be an odontogenic ghost cell lesion with dentinogenic 
ghost cell tumors or ghost cell odontogenic carcinomas 
(GCOC) 1）. The GCOC is the most infrequent ghost cell 
lesion with a wide variety of growth patterns 1). Almost 
half of GCOC arise from pre-existing benign lesions by 
malignant transformation 7）. Positive staining of p53 is 
observed in two thirds of GCOC7－9）. In addition to the 
regular cytological index including mitotic activity and 
pleomorphism, rapid growth and positive staining of p53 
in IHC are practical indicators in a differential diagnosis. 
To the best knowledge of the authors, there is no report 
investigating the relations between p53 with its related 
molecules in COC. 
　The p53, a so called guardian of the genome, is a well 
investigated transcriptional factor, due to its important 
function in the maintenance of genomic stability 4）. 
Responding to DNA damage by UV, irradiation, hypoxia, 
or other metabol ic  stresses ,  p53 funct ions as a 
transcription factor and activates the expression of 
important molecules to save cells by maintaining their 
normal mitosis 3，4）. The TP53 gene encoding p53 protein 
is mutated in more than half of cancers and the mutated 
region is accumulated in its DNA-binding domain which 
is important for its transcriptional activity5）. A mutation 
or deletion, a major anomaly of the TP53 results in 
producing abnormal p53 and accumulation of abnormal 

p53 in the cells.
　The half-life of normal, so called, wild type p53 is 
strictly controlled by its degradation enzyme molecule 
MDM210）. The expression of MDM2 is dependent on the 
transcriptional activity of wild type p53, so positive 
staining of p53 in IHC analysis generally indicates the 
mutation or impaired functioning of p53 11）. The p53 is 
also responsible for cell apoptosis by activating BAX 
which plays an important role in inducing mitochondria 
mediated apoptosis in the cells in which the accumulation 
of DNA damage is irreparable6）.
　In the present report, a COC in the left maxilla which 
showed rapid growth after a biopsy is described. At the 
first visit , enucleation was scheduled assuming a 
recurrence ameloblastoma. But by the rapid growth of 
the lesion after the biopsy and by altered pathological 
diagnosis to COC of the biopsy specimens, operation was 
changed to partial maxillectomy to remove the lesion 
completely. Differential diagnosis had been performed to 
exclude its malignant potential after complete resection. 
In the IHC analysis against Ki-67 and p53, tumor cells 
showed positive staining of Ki-67 and p53. These results 
indicated a strong growth potential by the Ki-67 staining 
and the possibility of malignant transformation by 
accumulation of p53. After further IHC analysis was 
performed to evaluate the p53 metabolisms and function 
by an IHC analysis against MDM2 and BAX, the 
expression of which is controlled by p53. Results of the 
IHC analysis showed negative staining of MDM2 and 
positive staining of BAX. 
　In Fig. 4B, the positive staining of p53 in the IHC 
assumes the accumulation of mutant p53 escaping from 
degradation by MDM2 10）. The discrepancy in the 
expression levels of both p53 transactivating molecule 
MDM2 and BAX may implicate either the anomalous 
transcriptional activity of mutant p53 12）, or ARF－
dependent degradation of MDM2 induced by wild type 
p53-mediated cell-cycle arrest13）.
　 In o r d i n a t e  a p o p t o s i s  wa s  n o t  o b s e r v e d  i n  
histopathological specimen despite of positive staining of 
BAX in the IHC (Fig. 4 ). There is a report that benign 
lesion such as ameloblastoma, odontogenic keratocyst or 
radicular cyst expresses BAX14). Executing the apoptosis, 
BAX forms a complex with other apoptosis related 
factor, so called Bcl-2 family 6). Further studies on the 
apoptosis related molecule in benign odontogenic lesions 
may help for better understanding of the role of BAX in 
COC.

　Finally, the pathological diagnosis of COC was assigned 
based on the morphological findings without atypia, 
massive mitosis, or apoptosis. No recurrence has been 
observed for 3 years after the resection.
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Fig. 1　Image analysis from the initial visit. 
(A) Radiopaque lesion (arrowhead) identified in the left maxilla 
in the panoramic radiograph.

(B)- (E) Well enhanced multi-cystic lesion identified in the 
left upper alveolar region (arrowhead) in the computed 
tomography (CT) image (B), T1-weighted magnetic 
resonance (MR) image (C), T2-weighted image (D) and 
T1-weighted enhanced image (E).

Fig. 3　Rapid growth of tumor after deflation and biopsy.
(A) Radiopaque lesion expanded in the panoramic radiograph.
(B) Multi-cystic lesions occupy the left maxilla sinus notably in 
the lateral and posterior regions. 

Fig. 2　Pathological findings in the biopsy specimen.
(A) Cyst with well-defined basal layer, lined by ameloblastoma

－like epithelium (Hematoxylin and eosin, original 
magnification X 5). White rectangle in A is shown as a 
magnified area in B.

(B) Ameloblastomatous epithelium (white arrowhead) with 
scattered nests of ghost cells (black arrowhead), original 
magnification X 10.
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Introduction

　The COC is a rare odontogenic cyst which is  
characterized as a simple cyst with a well-defined basal 
layer, lined by ameloblastoma-like epithelium and with 
accumulations of ghost cells. It is not completely agreed 
whether the COC is to be classified as a tumor or as a 
developmental cyst 1）. The COC is also known as an 
odontogenic ghost cell lesion in conjunction with 
dentinogenic ghost cell tumors or ghost cell odontogenic 
carcinomas (GCOC) 1）. The criteria for a differential 
diagnosis as COC or GCOC are mainly based on 
morphological characteristics. An immunohistochemical 
analysis by p53 and PCNA to distinguish benign from 
malignant lesions has also been reported2）.
　The p53 is a well studied tumor suppressor protein 

with the transcription ability to maintain cells under 
stress from DNA damage 3，4）. Upon DNA damage, p53 
functions as a transcription factor and activates various 
molecules related to cell cycles and apoptosis to protect 
cells from genetic instability. In half of human cancers, 
p53 loses its function caused by genetic mutation or 
deletion 5）. Many mutated or deleted p53 proteins, so 
called mutant p53 accumulate in cells escaping from the 
degradation enzyme MDM2 the expression of which is 
also controlled by p53 4）. The mitochondrial mediated 
apoptosis molecule BAX is also activated by p53 in cells 
in which where the accumulation of DNA damage is 
irreparable6）.   
　In this report, overexpressed p53 and its downstream 
protein, MDM2 and BAX in COC with rapid growth 
potential is described.

Case report

　A 50-year-old female had been aware of a swelling on 
her left cheek and stuffy nose. She had visited ENT 
surgeons and been diagnosed with an odontogenic cyst. 
After enucleation through the nasal cavity with 
endoscopic sinus surgery, the pathological diagnosis 
assigned it as an ameloblastoma. Six months after the 
treatment, there was a swelling and spontaneous pain in 
the left cheek. The ENT surgeons determined a 
recurrence of the tumor, and she was referred to our 
department for further treatment .  A computed 
tomography (CT) and Magnetic resonance (MR) images 
showed a multicystic lesion localized in the left upper 
alveolar bone and floor of the maxillary sinus (Fig. 1 ). 
The nasal wall of the maxillary sinus had been removed 
as the ENT surgeon approached the lesion via the nasal 
cavity. Enucleation after deflation was planned to remove 
the recurrent ameloblastoma, and the specimens obtained 
by the def lat ion showed a cystic lesion l ined by 
ameloblastomatous epithelium with scattered nests of 
ghost cells in the histological examination. Ameloblastic 
follicles and odontogenic islands were present in the 
adjacent connective tissue (Fig. 2 ). The pathological 
diagnosis was changed to COC, then, after deflation the 
lesion showed rapid growth to occupy the posterior wall 
of the sinus ,  and next part ia l  maxi l lectomy was 
performed rather than enucleation (Fig. 3 ). Because of the 
rapid expansion of the tumor, an immunohistochemical 
(IHC) analysis was performed for a differential diagnosis 
to exclude a malignant transformation. No extensive 
necrosis was observed in a hematoxylin eosin stained 
specimen. An IHC analysis showed the growth marker 
Ki-67 (MIB-1 clone; Dako) as positive in 10 % of the tumor 
cells and p53 (DO-7 clone; Roche) in 20 to 30 % (Fig. 4 A, 
B). To determine the mechanism of the positive staining 
of p53, a further immunohistochemical analysis was 
performed against BAX (A3533 clone; DAKO) and 
MDM2  ( I F 2  c l o n e ;  I n v i t r o g e n ) .  T h e  BAX  i s  
transcriptionally activated by p53 and causes apoptosis of 
the cells, and MDM2 is also activated by p53 and plays 
an important role in the degradation of p53, a so called 
negative feedback mechanism. In the IHC analysis, 80 % 
of the tumor cells were positive for BAX and there was 
negative staining in MDM2 (Fig. 4 C, D). Morphologically, 
there was no excessive mitosis or apoptosis, which would 
have indicated an absence of a malignant transformation. 
Finally, COC was diagnosed by the morphological 

features. No recurrence has been observed for 3 years 
after the resection.

Discussion

　In a recent version of WHO classifications, COC is 
considered as a developmental cyst, but it is also thought 
to be an odontogenic ghost cell lesion with dentinogenic 
ghost cell tumors or ghost cell odontogenic carcinomas 
(GCOC) 1）. The GCOC is the most infrequent ghost cell 
lesion with a wide variety of growth patterns 1). Almost 
half of GCOC arise from pre-existing benign lesions by 
malignant transformation 7）. Positive staining of p53 is 
observed in two thirds of GCOC7－9）. In addition to the 
regular cytological index including mitotic activity and 
pleomorphism, rapid growth and positive staining of p53 
in IHC are practical indicators in a differential diagnosis. 
To the best knowledge of the authors, there is no report 
investigating the relations between p53 with its related 
molecules in COC. 
　The p53, a so called guardian of the genome, is a well 
investigated transcriptional factor, due to its important 
function in the maintenance of genomic stability 4）. 
Responding to DNA damage by UV, irradiation, hypoxia, 
or other metabol ic  stresses ,  p53 funct ions as a 
transcription factor and activates the expression of 
important molecules to save cells by maintaining their 
normal mitosis 3，4）. The TP53 gene encoding p53 protein 
is mutated in more than half of cancers and the mutated 
region is accumulated in its DNA-binding domain which 
is important for its transcriptional activity5）. A mutation 
or deletion, a major anomaly of the TP53 results in 
producing abnormal p53 and accumulation of abnormal 

p53 in the cells.
　The half-life of normal, so called, wild type p53 is 
strictly controlled by its degradation enzyme molecule 
MDM210）. The expression of MDM2 is dependent on the 
transcriptional activity of wild type p53, so positive 
staining of p53 in IHC analysis generally indicates the 
mutation or impaired functioning of p53 11）. The p53 is 
also responsible for cell apoptosis by activating BAX 
which plays an important role in inducing mitochondria 
mediated apoptosis in the cells in which the accumulation 
of DNA damage is irreparable6）.
　In the present report, a COC in the left maxilla which 
showed rapid growth after a biopsy is described. At the 
first visit , enucleation was scheduled assuming a 
recurrence ameloblastoma. But by the rapid growth of 
the lesion after the biopsy and by altered pathological 
diagnosis to COC of the biopsy specimens, operation was 
changed to partial maxillectomy to remove the lesion 
completely. Differential diagnosis had been performed to 
exclude its malignant potential after complete resection. 
In the IHC analysis against Ki-67 and p53, tumor cells 
showed positive staining of Ki-67 and p53. These results 
indicated a strong growth potential by the Ki-67 staining 
and the possibility of malignant transformation by 
accumulation of p53. After further IHC analysis was 
performed to evaluate the p53 metabolisms and function 
by an IHC analysis against MDM2 and BAX, the 
expression of which is controlled by p53. Results of the 
IHC analysis showed negative staining of MDM2 and 
positive staining of BAX. 
　In Fig. 4B, the positive staining of p53 in the IHC 
assumes the accumulation of mutant p53 escaping from 
degradation by MDM2 10）. The discrepancy in the 
expression levels of both p53 transactivating molecule 
MDM2 and BAX may implicate either the anomalous 
transcriptional activity of mutant p53 12）, or ARF－
dependent degradation of MDM2 induced by wild type 
p53-mediated cell-cycle arrest13）.
　 In o r d i n a t e  a p o p t o s i s  wa s  n o t  o b s e r v e d  i n  
histopathological specimen despite of positive staining of 
BAX in the IHC (Fig. 4 ). There is a report that benign 
lesion such as ameloblastoma, odontogenic keratocyst or 
radicular cyst expresses BAX14). Executing the apoptosis, 
BAX forms a complex with other apoptosis related 
factor, so called Bcl-2 family 6). Further studies on the 
apoptosis related molecule in benign odontogenic lesions 
may help for better understanding of the role of BAX in 
COC.

　Finally, the pathological diagnosis of COC was assigned 
based on the morphological findings without atypia, 
massive mitosis, or apoptosis. No recurrence has been 
observed for 3 years after the resection.
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Overexpressed tumor protein p53 and the impaired function in
aggressively growing calcifying odontogenic cyst: a case report

Introduction

　The COC is a rare odontogenic cyst which is  
characterized as a simple cyst with a well-defined basal 
layer, lined by ameloblastoma-like epithelium and with 
accumulations of ghost cells. It is not completely agreed 
whether the COC is to be classified as a tumor or as a 
developmental cyst 1）. The COC is also known as an 
odontogenic ghost cell lesion in conjunction with 
dentinogenic ghost cell tumors or ghost cell odontogenic 
carcinomas (GCOC) 1）. The criteria for a differential 
diagnosis as COC or GCOC are mainly based on 
morphological characteristics. An immunohistochemical 
analysis by p53 and PCNA to distinguish benign from 
malignant lesions has also been reported2）.
　The p53 is a well studied tumor suppressor protein 

with the transcription ability to maintain cells under 
stress from DNA damage 3，4）. Upon DNA damage, p53 
functions as a transcription factor and activates various 
molecules related to cell cycles and apoptosis to protect 
cells from genetic instability. In half of human cancers, 
p53 loses its function caused by genetic mutation or 
deletion 5）. Many mutated or deleted p53 proteins, so 
called mutant p53 accumulate in cells escaping from the 
degradation enzyme MDM2 the expression of which is 
also controlled by p53 4）. The mitochondrial mediated 
apoptosis molecule BAX is also activated by p53 in cells 
in which where the accumulation of DNA damage is 
irreparable6）.   
　In this report, overexpressed p53 and its downstream 
protein, MDM2 and BAX in COC with rapid growth 
potential is described.

Case report

　A 50-year-old female had been aware of a swelling on 
her left cheek and stuffy nose. She had visited ENT 
surgeons and been diagnosed with an odontogenic cyst. 
After enucleation through the nasal cavity with 
endoscopic sinus surgery, the pathological diagnosis 
assigned it as an ameloblastoma. Six months after the 
treatment, there was a swelling and spontaneous pain in 
the left cheek. The ENT surgeons determined a 
recurrence of the tumor, and she was referred to our 
department for further treatment .  A computed 
tomography (CT) and Magnetic resonance (MR) images 
showed a multicystic lesion localized in the left upper 
alveolar bone and floor of the maxillary sinus (Fig. 1 ). 
The nasal wall of the maxillary sinus had been removed 
as the ENT surgeon approached the lesion via the nasal 
cavity. Enucleation after deflation was planned to remove 
the recurrent ameloblastoma, and the specimens obtained 
by the def lat ion showed a cystic lesion l ined by 
ameloblastomatous epithelium with scattered nests of 
ghost cells in the histological examination. Ameloblastic 
follicles and odontogenic islands were present in the 
adjacent connective tissue (Fig. 2 ). The pathological 
diagnosis was changed to COC, then, after deflation the 
lesion showed rapid growth to occupy the posterior wall 
of the sinus ,  and next part ia l  maxi l lectomy was 
performed rather than enucleation (Fig. 3 ). Because of the 
rapid expansion of the tumor, an immunohistochemical 
(IHC) analysis was performed for a differential diagnosis 
to exclude a malignant transformation. No extensive 
necrosis was observed in a hematoxylin eosin stained 
specimen. An IHC analysis showed the growth marker 
Ki-67 (MIB-1 clone; Dako) as positive in 10 % of the tumor 
cells and p53 (DO-7 clone; Roche) in 20 to 30 % (Fig. 4 A, 
B). To determine the mechanism of the positive staining 
of p53, a further immunohistochemical analysis was 
performed against BAX (A3533 clone; DAKO) and 
MDM2  ( I F 2  c l o n e ;  I n v i t r o g e n ) .  T h e  BAX  i s  
transcriptionally activated by p53 and causes apoptosis of 
the cells, and MDM2 is also activated by p53 and plays 
an important role in the degradation of p53, a so called 
negative feedback mechanism. In the IHC analysis, 80 % 
of the tumor cells were positive for BAX and there was 
negative staining in MDM2 (Fig. 4 C, D). Morphologically, 
there was no excessive mitosis or apoptosis, which would 
have indicated an absence of a malignant transformation. 
Finally, COC was diagnosed by the morphological 

features. No recurrence has been observed for 3 years 
after the resection.

Discussion

　In a recent version of WHO classifications, COC is 
considered as a developmental cyst, but it is also thought 
to be an odontogenic ghost cell lesion with dentinogenic 
ghost cell tumors or ghost cell odontogenic carcinomas 
(GCOC) 1）. The GCOC is the most infrequent ghost cell 
lesion with a wide variety of growth patterns 1). Almost 
half of GCOC arise from pre-existing benign lesions by 
malignant transformation 7）. Positive staining of p53 is 
observed in two thirds of GCOC7－9）. In addition to the 
regular cytological index including mitotic activity and 
pleomorphism, rapid growth and positive staining of p53 
in IHC are practical indicators in a differential diagnosis. 
To the best knowledge of the authors, there is no report 
investigating the relations between p53 with its related 
molecules in COC. 
　The p53, a so called guardian of the genome, is a well 
investigated transcriptional factor, due to its important 
function in the maintenance of genomic stability 4）. 
Responding to DNA damage by UV, irradiation, hypoxia, 
or other metabol ic  stresses ,  p53 funct ions as a 
transcription factor and activates the expression of 
important molecules to save cells by maintaining their 
normal mitosis 3，4）. The TP53 gene encoding p53 protein 
is mutated in more than half of cancers and the mutated 
region is accumulated in its DNA-binding domain which 
is important for its transcriptional activity5）. A mutation 
or deletion, a major anomaly of the TP53 results in 
producing abnormal p53 and accumulation of abnormal 

p53 in the cells.
　The half-life of normal, so called, wild type p53 is 
strictly controlled by its degradation enzyme molecule 
MDM210）. The expression of MDM2 is dependent on the 
transcriptional activity of wild type p53, so positive 
staining of p53 in IHC analysis generally indicates the 
mutation or impaired functioning of p53 11）. The p53 is 
also responsible for cell apoptosis by activating BAX 
which plays an important role in inducing mitochondria 
mediated apoptosis in the cells in which the accumulation 
of DNA damage is irreparable6）.
　In the present report, a COC in the left maxilla which 
showed rapid growth after a biopsy is described. At the 
first visit , enucleation was scheduled assuming a 
recurrence ameloblastoma. But by the rapid growth of 
the lesion after the biopsy and by altered pathological 
diagnosis to COC of the biopsy specimens, operation was 
changed to partial maxillectomy to remove the lesion 
completely. Differential diagnosis had been performed to 
exclude its malignant potential after complete resection. 
In the IHC analysis against Ki-67 and p53, tumor cells 
showed positive staining of Ki-67 and p53. These results 
indicated a strong growth potential by the Ki-67 staining 
and the possibility of malignant transformation by 
accumulation of p53. After further IHC analysis was 
performed to evaluate the p53 metabolisms and function 
by an IHC analysis against MDM2 and BAX, the 
expression of which is controlled by p53. Results of the 
IHC analysis showed negative staining of MDM2 and 
positive staining of BAX. 
　In Fig. 4B, the positive staining of p53 in the IHC 
assumes the accumulation of mutant p53 escaping from 
degradation by MDM2 10）. The discrepancy in the 
expression levels of both p53 transactivating molecule 
MDM2 and BAX may implicate either the anomalous 
transcriptional activity of mutant p53 12）, or ARF－
dependent degradation of MDM2 induced by wild type 
p53-mediated cell-cycle arrest13）.
　 In o r d i n a t e  a p o p t o s i s  wa s  n o t  o b s e r v e d  i n  
histopathological specimen despite of positive staining of 
BAX in the IHC (Fig. 4 ). There is a report that benign 
lesion such as ameloblastoma, odontogenic keratocyst or 
radicular cyst expresses BAX14). Executing the apoptosis, 
BAX forms a complex with other apoptosis related 
factor, so called Bcl-2 family 6). Further studies on the 
apoptosis related molecule in benign odontogenic lesions 
may help for better understanding of the role of BAX in 
COC.

　Finally, the pathological diagnosis of COC was assigned 
based on the morphological findings without atypia, 
massive mitosis, or apoptosis. No recurrence has been 
observed for 3 years after the resection.
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