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INTRODUCTION

Oral submucous fibrosis (OSF) is a chronic progressive, 
precancerous condition of the oral mucosa, which is associated 
with areca nut chewing habit widely prevalent in India and 
South-East Asia.[1,2] Clinical pathognomonic features include 
burning sensation of the oral mucosa accompanied by pallor 
and progressive, irreversible fibrosis leading to difficulty in 
opening the mouth, speech and swallowing.

Histopathological feature of OSF involves increased 
deposition of collagen in the oral mucosa, due to a collagen-
metabolic disorder, resulting from exposure to the areca nut 
alkaloids. Other histopathological changes in established OSF 
are reduced vascularity, reduced number of inflammatory 
cells, and sub-epithelial hyalinization.[3]

Various etiological factors have been suggested for OSF 
including capsaicin and spicy food. Epidemiological and 

in vitro experimental studies show that chewing areca nut 
is the foremost etiological agent for the occurrence OSF.[2,3] 
Areca nut, is the fourth most commonly abused substance in 
the world (following nicotine, ethanol and caffeine). 10-20% 
of the world population chews areca nut in some form and 
more than 200 million people chew betel quid worldwide.[3-6]

OSF is a potentially malignant condition. Reports of malignant 
transformation rate of the surface epithelium in OSF ranges 
from 3% to 19%, among patients attending hospitals and in the 
community.[7,8] Eighty percent of OSCC in Taiwan and India 
are associated with use of areca nut as quid, along with other 
ingredients including tobacco.[9-11] Though extensive data 
for molecular markers, such as p53, proliferation associated 
antigens, cytokeratins, Bcl2 group of proteins, exist for other 
premalignant lesions such as leukoplakia, data for OSF is 
limited and much work needs to be done, especially in the 
Indian context.[8] The aim of our study was to study p53, Ki67 
(MIB), bcl2 and bax expression by immunohistochemistry and 
evaluate their potential as surrogate biomarkers of malignant 
transformation.

MATERIALS AND METHODS

All the study subjects and tissue samples for this study were 
from the Departments of Oral Medicine and Oral Pathology, 
Ragas Dental College and Hospital (RDCH), Chennai, India.
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Institutional Review Board (IRB) approval and patients 
consent as per the IRB guidelines was obtained for each part 
of this study. The patients attend RDCH for routine dental 
treatment and constituted a combination of people from urban 
and rural areas.

The tissue samples were drawn from archives of Department 
of Oral and Maxillofacial Pathology, RDCH, Chennai. OSF 
patients were identified based on well-established clinical 
criteria.[2,12]

Fifty OSF cases and ten OSCC with sufficient tissue for all 
antibodies were selected for immunohistochemical analysis 
using commercially available antibodies. All the biopsied 
tissues were fixed in 10% buffered formalin and paraffin 
embedded using standard procedures. Normal tissues were 
obtained from the buccal mucosa of ten patients during the 
surgical removal of the third molar.

Haematoxylin and Eosin staining was done for histopathological 
diagnosis for all cases. Subsequently, thin sections on APES 
(3-Aminopropyltriethoxysilane)-coated slides were obtained 
and immunohistochemical analysis performed. The sections 
were stained by the modified labeled avidin–biotin technique 
with DAKO LSABTM kit (DAKO Corporation, Carpinteria, 
CA, USA).

Appropriate positive and negative controls were used. p53 
and Ki67 exhibit nuclear staining. Bcl-2 and bax exhibit 
cytoplasmic staining.

For cytoplasm staining antibodies: two investigators examined 
all the slides separately. Cytoplasmic staining was assessed as 
follows: – negative, + mild, ++ moderate, and +++ intense. 
The layers were assessed separately as basal, suprabasal, and 
keratin layers. Kappa statistics were obtained.

For antibodies staining the nuclei the labeling index was 
calculated, for this purpose 1000 cells were counted and 
labeling index (LI) were calculated as follows:

LI =
	 Number of positive cells	

× 100 
	 Number of cells

For the purpose of counting the positively staining nuclei an 
image analysis system – . MicroimageTM (Olympus) software 
with Pro series Capture kit MVTM (Media Cybernetics) – one-
chip CCD camera, Olympus BX45 microscope, and Pentium 
IV PC with frame grabber card was used. Histopathological 
photographs were taken of representative sections for all the 
antibodies and stored in Image analysis system.

Statistical analysis

Data were entered and analyzed using SPSS 10.05. One-
way ANOVA was used to assess the statistical difference 

in the percentage of positive cells between normal, OSF, 
and OSCC for p53 and Ki67 (MIB). Bonferroni test for 
multiple comparisons was performed. The chi-squared 
test was undertaken to analyze the differences between the 
intensity levels, in normal, OSF, and OSCC. Differences with 
a probability value of <0.05 were considered statistically 
significant. Bivariate correlation was done between LI of p53, 
Ki67, and bax positivity, and Pearson’s correlation coefficient 
(r) calculated.

RESULTS

p53 [Graph 1]: in normal, one case was positive for p53. In 
OSF, 44% were positive and in oral cancer all cases showed 
positivity for p53.The labeling indices (LI) of the three groups 
were: in the normal group the LI was 7.1. In OSF, the LI 
ranged from 7.9 to 71.9 and in OSCC, the LI ranged from 65.2 
to 85.9. The LI at 95% interval were 7.1 for normal, 30.0±17.7 
for OSF and 75.6±6.9 for oral cancer. The one positive case 
from the normal group exhibited staining in the basal layer. 
All ten cases of OSCC exhibited staining that was both basal 
and suprabasal. In OSF, four cases showed basal staining only, 
while the rest exhibited both basal and suprabasal staining.

Ki67 [Graph 2]: all the cases in the three groups were positive 
for Ki67. The LI of the three groups were: 2.05 to 11.03, 4.39 to 
43.23, 18.35 to 42.33 in normal, OSF, and OSCC respectively. 
The LI at 95% interval were 5.33.6 for normal, 19.1± 7.6 for 
OSF, and 29.1± 8.8 for oral cancer.

bcl2: all cases of normal, oral cancers, and OSF were stained 
for bcl2 along with the positive controls. None of the normal 
epithelium showed bcl2 positivity. One case in the OSF group 
exhibited isolated positivity in the basal layer. In the oral 
cancer group, one case exhibited positivity. Isolated positivity 
in the connective tissue (lymphocytes) was present in a few 
cases in all the three groups bax [Table 1]: bax positivity was 
seen in eight normal, 38 OSF cases, and all cases of OSCC. 
All normal exhibited both basal and suprabasal staining. In 
OSF 76% showed basal while 44% of these also showed 
suprabasal expression. In oral cancers all cases showed basal 
and suprabasal expression of bax. There was however, no 
statistically significant difference between the three groups. 
The intensity of staining was compared between the three 
groups and was as follows.

Basal layer: in normal 40% exhibited moderate and 40% 
intense staining. In OSF almost equal number of cases exhibited 
mild (28%), moderate (22%), and intense (26%) staining. In 
oral cancers 60% of cases exhibited intense staining, 20% 
moderate, and 20% mild staining. The difference in staining 
between the three groups was not statistically significant.

Suprabasal layer: normal showed mild (60%) and moderate 
(20%) staining. In OSF mild (18%), moderate (16%) and 
intense (10%) staining was seen, while 56% exhibited no bax 
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expression. In oral cancers, the predominant staining was of 
moderate (60%) intensity while 20% each of mild and intense 
was also seen. The difference in the staining intensity between 
the three groups was statistically significant (P=0.001).

When the intensity of staining in the basal and suprabasal 
layer expression was compared within the group normal and 
OSF showed a statistically significant difference (P=0.02 and 
P=0.02, respectively) while the oral cancer group did not 
show a statistically significant difference.

When mean LI of p53 and Ki67 were compared with bax 
positivity, the correlation was low. However, there was a 
negative correlation(r=−0.045) between p53 LI and bax 
positivity and a positive correlation (r=0.153) between Ki67 
LI and bax positivity.

DISCUSSION

p53 and Ki67

Mutation of p53 is one of the most common events in 
oral cancer. Mutant p53 is normally detected in tissues by 
immunohistochemistry because the mutant type has a longer 
half-life than the wild type. High incidence of p53 protein 
expression in betel quid associated potentially malignant 

lesions and oral cancers have been reported from India, 
Taiwan, Sri Lanka, Thailand and China[6]. It has also been 
shown that p53 expression in tumor-adjacent mucosa may 
serve as an important biomarker in assessing the risk of tumor 
development in carcinogen-exposed normal mucosa[13].

Expression of p53 in 9/10 cases on malignant conversion from 
a premalignant lesion (which were p53 negative) has been 
reported from Indian betel quid chewers by Murti et al.,[14] and 
70 % of patients with OSF, from Nepal exhibited increased 
p53 expression of the epithelium.[15] Trivedy et al.,[16] in their 
cohort from India observed 75% (15/20) of OSF and 50% 
(3/6) of cancer from OSF had p53 expression. In our study 
of 50 cases of OSF 44% (22/50) OSF and all cases of cancer 
expressed p53. This is similar to the 47% positivity for p53 
in premalignant lesions, reported by Warnakulasuriya et al.[17] 
The mean LI (95% CI) of OSF was 30.0 between the low LI of 
7.1 for the normal and 75.6 for cancer. It has been shown that 
there is a step-wise increase of p53 positivity in the sequence 
of progression of normal oral mucosa-potentially malignant 
lesion –oral cancer.[18,19] These results might indicate an 
involvement of p53 in neoplastic transformation as well as in 
proliferative events.

One normal was positive for p53 and this was seen basally. 
This could indicate early alterations in epithelium due to 

Graph 1: p53: comparison of mean labeling index in the study groups Graph 2:  Ki67 (MIB): comparison of mean labeling index in the study groups

Table 1: Bax expression in normal, OSF and OSCC/oral cancer
Epithelium Cases + ++ +++ - P value

n % n % n % n %

Basal layer Normal (n=10) 0 0 4 40 4 40 2 20 0.142
OSF (n=50) 14 28 11 22 13 26 12 24
OSCC(n=10) 2 20 2 20 6 60 0 0

Suprabasal layer Normal (n=10 6 60 2 20 0 0 2 20 0.001
OSF (n=50) 9 18 8 16 5 10 28 56
OSCC (n=10) 2 20 6 60 2 20 0 0
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unknown factors; alternatively, it could also be due to the 
stabilization of wild p53, by other influences such as HPV, 
rather than mutation. Minimal staining in normal mucosa has 
also been reported by other investigators.[20,21]

In our study, except for four cases, all OSF cases had parabasal 
staining as did OSCC. This pattern of parabasal staining has 
been reported to have a strong correlation with progression 
to cancer.[22-24] Human Ki-67 protein is associated with cell 
proliferation. During interphase, the antigen is detected only 
in the nucleus, and the protein is present during all active 
phases of the cell cycle but is absent from resting cells, making 
it an excellent marker for determining the growth fraction of 
a given cell population. Studies using various proliferation 
markers have shown an association between the proliferative 
index and tumor progression in oral mucosa.[25-27]

Studies in leukoplakia have shown that Ki67 expression 
correlated significantly with the histopathological stage of 
the tumor and directly correlated with the proliferative status 
of oral lesions. In one large study involving a group of 239 
patients with T1-T3 carcinoma of the oropharynx or oral 
cavity, the investigators found that high Ki-67 labeling index 
reflected poor prognosis more accurately than p53 or PCNA 
status.[28]

In our study, the LI for OSF was 19.1± 7.6 less than that reported 
by Kannan et al., who showed that premalignant lesions had 
a LI of 32.6 ± 21.7. However, this included leukoplakia 
where the epithelium was of increased thickness and showed 
dysplasia. While, in the present study the epithelium in OSF 
was atrophic; the LI of normal and OSCC were 5.3±3.6 and 
29.1± 8.8, respectively.[25]

The LI of Ki67 in OSF was significantly higher than that 
of normal but less than that of OSCC. Similar high LI for 
premalignant lesions of the oral cavity have been reported 
by Miguel A, Gonzalez-Moles et al., in non-neoplastic 
epithelium adjacent to OSCC, Gyorgy and Belain in 
leukoplakia and oral cancer and Hideo et al., in epithelial 
dysplasia.[29-31] The association between p53 expression 
and proliferation has been reported by Cox and Walker.[15] 
They found a strong association between p53 and PCNA. 
However, in our study there was no correlation between p53 
and Ki67 positivity.

We did not correlate the LI of Ki67 with degree of dysplasia 
as in most of our cases the histopathology was that of atrophy 
with similar epithelial changes. It would be useful to follow 
up these patients and assess the Ki67 LI and its relationship 
to the clinical evolution of OSF with treatment.

bcl-2 and bax

The balance between cell proliferation and apoptosis 
determines growth in both normal tissue and in cancer. This 

balance is controlled by many factors of which the Bcl-2 
family, particularly bcl-2, and bax, play an important role.[8]

The bcl-2 protein, an anti-apoptotic marker and its over-
expression has been reported in several tumors including 
breast, thyroid, lung and skin carcinomas.[32] In oral 
carcinomas, over expression of bcl-2 from 7% to 60% has 
been reported from developed countries[33-36] while Ravi 
et al.,[37] and Kannan et al.,[38] reported 100% and 23% bcl-
2 expression respectively, in oral cancers from Southern 
India. It has been suggested that apoptosis is a barrier against 
cancer. In our study all normal epithelium was negative for 
bcl-2 expression. Technical issues in the procedure was ruled 
out as the positive controls (external control: lymph node; 
internal control: lymphocyte) exhibited bcl-2 expression. 
Lack of bcl-2 expression in normal has also been reported by 
other investigators.[39,40]

In the OSF group, one case exhibited isolated positivity in the 
basal layer and in the oral cancer group, one case exhibited 
positivity. Lack of bcl-2 immunoreactivity in oral epithelial 
dysplasia has been reported by other investigators also.[39,40] 
Though Teni et al reported bcl-2 positivity in 16% (6/31; 14 
leukoplakias and 17 OSF cases) oral premalignant lesions, 
all of them showed only mild staining.[41] Chen Y et al 
showed an inverse correlation between bcl-2 expression and 
tumor differentiation in oral cancer Staibano et al found no 
significant variation of bcl-2 expression in their series of oral 
cancer. They suggest that that the bcl-2-induced block of the 
apoptotic process may be absent, or may not be at a level 
of immunohistochemical detection.[42,43] However, Chang 
et al, McAlinden et al, and Piffko et al observed no significant 
bcl-2 expression in oral cancer.[39,40,44] It has been suggested 
that the lack of bcl-2 expression is a result of methodological 
constraints, of immunohistochemistry, such as low levels of 
protein expression, antibody source, or antigen retrieval. In 
addition, other gene products in the cell cycle regulation, such 
as mdm2 may be involved in apoptosis.[39]

In our study, isolated positivity in the connective tissue 
(lymphocytes) was present in a few cases in all the three 
groups. These findings are similar to those of McAlinden et al, 
who suggest that the bcl-2 expression in mature lymphocytes 
within the locality may be much higher than the epithelial 
cell component leading to an erroneous under-representation 
within the epithelia due to the sensitivity limits of the assay.[40]

Thus, the very sparse bcl-2 staining in our study could be due 
to the actual absence or low levels of expression that are not 
detectable by immunohistochemistry.[36,39,40,44] Alternatively, 
bcl-2 immunoreactivity may not reflect m-RNA activity of 
bcl-2 as post-transcriptional regulation could be a possible 
mechanism of its action in oral cancer.[42] It has also been 
suggested that alternate mRNA splicing of bcl-2 and caspase 
may be responsible for the differences in immunoexpressivity 
in different studies.[45,40]
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Further studies using different antibody clones or more 
sensitive techniques such as RT-PCR or western blot may help 
to more clearly define the role of bcl-2, if any, in oral precancer 
and cancer. It is also possible that apoptosis regulation by 
mechanisms involving proteins other than bcl-2 may have a 
role in OSF.

The proapoptotic protein bax plays an important role in 
defense against cancer as it mediates apoptosis in response 
to genotoxic stress. It has been shown that bax can bind to 
bcl-2, resulting in inactivation of the antiapoptotic action of 
bcl-2.[46] Bax is expressed in normal epithelium. In our study, 
the percentage of case positive for bax in normal was 80% 
and in OSF 76% showed basal while 44% showed suprabasal 
expression. All the OSCC cases expressed bax both basally 
and suprabasally. Studies have shown that expression of bax 
in oral carcinoma ranges from 2.2% to 63%.[47] There are very 
few studies of bax in OSF. In one study where p53, bcl-2, 
and bax were studied in premalignant lesions and oral cancer 
(63 cancer,14 leukoplakia, and 17 OSF cases) 39% of OSF 
were bax positive and bcl-2 negative as compared to 14% oral 
cancers, also, over expression of bax occurred in the absence 
of p53 and bcl-2 expression.[41] Our finding of no correlation 
between p53, bcl-2, and bax expression was similar to that 
reported by Teni et al.[41]

It has been reported that patients with oral cancer along with 
bax expression had a better prognosis than those without 
bax expression.[47] In our study, the staining intensity in 
the suprabasal layer showed significant difference between 
normal, OSF, and cancer and 56% of OSF cases showed no 
suprabasal bax immunoreactivity (compared to no expression 
in 20% in normal and no cases of negative expression in 
OSCC). The absence of bax in the suprabasal region in such 
a large series of OSF cases has not been reported earlier and 
could possibly be an indicator of abnormal proliferation 
predisposing to malignant transformation.

The findings of this study indicate that p53, Ki67, and bax 
exhibit altered expression in OSF that is different from normal 
but similar to that in oral squamous cell carcinoma, and has 
the potential to be used as surrogate markers of malignant 
transformation.

ACKNOWLEDGMENTS

We express our gratitude to Professor Kanagaraj, the Chairman, Jaya 
Group of Institutions, Dr. S. Ramachandran, Principal, Ragas Dental 
College and Hospital and Dr. T. R. Saraswathi, my teacher and guide 
for their advice and encouragement. We thank the staff members  
Dr. Umadevi, K Rao, Dr. Elizabeth Joshua, Professors and Dr. T.  
Rooban, Associate Professor, Department of Oral and Maxillofacial 
Pathology for their constant encouragement and support. We thank  
Dr. R. Gunaseelan, Director, Chennai Dental Research Foundation 
for his contribution towards this work. We thank Mrs. R. Hemalatha 
for her statistical help. We also thank that Dr. Dr. K. M. Vidya, 
Reader, Department of Oral and Maxillofacial Pathology, Ragas 

Dental College for helping in editing this manuscript. This study was 
supported by Department of Biotechnology, Ministry of Science and 
Technology, Government of India, Sanction number BT/PR/1592/
MED/09/249/99.

REFERENCES

1.	 Murti PR, Bhonsle RB, Gupta PC, Daftary DK, Pindborg JJ, 
Mehta FS. Etiology of oral submucous fibrosis with special 
reference to the role of areca nut-chewing. J Oral Pathol Med 
1995;24:145-52.

2.	 Gupta PC, Ray CS. Epidemiology of betel quid usage. Ann Acad 
Med Singapore 2004;33 (4 Suppl):31-6.

3.	 Neville BW, Damm DD, Allen CM, Oral and Maxillofacial 
Pathology. 2nd ed. USA: W.B. Saunders Publication; 2002. p. 
349-50.

4.	 Gupta PC, Ray CS. Tobacco and youth in the South East Asian 
region. Indian J Cancer 2002;39:5-34 .

5.	 Hazarey VK, Erlewad DM, Mundhe K, Ughade SN. Oral 
submucous fibrosis: A study of 1000 cases from central India. J 
Oral Pathol Med 2007;36:12-7.

6.	 IARC (International Agency for Research on Cancer) Monograph 
on the Evaluation of the carcinogenic risk of chemicals to 
human: Tobacco habits other than smoking; betel quid and areca 
nut chewing; and some arecanut derived nitrosamines. Vol 85. 
Lyon, France: IARC Press; 2004. p. 160-6.

7.	 Murti PR, Bhonsle RB, Pindborg JJ, Daftary DK, Gupta PC, 
Mehta FS. Malignant transformation rate in oral submucous 
fibrosis over a 17-year period. Community Dent Oral Epidemiol 
1985;13:340-1

8.	 Mithani SK, Mydlarz WK, Grumbine FL, Smith IM, Califano 
JA. Molecular genetics of premalignant oral lesions. Oral Dis 
2007;13:126-33.

9.	 Trivedy C, Baldwin D, Warnakulasuriya S, Johnson NW, Peters 
TJ. Copper content in areca catechu (betel nut) products and oral 
submucous fibrosis. Lancet 1997;349:1447.

10.	 Pindborg JJ. Lesions of the oral mucosa to be considered 
premalignant and their epidemiology. In: Mac Kenzie, IC, 
Dabelsteen E, Squier CA, editors. Oral Premalignancy. Iowa 
City: University of Iowa press; 1980. p. 2-12.

11.	 Chiu CJ, Chang ML, Chiang CP, Hahn LJ, Hsieh LL, Chen 
CJ. Interaction of collagen related genes and susceptibility to 
betel quid induced oral submucous fibrosis. Cancer Epidemiol 
Biomarkers Prev 2002;11:646-53.

12.	 Warnakulasurya S. Semi-quantitative clinical description of 
OSF. Ann Dent 1987;46:18-21.

13.	 Shin DM, Kim J, Ro JY, Hittelman J, Roth JA, Hong WK, 
et al. Activation of p53 gene expression in premalignant lesions 
during head and neck tumorigenesis. Cancer Res 1994;54: 
321-6.

14.	 Murti PR, Warnakulasuriya KA, Johnson NW, Bhonsle RB, 
Gupta PC, Daftary DK, et al. p53 expression in oral precancer 
as a marker for malignant potential. J Oral Pathol Med 
1998;27:191-6.

15.	 Cox SC, Walker DM. Epithelial growth fraction and expression 
of p53 tumour suppressor gene in oral submucous fibrosis. Aust 
Dent J 1996;41:91-6.

16.	 Trivedy C, Warnakulasuriya KA, Tavassoli M, Steingrimsdottir 
H, Penhallow J, Maher R, et al. p53 Aberrations in oral 
submucous fibrosis and oral squamous cell carcinoma detected 
by immunocytochemistry and PCR-SSCP. J Oral Pathol Med 
1998;27:72-7.

Markers in OSF� Ranganathan and Kavitha



Journal of Oral and Maxillofacial Pathology: Vol. 15 Issue 2 May - Aug 2011

153

17.	 Warnakulasuriya KA, Tavassoli M, Johnson NW. Relationship 
of p53 overexpression to other cell cycle regulatory proteins 
in oral squamous cell carcinoma. J Oral Pathol Med 1998;27: 
376-81.

18.	 Chang KC, Su IJ, Tsai ST, Shieh DB, Jin YT. Pathologic features 
of betel quid-related oral epithelial lesions in Taiwan with special 
emphasis on the tumor progression and human papilloma virus 
association. Oncology 2002;63:362-9.

19.	 Kerdpon D, Rich AM, Reade PC. Expression of p53 in oral 
mucosal hyperplasia, dysplasia and squamous cell carcinoma. 
Oral Dis 1997;3:86-92.

20.	 Gopalakrishnan R, Weghorst CM, Lehman TA, Calvert RJ, Bijur 
G, Sabourin CL, et al. Mutated and wild-type p53 expression 
and HPV integration in proliferative verrucous leukoplakia and 
oral squamous cell carcinoma. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 1997;83:471-7.

21.	 Shin DM, Voravud N, Ro JY, Lee JS, Hong WK, Hittelman 
WN. Sequential increases in proliferating cell nuclear antigen 
expression in head and neck tumorigenesis: A potential 
biomarker. J Natl Cancer Inst 1993;85:971-8.

22.	 Cruz IB, Snijders PJ, Meijer CJ, Braakhuis BJ, Snow GB, 
Walboomers JM, van der Waal I. p53 expression above the 
basal cell layer in oral mucosa is an early event of malignant 
transformation and has predictive value for developing oral 
squamous cell carcinoma. J Pathol 1998;184:360-8.

23.	 Cruz I, Napier SS, van der Waal I, Snijders PJ, Walboomers JM, 
Lamey PJ, et al. Suprabasal p53 immunoexpression is strongly 
associated with high grade dysplasia and risk for malignant 
transformation in potentially malignant oral lesions from 
Northern Ireland. J Clin Pathol 2002;55:98-104.

24.	 Chiba I, Muthumala M, Yamazaki Y, Uz Zaman A, Iizuka T, 
Amemiya A, et al. Characteristics of mutations in the p53 gene 
of oral squamous-cell carcinomas associated with betel-quid 
chewing in Sri Lanka. Int J Cancer 1998;77:839-42.

25.	 Kannan R, Bijur GN, Mallery SR, Beck FM, Sabourin CL, Jewell 
SD, et al. Transforming growth factor-alpha overexpression 
in proliferative verrucous leukoplakia and oral squamous cell 
carcinoma. An immunohistochemical study. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 1996;82:69-74.

26.	 Zoller J, Flentje M, Sinn P, Born IA. Evaluation of AgNOR and 
Ki67 antigen as cell kinetic parameters in oral dysplasias and 
carcinomas. Anal Cell Pathol 1994;7:77-88.

27.	 Shin DM, Voravud N, Ro JY, Lee JS, Hong WK, Hittelman 
WN. Sequential increases in proliferating cell nuclear antigen 
expression in head and neck tumorigenesis: A potential 
biomarker. J Natl Cancer Inst 1993;85:971-8.

28.	 Sittel C, Ruiz S, Volling P, Kvasnicka HM, Jungehülsing M, 
Eckel HE. Prognostic significance of Ki-67 (MIB1), PCNA and 
p53 in cancer of the oropharynx and oral cavity. Oral Oncol 
1999;35:583-9.

29.	 Gonzalez-Moles MA, Ruiz-Avila I, Rodriguez-Archilla A, 
Martinez-Lara I. Suprabasal expression of Ki-67 antigen as a 
marker for the presence and severity of oral epithelial dysplasia. 
Head Neck 2000;22:658-61.

30.	 Kövesi G, Szende B. Changes in apoptosis and mitotic index, 
p53 and Ki67 expression in various types of oral Leukoplakia. 
Oncology 2003;65:331-6.

31.	 Kurokawa H, Matsumoto S, Murata T, Yamashita Y, Tomoyose 
T, Zhang M, et al. Immunohistochemical study of syndecan-1 
down-regulation and the expression of p53 protein or Ki-67 
antigen in oral leukoplakia with or without epithelial dysplasia. 

J Oral Pathol Med 2003;32:513-21.

32.	 Lu QL, Abel P, Foster CS, Lalani EN. Bcl-2: Role in epithelial 
differentiation and oncogenesis. Hum Pathol 1996;27:102-10.

33.	 Stoll C, Baretton G, Abrens C, Löhrs U. Prognostic significance 
ofapoptosis and associated factors in oral squamous cell 
carcinoma. Virchows Arch 2000;436:102-8.

34.	 Birchall MA, Schock E, Harmon BV, Gobé G. Apoptosis, 
Mitosis,PCNA and bcl2 in normal, leukoplakic and malignant 
epithelia of the human oral cavity: Prospective, in vivo study. 
Oral Oncol 1997;33:419-25.

35.	 Pena JC, Thompson CB, Recant W, Vokes EE, Rudin CM. Bcl-
xL and Bcl-2 expression in squamous cell carcinoma of head 
and neck. Cancer 1999;85:164-70.

36.	 Yao L, Iwai M, Furuta I. Correlation of bcl2 and p53 expression 
with the clinicopathological features in tongue squamous cell 
carcinomas. Oral Oncol 1999;35:56-62.

37.	 Ravi D, Ramadas K, Mathew BS, Nalinakumari KR, Nair MK, 
Pillai MR. De novo programmed cell death in oral cancer. 
Histopathology 1999;34:241-9.

38.	 Kannan K, Latha PN, Shanmugam G. Expression of bcl-2 
oncoprotein in Indian oral squamous cell carcinomas. Oral 
Oncol 1998;34:373-6.

39.	 Chang KC, Su IJ, Tsai ST, Shieh DB, Jin YT. Pathologic features 
of betel quid-related oral epithelial lesions in Taiwan with special 
emphasis on the tumor progression and human papilloma virus 
association. Oncology 2002;63:362-9.

40.	 McAlinden RL, Maxwell P, Napier S, Hamilton P, Cowan 
CG, Lundy FT, et al. Bcl-2 expression in sequential biopsies 
of potentially malignant oral mucosal lesions assessed by 
immunohistochemistry. Oral Dis 2000;6:318-26.

41.	 Teni T, Pawar S, Sanghvi V, Saranath D. Expression of bcl-2 and 
bax in chewing tobacco-induced oral cancers and oral lesions 
from India. Pathol Oncol Res 2002;8:109-14.

42.	 Chen Y, Kayano T, Takagi M. Dysregulated expression of bcl-2 
and bax in oral carcinomas: Evidence of post-transcriptional 
control. J Oral Pathol Med 2000;29:63-9.

43.	 Staibano S, Mignogna MD, Lo Muzio L, Di Alberti L, Di Natale 
E, Lucariello A, et al. Overexpression of cyclin-D1, bcl-2 and 
bax proteins, proliferating cell nuclear antigen (PCNA), and 
DNA-ploidy in squamous cell carcinoma of the oral cavity. Hum 
Pathol 1998;29:1189-94.

44.	 Piffko J, Bankfalvi A, Joos U, Ofner D, Krassort M, Schmid 
KW. Immunophenotypic analysis of normal mucosa and 
squamous cell carcinoma of the oral cavity. Cancer Detect Prev 
1999;23:45-56.

45.	 Loro LL, Vintermyr OK, Liavaag PG, Jonsson R, Johannessen 
AC. Oral squamous cell carcinoma is associated with decreased 
bcl-2/bax expression ratio and increased apoptosis. Hum Pathol 
1999;30:1097-105.

46.	 Lalier L, Cartron PF, Juin P, Nedelkina S, Manon S, Bechinger 
B, et al. Bax activation and mitochondrial insertion during 
apoptosis. Apoptosis 2007;12:887-96.

47.	 Kato K, Kawashiri S, Yoshizawa K, Kitahara H, Yamamoto E. 
Apoptosis-associated markers and clinical outcome in human 
oral squamous cell carcinomas. J Oral Pathol Med 2008;37: 
364-71.

Markers in OSF� Ranganathan and Kavitha

How to cite this article: Ranganathan K, Kavitha R. Proliferation and 
apoptosis markers in oral submucous fibrosis. J Oral Maxillofac Pathol 
2011;15:148-53.

Source of Support: Department of Biotechnology, Ministry of 
Science and Technology, Government of India, Sanction number 
BT/PR/1592/MED/09/249/99. Conflict of Interest: None declared.


