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Abstract. Marsupialisation or decompression is frequently 
performed as a conservative therapy for keratocystic odonto-
genic tumours (KCOTs). Positive cyclooxygenase‑2 (COX‑2) 
expression in the epithelium of KCOTs was recently reported 
and may be associated with neoplastic invasion and progression. 
The aim of the present study was to investigate the change in 
COX‑2 expression in the KCOT epithelium following decom-
pression. In this study, 16 pairs of KCOT biopsy specimens 
obtained during decompression or enucleation were collected 
and analysed. Formalin‑fixed, paraffin‑embedded blocks were 
sectioned and immunohistochemically investigated using 
anti-COX‑2 antibody. The molecular expression was semi-
quantitatively evaluated as follows: 0, negative; 1, weakly to 
moderately positive; and 2, strongly positive. In the samples 
obtained prior to decompression, the positive staining for COX‑2 
was immunolocalised to the cell membrane and the cytoplasm, 
it involved the full thickness of the epithelium and 15 of the 
16 specimens (93.8%) exhibited mild to strong positivity. As 
regards the samples obtained following decompression, only 
3 of the 16  specimens (18.8%) exhibited a mild positivity. 
The expression levels of COX‑2 were significantly decreased 
following decompression (P<0.05). It may be concluded that 
loss or a significant reduction of COX‑2 expression is associated 
with decompression in KCOTs. However, large-scale studies 
are required to verify these results and improve our knowledge 

of the possible involvement of COX‑2 in the pathogenic mecha-
nism underlying the development of KCOTs.

Introduction

Unlike other odontogenic cystic lesions, the odontogenic 
keratocyst (OKC) exhibits an intrinsic growth potential and 
a marked ability to destroy bone (1,2). Clinically, following 
conventional treatment such as enucleation, OKC exhibits 
a high tendency for recurrence (1,3). According to the 2005 
World Health Organization classification, OKC was reclas-
sified as a benign neoplasm, referred to as keratocystic 
odontogenic tumour (KCOT) (2,3).

In the field of molecular biology, several immunohisto
chemical studies investigated the activity of the KCOT 
epithelium by using various markers of proliferation and 
apoptosis (4‑7). The results of those studies demonstrated that 
p53 (4), PCNA (5) and Ki‑67 (6) were more strongly expressed 
in the KCOT epithelium compared to other types of odonto-
genic cysts. Thus, it was concluded that the KCOT epithelium 
was highly proliferative, which may explain the high recur-
rence rate of KCOT and suggests that KCOTs have a different 
biological origin (7).

Recently, marsupialisation or decompression combined 
with two‑stage enucleation was proven to be an effective 
treatment for large KCOTs (3). According to data reported by 
Ninomiya et al (8), the size of the KCOT lesions was signifi-
cantly decreased following decompression. To improve the 
outcome of decompression, investigation of the underlying 
molecular mechanisms of this type of therapy is required.

Cyclooxygenase‑2 (COX‑2) levels were found to be elevated 
in various types of tumours, such as esophageal and head and 
neck tumours (9,10). Accumulating evidence suggests that the 
overexpression of COX‑2 is involved in tumour growth and 
spread by interfering with different biological processes, such 
as cell proliferation, adhesion, immune‑surveillance, apoptosis 
and angiogenesis (11). The regulation of COX‑2 expression is 
crucial for prostaglandin E2 (PGE2) synthesis (11,12). The 
upregulation of COX‑2 may increase the synthesis of pros-
taglandins (PGs), thereby promoting cell proliferation and 
angiogenesis and inhibiting immune‑surveillance  (12,13). 
Recently, a study conducted by Mendes et al (7) demonstrated 
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a mild to strong expression of COX‑2 in the KCOT epithelium 
and suggested that COX‑2 is an important marker involved in 
the biological behavior of KCOTs.

To the best of our knowledge, no studies are currently 
available on the mechanism of change in COX‑2 expression 
following decompression. This is the first study to demonstrate 
the significant downregulation of COX‑2 expression in KCOT 
following decompression, through the immunohistochemical 
investigation of 16 cases in the present series.

Materials and methods

Patients. This series comprised 16 patients with histologi-
cally confirmed KCOT at Jiangsu Stomatological Hospital 
and Shanghai Ninth People's Hospital. Recurrent cases or 
those associated with nevoid basal cell carcinoma syndrome 
were excluded from this study. The patients underwent 
decompression surgery followed by two‑stage enucleation. 
The clinical information of the patients is provided in Table I. 
Postoperative follow‑up comprised clinical and radiographic 
examinations from January, 2004 to September, 2012. The 
average duration of draining and irrigation prior to the 
two‑stage surgery was 19.5 months (range, 6.5‑44 months). 
Paraffin specimens of the tissue samples obtained at the 
time of decompression and enucleation were collected from 
the Divisions of Oral Pathology of Jiangsu Stomatological 
Hospital and Shanghai Ninth People's Hospital. All the 
patients provided signed informed consent prior to enroll-
ment and the study was approved by the Ethics Committees 
of the Shanghai Ninth People's Hospital and the Jiangsu 
Stomatological Hospital.

Immunohistochemical evaluation. Each of the 16 pairs of 
formalin‑fixed, paraffin‑embedded samples was cut continu-
ously into two 4‑µm sections and mounted on glass microscope 
slides. One section from each pair was prepared for immunohis-
tochemical COX‑2 analysis and the other section was used as a 
negative control by replacing the anti‑COX‑2 primary antibody 
with phosphate‑buffered saline. Briefly, the deparaffinised 
sections were immersed in absolute methanol containing 
0.3% H2O2 for 15 min at room temperature to block endogenous 
peroxidase activity. After washing, the sections were immersed 
in 0.01 M citrate buffer (pH 6.0) and heated in a microwave oven 
at 95˚C for 5 min. A properly diluted (1:100) rabbit monoclonal 
anti-human COX‑2 antibody (product code, BS1076; Bioworld 
Technology, Inc., St. Louis Park, MN, USA) was then applied 
to the sections at 4˚C overnight, followed by a prediluted 
anti‑mouse IgG antibody conjugated with peroxidase (Nichirei, 
Tokyo, Japan) for 1 h at room temperature. The sections were 
immersed in 0.05% 3,3'‑diaminobenzidine tetrahydrochloride  
in 0.05 M Tris‑HCl buffer (pH 8.5) containing 0.01% H2O2 for 
8 min and then counterstained with haematoxylin.

Immunohistochemical evaluation. Immunohistochemical 
reactivity for COX-2 was evaluated using a semi‑quantitative 
detection method as previously described (7) and classified into 
three groups according to the intensity score as follows: 0, nega-
tive; 1, weakly to moderately positive; and 2, strongly positive. 
The evaluation was performed by two experienced pathologists 
who were blinded to the clinical data.

Statistical analysis. The Student's paired t‑test was used to 
evaluate the differentiation of COX‑2 immunoreactivity in 
KCOTs at the time of enucleation compared to that at the time 
of decompression. SPSS 17.0 software (SPSS Inc., Chicago, 
IL, USA) was used for statistical analysis. Specific data are 
provided in Table I. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

In our study, the collection of samples obtained at the time of 
decompression were referred to as group I and those obtained 
at the time of two‑stage enucleation as group II. The immuno-
histochemical staining pattern of COX‑2 in KCOT presented 
as membranous and cytoplasmic. In group I, positive COX‑2 
immunostaining was present in 15 of the 16 samples (93/8%) 
and involved the full thickness of the epithelium, with 
6 specimens exhibiting strong expression and 9 mild positivity 
(Fig. 1A‑C). In group II, 4 of the 16 cases exhibited either 
mild (Fig. 1D) or negative COX‑2 expression, consistent with 
their corresponding counterparts in group I. In the remaining 
12 cases, COX‑2 expression was significantly decreased (nega-
tive COX‑2 expression).

The mean of intensity scores in group I was 1.31±0.60, 
whereas the mean of intensity scores in group II was 0.25±0.45. 
The P‑value of group I vs. group II in COX-2 staining intensity 
was 0.00004. The statistical analysis demonstrated a signifi-
cant decrease in COX‑2 expression of group II compared to 
that of group I (P<0.05).

Discussion

Marsupialisation or decompression is frequently performed 
as a conservative therapy for large KCOTs, since this therapy 
is considered beneficial in reducing the size and the recur-
rence rate of the tumour (14). Nakamura et al (15) reported 
that 96% of the cases included in their study exhibited a cystic 
reduction of ≥50%. Histologically, the typical characteristics 
of KCOT were eliminated following this type of therapy, 
with the lesion assuming the form of hyperplastic epithelium, 
thickened fibrous lamina and increased inflammatory infiltra-
tion (8,15).

Three factors are considered to lead to the development 
of KCOT in the jaws: i) epithelial proliferation; ii) increased 
intracystic fluid pressure; iii) molecules associated with bone 
resorption, such as IL1, IL6 and PGE2 (16).

A series of biomarkers that are highly expressed in KCOTs 
prior to decompression were previously reported to exhibit 
a marked decrease following therapy, such as IL‑1α‑induced 
PGs and collagenase (8), Ki‑67 (8,18), Bcl‑2 (17) and KGF (19), 
indicating the attenuation of cell proliferation, anti‑apoptosis 
and local invasion of the KCOT epithelial cells. These changes 
may be attributed to the release of intracystic fluid pressure 
and the communication with the oral environment. However, 
the precise mechanism has not been fully elucidated.

Among the various biological markers involved in KCOT, 
the number of available studies using an anti‑COX‑2 anti-
body for the investigation of odontogenic tumours is limited. 
Mendes et al (7) reported a positive COX‑2 expression in all 
the KCOT samples included in their study, with mild to strong 
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Table I. Clinical information and intensity of cyclooxygenase‑2 (COX-2) expression.

				    Outcome (expression
			   Duration of	 degree of COX‑2)
	 Age	 Gender	 decompression	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Case no.	 (years)	  (M/F)	 (months)	 Location	 Group I	 Group II

  1	 22	 M	 27	 Mandible; Mol‑Ram	 1	 0
  2	 15	 M	 10	 Mandible; Ang‑Ram	 2	 0
  3	 20	 M	 21	 Mandible; Ang‑Ram	 2	 0
  4	 42	 M	 17	 Mandible; Mol‑Ram	 0	 0
  5	 20	 F	 16	 Mandible; Ang‑Ram	 1	 0
  6	 13	 F	 12	 Mandible; Mol‑Ram	 2	 0
  7	 38	 F	 3	 Mandible; Ang‑Ram	 1	 0
  8	 34	 F	 16	 Mandible; Mol‑Ram	 2	 0
  9	 49	 F	 18	 Mandible; Ang‑Ram	 1	 1
10	 55	 M	 15	 Maxilla; Ant	 1	 0
11	 25	 F	 15	 Mandible; Mol‑Ram	 2	 0
12	 33	 F	 9	 Mandible; Ang‑Ram	 1	 1
13	 35	 M	 23	 Mandible; Ang‑Ram	 1	 1
14	 24	 F	 31	 Mandible; Ang‑Ram	 1	 0
15	 29	 M	 23	 Maxilla; Ant	 1	 0
16	 28	 F	 27	 Maxilla; Ant	 2	 1

Clinical information and intensity of COX‑2 expression. Group I, samples obtained at the time of decompression; group II, samples obtained at 
the time of two‑stage enucleation. Immunohistochemical activity: 0, negative; 1, weakly to moderately positive; 2, strongly positive. M, male; 
F, female; Mol, molar region; Ang, angular region; Ram, mandibular ramus; Ant, anterior region.

Figure 1. Cyclooxygenase‑2 (COX‑2) expression in the keratocystic odontogenic tumour (KCOT) epithelium. (A) Sample prior to decompression. Section of 
positive COX‑2 staining in the KCOT epithelium (magnification, x40). (B) Sample prior to decompression. Section of strong COX‑2 staining intensity in the 
KCOT epithelium (magnification, x100). (C) Sample prior to decompression. Positive COX‑2 staining involving the full thickness of the KCOT cystic epithelial 
lining (magnification, x400). (D) Sample following decompression. Section of mild COX‑2 staining intensity in the KCOT epithelium (magnification, x100).

  A   B

  C   D
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expression levels and a cytoplasmic staining pattern. In the 
present study, a positive COX‑2 expression was observed in 
15 of the 16 cases in group I and the immunostaining involved 
the full thickness of the epithelial lining. This result was 
consistent with that reported by Mendes et al (7). As regards the 
staining pattern, the present study demonstrated a cytoplasmic 
and membranous staining pattern, whereas Mendes et al (7)
reported only cytoplasmic staining. At the time of enucleation, 
only 4 cases exhibited COX‑2 expression levels consistent with 
their corresponding counterparts in group I. In the remaining 
12 cases the staining was negative.

To the best of our knowledge, this is the first study on 
the differentiation of COX‑2 expression in KCOTs between 
one‑stage decompression and two‑stage enucleation. However, 
the exact mechanism of COX‑2 involvement in the pathogen-
esis and progression of KCOT has not been elucidated.

Cyclooxygenase is a key regulatory enzyme involved 
in the conversion of arachidonic acid to PGs (10). As one of 
the isoforms, COX‑2 expression is induced under physio-
pathological conditions, such as inflammatory stimuli and 
oncogenes (10). By binding to a G protein‑coupled surface 
receptor and leading to changes of intracellular cyclic AMP 
and calcium (20), PGs play a key role in several important 
physiological processes such as oncogenesis, inflammation, 
cell reproduction and apoptosis and bone metabolism (9).

Mechanical stress is crucial in the regulation of bone 
metabolism (21). According to Kubota et al (22) the intracystic 
fluid pressure of odontogenic cysts in the jaws is >80 mmHg 
during the early growth stage. However, whether the positive 
intracystic fluid pressure affects the growth of odontogenic 
jaw cysts such as KCOT and the exact underlying mechanism 
have not been fully elucidated. Interleukin‑1α (IL‑1α) is a 
multifunctional proinflammatory cytokine (10,18). A previous 
study by Oka et al (18) demonstrated that the positive pressure 
upregulated the expression of IL‑1α in KCOT epithelial cells. 
Furthermore, in a co‑culture of KCOT fibroblasts and epithe-
lial cells, the IL‑1α secreted by the epithelial cells further 
induced the secretion of MMP‑1, MMP‑2, MMP‑3, PGE2 
and M‑CSF by the fibroblasts, which ultimately stimulated 
osteoclastogenesis and collagen degradation (18). Moreover, 
it was previously verified that the transcription and expression 
levels of COX‑2 were significantly decreased in KCOT epithe-
lial linings following decompression (8). There appears to be 
a strong correlation among intracystic pressure, expression 
of IL‑1α and bone resorption, with regulation of COX‑2 and 
PGE2 being the key link in this process. Apart from the intra-
cystic fluid pressure, mechanical loading on bone generates 
a fluid flow within the mineralized matrix, which may exert 
fluid shear stress (FSS) on cell membranes (23). A previous 
study by Wadhwa et al (23) reported that FSS may induce the 
transcription of COX‑2 in MC3T3‑E1 osteoblasts through the 
PKA and ERK signaling pathways.

The findings mentioned above may explain the possible 
mechanism underlying the mechanical stress‑dependent 
growth of KCOT in the jaws. Following decompression, the 
release of fluid pressure leads to the gradual reduction of bone 
resorption (18) and shrinking of the tumour size (8), which is at 
least partially mediated by the COX‑2/PGE2 regulation.

In conclusion, despite the small size of this sample, our 
results combined with the current knowledge of the effects of 

COX‑2 on oncogenesis suggest that COX‑2 may contribute to 
the biological profile of KCOTs by affecting the biological regu-
lation of the tumoural epithelium. In the present study, although 
a notable change was observed in COX‑2 expression following 
decompression, the potential association between this change 
and the clinical characteristics of KCOT, such as the duration 
of decompression, tumour location and recurrence rate, could 
not be further assessed, due to the small sample size and short 
follow‑up period. These issues require further investigation.
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