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ABSTRACT  

Background:  Oral cancer is a significant disease worldwide with up to 400000 new cases every year and almost 

130,000 deaths annually. Oral leukoplakia is one of the most common precancerous lesions. Molecular 

pathogenesis is indeed our savior as it can be used for early diagnosis and prognosis. Cell proliferation is a 

fundamental process involved throughout life. It is hypothesized that in cancer, cell proliferation continues 

uncontrollably and may be the cause of tumorogenesis.  

Aim: In the present study, Ki-67 (proliferative marker) expression was compared between lesions of OL with 

those of Oral squamous cell carcinoma (OSCC) and with that of normal Oral Mucosa. Grades of epithelial 

dysplasia and OSCC were also evaluated. 

Material & Method: This retrospective study was done in Government Dental College & Hospital, Mumbai. The 

study comprised of 90 samples in total. Out of these, 48 were Oral Leukoplakia (OL) samples, 33 were Oral 

Squamous Cell Carcinoma (OSCC). 9 normal mucosal samples were taken. Tumor cells were considered positive 

for Ki-67 antigen if there was intranuclear light brown granular staining. 

Results: The comparisons showed overexpression with increasing grades of Oral Epithelial Dysplasia (OED) and 

with those of OSCC. These results were statistically significant (p value<0.05). 

Conclusion: We conclude that Ki-67 is a reliable marker to predict future outcome of OED and OSCC. It can be 

used routinely to monitor its progression and treatment modalities. 

Keywords: Ki-67, epithelial dysplasia, carcinoma, leukoplakia. 

INTRODUCTION 

Head and neck cancers pose a serious threat to the 

society. The problem is further amplified by the fact 

that number of new cases goes up every year [1,2]. 

Oral cancer is a significant disease worldwide with 

up to 400000 new cases every year and almost 

130,000 deaths annually (Ferlay et al., 2010). 

Incidence rates are much higher in developing 

regions like Southeast Asia, where they account for 

up to 50 % of all malignant tumors (Argawal et al., 

2012; Siegel et al., 2012; Ghani et al., 2013; Krishna 

Rao et al., 2013)[3]. Malignancies of head and neck 

are notoriously known for their varied biologic 
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behavior[4]. Tobacco, alcohol, environmental 

carcinogens are the risk factors associated to oral 

cancers [5,6,7,8]. While most oral pathologists are 

not prepared to become full time anti-tobacco 

crusaders, they can be extremely effective agents 

for change as they have the unique opportunity to 

examine their patients in the symptomless phase. It 

is well known now that if oral cancers are 

diagnosed at earlier stages, it can be easy to treat. 

However, ignorance of its seriousness leads many 

patients to delay seeking medical advice and the 

disease progresses rapidly. Oral leukoplakia (OL) is 

one of the most common precancerous lesions 

[9,10]. Leukoplakia is defined as “A white plaque of 

questionable risk having excluded (other) known 

diseases or disorders that carry no increased risk 

for cancer”[11]. Diagnosis, treatment and prognosis 

of Oral cancer revolves round the newer techniques 

developed. The science of molecular biology has 

lead the investigators to think on the lines of 

molecular pathogenesis of cancer along with the 

introduction of tumor markers. Tumor markers are 

substances that are produced by cancer or by other 

cells of the body in response to cancer or certain 

benign (noncancerous) conditions. Most tumor 

markers are made by normal cells as well as by 

cancer cells; however, they are produced at much 

higher levels in cancerous conditions. These 

substances can be found in the blood, urine, stool, 

tumor tissue, or other tissues or bodily fluids of 

some patients with cancer [12]. Cell proliferation is 

a fundamental process involved throughout life 

[13]. It is hypothesized that in cancer, cell 

proliferation continues uncontrollably and may be 

the cause of tumorogenesis [14]. Proliferative 

marker Ki-67 protein is present in all active cell 

phases (G(1), S, G(2), and mitosis), but is absent 

from resting cells (G(0)). This makes it an excellent 

marker for growth fraction of given cell population 

[15]. In the present study, Ki-67 expression was 

compared between lesions of OL with those of Oral 

squamous cell carcinoma (OSCC) and with that of 

normal Oral Mucosa (OM). The Ki-67 expression 

was quantified and was observed in histological 

grades of OSCC. Immunohistochemical expression of 

Ki-67 was studied using a biotin streptavidin 

method on routinely processed paraffin sections. 

 

 

MATERIALS & METHODS 

This retrospective study was done in Government 

Dental College & Hospital, Mumbai. The study 

comprised of 90 samples in total. Out of these, 48 

were Oral Leukoplakia (OL) samples, 33 were Oral 

Squamous Cell Carcinoma (OSCC). 9 normal 

mucosal samples were taken. The normal samples 

were obtained from patients undergoing third 

molar extractions, they were informed and their 

approval was sought. The study had the proper 

approvals of the authorities. The age of patients 

ranged from 25 to 65 years. All the patients of 

whose blocks were selected had history of 

consuming tobacco in either smoked or smokeless 

forms. Formalin fixed paraffin embedded blocks 

(FFPE) were sectioned at 4 micron thickness. 2 sets 

of slides were made, 1 for Hematoxylin & Eosin 

(H&E) and the other for Ki-67. Gelatin chrome 

coated slides were used for proper adherence of 

tissue sections. Deparaffinisation and rehydration 

were routinely carried out. The slides were stained 

with H&E. After this slides were stained for 

immunohistochemical evaluation. Staining protocol 

included incubation in 0.6% methanol Hydrogen 

peroxide for 15-20 minutes to block endogenous 

peroxidase. This was followed by rinsing with 

distilled water and tris buffer wash (pH 7.2-7.6). 

The slides were inserted in a petridish containing 

citrate buffer and placed in a microwave oven at 

700 watts for 10 minutes. The petridish was 

allowed to cool to room temperature for 20 minutes 

and then the slides were taken out and washed with 

tris buffer. After washing excess buffer, sections 

were covered with optimally diluted primary 

antibody and incubated at room temperature for 1 

hour. After washing in wash buffer, excess was 

removed and this was followed by treatment with 

biotinylated rabbit anti mouse IgG and incubated 

for 30 minutes. Again the slides were washed with 

buffer. Enough drops of streptavidin peroxidase 

were applied to cover the slides and were incubated 

for 45 minutes. Enough of freshly prepared 

substrate chromogen solution was applied to cover 

the sections and incubated at room temperature for 

5-6 minutes. Finally, the slides were counterstained 

with Harri’s hematoxylin. The sections were 

dehydrated, cleared and mounted in DPX (Distrene 

Debutyl-Pthalate Xylene).  

Interpretation: 
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Histopathological diagnosis was confirmed in H&E 

stained sections. This was followed by analyzing 

immunohistochemically stained sections for Ki-67 

at low power (10X). The selected fields were used 

for the quantitative assessment of Ki-67 positive 

cells at high power. Tumor cells were considered 

positive for Ki-67 antigen if there was intranuclear 

light brown granular staining. Expression of Ki-67 

less than 10% were considered negative. 

Table 1: Profile of sex distribution of the samples 

Sex Leukoplakia Squamous cell 

carcinoma 

 No. of 

patient

s 

Percentag

e (%) 

No. of 

patient

s 

Percentag

e (%) 

Male 45 93.75 30 90.90 

Femal

e 

3 6.25 3 9.10 

n 48 100 33 100 

 

Table 2: Distribution of cases according to Subtypes 

of OL and OSCC. 

Group Lesions Histopathological 

grading 

No. of 

samples 

I Oral 

Leukoplakia 

Mild epithelial 

dysplasia 

20 

II Moderate 

epithelial 

dysplasia 

15 

III Severe epithelial 

dysplasia 

13 

IV Oral 

Squamous 

cell 

carcinoma 

Well 

differentiated 

squamous cell 

carcinoma 

20 

V Moderately & 

Poorly 

differentiated 

squamous cell 

carcinoma 

13 

VI  Normal mucosa 9 

 

 

 

 

Table 3: Comparison of Grades of OED with normal 

mucosa. 

Control 

group 

n=9 

[Group 

VI] 

Mild 

epitheli

al 

dysplasi

a 

n=20 

 [Group 

I] 

Moderate 

epithelial 

dysplasia 

n=15 

[Group 

II] 

Severe 

epithelial 

dysplasia 

n= 13 

 [Group 

III] 

F 

Value 

p 

valu

e 

3.47±23.

36 

35.7±7.

23 

39.35±5.

68 

42.36±4.

57 

28.38

2 

0.00

1 

 

Table 4: Comparison of Grades of OSCC with normal 

mucosa 

Control 

group 

n=9 

[Group VI] 

Well 

Differentiate

d 

n=20  

[Group IV]  

Moderately & 

Poorly 

Differentiate

d 

n=13 

[Group V] 

F Value p 

value 

3.47±23.3

6 

69.59±23.56 89.35±19.35 41.90

4 

0.00

1 

 

 

Fig 1: Mild epithelial dysplasia (H&E 200X). 

 

Fig 2: Mild epithelial dysplasia (Ki-67 expression 

200X) 
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Fig 3: Moderate epithelial dysplasia (H&E 200X). 

 

Fig 4: Moderate epithelial dysplasia (Ki-67 

expression 200X). 

 

Fig 5: Severe epithelial dysplasia (H&E 200X). 

 

Fig 6: Severe epithelial dysplasia (Ki-67 expression 

200X). 

 

Fig 7: Poorly Differentiated squamous cell 

carcinoma (H&E 400X). 

 

Fig 8: Poorly Differentiated squamous cell 

carcinoma (Ki-67 expression 400X) 

RESULTS 

This retrospective study carried out in Government 

Dental College & Hospital, Mumbai was aimed at 

correlating the ki-67 expression with grades of 

OSCC and OL (epithelial dysplasia). In a total of 48 

OL, 45 were males and only 3 were females and out 

of 33 OSCC, 30 were males and 3 were females 

[Table1]. Out of 48 OL samples, 20 were mild 

dysplasia (Group I), 15 moderate dysplasia(Group 

II) and 13 severe dysplasia (Group III). Similarly, 

out of 33 OSCC samples, 20 were well differentiated 

(Group IV), 9 were moderately differentiated and 4 

were poorly differentiated. Since poorly 

differentiated were very few they were clubbed 

with moderately differentiated and comprised of 

Group V. 9 samples from normal patients formed 

Group VI [Table 2]. The evaluation of the slides was 

done by scanning the immunohistochemically 

stained slides and 1000 tumor cells were observed 

and counted in five different histological fields using 
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a magnification of 40X. An eyepiece grid was used to 

prevent the overlapping of fields. Comparisons were 

made between Group I, II and III each with Group 

VI.  Similarly, Group IV and V were compared with 

Group VI. Group I, II, III were compared with Group 

IV and V. The indices were calculated as the 

percentage of positively stained cells among the 

total number of cells. The results were tabulated 

and subjected to statistical analysis including 

Student's t-test, Chi-square test and Mann-Whitney 

U-test. The comparisons showed overexpression 

with increasing grades of Oral Epithelial Dysplasia 

(OED) and with those of OSCC. Comparisons of Ki-

67 positive cells of Group I [Fig 1 & Fig 2], II [Fig 3 & 

Fig 4] and III [Fig 5 & Fig 6] showed increase in the 

mean value with increasing grades [Table 3]. These 

results were statistically significant (p value<0.05). 

Similarly, comparisons amongst Group IV and 

Group V [Fig 7 & Fig 8] too showed increase in the 

mean value of Ki-67 positive cells [Table 4]. Again 

the results were statistically significant (p 

value<0.05). For convenience and statistical 

purpose Group I, II and III were commonly grouped 

under Group X (denoting OED in total) whereas 

Group IV and V were commonly grouped under 

Group Y (denoting OSCC cases in total). Finally a 

comparison was done between Group X and Group 

Y which showed increased value in Group Y in 

comparison to Group X. These results were 

significant (p value<0.05).  

DISCUSSION 

The ability to predict reliably cancer outcome could 

substantially affect the course and biologic behavior 

of the lesion in order to achieve the best results in 

terms of loco-regional control, overall survival and 

quality of life. It is a known fact that OLs showing 

histologically moderate to severe degree of 

epithelial dysplasia are considered to have greater 

disposition for malignant transformation 

[16,17,18]. Routinely dysplasia is diagnosed by H&E 

staining of paraffin embedded tissue sections. 

However, its limitations in the assessment of 

epithelial changes of the oral mucosa have been 

recognized and represent an important constraint 

on the behavior of suspicious lesions. With the 

recent advancements in the field of molecular 

biology several markers of cellular proliferation 

such as PCNA (Proliferating cell nuclear antigen) 

and Ki-67 have been investigated in many diseased 

states [19]. Epithelial dysplasia is characterized by 

the number of cellular and tissue alterations that 

reveal an alteration of the cell maturation in the 

epithelium and an increase of the proliferative 

suprabasal activity. Thus changes in this 

proliferative capacity of Potentially Malignant 

Disorders (PMDs) may reveal the early 

preneoplastic changes and yield information about 

the risks of malignant transformation. Cell 

proliferation markers can be categorized as follows; 

(A) Growth fraction markers, (B) Markers of specific 

cell cycle phases and (C) Cell cycle time markers 

[20]. Ki-67 is the marker for growth fraction. The 

intensity of staining and the number of positive cells 

following Ki-67 demonstration tends to be lower 

than PCNA, reason being that Ki-67 is rapidly 

degraded following the M phase of mitosis whilst 

PCNA accumulate in the cells. The monoclonal 

antibody detects a nuclear antigen that is present in 

proliferating cells. Ki-67 is present in all phases of 

growth cycle except G0 phase. This may be because 

Ki-67 reacts with a nuclear non-histone protein 

which is present in all active phases of growth cycle 

and thus is considered as one of the most reliable 

marker for cellular proliferation [21]. This antigen 

is present in the nucleoli in G1followed by 

nucleoplasmic distribution in later cycle with 

intensity increasing in S and G2 and being maximum 

during mitosis [22]. 

The credit of introducing Ki-67 as a potential 

marker for proliferating cells goes to Johannes 

Gerdes et al in 1983. The word Ki is derived from 

the University of Kiel, where Johannes Gerdes in the 

laboratory of Herald Stein generated antibody. It 

was the 67th well of a 96-well microtitre plate and 

hence it was designated as Ki-67. After cloning and 

sequencing the gene, new antibodies were 

generated and they were named after the division at 

(M)olecular (I)mmunology (B)orstel [23]. Ki-67 

gene is located on human chromosome 10 (10q25) 

[24].  

We Examined 48 cases of OL and 33 cases of OSCC 

and 9 cases of normal oral mucosa. Out of these, 90 

% (n=81) were smokers. Affected males were 

93.75% in OL and 90.90% in OSCC. 

In the present study, monoclonal antibody Mib-1 

was used on paraffin embedded tissue sections to 

quantify the Ki-67 expression in the epithelium of 
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OL and OSCC. Comparisons were made among 

grades of OED and grades of OSCC. OED and OSCC 

were also compared amongst each other. It was 

noticed that in the normal mucosal epithelium, the 

Ki-67 postivity was minimal and was restricted to 

basal and very little to the parabasal layer. As the 

grades on OED increased i.e. from mild to moderate 

to severe, the positivity was more pronounced in 

the basal and parabasal cell layer. In cases of severe 

and some moderate OED, the positivity even 

extended in the spinous cell layer. In the OSCC 

cases, the peripeheral cells of the tumor islands 

showed more positivity compared to the inner cells. 

These results were very similar to other studies 

[14,25,26]. Comparisons within OED showed 

increased positivity of Ki-67 cells with significant 

results. Also OSCC compared with OED too showed 

higher positivity. Motta Rda R concluded that Ki-67 

overexpression is directly proportional to 

metastasis to head and neck lymph nodes [20]. 

Similar results were also seen in various other 

studies [27,28]. There have been contradictory 

results regarding prognosis of OSCC and Ki-67 

overexpression. In a meta-analysis performed by 

Xie S et al, they reviewed past published papers and 

found conflicting results. To conclude, they believed 

that over-expression of Ki-67 in OSCC relates to 

poor prognosis although suitable treatment timely 

provided could improve the prognosis [29]. They 

also stressed on an important point, that the results 

mentioned in many papers are based on a small 

sample size. Hence, the results are disputing.  

Gonzalez-Moles MA found that ki-67 was over 

expressed in well differentiated compared to poorly 

differentiated OSCC and hence were of the opinion 

that Ki-67 falls short of being a reliable prognostic 

marker [30]. Again as pointed out by Xie S et al, it 

may be due to the fact that the sample size may be 

less.  

Ki-67 is a very important and reliable tool for 

diagnosis and prognosis and has various advantages 

like simplicity and interpretation of results. 

Pharmacological modulators of cell proliferation 

and differentiation have been postulated as the 

future of cancer preventive drugs. Some of these 

agents like dimethylfluoronithine and retinoids 

have already been used in clinical trials of OL. Thus 

the use of Ki-67 could be of great value in 

montoring the effects of these agents during the 

course of future chemoprevention trials.  

CONCLUSION 

We conclude that Ki-67 is a reliable marker to 

predict future outcome of OED and OSCC. It can be 

used routinely to monitor its progression and 

treatment modalities. 
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