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ABSTRACT

Objectives: Oral leukoplakia is a precancerous lesion of the oral mucosa. The upregulation of Ki67 and cyclooxygenase-2 
has been reported in both dysplastic and non-dysplastic tissues. The aim of this clinicopathological study was to investigate 
the prognostic value of Ki67 and cyclooxygenase-2 expression for oral leukoplakia.
Material and Methods: A total of 50 samples were investigated and the study group consisted of 30 oral leukoplakia samples. 
Samples of 10 intact oral mucosa and 10 squamous cell carcinoma were included as negative and positive control groups, 
respectively. Epithelial dysplasia was defined as oral intraepithelial neoplasia (OIN) and classified into subgroups 1 - 3. 
Tissue samples were assessed immunohistochemically for Ki67 and cyclooxygenase-2 expression. Clinicopathological 
correlations of oral leukoplakia patients were also investigated. 
Results: All OIN 3 patients were non-smokers (P < 0.05), and homogeneous oral leukoplakia lesions also presented OIN. 
Both cyclooxygenase-2 and Ki67 expression increased with the severity of lesions, which defined different subgroups (P < 
0.05), except there was no significant difference between the hyperkeratosis and OIN groups for Ki67 expression.
Conclusions: Cyclooxygenase-2 and Ki67 expression may have a prognostic value for the malignant transformation of oral 
leukoplakia.
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INTRODUCTION

Oral leukoplakia (OLEP) is defined as a white plaque 
of questionable risk that is diagnosed after excluding 
other known diseases or disorders that carry no 
additional risk for cancer [1]. OLEP is a clinical 
term that requires the application of strict diagnostic 
criteria for its classification [2,3]. OLEP may present a 
wide spectrum of histopathological patterns, including 
hyperkeratosis, epithelial dysplasia, carcinoma in situ, 
and squamous cell carcinoma (SCC) [4].
The Ki67 protein is localized to the nucleus in all 
actively dividing cells [5], and its expression level 
is proportional to the severity of dysplasia in OLEP 
[6]. The upregulation of Ki67 in both dysplastic and 
malignant tissues qualify Ki67 as a reliable marker of 
cell proliferation with prognostic significance [6,7].
Cyclooxygenase (COX)-2 is an enzyme that 
catalyzes the synthesis of prostaglandins (PG) whose 
expression is associated with carcinogenesis owing 
to its roles in apoptosis, angiogenesis, inflammation 
and immunosuppression, invasion, and metastasis 
[8]. COX-2 expression was investigated for its 
relation with specific markers of these multiple 
mechanisms and correlations between high levels 
of COX-2 expression and carcinogenic progression 
were reported [9]. Additionally, COX-2 was reported 
to activate several classes of chemical carcinogens 
and its peroxidase function was contributed to the 
activation of procarcinogens. The mode of action 
of COX-2 in carcinogenesis was linked to PGs, 
especially of the E series [8,10]. Due to their effects 
on proliferation, angiogenesis, immune surveillance 
and apoptosis, increased synthesis of PGs are believed 
to be important in the pathogenesis of cancer [8-10]. 
COX-2 was found to be overexpressed in various 
carcinomas as well and high levels have been detected 
in SCC compared to normal epithelium [11-14].
The aim of this clinicopathological study was to 
assess the prognostic value of COX-2 and Ki67 
expression for oral leukoplakia by determining their 
association with histomorphological data. To model 
the process of malignant transformation, samples of 
normal oral mucosa and squamous cell carcinoma  
were also investigated.

MATERIAL AND METHODS
Sample selection

Tissue samples were collected from OLEP patients 
who were referred to the Department of Oral 
Diagnosis and Radiology in the Faculty of Dentistry 

at Marmara University, Istanbul, Turkey. Informed 
consent was obtained from the patients and the study 
was approved by the Ethics Committee of Marmara 
University (MAR-YC-2006-0123).
Patients using non-steroidal anti-inflammatory drugs at 
the time of diagnosis and in the month prior to their 
clinical examination were excluded from the study 
because of the potential effects of these agents on 
COX-2 levels [15]. Smoking and alcohol habits were 
recorded. With respect to the former, patients were 
divided into two groups. Smokers were individuals 
who were smoking regularly at the time of diagnosis 
and for at least 1 year prior. Non-smokers comprised 
patients who reported never having smoked as well as 
former smokers who had previously smoked but were 
not doing so at time of diagnosis [16]. Individuals who 
had one or more drinks three or more times per week 
were defined as habitual drinkers [17] and placed in 
the alcohol consumption group, with one unit of an 
alcoholic drink corresponding to 12 g of ethanol [18]. 
OLEP was defined according to criteria established 
by the World Health Organization [1]. All known 
and possible causative factors for alternate diagnoses 
were eliminated before biopsy. Clinical type and 
localization of the lesion were recorded. Clinically, 
leukoplakia was subdivided into homogeneous (C1) 
and non-homogeneous (C2) types. C1 was defined 
as flat, thin, and uniformly white; C2 referred to 
predominantly white, or white and red lesions that 
were irregular in shape, flat, nodular, or exophytic. 
A conservative excisional biopsy was performed 
for any lesion smaller than 2 cm in diameter; larger 
lesions were treated according to histopathological 
results by applying previously described management 
protocols [2,4]. 
Biopsied specimens were evaluated in the Department 
of Tumour Pathology at the Institute of Oncology 
of Istanbul University. Samples were stained with 
hematoxylin and eosin. The final diagnosis was 
confirmed by histopathological examinations and 
any other definable lesions were excluded. After 
microscopic evaluation, 30 samples of OLEP 
were retained as the study group. OLEP samples 
were divided into four subgroups according to 
histopathological features: hyperkeratosis (HK) 
and - when epithelial dysplasia was present - three 
oral intraepithelial neoplasia (OIN) subgroups 
classified according to severity [19] as mild dysplasia 
(OIN1), moderate dysplasia (OIN2), and severe 
dysplasia and carcinoma in situ (OIN3).

Control groups

A total of 20 samples, presenting 10 samples of intact 
normal oral mucosa (N) and 10 samples of SCC were 
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retrieved from the archives of the Department of 
Tumour Pathology and used as negative and positive 
control groups, respectively. The control tissue 
samples were used only in the immunohistochemical 
evaluation in order to form a gradually increasing 
model for the process of malignant transformation 
(Figure 1) and not evaluated in terms of habits of 
smoking and alcohol consumption.

Immunohistochemistry

The 50 tissue samples were embedded in paraffin and 
serial sections were cut at a thickness of 5 µm that 
were collected on charged slides, then permeabilized 
and dried overnight in an autoclave at 56 ºC. After 
deparaffinization, sections were subjected to antigen 
retrieval by heating in a microwave four times for 5 
min in citrate buffer (pH 6.0), then cooling to room 
temperature and washing in phosphate buffered saline 
(PBS) for 5 min. Endogenous peroxidase activity 
was quenched by incubating the sections in 3% H2O2 
followed by washes in distilled water. Slides were 
incubated for 2 h with rabbit anti-COX-2 (Thermo 
scientific, Lab Vision Corporation, Fremont, CA 
94538-6406, USA) and rabbit monoclonal anti-
Ki-67 (Thermo scientific, Thermo Fisher Scientific, 
Anatomical Pathology, Fremont, CA 94538, USA) 
antibodies, while negative control sections were 
treated with PBS. All slides were incubated with 
biotinylated goat anti-rabbit secondary antibody (TR-
015-BN; Lab Vision Corp.) for 25 min, followed by 
a streptavidin–peroxidase reagent for 25 min; the 
chromogenic substrate 3-amino-9-ethylcarbazole 
was used to visualize immunoreactivity. Sections 
were counterstained with Mayer’s hematoxylin, 
covered with a coverslip, and evaluated under a light 
microscope (Olympus, Tokyo, Japan).

Quantification of COX-2 and Ki67 staining

COX-2 and Ki67 staining was evaluated by a 
pathologist who was blinded to the experimental 
protocol. Slides were scanned at low magnification 
under a light microscope and five areas with the 
highest degree of staining were selected for cell 
counts. Only nuclear staining was accepted as positive 
for Ki67. For COX-2, cytoplasmic and membranous 
staining was accepted as positive (Figure 2). Under 
magnification x400, the number of cells in the 
epithelium and in the tumour island of SCC specimens 
was counted. A cell with moderate to high staining 
was counted as positive. The immunoreactivity score 
was calculated as the mean percentage of positively 
stained cells to the total number of cells.

Figure 1. Flowchart of the study in sequential order with 
exclusion criteria. OLEP = oral leukoplakia; NSAID = 
non-steroidal anti-inflammatory drugs; HK = hyperkeratosis; 
OIN = oral intraepithelial neoplasia; N = normal mucosa; SCC = 
squamous cell carcinoma.

Statistical analysis

Statistical analyses were performed with SPSS 
10.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Mann-Whitney U test was used to compare variables 
among two groups. Kruskal-Wallis test was used to 
compare variables among multiple groups with Mann-
Whitney U test (Bonferroni corrected) as a post-hoc 
test. Fisher’s exact and Fisher-Freeman-Halton exact 
tests were used for qualitative comparisons of data. 
P values < 0.05 were considered statistically 
significant. The means (M) and standard deviations 
(SD) of ages, expressions of COX-2 and Ki67 were 
expressed as (M [SD]).
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RESULTS
Clinicopathological findings of OLEP patients

Clinicopathological characteristics of the study group 
are shown in Table 1. Patients ranged in age from 
30 to 75 years, (54.33 [11.03]), with 19 presenting 
HK (13 (68.4%) males, 6 (31.6%) females) and 
11 presenting OIN (7 (63.6%) males, 4 (36.4%) 
females). The mean ages of the HK and OIN patients 
were similar (55.05 [10] years vs. 53.09 [12.93] 
years) (P = 0.966). The occurrence of OIN was 
associated with a non-homogeneous clinical aspect 
(P = 0.004), but was also observed in lesions with a 
homogeneous appearance (three OIN1 and two OIN2 
patients). The homogeneous-type OLEP was more 
frequently observed in the HK group (P = 0.004). 

There was no difference between groups in terms 
of smoking and alcohol consumption (P = 0.156; 
P = 0.327; respectively). Lesions were more often 
localized on the tongue for OIN while buccal 
mucosa localization was higher for HK (P = 0.002) 
(Table 2).

Immunohistochemical findings

COX-2 and Ki-67 expression increased relative to 
the degree of lesion severity in the histopathological 
subgroups, with the SCC group having the highest 
numbers of COX-2 - and Ki67-positive cells (Table 
3). The mean number of COX-2 expressing cells 
was lowest in N tissue samples, higher in the 
SCC and OIN than in the HK group, and higher 
in the SCC than in the OIN group (P = 0.0001). 

Figure 2. Immunoreactivity of COX-2 and Ki67 in oral intraepithelial neoplasia. A = COX-2 immunostain (original magnification x400). 
Note the strong reaction in the cytoplasms of oral intraepithelial neoplasia cells marked by arrows. B = Ki67 immunostain (original 
magnification x400). Positive staining was observed in the nucleus of oral intraepithelial neoplasia cells marked by arrows.

Table 1. Clinicopathological characteristics of the study group

Study Group (n = 30) OIN Subgroups (n = 11)
PHK

(n = 19)
OIN

(n = 11)
OIN1
(n = 5)

OIN2
(n = 4)

OIN3
(n = 2)

Age
Mean (SD) 55.05 (10.07) 53.09 (12.93) 57.60 (11.55) 53.25 (12.97) 41.50 (16.26)

0.966aMedian 53 56 57 56.5 41.5
Min-max 34 - 75 30 - 71 40 - 71 35 - 65 30 - 53

Gender
M 13 (65) 7 (35) 2 (10) 4 (20) 1 (5)

1b

F 6 (60) 4 (40) 3 (30) 0 (0) 1 (10)

Smoking
S 17 (70.8) 7 (29.2) 3 (12.5) 4 (16.7) 0 (0)

0.156b

NS 2 (33.3) 4 (66.7) 2 (33.3) 0 (0) 2 (33.3)

Alcohol
U 2 (40) 3 (60) 1 (20) 2 (40) 0 (0)

0.327b

NU 17 (68) 8 (32) 4 (16) 2 (8) 2 (8)
Clinical 

type
C1 18 (78.3) 5 (21.7) 3 (13) 2 (8.7) 0 (0)

0.004c

C2 1 (14.3) 6 (85.7) 2 (28.6) 2 (28.6) 2 (28.6)

aStatistically no significant, Mann Whitney U test.
bStatistically no significant, Fisher’s exact test.
cStatistically significant at the level P < 0.01, Fisher’s exact test.
P values indicate HK vs OIN group comparisons. 
SD = standard deviation; HK = hyperkeratosis; OIN = oral intraepithelial neoplasia; n = number of samples; M = male; F = female; 
S = smoker; NS = non-smoker; U = using; NU = non-user; C1 = homogenous type; C2 = non-homogenous type.

A B
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Among OIN subgroups, COX-2 expression also 
increased as a function of lesion severity. Ki-67 
expression was detected in the nuclei of cells and in 
ascending order; these were N (5.33%), HK (36.01%), 
OIN (39.49%), and SCC (74.66%). There was no 
significant difference between the HK and OIN 
groups, but a difference was found between SCC and 
OIN groups (P = 0.0001) (Table 3).

DISCUSSION

The prevalence of malignant transformations of OLEP 
is between 0.13% to 17.5% for observation periods 
ranging from 1 to 30 years [20]. Several factors 
are associated with an increased risk of malignant 
transformation, and the clinical appearance of OLEP 
is considered a major benchmark [21]. The occurrence 
of OIN is relatively low for the C1 clinical type, 

and higher rates of malignant transformation have 
been reported for the C2 type [2,17,21]. In the present 
study, 5/23 (21.7%) C1 and 6/7 (85.7%) C2 OLEP 
cases presented OIN. However, given that OIN was 
detected in C1 cases, a biopsy is recommended as a 
mandatory procedure for all OLEP types.
Tobacco usage in different forms is the most common 
antecedent for OLEP lesions [20,21], with suggestions 
that some lesions may regress upon cessation of 
tobacco use [3,22]. According to one report, the risk 
for malignant transformation among individuals with 
SCC that had ceased using tobacco for more than 10 
years was similar to that of non-smokers [23]. The 
patients in the present study were predominantly 
smokers (80%), and two patients in the non-smokers 
group had ceased smoking for more than 10 years 
and both presented with HK. Nonetheless, due to 
dynamic nature of OLEP, regression is not expected 
in all OLEP cases [24]. Paradoxically, some OLEP 

Table 2. Localization of oral leukoplakia lesions by histopathological subgroups

Site

Buccal Mandibular
gingiva

Maxillary
gingiva

Soft 
palate

Hard 
palate Tongue

N (%)
HK 14 (73.7) 2 (10.5) 1 (5.3) 1 (5.3) 1 (5.3) 0 (0)
OIN 3 (27.3) 0 (0) 1 (9.1) 0 (0) 2 (18.2) 5 (45.5)

OIN 1 1 (20) 0 (0) 1 (20) 0 (0) 2 (40) 1 (20)
OIN 2 2 (50) 0 (0) 0 (0) 0 (0) 0 (0) 2 (50)
OIN 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100)

N = number of samples; HK = hyperkeratosis; OIN = oral intraepithelial neoplasia.

Table 3. COX-2 and Ki67 expressions in OLEP samples and controls

COX-2 expression Ki67 expression
Mean (SD) Median (min - max) Pd Post-hoce Mean (SD) Median (min - max) Pd Post-hoce

+N 1.88 (0.36) 1.82 (1.34 - 2.5)

0.001b

1 < 2b

1 < 3b 5.33 (0.73) 5.34 (4.23 - 6.48)

0.001b

1 < 2b

1 < 3b

HK 15.13 (5.68) 13.83 (10.34 - 36.56) 1 < 4b

2 < 3a 36.01 (4.14) 35.56 (28.89 - 45.94) 1 < 4b

2 < 4b

OIN 27.22 (11.31) 26.42 (12.37 - 46.35) 2 < 4b

3 < 4b 39.49 (6.94) 37.77 (31.63 - 53.39) 3 < 4b

-SCC 73.63 (4.68) 74.25 (65.56 - 79.65) 74.66 (6.15) 74.05 (66.7 - 85.91)
OIN 1 17.27 (3.43) 17.61 (12.37 - 21.01)

0.014a,c

5 < 6a 37.9 (4.43) 37.77 (31.63 - 43.87)
0.097c

-
OIN 2 30.81 (4.21) 30.40 (26.42 - 36.02) 35.6 (3.86) 35.28 (31.68 - 40.14)
OIN 3 44.93 (2.01) 44.93 (43.52 - 46.35) 51.23 (3.05) 51.23 (49.08 - 53.39)

aStatistically significant at the level P < 0.05, Kruskal Wallis test.
bStatistically significant at the level P < 0.01, Kruskal Wallis test.
cP values indicate OIN 1, OIN 2 and OIN 3 group comparisons.
dKruskal Wallis test.
eMann Whitney U test (Bonferroni corrected).
+ Positive control. - Negative control.
P values indicate N, HK, OIN and SCC group comparisons. 
SD = standard deviation; OLEP = oral leukoplakia; N = normal mucosa; HK = hyperkeratosis; OIN = oral intraepithelial neoplasia; 
SCC = squamous cell carcinoma.
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lesions in non-smokers were reported to have worse 
prognosis than in smokers [16,22], and women 
without smoking habits had a higher risk of malignant 
transformation among the groups examined in one 
study [25]. Consistent with these findings, all the OIN 
3 patients in the present study were non-smokers. It is 
suggested that the high-risk nature of lesions in non-
smokers is associated with intrinsic factors such as 
inherited or acquired predisposition, for which a more 
aggressive treatment strategy is recommended [26].
Alcohol consumption is another risk factor for OLEP, 
but its most potent effects are exerted through synergy 
with tobacco usage [2], with geographical variations 
reportedly playing a role [26]. In this study, a slightly 
higher rate of alcohol consumption was detected in 
OIN than in HK (27.3% vs. 10.5%), although this 
difference was not statistically significant. 
The increased proliferative capacity in OLEP has 
been confirmed by a higher expression level of Ki67 
[7,27], which was proposed as a marker for the 
occurrence and severity of OIN in oral mucosa [28]. 
Its association with lesion severity underscores Ki67 
expression as a prognostic factor for OLEP [7], which 
was suggested in the present study; the highest Ki67 
expression was observed in SCC, followed by OIN 
and HK, indicating that this marker of proliferation 
may be a predictor of progressive malignancy. On 
the other hand, although there was a gradual increase 
in Ki67 expression, no significant difference was 
detected between the HK and OIN groups.
COX-2 is an inducible enzyme whose expression 
is low or negative in most tissues, but a few hours 
after a single stimulation the enzymatic activity of 
COX-2 was reported to increase more than 10-fold 
and then return promptly back to the basal level 
[9]. This expression is influenced by growth- and 
tumour-promoting factors, inflammatory stimuli, 
and oncogenes under a variety of pathophysiological 
conditions [10]. COX-2 expression has been 
implicated in the malignancy of SCC of the tongue 
as well as OIN [12] and COX-2 overexpression was 
found to be predictive of patient survival in SCC [13]. 

Elevated levels of COX-2 were also observed in 
the majority of dysplastic squamous epithelia and 
SCC, in contrast to the weak expression detected in 
normal esophageal tissue [14]. Another study reported 
progressively higher COX-2 levels in normal mucosa, 
OIN, and SCC [11]. Consistent with these results, 
here it was found that COX-2 expression was lowest 
in normal mucosa, higher in HK followed by OIN, 
and highest in SCC. Nevertheless, as a limitation 
of the present study, the number of the study group 
is low (30 samples of OLEP) and the subgroups are 
not equal (2 samples of OIN3). Therefore, further 
studies are required with larger populations in order 
to indicate COX-2 and Ki67 as prognostic markers of 
OLEP.

CONCLUSIONS

Our results suggest that cyclooxygenase-2 and Ki67 
expression may have a prognostic value for evaluating 
the malignant transformation of oral leukoplakia, and 
that the etiopathogenesis of oral leukoplakia should 
be investigated in terms of risk factors other than 
smoking and alcohol consumption.
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