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INTRODUCTION 
 

The OKC has been one of the most controversial pathological 
entities of the maxillofacial region since Philipsen first 
described it in 1956.1 Because of its clini
features, the revised classification of Head & Neck tumors, 
published in 2005 by the WHO has reclassified OKC as a 
benign intraosseous neoplasm thus recommending the term 
KCOT.2 KCOT is defined as “a benign uni or multicystic, 
intraosseous tumour of odontogenic origin, with a 
characteristic lining of parakeratinized stratified squamous 
epithelium and potential for aggressive, infiltrative 
behaviour”.2  
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                             A B S T R A C T  
 

 

Background: Keratocystic odontogenic tumor (KCOT) is a benign intraosseous neoplasm 
with locally invasive behaviour and a tendency to recur. Dentigerous cyst (DC) is one of 
the most common type of the developmental odontogenic cysts, having the capability of 
becoming an aggressive lesion. Both can cause involvement of adjacent soft tissues, 
infiltration and destruction of the bone. Although the exact etiology and pathogenesis of 
these two odontogenic lesions remain unclear, recent studies have identified several 
molecular changes that are attributed to their development and progression of the lesions. 
Cyclooxygenase-2 (COX-2) is an enzyme involved in prostaglandin synthesis that 
modulates the formation of neoplasm. With the use of COX
current neoplastic concept of KCOT highlighting its aggressive and recurrent nature and 
the non-neoplastic and cystic nature of DC.  
Materials and Methods: In this study, the expression of COX
KCOT; 20 primary and 10 recurrent, 10 DC) has been
carcinoma were used as positive controls. Formalin fixed, paraffin
sectioned and used for Hematoxylin-eosin (H&E) staining and incubated with an anti
COX-2 monoclonal antibody for immunohistochemical (IHC) 
Results: Cellular staining pattern for COX-2 was cytoplasmic, seen mainly in the epithelial 
lining and were semi-quantitatively evaluated as negative (
KCOT, majority of cases demonstrated intense COX-2 immunostai
it showed negative to mild immunostaining. Shift in color from negative to strong 
immunostaining in cases of KCOT and DC was attributed to more aggressive and 
neoplastic nature of the lesion. Thus results of our study demonstrated th
key role in the network of molecular pathways of the biologic genetic and epigenetic events 
that lead to the KCOT’s aggressive behaviour. 
Conclusion: The study explains the difference in the pathophysiology of these two 
odontogenic lesions; KCOT as a neoplasm and DC as a cystic lesion.
 
 
 
 
 

The OKC has been one of the most controversial pathological 
entities of the maxillofacial region since Philipsen first 

Because of its clinico pathological 
features, the revised classification of Head & Neck tumors, 
published in 2005 by the WHO has reclassified OKC as a 
benign intraosseous neoplasm thus recommending the term 

is defined as “a benign uni or multicystic, 
tumour of odontogenic origin, with a 

characteristic lining of parakeratinized stratified squamous 
epithelium and potential for aggressive, infiltrative 

Malignant transformation into squamous cell carcinoma, 
although rare has been reported.
from 0.0 % to 100%.9  

 

Rajendran & Sivapathasundharam
one of the most common type of developmental odontogenic 
cyst having the capability of becoming an aggressive lesion. It 
is usually associated with the crowns of
permanent teeth, most frequently associated with impacted 
mandibular third molars. Although the exact etiology and 
pathogenesis of these non neoplastic cystic lesions remain 
unclear, recent studies have identified several mo
changes that are attributed to their development and 
progression.11 
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Keratocystic odontogenic tumor (KCOT) is a benign intraosseous neoplasm 
with locally invasive behaviour and a tendency to recur. Dentigerous cyst (DC) is one of 
the most common type of the developmental odontogenic cysts, having the capability of 

an aggressive lesion. Both can cause involvement of adjacent soft tissues, 
infiltration and destruction of the bone. Although the exact etiology and pathogenesis of 
these two odontogenic lesions remain unclear, recent studies have identified several 

ular changes that are attributed to their development and progression of the lesions. 
2) is an enzyme involved in prostaglandin synthesis that 

modulates the formation of neoplasm. With the use of COX-2 our study supports the 
eoplastic concept of KCOT highlighting its aggressive and recurrent nature and 

In this study, the expression of COX-2 in 40 specimens (30 
KCOT; 20 primary and 10 recurrent, 10 DC) has been analyzed. Sections of colon 
carcinoma were used as positive controls. Formalin fixed, paraffin-embedded blocks were 

eosin (H&E) staining and incubated with an anti-
2 monoclonal antibody for immunohistochemical (IHC) examination.  

2 was cytoplasmic, seen mainly in the epithelial 
quantitatively evaluated as negative (-), mild (+), strong (++). In 

2 immunostaining whereas in the DC 
it showed negative to mild immunostaining. Shift in color from negative to strong 
immunostaining in cases of KCOT and DC was attributed to more aggressive and 
neoplastic nature of the lesion. Thus results of our study demonstrated that COX-2 plays a 
key role in the network of molecular pathways of the biologic genetic and epigenetic events 

The study explains the difference in the pathophysiology of these two 
; KCOT as a neoplasm and DC as a cystic lesion. 

Malignant transformation into squamous cell carcinoma, 
although rare has been reported.3-8 Reported recurrences range 

Rajendran & Sivapathasundharam10 in 2006 stated that DC is 
one of the most common type of developmental odontogenic 
cyst having the capability of becoming an aggressive lesion. It 

with the crowns of an unerupted 
permanent teeth, most frequently associated with impacted 
mandibular third molars. Although the exact etiology and 
pathogenesis of these non neoplastic cystic lesions remain 
unclear, recent studies have identified several molecular 
changes that are attributed to their development and 
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COX is a key regulatory enzyme in the conversion of 
arachidonic acid, a 20-carbon polyunsaturated fatty acid, to 
prostaglandins (PGs).12 The COX enzymes have two catalytic 
activities:12,13 It catalyzes the addition of molecular oxygen to 
arachidonic acid and forms an unstable cyclic endoperoxide 
hydroperoxide: PGG2.

 The peroxidase function rapidly reduces 
PGG2 to PGH2, which is converted to one of several 
structurally related prostanoids, including PGE2, PGD2, PGF2α, 
PGI2 and thromboxane A2 (TXA2), in reactions catalyzed by 
distinct, specific synthases. There are two known isoforms of 
COX. COX-1 is constitutively expressed in many tissues and 
mediates the synthesis of PGs required for normal 
physiological function. COX-2 is an enzyme that is not found 
in normal conditions, but which is induced by a variety of 
physiopathological conditions affecting the tissues, such as 
growth factors, inflammatory stimuli, oncogenes, carcinogens, 
tumor promoting phorbol esters and viral transformation.12-

15Although COX-2 has rarely been used to assess the biologic 
activity of the KCOT and DC, the current knowledge of 
overall role known to be played by COX-2 in tumorigenesis 
suggest that it may be an important marker involved in the 
pathophysiology of these two odontogenic lesions.  
 

MATERIAL AND METHODS 
 

A retrospective case control study was conducted in the 
Department of Oral Pathology and Microbiology, Jaipur Dental 
College, Jaipur. Archival samples of 40 paraffin embedded 
blocks which included 30 samples of KCOT (20 primary and 
10 recurrent) and 10 samples of DC were retrieved from the 
Department of Oral Pathology and Microbiology, Jaipur 
Dental College, Jaipur. The diagnosis of the samples of KCOT 
and DC were confirmed based on WHO criteria. (Table-1) 
 
 
 
 
 
 
 
 

 
 
 
 
 
 Clinical, radiological and histopathological parameters were 
recorded from the OPD files obtained from the Dept of Oral & 
Maxillofacial Surgery of Jaipur Dental College, Jaipur, Dept of 
General Surgery of SMS Medical College, Jaipur and Dept of 
Oral Pathology and Microbiology of Jaipur Dental College, 
Jaipur. 
 

One section of 5ụm thickness was cut from each selected 
paraffin-embedded tissue blocks on normal slides using rotary 
microtome for H & E staining. Two sections of 0.3 m 
thickness were cut from each blocks on poly-L-lysine slides 
for IHC staining. Briefly, 5 um sections were de-waxed in 
xylene and hydrated with graded ethanol. For IHC staining, as 
pre-treatment, microwave-based antigen retrieval was 
performed.  Sections were afterward incubated with a pre-
diluted primary rabbit polyclonal anti-COX-2 antibody. (SP-
21) (Biogenex CA, USA). Immunoreactions were visualized 

with diaminobenzidine (DAB) chromogen, and the sections 
were counterstained with Meyer’s hematoxylin and mounted 
in DPX.  Detection of the COX-2 antibody was performed 
with the IHC kit (Biogenex). The histological section of colon 
carcinoma was used as a positive control for COX-2. (Fig 1)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Negative controls were achieved by substituting the primary 
specific antibodies with the negative control. The intensity of 
immunoreactive cells was determined using conventional 
microscopy. Staining intensity was observed at 40x and were 
graded into three groups: (Table-2) (Fig 2,3,4,5,6,7) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 WHO criteria for typing KCOT & DC 
 

S.no Entity Who criteria 

1. 
Primary 
KCOT 

The histologic features are characterized by the 
presence of a corrugated thin band like 
parakeratinized stratified squamous epithelium, 
with a prominent basal layer composed of either 
columnar or cuboidal cells. 

2. 
Recurrent 

KCOT 

Recurrent KCOT is defined as KCOT arising at 
the same location of the primary KCOT after a 
period of atleast three months. Histopathological 
features are same as that of primary KCOT. 

3. DC 

Uniform thin non keratinized stratified squamous 
epithelium of 2-3 layer in thickness without rete 
pegs, lining epithelium similar to reduced enamel 
epithelium. Non inflamed connective tissue 
capsule. 

 

 
 

Fig 1 COX-2 expression in positive control (colon carcinoma). 
 

Table 2 IHC COX-2 staining intensity 
 

S.NO PARAMTERS OBSERVATIONS 
1. “-”     Negative No staining, when there was no detectable 

staining of the epithelium or when the 
staining was somewhat questionable 

2. “+”     Mild Mild staining, when the intensity of the 
staining was mild in all the epithelium or 
strong but with an heterogeneous or focal 
pattern in <50% of the epithelial cells 

3. “++”  Strong Strong staining, when there was a strong and 
homogeneous staining of more than 50% of 
the epithelial lining  

 

 

Fig 2 KCOT showing negative COX-2 expression 
 

 
 

Fig 3 KCOT showing mild COX-2 expression 

 



Prospective Significance of Cyclooxygenase-
The Tumoral And The Cystic Nature Of Odontogenic Lesions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Statistical analysis  
 

To eliminate inter-observer variability three observers carried 
out all these observations which were then subjected to 
observer variability statistical analysis. (Table 3) Spearman 
correlation analysis was also performed to check the existence 

 

Fig 4 KCOT showing strong COX-2 expression
 

 

Fig 5 DC showing negative COX-2 expression
 

 

Fig 6 DC showing mild COX-2 expression
 

 

Fig 7 DC showing strong COX-2 expression
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observer variability three observers carried 
were then subjected to inter 

observer variability statistical analysis. (Table 3) Spearman 
correlation analysis was also performed to check the existence 

of correlation between the variables. p
significant at the 0.05 level. (<0.05= significant, >0.05= non 
significant) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OBSERVATIONS AND RESULTS
 

In KCOT cases, the male: female ratio was 4:1, with 24 men 
(80%) and 6 (20%) women. They were found to be more 
frequent in the second and third decades, overall ranging in 
age from 10 to 55 years, with a mean age of 31 years. The 
specimens comprised 20 (66.66%) primary KCOTs and 10 
(33.33%) recurrences. Tumors were predominantly located in 
the angle ⁄ ramus of the mandible (66.66%).  In DC cases, the 
male: female ratio was 9:1 with 9 men (90%) and 1 woman 
(10%). They were more frequent in the second and thi
decades, overall ranging in age from 10 to 50 years, with a 
mean age of 23 years. DCs were predominantly located in the 
angle ⁄ ramus of the mandible (50%).  
 

Immunohistochemical analysis:
2 staining intensity done by the three observers 
to inter observer variability statistical analysis.
no statistical difference between the three observations so 
further evaluation was done with respect to the 
observer 1. Using reliability procedure, estimation of intra
class correlation coefficients (ICCs) was done. As intra
correlation for all pairs were more than 0.9, it shows 
statistically all three observations were same. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2 expression 

 

2 expression 

 

2 expression 

 

2 expression 

Table 3 IHC COX-2 staining intensity: Results of three 
observers

Subject 
Negative

Primary 
KCOT 

Count 16
% within subject 26.6%
% within COX-2 

staining 
64.0%

Recurrent 
KCOT 

Count 
% within subject 30%
% within COX-2 

staining 
36%

Total 

Count 25
% within subject 27.7%
% within COX-2 

staining 
100.0%

DC 

% within COX-2 
staining 

100.0%

Count 12
% within subject 40%

 

Table 4 Correlation between variables according to 
Spearman analysis

Parameters Correlations 

Spearman’s RHO 

COX-2  
staining 

Correlation 
coefficient 

p Value 
N 

AGE 

Correlation 
coefficient 

p Value 
N 

SEX 

Correlation 
coefficient 

p Value 
N 

SITE 
Correlation 
coefficient 

p Value 
 N 

 

2 In Keratocystic Odontgenic Tumor: An Immunohistochemical Study Differentiating 

lation between the variables. pValue: Correlation is 
significant at the 0.05 level. (<0.05= significant, >0.05= non 

OBSERVATIONS AND RESULTS 

In KCOT cases, the male: female ratio was 4:1, with 24 men 
(80%) and 6 (20%) women. They were found to be more 
frequent in the second and third decades, overall ranging in 
age from 10 to 55 years, with a mean age of 31 years. The 

.66%) primary KCOTs and 10 
(33.33%) recurrences. Tumors were predominantly located in 

ramus of the mandible (66.66%).  In DC cases, the 
male: female ratio was 9:1 with 9 men (90%) and 1 woman 
(10%). They were more frequent in the second and third 
decades, overall ranging in age from 10 to 50 years, with a 
mean age of 23 years. DCs were predominantly located in the 

ramus of the mandible (50%).   

Immunohistochemical analysis:  The total results of the COX-
2 staining intensity done by the three observers were subjected 

inter observer variability statistical analysis. Since there was 
no statistical difference between the three observations so 
further evaluation was done with respect to the results of 

Using reliability procedure, estimation of intra-
class correlation coefficients (ICCs) was done. As intra-class 
correlation for all pairs were more than 0.9, it shows 
statistically all three observations were same.  

2 staining intensity: Results of three 
observers 

 

IHC COX-2 Staining Intensity 
Negative Mild Strong Total 

16 17 27 60 
26.6% 28.3% 45% 100.0% 

64.0% 73.9% 64.2% 66.6% 

9 6 15 30 
30% 20% 50.0% 100.0% 

36% 26.0% 35.7% 33.3% 

25 23 42 90 
27.7% 25.5% 46.6% 100.0% 

100.0% 100.0% 100.0% 100.0% 

100.0% 100.0% 100.0% 100.0% 

12 15 3 30 
40% 50% 10% 100% 

Correlation between variables according to 
Spearman analysis 

 

COX-2  
staining 

Age Sex Site 

    

1.000 
-

0.294 
-

0.165 
0.034 

. 0.114 0.383 0.858 
30 30 30 30 

-0.294 1.000 0.048 
-

0.436 
0.114 . 0.800 0.016 

30 30 30 30 

-0.165 0.048 1.000 0.196 

0.383 0.800 . 0.300 
30 30 30 30 

0.034 
-

0.436 
0.196 1.000 

0.858 0.016 0.300 . 
30 30 30 30 
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Further the results of the readings of the three observers were 
subjected to Pearson Ch. Square statistical analysis test which 
showed a highly significant p value: <0.0001. All the values 
obtained were further subjected to Spearman correlation 
statistical analysis to check the existence of correlation 
between the variables. (Table 4) Results showed that the 
relation between COX-2 expression and age (p value: 0.114), 
gender (p value: 0.383) and site (p value: 0.858) was non-
significant. However the relation between age and site (p 
value: 0.016) was significant. Further the relationship of COX-
2 immunostaining with primary and recurrent was calculated by 
the chi-square or 2 test, a statistical hypothesis test which 
showed a non-significant p value: (0.70316683) Further the 
relationship of COX-2 immunostaining with KCOT and DC 
was calculated by the chi-square or 2  test, a statistical 
hypothesis test which showed a highly significant p value: 
(0.00000001)  
 

The majority of KCOT cases included in our study showed the 
strong expression of COX-2 in the cytoplasm of the epithelial 
cells, while the DC cases showed mild positivity with only a 
single case with strong expression. Thus the results of our 
study portrayed the difference of the COX-2 expression in a 
neoplasm and a cystic lesion. The staining intensity of COX-2 
increases with the aggressive potential of the lesion. Therefore 
with respect to COX-2 expression seen in the epithelial cells of 
KCOT and DC, the aggressive potential of KCOT can be 
explained and thus considering it as a neoplasm and DC as a 
cystic lesion. 
 

DISCUSSION 
 

DC and KCOT are both odontogenic lesions, but they differ in 
their biological behaviours, aggressiveness and recurrence 
rates. KCOT is considered to be neoplastic whereas DC is a 
non neoplastic lesion. Significant differences seen in the 
molecular level of KCOT and other odontogenic cystic lesions 
(DC) suggest the difference in the physiopathological 
behaviour of these lesions. Several studies have found marked 
differences between the two lesions with regard to their 
molecular alterations. Different epithelial-related factors have 
been found to be involved in the biological behaviour of the 
odontogenic epithelium, such as proliferative potential as 
supported by the studies done by Thosaporn et al (2004)11, 
cell-cycle related pathways Kumamoto et al (2001)16, and 
tumor suppressor genes Barreto et al (2002).17 The literature 
suggests that COX-2 plays an important role in tumorigenesis 
may be an important marker in detecting the aggressive nature 
of the lesions. Crofford (1997)18 hypothesized that under 
normal conditions, COX-2 expression is highly restricted; 
however, COX-2 is dramatically up regulated during 
pathological conditions.  
 

Our IHC data of 30 samples of KCOTs demonstrate positive 
cytoplasmic COX-2 expression in 21 cases (14 primary and 7 
recurrent) in which 7 (5 primary and 2 recurrent) were mild, 
and 14 (9 primary and 5 recurrent) were strongly positive. The 
remaining nine cases (6 primary and 3 recurrent) were 
negative for COX- 2. The overall results showed a distinct 
overexpression of COX-2 in 21 (70%) of all KCOTs. 
Numerous studies have been reported which support the strong 
expression of molecular markers in KCOT thus explaining its 
aggressive and recurrent potential. Meghji S et al (1992)19 
conducted immunohistochemical studies and showed that IL-
1a and IL-6 are expressed in the epithelium of KCOTs, 

suggesting that these cytokines may play a crucial role in 
KCOTs growth. They stimulate bone resorption by osteoclast-
like cell formation and ⁄ or activation and the production of 
prostaglandin, and collagenases. Hence, enhanced synthesis of 
prostaglandins, is considered as a consequence of upregulation 
of COX-2, which can increase cell proliferation, promoting 
angiogenesis and inhibiting immune surveillance. El Murtadi 
(1996)20 reported that the proliferating activity of the epithelial 
cells is strongly related to the aggressiveness of KCOTs. Han 
et al (2002)21 found that p53-induced COX-2 expression 
results from p53-mediated activation of the Ras ⁄ Raf ⁄MAPK 
cascade. Furthermore, a p53 downstream target gene – 
Heparin-Binding Epidermal Growth Factor (HB-EGF) induces 
COX-2 expression, implying that COX-2 is an ultimate 
effector in this pathway. IL-1 is known to stimulate the 
production of PGE2 in KCOTs fibroblasts.  Moreover, 
Corcoran CA (2005)22 found that COX-2 has been found to be 
upregulated following p53 activation at both the mRNA and 
the protein levels. In fact, COX-2 negatively affects the 
transcriptional function of p53 and may mediate such effects 
by physically interacting with p53. Ogata et al (2006)23 found 
that IL-1a enhanced the expression of COX-2 mRNA and 
protein, and PGE2 secretion in fibroblasts. He also 
demonstrated that IL-1a may stimulate COX-2 expression in 
KCOTs through the NF-β cascade. COX-2 activation has been 
found to be an early event during carcinogenesis, and its 
increased expression has been associated with the development 
of genomic instability. Therefore; the presence of positive 
staining in the epithelial lining of KCOT might accounts for 
the presence of altered activated process of COX-2.  
 

On the basis of our current findings and concept, we also 
observed the COX-2 expression in DCs. Among 10 DC cases; 
4 (40%) cases showed negative staining intensity, 5 (50%) 
showed mild staining intensity and 1 (10%) showed strong 
staining intensity. The results of our study was in accordance 
with the study conducted by Mendes et al (2011)24 who 
evaluated the expression of COX-2 in 10 DC and found a 
positive expression of COX-2 in 6 out of the 10 DCs. These 
results substantiate the hypothesis that SHH may in fact be an 
instigating factor behind developmental cysts, with 
concomitant aberrant and less expression COX-2 which also 
shows an amplified physiological process phenomenon. 
Harris25 in his research mentioned the role of prostaglandins 
(PGEs and PGFs as well as PGE2) in cystic growth and bone 
resorption in DC. According to Horton et al26 growth of the 
cysts and the bone resorbtion is activated by a variety of 
humoral agents which includes parathyroid hormone, vitamin 
D, PGs; lymphokine produced by stimulated B lymphocytes 
which has been named osteoclast activating factor by Harris.25 

Zhang et al. (2010)27 reported immunoreactivity for SHH, 
PTCH, SMO, and GLI1 in the epithelial cytoplasm of 
dentigerous and glandular odontogenic cysts.  
 

In the present study, stratified squamous epithelia of the 
KCOT and DC showed COX-2 expression normally in the 
superficial cell layers. However basal cell layer showed very 
mild or no staining which was supported by the study 
conducted by Mendes et al (2011).24 Hence the impression is 
gained that the better the differentiation of the epithelium, the 
more expression of COX-2 occurred. Though the existing 
studies also tend to elaborate on the suprabasal pattern of the 
overexpressed markers, we consider that the somewhat limited 
thickness of the epithelial lining of the KCOT makes it 
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difficult to actually analyze molecular marker’
with regard to its exact location in an objective and 
reproducible way expression has been associated with the 
development of genomic instability.  
 

The present study showed that both KCOT and DC harbor 
COX-2 in their epithelial cells as reflected by the positive 
immunohistochemical expression but its expression was 
significantly  higher in most of the KCOT samples  than in the 
DC. (Bar diagram 1) This may be due to the intrinsic growth 
potential of the epithelium and the role of PTCH gene seen
KCOTs.  
 

 

Bar diagram 1 IHC COX-2 positivity in KCOT and DC cases
 

However, concomitant less and aberrant expression COX
DC might be due to the malfunctioning pathway of certain 
molecules (SHH, SMO) hence supporting its non neoplastic 
and cystic nature as mentioned by Pavelić’s hypothesis
Since COX-2 is implicated as a mediator of inflammation and 
have a possible role in prostanoid signaling in activity
dependent plasticity, it is considered as an
detecting the aggressive potential of the lesions irrespective of 
its primary and recurrent nature. 
 

Our study is in accordance with the study conducted by 
Mendes et al (2011)24 who found no such association between 
the expression of COX-2 and any of the clinical features. The 
fact that no correlation was found between the expression of 
COX-2 and any of the clinical features only shows that the 
pathogenic mechanism involved in these tumours is not 
clinical-related’. In fact, it unveils an intrinsic characteristic of 
the tumor that bares no association either with its primary or 
recurrent nature, thus substantiating molecular studies done by 
Lo Muzio L et al (1999)29, Shear M (2002)
(2007)31 which have established an identical mechanism 
involving the development of both primary and recurrent 
KCOTs and therefore establishing the neoplastic nature of the 
KCOT.  
 

CONCLUSION 
 

The study suggests that the expression of COX
between types of odontogenic lesions; neoplasm and a cystic 
lesion. The staining intensity of COX-2 increases with the 
aggressive potential of the lesion. Therefore with respect to the 
COX-2 expression seen in the epithelial cells of KCOT and 
DC, the aggressive potential of KCOT and cystic nature of DC 
can be explained thus considering KCOT as a neoplasm and 
DC as a cyst. Since, COX-2 is implicated as a mediator of 
inflammation and have a possible role in prostanoid signaling 
in activity-dependent plasticity, it is thus con
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difficult to actually analyze molecular marker’s expression 
with regard to its exact location in an objective and 

expression has been associated with the 

The present study showed that both KCOT and DC harbor 
cted by the positive 

immunohistochemical expression but its expression was 
significantly  higher in most of the KCOT samples  than in the 
DC. (Bar diagram 1) This may be due to the intrinsic growth 
potential of the epithelium and the role of PTCH gene seen in 

 
2 positivity in KCOT and DC cases 

However, concomitant less and aberrant expression COX-2 in 
malfunctioning pathway of certain 

hence supporting its non neoplastic 
Pavelić’s hypothesis.28 

is implicated as a mediator of inflammation and 
have a possible role in prostanoid signaling in activity-
dependent plasticity, it is considered as an ideal marker in 
detecting the aggressive potential of the lesions irrespective of 

Our study is in accordance with the study conducted by 
who found no such association between 

and any of the clinical features. The 
fact that no correlation was found between the expression of 

2 and any of the clinical features only shows that the 
pathogenic mechanism involved in these tumours is not 

ntrinsic characteristic of 
the tumor that bares no association either with its primary or 
recurrent nature, thus substantiating molecular studies done by 

, Shear M (2002)30, Katase N et al 
which have established an identical mechanism 

involving the development of both primary and recurrent 
KCOTs and therefore establishing the neoplastic nature of the 

the expression of COX-2 varies 
neoplasm and a cystic 
2 increases with the 

aggressive potential of the lesion. Therefore with respect to the 
2 expression seen in the epithelial cells of KCOT and 

f KCOT and cystic nature of DC 
can be explained thus considering KCOT as a neoplasm and 

is implicated as a mediator of 
inflammation and have a possible role in prostanoid signaling 

dependent plasticity, it is thus considered as an ideal 

marker in detecting the aggressive potential of the lesions 
irrespective of its primary and recurrent nature. 
 

Acknowledgements 
 

We acknowledge and thank all the non
helped us in the present study.  
 

Declarations 
 

Ethics approval and consent to participate:
samples were collected from Department of Oral Pathology & 
Microbiology, Jaipur Dental College, Jaipur. Clinical, 
radiological and histopathological parameters were recorded 
from the OPD files obtained from the Dept of Oral & 
Maxillofacial Surgery of Jaipur Dental College, Jaipur, Dept of 
General Surgery of SMS Medical College, Jaipur and 
Oral Pathology and Microbiology
Jaipur. The data of the patients were collected 
of written consent forms from the patients. A formal informed 
written consent was taken from all the patients.
 

Consent for publication: 'Not applicable' Availability of data 
and material: All data generated or analysed during this study 
are included in this published article. Competing interests: 
None  
 

References  
 

1. Philipsen HP. Om keratocystedr (Kolesteratomer) and 
kaeberne. Tandlaegebladet

2. Barnes L, Eveson JW, Reichart P 
health organization classification of tumours. Pathology 
and genetics of head and neck tumours. Lyon: IARC 
Press,2005. 

3. Makowski GJ, McGuff S, Van Sickels JE. Squamous 
cell carcinoma in a maxillary odontogenic keratocyst. 
Oral Maxillofac Surg 2000;59:76

4. Anand VK, Arrowood JP Jr, Krolls SO. Malignant 
potential of the odontogenic keratocyst. 
Head Neck Surg 1994;111:124

5. Areen RG, McClatchey KD, Baker HL. Squamous cell 
carcinoma developing in an odontogenic keratocyst. 
Arch Otolaryngol 198;107:568

6. Foley WL, Terry BC, Jacoway JR. Malignant 
transformation of an odontogenic keratocyst: report of a 
case. J Oral Maxillofac Surg

7. MacLeod RI, Soames JV. Squamous cell carcinoma 
arising in an odontogenic keratocyst. 
Maxillofac Surg 1988;26:

8. Moos KF, Rennie JS. Squamous cell carcinoma arising 
in a mandibular keratocyst in a patient with Gorlin’s 
syndrome. Br J Oral Maxillofac Surg

9. Mendes RA, Carvalho JF, van der Waal I. 
Characterization and management of the keratocyst
odontogenic tumor in relation to its histopathological 
and biological features. Oral Oncol

10. Rajendran R, Sivapathasundharam B. Shafer's textbook 
of oral pathology. 5th ed. New Dellhi: Elsevier 
2006:357-432. 

11. Thosaporn W, Iamaroon A, Pongsi
comparative study of epithelial cell proliferation 
between the odontogenic keratocyst, orthokeratinized 
odontogenic cyst, dentigerous cyst, and ameloblastoma. 
Oral Dis 2004;10:22-26.

DC

MILD STRONG

2 In Keratocystic Odontgenic Tumor: An Immunohistochemical Study Differentiating 

marker in detecting the aggressive potential of the lesions 
irrespective of its primary and recurrent nature.  

We acknowledge and thank all the non-authors who have 
 

Ethics approval and consent to participate: The archival 
samples were collected from Department of Oral Pathology & 
Microbiology, Jaipur Dental College, Jaipur. Clinical, 
radiological and histopathological parameters were recorded 

ed from the Dept of Oral & 
Maxillofacial Surgery of Jaipur Dental College, Jaipur, Dept of 
General Surgery of SMS Medical College, Jaipur and Dept of 

and Microbiology of Jaipur Dental College, 
The data of the patients were collected after attainment 

of written consent forms from the patients. A formal informed 
written consent was taken from all the patients. 

'Not applicable' Availability of data 
and material: All data generated or analysed during this study 
re included in this published article. Competing interests: 

Philipsen HP. Om keratocystedr (Kolesteratomer) and 
Tandlaegebladet 1956;60:963-71. 

Barnes L, Eveson JW, Reichart P et al, editors. World 
classification of tumours. Pathology 

and genetics of head and neck tumours. Lyon: IARC 

Makowski GJ, McGuff S, Van Sickels JE. Squamous 
cell carcinoma in a maxillary odontogenic keratocyst. J 

2000;59:76-80. 
d JP Jr, Krolls SO. Malignant 

potential of the odontogenic keratocyst. Otolaryngol 
1994;111:124–29. 

ey KD, Baker HL. Squamous cell 
carcinoma developing in an odontogenic keratocyst. 

198;107:568-69. 
, Terry BC, Jacoway JR. Malignant 

transformation of an odontogenic keratocyst: report of a 
J Oral Maxillofac Surg 199; 49: 768-71. 

MacLeod RI, Soames JV. Squamous cell carcinoma 
arising in an odontogenic keratocyst. Br J Oral 

1988;26:52-57. 
Moos KF, Rennie JS. Squamous cell carcinoma arising 
in a mandibular keratocyst in a patient with Gorlin’s 

Br J Oral Maxillofac Surg 1987; 25: 280-84. 
Mendes RA, Carvalho JF, van der Waal I. 
Characterization and management of the keratocystic 
odontogenic tumor in relation to its histopathological 

Oral Oncol 2010;46:219-25. 
Rajendran R, Sivapathasundharam B. Shafer's textbook 
of oral pathology. 5th ed. New Dellhi: Elsevier 

Thosaporn W, Iamaroon A, Pongsiriwet S, Ng K. A 
comparative study of epithelial cell proliferation 
between the odontogenic keratocyst, orthokeratinized 
odontogenic cyst, dentigerous cyst, and ameloblastoma. 

26. 



International Journal of Current Advanced Research Vol 7, Issue 1(K), pp 9497-9502, January 2018 
 

 9502

12. Mohan S, Epstein JB. Carcinogenesis and 
cyclooxygenase: the potential role of COX-2 inhibition 
in upper aerodigestive tract cancer. Oral Oncol 
2003;39:537-46. 

13. Lin DT, Subbaramaiah K, Shah JP, et al. 
Cyclooxygenase-2: a novel molecular target for the 
prevention and treatment of head and neck cancer. Head 
Neck 2002;24:792-942. 

14. Prescott SM, Fitzpatrick FA. Cyclooxygenase-2 and 
carcinogenesis. Biochem Biophys Acta 2000;1470:69-
78. 

15. Smith WL, Dewitt DL, Garavito RM. Cyclooxygenase: 
structural, cellular and molecular biology. Ann Rev 
Biochem 2000; 69:145-82. 

16. Kumamoto H, Ohba S, Suzuki T, et al. 
Immunohistochemical Expression of Integrins and 
CD44 in Ameloblastomas. Oral Med Pathol 2001;6:73-
78. 

17. Barreto DC, Bale AE, De Marco L, et al. 
Immunolocalization of PTCH protein in odontogenic 
cysts and tumors. J Dent Res 2002;81:757-60. 

18. Crofford LJ. COX-1 and COX-2 tissue expression: 
implications and predictions. J Rheumatol Suppl 1997; 
49:15-19. 

19. Meghji S, Henderson B, Bando Y, et al. Interleukin-1: 
the principal osteolytic cytokine produced by 
keratocysts. Arch Oral Biol 1992; 37:935-43. 

20. El Murtadi A, Grehan D, Toner M, et al. Proliferating 
cell nuclear antigen staining in syndrome and 
nonsyndrome odontogenic keratocysts. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 1996;81:217-20. 

21. Han JA, Kim JI, Ongusaha PP, et al. p53-mediated 
induction of COX-2 counteracts p53- or genotoxic 
stressinduced apoptosis. Embo J 2002; 21: 5635–44. 

22. Corcoran CA, He Q, Huang Y, et al. Cyclooxygenase-2 
interacts with p53 and interferes with p53-dependent 
transcription and apoptosis. Oncogene 2005;24:1634-
40. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

23. Ogata S, Kubota Y, Satoh S, et al. Ca2+ stimulates 
COX-2 expression through calcium-sensing receptor in 
fibroblasts. Biochem Biophys Res Commun 
2006;351:808-14. 

24. Mendes RA, Carvalho JF, van der Waal I. A 
comparative immunohistochemical analysis of COX-2, 
p53, and Ki-67 expression in keratocystic odontogenic 
tumors. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2011;111:333-39 

25. Harris M. Odontogenic cyst growth and prostaglandin-
induced bone resorption.  Ann R Coll Surg Engl 
1978;60:85-91. 

26. Horton CE, Mladick RA Adamson JE. Diagnosis and 
treatment of mandibular tumors. South Med J 
1970;63:721-26. 

27. Zhang YL, An WF, Germain AR, et al. Discovery of 
Potent and Highly Selective Inhibitors of GSK3b. Probe 
Reports from the NIH Molecular Libraries Program 
[Internet]. Bethesda (MD): National Center for 
Biotechnology Information (US); 2010. 

28. Pavelić K, Malcić A, Jukić S, et al. Alterations of FHIT 
and P53 genes in keratocystic odontogenic tumor, 
dentigerous and radicular cyst. J Oral Pathol Med 
2008;37:294-301.  

29. Lo Muzio L, Staibanot S, Pannone G, et al. Expression 
of cell cycle and apoptosis-related proteins in sporadic 
odontogenic keratocysts and odontogenic keratocysts 
associated with the nevoid basal cell carcinoma 
syndrome. J Dent Res 1999;78:1345-53. 

30. Shear M. The aggressive nature of the odontogenic 
keratocyst: is it a benign cystic neoplasm? Part 2. 
Proliferation and genetic studies. Oral Oncol 2002; 
38:323-31. 

31. Katase N, Nagatsuka H, Tsujigiwa H, et al. m Analysis 
of the neoplastic nature and biological potential of 
sporadic and nevoid basal cell carcinoma syndrome-
associated keratocystic odontogenic tumor.. J Oral 
Pathol Med 2007;36:550-54. 

 
 
 
 
 
 
 
 
 
 
 
                
 
 
 
 
 
 
 
 
 
 
 
 
 
 

How to cite this article:  
 

Neha Bhomia., Devesh Bhomia and Nida Fahmi (2018) 'Prospective Significance of Cyclooxygenase-2 In Keratocystic 
Odontgenic Tumor: An Immunohistochemical Study Differentiating The Tumoral And The Cystic Nature Of Odontogenic 
Lesions ', International Journal of Current Advanced Research, 07(1), pp. 9497-9502. 
DOI: http://dx.doi.org/10.24327/ijcar.2018.9502.1572 
 

******* 


