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Abstract 

Background:  Oral leukoplakia is a potentially pre 

malignant disorder which develops in oral epithelial 

surfaces which is chronically exposed to oral 

carcinogens including tobacco and alcohol. Literatures 

suggest a role of inflammatory mediators like COX-2 in 

oral carcinogenesis.  

Aim: The present study compares COX-2 mRNA 

expression in oral leukoplakia, oral squamous cell 

carcinoma and normal oral mucosa to understand its 

possible diagnostic significance. 

Method: A total of 32 patients were selected for the 

study, out of which 27 were Oral leukoplakia patients 

and, 5 were OSCC patients. Normal tissues were 

collected from unaffected mucosa. Confirmed diagnosis 

was made after histopathological analysis of the 

patients’ tissue sample affected with oral leukoplakia 

and squamous cell carcinoma. COX-2 mRNA 

expression was determined in normal, oral leukoplakia 
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and oral squamous cell carcinoma associated tissue 

samples using qRT-PCR. The data were analyzed with 

Mann-Whitney test. 

Results: An increased level of COX-2 expression in oral 

leukoplakia (4.3 fold, p value of 0.001) and oral 

squamous cell carcinoma (2.56 fold, p value of 0.01) 

compared to normal mucosa were identified. 

Conclusion: Elevated levels of COX-2 in oral 

leukoplakia and oral leukoplakia associated oral 

squamous cell carcinoma tissue sample suggests that 

COX-2 may be used as adjunct molecular marker to 

facilitate early diagnosis and treatment of oral cancer. 

Keywords: Oral Leukoplakia, Squamous Cell 

Carcinoma, dysplasia, COX-2.  

Introduction 

The term leukoplakia refers to a clinical entity defined 

by the “World Health Organization” (WHO) as “a white 

patch or plaque that cannot be characterized clinically or 

histologically as any other disease”1. The incidence of 

the lesion varied from 1.3 to 2.1 per 1000 individuals in 

different parts of India but the prevalence of the lesion in 

the country was found to be 17 per 1000 tobacco users2. 

Leukoplakia is by far the most common oral precancer, 

representing 85% of such lesions with a worldwide 

prevalence of 1.5% to 4.3%3. Factors indicated for the 

occurrence of leukoplakia include tobacco, alcohol, 

chronic infection by Candida, Human Papilloma Virus 

(HPV), and more recently Epstein Barr virus (EBV), 

sanguinaria, ultra violet radiation and chronic trauma4.  

Oral leukoplakia has always been a predominantly male 

disease. Clinically leukoplakia appears as homogeneous 

and non-homogeneous. The homogeneous pattern refers 

to lesions with a regular, smooth or rough fissured 

whitish surface and well-defined edges and the non-

homogeneous pattern includes leukoplakias that are 

associated with an erythematous component 

(erythroleukoplakia) or a nodular or granular leukoplakia 

and proliferative verrucous leukoplakia, which has a 

greater propencity to turn into malignancy5,6,7,8. 

Microscopically, oral leukoplakias are characterized by 

various degrees of epithelial dysplasia which is 

characterized by both cellular and nuclear atypia such as: 

enlarged nuclei and cell, large and prominent nucleoli, 

increased nuclear cytoplasmic ratio, hyperchromatic 

nuclei, pleomorphic nuclei and cells, dyskeratosis 

(premature keratinisation of individual cells), increased 

mitotic activity, abnormal mitotic figures, bullous or 

tear-drop shaped rete pegs,  loss of polarity and loss of 

typical epithelial cell cohesiveness.1 

Dysplasia is universally accepted as one of the predictive 

factors of malignancy7 with overall malignant 

transformation rates of 11 to 36%9, although its ability to 

turn into malignancy is still unpredictable. 15% of 

malignant transformation has been reported in cases 

without epithelial dysplasia10,11. 

Thus dysplasia is regarded as an important predictor of 

malignant transformation of leukoplakia, although this 

transformation is not indispensable for OSCC to occur.  

Since most oral leukoplakias are asymptomatic, the need 

for treatment is primarily based on the precancerous 

properties of the lesion. Prevention of malignant 

transformation is particularly important in view of the 

poor prognosis associated with oral cancer, with only 

30% to 40% of patients still alive 5 years after the 

diagnosis. Till date neither the clinical nor the 

histopathological characteristics made it possible to 

unravel the mystery of malignant potentiality of 

leukoplakia. On one hand, epithelial dysplasia does not 

necessarily progress to squamous cell carcinoma in all 

cases; on the other, absence of dysplasia 

histopathologically does not rule out the possibility of 

malignant transformation and a rate of about 15% of 
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malignant transformation has been reported in cases 

without epithelial dysplasia. Thus there is an urgent need 

for predictive molecular markers that may aid in the 

analysis of malignant potentiality of oral leukoplakia. In 

the recent past there is a paradigm shift of research from 

clinicopathological to molecular assays for assessment 

of the likelihood of malignant transformation of 

Leukoplakia and one such marker is COX-2. There are 

two forms COX-1 and COX-2.  COX-1is believed to be 

involved in the “house-keeping” functions of the body 

while COX-2, the inducible form is expressed only 

under special conditions like inflammation, 

angiogenesis, and tumorigenesis15,16.   

Current research indicates that the malignant process is 

based on overexpression of COX-2 and prostanoids in 

transformed cells and malignant tissue of various 

carcinomas including gastric carcinoma12, lung cancer, 

breast cancer and also head and neck cancer13,14. 

Keeping this in mind the present study was designed to 

evaluate the involvement of COX-2 in the progression of 

oral leukoplakia and its malignant transformation. 

Materials and Methods 

The research study was conducted in the Department of 

Oral and Maxillofacial Pathology, Guru Nanak Institute 

of Dental Sciences and Research, (GNIDSR), Kolkata in 

collaboration with Department of Biochemistry, 

University of Kolkata. The study was approved by 

BioSafety and Ethics Committee of Guru Nanak 

Institute Of Dental Sciences And Research. 

A total number of 2400 (approximately) patients, 

visiting Out Patient Department of GNIDSR, Kolkata 

were screened thoroughly for the presence of Oral 

Leukoplakia and Oral Leukoplakia associated OSCC 

according to the clinical criteria laid down by Neville et 

al., 2009. In the process of this clinical screening a total 

number of 40 Oral Leukoplakia patients and 5 Oral 

Leukoplakia associated OSCC patients could be 

detected. All these patients were subjected to the medical 

and routine hematological check-up. Two of the patients 

were severely medically compromised, and excluded 

from the study.  After the above medical screening a 

total number of 5 Oral Leukoplakia associated OSCC 

patients and 38 Oral Leukoplakia patients were selected 

for the study. 

Tissue samples (both pathological and normal tissues) 

were collected from the patients during biopsy 

procedure. Formalin preserved specimen were subjected 

to histopathologic evaluation or confirmation of the 

lesion. Some tissues (both normal and diseased) were 

preserved in RNAlater (Ambion) for further processing. 

Histologically validated oral leukoplakia and OSCC 

were selected for molecular analyses. Relevant clinical 

parameters were obtained for each sample. 

PCR assay 

Total RNA was extracted from tissue (>50 mg) using 

TRI reagent (Sigma Aldrich) according to 

manufacturer’s protocol. One microgram of total RNA 

was used for cDNA synthesis using random hexamers 

and High-Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems Inc.). The condition for cDNA 

preparation was 10 minutes at 25°C, 120 minutes at 

37°C followed by heating at 85°C for 5 minutes in a 

thermal cycler (Applied Biosystems GeneAmp PCR 

System 9700) and stored at -20°C. A 1:10 fold dilution 

of cDNA samples were used as template in all 

quantitative PCR reactions which were carried out in a 

10 ml reaction volume with 5 ml of (2X) Maxima SYBR 

Green/ROX qPCR Master Mix (Thermo Scientific) 

using Applied Biosystems 7900HT Fast Real-Time PCR 

System. The thermal cycler was programmed for an 

initial denaturation step of 5 minutes at 95°C followed 

by 40 thermal cycles of 30 seconds at 95°C, 30 seconds 
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at 60°C and 30 seconds at 72°C. The experiments were 

carried out in triplicate to ensure best reproducibility. 

18S rRNA gene was used as endogenous control. 

Specificity of PCR amplification for each primer pair 

was confirmed by melting curve analysis. The data were 

subjected statistical analysis using the standard 2-ΔΔCq 

method taking normal tissue as reference and 18S rRNA 

gene expression as endogenous control. 

Statistical Analysis 

Delta Cq of each group is represented by Box Plot in 

GraphPad Prism Software. The difference of delta Cq 

distribution was analysed by Kruskal-Wallis test. Fold 

change in gene expression was quantified in terms of RQ 

(Relative Quantification=2-ΔΔCq) value where the ΔCq 

value of leukoplakia and OSCC was normalized to 

normal samples and represented by bar diagrams. The 

difference of expression was analysed by Student’s t-test 

in Graphpad Prism software.  

Results  

Box plots represent the delta Cq comparing the three 

conditions; normal, leucoplakia and OSCC. Horizontal 

bars represent the median and range of the delta Cq for 

all the samples (fig.1). The results obtained showed that 

relative transcript level of Cox-2 was significantly 

elevated (4.3 fold high) in leucoplakia in comparison to 

normal oral mucosa (fig.2). Similarly, an increase in fold 

change up to 2.56 was  

 

Figure 1: Delta Cq values distribution graphs of Cox-2 

in normal and different clinical stages (Leukoplakia and 

OSCC). 

The box covers the two centre quartiles, and the median 

value is represented as a horizontal line in the box. 

*P value <0.001 

**P value <0.001 

Observed when expression of Cox-2 was compared with 

normal oral mucosa and squamous cell carcinoma.  

 

Figure 2: Comparison of Cox-2 gene expression in 

normal and leucoplakia tissues 

Column plots represent the relative transcript level of 

COX-2 gene in oral leucoplakia with respect to normal 

oral mucosa. 

*P value <0.001 

Discussion 

Oral cancer is the most common type of cancer of head 

and neck region, with an annual worldwide incidence in 

excess of 300000 cases. The disease is an important 

cause of death and morbidity, with a 5-year survival of 

less than 50%17.  

Most of oral cancers arise from a pre-cancerous lesion or 

condition like oral leukoplakia which is present in 

patients diagnosed with oral squamous cell carcinoma18. 
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One of the new approaches for control of this cancer is 

early detection of oral leukoplakia and its propenicity to 

convert into malignancy. Various researches have 

showed that deregulation of COX-2 gene expression                      

occurs in early dysplastic oral tissues. This up-regulation 

of COX-2 in premalignant cells predisposes the cells to 

further deregulation of several progression-related gene 

expression markers and can be rapidly diagnosed by RT-

PCR assays19. The COX-2 gene is an immediate, early-

response gene that is induced by growth factors, 

oncogenes, carcinogens, and tumor-promoting phorbol 

esters20. 

Hyper-expression of COX-2 has been implicated in the 

pathogenesis of colon-rectal cancer in humans but it 

appears to play a significant role as a tumour progression 

factor also in other forms of human cancer, including 

oral cancer21. The possible factors responsible for 

increased expression of COX-2 are shown in the figure 

3. 

  

Fig. 3 

It has been known through earlier studies that COX 

regulates expression of various genes in colon cancer22, 

non-small cell lung cancer23, and prostate cancer24. 

Various studies also confirm these earlier reports that 

constitutive COX-2 expression is an early causal event 

for tumor initiation through conversion of 

procarcinogens to carcinogens because of its peroxidase 

activity, as well as tumor progression because of its 

COX activity-related gene expression changes17. This 

study also demonstrated that COX-2 was markedly up-

regulated in oral squamous cell carcinoma, where a 2.56 

fold change was observed when compared to the 

normal25. Several different mechanisms could provide an 

important link between COX-2 and OSCC. Enhanced 

synthesis of PGs, a consequence of up-regulation of 

COX-2 can increase cell proliferation26, promote 

angiogenesis27, and inhibit immune surveillance28. All of 

these effects favour the growth of malignant cells. 

Additionally, over expression of COX-2 inhibits 

apoptosis29 and enhances invasiveness30. In extra hepatic 

tissues, like the head and neck; which have low mixed 

function oxidase activity31, COX-2 may also be 

important for activating xenobiotics to reactive 

electrophiles that are carcinogenic. For example, COX 

catalyzes the oxidation of the tobacco procarcinogen 

benzo[a]pyrene-7, 8-dihyrodiol to benzo [a] pyrene-diol 

epoxide, which is a highly reactive and strongly 

mutagenic carcinogen32. Thus it is imperative to say a 

comparative evaluation of COX-2 between normal and 

OSCC plays a pivotal role in assessing the role of COX-

2 in cancer progression. 

Further from the above study, it was also found that 60 

fold (?) change was observed when comparing 

expression of COX-2 between leukoplakia and OSCC 

samples. Although review of English literature failed to 

reveal any study in this particular aspect relating to 

differential expression of COX-2 between oral 

leukoplakia and OSCC, very many literatures had 

elucidated upregulation of COX-2 in gastric cancer with 

respect to gastric pre- cancer and its role in malignant 

transformation33,34. In this respect this study was found 

to be very encouraging. But still further studies are 

suggested in this field. 
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In the present study from the results obtained we can 

clearly see that there was an increase in trend of mRNA 

expression for COX-2 in Oral leukoplakia affected tissue 

and in the case of OSCC samples which indicates its role 

in tumor microenvironment also.  

Conclusion 

Malignant neoplasms are major causes of fear, morbidity 

and mortality all over the world. Globally oral cancer is 

the sixth most common cause of cancer-related death. 

Oral cancer accounts for approximately 30-40% of all 

cancers in India. Leukoplakia is the most common oral 

potentially malignant disorder. It should therefore be 

perfectly characterized in order to define the high risk 

variant with greatest potential for malignant 

transformation. In view of this, identification of various 

molecular markers should help to more accurately 

identify high-risk leukoplakias and allow a more 

aggressive therapeutic approach to be taken in these 

cases. COX-2 is one such marker which is expressed in 

both leukoplakia as well as OSCC and it has been paid 

attention because it could play an important role in 

initiation and progression of oral carcinoma. 
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