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1 - Introduction  

Odontogenic tumors are lesions derived from epithelial, ectomesenchymal and/or 

mesenchymal elements of the tooth forming apparatus and are therefore found 

exclusively within the jaw bones or in the overlying soft tissue1,2. The majority of 

odontogenic tumors is benign, although some behave locally in a destructive way3. 

2 - Terminology 

Over the years many attempts have been made to produce a “logical” classification of 

tumor-like lesions of the odontogenic tissues1. Previously, the World Health 

Organization described the odontogenic keratocyst as a cyst arising in the teeth bearing 

areas of the jaws, or posterior to the mandibular third molar, being characterized by a 

thin fibrous capsule and a lining of keratinized stratified squamous epithelium usually 

about 5-8 cells in thickness and generally without rete ridges4. 

However, its growing potential to a large size before manifesting clinically and the 

tendency to recur following surgical treatment, gave rise to a discussion as to its true 

pathological nature and terminology. 

Hence, in 2005, the traditional designation, stressing the benign behaviour of this lesion 

was substituted by a term that would better reflect its neoplastic nature - keratocystic 

odontogenic tumor (KCOT) - and the lesion was thus described as a benign uni or 

multicystic, intraosseous tumor arising from the dental lamina or its remnants1.In the 

past others terms were suggested: keratocystoma5, keratinising cystic odontogenic 

tumor6 and odontogenic keratocystoma and primordial cyst1,5. 
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The former orthokeratinized variant of the odontogenic keratocyst is not currently 

included as being part of the spectrum of keratocystic odontogenic tumor1 

3 - Epidemiological features 

The reported prevalence of KCOT varies considerably and is probably no reliable 

indicator of the incidence, but rather reflect the range of material seen in the various 

departments5. KCOTs have been reported as early as the first decade7, and as late as the 

ninth decade5, with a pronounced peak in the second and third decades1. Other works 

demonstrate a bimodal age distribution with a second peak in the fifth decade or later8-

13. Differences in the clinical and histopathological features of these lesions in the 

different age peaks have not been found5, thus supporting the view that this tumor may 

remain undiagnosed for many years14.  

The mean age of patients with nevoid basal cell carcinoma syndrome is lower than those 

with solitary KCOT1.  

Although most series show a slight male preponderance, reports differ as to gender 

distribution with studies showing an equal gender distribution15 or even a female 

preponderance16. Woolgar et al. showed that there was a statistically significant 

difference between the gender distribution of patients with solitary KCOT - in which 

there was a male preponderance - as opposed to the ones seen in a syndrome sample, in 

which females were more frequently affected17. Nonetheless, Jones et al study showed a 

male:female ratio of 1,27:118. 
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4 - Clinical and radiological features 

4.1. - Clinical features 

KCOTs are more often located in the mandible, mainly in the posterior body of the 

mandible, the angle region and the ascending ramus16,19,20. Lesions are seldom seen in 

other mandibular regions or the maxilla21-23, although cases have been reported in the 

latter13,24. 

The majority of patients with a KCOT have been reported to be symptomatic (Table 1) 

at the time of diagnosis14,16,17,19,25-33.  

Symptoms: 

- Swelling 

- Pain 

- Infection  

- Discharge 

- Paresthesia of the lower lip or teeth 

- Teeth displacement 

- Nasal obstruction 

Table 1 – Symptoms associated with KCOTs14,16,17,19,25-33 

 

Symptomatic KCOTs are presumably larger, more destructive, and more difficult to 

treat27, as they tend to enlarge to a considerable size into the cancellous bone before any 

significant buccal or lingual expansion alerts the clinicians and patients of an underlying 

lesion16,19,28,29,34. Clinically observable expansion may, indeed, occur at a later stage,  
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when the tumor has reached a large size, involving the maxillary sinus or the entire 

ascending ramus, at which point the patient may develop a pathological fracture5. 

Although the tumors may vary considerably in size, Forssell has reported that about half 

of his cases were 40 mm or more in diameter, particularly in cases involving the 

ascending ramus and angle of the mandible compared to those of the maxilla or body of 

the mandible35. According to Morgan et al. improved or more frequent imaging could 

help identifying smaller lesions which are more easily treated27.  

Maxillary tumors are more prone to infection, even when small, making it more likely 

to be diagnosed at an earlier stage of their development35. Extraosseous occurrence of a 

KCOT is exceedingly rare. 

Enlargement of a KCOT may lead to displacement of teeth6, and has been reported to 

compromise different areas of the maxillofacial region, such as the orbit36-38, the floor of 

the maxillary antrum39, the base of the skull40, the infratemporal fossa38,41 and 

perforation of the cortical bone with involvement of surrounding soft tissues42,43. 

Neurological symptoms are occasionally seen16,44, as well as root resorption5.  

4.2. - Radiological features 

Radiographically, KCOTs may appear as small, round or ovoid, radiolucent lesions with 

often well defined and distinct sclerotic margins as might be expected from slowly 

enlarging lesions2,6,19. Some parts of the margins may have a more smooth appearance, 

which is often the case in unilocular radiolucencies5 (Fig.1).  
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Figure 1 - Radiograph of a KCOT mimicking a radicular cyst 

Occasionally, there is root resorption5. Furthermore, in 25% to 40% of cases an 

unerupted tooth is involved19, and a differential diagnosis with a dentigerous cyst 

becomes mandatory.  

Traumatic bone cyst, lateral periodontal cyst, central giant cell granuloma, fissural 

cysts, minimally calcifying odontogenic cyst, radicular cyst, arteriovenous 

malformation, benign bone tumors, adenomatoid odontogenic tumor, ameloblastic 

fibroma and plasmacytoma are some of the cystic and neoplastic diseases which may 

present with similar radiologic features45-47. 

Scalloped margins are commonly found in the mandible and may be misinterpreted as 

multilocular lesions, although this group of lesion has been described by Voorsmit as 

multilobular9. Multilocular appearance is more often present in the mandible than in the 

maxilla19 and true multilocular lesions are particularly liable to be misdiagnosed as 

ameloblastoma5 (Fig.2).  
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Figure 2 - Radiograph of a large mandibular KCOT 

Nonetheless, lobulated outlines imply a multicentric growth pattern associated with 

proliferation of local groups of epithelial cells against the semi-solid cyst contents44. 

Forsell reported unilocular cysts with a scalloped contour and multilocular lesions to be 

larger than unilocular ones with a smooth margin35. Yagyuu et al. findings suggest that 

recurrence of KCOT is associated with multilocular large lesions and high Smoothened 

(SMO) expression48. 

Tendency to extend along the cancellous component of the bone without expansion of 

the cortical plates is frequent44. Expansion to a large size may be seen particularly at the 

angle of mandible and ascending ramus35,44,49 and, whenever present, may be significant 

in children5. 

 

 



                                                                                                                   15 
 

                                                                                                                                             Chapter 1     

Downward displacement of the inferior alveolar nerve, resorption of the lower cortical 

plate of the mandible and perforation of bone have been reported9,35,44,49. Due to their 

aggressive nature, the diagnosis of KCOT is often confused with ameloblastoma50. 

This tumor may appear as a single lesion or as multiple neoplasms, the latter being one 

of the stigmata of the nevoid basal cell carcinoma syndrome (NBCCS)1 or Gorlin 

Syndrome, which is a genetic disorder inherited in an autosomal dominant manner that 

presents with multiple basal cell carcinomas, skeletal changes (e.g. fused, bifid and 

splayed ribs), calcified falx cerebri and palmar and/or plantar keratotic pits19,21,24, 50-52. 

KCOTs multiplicity in NBCCS does not imply that the patient should have more than 

one cyst at a time; rather it refers to the lifetime history of the patient17. 

5 - Preoperative diagnosis 

Since the radiographic aspects of a KCOT are not pathognomonic one might consider to 

perform a biopsy in any cystic lesions, as judged by the radiograph, particularly when 

KCOT or variants of ameloblastomas are among the most likely diagnoses. However, 

one should realize that an incisional biopsy may not be representative. Furthermore, 

inflammatory changes after the taking of a biopsy may hinder subsequent enuclation. 

The use of fresh-frozen sections is discouraged since here too the biopsy may not be 

representative. Besides, also in view of the somewhat limited quality of fresh-frozen 

sections, the histopathological diagnosis may at times be difficult to assess properly.   
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Aim of the study: 

COX-2 is an enzyme rapidly induced in response to growth factors, tumor promoters, 

cytokine, bacterial endotoxin, hormones and shear stress, playing a key role in the 

synthesis of prostaglandins. 

Previously published data in the scientific literature present evidence that p53 – which 

has also been reported to be overexpressed in KCOT – can induce the expression of 

COX-2 through p53-mediated activation of the Ras/Raf/ERK cascade, thus 

counteracting p53-mediated apoptosis53. IL-1α, which is also strongly expressed in the 

epithelial cells of KCOT, may stimulate the expression of PGE2 through regulation of 

COX-2, thus stimulating osteoclastogenesis. Simultaneously, the correlation between 

COX-2 and PGE2 may explain the high cellular proliferation index54. 

The purpose of this project was to investigate the clinical behaviour of the keratocystic 

odontogenic tumor (KCOT), particularly on the issue of recurrences and their probable 

causes including the assessment of the expression of COX-2 in KCOTs, for which 

purpose formalin-fixed, paraffin-embedded specimens of keratocystic odontogenic 

tumors obtained by oral/maxillofacial surgery were used. 

Evidence of expression of COX-2 in keratocystic odontogenic tumors (formerly 

odontogenic keratocyst) might shed some light over this neoplasm’s physiopathology 

and high recurrence rate. 

Bibliography 
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1 - Introduction 

Cyclooxygenase-2 (COX-2) levels have been found to be elevated in various tumors1-5. 

Nevertheless, how COX-2 overexpression results in tumorigenesis remains poorly 

understood1,6. 

The importance of COX-2 in tumorigenesis was first demonstrated in rodent models of 

familial adenomatous polyposis, a genetic disease leading to gastrointestinal cancer, in 

which loss of COX-2 activity by either genetic deletion or selective enzymatic 

inhibition suppressed intestinal polyp formation7. 

Recent studies showed increased levels of cyclooxygenase-2 (COX-2) in premalignant 

and malignant lesions and genetic evidence of COX-2 implication in tumorigenesis3,4,8-

10. 

Additional evidence for the importance of COX-2 in tumorigenesis was reported by Liu 

et al11, who showed that selective COX-2 overexpression in the mammary gland of 

transgenic mice led to tumorigenesis. COX-2 has been shown to be expressed in 

neoplastic epithelial cells in a wide variety of human tumor types3. It has also been 

shown that different types of epithelial cancers produce high levels of PGE2. Moreover, 

selective COX-2 inhibitors have been shown to affect induction of tumor in epithelial 

cells1,3, by acting upon proteins that are selectively expressed by tumor cells, including 

growth factors and their receptors, signal transduction molecules, oncogenes, hormones, 

apoptosis-related molecules, angiogenesis-related factors, as well as inhibitors of cell 

motility, invasion, and proteolysis. 
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2 - The cyclooxygenase pathway 

Cyclooxygenase is a key regulatory enzyme in the conversion of arachidonic acid, a 20-

carbon polyunsaturated fatty acid, to prostaglandins (PGs)3,4,5,12. Phospholipase (PLA2) 

family of enzymes first catalyzes the hydrolysis of membrane glycerophospholipids 

producing free arachidonate3,12. The cyclooxygenase (COX) enzymes have two catalytic 

activities3,12: 

a) Cyclooxygenase catalyzes the addition of molecular oxygen to arachidonic acid and 

forms an unstable cyclic endoperoxide hydroperoxide: prostaglandin PGG2. 

b) The peroxidase function rapidly reduces PGG2 to PGH2, which is converted to one of 

several structurally related prostanoids, including PGE2, PGD2, PGF2 (alpha), PGI2 and 

thromboxane A2 (TXA2), in reactions catalyzed by distinct, specific synthases. 

Prostaglandins are synthesized in most tissues and may act via autocrine or paracrine 

mediators signaling changes within the immediate environment of the cell3,12. The 

different classes of prostaglandins bind to a G-protein coupled surface receptor3,13, 

leading to changes in intracellular cyclic AMP and calcium3. 

Receptors are also present in the nuclear membrane and there is increasing evidence that 

prostaglandins also modulate cellular pathways by acting directly within the 

nucleus3,14,15. 

Prostaglandins have important functions in almost every system and regulate different 

physiological processes such as immunity, cell reproduction, maintenance of vascular 

integrity and tone, nerve growth and development, and bone metabolism15,16.  

There are two known isoforms of cyclooxygenase, COX-1 and COX-2, which are 

encoded by different genes and express cell-specific regulation3,4,12,17. COX-1 is  
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constitutively expressed in many tissues and mediates the synthesis of PGs required for 

normal physiological function. It has been termed a ‘‘housekeeping enzyme’’ because it 

is responsible for the maintenance of homeostatic function in most of the cells, the 

production of protective mucous by gastrointestinal mucosa and platelet aggregation1,3-

5,12,17. 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 transformation1,3-5,12,17-20. 

 

2.1 - COX-2 and various pathological processes 

2.1.1. - COX-2 and malignancies 

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 

instability3,8,10.  

Prostaglandins produced by COX-2 transactivate members of the PPAR family of 

nuclear hormone receptors, changing the nuclear level of calcium and activating the 

RXR receptor3. PPAR (delta), stimulated via COX-2-induced PGs, especially PGI2, may 

play a role in the accelerated cellular proliferation noted following malignant 

transformation14. 

The overexpression of COX-2 in head and neck squamous cell carcinoma (HNSCC) is 

well documented2,4,5,17. Immunohistochemical analysis in 10 cases of HNSCC revealed 

that COX-2 expression was moderate to strong, and staining pattern was granular and 

localized in the cytoplasm4. Also, immunohistochemical evidence of expression of  
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COX-2 protein in oral mucosal lesions has been reported with a gradient of increasing 

COX-2 stain from hyperplasia to dysplasia and highest in SCC21. 

Lee et al has identified COX-2 in malignant cells, and treatment with COX-2 inhibitors 

caused significant dose-dependent inhibition of cell growth and significant increase in 

number of cells in the G0/G1 phase, reduction in S phase and increased apoptosis22. 

Nathan et al study23 involving COX-2 and elF4E - a potential biomarker identified in 

individuals at high risk for relapse after treatment for head and neck squamous cell 

cancer - showed an increased expression of COX-2 in tumor cells in patients with upper 

aerodigestive tract dysplasia, in contrast with adjacent normal cells. Recent studies also 

support a correlation between p53 and COX-2 expression, with cells carrying mutant 

p53, especially in dysplastic lesions and upper aerodigestive tract cancers, expressing 

high levels of COX-23,24,25. In the oral mucosa lesions, a gradual increase in COX-2 

expression from hyperplasia to different grades of dysplasia to cancer was described by 

Renkonen et al21.  

The mode of action of COX-2 in tumorigenesis may include multiple mechanisms that 

may be acting at different stages of malignant disease3. COX-2 expression is apparently 

an early response to growth factors, as well as tumor promoters and carcinogens26,27,28.  

The impact of COX-2 inhibition was assessed in a SCC cell line (NS-398), and 

inhibition of proliferation of cancer cells expressing COX-2 mRNA was reported and 

attributed to suppression of PGE2 production29. Treatment with a COX-2 inhibitor has 

also been reported to reduce COX-2 mRNA, COX-2 protein and synthesis of PGE2 in 

mammary and oral epithelial cells3,30.  

Overexpression of the COX-2 gene alters cell adhesion, inhibits apoptosis and alters the 

response to growth regulatory signals31. Inverse relationship between the levels of anti-

apoptotic protein bcl-2 and apoptosis has been reported24 and COX-2 is known to  
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increase the level of the anti-apoptotic protein bcl-2, thus causing resistance to 

apoptosis3,26,31.  

Increased synthesis of PGs in transformed cells and tumors can be the result of 

enhanced expression of COX-2. PGs are believed to be important in the pathogenesis of 

cancer because of effects on cell proliferation, angiogenesis, immune surveillance, and 

apoptosis12,17,31,32. 

Thus, COX-2 plays an important role in tumor growth and spread of tumors by affecting 

mitogenesis, cellular adhesion, immune surveillance, apoptosis, and angiogenesis. 

Nonetheless, it still remains unknown whether the earliest induction of COX-2 occurs in 

the epithelial cells or in the mesenchymal cells33. 

 

2.1.2. - COX-2, inflammation and immunosuppression 

Inflammatory mediators such as cytokines, eicosanoids, and growth factors are thought 

to play a critical role in the maintenance, survival, and growth of tumor cells7,12. The 

regulation of COX-2 expression is physiologically vital for PGE2 synthesis34,35. 

Enhanced synthesis of prostaglandins, a consequence of upregulation of COX-2, can 

increase cell proliferation, promoting angiogenesis and inhibiting immune 

surveillance7,4,17,36,37.  

Interleukin-1α (IL-1 α) is a multifunctional pro-inflammatory cytokine, strongly 

expressed in the epithelial cells of keratocystic odontogenic tumors34,35. IL-1 stimulates 

the production of prostaglandin E2 (PGE2) in mesenchymal cells, including keratocystic 

odontogenic tumors fibroblasts38-41, which then stimulates osteoclastogenesis by 

increasing the expression of receptor activation of nuclear factor-кB ligand (RANKL)41. 
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Of the two types of IL-1 binding receptors, type I receptor (IL-1RI) and type II receptor 

(IL-1RII), the IL-1RI transduces a signal, whereas the IL-1RII does not, acting as a 

decoy receptor35. Binding of IL-1α to IL-1RI leads to activation of two transcription 

factors, nuclear factor-кB (NF-кB) and activator protein-1 (AP-1), through the 

activation of mitogen-activated protein kinases (MAPKs), such as p38 and c-Jun N-

terminal kinase (JNK)35. IL-1α-mediated transcription of COX-2 is regulated by many 

factors, such as extracellular signal-regulated protein kinase (ERK 1/2)38, p3838,40, NF-

кB signaling pathway38,40,42 and protein kinase C (PKC)38,43-45. 

A growing body of evidence shows that both EGFR signaling and COX-2 activity play 

key roles in developing premalignant and malignant diseases. The molecular pathway of 

signal crosstalk between EGFR and COX-2 is becoming clearer, with emerging 

evidence suggesting a direct interaction between EGFR signaling and COX-2 

activity6,13. PGE2 transactivates and phosphorylates EGFR and triggers the extracellular 

signal-regulated kinase (ERK) 2-mitogenic signaling pathway13. PGE2 also activates the 

phosphatidyl inositol 3-kinase/Akt pathway and causes migration, invasion, and 

proliferation of cancer cells6. On the other hand, EGF and transforming growth factor-α 

(TGF-α) also induce COX-2 expression13.  

PGE2 inhibits the production of tumor necrosis factor-α (TNF-α) and induces the 

production of IL-10, an immunosuppressive cytokine12,46,47. Abrogation of COX-2 

expression has been shown to promote antitumor reactivity by restoring the balance of 

IL-10 and IL-12 in vivo48. 
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2.1.3. - COX-2 and cell proliferation 

p53 protein is a product of the tumor suppressor gene TP53, which functions in G1 

arrest to allow the repair of DNA damage and to prevent the cell from entering the S-

phase of the cell cycle, or alternatively to guide the damaged cells to apoptosis. As a 

transcription factor, p53 modulates the expression of downstream target genes involved 

in the antiproliferative response49.  TP53 is commonly mutated in human malignancies, 

leading to the accumulation of a mutant non-functional p53 protein50,51, thus reducing its 

DNA-binding and transcriptional activation potential49.  

Association of COX-2 expression and p53 immunostaining has previously been found 

in gastric52 and breast cancers53 and abnormal expression of p53 protein occurs in 10–

50% of oral dysplasias, the frequency correlating with the grade of the dysplasia2. 

Overexpression of COX-2 has been detected in HNSCCs containing mutant TP5351. 

Because the COX-2 gene has been shown to be induced in cells with defective p53 and 

down-regulated by wild-type p5325,51, there may exist a direct link between a mutated 

p53 pathway and elevated levels of COX-2 expression54. Furthermore, p53 protein is 

expressed in actively proliferating cells, particularly in neoplasms55-57, with p53 

mutations being detected in both precancerous and cancerous lesions of the head and 

neck.  

p53 status is associated with COX-2 expression25,51,54, and the wild-type p53, contrary to 

mutant p53, has been shown to suppress COX-2 transcription12 via interactions with 

TATA-binding proteins (TBP)2 inhibiting the formation of a complex between TBP and 

human COX-2 promoters in a cell-free system25. 

COX-2 is upregulated following p53 activation at both the mRNA and protein levels49. 

COX-2 interferes with the transcriptional activation potential of p53. In fact, COX-2  
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negatively affects the transcriptional function of p53 and may mediate such effects by 

physically interacting with p5349. 

Several oncogenes have also been described as having been modified54. Overexpression 

of HER-2/neu induces COX-2 expression in mammary epithelial cells, and 

amplification of HER-2/neu correlates with COX-2 expression in breast cancer 

specimens53,58. 

Erkinheimo’s results show that elevated COX-2 expression in serous ovarian carcinoma 

correlates with amplification of HER-2/neu as detected by chromogenic in situ 

hybridization54 and Kolar et al59 has also reported that oncogene c-erbB-2/HER-2/neu is 

overexpressed in keratocystic odontogenic tumors associated to the nevoid basal cell 

carcinoma syndrome. 

Stimulation of Ras and protein kinase C signaling pathways that are known to be 

dysregulated in HNSCC induces COX-2 in oral epithelial cells12.  

The regulation of COX-2 expression is important for the regulation of PGE2 synthesis 

and bone metabolism: Ca2+ released from bone might stimulate the fibroblasts around 

the bone and affect the bone metabolism by inducing COX-2 expression through 

calcium-sensing receptor (CasR)60. Ogata demonstrated the presence of CasR in 

fibroblasts isolated from jaw cysts and suggests that both the Ca2+-dependent COX-2 

expression and PGE2 secretion could be pathophysiologically mediated through CasR in 

fibroblasts around the bone resorbing area60. 

Ca2+-induced COX-2 mRNA expression could be mediated by the activation of 

ERK1/2, p38, and JNK in the fibroblasts as shown in bovine parathyroid cells and 

CasR-transfected human embryonic kidney cells60. There may be redundancy at the 

promoter level in the COX-2 transcription, and the elevated Ca2+ activates different  
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MAPK pathways to induce COX-2 expression as shown in the endotoxin-induced 

COX-2 expression in macrophage/monocytic cells60. COX-2 expression and PGE2 

secretion in human fibroblasts are thus enhanced by elevated extracellular Ca2+ via the 

activation of ERK1/2, p38, and JNK MAPKs through CasR. Therefore, the released 

Ca2+ from bone might affect the bone metabolism through fibroblasts around the 

bone60. 

 

2.1.4. - COX-2 and apoptosis 

Apoptosis or programmed cell death has been observed to decrease during 

tumorigenesis. Among all proto-oncogenes, bcl-2 is characteristically able to stop 

programmed cell death (apoptosis) without promoting cell proliferation61. Its gene 

product, the bcl-2 protein, acts as a cell death suppressor that facilitates cell survival by 

regulating apoptosis62,63. 

This inhibition of apoptosis constitutes one of the most common pathways of 

tumorigenesis64,65. Overexpression of COX-2 can inhibit apoptosis66 and enhances 

invasiveness32. Deregulated signaling through the EGFR pathway is recognized to be an 

early event in the development of head and neck tumors4,17,28. 

Mestre et al26 reported that EGF, a ligand of EGFR, induced COX-2 and prostaglandin 

synthesis in oral epithelial cells. Activation of the EGFR/Ras pathway thus contributes 

to the up-regulation of COX-2 in HNSCC4. 

Reduced intratumoral PGE2 correlates with reduced tumor growth, reduced tumor and 

endothelial cell proliferation, and cell survival7. 

Forced overexpression of COX-2 in epithelial cells led to decreased apoptosis, which 

has been attributed, to some extent, to increased levels of antiapoptotic protein bcl-212,31.  
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COX-2 and COX-1 cooperate to induce angiogenesis and that PGE2 inhibits 

programmed cell death by inducing expression of the bcl-2 protooncogene12. 

PGE2 and other prostaglandins often elevate intracellular cyclic AMP concentrations, 

which can suppress apoptosis. In another study in cultured epithelial cells, treatment 

with PGE2, COX-2 derived eicosanoid, induced bcl-236. Increased levels of bcl-2 and 

reduced amounts of Bax, a proapoptotic protein, have also been detected in mammary 

tumors derived from COX-2 overexpressing transgenic mice11. 

A causal link between expression of COX-2 and inhibition of programmed cell death 

seems then evident. Up-regulation of COX-2 prolongs the survival of abnormal cells 

and thereby favors the accumulation of sequential genetic changes which increase the 

risk of tumorigenesis12.  

Transfection of the COX-2 gene into rat intestinal epithelial cells reduces the 

susceptibility to apoptosis and upregulates the expression of antiapoptotic bcl-2 

protein2,66. 

 

2.1.5. - COX-2 and angiogenesis 

Angiogenesis is essential for tumor growth and progression2,3,67. Any significant 

increase in tumor mass must be preceded by an increase in vascular supply to deliver 

nutrients and oxygen to the tumor67. Intratumoral angiogenesis is regulated by the local 

balance of various growth factors or cytokines released by tumor cells and 

mesenchymal cells in tumor tissue2.  

Several studies show a link between COX-2 levels and angiogenesis, with increased 

production of vascular-endothelial growth factor (VEGF) and transforming growth 

factor β (TGF-β) by the epithelial cell and increased vascularization in tumors14,32,37.  
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Level of COX-2 was found to correlate with both VEGF expression and tumor 

vacularization in HNSCC68. Previous studies have disclosed that overexpression of 

COX-2 in epithelial cells leads to enhanced production of vascular growth factors and 

the formation of capillary-like networks32,37. 

COX-2, PGE2, and VEGF levels have been previously assessed using histological and 

immunohistochemical analysis and the authors observed increased COX-2, PGE2 and 

VEGF (mRNA and protein) in tumor tissues and increased angiogenesis in adjacent 

tissue68. 

Tumors expressing COX-2 often produce VEGF and basic fibroblast growth factor 

(FGF), two growth factors associated with angiogenesis37. VEGF is a specific 

endothelial cell promoter because it acts by binding to its receptors (VEGFR-I and 

VEGFR-II) that exist in the cytoplasmic membrane of endothelial cells. VEGF is also 

called vascular permeability factor because of its ability to increase vessel permeability, 

which is important during both angiogenesis and inflammation processes. Because 

COX-2 and its main products (prostaglandins) are mainly regarded as inflammatory 

factors, it is probable that they stimulate VEGF to induce permeability. COX-2 

overexpression is strictly related to increased VEGF protein expression, and both factors 

are positively correlated with tumor angiogenesis5. Furthermore, increased expression 

of VEGF, which enhances angiogenesis and vascular permeability, has been found in 

some odontogenic tumors69. These features suggest that VEGF is an important mediator 

of tumor angiogenesis and that upregulation of VEGF might be associated with 

tumorigenesis of odontogenic epithelium69,70.  
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2.1.6. - COX-2 and cell adhesion molecules 

 
Cells are neatly glued to each other and their surroundings by a variety of cell adhesion 

molecules, and aberrations in such interactions can lead to pathologic conditions. 

Invasion and metastasis of various neoplastic lesions have been reported to correlate 

with altered adhesive systems involving cell adhesion molecules, such as E-cadherin, E-

selectin, integrins, and CD44. 

Integrins and CD44 mediate cell–cell and cell–extracellular matrix adhesion in various 

tissues70. Ameloblastomas have shown expression of several integrins and CD44 

predominantly at epithelial-mesenchymal interfaces, suggesting that these cell adhesion 

molecules might mediate parenchymal-stromal interactions in the odontogenic tumors70. 

Overexpression of COX-2 correlates with increased CD44, a cell surface receptor for 

hyaluronate and increased production of PGs is associated with activation of 

metalloproteinase-2 enzymes, which break down collagen matrix of the basement 

membrane3,12. COX-2 inhibition and specific blockade of CD44 significantly decreased 

the invasiveness of tumor cells71,72. 

 

2.1.7. - COX-2 and molecular targeted therapies 

Stolina M et al showed that inhibition of COX-2 leads to marked tumor lymphocytic 

infiltration and reduced tumor growth and that anti-PGE2 monoclonal antibodies (mAb) 

replicate the growth reduction seen in tumor-bearing mice treated with COX-2 

inhibitors, causing a significant decrease in IL-10 and a concomitant restoration of IL-

12 production by APCs. Because the COX-2 metabolite PGE2 is a potent inducer of IL-

10, they hypothesize that COX-2 inhibitors lead to antitumor responses by down-

regulating production of this potent immunosuppressive cytokine48. 
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Additionally, inhibition of COX-2 enzymatic activity in HNSCC abrogates outgrowth 

of regulatory T cell subset Tr1 and neutralizing mAbs to IL-10 and/or TGF-β abolish 

Tr1-mediated suppression73. 

Finally, targeting COX-2 and EGFR separately has shown promising antitumor activity, 

but recent combinations of COX-2 and EGFR tyrosinekinase inhibitors have shown 

synergistic/additive effects in preclinical studies making this novel strategy more 

promising in head and neck cancer chemoprevention74,75. 

 

3 - Conclusion 

There is a need to further investigate molecular markers associated with the biological 

behaviour of tumors, in order to better understand their underlying molecular 

mechanisms and to predict their behaviour. This may also lead to the development of 

new therapeutic applications, such as molecular-targeted treatment and patient tailored 

therapy.  

Furthermore, the expression of COX-2 in benign odontogenic tumors of the jaws with 

an aggressive behaviour, such as the keratocystic odontogenic tumors (KCOT), might 

shed some light over the physiopathology and clinical behaviour of this neoplasm. 
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1 - Introduction 

In 2005 the World Health Organization (WHO) changed the name of odontogenic 

keratocyst into keratocystic odontogenic tumor (KCOT).1 The diagnostic 

histomorphological criterium is the presence of a parakeratinizing epithelial lining 

showing a corrugated surface, together with a number of architectural features of the 

epithelium, such as a six to eight layers thickness and the presence of columnar, 

palissaded basal cells. Cystic lesions lined by orthokeratinizing epithelium have been 

excluded by the WHO from the diagnosis of KCOT. This variant is now known as an 

orthokeratinized odontogenic cyst. Overall, reported recurrence rates after various types 

of treatment range from 0% to 100%, with enucleation showing the worst recurrence 

rates (between 0% and 56%). Most recurrences present within the first 5–7 years. 

A KCOT is a benign intraosseous tumor that derives from remnants of the dental lamina 

and comprises approximately 10% of all jaw cysts. KCOTs have a predilection for 

males and occur mainly in the second and third decade of life. The KCOT may occur 

anywhere in the jaws but is most frequently found in the posterior region of the 

mandible. Clinical symptoms may consist of swelling and pain. Radiographically, the 

tumor presents as a unilobular or multilobular, sometimes expansile, radiolucency. The 

KCOT may appear as a single lesion or in a multiple fashion, the latter being one of the 

stigmata of the nevoid basal cell carcinoma syndrome (NBCCS). However, multiplicity 

of KCOTs in NBCCS does not imply that the patient should have more than one cyst at 

a time; it rather refers to the lifetime history of the patient. 
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There are different ways to treat a KCOT. Conservative surgical treatment may consist 

of enucleation with or without the use of adjunctive treatment, e.g. the application of 

Carnoy’s solution or liquid nitrogen; marsupialization is another conservative treatment 

modality as is decompression followed by enucleation. Occasionally, more aggressive 

surgical treatment is indicated in which even the continuity of the mandible may have to 

be sacrificed. 

The purpose of the present study is to evaluate the recurrence rate in conservative 

surgical treatment performed in the period between 1975 and 2009 in a single 

institution. 

2 - Material and methods 

This retrospective study is performed at the VUmc, Amsterdam, The Netherlands. In the 

period between 1975 and 2009 a total number of 137 patients were histologically 

diagnosed with an odontogenic keratocyst. All histological slides were re-evaluated, 

applying the criteria of the WHO.1 

Ten patients were excluded because of doubt after the histological re-evaluation. 

Another twelve patients were excluded because of an established or suspected diagnosis 

of NBCCS due to the synchronous presence of multiple KCOTs. Eleven patients 

primarily treated at another hospital were excluded as well. Only patients with a follow-

up of at least twelve months have been included. As a result, 32 patients were excluded 

because of lack of sufficient follow-up. The hospital records of three patients were not 

available; these patients were excluded as well. Only one patient was treated with  
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marsupialization followed by enucleation. Since the result of this individual patient 

could not be compared with any of the other patients, this patient was excluded as well. 

Altogether, 68 patients have been included (Table 1). 

 No. of patients   No. excluded 
 

Patients diagnosed with a KCOT  137 

 Histopathological re-evaluation   10 

 BNS    12 

 Primarily treated in another hospital   11 

 Follow-up < 12 months   32 

 No patient record     3 

 Marsupialization followed by enucleation     1 

 

Patients included in the present study  68 

 

Table 1 - Exclusion criteria 

 

The male-female ratio amounted 1.72:1, with the age ranging from 12 years to 79 years 

with a mean of 39.5 (SD: 19.7). Localization of the KCOT has been divided in five 

categories: 1) anterior maxilla; including the region between the upper canines, 2) 

posterior maxilla, including the region from the first premolar to the third molar, 3) 

anterior mandible, including the region between the canines, 4) posterior mandible, 

including the region from the first premolar to the third molar, and 5) mandibular ramus. 

The mandible was affected in 76.5% of the patients, particularly in the posterior region 

(51.5%). 

 



 58 

Chapter 3______________________________________________________________________ 

Two types of treatments were registered: 1) enucleation, and 2) marsupialization. In 

85.3% of the patients the treatment consisted of enucleation; in 14.7% of the patients the 

treatment consisted of marsupialization. No adjunctive treatment, such as the 

application of Carnoy’s solution, had been used. Extraction of teeth in the involved site 

had been reduced to a minimum. Every effort has been undertaken to spare nerves, such 

as the mental nerve and the alveolar inferior nerve. 

The follow-up protocol consisted of clinicoradiological examination at 6-months 

intervals in the first year, followed by annual examination up to five years, and 

biannually thereafter until a maximum of 10 years. The mean time of the follow-up 

lasted 65.1 months, ranging from 12 to 242 months. (SD: 53.2). The end-point of the 

study was an uneventful follow-up period of ten years or a recurrence. A recurrent 

KCOT is defined as a KCOT arising at the same location as the primary KCOT after a 

period of at least 6 months. 

Gender, age at time of diagnosis, localization, treatment and follow-up have been 

summarized in table 2. 
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 No. of patients     (%) 

Gender 

 male  43        (63.2) 

 female  25        (36.8) 

 

Age 

 Mean: 39.51 years, ranging from 12 to 79 years 

 

Location 

 Maxilla 

  anterior  6         (8.8) 

  posterior  10       (14.8) 

 Mandible 

  anterior  3         (4.4) 

  mandible posterior  35       (51.5) 

  ramus  14       (20.6) 

 

Treatment 

 Enucleation 58       (85.3) 

 Marsupialization 10       (14.7) 

 
Table 2 - Primary KCOT (n=68) 

 

 

Statistical analysis was performed using SPSS 18.0 (SPSS Inc., Chicago, IL, USA) 

statistical package. The statistical significance was analyzed by Fisher’s exact test. Data 

were considered statistically significant if p-value < 0,05 
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3 - Results 

In 16 patients (23.5%) a recurrence has been observed. The KCOT recurred in 12 out of 

the 43 men and in 4 out of the 25 women, which is not statistically significant (p=0,37). 

The age of the patients who developed a recurrence ranged from 13 to 63 years, with a 

mean of 34.5 years (SD: 17.0); apparently, age is not significantly related to recurrences 

of a KCOT either. 

The mean time between the primary treatment and the recurrence is 49.5 months, 

ranging from 6 and 101 months (SD: 29.6). Of the 52 mandibular KCOTs, 15 (28.9%) 

recurred, while this was the case in only one (5.6%) of the 16 maxillary KCOTs, the 

difference not being statistically significant (p=0,093) (Table 3). There was no 

preference for either mandibular subsite. 

 

 

 

 

 

 

 

 



                                                                                                                   61 
 

                                                                                                                                             Chapter 3     

  No. of patients (%) 

Gender 

 male  12 (75.0) 

 female  4 (25.0) 

 

Age 

 Mean: 34.5 years, ranging from 13 to 63 years 

 

Location 

 Maxilla 

  anterior  0 (0.0) 

  posterior  1 (6.3) 

 Mandible 

  anterior  1 (6.3) 

  mandible posterior  10 (62.6) 

  ramus  4 (25.0) 

 

Treatment 

 Enucleation 12 (75.0) 

 Marsupialization 4 (25.0) 

 

Time interval between treatment and recurrence (both treatment modalities 

together) 

 Mean: 49.50 months, ranging from 6 to 101 months 
 
Table 3 - Recurrent KCOT (n=16) 

The lowest recurrence rate regarding treatment modality was observed after enucleation, 

although the differences were not statistically significant (p= 0,229). Enucleation was 

performed in the majority of patients (n=58), of which 12 (20.7%) suffered from a 

recurrence. Marsupialization (n=10) resulted in a recurrence rate of 40% (table 4). The  
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mean time of recurrence for patients treated with enucleation and marsupialization was 

46.67 months (SD: 29.5) and 58.0 months (SD: 32.5), respectively. 

 
Treatment No. of patients No. of recurrences (%) 

 

Enucleation 58  12 (20.7) 

Marsupialization 10  4 (40.0) 

 

Total 68  16 (23.5) 

 
Table 4 - Recurrence by treatment modality 

 
 

4 - Discussion 

The re-evaluation of all slides was performed by an oral pathologist. In the presence of 

an inflammatory infiltrate the characteristic histopathological features of the epithelial 

lining may hardly be recognizable anymore. If there was any doubt, and also in the few 

cases of orthokeratinization, the patient was excluded from the study. All recurrences 

were histopathologically re-evaluated as well. 

A surprisingly high number of 32 patients (30.7%) out of 104 eligible patients was lost 

to follow-up within one year after the initial treatment. There are no reasons to believe 

that the drop-out figure in the present study has significantly influenced the results. In 

view of our conservative surgical approach, carrying a distinct calculated risk of 

recurrence, the lack of compliance is a reason to reconsider our treatment philosophy. 
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In most studies on KCOT a male predominance has been reported, as is the case in the 

present one; only in a few studies a female predilection has been observed.2 The mean 

age of 39.5 years in our series of patients is in accordance with most papers on KCOT in 

which NBCCS patients have been excluded.3 Occurrence of the KCOT in the mandible 

was found in 76.5% of the patients which is in accordance with most studies reported in 

the literature as well. In the present study the mean time of follow-up was 65.1 months. 

In several studies the follow-up period has not been mentioned. 

Our overall recurrence rate is 23.5% with a mean age at the time of initial treatment of 

34.56 years, which is not significantly lower than of patients without recurrence (41.0 

yrs). The low recurrence rate of maxillary KCOTs is perhaps due to late detection since 

such recurrences will not be readily noticed on a panoramic view. Actually, imaging by 

CT or MRI would be more appropriate in the follow-up of maxillary KCOTs. Most 

recurrences appeared within five years postoperatively, as has been reported in other 

series as well.4 The recurrences in KCOT may not be the result of the type of surgical 

management, but rather a reflection of the nature of the lesion itself.5-7 

Numerous studies have been carried out on the expression of proliferative and anti-

proliferative markers such as p53, Ki-67, PCNA, Bcl-2, and Bax to elucidate any 

relationship between histological features of KCOT and biological potential.8 Although 

little is known about the relationship between cell proliferative markers and recurrence, 

Kuroyanagi et al. suggested that a high Ki-67 expression in KCOT might serve as a 

prognostic marker.9 On the other hand, Ki-67 labeling index of the epithelial cells have 

also been reported to diminish proportionally with the grade of IL-1a mRNA expression 

after  marsupialization.10 This finding is suggestive of the regulation of epithelial cell  
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proliferation in KCOT by IL-1a, which is also known for stimulating the production of 

PGE2 in KCOTs fibroblasts.11 Ogata et al. also demonstrated that IL-1a may stimulate 

COX-2 expression in KCOTs through the NF-kB cascade.11 

In the present study, enucleation showed a recurrence rate of 20.7%. In some studies a 

distinction is made between enucleation in one piece versus enucleation in several 

pieces;12,13 in the present study no such distinction was made. Due to the often thin wall, 

enucleation in one piece without any type of fragmentation may actually be difficult to 

accomplish in most instances. The high recurrence rate of 40% in marsupialization in 

the present study can probably be explained by the large size of these cases, but perhaps 

also by the biological behaviour of such large lesions. 

When interpreting recurrence rate figures one should take into account the morbidity of 

the treatment. In the present series extraction of teeth has been kept to a minimum. In 

fact, only associated wisdom teeth have been removed in the enucleation procedure and 

other teeth only when badly decayed. Patients often preferred the risk of a recurrence 

rather than having to loose one or more vital teeth. Admittedly, such strategy may have 

hindered optimum enucleation. The same applies to the policy with regard to sparing 

nerves. 

In two large reviews,14,15 comparing enucleation alone versus enucleation and 

adjunctive treatment with Carnoy’s solution an overall benefit of the use of Carnoy 

became apparent, although not all the reviewed studies were consistent in this respect. 

Unfortunately, there are no prospective randomized studies on this topic. Since the 

diagnosis of KCOT is often a postoperative one, one might consider using Carnoy’s  
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solution in the treatment of every cystic lesion of the jaws. A preoperative diagnosis of 

KCOT is not always reliably to obtain, since the specimen may not be representative of 

the entire lesion. Another disadvantage of a biopsy is the induction of inflammation 

which may hinder the enucleation procedure. Also a preoperative biopsy has its 

limitations, partly due to the risk of not being representative and partly due to the 

limited time that is available for the pathologist to arrive at the proper diagnosis on an 

often suboptimal quality of sections. 
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1 - Introduction 

The odontogenic keratocyst has been one of the most controversial pathological entities 

of the maxillofacial region since Philipsen first described it in 19561. The World Health 

Organization recent classification of Head and Neck Tumors reclassified the keratocyst 

as a benign neoplasm, recommending the term “keratocystic odontogenic tumor” 

(KCOT)2. The former orthokeratinized variant of the odontogenic keratocy is at present 

not recognized as being part of the spectrum of a keratocystic odontogenic tumor2. 

Multiple KCOTs are indicative of the presence of the nevoid basal cell carcinoma 

syndrome (NBCCS)3. In the absence of other features of NBCCS, single or multiple 

KCOTs may be an incomplete form of this syndrome3. 

2 - Clinical and radiological features 

KCOTs are more often located in the mandible, mainly in the posterior body, the angle 

region and the ascending ramus4-6. Maxillary tumors are more prone to infection, even 

when small, making it more likely to be diagnosed at an earlier stage of their 

development7. Extraosseous occurrence of a KCOT is exceedingly rare. 

Radiographically, KCOTs may appear as small, round or ovoid, radiolucent lesions with 

often scalloped, multilobulated and distinct margins5,8,9. Large size KCOTs are 

particularly common at the angle of the mandible and ascending ramus7,10,11 and may be 

significant in children9. Downward displacement of the inferior alveolar nerve has been 

reported7,10,11,12. True multilocular presentation is rare. Expansion of cortical bone is less 

common than in ameloblastoma9 (Fig.1). 
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Figure 1 - Large KCOT in the right ascending ramus of the mandible with expansion of 

the cortical bone 

The radiological features of KCOT are not pathognomonic. In 25% to 40% of cases an 

unerupted tooth is involved5, which results in a clinico-radiographical diagnosis of 

dentigerous cyst. Other differential diagnosis may include ameloblastoma, radicular 

cyst, simple bone cyst, central giant cell granuloma, arteriovenous malformation, and a 

number of fibro-osseous lesions13-15. 

The KCOT may appear as a single lesion or in a multiple fashion, the latter being one of 

the stigmata of the nevoid basal cell carcinoma syndrome (NBCCS)2. However, 

multiplicity of KCOTs in NBCCS does not imply that the patient should have more than 

one cyst at a time; it rather refers to the lifetime history of the patient16. 

3 - Histopathologic and molecular features 
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The main histopathological features defined in 2005 (Table 1) enable to differentiate 

KCOTs from jaw cysts with keratinization2 (Fig.2). 

 - Well defined, often palisaded, basal layer of columnar or cuboidal cells 

- Intense basophilic nuclei of the columnar basal cells oriented away from the 

basement membrane 

- Parakeratotic layers with an often corrugated surface 

- Mitotic figures frequently present in the suprabasal layers. 

 

Table 1 - Main histopathological features (WHO, 2005)2 
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Figure 2 - Typical histopathological features of a KCOT depicted in a combined low power view 

(H&E, x100) and high power view (H&E, x400) 

 

The epithelium can show budding of the basal layer into the underlying connective 

tissue with formation of detached microcysts, which have been termed daughter 

cysts17,18 (Fig. 3). Some studies have suggested that parakeratinization, intramural 

epithelial remnants and satellite cysts are a more frequent observation among KCOTs  
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associated with NBCCS19,20. The fibrous cyst wall is relatively thin and usually lacks an 

inflammatory cell infiltrate18,21.  

 

 
Figure 3 - Daughter cysts in the wall of a KCOT (H&E, x50) 

 

González-Alva et al. further reported the presence of koilocytosis, which is a feature 

generally associated with human papillomavirus (HPV) infection22. However only one 

case has been reported in the literature showing a relation between KCOT and HPV23. 

Early studies reported evidence of high mitotic activity, high epithelial turnover rate, 

prostaglandin-induced bone resorption, and active collagenases in the fibrous tissue 

lining24.  
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The epithelial lining may occasionally show features of epithelial dysplasia2, and 

malignant transformation into squamous cell carcinoma, though rare, has been 

reported25-30. 

KCOTs have a weak and discontinuous linear staining for laminin and collagen IV, 

suggesting interactions between the epithelium and the adjacent connective tissue31,32.  

Furthermore, suprabasal staining with markers of proliferation, such as Ki-67 and 

proliferating cell nuclear antigen (PCNA)33 and more significant staining with p53 as 

compared to the other odontogenic cysts34,35 have been reported. Agaram et al claimed 

that the daughter cysts were associated with a higher frequency of allelic losses36. 

Biological markers have showed an epithelial and stromal similarity between KCOT 

and ameloblastoma37,38,39. 

Furthermore, focusing on the importance of the epithelial-mesenchymal interactions in 

odontogenic tumors, previous studies supported that the stroma of keratocysts should 

not be regarded just a structural support of the cyst wall, but rather as portraying the 

features of a "tumoral stroma”40,  

Recent studies involving the components of the connective tissue in KCOT revealed 

some resemblance with the stromal components of aggressive tumors such as 

ameloblastoma: high frequency of stromal myofibroblasts38, differences in the collagen 

fibers of the extracellular matrix40, high enzymatic activity with increased matrix 

metalloproteinases (MMPs)41,42 and mast cell tryptase43, and increased expression of 

receptor activator of nuclear factor-ĸB (RANK), RANK ligand (RANKL),and 

osteoprotegerin (OPG)44. 
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Overall, a series of genetic and molecular mechanisms, not yet fully understood, 

appears to promote the development and progression of tumors via a multiple step 

mechanism45. 

4 - Recurrence rates 

We reviewed articles that met the following criteria: histological diagnosis of 

keratocyst, clear description of the treatment and a defined follow-up period (Table 

2)5,46-75. Overall, recurrence rates ranged from 0 to 100%, with enucleation showing the 

worst recurrence rates (between 0% and 56%), as opposed to resection which showed a 

recurrence rate of 0% in all reviewed series.  

The lengths of postoperative follow-up periods, operative techniques employed, 

differences in location of cysts, presence or absence of infection, associated teeth, 

involvement of mucosa, size of the lesion, or inclusion of cases with NBCCS are 

thought to be related with these discrepancies18,76. 

 
Author Number of 

KCOTs 

Treatment Recurrence 

Rate % 

Zachariades et al51 16 Enucleation (14) 

Marsupialization (2) 

29 

0 

Forsell et al57 

 

75 Enucleation (one piece) (28) 

Enucleation (several pieces) (41) 

Marsupialization (5) 

18 

56 

60 

Brondum et al50 44 Enucleation + osteotomy (32) 

Marsupialization + enucleation (12) 

25 

0 
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Eufinger et al59 49 Marsupialization (3) 

Enucleation (78) 

One piece (23) 

Curetage (31) 

Cystectomy (11) 

Carnoy (5) 

100 

39 

13 

29 

27 

20 

Dammer et al49 38 Enucleation (32) 

Enucleation + Carnoy (2) 

Resection (0) 

4,6 

50 

0 

Chow52 70 Enucleation (68) 

Enucleation + Carnoy (23) 

Resection (1) 

8,8 

4,3 

0 

Bataineh et al60 31 Resection (31) 0 

Browne61  Marsupialization (12) 

Enucleation (72) 

25 

23,6 

Schmidt62 26 Enucleation + liquid nitrogen 11,5 

Stoelinga53 80 Enucleation (33) 

Enucleation + excision of overlying 

mucosa + Carnoy (38) 

Enucleation + excision of overlying 

mucosa (6) 

Enucleation + Carnoy (5) 

18,2 

7,9 

 

0 

 

0 

Zhao et al48 255 Enucleation (163) 

Enucleation + Carnoy (43) 

Marsupialization + enucleation (11) 

Resection (76) 

17,8 

6,7 

0 

0 

Nakamura et al63 24 Marsupialization (5) 

Marsupialization + enucleation + 

curettage (25) 

Enucleation (15) 

0 

26,1 

 

20 

Pogrel et al64 10 Marsupialization 0 
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Morgan et al50 40 Enucleation (11) 

Enucleation + Carnoy (2) 

Peripheral osteotomy (11) 

Peripheral osteotomy + Carnoy (13) 

En-bloc resection (3) 

54,5 

50 

18,2 

0 

0 

Jensen et al65 25 Enucleation (12) 

Enucleation + cryotherapy (13) 

33 

38 

Hodgkinson et al66 75 Enucleation (55) 

Curettage (15) 

Resection (2) 

Marsupialization (3) 

38 

2,6 

0 

100 

Irvine et al67 15 Enucleation (7) 

Radical enucleation (6) 

Resection (2) 

0 

16,7 

0 

Stoelinga et al68 44 Enucleation (22) 

Enucleation + Carnoy (20) 

9,1 

0 

Chuong et al55 23 Enucleation (22) 

Resection (1) 

18,2 

0 

Partridge et al56 45 Marsupialization (2) 

Enucleation (30) 

Curretage (11) 

Resection (2) 

0 

36,7 

9,1 

0 

Voorsmit et al54 92 Enucleation (52) 

Enucleation + Carnoy (40) 

13,5 

2,5 

Kondell et al69 29 Enucleation (29) 24,1 

Donoff et al70 13 Enucleation (13) 15,4 

Bradley et al71 3 Enucleation + cryotherapy (3) 0 

Marker et al72 23 Decompression + enucleation (23) 8,7 

Chirapathomsakul et al5 51 Marsupialization (13) 

Enucleation (30) 

16,7 

13,3 
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Enucleation + Carnoy (11) 

Enucleation + curettage (2) 

Marginal resection (1) 

Segmental resection (6) 

20 

100 

0 

16,7 

Maurette et al73 28 Marsupialization + enucleation + 

curettage (20) 

Enucleation + curettage (10) 

14,3 

 

0 

Driemel et al74 86 Marsupialization (6) 

Enucleation (46) 

Enucleation + curettage (17) 

Enucleation + osteotomy (14) 

Resection (11) 

66,7 

13 

17,6 

14,3 

0 

Habibi et al47 83 Enucleation (66) 

Marsupialization (6) 

Marsupialization + enucleation (11) 

7,6 

33,3 

0 

Madras et al75 27 Enucleation and curettage (22) 

Marsupialization (3) 

Resection (2) 

27,2 

0 

0 

Gosau et al46 34 Enucleation (22) 

Enucleation + Carnoy (14) 

50 

14,3 

 

Table 2 - Review of the literature regarding the correlation of treatment and recurrence 

rate5,46-75 

 

Most recurrences will present within the first 5-7 years4,13,53,76-79, although recurrences 

have been reported to occur 9 or more years after the initial treatment48,77,80. Gosau et al 

reported that recurrences occurred more often in larger lesions than in smaller ones46, 

although Kuroyanagi et al. has reported that size did not have any influence in the  
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recurrence rates portrayed in their study18. Woolgar et al listed 3 different hypotheses 

that might explain the high recurrence rate in KCOT76: 

a) Incomplete removal of the original cyst lining 

b) Growth of a new KCOT from small satellite cysts or odontogenic epithelial rests 

left behind by the surgical treatment 

c) Development of an unrelated KCOT in an adjacent region of the jaws that is 

interpreted as a recurrence  

Stoelinga’s analysis on the nature of the recurrences supports that the highly active 

basal layer of the KCOT epithelial lining may lead to recurrences if parts of it are left 

behind81. Microcysts present in the connective tissue of the cyst wall and left behind 

after enucleation may also be a cause of recurrence, although some authors hypothesize 

that the majority of islands and microcysts are located in the mucosa to which the cyst is 

attached81. The active budding of the basal layer of the epithelial lining of some KCOT 

may reach to the periphery of the connective tissue wall, thus becoming the source of a 

true recurrence76,82,83. In fact, epithelial islands and/or microcysts have been reported in 

the overlying, attached mucosa, in almost all cases of recurrent KCOTs, although no 

microcysts have been shown in the surrounding bone whenever block resections were 

carried out81.  

The recurrences in KCOT may not be a consequence of the type of surgical 

management, but rather a reflection of the nature of the lesion itself22. Numerous studies 

have been carried out on the expression of proliferative and anti-proliferative markers  
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such as p53, Ki-67, PCNA, Bcl-2, and Bax to elucidate any relationship between 

histological features of KCOT and biological potential84. Although little is known about  

the relationship between cell proliferative markers and the recurrence in the KCOT, 

Kuroyanagi et al suggested that Ki-67 expression in KCOT at the time of diagnosis 

might be helpful for consideration of adjunctive surgical procedures to avoid a 

recurrence and might, in fact, serve as a prognostic marker18. 

Recurrence has been reported to be higher both in tumors associated with NBCCS and 

in lesions arising from the mandible84,85. In the absence of other features of NBCCS, 

single or multiple KCOTs may also be an incomplete form of this syndrome3. 

Additionally, histopathological studies suggest that parakeratinization, intramural 

epithelial remnants and satellite cysts are a more frequent observation among KCOTs 

associated with NBCCS58. Thus, in patients with recurrent KCOTs, associated with 

parakeratinisation, intramural epithelial remnants and satellite cysts, a single recurring 

cyst might be considered as the only manifestation NBCCS, therefore requiring the 

excision of the overlying surface epithelium in order to achieve a successful treatment19. 

5 - Management options and possible molecular correlations 

Considerable debate still exists regarding the recurrence rate and morbidity associated 

with the management of this tumor. Several treatment options have been described in 

the literature, ranging from simple enucleation with or without the use of adjunctive 

treatment to more aggressive surgical removal5,46-75.  
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5.1. - Enucleation 

Enucleation consists on the removal of a lesion by shelling it out of the bone24,86. 

Complete removal of the cyst enables histopathological examination of the entire 

lesion64. Many authors reported difficulties in the enucleation and curettage of KCOTs 

with or without cortical perforation due to adherence of the keratocyst’s thin lining to 

adjacent bone or soft tissues24, especially in large multilocular KCOTs. The thin friable 

epithelial lining, limited surgical access, skill and experience of the surgeon, cortical 

perforation, and the desire to preserve adjacent vital structures may lead to incomplete 

removal of the KCOT50. Chirapathomsakul et al. reported that 6 out of 7 recurrent 

lesions were found in the symphysis-body region, because the surgeons tended to treat 

this region conservatively5. Moreover, recurrent lesions were also found more 

frequently in the mandibular area and when associated with the remaining teeth, due to 

the difficult access and thus incomplete removal of all cystic tissue5.  

All efforts must aim to proper eliminate possible remnants of the cyst wall81. If 

enucleation is chosen as a surgical treatment, special attention must be given to the 

dentate area; teeth removal should be considered if there is any doubt of leaving 

pathologic tissue behind5. In general, elimination of the epithelial islands and 

microcysts located in the overlying, attached mucosa is advised by excising this part of 

the mucosa81.  

Recent studies examined clinico-pathological and immunohistochemical findings in 

KCOTs following simple enucleation and reported an higher presence of daughter cysts 

and epithelial budding among the lesions that experienced recurrence18. Presence of  
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daughter cysts87 and expression of PCNA88 have been previously reported to be related 

to the recurrence of KCOTs. In fact, Myoung et al has shown daughter cysts to be 

significantly associated with high rate of recurrence89. Interestingly Ki-67 and p53 

expressions does not seem to be associated with the presence of daughter cysts and 

epithelial budding18. 

Nevertheless, Kuroyanagi et al reported an higher expression of Ki-67 in the basal layer 

of recurrence group and further advocated that although there are no studies correlating 

dysplasia in the cyst lining to recurrence of KCOT, high Ki-67 index might be a 

surrogate marker supporting the concept of indolent dysplasia in KCOT lining18. 

5.2. - Enucleation with adjunctive therapies 

Among the adjunctive therapies that have been proposed, use of Carnoy’s solution, 

peripheral osteotomy, cryotherapy and electrocautery are the most common ones60,86. 

Voorsmit reported the use of a modified Carnoy’s solution 3 minutes prior to surgical 

enucleation as adjunct treatment54. Recent hospital policy banning the use of chloroform 

led to some modification to the classic Carnoy’s solution50. Enucleation plus the 

application of Carnoy’s solution reduced the recurrence rate of KCOTs compared with 

simple enucleation46. 

The purpose of using Carnoy´s in the treatment of bony defects, placing it in the cyst 

cavity before enucleation or in the bony cavity after enucleation90, is to eliminate 

epithelial residues from cyst walls that may have been left behind after enucleation thus 

leading to recurrences53. 
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According to Stoelinga81, a mild, not deeply penetrating, cauterizing agent such as 

Carnoy’s solution, which has a mean bone penetration depth of 1.54 mm after 5 

minutes12, should be enough to eliminate any epithelial islands which are bound to be 

located rather superficially in the defect. 

Zhao advocated the application of Carnoy’s solution before enucleation for 10-15 

minutes48, although in cases in which the inferior alveolar nerve was visible in the bony 

cavity after enucleation caution was advised not to apply the Carnoy’s solution directly 

in the area or beyond 3 minutes91. Special care must be taken to eliminate the bony 

septae in multilocular lesions in order to guarantee proper treatment of the whole bony 

cavity with Carnoy’s solution81. Electrocauterization has been suggested as an 

adjunctive treatment modality in cases where the lingual or buccal cortex has been 

penetrated by the cyst to avoid a recurrence in the soft tissues81. 

Combined enucleation and liquid nitrogen cryotherapy has been reported54,57. After 

enucleation the bony cavity is frozen with a cryoprobe (at –70°C) for 1 minute, twice. If 

soft tissues are involved, they are frozen for 30 seconds, twice65. 

5.3. - Marsupialization and decompression 

Marsupialisation, first described by Partsch92,93, and decompression, although serving 

the same function and relying on the same basic principle, are different. They both 

relieve the pressure within the cystic cavity, but marsupialisation is a one-stage 

procedure and decompression is a two-stage procedure that requires the placement of a 

drainage tube, followed by (delayed) enucleation of the residual cyst94.  
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Those who criticize this approach argue that marsupialization/decompression does not 

allow a complete removal of the entire epithelial lining, which might lead to a 

continuous proliferation of the epithelium, thus facilitating recurrence60. Giuliani et al.24 

and Maurette et al.73 further state that the required compliance of the patient for a 

prolonged period of time may turn out to be a disadvantage. Furthermore, considering 

that ameloblastomatous4 or even malignant transformation have been described25-30, 

some authors consider the use of either technique a possible source of delay of the 

proper diagnosis24. 

Marker et al. showed that decompression/marsupialization led to histological changes of 

the cystic lining, eventually resulting in the replacement by oral epithelium72. Presence 

of inflammation after decompression/marsupialization is thought to change the biologic 

behaviour of the keratocyst into a less aggressive form, with some evidence showing 

that the epithelial lining transforms into nonkeratinizing epithelium33,95. The effect of 

inflammation in the epithelium of KCOT remains though a subject of controversy, with 

contradictory results being portrayed33,96.  

Ninomiya et al showed that strong expression of IL-1α mRNA and protein, mainly 

detected in the epithelial cells of KCOTs, significantly decreases after 

marsupialization97. In fact, Ki-67 labeling index of the epithelial cells diminishes 

proportionally with the grade of IL-1α mRNA expression after the marsupialization, 

suggesting that marsupialization may reduce the size of KCOTs by inhibiting IL-1α 

expression and the epithelial cell proliferation97. IL-1 is known to stimulate the 

production of PGE2 in KCOTs fibroblasts. Ogata et al showed that IL-1α enhanced the 

expression of COX-2 mRNA and protein, and PGE2 secretion in fibroblasts, through  
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protein kinase C (PKC)-dependent activation of extracellular signal-regulated protein 

kinase-1/2 (ERK1/2), p38 mitogen-activated protein kinase (MAPK), and c-Jun N-

terminal kinase (JNK) signaling pathways98. PKC inhibitor staurosporine inhibited IL-

1α-induced phosphorylation of ERK1/2, p38, and JNK, and decreased IL-1α-induced 

COX-2 mRNA expression. He also demonstrated that IL-1α may stimulate COX-2 

expression in KCOTs thru the NF-ƙB cascade98. 

Recent in vitro studies confirmed that IL-1 stimulates epithelial cell proliferation 

directly99, and/or indirectly by inducing the secretion of some factors such as 

keratinocyte growth factor (KGF) from the interacting fibroblasts100. 

Disappearance of cytokeratin-10 from the epithelial lining, which is thought to be of 

value in the diagnosis of KCOT95, may be another mechanism involved in the success 

of marsupialisation/decompression. August et al. evaluated the epithelium of KCOTs 

after decompression and reported differentiation of the epithelium, with 64% of the 

patients presenting loss of cytokeratin-10 expression in analyzed epithelium101. 

5.4. - Resection 

Based on the high recurrence rates, some advocate enucleation (with or without 

adjuvant therapies) for small unilocular KCOTs and suggest resection (marginal or 

segmental) and bone grafting for large lesions24.  

Zhao et al. reported on resection, with or without continuity defects, in large KCOTs 

and recurrent lesions48. A rim mandibulectomy involving approximately 1 cm around 

the lesion was performed, leaving the lower border of the mandible and the posterior  
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border of the ramus intact. Autogenous grafts or autogenous frozen lesional bone 

reimplantation was immediately used to reconstruct the defect after segmental 

mandibulectomy. 

Although Worrall recommended radical excision as the treatment of choice for KCOTs 

which have perforated bone102, others consider that resection should be particularly 

considered for treatment of a recurrent KCOT, in which case it should extend beyond 

the greatest extent of the lesion to ensure complete removal of remaining satellite cysts 

or epithelial remnants of cyst wall48.  

According to Stoelinga there are no studies or even case reports which support the 

presence of microcysts in the bone surrounding the KCOT81,103, which makes him very 

critical of proponents of radical resections including continuity resections of the 

mandible or maxillectomies. He states that studies on recurrent keratocysts have shown 

that in almost all cases epithelial islands and or microcysts are present in the overlying, 

attached mucosa103,104. 

Despite the rather low recurrence rate associated with radical resection of KCOTs46, the 

sometimes resulting defects lead some clinicians to consider such treatment as too 

aggressive24,48. Gosau et al. concluded that enucleation plus Carnoy’s solution results in 

a recurrence rate statistically comparable to that of resection, without unnecessarily 

aggressive surgery. Thus, radical surgery for KCOTs should be used only in patients 

with recurrences, in tumors that cannot be managed by other methods (e.g. KCOT 

present in the condyle)46 or in lesions that have undergone carcinomatous or 

ameloblastomatous transformation24,46. 
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6. - Conclusions 

Regardless of the treatment option, both clinical and radiographic follow-up remains 

mandatory for years after surgery, because recurrence may occur many years later. 

Recent genetic and molecular research has lead to important breakthroughs as to the 

physiopathology of KCOTs. Some proliferation markers (PCNA, p53 and Ki-67) are 

already known to be correlated with this tumor. Other markers known to be rapidly 

induced in response to growth factors, tumor promoters, cytokines, bacterial endotoxins, 

oncogenes, hormones and shear stress, such as COX-2, may also shed some light over 

the biological mechanisms involved in the development of this aggressive neoplasm of 

the jaws. 

Although prognostic factors based on clinico-pathologic and immunohistochemical 

findings for determining the potential for recurrence of KCOT still remains unclear, its 

use for determining the potential for recurrence of KCOT after surgical treatment may 

become important to successfully manage this neoplasm’s aggressive behaviour. 

In the future, the key element for management of KCOTs will probably rely on 

thorough knowledge of the biological basis of this tumor, thereby enabling a more 

tailored treatment approach.  
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1 - Introduction 

The odontogenic keratocyst has been one of the most controversial pathological entities 

of the maxillofacial region since Philipsen first described it in 19561. Due to its 

clinicopathological features, the revised classification of Head and Neck Tumors, 

published in 2005 by the World Health Organization, reclassified the odontogenic 

keratocyst as a benign intraosseous neoplasm, recommending the term keratocystic 

odontogenic tumor (KCOT)2. Its typical histological features include a thin 

parakeratinized squamous epithelium, approximately 5 to 8 cells thick, covered by a 

thin corrugated layer of parakeratin2-4. The basal layer exhibits a characteristic palisaded 

pattern with uniform nuclei2,3,5. The epithelium can show budding of the basal layer into 

surrounding connective tissue with formation of detached microcysts, which have been 

termed daughter cysts6. The fibrous cyst wall is relatively thin and usually lacks 

inflammatory cell infiltrate5. 

Malignant transformation into squamous cell carcinoma, though rare, has been 

reported7,8. Reported recurrences range from 0 to 100%3,9-12. These marked 

discrepancies are thought to be related to the different lengths of postoperative follow-

up periods, operative techniques employed or inclusion of cases with nevoid basal cell 

carcinoma syndrome (NBCCS) 13,14. There is a wide variety of surgical approaches 

depending on the size and extent of the lesions, including decompression, curettage, 

marsupialization, enucleation or resection12, with more meticulous surgical approaches 

correlating to a better prognosis7,15. 
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Significant differences on the molecular level between KCOT and other odontogenic 

cystic lesions suggest a different biological origin4. KCOTs have a weak and 

discontinuous linear staining for laminin and collagen IV, suggesting unusual 

interactions between epithelium and connective tissue16,17.  Furthermore, greater 

suprabasal staining with proliferation markers, such as Ki-67 and proliferating cell 

nuclear antigen (PCNA)18 and more significant staining with p53 as compared to the 

other odontogenic cysts13,19 have been reported. A series of genetic and molecular 

mechanisms appear to promote the development and progression of this tumor20-23. 

2 - Genetic mechanisms in the development and progression of KCOT 

Morphogenesis and cytodifferentiation of the teeth are under genetic control of 

regulators such as Sonic Hedgehog (SHH), bone morphogenetic protein (BMP), Wnt, 

HGF, and FGF24,25 and tumor-suppressor genes acting as regulators of cell growth26. 

Inactivation of these genes by mutations and/or loss of heterozygosity (LOH) results in 

tumor development27-29. Expression of Hedgehog signaling molecules - SHH, PTCH, 

smoothened (SMO), and GLI1 - has been detected in several odontogenic tumors30,31, 

suggesting that SHH signaling pathway plays a role in epithelial-mesenchymal 

interactions and cell proliferation during the growth of odontogenic tumors as well as 

during tooth development32,33.  

The PTCH encodes a transmembrane protein implicated in the Sonic Hedgehog (SHH) 

signal transduction pathway34, controlling cell fates, patterning, and growth in numerous 

tissues, including teeth35-37. PTCH is thought to combine with Smoothened (SMO) to 

form a transmembrane receptor complex which acts as the receptor for SHH ligands33,38.  
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When SHH signal binds to PTCH, which normally represses SMO, this inhibition is 

released, allowing SMO to activate the Gli-family zinc-finger transcription factors 

(GLI1)33, resulting in upregulation of the transcription of cellular proliferation genes39 

(Fig.1). Alterations, either inherited or sporadic, in the SHH signaling pathway genes 

might cause a number of developmental defects. Aberrant activation of the SHH 

signalling pathway during adult life has been shown to be related to tumor 

formation30,40-49. 

 

Figure 1 - Diagram of the Hedgehog pathway: in the absence of Sonic Hedgehog (SHH) protein, 

patched (PTCH) inhibits smoothened (SMO) so that there is no downstream signaling activity in 

the Hedgehog pathway; binding of SHH to the PTCH receptor relieves SMO inhibition, leading to 

activation of the GLI transcription factors which accumulates in the nucleus, upregulating the 

transcription of genes associated with cellular proliferation. 
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The SHH signaling pathway in the development of KCOT is not well known, although 

activation of this pathway may be related to the clinical behaviour and outcome of 

KCOT50. The immunohistochemical analysis of the expression pattern of PTCH, SHH 

and SMO in sporadic KCOTs showed that the recurrence of KCOT is related to SMO 

expression. Yagyuu et al showed that the cases with strong SMO expression presented 

an higher Ki67 labeling than SMO-negative cases50. 

Recent studies demonstrated that the PTCH gene, a tumor suppressor gene mapped onto 

chromosome 9q22.3-q31, is also involved in the etiology of KCOT51-55.  But sporadic 

KCOTs have also been shown in several studies to harbor germline mutations in the 

PTCH gene or loss of heterozygosity at 9q22.3-q349,52,54,56. Moreover, based on 

Knudson’s theory of homozygous tumor suppressor gene inactivation29, Lench et al52 

suggested that when multiple cysts are present in NBCCS patients, a predisposing 

mutation has already occurred in the germ line, thus requiring only a single mutational 

event in the somatic cell to cause homozygous inactivation and neoplastic progression, 

whereas in sporadic cysts two independent mutational events are required in the somatic 

cell.   

Barreto et al54 supported the ‘two-hits’ hypothesis29,56 according to which the syndrome-

related basal cell carcinomas (BCCs) and KCOTs probably arise from precursor cells 

that contain an hereditary ‘first hit’ and the allelic loss represents loss of the normal 

allele also known as “loss of heterozygosity” (LOH). Sporadic BCCs and KCOTs may, 

then, arise from susceptible cells in which two somatic ‘hits’ have occurred, one of 

which manifests as allelic loss. Thus, with the PTCH gene acting as a “gatekeeper  
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gene”, KCOTs cells that lost the PTCH function become targets of other genetic 

alterations, such as dysregulation of the oncoproteins cyclin D1 and p5357.  

Althought nonsense, frameshift, in-frame deletions, splice-site, and missense mutations 

have been associated with NBCC, haploinsufficiency of PTCH1, caused by interstitial 

deletion of 9q22.3, has also been associated with the syndrome58. Recent studies59 show 

for the first time the physiological impact of constitutive heterozygous PTCH mutations 

in primary human keratinocytes and strongly argue for a yet elusive mechanism of 

haploinsufficiency as decribed by Santarosa et al60. 

Genotypic analysis performed by Agaram et al4 using a panel of tumor suppressor genes 

revealed a significant clonal loss of heterozygosity (LOH) of common tumor suppressor 

genes such as p16, p53, PTCH and MCC in sporadic KCOTs. 

3 - Proliferation mechanisms and biological markers 

3.1) Growth factors 

Li et al disclosed that the expression of epidermal growth factor receptor (EGFR) in 

odontogenic cyst was lower in epithelium adjacent to areas of inflammatory cell 

infiltration, with a most consistent staining of basal and suprabasal cells61. The high 

levels of EGFR expression in KCOTs supported the view that they have an intrinsic 

growth potential not present in other odontogenic cysts. The lower EGFR expression 

reported both in the radicular cyst cells and the rests of Malassez from which they arise, 

contrasted with the maintenance of receptor expression in KCOTs which are derived  
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from dental lamina remnants, which may reflect epithelial-mesenchymal interactions 

and growth factor/receptor modulation61.  

TGF-α has also been shown to be expressed mainly in the basal and suprabasal layers62: 

89% of the KCOTs expressed higher levels of TGF-α compared with 50% in both 

dentigerous and radicular cysts. Thus, expression levels of TGF-α, EGF and EGFR 

suggest involvement of the growth factors in their pathogenesis62. 

Moreover, the immunohistochemical localization of HGF, TGF-β and their receptors in 

tooth germs and epithelial odontogenic tumors63 supports the hypothesis that these 

factors act on epithelial cells via paracrine and autocrine mechanisms.  

Angiogenesis is an essential part of embryogenesis, wound healing, inflammation, and 

tumor progression, controlled by molecules such as VEGF, FGF, HGF, TGF-β, 

interleukin-8 (IL-8), and TNF-α64-66. Immunohistochemical evaluation of microvessel 

density by means of the vascular endothelial marker CD34 has shown higher vascularity 

in benign and malignant ameloblastomas than in tooth germs32. Increased expression of 

VEGF has also been found in these odontogenic tumors67. These features suggest that 

VEGF is an important mediator of tumor angiogenesis and upregulation of VEGF might 

be associated with tumorigenesis32. 

3.2) p53, PCNA and Ki-67 

The proliferative activity of the lining epithelium of KCOTs has been the subject of 

various investigations aiming at the expression of p5368-71, proliferating cell nuclear  
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antigen (PCNA)57,72,73 and Ki6769,74. Such studies concluded that p53, PCNA and Ki67 

are more strongly expressed in KCOTs than in other types of odontogenic cysts13. 

A number of immunohistochemical studies have examined KCOTs employing various 

markers of proliferation and of apoptosis13,57,68,70-76. 

Several studies have assessed the expression of p5368-71 in relation to the proliferative 

activity of the lining epithelium of KCOTs. 

Although analysis of previously reported data must consider the different methods 

used57,68,74, according to Ogden et al, the described clinical features (recurrence, 

association with NBCCS, frequent multiplicity, etc) and the PCNA positivity in his 

sample’s KCOTs are significant as to KCOTs p53 positivity68. Other studies77 have 

revealed remarkably high values of p53-positive ratios of cells in the lining epithelium, 

showing the highest p53-positive ratio in the intermediate layer, in agreement with other 

authors68,74. However, according to Slootweg et al the overexpression of p53 protein is 

related to the proliferative capacity of the KCOT rather than increased numbers of p53+ 

cells69. 

Li et al concluded that immunocytochemical overexpression of p53 by KCOTs 

compared with the other odontogenic cysts was not the result of p53 gene mutation, but 

rather the result of overproduction and or stabilisation of normal p53 product related to 

cell proliferation71.  

A relatively low p53-positive ratio and a high TUNEL-positive ratio have been reported 

exclusively in the surface layer77, which may substantiate that the decrease in p53- 
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reactivity correlates with apoptosis in the surface layer. It has been postulated that p53 

transmits apoptotic signals via a complicated mechanism, and DNA strand breaks are 

sensed by kinases leading to the phosphorylation and activation of p5378, in which case 

p53 functions not only as an apoptosis-related protein but also as a marker of cellular 

proliferation KCOTs13. 

Studies on KCOTs showing a maximum positivity for p53 in areas with an intense 

expression of the proliferation marker PCNA and Ki-6757,68,69,79, support the concept 

that p53 overexpression in KCOTs probably results from an increase in wild-type p53 

related to the increased cell proliferation observed in these lesions80.  

Li et al79 results indicated an higher proliferative activity, as shown by PCNA activity, 

in KCOTs linings, in accordance with their aggressive clinical behaviour. Although they 

considered that the PCNA was associated with cell cycle related DNA synthesis, they 

were unable to determine whether the higher PCNA+ cell numbers in the epithelium 

represented a higher epithelial cell turnover rate or rather a prolonged cell cycle time. 

Furthermore, the number of PCNA+ cells per unit length of basement membrane was 

found similar to that of parakeratinised oral epithelium, which let them to conjecture 

whether KCOT experienced a greater lateral rather than vertical migration of cells that 

might explain the consistently narrow and regular KCOT epithelium concomitant with 

active cyst growth79. 

The predominant suprabasal distribution of PCNA+ cells was consistent with both their 

findings of EGFR expression in KCOT´s suprabasal cells61 and the high levels of p53 

protein activity in the suprabasal cells shown by Ogden et al68.  
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Ki-67 expression has been shown to be higher in the epithelium of KCOTs81 when 

compared to developmental and inflammatory cysts, with most of the Ki-67+ cells 

being detected in the suprabasal layers77,81. These results demonstrate that cells 

constituting the intermediate or suprabasal layers possess the highest proliferative 

activity in the KCOTs. The correlation between Ki-67 and PCNA reflects cell 

proliferation.  

3.3) Apoptotic mechanisms 

Previous reports comparing apoptosis related factors in sporadic KCOTs and KCOTs 

associated with nevoid basal cell carcinoma have been published13,57,74,75 and apoptotic 

cells have been found in the superficial cells of the lining epithelia of KCOTs through 

the TdT-mediated dUTP-biotin nick end labelling (TUNEL) method74,76. Among all 

proto-oncogenes, bcl-2, located at chromosome 18q21, is characteristically able to stop 

programmed cell death (apoptosis) without promoting cell proliferation77. Its gene 

product, the bcl-2 protein, acts as a cell death suppressor that facilitates cell survival by 

regulating apoptosis82,83. 

Investigations on the immunoreactivities of bcl-2 protein have been demonstrated in 

tooth germs, ameloblastomas, KCOTs and dentigerous cysts57,74,75,84-88. Recent studies 

report that bcl-2 positive cells are predominantly located basally57,77, thus supporting the 

concept that apoptosis does not occur in the basal cells of the lining epithelium57,74. 

TUNEL-positive cells have been detected exclusively in the surface layer of KCOTs, 

indicating marked levels of apoptosis77.  
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Thus, bcl-2 inhibits apoptosis to facilitate cellular proliferation in the basal and 

suprabasal layers, whereas apoptosis maintains the homeostasis of the thickness of the 

lining epithelium and allows the synthesis of large amounts of keratin in the surface 

layer of KCOTs.  

Considering that there is a regulated balance between cell proliferation, cell 

differentiation and cell death in this type of lesion, this may explain why KCOTs, 

though portraying a neoplastic behaviour, with an increase potential to proliferate, do 

not tend to form tumor masses. Furthermore, Kolar5 has reported an higher expression 

of antiapoptotic as well as proapototic proteins bcl-2 and Bax, cell cycle-related protein 

p27Kip1, oncogene c-erbB-2 and proliferative potential measured by PCNA in KCOTs. 

3.4) Inflammatory mechanisms 

Loss of typical KCOT epithelial architecture adjacent to areas of inflammation and 

corresponding decrease of EGFR expression emphasised the importance of 

mesenchymal integrity in shaping the KCOT epithelium phenotype, a relationship well-

demonstrated in earlier explant studies89.   

Nonetheless, the effect of inflammation in the epithelium of KCOT remains a subject of 

controversy, with contradictory results being portrayed. De Paula et al18 reported a 

statistically significant increase of PCNA+ and Ki-67+ cells and of AgNOR numbers in 

the linings of inflamed  KCOTs compared to non-inflamed lesions, which was 

considered suggestive of a greater proliferative activity in the epithelial cells of 

inflamed KCOTs which could be associated with the disruption of the typical structure 

of odontogenic keratocyst linings.  
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Kaplan et al90 reported that the labeling indices for PCNA and Ki-67 yielded no 

significant differences between inflamed and non-inflamed KCOTs and no differences 

in labeling indices were observed between areas of classic and metaplastic epithelium 

with equal inflammation density. 

4. Molecular oriented treatment of KCOT 

The proliferating activity of the epithelial cells is strongly related to the aggressiveness 

of KCOTs72. Immunohistochemical studies show that IL-1α and IL-6 are expressed in 

the epithelium of KCOTs91, suggesting that these cytokines may play a crucial role in 

KCOTs growth. They stimulate bone resorption by inducing osteoclast-like cell 

formation and/or activation92,93, and the production of prostaglandin94,95 and 

collagenases16,94,96-98.  

IL-1 is known to stimulate the production of PGE2 in KCOTs fibroblasts. Ogata et al99 

showed that IL-1α enhanced the expression of COX-2 mRNA and protein, and PGE2 

secretion in fibroblasts, thru protein kinase C (PKC)-dependent activation of 

extracellular signal-regulated protein kinase-1/2 (ERK1/2), p38 mitogen-activated 

protein kinase (MAPK), and c-Jun N-terminal kinase (JNK) signaling pathways. PKC 

inhibitor staurosporine inhibited IL-1α-induced phosphorylation of ERK1/2, p38, and 

JNK, and decreased IL-1α-induced COX-2 mRNA expression. He also demonstrated 

that IL-1α may stimulate COX-2 expression in KCOTs thru the NF-ƙB cascade. 

 

 



 118 

Chapter 5______________________________________________________________________ 

Recent in vitro studies confirmed that IL-1 stimulates epithelial cell proliferation 

directly100 and/or indirectly by inducing the secretion of some factors such as 

keratinocyte growth factor (KGF) from the interacting fibroblasts101. 

These data might explain Ninomiya et al102 results, which show that strong expression 

of IL-1α mRNA and protein, mainly detected in the epithelial cells of KCOTs, 

significantly decreases after marsupialization. In fact, Ki-67 labeling index of the 

epithelial cells diminishes proportionally with the grade of IL-1α mRNA expression 

after the marsupialization, suggesting that marsupialization may reduce the size of 

KCOTs by inhibiting IL-1α expression and the epithelial cell proliferation102. 

Recent molecular-oriented studies related to PTCH pathway have provided some 

insights in the development of new drugs in the treatment of basal cell carcinoma.  

Human tumors associated with mutations that activate SMO or that inactivate PTCH, 

causing excessive activity of the Hedgehog response pathway, react to plant-derived 

teratogen cyclopamine103. Cyclopamine, and synthetic derivatives with improved 

potency, block activation of the Hedgehog response pathway as well as the abnormal 

cell growth associated with both types of oncogenic mutation, thus inhibiting the 

Hedgehog response. This study indicates that cyclopamine may act by influencing the 

balance between active and inactive forms of SMO103. 

Another study, by Arad S et al104, assessed the preventive effect of thymidine 

dinucleotide (pTT) on basal cell carcinoma (BCC) in UV-irradiated Ptch-1(+/-) mice, a 

model of the Gorlin syndrome. After topical pTT treatment immunostaining revealed 

that the number of Ki-67-positive cells was decreased by 56% in pTT-treated tumor-free  
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epidermis and by 76% in BCC tumor nests, while Terminal dUTP nick-end labeling 

(TUNEL) staining revealed a 213% increase in the number of apoptotic cells in BCCs 

of pTT-treated mice. COX-2 immunostaining was decreased by 80% in tumor-free 

epidermis of pTT-treated mice compared with controls. 

Williams et al105 identified a novel inhibitor (CUR61414) of the Hedgehog pathway 

which can block elevated Hedgehog signaling activity resulting from oncogenic 

mutations in PTCH-1. Moreover, CUR61414 can suppress proliferation and induce 

apoptosis of basaloid nests in the BCC model systems, whereas having no effect on 

normal skin cells. These findings directly demonstrate that the use of Hedgehog 

inhibitors could be a valid therapeutic approach for treating BCC, but also KCOTs105. 

Zhang et al106 suggest that antagonists of SHH signaling pathway may be an effective 

treatment for KCOTs. Their strategies include reintroducing a wild-type form of PTCH, 

inhibition of the SMO molecule by synthetic small antagonists and suppression of the 

downstream transcription factors of the SHH signaling pathway. They believe that 

intracystic injection of SMO antagonist protein may be the most potential treatment 

choice. 

Stolina et al showed that inhibition of COX-2 leads to marked tumor lymphocytic 

infiltration and reduced tumor growth and that anti-PGE2 monoclonal antibodies (mAb) 

replicate the growth reduction seen in tumor-bearing mice treated with COX-2 

inhibitors, causing a significant decrease in IL-10 and a concomitant restoration of IL-

12 production by APCs. Because the COX-2 metabolite PGE2 is a potent inducer of  
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IL-10, they hypothesize that COX-2 inhibitors lead to antitumor responses by down-

regulating  production of this potent immunosuppressive cytokine107. 

5. Conclusions 

Both genetic and molecular research regarding odontogenic tumors, and KCOTs in 

particular, has led to an increasing amount of knowledge and understanding of their 

physiopathological pathways. Markers known to be rapidly induced in response to 

growth factors, tumor promoters, cytokines, bacterial endotoxins, oncogenes, hormones 

and shear stress, such as COX-2, may, indeed, shed new light on the biological 

mechanisms involved in the development of these benign but yet aggressive neoplasms 

of the jaws. 
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1 – Introduction 

The former odontogenic keratocyst has been reported to portray an intrinsic growth 

potential not found in other odontogenic lesions, leading to a marked ability for 

destroying bone and having a high tendency for recurrence1-2. In the recent World 

Health Organization classification of Head and Neck Tumors the keratocyst has been 

reclassified as a benign neoplasm, designated as “keratocystic odontogenic tumor” 

(KCOT)2.  

Increased activity of the epithelium, confirmed by previous studies that have compared 

KCOTs with other odontogenic cysts may explain the high recurrence rates of 

KCOTs3,4.  

Immunohistochemical studies have examined KCOTs employing various markers of 

proliferation and of apoptosis.4-13 The proliferative activity of the epithelial lining of 

KCOTs has been the subject of various investigations examining the expression of p533-

6, proliferating cell nuclear antigen (PCNA)7-9 and Ki 673,10. Such studies concluded that 

p53, PCNA and Ki67 are more strongly expressed in KCOTs than in other types of 

odontogenic cysts.11  

Ki-67 expression has been shown to be higher in the epithelium of KCOTs15 when 

compared to developmental and inflammatory cysts, with most of the Ki-67+ cells 

being detected in the suprabasal layers.14,15 These results demonstrate that cells 

constituting the intermediate or suprabasal layers possess the highest proliferative 

activity in the KCOTs. 
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Cyclooxygenase-2 (COX-2) levels have been found to be elevated in various tumors16-

20. In fact, regulation of COX-2 expression is vital for PGE2 synthesis21,22. Enhanced 

synthesis of prostaglandins, a consequence of upregulation of COX-2, can increase cell 

proliferation, promoting angiogenesis and inhibiting immune surveillance.23-26 

The aim of the present study was to investigate association between the expression of 

cyclooxygenase-2 (COX-2) in KCOTs and more commonly used markers such as p53 

and Ki-67. 

2 - Material and methods 

2.1. Patients and tissue selection 

A retrospective study of patients who underwent treatment for keratocystic odontogenic 

tumors at the VU University Medical Center (VUmc), Amsterdam, The Netherlands 

was performed. Twenty two formalin-fixed, paraffin-embedded archival biopsy 

specimens were randomly obtained from the Department of Oral and Maxillofacial 

Surgery/Oral Pathology of the VUmc. Hospital records were reviewed to retrieve 

clinical data, pathology reports, and clinical follow-up. All histological slides were re-

evaluated, applying the criteria of the World Health Organization for typing keratocystic 

odontogenic tumors.2 

Two specimens were excluded because of doubt after the histological re-evaluation. 

Metachronous or synchronous lesions in the same patients were considered as primary 

lesions whenever its anatomical location differed from the previous one. Altogether, 

twenty KCOTs were evaluated for expression of COX-2, p53 and Ki-67. The  
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male:female ratio was 4:1, with 16 (80%) males and 4 (20%) females. Age distribution 

ranged from 12 to 79 years, with a mean age of 42,75 years (SD: 19,93). A bimodal 

pattern of distribution was observed, with 40% of the cases in the 2nd and 3th decades 

and 40% in the 6th and 7th decade. The specimens comprised 15 (75%) primary KCOTs 

and 5 (25%) recurrences. Clinically, 18 (90%) were sporadic KCOTs and 2 (10%) were 

nevoid basal cell carcinoma syndrome (NBCCS) associated KCOTs.  

Tumors were predominantly located in the angle/ramus of the mandible (n=17; 85%), 

with no cases being present in the posterior maxilla; (n=3; 15%) involved more than one 

anatomical region. 

Formalin-fixed, paraffin-embedded blocks were sectioned (5 ųm in thickness) and used 

for hematoxylin-eosin (H&E) staining. H&E slides were used to re-evaluate the 

histological characteristics. 

2.2. COX-2 immunohistochemical analysis 

The paraffin-embedded tissue sections were also used for immunohistochemical 

staining for COX-2. Briefly, 5 ųm sections were de-waxed in xylene and hydrated with 

graded ethanol. As pretreatment, microwave-based antigen retrieval was performed in 

0.01 M Tris buffer (pH 9.0). The deparaffinized and rehydrated sections were then 

treated with 0.3% hydrogen peroxide (H2O2) for 5 minutes to block endogenous 

peroxidase activity.  

Sections were afterwards incubated with a prediluted primary monoclonal anti-human 

COX-2 antibody (Clone CX-294, Product code: N1606; DAKO, Glostrup, Denmark).  
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Immunoreactions were visualized with diaminobenzidine (DAB) chromogen and the 

sections were counterstained with Meyer’s hematoxylin and mounted in Entellan®. 

Detection of the COX-2 antibody was performed with the EnVision® kit (DAKO, 

Glostrup, Denmark). The negative control was Dako’s recommended Universal 

Negative Control, Mouse (code N1698) and a breast carcinoma case was used as 

positive control. 

2.3. p53 and Ki-67 immunohistochemical analysis 

The paraffin-embedded tissue sections were also used for immunohistochemical 

staining for the antigens p53 and Ki-67. Briefly, 5 ųm sections were de-waxed in xylene 

and hydrated with graded ethanol. The pre-treatment was performed in the LabVision 

PT module device (LabVision UK Ltd) with the LabVision commercial citrate buffer 

(pH 6.0) at 98ºC during 40 minutes. After the pre-treatment the slides were removed, 

loaded on a LabVision autostainer (LabVision UK Ltd) and stained by HRP-polymer 

standard method using the Envision Detection System (DAKO Cytomation Envision 

System HRP; Dako Corporation, Carpiteria, CA, USA). The primary antibody anti-Ki67 

(SP6 - NeoMarkers) was diluted 1:300 and incubated at room temperatures in humidity 

chamber during 30 minutes. The antibody anti-p53 (DO7, Cell Marque) was used in the 

same conditions at 1:150 during 60 minutes. Negative controls were performed by using 

the adequate serum control (N1698, Dako, Carpinteria, CA, USA) and a normal tonsil 

and a breast carcinoma case were used as positive control for Ki-67 and p53 

respectively. Tissue sections were counterstained with haematoxylin and permanently 

mounted. 
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2.4. Semi-quantitative assessment of COX-2, p53 and Ki-67 expression 

Cellular staining pattern was cytoplasmatic for COX-2 and nuclear for both p53 and Ki-

67.  The immunohistochemical expression of COX-2, p53 and Ki-67 was evaluated 

using light microscope in a semi-quantitative manner. Immunoreactions analysis was 

done in a blind manner, without knowledge of the patient clinical data. Levels of 

immunoreactions were graded into three subgroups, being 1) negative (-), when there 

was no detectable staining of the epithelium or when the staining was somewhat 

questionable; 2) mild (±), when the intensity of the staining was mild in all the 

epithelium or strong but with an heterogeneous or focal pattern in less than 50% of the 

epithelial cells; and 3) strong (+), when there was a strong and homogeneous staining of 

more than 50% of the epithelial lining (Fig.1).  
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Fig. 1 - Immunohistochemical expression of COX-2, Ki-67 and p53 (high power view - x400) 

Fig. 1a - COX-2 expression; mild positive; Fig. 1b - COX-2 expression; strong positive; Fig. 1c - 

p53 expression; negative; Fig. 1d - p53 expression; mild positive; Fig. 1e - p53 expression; 

strong positive; Fig. 1f - Ki-67 expression; negative; Fig. 1g - Ki-67 expression; mild positive; 

Fig. 1h - Ki-67 expression; strong positive  
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2.5. Statistical analysis 

Statistical analysis was performed using SPSS 18.0 (SPSS Inc., Chicago, IL, USA) 

statistical package. After the descriptive statistics, we used the χ2 test to verify the 

independence between the different variables, expressed in a contingent table.  

Spearmann correlation analysis was also performed to check the existence of correlation 

between the variables. Data were considered statistically significant if p-value < 0,05.  

3 - Results 

COX-2 immunostaining was present in the entire sample, involving the full thickness of 

the epithelium, with 18 (90%) specimens showing a strong expression and 2 (10%) 

depicting a mild positivity. Regarding the expression of p53, 6 (30%) were strongly 

positive and 9 (45%) were mildly positive. Ki-67 immunostaining was detected in 18 

(90%) KCOTs, with an identical number of mild and strong positive specimens (45%) 

(Tables 1).  

 

COX2_staining 

 
Frequency Percent Valid Percent 

Cumulative 

Percent 

Mild 2 9,5 10,0 10,0 

Strong 18 85,7 90,0 100,0 

Valid 

Total 20 95,2 100,0  
Missing System 1 4,8   
Total 21 100,0   
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p53_staining 

 
Frequency Percent Valid Percent 

Cumulative 

Percent 

Negative 5 23,8 25,0 25,0 

Mild 9 42,9 45,0 70,0 

Strong 6 28,6 30,0 100,0 

Valid 

Total 20 95,2 100,0  
Missing System 1 4,8   
Total 21 100,0   

 

 
Ki-67_staining 

 
Frequency Percent Valid Percent 

Cumulative 

Percent 

Negative 2 9,5 10,0 10,0 

Mild 9 42,9 45,0 55,0 

Strong 9 42,9 45,0 100,0 

Valid 

Total 20 95,2 100,0  
Missing System 1 4,8   
Total 21 100,0   

 
Tables 1 - Expression of COX-2, p53 and Ki-67 
 

Although 14 (93,3%) of the KCOTs were positive for both p53 and Ki-67, Pearson χ2 

test showed no statistically significant association between the expression of p53 and 

Ki-67 (p=0,339) (Table 2). Nevertheless, we observed that among the KCOTs that were 

strongly positive for COX-2, 13 (72,2%) were also positive for p53, with a similar 

expression pattern for Ki-67 being observed in 16 (88,9%) KCOTs.  
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Ki-67 staining  
Negative Mild Strong Total 

Count 1 3 1 5 Negative 

% 20,0% 60,0% 20,0% 100,0% 

Count 0 5 4 9 Mild 

% ,0% 55,6% 44,4% 100,0% 

Count 1 1 4 6 

p5
3 

st
ai

ni
ng

 

Strong 

% 16,7% 16,7% 66,7% 100,0% 

Count 2 9 9 20 Total 

% 10,0% 45,0% 45,0% 100,0% 

Table 2 - Association between p53 and Ki-67 expression (χ2 test: p=0,339) 

Clinically, there was no statistically significant difference between the expressions 

observed in sporadic and syndromic KCOTs for either p53 (p=0,649) or Ki-67 

(p=0,102), with molecular positivity being equally high in both types.   

Likewise, no association was also found between the expression of these molecular 

markers in primary and recurrent tumors. Although 14 (83,3%) and 11 (73,3%) of the 

primary KCOTs were, respectively, Ki-67+ and p53+, the overall results showed no 

statistically significant association between the expression of either of these markers 

and the type of KCOT (primary vs recurrence) as shown by the Pearson χ2 test (p=0,065 

and p=0,224).  

Furthermore, Spearmann test showed no correlation between the markers and KCOT’s 

clinical features (sporadic vs syndromic and primary vs recurrence) (Table 3). 
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 Syndrome Primary COX-2 p53 Ki-67 

Correlation 

Coefficient 

1,000 -,192 ,111 ,202 -,399 

Sig. (2-tailed) . ,416 ,641 ,394 ,081 

Syndrom

e 

N 20 20 20 20 20 

Correlation 

Coefficient 

-,192 1,000 -,192 ,279 ,288 

Sig. (2-tailed) ,416 . ,416 ,233 ,219 

Primary 

N 20 20 20 20 20 

Correlation 

Coefficient 

,111 -,192 1,000 ,031 -,064 

Sig. (2-tailed) ,641 ,416 . ,897 ,789 

COX2 

N 20 20 20 20 20 

Correlation 

Coefficient 

,202 ,279 ,031 1,000 ,302 

Sig. (2-tailed) ,394 ,233 ,897 . ,196 

p53 

N 20 20 20 20 20 

Correlation 

Coefficient 

-,399 ,288 -,064 ,302 1,000 

Sig. (2-tailed) ,081 ,219 ,789 ,196 . 

Sp
ea

rm
an

's 
rh

o 

Ki-67 

N 20 20 20 20 20 

 

Table 3 - Correlation between clinical characteristics and molecular markers expression 

 

4 - Discussion 

KCOTs have been reported as early as in the first decade27 and as late as in the ninth1, 

with a pronounced peak in the second and third decades2. In the current study a bimodal 

age distribution was observed which is in accordance with other studies28-33. However,  



                                                                                                                   149 
 

                                                                                                                                             Chapter 6     

no differences have been found between the age and the expression of either of the 

molecular markers, which supports previous views that the tumor in the older age 

groups is not a different clinical entity but rather a lesion that may have remained 

undiagnosed for many years34 

Various immunohistochemical studies have examined KCOTs employing different 

markers of proliferation and of apoptosis.4-13 Ki-67 has been used in several studies as a 

marker of cell proliferation.3,7,15,35,36 Its level increases during the S phase but MIB-1 

recognizes Ki-67 antigen in the entire cell cycle. Studies comparing KCOTs and 

dentigerous cysts have demonstrated a greater proliferative potential of the KCOT 

epithelial lining comparable to that of ameloblastomas.15,37 

p53 is a tumor suppressor gene effective at the G1 phase of cell cycle, which 

participates in the growth arrest, initiates repair, or induces apoptosis.38 

Immunodetection of this protein seems to be related to the stabilization of p53 product, 

a fact reflecting cell cycle regulation in favor of proliferation3,11,39, indicating an 

intrinsic growth potential of the KCOT epithelium. Although in our study no 

statistically significant correlation between p53 positivity and Ki-67 positivity could be 

demonstrated, we observed that 14 (93,3%) of our p53+ specimens were also Ki-67+. 

These findings are to some extent supported by Slootweg’s previous report of an 

association between high numbers of densely stained p53+ cells and high Ki-67 cell 

numbers in highly proliferative areas3. In addition, Slootweg reported a reverse relation, 

which has not been observed in the present study, with only 1 (20%) of our p53- 

specimens being equally negative for Ki-67. 
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Some of the existing studies tend to elaborate on the suprabasal versus basal pattern of 

the overexpressed markers. Gurgel et al recently reported that cells immunostained for 

the anti-Ki-67 antibody were predominantly found in the suprabasal layer, while in 

syndromic patients, Ki-67 was expressed in all cell layers of the cystic epithelium40. 

However, the limited thickness of the epithelial lining of the KCOT makes it difficult to 

actually analyze the expression of molecular markers with regard to its exact location in 

an objective and reproducible way. 

Lo Muzio et al. suggested that an higher expression of cell proliferation markers in 

syndromic patients reflected a more aggressive behaviour of these lesions, especially in 

terms of a greater tendency to recurrence.7 Furthermore, Ogden et al. reported that 

recurrence, association with NBCCS, and frequent multiplicity were significant as to 

KCOTs p53 positivity.4 We found no such evidence in Ki-67 and p53 expression 

between syndromic and sporadic KCOTs (p=0,102 and p=0,649, respectively), which is 

in accordance with other previous reports.5,6,39 

Regarding the recurrence of KCOT, Lombardi et al stated that the recurrence rate of 

KCOTs might be related to the immunoexpression of p535. However, in the present 

study, although 15 (75%) of KCOT were p53+, no significant difference in p53 

expression pattern was observed between primary and recurrent tumors (p=0.224).  

p53 expression is still a matter of controversy. According to Slootweg et al. the 

overexpression of p53 protein is related to the proliferative capacity of the KCOT rather 

than increased numbers of p53+ cells.3 Li et al. concluded that immunocytochemical  

overexpression of p53 by KCOTs compared with the other odontogenic cysts was not  
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the result of p53 gene mutation, but rather the result of overproduction and/or 

stabilisation of normal p53 product related to cell proliferation.6 Studies on KCOTs 

showing a maximum positivity for p53 in areas with an intense expression of the 

proliferation marker PCNA and Ki-673,4,7,41 support the concept that p53 overexpression 

in KCOTs probably results from an increase in wild-type p53 related to the increased 

cell proliferation observed in these lesions.42  

Ki-67 expression has been shown to be higher in the epithelium of KCOTs when 

compared to developmental and inflammatory cysts, 15 with most of the Ki-67+ cells 

being detected in the suprabasal layers.15,43 These results demonstrate that cells 

constituting the intermediate or suprabasal layers possess the highest proliferative 

activity in the KCOTs. The correlation between Ki-67 and PCNA reflects cell 

proliferation. 

Studies using an anti-COX-2 antibody for the investigation of odontogenic tumors are 

scarce. In the present study, COX-2 expression was demonstrated in all 20 KCOTs and 

involved all epithelial layers. The expression of this protein was not associated with any 

of the clinical features investigated, such as recurrence (p=0,389) and NBCCS 

(p=0,619). COX-2 levels have been found to be elevated in various tumors16-20. In fact, 

regulation of COX-2 expression is physiologically vital for PGE2 synthesis21,22. 

Enhanced synthesis of prostaglandins, a consequence of upregulation of COX-2, can 

increase cell proliferation, promoting angiogenesis and inhibiting immune 

surveillance23-26.  
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Association of COX-2 expression and p53 immunostaining has previously been found 

in gastric44 and breast cancers45 and abnormal expression of p53 protein occurs in 10–

50% of oral dysplasias, the frequency correlating with the grade of the dysplasia.46 

Because the COX-2 gene has been shown to be induced in cells with defective p53 and 

down-regulated by wild-type p53,47,48 there may exist a direct link between a mutated 

p53 pathway and elevated levels of COX-2 expression.49 COX-2 interferes with the 

transcriptional activation potential of p53. In fact, COX-2 negatively affects the 

transcriptional function of p53 and may mediate such effects by interacting with p53.50 

Furthermore, COX-2 is upregulated following p53 activation at both the mRNA and 

protein levels.50 

The expression of COX-2 is in accordance with previous studies reporting a greater 

staining for proliferation markers, such as Ki-67 and proliferating cell nuclear antigen 

(PCNA) and more significant staining with p53 as compared to the other odontogenic 

cysts. Despite the small size of this sample, our results and the current knowledge of the 

role played by COX-2 in tumorigenesis seem to suggest that COX-2 may also 

contribute to the biologic profile of KCOTs, playing a role in the biological regulation 

of epithelial lining. 

Due to the rather small sample size, the current study has some limitations with regard 

to the comparison of the expression of COX-2, p53 and Ki-67 in the different clinical 

groups. 
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5 – Conclusions 

Both genetic and molecular research regarding KCOTs have led to an increasing 

amount of knowledge and understanding of their physiopathological pathways. Markers 

known to be induced in response to growth factors, tumor promotors, cytokines, 

bacterial endotoxins, oncogenes, hormones and shear stress, such as COX-2, may, 

indeed, shed new light on the biological mechanisms involved in the development of 

these benign but yet aggressive neoplasms of the jaws. 

Although COX-2 has rarely been used to assess the biological activity of the KCOT, the 

results portrayed in the present study suggest that COX-2 may be an important marker 

involved in the biological behaviour of the KCOT. Due to the small size of this sample, 

larger studies are required to improve our knowledge of the role of COX-2 in the 

pathogenic mechanism involving KCOT. 
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1 - Introduction 

The odontogenic keratocyst has been one of the most controversial pathological entities 

of the maxillofacial region since Philipsen first described it in 19561. Due to its 

clinicopathological features, the revised classification of Head and Neck Tumors, 

published in 2005 by the World Health Organization, has reclassified the odontogenic 

keratocyst as a benign intraosseous neoplasm, thus recommending the term keratocystic 

odontogenic tumor (KCOT)2. Its typical histological features include a thin 

parakeratinized squamous epithelium, approximately 5 to 8 cells thick, covered by a 

thin corrugated layer of parakeratin2-4. The basal layer exhibits a characteristic palisaded 

pattern with uniform nuclei2,3,5. Malignant transformation into squamous cell carcinoma, 

though rare, has been reported6-11. Reported recurrences range from 0 to 100%12. These 

marked discrepancies are thought to be related to the different lengths of postoperative 

follow-up periods, operative techniques employed or inclusion of cases with nevoid 

basal cell carcinoma syndrome (NBCCS). 

Significant differences in the molecular level between KCOT and other odontogenic 

cystic lesions suggest a different biological origin4. KCOTs have a weak and 

discontinuous linear staining for laminin and collagen IV, suggesting unusual 

interactions between the epithelium and the adjacent connective tissue13,14.  Furthermore, 

suprabasal staining with markers of proliferation, such as Ki-67 and proliferating cell 

nuclear antigen (PCNA)15 and more significant staining with p53 as compared to the 

other odontogenic cysts16,17 have been reported. A series of genetic and molecular 

mechanisms appear to promote the development and progression of this tumor18-21. 
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Cyclooxygenase-2 (COX-2) levels, on the other hand, have been found to be elevated in 

various tumors22-26. In fact, regulation of COX-2 expression is important in the 

pathologically synthesis of PGE2. PGE2 synthesis requires conversion of arachidonic 

acid to prostaglandin H2, by either COX-1 (expressed constitutively in most cells) or 

COX-2, the latter being usually undetectable under normal conditions, with its 

expression increasing by pathological stimulation27,28. Enhanced synthesis of 

prostaglandins, a consequence of upregulation of COX-2, can increase cell proliferation, 

promoting angiogenesis and inhibiting immune surveillance25,29-31. 

Although COX-2 has rarely been used to assess the biological activity of the KCOT, the 

results portrayed in previous studies and the current knowledge of the overall role 

known to be played by COX-2 in tumorigenesis suggest that COX-2 may be an 

important marker involved in the biological behaviour of the KCOT. 

Larger studies are required to improve our knowledge of the possible role of COX-2 in 

the pathogenic mechanism involved in KCOT. 

2 - Material and methods 

2.1. Patients and tissue selection 

A retrospective study of patients who underwent treatment for keratocystic odontogenic 

tumors at the VU University Medical Center (VUmc), Amsterdam, The Netherlands 

was performed. One hundred and thirty formalin-fixed, paraffin-embedded archival 

biopsy specimens of previously diagnosed odontogenic keratocyst were obtained from 

the Department of Oral and Maxillofacial Surgery/Oral Pathology of the  
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VUmc..Reviewed hospital records were clinical records, pathology reports, and clinical 

follow-up records of the patients. All histological slides were re-evaluated, applying the 

criteria of the World Health Organization for typing keratocystic odontogenic tumors.2 

Fourteen specimens were excluded because of doubt after the histological re-evaluation. 

Metachronous or synchronous lesions in the same patients were considered individually 

as primary lesions whenever its anatomical location differed from a previous one.  

One hundred and sixteen biopsy specimens of KCOTs were finally evaluated regarding 

the expression of COX-2. The male:female ratio was 2,3:1, with 81 males (69,8%) and 

35 (30,2%) females. The KCOTs were more frequent in the 2nd and 3th decades, overall 

ranging in age from 12 to 84 years, with a mean age of 41,48 years (SD: 21,04). The 

specimens comprised 88 (75,9%) primary KCOTs and 28 (24,1%) recurrences. 

Clinically, 102 (87,9%) were sporadic KCOTs and  14 (12,1%) were nevoid basal cell 

carcinoma syndrome (NBCCS) associated KCOTs.  

Tumors were predominantly located in the angle/ramus of the mandible.  

2.2. Histological and immunohistochemical analysis 

Formalin-fixed, paraffin-embedded blocks were sectioned (5 ųm in thickness) and used 

for hematoxylin-eosin (H&E) staining. H&E slides were used to re-evaluate the 

histological characteristics. The paraffin-embedded tissue sections were also used for 

immunohistochemical staining for COX-2. Briefly, 5 ųm sections were de-waxed in 

xylene and hydrated with graded ethanol. As pretreatment, microwave-based antigen  
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retrieval was performed in 0.01 M Tris buffer (pH 9.0). The deparaffinized and 

rehydrated sections were then treated with 0.3% hydrogen peroxide (H2O2) for 5 

minutes to block endogenous peroxidase activity.  

Sections were afterwards incubated with a prediluted primary monoclonal anti-human 

COX-2 antibody (Clone CX-294, Product code: N1606; DAKO, Glostrup, Denmark). 

Immunoreactions were visualized with diaminobenzidine (DAB) chromogen and the 

sections were counterstained with Meyer’s hematoxylin and mounted in Entellan®. 

Detection of the COX-2 antibody was performed with the EnVision® kit (DAKO, 

Glostrup, Denmark). The negative control was Dako’s recommended Universal 

Negative Control, Mouse (code N1698).  

2.3. Semi-quantitative assessment of COX-2 expression 

Cellular staining pattern for COX-2 was cytoplasmatic. The immunohistochemical 

expression of COX-2 was evaluated using light microscope in a semi-quantitative 

manner. Immunoreactions analysis was done in a blind-manner, without previous 

knowledge of the patient clinical data. Levels of immunoreactions were graded into 3 

easily reproducible subgroups: negative (-), when there was no detectable staining of the 

epithelium or when the staining was somewhat questionable; mild (±), when the 

intensity of the staining was mild in all the epithelium or strong but with an 

heterogeneous or focal pattern in less than 50% of the epithelial cells; and strong (+), 

when there was a strong and homogeneous staining of more than 50% of the epithelial 

linning (Fig.1). 
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Fig. 1 - Immunohistochemical expression of COX-2 (high power view - x400) 

Fig. 1a - Negative 

Fig. 1b - Mild  

Fig. 1c - Strong  
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2.4. Statistical analysis 

Statistical analysis was performed using SPSS 18.0 (SPSS Inc., Chicago, IL, USA) 

statistical package. After the descriptive statistics, we used the χ2 test to verify the 

independence between the different variables, expressed in a contingent table.  

Spearmann correlation analysis was also performed to check the existence of correlation 

between the variables. Data were considered statistically significant if p-value < 0,05.  

3 - Results 

Of the 116 samples, 33 (28,4%) were negative for COX-2, 36 (31%) were mild and 47 

(40,5%) were strongly positive. There was no statistically significant difference between 

the expression of COX-2 with regard to age (p=0,932) and gender (p=0,299).  

Clinically, there was no association between the anatomical location of the KCOT and 

the level of COX-2 expression (p=0,099). 

Although 28 (77,8%) of the mildly positive KCOTs were primary tumors and 13 

(46,4%) of the recurrences were strongly positive, there was no statistically significant 

association between the expression of COX-2 and the type of KCOT (primary vs 

recurrence) as shown by the Pearson χ2 test (p=0,762). 

With regard to the association between nevoid basal cell carcinoma syndrome (NBCCS) 

and the expression of COX-2, 8 (57,1%) were strongly positive for COX-2, against 39 

(38,2%) of the sporadic KCOTs, which is not statistically significant (Pearson χ2 test: 

p=0,326) (Table 1).  
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COX-2 staining  
Negative Mild Strong Total 

Count 26 28 34 88 

% within type 29,5% 31,8% 38,6% 100,0% 

Primary 

% within COX-2 

staining 

78,8% 77,8% 72,3% 75,9% 

Count 7 8 13 28 

% within type 25,0% 28,6% 46,4% 100,0% 

  

Recurrence 

% within COX-2 

staining 

21,2% 22,2% 27,7% 24,1% 

Count 33 36 47 116 

% within type 28,4% 31,0% 40,5% 100,0% 

Total 

% within COX-2 

staining 

100,0% 100,0% 100,0% 100,0% 

Table 1 – Association between recurrence and COX-2 expression (Pearson χ2 test: p=0,762) 

There was no statistically significant association between recurrence and the sporadic or 

syndromic nature of the KCOT (p=0,513). However, the analysis of our results showed 

a relationship between syndromic cases and age (p=0,049). In fact, 71,4% of the 

syndromic cases appeared in patients less than 30 years. This relationship was further 

confirmed by Phi’s, Cramer’s and Contingency coefficients. 

Spearmann test showed no correlation between the expression of COX-2 or with the 

clinical characteristics of the KCOTs (Table 2). 
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COX-2 
staining Recurrence Age 

Syndrom
e 

Correlation 
Coefficient 1,000 ,102 -,093 ,139 

Sig. (2-tailed) . ,296 ,322 ,137 

COX-2 staining 
  
  

N 116 108 116 116 
Correlation 
Coefficient ,102 1,000 ,100 ,041 

Sig. (2-tailed) ,296 . ,302 ,674 

Recurrence 
  
  

N 108 108 108 108 
Correlation 
Coefficient -,093 ,100 1,000 -,259(**) 

Sig. (2-tailed) ,322 ,302 . ,005 

Age (bidecade) 
  
  

N 116 108 116 116 
Correlation 
Coefficient ,139 ,041 -,259(**) 1,000 

Sig. (2-tailed) ,137 ,674 ,005 . 

Spearman's rho 
  
  
  
  
  
  
  
  
  
  
  

Syndrome 
  
  

N 116 108 116 116 
**  Correlation is significant at the 0.01 level (2-tailed). 
 
Table 2 - Correlation between variables according to Spearmann analysis 

It is also worth noting that although there was no association between the expression of 

COX-2 and the location of the KCOT, there was a statistically significant association 

between the expression of COX-2 and location of KCOTs in more than one place 

(p=0,025).  

4 - Discussion 

Various immunohistochemical studies have examined KCOTs employing different 

markers of proliferation and of apoptosis17,32-40. 

This is a large retrospective study comparing COX-2 expression in primary and 

recurrence, as well well as sporadic and nevoid-basal cell carcinoma syndrome  
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associated KCOTs. The overall results showed a distinct overexpression of COX-2 in 

83 (71,6%) of all KCOTs.  

Deterioration  of the staining of epitopes may occur with time, eventually hampering a 

precise quantitative measurement due to a diffuse staining pattern. The semiquantitative 

grading tries to overcome this problem by choosing a somehow coarse classification. 

Although slide aging has been found to influence the intensity of immunohistochemical 

staining in individual cases, Mirlacher et al observed that clinicopathological 

associations can be detected even if suboptimally processed sections are used for 

immunohistochemistry.41  

Ogden et al. reported a positive association between p53 positivity and PCNA 

positivity; besides, there was a positive association between p53 positivity and clinical 

features, such as recurrence and association with NBCCS.4 However, we found no such 

association between the expression of COX-2 and any of the epidemiological variables 

or 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 

tumors is not "clinical-related". In fact, it unveils an intrinsic characteristic of the tumor 

that bares no association either with its syndromic or primary nature, thus substantiating 

previous molecular studies which have established an identical mechanism involving 

the development of both sporadic and NBCCS-associated KCOTs and, therefore, 

establishing the neoplastic nature of the KCOT17,35,42. 
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Although the existing studies tend to elaborate on the suprabasal or basal pattern of the 

overexpressed markers, we consider that the somewhat limited thickness of the 

epithelial lining of the KCOT makes it difficult to actually analyze molecular marker’s 

expression with regard to its exact location in an objective and reproducible way. 

The expression of Hedgehog signaling molecules – SHH, PTCH, smoothened (SMO), 

and GLI1 – has been detected in several odontogenic tumors and cysts43,44, with 

a correlation between SMO expression and an increased p53 and Ki-67 labeling45. 

The proliferative activity of the lining epithelium of KCOTs has been the subject of 

various investigations aiming at the expression of p5334,46, proliferating cell nuclear 

antigen (PCNA)35-37 and Ki-67.38,46 Such studies concluded that p53, PCNA and Ki-67 

are more strongly expressed in KCOTs than in other types of odontogenic cysts. On the 

other hand, the proliferating activity of the epithelial cells is strongly related to the 

aggressiveness of KCOTs.36 Immunohistochemical studies show that IL-1α and IL-6 are 

expressed in the epithelium of KCOTs47, suggesting that these cytokines may play a 

crucial role in KCOTs growth. They stimulate bone resorption by inducing osteoclast-

like cell formation and/or activation,48,49 and the production of prostaglandin50,51 and 

collagenases.13,28,51-54 

IL-1 is known to stimulate the production of PGE2 in KCOTs fibroblasts. Ogata et al.28 

showed that IL-1α enhanced the expression of COX-2 mRNA and protein, and PGE2 

secretion in fibroblasts. Protein Kinase C (PKC) inhibitor staurosporine inhibited IL-1α 

induced phosphorylation of extracellular signal-regulated protein kinase-1/2 (ERK1/2), 

p38 mitogen-activated protein kinase (MAPK), and c-Jun N-terminal kinase (JNK)  
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signaling pathways and decreased IL-1α-induced COX-2 mRNA expression. Ogata et al 

also demonstrated that IL-1α may stimulate COX-2 expression in KCOTs through the 

NF-ĸB cascade28.  

Furthermore, Ca2+-induced COX-2 mRNA expression could be mediated by the 

activation of ERK1/2, p38, and JNK in the fibroblasts as shown in bovine parathyroid 

cells and CasR-transfected human embryonic kidney cells.55 There may be redundancy 

at the promoter level in the COX-2 transcription, and the elevated Ca2+ activates 

different MAPK pathways to induce COX-2 expression as shown in the endotoxin-

induced COX-2 expression in macrophage/monocytic cells.55 COX-2 expression and 

PGE2 secretion in human fibroblasts are thus enhanced by elevated extracellular Ca2+ 

via the activation of ERK1/2, p38, and JNK MAPKs through CasR. 

COX-2 levels have been found to be elevated in various tumors.22-26 In fact, regulation 

of COX-2 expression is physiologically vital for PGE2 synthesis.27,28 Enhanced 

synthesis of prostaglandins, a consequence of upregulation of COX-2, can increase cell 

proliferation, promoting angiogenesis and inhibiting immune surveillance.25,56-58  

Moreover, COX-2 has been found to be upregulated following p53 activation at both the 

mRNA and protein levels.59 In fact, COX-2 negatively affects the transcriptional 

function of p53 and may mediate such effects by physically interacting with p53.59 Han 

et al 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 pathway60. 



 174 

Chapter 7______________________________________________________________________ 

Erkinheimo’s reported a correlation between elevated COX-2 expression and 

amplification of HER-2/neu as detected by chromogenic in situ hybridization in in 

serous ovarian carcinoma61 and Kolar et al.5 has also reported oncogene c-erbB-2/HER-

2/neu to be overexpressed in KCOTs associated with the NBCCS. 

One might question to what extent we may need another marker to support the 

neoplastic behaviour of the KCOT. Previous reports on the expression of molecular 

markers tend to focus on a specific marker or a genetic alteration. One of the important 

aspects of the current study relies not only on the reported overexpression of COX-2 in 

KCOTs, but also on the rationale substantiating that tumorigenesis may affect different 

canonical pathways, which share common nodes and interact as a single complex 

network. So, the multitude of markers known to be overexpressed in KCOTs is 

suggestive of what could be called a "network addiction" pattern, rather than a 

pathological mechanism dependant on a specific activated/suppressed gene, thus 

explaining its aggressive behaviour (Fig.2).  
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Fig. 2 – Pathogenesis of the KCOT 

Further studies remain mandatory to see if COX-2 expression is also seen in 

developmental cysts, since the current study did not address this issue. Based on our 

current findings and concept, we would expect to see also some degree of expression of 

COX-2 in developmental cysts, such as dentigerous cysts. Recently, Zhang et al 

reported immunoreactivity for SHH, PTCH, SMO and GLI1 in the epithelial cytoplasm 

of dentigerous and glandular odontogenic cysts62; both p53 and Ki-67 have also been  
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previously reported to be overexpressed in developmental cysts such as dentigerous 

cysts17. However, Barreto et al found no correlation between the immunoreactivity of 

PTCH in the superficial epithelial layers of odontogenic cysts and an actual mutation of 

the PTCH as assessed by direct sequencing43.  Despite the important role played in the 

molecular network responsible for odontogenic tumorigenesis, SHH also plays a 

relevant role in odontogenesis. One might speculate that SHH may in fact be an 

instigating factor behind developmental cysts, with concomitant aberrant expression of 

molecular markers being the natural consequence not of genetic changes but rather of an 

amplified physiological process.   

Based on the results from the present study COX-2 seems to play a key role in the 

network of molecular pathways of the biological genetic and epigenetic events which 

lead to the KCOT’s behaviour. Currently, rather toxic drugs against p53, SMO or EGFR 

are being used in the treatment of tumors. By providing a new molecular target for the 

development of more tailored oriented management of tumors with a clinical aggressive 

behaviour, one may use drugs aimed at COX-2 as an adjunctive therapy, thus 

circumventing more aggressive treatments and decreasing the risk of recurrences.  

5 – Conclusions 

The expression of COX-2 in keratocystic odontogenic tumors seems to confirm 

previous reports about expression of proliferation markers, such as Ki-67 and 

proliferating cell nuclear antigen (PCNA), and p53 as compared to odontogenic cysts. 

These results further strengthen the current concept that the KCOT should be regarded 

as a neoplasm. 
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Both genetic and molecular research regarding odontogenic tumors, and KCOTs in 

particular, has led to an increasing amount of knowledge and understanding of their 

physiopathological pathways. Markers known to be rapidly induced in response to 

growth factors, tumor promoters, cytokines, bacterial endotoxins, oncogenes, hormones 

and shear stress, such as COX-2, may, indeed, shed new light on the biological 

mechanisms involved in the development of these benign but yet aggressive neoplasms 

of the jaws. 

Although prognostic factors based on clinicopathological and immunohistochemical 

findings for determining the potential for recurrence of KCOT still remains unclear, its 

use for determining the potential for recurrence of KCOT after surgical treatment may 

become important to successfully manage this neoplasm’s aggressive behaviour. More 

importantly, the key element for future management of KCOTs will probably be based 

on thorough knowledge of the biological basis of this tumor, thereby enabling a more 

tailored treatment approach.   
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Chapter 8  
 
Summary and conclusions  

Cyclooxygenase-2 (COX-2) levels are increased in various tumors, particularly those 

involving the esophagus, stomach, breast, pancreas, lung, colon, skin, urinary bladder, 

prostate and head and neck. The tumorigenic mechanisms of COX-2 overexpression 

still remain poorly understood and may include mechanisms that act at different stages 

of the disease. The literature shows increasing evidence that overexpression of COX-2 

plays an important role in tumor growth and spread of tumors by interfering with 

different biological processes such as cell proliferation, cell adhesion, immune 

surveillance, apoptosis, and angiogenesis1,2,3,4,5,6 . The expression of COX-2 might shed 

some light over the physiopathology and clinical behaviour of tumors of the head and 

neck, including benign odontogenic neoplasms of the jaws with an aggressive 

behaviour, such as keratocystic odontogenic tumors (KCOTs). 

In the classification of Head and Neck Tumors published in 2005 by the World Health 

Organization (WHO), the previously designated “parakeratinized odontogenic 

keratocyst” has been reclassified as a benign intraosseous neoplasm, naming it 

“KeratoCystic Odontogenic Tumor” (KCOT), due, among other things, to its sometimes 

aggressive behaviour leading to high recurrence rates.  Cystic lesions lined by 

orthokeratinizing epithelium were excluded by the WHO from the diagnosis of KCOT. 

This variant is now known as an orthokeratinized odontogenic cyst7. 

The recurrence rate after conservative surgical treatment, without adjunctive treatment, 

of the KCOT has been studied in a total number of 68 patients from the Department of  
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Oral and Maxillofacial Surgery/Pathology of the Vrije Universiteit medical center 

(VUmc)/ ACTA, previously untreated and fulfilling the histopathological criteria 

provided by the 2005 WHO classification. The study period lasted from 1975 to 2009. 

Treatment consisted of either enucleation or marsupialization; the mean follow-up 

period was 65 months. No involved or adjacent teeth were removed, except for wisdom 

teeth and badly decayed teeth. After enucleation, the recurrence rate was 20.7% in a 

mean follow-up period of 46 months, while 40% of the marsupialized KCOTs recurred 

in a mean follow-up period of 58 months. In none of the patients permanent loss of 

nerve function has been observed.  

Due to the recurrence rate observed in the present study, and in view of the potential 

benefit of adjunctive treatment in KCOT, particularly with regard to the use of Carnoy’s 

solution, we performed a review of the various treatment modalities, ranging from 

simple enucleation to radical surgery. As it was also confirmed in a recent Cochrane 

study8, no scientific evidence was found for the adjunctive use of Carnoy’s solution 

with regard to the risk of recurrence. Furthermore, no prognostic factors based on 

clinicopathologic and immunohistochemical findings for determining the potential for 

recurrence of KCOT are available yet.  

A review of the histopathological features and biological behaviour of this recognized 

aggressive pathological entity of the jaws and a contemporary outline of the molecular 

(growth factors, p53, PCNA and Ki-67, bcl-2) and genetic (PTCH, SHH) alterations 

associated with this odontogenic neoplasm has provided a thorough understanding of 

the physiopathological mechanisms involved in the development of this neoplasm of the  
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jaws. There are, indeed, significant differences on the molecular level between KCOT 

and other odontogenic cystic lesions, suggestive of a different biological behaviour7,9.  

The current knowledge of the overall role known to be played by COX-2 in 

tumorigenesis suggest that COX-2 may be an important marker involved in the 

biological behaviour of the KCOT. Therefore, we performed a study to assess the 

expression of COX-2 in 116 specimens of KCOTs retrieved from the files of the 

Department of Oral and Maxillofacial Surgery/Pathology of the Vumc/ACTA. Mild to 

strong expression of COX-2 was observed in 83 (71,6%) cases, 34 (29,3%) of which 

were mildly positive and 49 (42,2%) were strongly positive. COX-2 stain was detected 

mainly in the epithelial lining. The expression of COX-2 in KCOTs and the current 

knowledge of the role played by COX-2 in tumorigenesis further strengthen the concept 

that the KCOT should be regarded as a neoplasm. 

Although COX-2 has rarely been used to assess the biological activity of the KCOT, our 

comparative results involving p53, Ki-67 and COX-2 found no statistically relevant 

difference between the molecular expression of these markers.  

We have also carried out a study in 10 dentigerous cysts to assess the expression of 

COX-2 and found a positive expression of COX-2 in 6 out of the 10 dentigerous cysts. 

These results - not published - substantiate the hypothesis that SHH may in fact be an 

instigating factor behind developmental cysts, with concomitant aberrant expression of 

molecular markers being the natural consequence not of genetic changes but rather of an 

amplified physiological process, thus leading to expression of COX-2 in developmental 

cysts, such as dentigerous cysts.  
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In fact, Zhang et al have recently reported immunoreactivity for SHH, PTCH, SMO, 

and GLI1 in the epithelial cytoplasm of dentigerous and glandular odontogenic cysts10. 

Pavelić et al, have also reported evidence of PTCH expression in dentigerous cyst 

lining, with loss of heterozygosity (LOH) for the D9S287 marker and/or D9S180 

marker in about 50% of dentigerous cysts, substantiating a more direct argument for 

PTCH involvement in cystic growth11. On the other hand, Barreto et al found no 

correlation between the immunoreactivity of PTCH in the superficial epithelial layers of 

odontogenic cysts and an actual mutation of the PTCH as assessed by direct 

sequencing12.  Moreover, both p53 and Ki-67 have also been previously reported to be 

overexpressed in developmental cysts such as dentigerous cysts9. Therefore, despite the 

important role played in the molecular network responsible for odontogenic 

tumorigenesis, SHH also plays a relevant role in odontogenesis, which may support 

Pavelić’s hypothesis that the malfunctioning pathway might be the cause of either DC 

or KCOT growth11. However, these results could explain why the cases reporting 

carcinomatous changes in the epithelium of odontogenic cysts/tumors involve mainly 

KCOTs and dentigerous cyst13-21.  

The multitude of markers known to be overexpressed in KCOTs is suggestive of what 

could be called a "network addiction" pattern, rather than a pathological mechanism 

dependant on a specific activated/suppressed gene, thus explaining its aggressive 

behaviour. The key element for future management of the KCOT will probably be based 

on thorough knowledge of the biological basis of this tumor, thereby enabling a more 

tailored treatment approach. In fact, there are rather toxic drugs against p53, SMO or 

EGFR being used in the treatment of tumors. By providing a new molecular target, one  
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may use drugs aimed at COX-2 as an adjunctive therapy, thus circumventing more 

aggressive surgical treatments and decreasing the risk of recurrences. 
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Chapter 9  
 
Samenvatting en conclusies  

Cyclo-oxygenase-2 (COX-2) expressie is in verschillende tumoren verhoogd, in het 

bijzonder in tumoren van de slokdarm, maag, borst, pancreas, long, dikke darm, huid, 

blaas, prostaat en het hoofd-halsgebied. Waarom COX-2 bij deze tumoren verhoogd tot 

expressie komt, is niet goed bekend; mogelijk gaat het om mechanismen die in 

verschillende fasen van de tumor een rol spelen. Uit de literatuur komt naar voren, dat 

overexpressie van COX-2 een belangrijke rol speelt bij de groei en verspreiding van 

tumoren door verstoring van verschillende processen zoals celproliferatie, celadhesie, 

homeostase, apoptose en angiogenese1-6. De expressie van COX-2 werpt mogelijk enig 

nieuw licht op de fysiopathologie en het klinische gedrag van tumoren van het hoofd-

halsgebied met inbegrip van de goedaardige dentogene tumoren met een agressief 

karakter. 

In de classificatie van de hoofd-halstumoren, in 2005 gepubliceerd door de 

Wereldgezondheidsorganisatie, is de in het verleden als parakeratotische dentogene 

keratocyste aangeduide afwijking gereclassificeerd als een goedaardig gezwel. Als 

gevolg daarvan wordt thans gesproken over de "keratocystic odontogenic tumor" in het 

Nederlands aangeduid als keratocysteuze dentogene tumor (KCDT). De reden voor deze 

reclassificatie was onder andere gelegen in het soms agressieve gedrag van deze 

aandoening en een hoog recidiefpercentage. Cysteuze dentogene lesies bekleed met 

orthokeratotisch plaveiselepitheel worden niet gerekend tot de KCDTs. Deze variant 

van de vroegere dentogene cyste wordt nu aangeduid als "orthokeratinized odontogenic 

cyst" ofwel orthokeratotische dentogene cyste7. 
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Het recidiefpercentage na conservatieve chirurgische behandeling, zonder adjuvante 

behandeling, van de KCDT is onderzocht bij 68 patiënten van de afdeling mondziekten, 

kaak- en aangezichtschirurgie/orale pathologie van het VUmc/ACTA. Het betrof eerder 

niet behandelde patiënten bij wie de histopathologische criteria van de aandoening 

pasten bij die van de in 2005 door de WHO opgestelde classificatie. Het betrof patiënten 

die tussen 1975 en 2009 zijn behandeld. De behandeling heeft bestaan uit enucleatie of 

marsupialisatie; de gemiddelde controleperiode bedroeg 65 maanden. De bij de KCDT 

eventueel betrokken gebitselementen werden als regel niet verwijderd, alleen wanneer 

het om een verstandskies ging of wanneer sprake was van een carieus gebitselement. Na 

enucleatie bedroeg het recidiefpercentage 20.7% in een gemiddelde controleperiode van 

46 maanden; bij 40% van de patiënten met een gemarsupialiseerde KCDT trad recidief 

op in een gemiddelde controleperiode van 58 maanden. Bij geen van de patiënten trad 

blijvende uitval op van één of meer zenuwfuncties.  

Mede naar aanleiding van het recidiefpercentage in de huidige studie en het mogelijk 

nuttige effect van Carnoy's fixatievloeistof, is een overzicht van de literatuur 

gepresenteerd over de verschillende behandelingsmethoden, variërend van eenvoudige 

enucleatie tot radicale chirurgie. In het bijzonder is ook gekeken naar de mogelijke 

betekenis van de Carnoy's fixatievloeistof voor wat betreft het recidiefpercentage. Uit 

het literatuuroverzicht is niet gebleken, dat de Carnoy's fixatievloeistof daadwerkelijke 

meerwaarde heeft; deze opvatting werd bevestigd in een recent verschenen studie van 

de Cochrane groep8. Verder bleek uit het literatuuroverzicht, dat er op dit moment geen 

clinicopathologische of immuunhistochemische karakteristieke bevindingen zijn die een 

voorspellende waarde hebben op het al of niet optreden van recidief van een KCDT. 
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Een literatuuroverzicht van de histopathologische aspecten, het biologische gedrag van 

de KCDT, de moleculaire (groeifactoren, p53, PCNA, Ki-67, bcl-2) en genetische 

(PTCH, SHH) veranderingen die met deze dentogene tumor samenhangen, heeft nader 

inzicht in het fysiopathologische mechanisme verschaft dat bij de ontwikkeling van 

deze kaaktumor betrokken is. Er zijn inderdaad significante verschillen op moleculair 

niveau tussen KCDT en andere dentogene cysteuze afwijkingen, die wijzen op een 

verschillend biologisch gedrag7,9. 

De huidige kennis van de mogelijke rol die COX-2 bij het ontstaan van tumoren speelt, 

maakt dat expressie van COX-2 mogelijk een belangrijke merker is van het biologische 

gedrag van KCDTs. Om die reden werd een onderzoek uitgevoerd naar de expressie van 

COX-2 bij 116 patiënten van de afdeling mondziekten, kaak- en 

aangezichtschirurgie/orale pathologie van het VUmc/ACTA. Geringe tot sterke 

expressie van COX-2 werd bij 83 (71,6%) van de gevallen aangetroffen, waarvan 34 

(29,3%) gering positief en 49 (42,2%) sterk positief waren. COX-2 expressie werd 

voornamelijk gezien in de epitheelbekleding. De expressie van COX-2 in KCDTs en de 

huidige kennis over de rol van COX-2 bij het ontstaan van tumoren versterken de 

hypothese dat een KCDT als een neoplasma moet worden beschouwd. 

Expressie van COX-2 is zelden onderzocht bij KCDTs. In ons onderzoek werden 

statistisch geen significante verschillen gevonden tussen de expressie van COX-2, p53 

en Ki-67. 

In het huidige onderzoek is ook gekeken naar de expressie van COX-2 in 10 folliculaire 

cysten; bij zes van de tien bleek COX-2 expressie voor te komen. Deze niet- 
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gepubliceerde bevinding ondersteunt de hypothese, dat SHH een belangrijke rol speelt 

bij het ontstaan van dentogene ontwikkelingscysten. De daarbij voorkomende 

afwijkende expressiepatronen van moleculaire merkers zijn niet het resultaat van 

genetische veranderingen maar van een versterkt fysiologisch proces. 

Zhang et al. hebben recent laten zien, dat er sprake is van immunoreactiviteit voor SHH, 

PTCH, SMO and GLI1 in het cytoplasma van het epitheel van folliculaire en 

glandulaire dentogene cysten10. Pavelic et al. hebben eveneens PTCH expressie 

aangetoond in de epitheelbekleding van folliculaire cysten, met daarbij verlies van 

heterozygositeit voor de D9S287 en/of de D9S180 merker in ongeveer 50% van de 

gevallen11. Daarentegen vonden Barretto et al. geen correlatie tussen immunoreactiviteit 

voor PTCH in de epitheelbekleding van dentogenen cysten en een daadwerkelijke 

mutatie van PTCH12. Bovendien is overexpressie van zowel p53 als Ki-67 

gerapporteerd in ontwikkelingscysten zoals de folliculaire cyste9. Naast een belangrijke 

rol die SHH speelt in het moleculaire netwerk bij het ontstaan van dentogene tumoren, 

speelt SHH ook een belangrijke rol bij de tandontwikkeling. Dit kan de hypothese van 

Pavelic ondersteunen, dat een niet goede normale ontwikkeling de oorzaak kan zijn van 

een folliculaire cyste of van een KCDT11. Deze bevindingen kunnen de verklaring zijn 

voor de carcinomateuze veranderingen in het epitheel van vooral folliculaire cysten en 

KCDTs13-21. 

De veelheid aan merkers die in KCDTs tot overexpressie komen, is suggestief voor wat 

genoemd wordt een "network addiction" patroon en niet zozeer een afwijkend 

mechanisme dat afhankelijk is van een specifieke geactiveerd of onderdrukt gen, 

waardoor het agressieve gedrag kan worden verklaard. Bij de toekomstige behandeling  
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van KCDT zal de sleutel waarschijnlijk liggen in verder inzicht in het biologisch gedrag 

van deze tumor, die het mogelijk moet maken een meer op maat toegepaste behandeling 

uit te voeren. Zo zijn er al tamelijk toxische geneesmiddelen gericht tegen p53, SMO of 

EGFR bij de behandeling van kwaadaardige tumoren. Vermoedelijk kunnen er in de 

toekomst middelen worden ontwikkeld, gericht tegen COX-2, als een adjuvante 

behandeling. Daardoor kan mogelijk aanvullende agressieve chirugische behandeling 

worden voorkomen. 
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