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ABSTRACT 
 Cyclooxygenase-2 (COX-2) is an inducible enzyme that participates in 
inflammatory and neoplastic processes. It is expressed in many premalignant and 
malignant lesions and contributes to carcinogenesis. This study evaluated the level of 
COX-2 expression by immunohistochemistry in 10 specimens of normal mucosa, 21 
specimens of oral lichen planus (OLP), 16 specimens of leukoplakia, 7 specimens of 
leukoplakia with dysplasia and 10 specimens of oral squamous cell carcinoma 
(OSCC). 
 The COX-2 expression was presented as an immunostaining score. This score 
was obtained by multiplying the percentage of positive cells with the grade of staining 
intensity. The immunostaining scores of COX-2 expression were 5.2 ± 4.7 in normal 
mucosa, 34.1 ± 17.6 in OLP, 23.9 ± 15.1 in leukoplakia, 39.8 ± 17.8 in leukoplakia 
with dysplasia and 90.5 ± 32.2 in OSCC. The expression of COX-2 was highest in 
OSCC. The level of COX-2 expression in oral premalignancies including OLP, and 
leukoplakia with and without dysplasia was significantly higher than those in normal 
mucosa (p≤0.05), but lower than those in OSCC (p≤0.01). There was no statistically 
significant difference in the expression of COX-2 among each group of the oral 
premalignancies (p>0.05).  

The expression of COX-2 in OLP was not different from those of  oral 
premalignancies including leukoplakia with and without dysplasia, suggesting that  
there is a possibility of malignant transformation of OLP. The certain implication of 
COX-2 expression in OLP remains unknown.  A prognostic value of COX-2 in 
premalignant lesions is needed for further study. 
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บทคัดยอ 
 เอนไซมไซโคออกซิจีเนสทูเปนเอนไซมที่เกิดขึ้นจากการถูกเหนี่ยวนําซึ่งมีสวนเกี่ยวของใน
กระบวนการอักเสบและกระบวนการเกิดเนื้องอก เอนไซมนี้พบในรอยโรคกอนเกิดมะเร็งและรอย
โรคมะเร็งจํานวนมาก การศึกษานี้มีวัตถุประสงคเพื่อประเมินระดับของเอนไซมไซโคออกซิจีเนสทูโดย
ใชเทคนิคอิมมูโนฮิสโตเคมีสตรีในเย่ือเมือกปกติจํานวน 10 ตัวอยาง ไลเคนพลานัสในชองปากจํานวน 
21 ตัวอยาง ลิวโคเพลเคียจํานวน 16 ตัวอยาง ลิวโคเพลเคียที่พบลักษณะการเจริญผิดปกติของเนื้อเย่ือบุ
ผิวจํานวน 7 ตัวอยาง และมะเร็งชองปากชนิดสความัสจํานวน 10 ตัวอยาง 
 ระดับของเอนไซมประเมินจากคะแนนการติดสีซึ่งคิดจากรอยละของจํานวนเซลลที่ติดสีคูณ
กับระดับความเขมของการติดสีของเซลล  คะแนนการติดสีเฉลี่ยในเยื่อเมือกปกติเทากับ 5.2 ± 4.7      
ไลเคนพลานัสในชองปาก 34.1 ± 17.6  ลิวโคเพลเคีย 23.9 ± 15.1  ลิวโคเพลเคียที่พบลักษณะการเจริญ
ผิดปกติของเนื้อเย่ือบุผิว 39.8 ± 17.8 และมะเร็งชองปากชนิดสความัส 90.5 ± 32.2      ในมะเร็งชองปาก
ชนิดสความัสพบระดับเอนไซมนี้สูงที่สุด รอยโรคกอนเกิดมะเร็งชองปากทั้งไลเคนพลานัสในชองปาก 
และลิวโคเพลเคียทั้ง 2 ชนิดพบระดับเอนไซมสูงกวาในเยื่อเมือกปกติอยางมีนัยสําคัญทางสถิติที่ p≤0.05    
แตตํ่ากวาในมะเร็งชองปากชนิดสความัสอยางมีนัยสําคัญทางสถิติที่ p≤0.01 ในแตละกลุมของรอยโรค
กอนเกิดมะเร็งชองปากไมพบความแตกตางของระดับเอนไซมอยางมีนัยสําคัญทางสถิติที่ p>0.05 
 ระดับเอนไซมไซโคออกซิจีเนสทูในรอยโรคกอนเกิดมะเร็งชองปากท ั้งไลเคนพลานัสในชอง
ปากและลิวโคเพลเคียทั้ง 2 ชนิดไมแตกตางกัน ดังนั้นอาจเปนไปไดวารอยโรคไลเคนพลานัสในชอง
ปากมีโอกาสเปลี่ยนแปลงเปนมะเร็งเชนเดียวกับลิวโคเพลเคีย อยางไรก็ตามกลไกที่ทําใหเกิดการแสดง
ของเอนไซมในไลเคนพลานสัยังไมทราบแนชัด การศึกษาถึงระดับเอนไซมไซโคออกซิจีเนสทูเพื่อ
ประโยชนในการพยากรณโรครอยโรคกอนเกิดมะเร็งชองปากยังคงตองมีเพิ่มเติมตอไป 
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CHAPTER I 

INTRODUCTION 

 

 
Oral premalignancies including leukoplakia and oral lichen planus (OLP) have 

been classified as a premalignant lesion and a premalignant condition of the oral 

mucosa, respectively (1). Leukoplakia is the most common premalignant lesion and it 

may be associated with tobacco use and candidal infection. The incidence of 

malignant transformation of leukoplakia has been varied from less than 1% to 18% 

(2). Studies have shown that between 16 and 62% of oral carcinoma are associated 

with leukoplakic lesions when diagnosed (3,4). According to malignant transformation 

rate of oral leukoplakia, it can be calculated that patients with oral leukoplakia carry  a 

5-fold higher risk of developing oral cancer than those who developed a cancer de 

novo in previously normal-appearing mucosa (5). Leukoplakia may occur either as a 

single, localized change of the oral mucosa or as diffuse, often multiple lesions. In 

general, the clinical characteristics of leukoplakia are being recognized as two types ;  

homogeneous leukoplakia and non - homogeneous leukoplakia (1). Moreover, the 

clinical appearance of leukoplakia may indicate the possibility of dysplastic or 

malignant features. It is generally agreed that the homogeneous leukoplakia has a low 

risk of malignant transformation while the non - homogeneous type demonstrates a 

higher degree of risk. Also, the lesions in the floor of  the mouth, the lateral borders of 

tongue and lower lip have been associated with an increased risk of malignant 

transformation (6,7). A premalignant condition especially OLP is a chronic 

inflammatory disease of unknown etiology that has malignant potential and occurs in 

approximately 1% to 2% of general population. Besides, it is the most common non-

infectious oral mucosal disease in patients referred for oral lesion treatment and 

manifests with clinical presentations that may appear in different forms (8). Recently, 

Jainkittivong et al.  also reported that OLP was found  2.8%  in  elderly Thai patients 

(9). The incidence of malignant transformation of OLP per year varies between 0.04% 

and 1.74% (10).  The malignant transformation is more likely to occur in atrophic, 
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erosive and ulcerative lesions. It has been  believed that these forms predispose the 

mucosa to damage from carcinogenic agents (10). However, only a small number of 

OLP patients who developed a malignancy uses tobacco products (11,12). Lanfranchi 

et al. reported that 6.51% of OLP patients develop malignant change and there were 

the clinical presentations as the keratotic (plaque-like) and erosive forms (13).  

For both leukopakia and OLP, the history taking, conventional clinical and 

histopathological examination are important parameters for the prediction of 

malignant transformation in the lesions. Nevertheless, some of the dysplastic lesions 

remain clinically unchanged, and malignant tramsformation may also occasionally 

take place in non-dysplastic ones (14). Other methods that can detect the signs of 

transformation such as the use of toluidine blue staining and exfoliative cytology are 

still limited value (6,12). Thus, the use of immunohistochemical technique has become 

a powerful tool. It can widely detect the  biological markers for predicting malignant 

transformation of oral premalignancies (15). 

The presence of clinical and histological aspects can vary to predict which 

lesions will eventually develop into carcinoma. For instance, an increased risk of 

malignant transformation in  dysplastic lesions has been documented, it seems that not 

all of those dysplastic lesions will eventually become malignant, and some may even 

regress and carcinoma can develop from non-dysplatic lesions (2). The biological 

markers have been suggested to be of value in the diagnosis and prognostic evaluation 

of oral premalignancies (2). They could potentially be good candidates for improving 

the prognostic evaluation of precursors of oral cancer. Recently, cyclooxygenase-2 

(COX-2) is known as one of the prognostic markers in oral premalignancies (16,17). 

Its up-regulation seems to follow an aneuploid DNA content (18). COX-2 is  the 

inducible isoform of the  prostaglandin-forming enzyme that has been expressed in 

numerous processes such as cellular growth, cell proliferation, cell differentiation and 

inflammation. It is also closely involved in the carcinogenesis process (19,20). 

Besides, upregulated expression of the enzyme is found in both premalignant 

tissues and cancers (21-26). This probably reflects the influence of oncogenes, growth 

factors, tumor promoters and carcinogens, which are known as inducers of COX-2 

(19,27-33). Recently, much attention has been paid to the role of COX-2 in 

carcinogenesis. COX-2 influences several processes that are important in cancer 
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development, such as cell proliferation, apoptosis, angiogenesis and invasiveness, 

although the relative importance of each of these effects in tumorigenesis is uncertain 

(19,30,34,35).  

According to the evidence suggesting that COX-2 is linked to development of 

cancer in leukoplakia, SudbØ et al. indicated that COX-2 expression is found in  41% 

of dysplastic lesions, then  85% of  these lesions develop carcinoma during a median 

observation time of 67 months. The remaining 59% of dysplastic lesions have not 

developed a carcinoma. It is also found in  89.6 % of oral carcinomas (17). Renkonen 

et al. reported that the gradually increasing of COX-2  detected during the progression 

change in tongue epithelium from hyperplasia  to dysplasia (16).  However, there are 

only few studies in the expression of COX-2 in leukoplakia. Also, COX-2 expression 

in OLP has not been  studied. Therefore, the application of molecular biological 

marker such as COX-2 for the assessment of cancer risk is useful. 

 

 

Objective of study  
 This study was aimed to evaluate the  level of COX-2 expression by 

immunohistochemistry  in OLP, leukoplakia, oral cancer and normal mucosa.  

 

 

Hypothesis of study  
The level of COX-2 expression in OLP is not different from that of  

leukoplakia. 
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CHAPTER II 

LITERATURE REVIEW 

 

 
Leukoplakia and oral lichen planus (OLP) have been classified as a 

premalignant lesion and a premalignant condition of oral mucosa, respectively (1). A 

precancerous lesion has been defined as a morphologically altered tissue in which 

cancer is more likely to occur than in its apparently normal counterpart. Also, a 

precancerous condition has been defined as a generalized state associated with a 

significantly increased risk of cancer (1). Both lesions are generally accepted the 

increased risks of oral malignancy. 

 

 

Leukoplakia 
 Leukoplakia has been recently defined as a predominantly white lesion of the 

oral mucosa that cannot be characterized as any other definable lesion, some oral 

leukoplakias will transform into cancer (1). It is the most common  premalignant, 

potentially malignant or precancerous lesion of the oral mucosa that may be associated 

with the use of tobacco and candidal infection. Leukoplakia is seen most freguently in 

middle-aged and older men, with an increasing prevalence with age (7).   

 

 1.  Clinical aspects of leukoplakia 

 In general, two clinical characteristics of leukoplakia are being classified, the 

homogeneous and the non-homogeneous type. Homogeneous leukoplakia has been 

defined as a predominantly white lesion of uniform flat, thin appearance that may 

exhibit shallow cracks and that has a smooth, wrinkled or corrugated surface with a 

consistent texture throughout (1) (Figure 1). It should be emphasized that the 

adjunctive “homogeneous” not only applies to the homogeneous whitish colour of the 

lesion, but above all, to a flat, thin, and rather smooth surface. It does not apply to 
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verrucous, papillary or exophytic lesions that otherwise may have a homogeneous 

colour or texture. Those lesions are considered non-homogeneous leukoplakias. Non-

homogeneous leukoplakia has been defined as a predominantly white or white-and-red 

lesion; erosive leukoplakia or erythroleukoplakia; that may be either irregularly flat, 

nodular or exophytic including the clinical lesion of speckled leukoplakia and 

verrucous leukoplakia (1) (Figure 2). The adjective “non-homogeneous” is applicable 

both to the aspect of colour, i.e. a mixture of white and red changes 

(“erythroleukoplakia”) and to the aspect of texture, i.e. exophytic, papillary or 

verrucous. The homogeneous type is usually otherwise asymptomatic, whereas the 

non-homogeneous leukoplakias are often associated with mild complaints of localized 

pain or discomfort. According to location, the most common sites of the lesions are the 

buccal mucosa, alveolar mucosa, and lower lip; however, lesions in floor of mouth, 

lateral surface of tongue and lower lip are most likely to show dysplastic or malignant 

changes (6,7). Moreover, the clinical appearance of leukoplakia may indicate the 

possibility of dysplastic or malignant features. Commonly, leukoplakias with an 

intermixed red component such as speckled leukoplakia or erythroleukoplakia are the 

greatest risk for showing dysplasia or carcinoma. In addition, a thick homogeneous 

leukoplakia shows more dysplasia than a thin leukoplakia but it shows less dysplasia 

than verrucous leukoplakia (38). 

 

 

 
 

                        Figure 1 Homogeneous leukoplakia (36). 
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Figure 2 Non-homogeneous leukoplakia (37). 

 

2.  Histopathological aspects of leukoplakia 

The histopathological aspects of leukoplakia may vary from atrophy of the 

epithelium to hyperplasia with or without hyperkeratosis (Figure 3A). Epithelial 

dysplasia, if present, may range from mild to severe (Figure 3B). In some instances, 

carcinoma in situ and even squamous cell carcinoma are encountered histologically 

(6).  

 

    
 

Figure 3 Histopathological aspects of leukoplakia. Hyperkeratosis (A) and epithelial 

dysplasia (B) (37).  

 

The various cellular changes that may occur in the epithelial dysplasia are 

listed in Table 1 

 

 

A B
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Table 1 Commonly used histopathological features of epithelial dysplasia by  

 Kramer et al (39). 

1. Loss of polarity of the basal cells 

2. Presence of the more than one layer of cells having a basaloid appearance 

3. Increased nuclear-cytoplasmic ratio 

4. Drop-shaped rete processes 

5. Irregular epithelial stratification 

6. Increased number of mitotic figures (a few abnormal mitoses may be present) 

7. Presence of mitotic figures in the superficial half of the epithelium 

8. Cellular pleomorphism 

9. Nuclear hyperchromatism 

10. Enlarged nucleoli 

11. Reduction of cellular cohesion 

12. Keratinization of single cells or cell groups in the prickle layer 

 

 

3.  Premalignant risk of leukoplakia 

Epithelial dysplasia can be found in homogeneous leukoplakia, but is more 

commonly diagnosed in non- homogeneous leukoplakia (2). Therefore, the certain 

features have been reported to be associated with an increased risk of malignant 

transformation. There are, in arbitrary order : 1) gender, particularly women seem to 

be at risk; 2) long duration of leukoplakia; 3) leukoplakia in non-smokers(idiopathic 

leukoplakia); 4) location in the floor of mouth and on the tongue; 5) non-homogenous 

type; 6) presence of C. albicans; and 7) presence of epithelial dysplasia (6). Of the 

previous-mentioned factors, the presence of epithelial dysplasia - more or less 

correlating with a clinical non-homogeneous, erythro-leukoplakic subtype - seems to 

be the most important indicator of malignant potential. Also, it is generally accepted 

that a dysplastic lesion carries a 5-fold greater risk of malignant transformation than a 

non-dysplastic one (6).  
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Oral lichen planus  
Oral lichen planus (OLP) is a chronic inflammatory oral mucosal disease   that 

is classified as precancerous conditions (1). It is a cell-mediated immune condition of 

unknown etiology. The lesion affects women more than men (1.4:1) and occurs 

predominantly in adults over the age of 40 years, although younger adults and children 

may be affected (8).  

 

1.  Clinical aspects of OLP 

Clinically, there is a variety of presentations. OLP presents as white striations 

(Figure 4A), white papules, white plaques, erythema (Figure 4B), erosions (Figure 4C) 

or blister (Figure 4D) affecting predominantly the buccal mucosa, tongue and gingiva, 

although other sites are occasionally involved. The lesion is typically bilateral and 

often appears as a mixture of clinical subtypes. For example, white and grey streaks 

may form a linear or reticular pattern on an erythematous background. Alternatively, 

there may be a central area of shallow ulceration (erosion) with a yellowish surface 

surrounded by an area of erythema. However, almost all cases of OLP present with 

reticular keratotic striae in some area of the oral mucosa.  All cases of OLP should be 

examined carefully for fine striae both peripherally around atrophic and/or erosive 

sites and on the buccal mucosa, ventral and lateral tongue and gingiva. The gingival 

lesions frequently present as fiery red erythema affecting the entire width of the 

attached gingiva, a condition previously termed “desquamative gingivitis”. OLP may 

also occur with or without skin manifestation. Approximately two thirds of OLP 

patients report oral discomfort. Most cases of symptomatic OLP are associated with 

atrophic (erythematous), erosive and ulcerative lesions (8). In addition, OLP usually 

persists for many years with periods of exacerbation and quiescence.  
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Figure 4 Clinical aspects of oral lichen planus. Reticular pattern (A) (36), 

erythematous pattern (B), erosive pattern (C) and bullous pattern (D) (40). 

 

2.  Histopathological aspects of OLP 

 The classical histologic features of OLP is characterized by a dense, bandlike 

infiltrate of lymphocytes within lamina propria that intimately intermingles with basal 

cell region of surface epithelium and liquefactive degeneration of basal epithelial cell. 

Degenerating basal epithelial cells form colloid bodies that they are apoptotic 

keratinocytes. Hyperkeratosis or parakeratosis, acanthosis and “saw-tooth” appearance 

of rete ridges may be seen (Figure 5) (8).   

 

A B 

C D 
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Figure 5 Histopathological aspects of oral lichen planus. 

 

3. The pathogenesis of OLP 

There are extensive data to suggest that immunological mechanisms, mainly 

cellular, are fundamental to the pathogenesis of OLP (41). Particularly, T-cells are 

predominant lymphoid cells in the lamina propria and intra-epithelium of OLP with 

variable proportions of B-cells, natural killer cells (NK cells), macrophages and mast 

cells. Moreover, CD8+ T-cells may play major role in the disruption of basal cell layer 

in OLP epithelium. They may trigger keratinocyte apoptosis and activated CD8+ T- 

cells (and possibly keratinocytes) may release cytokines which attract additional 

lymphocytes into the developing OLP lesion (8).  

Although the precise pathogenesis of OLP is still unknown, there are many 

studies to propose hypotheses in the pathogenesis of OLP. Scully et al. explained that 

an antigenic modification of the cellular surface triggers a tissue reaction, via the 

dendritic antigen-presenting cells in the epithelium and mesenchyme. Moreover, the 

majority of intra-epithelial T-cells is CD8+ T-cells and the proportion of them is 

higher in the superficial than in deep lamina propria. The increased CD8+ T-cells may 

facilitate the production of cytokines such as tumor necrosis factor alpha (TNF-α), 

interleukin-2 (IL-2) and interferon alpha (IFN-α). These cytokines induce the 

activation of dendritic cells including Langerhans cells and attract more lymphocyte. 

Other molecules, like heat shock protein (HSP), intercellular adhesion molecule-1 

(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) may be expressed in 
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OLP under the influence of interferon gamma (IFN-γ) and facilitate the lymphocyte-

to-keratinocyte adherence which determines keratinocyte cell death by apoptosis (41). 

 Chaiyarit et al. also proposed a hypothesis of the pathogenesis of OLP that in 

a genetically predisposed individual, a hapten, a conventional antigen, or a 

superantigen of oral microbial origin, could induce a cell-mediated immune response 

with subepithelial infiltration of T lymphocytes. Generation of cytokines by these cells 

may upregulate the expression of HSP60 in the adjacent basal keratinocytes. What 

follows will depend on whether the individual is predisposed to react to HSP60. If not 

predisposed, the first immune reaction will result in non-specific mucositis. However, 

if the individual is predisposed to react to HSP60 by virtue of possession of certain 

HLA antigens such as HLA-Bw57 or HLA-DR2, then a second immune reaction will 

follow with the development of cytotoxic T lymphocytes that target basal keratinocyte 

causing immune destruction, one of the hallmarks of OLP (42).  

Furthermore, Sugerman et al. proposed that both antigen-specific and non-

specific mechanisms may be involved in the pathogenesis of OLP (43). In antigen 

specific mechanisms, many antigen-specific mechanisms may be involved in the 

pathogenesis of OLP, including (i) major histocompatibility complex (MHC) class I-

and MHC class II-restricted antigen presentation by lesional keratinocytes, (ii) 

activation of antigen-specific CD4+ helper T-cells and CD8+ cytotoxic T-cells, (iii) 

clonal expansion of antigen-specific T-cells, and (iv) keratinocyte apoptosis triggered 

by antigen-specific CD8+ cytotoxic T-cells (43). In non-specific mechanisms, many 

non-specific mechanisms may be involved in the pathogenesis of OLP, including (i) 

mast cell chemotaxis and degranulation stimulated by T-cell RANTES (regulated on 

activation, normal T-cell expressed and secreted), (ii) endothelial cell adhesion 

molecule expression stimulated by mast cell TNF-α, (iii) T-cell matrix 

metalloproteinase (MMP-9) activation by mast cell chymase, (iv) epithelial basement 

membrane disruption by mast cell proteases or T-cell MMP-9, (v) keratinocyte 

apoptosis triggered by epithelial basement membrane disruption, (vi) intra-epithelial 

CD8+ T-cell migration through basement membrane breaks, (vii) inflammatory cell 

survival prolonged by T-cell RANTES, and (viii) non-specific T-cell recruitment by 

keratinocyte-derived chemokines (43). On the basis of these experimental findings, 

Sugerman et al. proposed a unifying hypothesis implicating both antigen-specific and 
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non-specific mechanisms (Figure 6). (A) A lichen planus antigen is expressed in 

association with MHC class I molecules on keratinocytes at the OLP lesion site [1]. 

Antigen-specific CD8+ cytotoxic T-lymphocytes (CTLs) are activated in the OLP 

epithelium (possibly with help from Th1 CD4+ T-cells) and trigger keratinocyte 

apoptosis via secreted TNF-α [2]. Although roles for granzyme B and Fas cannot be 

excluded at this stage. TNF-α may be activated and released from the CTL surface by 

lesional MMPs. (B) Activated T-cells undergo intra-lesional clonal expansion and 

release RANTES and other cytokines [3] that up-regulate mast cell CCR1 expression 

and stimulate intra-lesional mast cell migration and degranulation [4]. Degranulating 

mast cells release TNF-α which up-regulates endothelial cell adhesion molecule 

expression for lymphocyte adhesion and extravasation [5]. Mast cell TNF-α also up-

regulates RANTES [6] and MMP-9 [7] secretion by OLP lesional T-cells. Activated 

lesional T-cells (and possibly keratinocytes) secrete chemokines which attract 

extravasated lymphocytes toward the OLP epithelium [8]. Degranulating mast cells 

release chymase that damages the epithelial basement membrane directly [9] or 

indirectly via activation of MMP-9 secreted by OLP lesional T-cells [10]. Epithelial 

basement membrane disruption facilitates the passage of lymphocytes into the OLP 

epithelium [11] and denies keratinocytes a cell survival signal, resulting in further 

keratinocyte apoptosis [12] (43). 

       
Figure 6 Unifying hypothesis for the pathogenesis of oral lichen planus. Note (A) 

represents the boxed area in (B). 
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4.  Premalignant risk of OLP 

Studies identified oral cancer-related risk factors and oral squamous cell 

carcinoma (OSCC) within the OLP site and most carcinomas at presentation are in 

areas of atrophic and/or erosive OLP (11,12). In particular, the atrophic or erosive 

OLP lesions may be more vulnerable to the effects of known carcinogens. The cause 

of increased oral cancer risk in OLP patients is unknown, although the oral mucosa 

affected by OLP may be compromised to extent of being more sensitive to exogenous 

mutagens in tobacco, alcohol, betel quid and C. albicans. Alternatively, the chronic 

inflammatory response and simultaneous epithelial wound healing response in OLP 

may increase the likelihood of cancer-forming gene mutations (8).  Moreover, OLP 

has  a higher rate of cell turnover, which may increase the risk of genetic errors. The 

combination of genetic risk factor and exogenous carcinogen may lead to dysplasia 

and increased cancer risk (12). OLP with and without dysplasia may be distinct 

entities and may require different management strategies. 

 

 

Biological markers for oral cancer and premalignancies 
 The biological markers have been suggested to be of value in the diagnosis and 

prognostic evaluation of oral premalignancies. The best-characterized markers for 

determining future cancer development in oral premalignancies can be divided into: 

(1) genomic markers, including DNA content (ploidy), chromosome aberration (allelic 

loss or gain), and changes in the expression of oncogenes and tumor suppressor genes 

(p53); (2) proliferation markers; (3) differentiation markers, including keratins and 

carbohydrate antigens (2). Recently, cyclooxygenase-2 (COX-2) is also known as one 

of the prognostic markers in oral premalignancies (16,17). 

 

 

Cyclooxygenase and prostaglandin synthesis 
 Cyclooxygenase (COX) is a key  regulatory enzyme in the production of 

prostaglandin (PG) from arachidonic acid (AA),which is liberated from membrane 

phospholipids by phospholipase A2 (PLA2). The cyclooxygenase enzyme catalyzes 

AA to intermediate prostaglandin G2 (PGG2) by the cyclooxygenase activity, followed 
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by reduction to prostaglandin H2 (PGH2) by the peroxidase activity. Specific 

isomerases then convert  PGH2 to different prostaglandins and thromboxanes. Each 

product derived from PGH2 has its own range of biological activities (Figure 7) (20). 

PG is synthesized in most tissues and may act via autocrine or paracrine mediators 

signaling changes within the immediate environment of the cell. It has important 

functions in almost every system and regulates different physiological processes such 

as immunity, pain, maintenance of vascular integrity and tone, cell reproduction, 

inflammation, cell proliferation and  angiogenesis (29). 

 

 
 

Figure 7 Cyclooxygenase enzyme in prostaglandin synthesis (20). 

 

 

Cyclooxygenase-2 (COX-2) 
 There are two isoforms of cyclooxygenase : COX-1 and COX-2 ,which are 

encoded by different genes and express cell-specific regulation. As shown in Table 2, 

the two forms differ in many respects (29,30). 
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Table 2 Comparison of COX-1 and COX-2 

Features COX-1 COX-2 
Expression 
Protein size 
 
Gene size 
Human chromosome 
mRNA size 
 
Localization 
 
Cell and tissue expression 

Constitutive 
Single band of about 72 kDa 
on SDS-PAGE 
22 kb 
9 
2.7 kb 
 
Endoplasmic reticulum, 
nuclear envelope 
Platelets, stomach, kidney, 
colon, most tissues 

Inducible 
Double on SDS-PAGE with 
72 kDa and 74 kDa 
8.3 kb 
1 
4.5 kb;contains multiple AU-
rich elements 
Endoplasmic reticulum, 
nuclear envelope 
Parts of brain and kidney, 
activated macrophages, 
synoviocytes during 
inflammation, malignant 
epithelial cells, expressed in 
most cells or tissues after 
stimulation with cytokines 
(eg.TNF α, interleukine 1β), 
growth factors (eg. EGF) or 
tumor promoters (eg. bile 
acids) 
 

 SDS-PAGE,sodium dodecyl sulphate polyacrylamind gel electrophoresis; TNF α, 
tumor necrosis factor alpha; EGF,epidermal growth factor 
 

COX-1 is constitutively expressed as a housekeeping enzyme in nearly all 

tissues, and mediates physiological responses, such as maintenance of the gastric 

mucosa, platelet aggregation, vascular homeostasis and regulation of renal blood flow. 

On the other hand, COX-2 is an inducible enzyme that is undetectable in normal 

conditions. It is induced by a variety of stimuli including growth factors, tumor 

promoters, hormones, cytokines, endotoxins and carcinogen (19,27-33) and also 

increases the synthesis of prostaglandins in inflamed and neoplastic tissues (28,29).  

Recently, COX-3  which is inhibited by acetaminophen is described as a new 

isoenzyme. The existence of this COX isoenzyme helps to explain the previously 

unknown antipyretic and analgesic mechanism of action of this widely used 

medication. COX-3 was identified transcripts in canine and human cerebral and  

hypothesize that this molecule may account for a central mechanism of pain and fever 

(20). 
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1.  Inducibility of COX-2 expression 

 The  COX-2 gene is located on human chromosome 1. The promoter of COX-2 

gene contains several enhancer sequences and expression can be induced through 

multiple signaling pathways involving protein kinase A and C, tyrosine kinase, 

lipopolysaccharide (LPS) and viral sarcoma protein (v-Src) (19). The enhancer 

sequences are binding sites for several transcription factors including nuclear factor-

κB (NF-κB), the nuclear factor for interleukin-6 expression (NF-IL-6), the cyclic AMP 

response element binding protein (CREB), which may cooperate in the transcriptional 

regulation of COX-2 (27,44).  

 

2.  Regulation of COX-2 expression 

COX-2 expression is associated with many  aspects of tumorigenesis. Thus,  

understanding the mechanisms involved in the regulation of expression of this enzyme 

will help to better understand the disease process. Although many of the tumor 

specific events are still unknown, revealing these mechanisms is part of the ongoing 

effort (Figure 8) (19). 

 
Figure 8  Regulation of COX-2 expression (19). 

 

Depending on the cell type, COX-2 can be activated by a variety of stimuli. 

In the mouse mammary epithelial cell line RAC311 and C57MG and the human liver 

cell line HuH7: Wnt-1 expression induces up-regulation of the COX-2 gene possibly 

through activation of COX-2 promoter by the β-catenin/T-cell factor-4 (Tcf-4) 

complex, resulting in increased levels of COX-2 mRNA and protein (45,46).  COX-2 

can also be regulated by the cooperation of the Wnt and Ras signaling transduction 
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pathway (46). Similarly, Ras-induced transformation in intestinal epithelial cell and 

mammary epithelial cell results in increased levels of  COX-2 mRNA and protein 

(28,47) According to oncogene-mediated transformation of mammary epithelial cell, 

the oncogenes src also up-regulated COX-2 promoter activity. In  human umbilical 

vein endothelial cells (HUVEC): COX-2 overexpression can be induced by 

interleukin-1α (IL-1α), fibroblast growth factor (FGF), lipopolysaccharide (LPS), 

tumor necrosis factor-α (TNF-α) and by exposing cell to hypoxia through activation of 

transcription factor (TF) NF-κB. The tumor promoter phorbol 12- myristate 13-acetate 

(PMA)  also induces an increase in the COX-2 mRNA and protein. Additionally, NF- 

κB activation has been shown to mediate COX-2 mRNA expression in response to 

LPS, TNF-α and peroxidase activity of both COX-1 and COX-2 (19,48-51). Similar to 

HUVEC, in endothelial cells derived from bone: COX-2 overexpression is induced by 

bFGF, then  promote PGE2 production (52). Moreover, the COX-2 activity promotes a 

major product, PGE2, and it can also stimulate the COX-2 expression when bound  to 

prostaglandin receptor EP-1 depend on the activation of protein kinase C (PKC) (53). 

In normal human epidermal keratinocytes: COX-2 expression is strongly upregulated 

by interferon-γ (IFN-γ) and TGF-α through activation of both the extracellular signal-

regulated kinase (ERK) and p38 mitogen-activated protein kinase (MAPK) pathways 

(54). In mouse osteoblastic cell line MC3T3-E1: TNF-α also activates PLA2 and 

induces COX-2, resulting in an increased production of PGE2. Then, the produced 

PGE2 binds to a PGE receptor, and increases the COX-2 mRNA and protein again 

(44). According to polyunsaturated fatty acids (puFA), they can activate PPAR 

resulting in induction of the COX-2 expression (19). Furthermore, in human oral 

epithelial cell: epidermal growth factor (EGF) induces an increase in level of COX-2 

mRNA and protein through the activation of MAP kinase (31). 

 

3.  Evidence that COX-2 promotes to tumorigenesis 

  The most specific data supporting a role of COX-2 in premalignant and 

malignant lesions comes from genetic studies. Oshima et al.  showed that knocking 

out the COX-2 gene in the APC∆716  mouse (a model for human familial adenomatous 

polyposis)  reduced the number and size of intestinal polyps. This effect was a gene 

dosage-dependent manner in the APC∆716 mutant mice. Thus, an 86% reduction in the 
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number of intestinal polyps occurred in mice lacking COX-2, but knocking out a 

single copy of the COX-2 gene led to a 66% decrease in the number of polyps, 

suggesting COX-2 plays a key role  in tumorigenesis (55). Liu et al.   bred transgenic 

mice that overexpressed the human COX-2 gene specifically in mammary glands. 

COX-2 transgenic mice with multiparosity had a high frequency of focal mammary 

gland hyperplasia, dysplasia, and transformation into metastatic tumors. Hence, 

increased levels of COX-2 are sufficient to induce malignant transformation. About 

more than 85% of COX-2 transgenic mice with multiparosity show the presence of 

tumors. In addition, The overexpression of COX-2 transgenic mice resulted in 

precocious differentiation of mammary gland and delayed mammary tissue involution. 

COX-2-induced tumor tissue also expresses reduced levels of the proapoptotic 

proteins Bax and Bcl-xL and  an increase in the anti-apoptotic protein Bcl-2. These 

observations support the idea that enhanced expression of COX-2 is sufficient to 

induce tumorigenesis (56). 

 Accordingly, the increased expression of COX-2 is commonly found in both 

premalignant tissues and cancers. In transitional cell carcinoma (TCC) of the urinary 

bladder, Ristimaki et al. indicated that COX-2  was expressed in 66% (67 of 102) of 

human TCCs as detected by immunohistochemistry, whereas only 25% (4 of 16) of 

the nonneoplastic samples were positive. About 19% of  the TCC specimens stained 

with high intensity, none of the nonneoplastic specimens showed strong staining in the 

epithelial compartment. The COX-2 immunoreactivity localized to the neoplastic cells 

in carcinoma samples, whereas the expression of COX-2 was not virtually found in 

normal transitional cell epithelium of both nonneoplatic and neoplastic specimens. 

Furthermore, several invasive TCCs exhibited the strongest intensity of COX-2 

staining in invading cells, even when the rest of the tumor expressed undetectable 

levels of COX-2, suggesting  the expression of COX-2 may be related to invasion and 

metastasis of carcinoma (23). 

 In pancreatic cancer, Tucker et al. discovered that there was nearly more than   

60-fold increase in amounts of COX-2 mRNA in tumorous (mean, 135 fg/µg total 

RNA) compared with adjacent nontumorous (mean, 2 fg/µg total RNA) tissue. 

Interestingly, COX-2 protein was also detected in 9 of 10 patients but was undectable 

in nontumorous tissue in the same patients by Western blot analysis. 
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Immunohistochemical analysis of 10 cases of pancreatic cancer revealed that COX-2 

expression was multifocal and moderate to strong in the majority of cases. Expression 

of COX-2 was localized to tumor cells, not to surrounding stromal cells or infiltrating 

inflammatory cells. COX-2 was also induced by PMA in cultured human pancreatic 

cancer cell lines. This is the evidence that COX-2 is up-regulated in pancreatic cancer 

(57). 

 In gastric cancer, Ristimaki et al. found that gastric carcinoma tissues 

expressed significantly higher levels of COX-2 mRNA (mean 5.4±1.8) than did 

antrum (mean 0.6±0.1) or corpus samples (mean 0.6±0.2) of gastric mucosa, which 

were devoid of cancer cell, as detected by Northern blot hybridization. 

Immunostaining for COX-2 showed cytoplasmic staining expresses in glandular 

structures composed of  cancer cells, but not in the surrounding stroma. Some 

hyperplastic glands showed intense staining, whereas glands of normal morphology 

were negative. So, they found that some nonmalignant hyperplastic gastric glands that 

may represent premalignant lesions stained for the COX-2 protein (22). 

 In esophageal carcinoma including premalignant Barrett’s esophagus, 

squamous cell carcinomas (SCCs) and adenocarcinomas (ADCs), Wilson et al.     

demonstrated that COX-2 mRNA was expressed in 81% (17 of 21) of Barrett’s tissue. 

About 2 of 21 patients with Barrett’s esophagus that had dysplasia presented COX-2 

mRNA. Increased COX-2 mRNA also occurs in adenocarcinomas arising in  Barrett’s 

mucosa. Similarly, COX-2 protein is present at a low level in normal gastric body but 

strongly increased in the lamina propria of Barrett’s mucosa, the epithelium of the 

dysplasia and malignant esophageal glands. Findings obtained at the mRNA level by 

RT-PCR were strongly corroborated by similar findings at the protein level by 

immunoblotting or immunohistochemistry. The data suggest that overexpression of 

COX-2  constitutes an early event in the esophageal neoplastic transformation process 

which occurs at the precancerous metaplastic stage and it may prove valuable as a 

biomarker of cancer risk for metaplastic and dysplastic Barrett’s lesions, as well as 

prognostic indicators for frank adenocarcinama (25). Zhang et al.  reported that COX-

2 expression was also elevated in 70% (21 of 30) of esophageal ADC and 70% (12 of 

17) of Barrett’s esophagus (58). Zimmermann et al. showed COX-2 expression was 

found in 91% (156 of 172) of the SCCs and in 78% (21of 27) of the ADCs as detected 
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by immunohistochemistry. No significant differences were found when COX-2 

expression among SCC and ADC was compared in terms of staining intensity, 

percentage of positive cells, or immunoreactive score.  COX-2 also localized within 

the cancer cell. Its expression promotes PGE2  production and involved in the 

progression of esophageal tumor cells (24).  

 In squamous cell carcinoma of the head and neck (HNSCC), Chan et al. 

investigated that  there was nearly a 150-fold increase in amounts of COX-2 mRNA in 

HNSCC (mean, 350 fg/µg total RNA) versus normal mucosa (mean, 2.4 fg/µg total 

RNA). Interestingly, levels of COX-2 mRNA were also increased, although to a lesser 

degree, in normal-appearing epithelium adjacent to HNSCC (mean, 106 fg/µg total 

RNA) compared with normal mucosa. COX-2    protein was also detected in 6 of 6 

cases of HNSCC but was undetectable in normal mucosa by Western blot analysis. 

Immunohistochemical analysis of 10 cases of HNSCC revealed that COX-2 

expression was multifocal and moderate to strong in intensity in all cases. Mild to 

moderate COX-2 immunoreactivity was also present in the epithelial cells of  normal-

appearing epithelium adjacent to HNSCC and in 2 cases of leukoplakia and 1 case of 

carcinoma-associated severe dysplasia. Thus, this study demonstrates that COX-2 is 

markedly up-regulated in HNSCC, resulting in  the development of cancer (21).  

 In oral squamous cell carcinoma (OSCC), Itoh et al. reported that COX-2 

overexpression was observed in 13.9% (10 of 72) of tumors. It showed a closed 

association with postoperatively disease-free survival (mean 20±26.1 months) and 

overall survival (mean 45±30.3 months), whereas those for patients without COX-2 

overexpression were 42±31.8 and 61±32.5 months, respectively.  The tumors with 

COX-2 overexpression significantly have shorter disease-free and overall survivals 

than those without it. This study suggested that COX-2 overexpression can also be a 

critical predictor for disease-free survival (59). 

 For many previous studies, it can be assumed that the upregulated expression 

of COX-2 is probably responsible to the influence of cytokines, oncogenes, growth 

factors, tumor promoters and carcinogens, which are known as inducers of COX-2 

(19,27-33,44-54).  
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4.  Possible mechanisms by which COX-2 contributes to cancer 

Recently, much attention has been paid to the role of COX-2 in carcinogenesis. 

The COX-2 expression is associated with many aspects of tumorigenesis. These 

include xenobiotic metabolism, cell proliferation, angiogenesis, apoptosis, 

inflammation, immunosuppression and invasiveness. 

 

4.1  Xenobiotic metabolism 

 COX-2 is bifunctional enzyme. Not only does the peroxidase activity of COX 

convert PGG2 to PGH2, but also it catalyses the conversion of procarcinogens such as 

benzo[a]pyrene-7,8-diol to the ultimate carcinogen (benzo[a]pyrene-7,8-diol-9,10-

epoxide) which binds to DNA, resulting in genomic instability in developing cancer 

(60). In addition to catalysing the synthesis of mutagens, COX-2 can be induced by 

procarcinogens. For instance, benzo[a]pyrene, a polycyclic aromatic hydrocarbon in 

tobacco smoke and chargrilled foods can stimulate transcription of COX-2 mRNA 

(61). These findings raise the possibility that benzo[a]pyrene-mediated induction of 

COX-2 facilitates its own conversion to benzo[a]pyrene-7,8-diol-9,10-epoxide, 

thereby amplifying the effect on tumor initiation of a given dose of  benzo[a]pyrene. 

Although the significance of this mechanism is uncertain, it  suggests that inhibiting 

COX-2 could be helpful in preventing cancers related to tobacco smoke or other 

sources of benzo[a]pyrene. 

 

4.2  Cell proliferation 

The overexpression of COX-2 and the subsequent increase in PG synthesis can 

directly stimulate cell proliferation alone or in combination with growth factors (19). 

For example, it has been shown that PGE2 stimulated the proliferation of rat 

hepatocytes (62) and human keratinocytes (63) or the proliferation of mammary 

epithelial cells in the presence of EGF (64). Another prostaglandin, PGF2, can induce 

mitogenic response in MC3T3-E1 osteoblast (65). Also, PGs can stimulate cell growth 

by stimulating other signal pathways that lead to cell proliferation (19). For instance, 

in the breast tissue PGE2 increases the expression and activity of aromatase, leading to 

increased estrogen synthesis  via cyclic AMP (cAMP) and indirect stimulation of cell 

proliferation (66). Furthermore, the selective COX-2 inhibitor can significantly inhibit 



Parima Musikasukont  Literature Review / 22 

the proliferation of oral cancer cell, leukaemia cell and normal fibroblast cell, 

suggesting COX-2 may play an important role in the generation of biochemical 

mediators that stimulate the growth of cancer and normal fibroblast cell (67-69). 

 

4.3  Angiogenesis 

 Angiogenesis is a prerequisite for the early swith-on of tumor development. 

The growth of tumors depends on an increase in blood supply. Tumor cells ensure 

their own growth by secreting growth factors such as vascular endothelial growth 

factor (VEGF) that stimulate angiogenesis. COX-2 has been implicated  in this aspect 

of tumorigenesis as well.  Overexpression of COX-2 in colon cancer cells stimulates 

angiogenesis by increasing the production of vascular growth factors such as VEGF, 

bFGF and TGF-β1, thereby inducing newly formed blood vessels that sustain tumor 

cell viability and growth in vitro (70). Also, inflammatory cytokines such as IL-1β and 

probably TNF-α induce angiogenesis through the direct interaction of prostanoids with 

vascular endothelial cells. COX-2 induced by IL-1β catalyzes the process of 

arachidonic acid cascade in vascular endothelial cells. PGE2 and thromboxane A2 

(TXA2) are prostanoids, final products of this cascade thought to be critical factors for 

angiogenesis through PGE2 receptors (EP2,EP4) and the TXA2 receptor (71). 

 

4.4  Apoptosis 

 The size of a cell population depends on the balance between  cell proliferation 

and cell death. COX-2 and the derived PGs can contribute to tumorigenesis by 

affecting apoptosis. It is generally accepted that defective control of apoptosis is one 

of the central mechanism of tumorigenesis because it allows cells that have acquire 

mutation to survive. The ability of COX-2 to confer cell resistance to apoptosis was 

observed in multiple studies. For example, overexpression of COX-2 in rat intestinal 

epithelial cell  showed increased resistance to butyrate-induced apoptosis and 

increased the anti-apoptotic protein Bcl2 levels (72). Similarly, in HCT-15 colon 

carcinoma cell stably transfected with COX-2, COX-2 overexpression significantly 

attenuated apoptosis induced by 5-fluorouracil (5-FU) through mechanisms involving 

the cytochrome c-dependent apoptotic pathway (73). Also, COX-2-induced tumor 

tissue expressed reduced levels of the proapoptotic proteins Bax and Bcl-xL and an 
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increase in the antiapoptotic protein Bcl2, suggesting that decreased apoptosis of 

mammary epithelial cells (56). These data show a clear linkage between expression of 

COX-2 and inhibition of programmed cell death. Possibly, up-regulation of COX-2 

prolongs the survival of abnormal cells and thereby favours the accumulation of 

sequential genetic changes that increase the risk of tumorigenesis. 

 

4.5  Inflammation  

 Inflammation is associated with increased synthesis of prostaglandins such as 

PGE2 which is partly cytokine-mediated induction of COX-2. Not surprisingly, COX-

2 is expressed at sites of inflammation and reported to contribute to the inflammatory 

response (74). Chronic inflammation is a recognized risk factor for epithelial 

carcinogenesis, resulting in some properties of reactive oxygen metabolites such as 

hydrogen peroxide  and hydroxyl radical produced by inflammatory phagocytes. 

These are  activation of an endogenous compound to an intermediate which is 

mutagenic as well, directly damaged DNA of target cell, induced malignant 

transformation of cell, produced mutations and sister chromatid exchanges (SCE), 

activation of carcinogen and as tumor promoters or cocarcinogens (75). Therefore, the 

data reviewed above provide a basis for a-cause-and-effect link between chronic 

inflammation and carcinogenesis via overexpression of COX-2 and thereby suggest a 

reasonable mechanism by which chronic inflammation increases the risk of cancer. 

 

4.6  Immunosuppression 

 The growth of tumors typically is associated with immune suppression.  The 

induction of COX-2 expression is a key early regulatory step in this 

immunosuppression, leading to a high level of PGE2 production. PGE2-induced 

immunosuppression occurs through interruption of the cytokine balance that would 

promote cell-mediated antitumor responses. Specifically, tumor-derived PGE2 both 

enhances IL-10 production in lymphocytes and macrophages and inhibits macrophage 

production of IL-12 (76). Although in the most of the occurrences PGs can stimulate 

cell growth, PGE2 can inhibit blastogenesis of T-cells. This, together with inhibition of 

the cytotoxic activity of natural killer cells, may contribute to the immune suppression 

associated with increased PG synthesis of some cancers (77). In additionally, PGE2 
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inhibits the production of TNF-α while inducing the production of IL-10, which has 

immunosuppressive effects (78). 

 

4.7  Invasiveness  

 COX-2 is important in modulating the invasive properties of human cancer 

cells. When COX-2 was stably overexpressed in cancer cell lines, production of PGs 

increased and the cells became more invasive. The increased invasiveness was 

associated with both the activation of membrane metalloproteinase-2 (MMP-2) and 

increased amounts of mRNA for membrane-type metalloproteinase-1 (MT-MMP-1). 

These enzymes digest the collagen matrix of the basemant membrane stimulating the 

invasive and motile phenotype of tumor cells (79). Additionally, overexpression of 

COX-2 was associated with increased amounts of CD44, the cell surface receptor for 

hyaluronate, leading to tumor cell invasion (80). 

 

 

COX-2 in oral premalignancy 
 Previously published data indicated that COX-2 was upregulated in oral 

carcinogenesis (16,17,21,59). COX-2 was also detected in 40-80% of the total 

neoplastic cells in most tumors (81). But there are few studies about the expression of 

COX-2 in oral premalignancy especially leukoplakia. Furthermore, the expression of 

COX-2 in OLP has not been studied. SudbØ et al. indicated that COX-2 expression 

was found in  41% (9 of 22) of dysplastic lesions of leukoplakia with strong staining, 

whereas weak staining was found in  3% (1 of 25) of healthy oral mucosa. 85% (6 of 

7) of  these dysplastic lesions developed carcinoma during a median observation time 

of 67 months. Additionally, dysplatic lesions with COX-2 expression had an aneuploid 

DNA content. COX-2 expression was also found in 89.6% (26 of 29) of oral 

carcinomas. 92% (24 of 26) of oral carcinomas with COX-2 expression had aneuploid 

DNA content. The data confirmed that COX-2 was upregulated in premalignant 

lesions with a particular high risk of malignant transformation, as given by their 

aberrant DNA content. This indicates that up-regulation of COX-2 is related to the 

early development of oral cancers (17). Renkonen et al. reported that the mean values 

of COX-2 staining intensity increased gradually from normal epithelium (0.97) to 
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hyperplastic lesions (1.58) and more to dysplastic lesions (2.04). The highest mean 

expression was found in squamous cell carcinoma (2.42). The difference between 

COX-2 expression in the normal epithelium and that in the hyperplastic epithelium 

was statistically significant and the difference between normal and dysplastic 

epithelium was highly significant, as well as between normal and cancerous 

epithelium. These show that COX-2 protein has an important role in both early and 

later stages of squamous epithelial carcinogenesis (16). 

 As described above, COX-2 influences several processes that are important in 

cancer development. The inducibility of COX-2 is explained, in part, by the presence 

of many cis-acting elements in the 5’-flanking region of the COX-2 gene, including 

NF-κB, NF-IL6, and CRE sites (82). Enhanced stability of COX-2 mRNA may also 

contribute to the induction of COX-2 (83). When COX-2 is overexpressed in 

precancerous lesions, the levels of etheno-adducts are also increased, possibly as a 

result of increased oxidative stress. Etheno-adduct may bind to DNA and give rise to 

permanent mutations in tissues if DNA repair mechanisms do not make complete 

DNA repairs during cell cycles (84,85). DNA damage restricted to certain human 

genes may lead to aneuploidy (86), which has been found to be a driving force in 

several human malignancies (84,87). 

 

 

Selective COX-2 inhibitors 
 The data reviewed above inform that COX-2 affects many processes that are 

important in carcinogenesis so selective inhibition of COX-2 may be an effective 

strategy for prevention and treatment of cancer (30,88). It is well accepted that 

selective COX-2 inhibitors exert anti-inflammatory and analgesic effects without 

causing gastric mucosal damaging effects or platelet  dysfunction (27). The selective 

COX-2 inhibitors consist of celecoxib, rofecoxib, valdecoxib, etoricoxib, parecoxib 

and tiracoxib (88). Furthermore, there are evidences   concerning the selective COX-2 

inhibitors for preventing cancer. In vitro studies, celecoxib-treated tumors showed 

reduced proliferation, reduced angiogenesis and increased apoptosis (34,89). In animal 

model, Oshima et al. showed that treating a mouse model for human familial 

adenomatous polyposis (APC∆716 mice) with a specific COX-2 inhibitor significantly 
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reduced the polyp number (55). Masferrer et al. demonstrated that celecoxib 

suppressed tumor growth of lung and colon cancer and lung metastasis in mice. Also, 

celecoxib showed a potent antiangiogenic activity. It suppressed corneal blood vessel 

formation in rats (90). In pancreatic cancer, the effect of COX-2 inhibition with the 

specific COX-2 inhibitor as an arylsulfonamide derivative of nimesulide (NS-398) was 

investigated in four pancreatic cancer cell line. All four human pancreatic cancer cell 

lines expressed COX-2 and their proliferation was inhibited by NS-398. NS-398 

induced substantial apoptosis (57). In esophageal cancer, the selective COX-2 

inhibitors flosulide and NS-398 dependently suppressed proliferation of tumor cells 

and induced apoptosis (24). In addition, a selective COX-2 inhibitor induced 

regression of either dysplastic Barrett’s esophagus or oral premalignant lesions (30). 

SudbØ et al. found that  coxibs can reduce the risk of cancer in patients with 

concomitant aneuploid and COX-2 expressing lesions (17). The selective COX-2 

inhibitors such as celecoxib and rofecoxib suppressed tumor growth and metastasis 

including head and neck, colorectal, stomach, lung, breast and prostate tumors (30,81). 

 Consequently, the previous data suggest COX-2 expression to be a valuable  

biological marker in the diagnosis and prognostic evaluation of oral premalignancies 

and cancer. The marker could also be considered complementary to conventional 

prognostic evaluation. The selective COX-2 inhibitors may represent a new strategy 

for preventing malignant transformation of oral premalignancies leading to cancer. 
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CHAPTER III 

MATERIALS AND METHODS 
 

 

Tissue samples 
 Normal mucosa obtained from 10 volunteers who were given informed consent 

to use the tissue specimens for research purposes. All specimens were excised from 

buccal mucosa. They were fixed in 10% neutral buffered formalin and then embedded 

in paraffin for immunohistochemical analysis. Twenty-one specimens of OLP,  sixteen 

specimens of leukoplakia without dysplastic change, seven specimens of  leukoplakia 

with dysplastic change, and ten specimens of OSCC were retrieved as paraffin-

embedded blocks from the Department of Oral Pathology, Faculty of Dentistry, 

Mahidol University and Khon Kaen University. They were reassessed by an oral 

pathologist. 

 

 

Immunohistochemistry 

Five µm sections were cut from paraffin-embedded blocks. Sections were 

deparaffinized in xylene and rehydrated through graded alcohol before quenching in 

3% hydrogen peroxide for 10 minutes to block endogenous peroxidase activity and 

then microwaved at approximately 850 W for 5 minutes and 300 W for 10 minutes in 

0.01 M Na-citrate buffer (pH6.0) for antigen retrieval. The sections were cooled at 

room temperature for 30 minutes before equilibrating in phosphate-buffered saline 

(PBS) for 5 minutes, followed by application of  2% bovine serum albumin for 30 

minutes to block nonspecific binding sites. Sections were then covered with mouse 

monoclonal anti human COX-2  (160112; Cayman Chemical Co., Ann Arbor, MI, 

USA) in a  dilution of 1: 200  in 0.05 M Tris buffer (pH7.6) at  room temperature for 2 

hours. After washing in PBS, biotinylated IgG and streptavidin-biotin peroxidase 

complex (Strep ABComplex/ HRP Duet kit, Dako S/A Glostrup, Denmark) were each 

applied to the sections for 30 minutes and followed by three washes of PBS. 
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Colour was developed in freshly made diaminobenzidine (DAB chromogen tablets, 

Dako Corporation, Carpinteria, CA, USA). The sections were washed briefly in 

running tap water and lightly stained with Mayer’s hematoxylin. Negative controls 

were obtained by omission of the primary antibody. 

 

 

Evaluation 
 Each section was roughly assessed with microscope using an objective lens of  

4 magnification. Immunostaining was judged under microscope beginning with an 

objective lens of  10 magnification for differentiation epithelial layer from connective 

tissue layer and using high power objective lens of 40 magnification for counting the 

COX-2 positive cells which presented as brown staining.  The COX-2 positive cells of 

each section were counted from 5 randomized epithelial areas. The first area was 

located in the marginal left side of epithelial layer by using the objective lens of  10 

magnification. The objective lens of  40 magnification was used for counting the 

COX-2 positive cells under an 100 mesh grid. After counting the first area, the 

objective lens was switched back to the objective lens of 10 magnification together 

with section slide from left to right direction for the next area randomization  

(Figure 9). 

 
Figure 9 Evaluation COX-2 positive cells in 5 randomized epithelial areas with 

microscope using an objective lens of  10 and 40 magnification. 

1 2 3 4 5

1  2 3 4 5

Epithelium 
 
Connective tissue 

Left        Right 
 
 
   ×10 
 
 
 
 
 
   ×40 
 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Oral Medicine) / 29 

 The COX-2 positive cells from 5 areas were summed. In each section, at least 

300 cells were counted. The positive cells were presented as percentage of total cell 

count. Specimens were considered to be positive to COX-2 when the number of 

positive cells was more than 1%. The intensity of  immunopositive cells was graded as 

follows: 1 (weak), 2 (moderate), and 3 (strong). An immunostaining score was 

calculated by multiplication of the percentage of positive cells and the staining 

intensity. As the heterogeneity among  the sections, each component of the sections 

was scored independently and the results were summed. For example, when a 

specimen contained 5% of positive cells with moderate intensity (5×2 = 10), 5% of 

cells with strong intensity (5×3 = 15), and 25% of cells with weak intensity (25×1 = 

25), the immunostaining score was 10+15+25 = 50 (Figure 10). 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 10 Evaluation the immunostaining score in each area. 

 

 

Statistical analysis 
 Normal distribution of immunostaining scores was determined with 

Kolmogorov-Smirnov test. One way ANOVA was also used to assess difference 

among five groups. The difference of  each couple in five groups was analyzed with 

25% of positive cells with 
weak intensity (25×1 = 25) 

5% of positive cells with 
moderate intensity (5×2 = 10) 

5% of positive cells with 
strong intensity (5×3 = 15) 
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Dunnett T3. Statistical analysis was performed using a computer software package, 

SPSS version 11.5 (SPSS Inc., Chicago, IL). Statistically significant difference was 

considered at p≤0.05. 
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CHAPTER IV 

RESULTS 
 

 

The pattern and intensity of COX-2 staining  
COX-2 showed  cytoplasmic staining in the epithelial cells of normal mucosa, 

OLP, leukoplakia and OSCC.   Its intensity  varied  from weak in the normal mucosa 

to strong in the OSCC (Figure 4.1). In normal mucosa, the expression of COX-2 was 

weak and could be observed in a few of  basal and prickle cells (Figure 4.2). However, 

it was noted in many basal and prickle cells in OLP (Figure 4.3), leukoplakia (Figure 

4.4) and leukoplakia with dysplasia (Figure 4.5). In OSCC, the staining of COX-2 was 

expressed in almost all cancer cells, but it was not found in keratinized cells (Figure 

4.6). Interestingly, the expression of COX-2 was found in cancer cells that have 

morphology similar to normal epithelium (Figure 4.7). Weak to strong intensity was 

also noted in inflammatory cells, including lymphocytes and plasma cells, fibroblasts 

and  endothelial cells (Figure 4.8). 

     
 

Figure  11  The cytoplasmic staining of COX-2 in oral squamous cell carcinoma. The 

intensity is graded as weak (black arrow),  moderate (yellow arrow) and strong (white 

arrow). Streptavidin peroxidase, ×40. 
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Figure 12 The expression of COX-2 in normal mucosa. Note the cytoplasmic staining 

in a few of the basal and prickle cells of  normal mucosa (arrow). Streptavidin 

peroxidase, ×20. 

 

 

 
 

Figure  13  The expression of COX-2 in oral lichen planus. The staining of COX-2 in  

many prickle cells (arrow). Note the degeneration of basal cells in oral lichen planus. 

Streptavidin peroxidase, ×40. 
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Figure 14  The expression of COX-2 in leukoplakia. The staining of COX-2 in almost 

all basal cells and some prickle cells (arrow). Streptavidin peroxidase, ×40. 

 

 

 
 

Figure 15  The expression of COX-2 in leukoplakia with dysplasia. The staining of 

COX-2 in almost all basal cells, and many suprabasal and prickle cells (arrow). 

Streptavidin peroxidase, ×40. 
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Figure 16 The expression of COX-2 in oral squamous cell carcinoma. The varied 

degree of intensity of COX-2 staining in well differentiated type. Note the absence of 

COX-2 staining in keratinized cells (A and B). The staining of COX-2 in almost all 

cancer  cells in moderate differentiated type (C and D). Streptavidin peroxidase, (A) 

×10, (B,C,D) ×20.  
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C D



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Oral Medicine) / 35 

                       
 

Figure 17  The expression of COX-2 in oral squamous cell carcinoma. Note the 

moderate intensity of COX-2 staining in cancer cells that have morphology similar to 

normal epithelium (arrow). Streptavidin peroxidase, ×10. 

 

 

        
   

Figure  18  The  immunostaining  of COX-2 in inflammatory cells, fibroblasts and 

endothelial cells. Streptavidin peroxidase,  ×40. 
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The expression of COX-2 positive cells in normal mucosa, OLP, 

leukoplakia with and without dysplasia and OSCC 
The number of COX-2  positive cells among various lesions varied as shown in 

Table 4.1. The lowest number of COX-2 positive cell was found in normal mucosa 

while the highest number was found in OSCC. In contrast to normal mucosa showed 

only weak intensity, OLP and leukoplakia with and without dysplasia showed weak 

and moderate intensity. The strong intensity was detected only in OSCC (Table 4.2).  

 

Table 3  The number of COX-2 positive cells in each group. 

Group (No. of sample) Total cell 

count 

No. of positive 

cells 

The percentage 

of positive cells 

Normal mucosa (10) 16076   848   5.3 

Oral lichen planus (21) 19298 6148 31.9 

Leukoplakia (16) 22631 5464 24.1 

Leukoplakia with dysplasia (7) 10841 4297 39.6 

Oral squamous cell carcinoma 

(10) 

14049        10752 76.5 

 

Table 4  The number of COX-2 positive cells according to the degree of intensity. 
 

Intensity  

Weak Moderate 

 

Strong 

 

 

 

Group 

 

 

No. of  positive 

cells 

 

 

 

%  of positive 

cells 

No. % No. % No. % 

Normal mucosa   848   5.3   848   5.3     

Oral lichen 

planus 

6148 31.9 5925 30.7 223 1.2   

Leukoplakia 5464 24.1 5425 23.9  39 0.2   

Leukoplakia 

with dysplasia 

4297 39.6 4247 39.2  50 0.4   

Oral squamous 

cell carcinoma 

10752 76.5 9145 65.1 951 6.8 656 4.6 
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Immunostaining scores of COX-2 expression 
 The immunostaining scores of normal mucosa were shown in Table 4.3. The 

scores of OLP, leukoplakia, leukoplakia with dysplasia, and OSCC were shown in 

Table 4.4-4.7, respectively. The mean scores of COX-2 expression in each group were 

shown in  Figure 4.9. The lowest and highest scores of COX-2 expression were seen in 

the normal mucosa and the OSCC, respectively. In the oral premalignancies, the mean 

immunostaining score of OLP was comparable to leukoplakia with and without 

dysplasia.  

 

Table 5  The immunostaining scores of COX-2 expression in normal mucosa. 
Intensity of COX-2 staining 

Weak  Moderate 
 

Strong   
 

 

No.  

    

 

% of positive 

cells 
% Score 

( %× 1 ) 

% Score 

( %× 2 ) 

% Score 

( %× 3 ) 

     

Total   

Score 

1 1.4 1.4 1.4×1     1.4 

2 2.3 2.3 2.3×1     2.3 

3 0.7 0.7 0.7×1     0.7 

4           12.4 12.4  12.4×1         12.4 

5 0.4 0.4 0.4×1     0.4 

6 7.8 7.8 7.8×1     7.8 

7           13.7 13.7  13.7×1         13.7 

8 4.3 4.3 4.3×1     4.3 

9 4.6 4.6 4.6×1     4.6 

10 4.1 4.1 4.1×1     4.1 

       

Table 6  The immunostaining scores of COX-2 expression in oral lichen planus. 
Intensity of COX-2 staining 

Weak  Moderate 
 

Strong   
 

 

No.  

    

 

% of positive 

cells 
% Score 

( %× 1 ) 

% Score 

( %× 2 ) 

% Score 

( %× 3 ) 

     

Total   

Score 

1 12.6 12.6 12.6×1     12.6 

2 49.8 35.5 35.5×1 14.3 14.3×2   64.1 

3   3.9   3.1   3.1×1   0.8   0.8×2     4.7 

4 14.9 14.1 14.1×1   0.7   0.8×2   15.7 
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Table 6  The immunostaining scores of COX-2 expression in oral lichen planus 

(Continued). 
Intensity of COX-2 staining 

Weak  Moderate 
 

Strong   
 

 

No.  

    

 

% of positive 

cells 
% Score 

( %× 1 ) 

% Score 

( %× 2 ) 

% Score 

( %× 3 ) 

     

Total   

Score 

5 44.1 43.0 43.0×1 1.1 1.1×2   45.2 

6 51.2 49.4 49.4×1 1.8 1.8×2   53.0 

7   5.0   5.0   5.0×1       5.0 

8 13.8 13.4 13.4×1 0.4 0.4×2   14.2 

9 54.9 53.8 53.8×1 1.1 1.1×2   56.0 

10 32.7 32.6 32.6×1 0.1 0.1×2   32.8 

11 28.6 28.2 28.2×1 0.4 0.4×2   29.0 

12 34.5 34.2 34.2×1 0.3 0.3×2   34.8 

13 35.1 34.3 34.3×1 0.8 0.8×2   35.9 

14 43.1 42.9 42.9×1 0.2 0.2×2   43.3 

15 51.7 50.0 50.0×1 1.7 1.7×2   53.4 

16 56.8 55.1 55.1×1 1.7 1.7×2   58.5 

17 19.7 19.7 19.7×1     19.7 

18 34.7 34.1 34.1×1 0.6 0.6×2   35.3 

19 28.5 28.5 28.5×1     28.5 

20 29.9 29.6 29.6×1 0.3 0.3×2   30.2 

21 41.4 39.6 39.6×1 1.8 1.8×2   43.2 

 

Table 7  The immunostaining scores of COX-2 expression in leukoplakia. 
Intensity of COX-2 staining 

Weak  Moderate 
 

Strong   
 

 

No.  

    

 

% of positive 

cells 
% Score 

( %× 1 ) 

% Score 

( %× 2 ) 

% Score 

( %× 3 ) 

     

Total   

Score 

1   9.9   9.9    9.9×1       9.9 

2 22.6 22.6  22.6×1     22.6 

3 11.7 11.5  11.5×1 0.2 0.2×2   11.9 

4 12.7 12.7   12.7×1     12.7 

5 10.0 9.7    9.7×1 0.3 0.3×2   10.3 

6   7.9 7.9     7.9×1       7.9 

7 23.4 23.4   23.4×1     23.4 
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Table 7  The immunostaining scores of COX-2 expression in leukoplakia (Continued). 
Intensity of COX-2 staining 

Weak  Moderate 
 

Strong   
 

 

No.  

    

 

% of positive 

cells 
% Score 

( %× 1 ) 

% Score 

( %× 2 ) 

% Score 

( %× 3 ) 

     

Total   

Score 

8 22.9 22.9 22.8×1 0.1 0.1×2   23.0 

9 22.4 22.4 22.4×1     22.4 

10 25.8 23.2 23.2×1 2.6 2.6×2   28.4 

11 25.7 25.7 25.7×1     25.7 

12 40.3 40.3 40.3×1     40.3 

13 65.9 65.2 65.2×1 0.7 0.7×2   66.6 

14 38.9 38.9 38.9×1     38.9 

15 11.5 11.5 11.5×1     11.5 

16 26.2 26.1 26.1×1 0.1 0.1×2   26.3 

 

Table 8  The immunostaining scores of COX-2 expression in leukoplakia with 

dysplasia. 
Intensity of COX-2 staining 

Weak  Moderate 
 

Strong   
 

 

No.  

    

 

% of positive 

cells 
% Score 

( %× 1 ) 

% Score 

( %× 2 ) 

% Score 

( %× 3 ) 

     

Total   

Score 

1 19.4 19.4 19.4×1     19.4 

2 35.8 33.2 33.2×1 2.6 2.6× 2   38.4 

3 68.0 67.0 67.0× 1 1.0 1.0× 2   69.0 

4 28.2 28.2 28.2× 1     28.2 

5 58.6 58.6 58.6× 1     58.6 

6 27.9 27.9 27.9× 1     27.9 

7 37.1 37.1 37.1× 1     37.1 
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Table 9  The immunostaining scores of COX-2 expression in oral squamous cell 

carcinoma. 
Intensity of COX-2 staining 

Weak  Moderate 
 

Strong   
 

 

No.  

    

 

% of positive 

cells 
% Score 

( %× 1 ) 

% Score 

( %× 2 ) 

% Score 

( %× 3 ) 

     

Total   

Score 

1 73.3 68.9 68.9×1   4.4   4.4×2    77.7 

2 83.7 58.9 58.9×1 20.9 20.9×2   3.9   3.9×3      112.4 

3 92.0 43.8 43.8×1 19.2 19.2×2 29.0 29.0×3      169.2 

4 74.9 63.5 63.5×1   8.3   8.3×2   3.1   3.1×3 89.4 

5 77.4 75.3   75.3×1   1.9   1.9×2   0.2   0.2×3 79.7 

6 94.3 92.0 92.0×1   2.3   2.3×2   96.6 

7 68.1 64.1 64.1×1   3.7   3.7×2   0.3   0.3×3 72.4 

8 83.4 80.1   80.1×1   2.5   2.5×2   0.8   0.8×3 87.5 

9 52.0 51.7 51.7×1   0.3   0.3×2   52.3 

10 66.9 66.4 66.4×1   0.5   0.5×2   67.4 

 
 

Mean score of COX-2 staining  =   

              

  
 
 
 
 

           Sum of total score 
 
       Total number of samples 
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Figure 19  The mean of immunostaining scores of COX-2 expression in each group: 

normal mucosa (NM), oral lichen planus (OLP), leukoplakia (LK), leukoplakia with 

dysplasia (LK with D) and oral squamous cell carcinoma (OSCC). (Boxplots: Mean ± 

SD) 

 

ANOVA analysis of the immunostaining scores showed that there was a 

significant difference among these five groups (F=29.228, p<0.05). The 

immunostaining scores were statistically significant difference between the normal 

mucosa and each of oral premalignancies including OLP, leukoplakia with and 

without dysplasia and between the normal mucosa and the OSCC. Also showed 

statistically significant difference between each oral  premalignancy and the OSCC. 

There was no statistically significant difference among each group of the oral 

premalignancies including OLP,  leukoplakia with and without dysplasia (Table 4.8). 

 

 

 

 

   23.9 ± 15.1 

   5.2 ± 4.7

34.1 ± 17.6
   39.8 ± 17.8 

       90.5 ± 32.2 
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Table 10  Multiple comparison for analysis the mean difference of each couple in five  

groups with Dunnett T3. 
 

 

 GROUP               GROUP 

 

Mean Difference 

 

Standard Error 

 

Significance 

     NM                     OLP 

                                 LK 

                                 LK with D 

                                 OSCC 

-28.9* 

-18.7* 

 -34.6** 

-85.3* 

4.1 

4.1 

6.9 

         10.3 

.000 

.002 

.014 

.000 

     OLP                   NM 

                                LK 

                                LK with D 

                                OSCC 

 28.9* 

                  10.2 

                  -5.7 

-56.4 * 

4.1 

5.4 

7.7 

         10.9 

.000 

.471 

.995 

.002 

     LK                      NM 

                                OLP 

                                LK with D 

                                OSCC 

 18.7* 

                -10.2 

                -15.9 

                -66.6 * 

4.1 

5.4 

7.7 

         10.9 

.002 

.471 

.412 

.001 

     LK with D          NM 

                                OLP 

                                LK 

                                OSCC 

                 34.6** 

                   5.7 

                 15.9 

                -50.7 * 

6.9 

7.7 

7.7 

         12.2 

.014 

.995 

.412 

.009 

     OSCC                 NM 

                                OLP 

                                LK 

                                LK with D 

                 85.3* 

                56.4 * 

                66.6 * 

                50.7 * 

         10.3 

         10.9 

         10.9 

         12.2 

.000 

.002 

.001 

.009 

 
      ( * ) p≤0.01 ; (**) p≤0.05 

       NM: normal mucosa, OLP: oral lichen planus, LK: leukoplakia,  

       LK with D: leukoplakia with dysplasia, OSCC: oral squamous cell carcinoma 
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CHAPTER V 

DISCUSSION 

 

 
 The immunohistochemical technique is a very sensitive system that can detect 

antigens expressed at relatively low levels, and if carefully selected, antibody-antigen 

binding can be specific. However, the standardization of the immunohistochemical 

technique is critical. Inconsistencies can often be directly related to improper fixation 

and processing, inadequate unmasking of antigenic epitopes especially the part of an 

antigen that combines with the antigen-binding site of an antibody molecule, and/or 

low sensitivity of the detection system (15). For this study, the method of antigen 

retrieval used a microwave oven to heat sections, this technique rendered  available 

unmasking of antigenic epitopes for binding with antibody (15). The use of 

monoclonal antibody  will result in the high specificity, intense staining, and low 

background  of COX-2 expression (15). It was used by following the manufacturer’s 

recommendation.   

On the basis of  the result interpretation, the immunohistochemical study is 

typically subjective in nature. The importance is careful interpretation of  

immunohistochemically stained slides. Staining intensity, percent, and morphologic 

features of positive cells must be considered when an evaluation of staining reactions 

is performed. Moreover, the distribution of positive staining relative to cell structure 

(nucleus, nuclear envelope or cytoplasm) must be considered because nonspecific 

staining may frequently show incorrect antigen localization (15). There is also a 

variety of the evaluation method of COX-2 staining including only the percentage of 

positive cells calculation, evaluation both of the percentage of positive cells and the 

staining intensity, or evaluation immunostaining score which obtains from the 

multiplication of the percentage of positive cells and the staining intensity. Itoh et al. 

and Shibata et al. investigated COX-2 staining in OSCC and precancerous lesions and 

OSCC respectively by calculated only the percentage of positive cells (59,91).    

SudbØ et al. and Ristimaki et al. evaluated the staining of COX-2 by both of the 
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percentage of positive cells and the staining intensity. The  result of  the staining 

intensity was qualitative data and evaluated with  descriptive analysis (17,23). 

There were many studies that assess the results of COX-2 staining as the 

immunostaining score in a large number of samples. It was calculated by the 

multiplication of the percentage of positive cells and the staining intensity, both of 

these were graded as scale from 0 to 4 for the percentage of positive cells and from 0 

to 2 or 3 or 4 for the staining intensity (16,24,92-94).  Previous studies determined the 

percentage of positive cells by counting at least 500 cells (59) or 1000 cells (24,91,94) 

from five or more microscopic fields. The present study  performed the evaluation of 

COX-2 expression as immunostaining score. The positive cells were presented as 

percentage of total cell count.  No grading of the percentage of positive cells was 

obtained. The immunostaining of positive cells was graded according to the degree of 

intensity including weak, moderate and strong staining that was altered as a 

semiquantitative scale from 1 to 3.  Total cells at least 300 cells were counted from 

five randomized areas in each section.   Because the staining intensity of COX-2 

varied among studied lesions and within each section, evaluating the expression of 

COX-2 using both the percentage of positive cells and staining intensity was 

considered to be more accurate than counting the percentage of positive cell alone.  

Similar to previous studies which noted that COX-2 was expressed at a low 

level in normal oral epithelium (16,91). This study also found low level of COX-2 

expression in normal mucosa. The expression of COX-2 in normal mucosa may be 

related to chronic irritation and inflammation at the site. Its expression increases in 

response to cytokines, oncogenes, growth factors, tumor promoters, or carcinogens 

(19,27-33).  

The expression of COX-2 is upregulated in both premalignant lesions and 

cancers (21-26). Focusing on oral premalignancies particularly leuloplakia with and 

without dysplasia, Shibata et al. reported that the expression of COX-2 correlated with 

the histological grade of oral epithelial dysplasia, being highest for the severe 

dysplasia (91). Renkonen et al. reported that the COX-2 expression was gradually 

increasing from hyperplastic lesion to dysplastic lesion (16) whereas, in the present 

study, the expression of COX-2 in leukoplakia with dysplasia was comparable to 

leukoplakia without dysplasia.  It is possible that  small number of specimens of 
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leukoplakia with dysplasia (7 samples) have been obtained as compared with those of 

23 samples of dysplastic lesion from previous study. The most histological grading of 

leukoplakia with epithelial dysplasia in this study was also mild dysplasia. So, these 

specimens of leukoplakia with dysplasia may represent for less expression of COX-2. 

Nevertheless, SudbØ et al. found no significant correlation between the histological 

grading of oral epithelial dysplasia and COX-2 expression (17). Whether the COX-2 

expression and grading of epithelial dysplasia are related should be further 

investigated. 

 The expression of COX-2  in leukoplakia with and without dysplasia was 

higher than the normal mucosa. Because most precancerous lesions were found 

simultaneously with  inflammatory cells particularly lymphocytes and  plasma cells, 

this may lead to epithelial alteration (75). This study implies that COX-2 may be 

associated with inflammatory response or involved in the progressive change in oral 

epithelium leading to malignant transformation. In oral premalignant lesions, COX-2 

was exclusively expressed in lesions identified to be at considerably increased risk of 

carcinoma by their aberrant DNA content (17). Also, COX-2 was upregulated in DNA 

aneuploid oral dysplastic lesions. The upregulation of COX-2 leaded to dysregulated 

proliferation and increased frequency of mutation causing genomic instability and 

aneuploidy DNA (95). COX-2 catalyses conversion of procarcinogen to ultimate 

carcinogen which bind to DNA, resulting in genomic instability in developing cancer 

(60). 

As described above about DNA content, DNA aneuploidy caused malignant 

transformation (95,96,97). OSCC developed in almost all patients with leukoplakia 

which showed aberrant DNA content (17,96,97). Also, oral malignant lesions which 

showed aberrant DNA content found the expression of COX-2 and its expression was 

the highest level as compare to that of oral premalignant lesions and healthy mucosa 

(17). COX-2 expression in the malignant lesions preceded by dysplasias was higher 

than that of the malignant lesions without preceding dysplasias (91). As stated earlier, 

COX-2 is involved in carcinogenesis process. It influences several processes that are 

important in cancer development such as cell proliferation, apoptosis and angiogenesis 

(19,20). There are many studies that found the most expression of COX-2 in malignant 

lesions as compare to that of nonmalignant lesions (21-24,57,92). Renkonen et al. 
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reported that the gradually significant increasing COX-2 expression detected during 

the progressive change in tongue epithelium from normal mucosa to malignant 

carcinoma via hyperplasia and dysplasia (16). Similarly, this study was confirmed the 

most prominent expression of COX-2 in OSCC. This finding indicates that COX-2 

may play a role in the carcinogenesis process.  

The expression of COX-2 in OLP has not been studied. This study found the 

expression of COX-2 in OLP. OLP is also a chronic inflammatory disease of unknown 

etiology and classified as a premalignant condition (1). The pathogenesis of OLP may 

involve in both antigen-specific and non-specific mechanisms (43). Antigen-specific 

CD8+ cytotoxic T-lymphocytes (CTLs) are activated in OLP epithelium. Activated 

lesional T-cells (and possibly keratinocytes) secrete chemokines which attract 

extravasated lymphocytes toward the OLP epithelium. Degranulating mast cells 

release chymase that damages the epithelial basement membrane. Epithelial basement 

membrane disruption facilitates the passage of lymphocytes into the OLP epithelium 

and denies keratinocytes a cell survival signal, resulting in further keratinocyte 

apoptosis. Previous data suggests that  the pathogenesis of OLP relates to  mechanisms 

and cytokines that are involved in inflammation. Crofford et al. reported that COX-2 

was upregulated during inflammation. For example, synovial tissue in patients with 

rheumatoid arthritis express increased levels of COX-2 (98). Accordingly, the 

inflammation leads to increased COX-2 expression. Thus, the expression of COX-2 in 

OLP may be associated with these processes. Furthermore, chronic inflammation 

increases the risk of cancer (75). Mignogna et al. also reported that the chronic 

inflammatory process was able to provide a cytokine-based microenvironment which 

was able to cause cancer development (99). The present study found no statistically 

significant difference of COX-2 expression between OLP and leukoplakia. The 

expression of COX-2 in both lesions was higher than that of normal mucosa. The 

expression of COX-2 in OLP may be related to progressive change in lesion same as 

leukoplakia. So, it is not possible to exclude the role of malignant transformation of 

OLP. OLP is regarded as a premalignant condition whereas leukoplakia is classified as 

a premalignant lesion (1). Thus, OLP may be underestimated  for the risk of cancer. 

Treatment of OLP should also be definite and lesion should be reviewed continuously.  
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 Finally, selective COX-2 inhibitors exert either anti-inflammatory effect or 

cancer prevention (17,27,30,88). It induced regression of either dysplastic Barrett’s 

esophagus or other premalignant lesions (30). Previous studies found that the selective 

COX-2 inhibitors such as celecoxib and rofecoxib suppressed tumor growth and 

metastasis including head and neck, colorectal, stomach, lung, breast and prostate 

tumours (30,81). The selective COX-2 inhibitor may be a beneficial strategy that can 

prevent malignant transformation when administered in combination with standard 

therapy for oral premalignancies.  
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CHAPTER VI 

CONCLUSION 
 

 

This immunohistochemical study showed the expression of COX-2 in normal 

mucosa, oral premalignancies including OLP, leukoplakia with and without dysplasia, 

and OSCC. The most prominent expression of COX-2 was found in OSCC. The oral 

premalignancies showed significantly higher levels of COX-2 expression than in 

normal mucosa, but lower levels than in OSCC.  There was no  statistically significant 

difference of the expression of COX-2 among each group of  the oral premalignancies.  

The expression of COX-2 in leukoplakia has been revealed in the lesion with a 

particular high risk of cancer, by correlating its expression with the aberrant DNA 

content.  This indicates that the expression of COX-2 may be related to progressive 

change in oral epithelium leading to malignant transformation. Therefore, the 

comparable expression of COX-2 in OLP and leukoplakia may indicate the possible 

role of malignant transformation of COX-2 in OLP. But there is no research in the 

implication of COX-2 expression in OLP.  As long as the pathogenesis of COX-2 in 

OLP remains unknown, the periodic recall examination of OLP is needed.  
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Appendix 1 The number of COX-2 positive cells according to the degree of intensity 

in normal mucosa. 
 

Intensity  

Weak Moderate 

 

Strong 

 

 

 

No. 

 

 

Total cell 

count 

 

 

No. of  

positive cells 

 

 

 

%  of positive 

cells 

No. % No. % No. % 

1 1332 18 1.4 18 1.4     

2 1593 37 2.3 37 2.3     

3 1799 13 0.7 13 0.7     

4 1582         196         12.4  196  12.4     

5 2268   8 0.4 8 0.4     

6 1787         139 7.8  139 7.8     

7 2038         279         13.7  279  13.7     

8 1426 61 4.3 61 4.3     

9 1020 47 4.6 47 4.6     

10 1231 50 4.1 50 4.1     
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Appendix 2 The number of COX-2 positive cells according to the degree of intensity 

in oral lichen planus. 
 

Intensity  

Weak Moderate 

 

Strong 

 

 

 

No. 

 

 

Total cell 

count 

 

 

No. of  

positive cells 

 

 

 

%  of positive 

cells 

No. % No. % No. % 

1   930   117 12.6 117 12.6     

2   799   398 49.8 284 35.5 114 14.3   

3   359    14   3.9   11   3.1 3   0.8   

4 1163  174 14.9   165 14.1 9  0.7   

5   451  199 44.1 194 43.0 5 1.1   

6   648           332 51.2   320 49.4 12 1.8   

7   943             47   5.0     47   5.0     

8   789 109 13.8 106 13.4 3 0.4   

9 1055 579 54.9 567 53.8 12 1.1   

10 1680 549 32.7 547 32.6 2 0.1   

11 1166 334 28.6 329 28.2 5 0.4   

12   754 260 34.5 258 34.2 2 0.3   

13   653 229 35.1 224 34.3 5 0.8   

14   909 392 43.1 390 42.9 2 0.2   

15   522 270 51.7 261 50.0 9 1.7   

16   964 548 56.8 531 55.1 17 1.7   

17 1711 337 19.7 337 19.7     

18 1029 357 34.7 351 34.1 6 0.6   

19   773 220 28.5 220 28.5     

20 1261 377 29.9 373 29.6 4 0.3   

21   739 306 41.4 293 39.6 13 1.8   
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Appendix 3 The number of COX-2 positive cells according to the degree of intensity 

in leukoplakia. 
 

Intensity  

Weak Moderate 

 

Strong 

 

 

 

No. 

 

 

Total cell 

count 

 

 

No. of  

positive cells 

 

 

 

%  of positive 

cells 

No. % No. % No. % 

1   994   98   9.9   98   9.9     

2 1752 396 22.6 396 22.6     

3 2153 252 11.7 248 11.5   4 0.2   

4 1645 209 12.7 209 12.7     

5   870   87 10.0   84 9.7   3 0.3   

6 1374           108   7.9 108 7.9     

7 1885           442 23.4 442 23.4     

8 1897 434 22.9 433 22.9 1 0.1   

9   705 158 22.4 158 22.4     

10   803 207 25.8 186 23.2 21 2.6   

11 1381 355 25.7 355 25.7     

12 1262 508 40.3 508 40.3     

13 1459 962 65.9 952 65.2 10 0.7   

14 1577 613 38.9 613 38.9     

15   809   93 11.5   93 11.5     

16 2065 542 26.2 539 26.1   3 0.1   
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Appendix 4 The number of COX-2 positive cells according to the degree of intensity 

in leukoplakia with dysplasia. 
 

Intensity  

Weak Moderate 

 

Strong 

 

 

 

No. 

 

 

Total cell 

count 

 

 

No. of  

positive cells 

 

 

 

%  of positive 

cells 

No. % No. % No. % 

1 1600 310 19.4 310 19.4     

2 1309 469 35.8 435 33.2 34 2.6   

3 1754         1192 68.0 1176 67.0 16 1.0   

4 1194 337 28.2 337 28.2     

5 1463 857 58.6 857 58.6     

6 1900          530 27.9 530 27.9     

7 1621          602 37.1 602 37.1     
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Appendix 5 The number of COX-2 positive cells according to the degree of intensity 

in oral squamous cell carcinoma. 
 

Intensity  

Weak Moderate 

 

Strong 

 

 

 

No. 

 

 

Total cell 

count 

 

 

No. of  

positive 

cells 

 

 

 

%  of positive 

cells 

No. % No. % No. % 

1   823   603 73.3 567 68.9   36   4.4   

2 1374 1150 83.7 809 58.9 288 20.9   53   3.9 

3 1850        1703 92.0 811 43.8 356 19.2 536 29.0 

4 1549 1160 74.9 983 63.5 128   8.3   49   3.1 

5 1382 1070 77.4 1041 75.3   26   1.9     3   0.2 

6 1074 1013 94.3 988 92.0   25   2.3   

7   994   677 68.1 637 64.1   37   3.7     3   0.3 

8 1598 1333 83.4 1281 80.1   40   2.5   12   0.8 

9 1576   819 52.0 814 51.7    5   0.3   

10 1829 1224 66.9 1214 66.4   10   0.5   
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Appendix 6 Analysis normal distribution of immunostaining scores with 

Kolmogorov-Smirnov test. 

Group Statistic df Significance 

Normal mucosa .246 10 .087 

Oral lichen planus .098 21   .200* 

Leukoplakia .194 16 .108 

Leukoplakia with dysplasia .245 7   .200* 

Oral squamous cell carcinoma .224 10 .169 

( * ) This is a lower bound of the true significance. 

 

 

 

Appendix 7 Levene’s test of equality of error variances. 

F df 1 df 2 Significance 

2.751 4 59 .036 

 

 

 

Appendix 8 Comparison of the immunostaining scores among five groups with 

ANOVA 

Source of 

variation 

Sum of 

Squares 

 

df 

 

Mean Square

 

F 

 

Significance 

Group 41693.263 4 10423.316 29.228 0.000 

Error 21040.529 59 356.619   

Corrected Total 62733.792 63    
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