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Introduction
Oral submucous fibrosis (OSMF) is a chronic debilitating disease of 
the oral cavity affecting an estimated 2.5 million people mostly in the 
Indian subcontinent [1-3].  OSMF is characterized by inflammation 
and progressive fibrosis of the submucosal tissues (lamina propria 
and deeper connective tissues) resulting in difficulties in mouth-
opening, tongue movement, intolerance to spicy food and rigidity 
of the lip [4]. The buccal mucosa is the most commonly involved 
site, but any part of the oral cavity can be involved, even the 
pharynx and oesophagus [5,6]. Histopathologically graded as 
Grade I:  loose, thin and thick fibers, Grade II: loose or thick fibers 
with partial hyalinization, and  Grade III: complete hyalinization [7].  
Various factors have been implicated in the development of OSMF 
including nutritional deficiencies and immunological processes, but 
the available epidemiological evidence indicates that chewing betel 
quid (containing Arecanut, tobacco, slaked lime or other spices) is 
an important risk factor for OSMF [8-11].

The condition is well-recognized for subsequent malignant 
transformation and is therefore, considered as a potentially 
malignant condition. It has been stated that atrophic changes in 
the mucosa predispose to malignant changes in epithelium. The 
malignant potential in OSMF was first described by Paymaster in 
1956 and emphasized subsequently by other authors based on 
clinical and epidemiological grounds. A malignant transformation 
rate between 3% and 7.6% has been reported followed for a period 
of 17 y. Precancerous nature of OSMF is further substantiated by 
the observation of co-existent oral-leukoplakia and concomitant 
finding of oral-carcinoma [12-17].

Immunological methods of assessing cell proliferation have the 
advantage of simultaneous analysis of histopathology and cell 
proliferation features. A number of immunohistochemical and 
nucleic acid markers of cell proliferation are now available. One that 



has been well-characterized is the Proliferating cell nuclear antigen 
(PCNA), which is the auxiliary protein of DNA polymerise-5 that is 
concentrated in the nucleus. PCNA plays an important role in DNA 
synthesis, DNA repair, cell cycle progression and cell proliferation. 
In both cell culture system and fresh tissue specimens, PCNA levels 
are very low and undetectable in quiescent cells, but the production 
of this protein occurs prior to DNA replication. This protein increases 
at G1 and S phase and decreases at G2 phase of the cell cycle and 
hence, it is a more sensitive index of proliferation [18,19].  Increase 
in PCNA expression has been observed as tissues progressed from 
normal epithelium to hyperplasia and dysplasia and premalignant 
and malignant lesions of oral cavity [20-24].

The present study attempts to evaluate staining pattern of PCNA 
in different layers and different grades of epithelium in OSMF and 
to compare the staining between OSMF and OSCC to substantiate 
the precancerous nature of OSMF.

Materials and methods
All specimens were retrieved (Jan 2008 to May 2009) from archival 
paraffin blocks in the Department of Oral pathology, Government 
Dental College and research institute, Bangalore, India. A total of 30 
cases of OSMF and 10 cases of OSCC were selected and studied 
for the expression of PCNA. Among 30 cases of OSMF; 1 case was 
grade I, 7 cases were grade II and rest 22 cases were grade III [7].

Biogenex Lsab+ system peroxidase (Biogenex laboratories, CA, 
USA) kit was used. Contents : Hydrogen peroxidase (3% H2O2 
in water); Link secondary antibody (Biotinylated anti-rabbit, anti-
mouse and anti-goat immunoglobulin in phosphate buffered saline 
containing carrier protein on 15mM azide); Streptavidin peroxidase 
(Streptavidin conjugated horse radish peroxidase in phosphate 
buffered saline containing carrier protein and antimicrobial agent); 
Buffered substrate (Buffered substrate solution, pH 7.2, containing 
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ABSTRACT
Background and objectives: Expression of Proliferating Cell 
Nuclear Antigen (PCNA) well-correlates with the cell division. 
The suprabasal expression of PCNA is considered to be a marker 
of dysplastic oral mucosa indicating a special proliferative 
cellular state in those lesions. Oral submucous fibrosis (OSMF) 
is considered to be a premalignant condition with potential to 
get transformed into oral squamous cell carcinoma (OSCC). 
The present study was done to assess the PCNA expression in 
different grades and in different layers of epithelium of OSMF 
and to compare the expression of PCNA in OSMF with OSCC.

Materials and Methods: A group of 40 histopathologically 
diagnosed, formalin fixed, paraffin embedded tissue samples 
were included in study. The study group was further divided 
into 2 groups; 30 OSMF and 10 OSCC. Theses samples were 
collected from Department of Oral and Maxillofacial Pathology, 
Government Dental College and Research Institute, Bangalore. 

The samples were subjected to immunohistochemical method 
using indirect immunoenzyme LSAB method.

Results: All 40 cases showed positivity for PCNA. The percentage 
of positive cells was more in basal and suprabasal layer both in 
OSMF and OSCC, whereas the greater percentage of positive 
cells was seen in the superficial layer of OSCC. All OSMF cases 
showed positive expression in basal and suprabasal layer and 
only 77% of cases showed positive PCNA expression in the 
superficial layer with variable immunoreactivity and 23% did not 
show any positive staining in the superficial layer. The percentage 
of positive cells and the intensity of staining increased as the 
disease severity increased in OSMF.  

Conclusion: Increased proportion of cells expressed PCNA 
staining which are in proliferative layers of OSMF. This biomarker 
provides an insight into the biological behaviour of the condition 
that substantiates its potentially malignant nature and may also 
provide an intermediate end point in chemotherapeutic trials. 
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hydrogen peroxide and a preservative); DAB chromogen (3,3-
diamino benzidine chromogen solution) [25]. Anti PCNA (prediluted, 
BIOGENEX Corporation, CA, USA); Phosphate buffered saline 
(PBS); Xylene; Absolute alcohol; 95% alcohol; Distilled water; 
Mayers  Haematoxylin; 1% acid alcohol; Mounting medium (DPX). 
The following reagents were prepared prior to staining. Phosphate 
buffered saline (PBS) (Wash solution, buffer bath) 0.05 M/L, 0.1mol 
/L Nacl (pH 7.2-7.6). Citrate buffer: 10m mol/L citrate (pH 6.0). 
Substrate chromogen solution (4-7 sections): Transfer 1ml aliquot of 
buffered substrate into the calibrated test tube. To this add one drop 
(approximately 20 μl) of DAB chromogen. The solution was mixed 
and applied to tissue sections with the provided Pasteur pipette.

Procedure: Serial sections of 5μm thickness were taken on silanised 
slides for immunohistochemistry. The slides were deparaffinized by 
heating on the slide warmer at 60°C for 10-20 min. The slides were 
subsequently rehydrated by keeping in three baths each of xylene, 
absolute alcohol and 95% alcohol for 5, 3 and 3 min respectively. 
Then, the slides were immersed in distilled water for 30 sec. Antigen 
retrieval was done using heat induced epitopes retrieval (HIER) 
microwave oven method. Slides were placed in plastic jar containing 
10 mM citrate buffer (pH 6.0) and heated for 20 min. They were then 
allowed to cool for 20 min and taken out and washed with wash 
buffer. All reagents were equilibrated to room temperature (20°-
25°C) prior to immunostaining. All the incubations were carried out 
at room temperature, with a humidifying chamber. At no time, the 
tissue sections were permitted to dry during the staining procedure: 
Step 1: Peroxidase block: After tapping off excess buffer, the 
specimens were covered with 3% hydrogen peroxide for 15 min. 
Then the slides were gently washed with distilled water and placed 
in a buffer bath for 5min. Step 2: Primary antibody application: 
Excess buffer was tapped off, and primary antibody was used to 
cover the specimen. For negative control, PBS was used instead 
of the primary antibody. The slides were incubated for one hour at 
room temperature in a humidifying chamber. Then the slides were 
rinsed in distilled water and placed in fresh buffer bath. Step 3: 
Link (Secondary antibody) application: Excess buffer was tapped 
off, and the slides were incubated for 15 min with link and then 
rinsed gently with distilled water, and then placed in buffer bath for 
30 min. Step 4: Streptavidin peroxidase application: Excess buffer 
was tapped off as before, and the specimens were incubated with 
streptavidin peroxidase for 30 min. The slides were washed gently 
with distilled water and placed in buffer bath for 5minutes. Step 
5: Substrate chromogen application: Excess buffer was tapped off 
and the sections were covered with substrate chromogen for 2 to 
10 min. Then the slides were gently rinsed with distilled water. Step 
6: Mayers haematoxylin counter staining: The slides lightly stained 
with Mayers haematoxylin, washed gently under running water 
for 10 minutes. They were dehydrated and dipped in xylene and 
mounted in DPX, a non-aqueous permanent mounting medium 
using converslips. 

Interpretation of staining: Presence of brown colored end product 
at the site of target antigen was indicative of positive reactivity. The 
negative control tissue demonstrated absence of specific staining. 
To analyse more thoroughly the expression of PCNA, the oral 
epithelium was divided into 3 layers, basal layer, suprabasal layer 
and superficial layer excluding the surface keratinized layer. 

The percentage of positive cells was calculated by counting the 
number of cells per 1 mm2 field. It was then categorized as: More 
than 50% of positive cells were scored as (+++); 25%-50% of positive 
cells were scored as (++); 10%-25% of positive cells were scored as 
(+) and fewer than 10% of positive cells were scored as (±).

Statistical analysis
The Statistical software SPSS 15.0, Stata 8.0, MedCalc 9.0.1 and 
Systat 11.0 were used for the analysis of the data. Descriptive 
statistical analysis has been carried out in the present study. Results 

on continuous measurements are presented on Mean ± SD (Min-
Max) and results on categorical measurements are presented in 
Number (%). Significance is assessed at 5 % level of significance. 
Fisher Exact test has been used to find the significance of PCNA 
expression between different grades of OSMF and Chi-square was 
used for comparison of PCNA expression in OSMF and OSCC.

Results
All specimens of OSMF and OSCC showed positive staining for 
PCNA. Staining was observed in oral epithelium and in infiltrating 
inflammatory cells. Staining for PCNA was localized to the nucleus 
and exhibited a differential pattern of expression in OSMF. 

Comparison of PCNA expression between different grades of 
OSMF: There was no statistical significant mean difference of PCNA 
expression in different grades of OSMF but, the greater percentage 
of positive cells was seen more in grade III than in the grade II cases. 
All OSMF cases showed positive expression in basal and suprabasal 
layers and only 77% of cases showed positive PCNA expression in 
the superficial layer [Table/Fig-1-3]. 

PCNA 
expression

Total Grade I Grade II Grade III
p-value

Nil 0 0 0 0 -

+ 2 0 1(50.0%) 1(50.0%) 0.469(NS)

++ 14 1(7.1%) 4(28.6%) 9(64.3%) 0.519(NS)

+++ 14 0 2(14.3%) 12(85.7%) 0.297(NS)

Total 30 1(3.3%) 7(23.3%) 22((73.3%) -

[Table/Fig-1]: Expression of PCNA in different grades of OSMF in Basal layer
Where, +++ (or 3+) represents more than 50% positive cells; ++ (or 2+) represents 
25%-50%; + (or 1+) represents 5%-25%; and, +/- represents less than 5%. OSMF - 
Oral submucous fibrosis. (NS: Not Significant)

PCNA 
expression

Total Grade I Grade II Grade III
p-value

Nil -

+ 7 0 1(14.3%) 6(85.7%) 0.728(NS)

++ 19 1(5.3%) 5(26.3%) 13(68.4%) 0.795(NS)

+++ 4 0 1(25.0%) 3(75.0%) 1.000(NS)

Total 30 1(3.3%) 7(23.3%) 22(73.3%) -

[Table/Fig-2]: Expression of PCNA in different grades of OSMF in Suprabasal layer
Where, +++ (or 3+) represents more than 50% positive cells; ++ (or 2+) represents 
25%-50%; + (or 1+) represents 5%-25%; and, +/- represents less than 5%. OSMF - 
Oral submucous fibrosis. (NS: Not Significant)

PCNA 
expression

Total Grade I Grade II Grade III
p-value

Nil 7 0 1 (14.3%) 6(85.7%) -

+ 15 1(6.7%) 5(33.3%) 9(60.0%) 0.215(NS)

++ 3 0 0 3(100.0%) 1.000(NS)

+++ 5 0 1(20.0%) 4(80.0%) 1.000(NS)

Total 30 1(3.3%) 7(23.3%) 22(73.3%) -

[Table/Fig-3]: Expression of PCNA in different grades of OSMF in  superficial  layer
Where, +++ (or 3+) represents more than 50% positive cells; ++ (or 2+) represents 
25%-50%; + (or 1+) represents 5%-25%; and, +/- represents less than 5%. OSMF - 
Oral submucous fibrosis. (NS: Not Significant)

PCNA expression OSMF OSCC p-value

Nil 0 0 -

+ 2(6.7%) 0 1.000(NS)

++ 14(46.7%) 1(10.0%) 0.060(NS)

+++ 14(46.7%) 9(90.0%) 0.082(NS)

Total 30(100.0%) 10(100.0%) -

[Table/Fig-4]: Comparison of PCNA expression in OSMF and OSCC in Basal layer
Where, +++ (or 3+) represents more than 50% positive cells; ++ (or 2+) represents 
25%-50%; + (or 1+) represents 5%-25%; and, +/- represents less than 5%. OSMF 
- Oral submucous fibrosis; OSCC - Oral squamous cell carcinoma. (NS: Not 
Significant)
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Comparison of PCNA expression between OSMF and OSCC: 
There was no statistical significant mean difference of PCNA 
expression in basal and suprabasal layers between OSCC and 
OSMF. But there was a statistical significant mean difference in 
PCNA expression in superficial layers. The percentage of positive 
cells was more in basal and suprabasal layer both in OSMF and 
OSCC, whereas the greater percentage of positive cells was seen 
in the superficial layer of OSCC [Table/Fig-4-9].

Discussion
In the present study, among the 30 cases of OSMF, all showed 
positivity for PCNA with variable immunoreactivity in different layers 
of epithelium and in different grades of OSMF. Among 30 OSMF 
patients high intensity staining in basal layer was seen in 12 grade 
III and 2 grade II cases. This observation suggests that intensity 
of staining in basal cells of OSMF vary from moderate to high and 
the percentage of cells exhibiting high intensity staining is directly 
related to grade of OSMF. In OSCC 9 (90%) cases showed high 
intensity staining and 1 (10%) cases showed moderate intensity 
staining. This suggests Basal layer in both OSMF and OSCC having 
significant proliferative activity. 

Out of 4 cases of OSMF which showed high intensity staining in 
supra basal layer; 3 were of grade III and 1 was grade II. In OSCC 
6 (60%) cases showed moderate intensity and 4 (40%) cases 
showed high intensity staining none of them showed mild intensity 
of staining. It is seen that staining in suprabasal layers of OSMF vary 
from mild to moderate to high intensity and in OSCC it varied from 
moderate to high intensity of staining. These findings suggest an 
increased proliferative activity even in the suprabasal layer of OSMF 
indicating the aggressiveness of the condition. A significant basal 
and suprabasal pattern of staining was seen in cases of OSMF 
correlating with previous study done by Srinivasan and Jewel [19]. 
This finding suggests that major proportion of cells that exhibit 
PCNA are in the proliferative pool of OSMF. 

Superficial layer of 5 cases of OSMF showed high intensity staining 
of which 4 were of grade III and 1 was of grade II. However; among 
10 cases of OSCC 6 (60%) showed high intensity and 4 (40%) cases 
showed moderate intensity staining. A mild to high intensity staining 

was seen in OSMF, whereas in OSCC all the cases showed strong 
positivity to PCNA showing moderate to high intensity of staining. 
This finding suggests that even though not all cases exhibited 
positive PCNA expression in OSMF a significant portion of cells in 
superficial layer of OSMF also shows proliferative activity that leads 
to progression of the condition towards malignancy.

Huang et al., [20] found that among premalignant lesions; 90.8% 
of cases showed suprabasal staining with the progression of lesion 
toward malignancy. There was significant predilection for basal and 
suprabasal staining pattern for PCNA as compared with strictly 
basal staining seen in normal and benign epithelial conditions. 
Suprabasal positive reactivity was demonstrated in 40% of the 
benign, reactive hyperplasias, 56.25% of specimens with atypia, 
61.64% of dysplasias and 64% of all carcinomas in situ. All cases 
that exhibited even a small area consistent as carcinoma in situ 
were histologically diagnosed as carcinomas in situ. 

Martinz et al., [24] analysed PCNA expression in 10 samples of normal 
mucosa, 23 benign oral lesions (18 hyperplasia and 5 oral lichen 
planus), 10 oral lesions with epithelial dysplasia, and 10 dysplastic 
epithelia adjacent to tumors. Immunocytochemical stained sections 
were scored for the presence or absence of suprabasal PCNA 
positivity regardless of location. As indicated by results, PCNA 
expression in suprabasal layers increased with degree of epithelia 
dysplasia and histological dysplastic epithelium sample adjacent to 
tumors. The percentage of suprabasal PCNA was insignificant in 
normal oral mucosa samlpes and benign oral lesions samples. The 
present study suggests that there is increased proliferative activity 
in basal layer and suprabasal layer in grade II and grade III of OSMF 
and too little extent in the superficial layer. Atrophy of the epithelium 
in OSMF can be attributed to the increased loss of cells from the 
surface despite increased proliferative activity seen it indicates  that  
aggressiveness of the condition increases as the disease severity 
increases and correlates with reported biologic behavior of the 
condition.   	  

Limitations of the study 
The sample size used in this study was small to form a hypothesis; 
however it can be used as a base to conduct further studies using 
larger sample size.

PCNA expression OSMF OSCC p-value

Nil 0 0 -

+ 7(23.3%) 0 0.161(NS)

++ 19(63.3%) 6(60.0%) 1.000(NS)

+++ 4(13.3%) 4(40.0%) 0.338(NS)

Total 30(100.0%) 10(100.0%) -

[Table/Fig-5]: Comparison of PCNA expression in OSMF and OSCC in Suprabasal 
layer
Where, +++ (or 3+) represents more than 50% positive cells; ++ (or 2+) represents 
25%-50%; + (or 1+) represents 5%-25%; and, +/- represents less than 5%. OSMF 
- Oral submucous fibrosis; OSCC - Oral squamous cell carcinoma. (NS: Not 
Significant)

PCNA expression OSMF OSCC p-value

Nil 7(23.3%) 0 -

+ 15(50.0%) 0 0.006(S)

++ 3(10.0%) 4(40.0%) 0.052(NS)

+++ 5(16.7%) 6(60.0%) 0.196(NS)

Total 30(100.0%) 10(100.0%) -

[Table/Fig-6]: Comparison of PCNA expression in OSMF and OSCC in  Superficial  
layer
Where, +++ (or 3+) represents more than 50% positive cells; ++ (or 2+) represents 
25%-50%; + (or 1+) represents 5%-25%; and, +/- represents less than 5%. OSMF - 
Oral submucous fibrosis; OSCC - Oral squamous cell carcinoma. (NS: Not Significant, 
S: Significant)

[Table/Fig-7]: PCNA staining seen in grade II OSMF; showing basal and supra basal staining pattern [Table/Fig-8]: The specimen shows PCNA positive nuclear staining in 
nearly all basal, suprabasal and part of superficial layer in grade III OSMF [Table/Fig-9]: PThe specimen shows positive PCNA stained cells in nearly all layers of the epithelium 
in OSCC
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Conclusion 
There was a significant predilection for basal/suprabasal staining 
pattern for proliferating cell nuclear antigen in OSMF. PCNA 
expression increased in basal, supra basal and superficial layers of 
OSMF as the severity of the condition increased. Cell cycle analysis 
using PCNA immunohistochemistry can be the basis for response 
to various treatment regimens of OSMF.
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