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Immunohistochemical evaluation of oral epithelial 
dysplasia using cyclin‑D1, p27 and p63 expression 
as predictors of malignant transformation

Abstract
Objective: To evaluate the degree of expression of cyclin-D1, p27 and p63 in mild, moderate and severe dysplasia using 
immunohistochemical evaluation in order to illustrate their prognostic value and attempt to propose a molecular grading system 
for oral epithelial dysplasia. Materials and Methods: The analysis included thirty cases of mild, moderate and severe dysplasia 
from Department of Oral and Maxillofacial Pathology, Saveetha Dental College, Chennai after a critical review of the Hematoxylin 
and Eosin (H and E) stained sections. They were subjected to immunohistochemical evaluation using the markers cyclin-D1, 
p27 and p63. The assessment of the expression based on staining intensity and distribution of immunohistochemical staining 
of the various markers was analyzed followed by statistical analysis. Results: A highly significant increase in the expression 
of cyclin-D1 (P < 0.000) and p63 (P < 0.001) and a moderately significant decrease in the expression of p27 (P < 0.012) with 
the increasing severity of dysplasia was observed in our study. Conclusions: The result of our research affirms the fact that 
the increase in the expression of markers of cell cycle regulators such as cyclin D1, decrease in the expression of cell cycle 
inhibitors like p27 and increased expression of p63 in parallel with the increasing severity of dysplasia, emphasizes the use of 
immunohistochemical markers cyclin D1, p27 and p63 as prognostic markers for better understanding the behaviour of these 
potentially malignant disorders aiming towards proposing a molecular grading system for oral epithelial dysplasia to enable timely 
management prior to their possible malignant transformation.
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INTRODUCTION

Oral leukoplakia being the most common and one of  
the major forms of  potentially malignant disorders in 
India, has been under constant research owing to its high 
potency to transform to oral squamous cell carcinoma.[1] 

Their premalignant potential was first documented by 
Paget in 1870.[2] Leukoplakia was most recently defined 
by Warnakulasuriya et al. (2007) as a potentially malignant 
disorder with recognizable white plaques of  questionable 
risk having excluded (other) known diseases or disorders 
that carry no increased risk for cancer”.[3] The annual 
incidence of  oral leukoplakia among subjects >15 years of  
age was reported as 0.2% to 11.7% in different populations 
of  India.[4,5] Histopathologically, they are designated as 
hyperkeratosis with or without oral epithelial dysplasia. 
They have been reported to show a significant tendency to 
malignant transformation from 0.13 to 6%, and rising to 
14% or higher when dysplasia is present.[6,7] Oral epithelial 
dysplasia is typically subdivided into three prognostically 
significant categories: Mild dysplasia, moderate dysplasia 
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and severe dysplasia.[8] Thus it is generally accepted that 
the appearance of  squamous cell carcinoma in the oral 
mucosa is most often preceded by epithelial dysplasia, 
which is considered to satisfy the criteria of  a potentially 
malignant disorder.[9] Clinical studies suggest that 10 ± 20% 
of  dysplastic oral lesions progress to carcinoma and 
20 ± 30% increase in severity within 10 years; in the case 
of  severe dysplasia, the risk of  progressing to carcinoma 
may be as high as 43%.[10] Oral epithelial dysplasia, thus 
generally considered as a precancerous lesion, also shows 
increased cell proliferation compared with non-dysplastic 
epithelium.[11] Furthermore, studies have also shown that 
there is a positive correlation between severity of  dysplasia 
and proliferative index.[12]

Cell proliferation is one of  the universal properties of  
malignant tumor cells. This property is invariably shared 
by the preceding potentially malignant disorder as well.[13] 
Tumor kinetics were assessed by measuring the number 
of  cycling cells using a variety of  methods, including the 
quantification of  the Ki-67 antigen in various studies[14] 
which have shown that there is a positive correlation 
between severity of  dysplasia and proliferative index. 
Although, the analysis of  these cell kinetic markers has been 
considered useful in estimating the proliferative activity of  
an array of  tumors, their clinical value for the prognosis of  
head and neck neoplasms is still a subject of  debate.[15] In 
numerous studies, the proliferative activity in oral epithelial 
dysplasia has been evaluated by means of  the mitotic 
index (MI). It has also been reported, that the number of  
mitoses in the mucosal epithelial area significantly differed 
among mild, moderate, and severe dysplasia, indicating that 
measurement of  the increased number of  mitotic figures 
was important in assessing oral epithelial dysplasia. Thus, 
it has been proven that the evaluation of  mitotic index is 
a simple factor with to determine the histological severity 
of  oral epithelial dysplasia.[16] A strong correlation between 
malignant clinical behavior of  the oral neoplasms and 
high proliferation indices[13,17-19] elucidated using various 
proliferation assays, have shown that oral carcinomas 
have a significantly higher proliferative index than normal 
epithelium.

Therefore, dysregulation of  cell proliferation and cell 
cycle progression are likely to play an important role in 
oral carcinogenesis. Cell cycle progression is governed by 
a family of  cyclin-dependent kinases (CDKs), which are 
activated by binding to cyclin proteins and inhibited by the 
CDK inhibitors.[20] There are at least 11 cyclins isolated, 
termed as: A, B1, B2, C, D1, D2, D3, E, F, G and H. 
Cyclin D1-3 and cyclin E bind with CDK 4/6 and CDK 2 
respectively, and regulate transition from G1 to S phase.[21] 
Cyclin D1 gene is the key regulator of  the G1 phase of  
cell cycle located on chromosome 11q13. A significant 

proportion of  dysplasias contain molecular abnormalities 
that may result in cyclin D1 overexpression.[22] The p27 
gene is an inhibitor of  the CDKs belonging to the group 
of  kinase inhibitor proteins (Kips). p27 was first identified 
as a cyclin dependant kinase inhibitor due to its ability 
to block the activity of  various cyclins in G1 phase.[23] It 
regulates the proliferation of  cells by binding and inhibiting 
G1 cyclin-CDK complexes and negatively regulating 
progression through G1 and S phases of  the cell cycle. It 
has been suggested that the role of  p27 misregulation in 
tumorigenesis may extend beyond cyclin-CDK inhibition 
and modulation of  cell proliferation. Indeed, some studies 
have indicated that p27 levels in tumors do not always 
correlate with proliferative index, and increasing evidence 
points to the importance of  the subcellular localization 
of  p27 in the control of  its function, with cytoplasmic 
localization being a negative prognostic factor in certain 
instances.[24] Reduced levels of  p27 have been reported in 
a number of  human tumors, including breast, pituitary, 
colon, and gastric cancers, and loss of  this inhibition has 
been associated with aggressive biological behavior.[23,25] 
Alterations in p27 expression appear to precede the invasive 
stages of  oral tumorigenesis[26] and associated with changes 
in cell kinetics in epithelial dysplasia.[27]

In addition to the genes which control cell cycle, 
other genes such as p53 and p63 are also considered 
to have a pivotal role in the neoplastic transformation 
of  the potentially malignant lesions. The p63 gene 
shows structural and functional homology with the 
p53 transcription factor family and is located on 
chromosome 3q27-29.[28] Upon the maturation of  normal 
oral stratified squamous epithelium, the expression of  
p63 protein gets down-regulated and p63 protein is rarely 
detected in upper layers of  the epithelium.[29] The function 
of  p63 in oral epithelium might be to maintain stem cell 
function rather than the direct correlation of  oncogenesis 
and malignant transformation.[30] It is suggested that the 
distributional disturbance of  p63-positive cells in the 
upper layers in oral epithelial dysplasia varies according to 
the grade of  the dysplasia, which might be play a role in 
oral tumorigenesis.[31] The architectural disorganization of  
proliferating cells and stem cells in oral epithelium could 
thus be a useful index to estimate the grading of  epithelial 
dysplasias if  added to histomorphological examinations in 
H and E staining sections.

Thus the overexpression of  cyclin D1 and p63 with 
increasing severity of  dysplasia and a decrease in p27 
expression can be attributed to the possible neoplastic 
transformation of  the potentially malignant disorders. 
In spite of  the plenteous studies performed earlier, the 
parameters to classify oral epithelial dysplasia have been 
a subject under constant review and revision due to the 
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dilemma in establishing their grades, among various 
researchers. Hence, it has become mandatory to reconsider 
their classification and develop a more reliable system at 
the molecular level.

This retrospective preliminary study, being the first of  its 
kind in the Indian population was designed to evaluate 
the degree of  expression of  cyclin D1 and p27 and p63 in 
epithelial dysplasia to illustrate their prognostic value and 
suggest a classification of  the various grades of  epithelial 
dysplasia at a molecular level, which would provide an 
evidence for their progression towards oral squamous cell 
carcinoma.

MATERIALS AND METHODS

Tissue samples: The analysis included thirty biopsy cases 
of  mild, moderate and severe dysplasia from patients aged 
45-65 years (mean 50 years) selected from pathology files in 
the Department of  Oral and Maxillofacial Pathology, Saveetha 
Dental College, Chennai, from 2000 to 2010 after a critical 
review of  the Hematoxylin and Eosin (H and E) stained 
sections. The cases were classified as, mild dysplasia, moderate 
dysplasia and severe dysplasia based on the grading criteria 
in the latest WHO classification of  head and neck tumors.[32] 
These cases were evaluated immunohistochemically for cyclin 
D1, p27 and p63 expression.

Immunohistochemistry: Paraffin embedded tissues 
were sectioned at three micron thickness (Leica Semi 
automated microtome) and immunohistochemistry was 
performed using the standardized technique. The sections 
were incubated with precisely diluted mouse monoclonal 
primary antibodies against cyclin D1 (Biogenex, USA), 
p27 (Biogenex, USA) and p63 (Biogenex, USA) at 37˚C 
temperature for 60 min respectively for all the cases 
in a humid chamber. Subsequently, the sections were 
incubated with a secondary antibody conjugated with 
peroxidase-labeled dextran polymers (Super Sensitive 
Polymer-HRP Detection system, Biogenex) at room 
temperature and then they were treated with 0.5 mg/ml 
DAB solution containing 0.001% hydrogen peroxide 
to visualize brown coloured reaction products, and 
counterstained with Harris hematoxylin.

Microscopic evaluation
The nuclear expression of  Cyclin-D1, p27 and p63 was 
counted according to epithelial layers as the basal layer, 
nuclei positive just above the basement membrane; 
parabasal layer, nuclei positive within two layers above 
the basement membrane and next to the basal layer; 
and suprabasal layer, nuclei positive in a more upper 
layer above the parabasal layer, using a microscope at 
40 × magnification. The grading was based on the intensity 
of  the brown color and the area of  positive staining.

The cells from the highly positive stained area were selected 
and scored. The areas were then graded based on the staining 
intensity as grade-0, total absence of  staining (− =0-5% cells 
stained); grade-1, mild to moderate nuclear staining (+ = 
5 ± 50% cells stained); grade-2, strong nuclear staining (++ 
= >50% cells stained). Cytoplasmic staining was not regarded 
as positive expression. Most cases displayed uniform 
intensity of  staining, and in such cases the quantitation was 
straight forward. For the occasional cases with heterogenous 
expression, we graded the immunoreactivity according to the 
intensity displayed by the majority of  the epithelial cells. For 
the purposes of  statistical analysis, the cases were divided 
into three groups of  mild, moderate and severe dysplasia for 
each of  the variables of  cyclin-D1, p27 and p63 expression. 
Univariate analysis was performed on all parameters using the 
Chi-square test. Statistical significance was ascribed at P < 0.05.

RESULTS

Cyclin D1 and p63 expression was assessed based on 
both the intensity of  nuclear staining within the basal, 
parabasal and suprabasal layers of  the epithelial cells 
and the percentage of  cells that were positive [Table 1]. 
Epithelium with mild and moderate dysplasia, the cells 
showed weak to moderately strong expression of  cyclin 
D1 [Figures 1-4] and p63 [Figures 5 and 6] mostly restricted 
to the middle third of  the epithelium. While in cases with 
severe dysplasia, an intense positivity for the dysplastic cells 
in all the layers of  the epithelium, using cyclin D1 and p63 
was obtained. Intensity of  cyclin D1 expression in the basal 
and parabasal layers of  the epithelium also significantly 
increased according to the grade of  dysplasia. Similarly 

Table 1: Of cases showing of cyclin D1, p27 and p63 immunohistochemical expression based on 
staining intensity and distribution in mild moderate and severe dysplasia cases
Markers(n=30) Mild dysplasia (n=30) Moderate dysplasia (n=30) Severe dysplasia (n=30)

Grade‑0 Grade‑1 Grade‑2 Grade‑0 Grade‑1 Grade‑2 Grade‑0 Grade‑1 Grade‑2
Cyclin-D1 5 4 1 1 6 3 1 4 5
p27 1 4 5 2 6 2 4 5 1
p63 4 5 1 2 4 4 1 3 6
Grade‑0: Total absence of staining (−=0‑5% cells stained), Grade‑1: Mild nuclear staining to moderate nuclear staining (+=5±50% cells stained), Grade‑2: Strong nuclear 
staining (++=>50% cells stained)
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Figure 1: Weak to moderate immunostaining of areas of mild dysplasia 
with cyclin D1 in basal, parabasal and minimally in suprabasal cells 
under ×10 magnification

Figure 2: Strong immunostaining of areas of moderate dysplasia 
with cyclin D1 in basal, parabasal and suprabasal cells under ×10 
magnification

Figure 3: Moderate to strong immunostaining of areas of moderate 
dysplasia with cyclin D1 in basal, parabasal and suprabasal cells 
along with numerous mitotic figures in the spinous layer under ×10 
magnification

Figure 4: Strong immunostaining of areas of moderate dysplasia 
with cyclin D1 in basal cells with basilar hyperplasia, parabasal and 
suprabasal cells under ×10 magnification

Figure 5: Moderate to strong immunostaining of areas of moderate 
dysplasia with p63 predominantly in basal cells with basilar hyperplasia, 
parabasal and minimally in suprabasal cells along with few mitotic 
figures under ×10  magnification

Figure 6: Strong immunostaining of areas of moderate dysplasia with 
p63 predominantly in basal, parabasal, suprabasal cells and superficial 
spinous layer under ×10  magnification

the distribution and intensity of  p63 expression was also 
found to significantly increase with the increasing severity 
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of  dysplasia among the dysplastic cells. p27 expression was 
also assessed based on the intensity of  nuclear staining 
of  the epithelial cells and cases of  mild dysplasia showed 
strong reactivity for p27 while dysplastic cells in moderate 
and severe dysplasia cases showed infrequent expression of  
p27. While comparing the expression of  the three markers 
in mild dysplasia cases, a significant difference (P < 0.001) 
was obtained. p27 showed a significantly increased 
expression, compared to cyclin D1 and p63. Similarly 
in cases with severe dysplasia, a significant difference in 
expression was obtained (P < 0.001) where p27 showed a 
significant decrease in expression compared to cyclin D1 
and p63, while in case of  moderate dysplasia, a significant 
difference in the expression (P < 0.312) among the markers 
was not obtained. Three cases which were graded as 
moderate dysplasia based on the histopathological grading 
showed significantly increased expression of  cyclin-D1 
and p63 compared to the other cases, hence they were 
considered to be cases of  severe dysplasia, while four 
cases of  mild dysplasia were graded as moderate due to 
decreased expression of  p27 and significantly increased 
expression of  p63, following the study. In comparison 
with the other cases, two cases of  severe dysplasia did 
not show a strong positivity for cyclin D1, hence they 
were categorized as moderate dysplasia. Assessment of  
immunoreactivity was done jointly by three of  the authors 
and kappa analysis was done to assess the inter-observer 
agreement (k > 0.8). Thus, the overexpression of  
cyclin D1 (P < 0.000) and p63 (P < 0.001) and the decreased 
expression of  p27 (P < 0.012) with the increasing grades 
of  dysplasia may prove to be of  a predictive value to 
assess the malignant transformation in comparison with 
histopathological grading.

DISCUSSION

Oral squamous cell carcinoma develops through a multistep 
process of  the accumulation of  genetic mutations related 
to cell proliferation, differentiation and tumor suppression, 
and the process can be morphologically recognized as cancer 
precursor lesions, although malignant transformation may 
rarely also develop directly from normal epithelium.[33] 
Those precursor lesions which have likelihood to progress 
into oral squamous cell carcinoma are termed as “potentially 
malignant disorders”.[3] The main purpose of  identifying 
oral potentially malignant disorders is to prevent malignant 
transformation by initiating adequate intervention.[34] In 
order to improve treatment and enable diagnosis at an early 
stage, the understanding of  the molecular mechanisms 
behind head and neck squamous cell carcinoma is of  
immense importance. The current study sought to formally 
investigate an initial observation of  the possible malignant 
transformation of  the dysplastic lesions, clinically diagnosed 

as leukoplakia using the degree of  immunohistochemical 
expression of  a few of  the genes that have been suggested 
to be involved in head and neck squamous cell carcinoma 
namely cyclin D1, p27 and p63. Such markers have been 
used to predict prognosis and progression to malignancy 
in cases where clinical and histopathological parameters fail 
to determine its aggressiveness.

Another reason for the renewed focus on these potentially 
malignant disorders, most importantly leukoplakia is owing 
to the highest prevalence of  leukoplakia as a potentially 
malignant disorder of  about 0.2 to 5%[35-38] in the Indian 
population when compared to the other disorders such 
as oral sub-mucous fibrosis (0.03-3.2%)[35,37,38] and lichen 
planus (0.02-0.4%).[36,39] Also, higher occurrence of  
leukoplakia and cancer are observed in OSF patients and 
it is believed to be an important risk factor for oral cancer 
among youths.[40] In a recent study conducted in Tamilnadu 
population, similar results were obtained in which the 
prevalence of  leukoplakia, OSF and oral lichen planus 
was found to be 0.59%, 0.55%, and 0.15%, respectively.[41]

It has been reported that the proliferating cell growth 
fractions in oral potentially malignant disorders were 
significantly higher than those in normal mucosa and 
suggested that these growth fractions correlated with 
the degree of  severity of  dysplasia[42] which linked 
to the increasing probability in the development of  
malignancy.[43] Assessment of  histological features 
namely loss of  polarity of  the basal cells, an increased 
nuclear-cytoplasmic ratio, cellular pleomorphism, 
and enlarged nucleoli, was suggested to represent the 
histological criteria to determine the severity of  oral 
epithelial dysplasia and the proliferative activity based on 
these features were proposed to be enhanced in relation 
to the severity of  oral epithelial dysplasia. Furthermore, as 
stated in earlier studies, detailed examination of  the genetic 
changes using makers of  proliferation may aid to provide 
precise histopathological diagnosis.[13]

Thus, immunohistochemically detectable proliferation 
markers could be of  great value in predicting the behavior 
of  the potentially malignant disorders and carcinomas, 
serving as surrogate biomarkers in cancer chemoprevention 
studies to evaluate possible regression or improvement in 
abnormal features in the tissues of  subjects at increased 
risk.[44] The assessment of  surrogate end point biomarkers 
is possible because invasive carcinomas are known to be 
invariably preceded by potentially malignant disorders 
characterized by a spectrum of  cellular abnormalities 
extending from mild dysplasia to carcinoma in situ.[45]

Nevertheless, because of  the variety of  methods used to 
assess these changes and the relatively little concern for 



Ramasubramanian, et al.: Immunohistochemical evaluation of oral epithelial dysplasia using cyclin‑D1, p27 and p63

354Journal of Natural Science, Biology and Medicine | July 2013 | Vol 4 | Issue 2

the baseline proliferative values of  the oral epithelia at 
different intraoral sites, numerous studies were performed 
to evaluate the proliferative characteristics of  normal 
and leukoplakic epithelium using various markers of  cell 
proliferation,[44] which have concluded that a positive 
balance exists between cell proliferation and cell death, 
which is considered to be essential for tumor growth. 
Wide arrays of  studies have therefore determined the 
proliferative index (PI) in histological sections of  tumors in 
order to determine the value of  this index as a prognostic 
indicator.[46] A higher proliferative index was associated with 
a poorer prognosis in most carcinomas, with an overall 
increase in proliferative index with the progression from 
normal tissue, through dysplasia to carcinoma in cervical 
and oesophageal tissues.[47-49] Various methods have been 
used to determine PI, in order to examine the possible 
association between epithelial proliferation and disease 
progression in the oral mucosa.[46]

In our study, cyclin D1 was used which is the best 
characterized among the cyclins.[20] In view of  their crucial 
role in cell cycle regulation and proliferation, cyclins have 
attracted considerable attention with regard to their putative 
involvement in oncogenesis. Various studies showed that 
cyclin D1 might be a useful prognostic factor for oral 
squamous cell carcinoma and also indicated that cyclin 
D1 might be involved in the early carcinogenesis of  oral 
carcinoma. These data strongly supported that cyclin D1 
may be involved in the initiation and development of  oral 
squamous cell carcinoma.

Many studies were conducted to assess the cyclin D1 
protein expression immunohistochemically in oral 
epithelial dysplasias and squamous cell carcinomas. Studies 
have demonstrated that abnormalities of  cyclin D1 is an 
early event in oral neoplasia.[50] Cyclin D1 gene amplification 
and over-expression have been found in all grades of  
dysplasia and squamous cell carcinoma with correlation 
identified between amplification and over-expression 
of  the proteins.[51] The results of  our study showed a 
significant increase in the expression of  cell cycle regulator 
cyclin-D1 (P < 0.000) with progression from mild to severe 
dysplasia. The prevalence of  cyclin D1 over expression 
varied from weak in low-grade lesions to intense staining in 
higher grades of  epithelial dysplasia. The cyclin D1 staining 
in the precursor lesions was mostly seen in suprabasal cell 
layers[52] and also an increased expression is observed in 
the parabasal and superficial layers of  oral leukoplakias. 
Hence, this marker is considered useful and sensitive, 
and it is able to differentiate both normal epithelium 
from low grade dysplasia and low grade dysplasia from 
high grade dysplasia. The first study to demonstrate the 
association between the cyclin D1 expression and the 
risk of  premalignant lesions was performed by Huang 

et al. in 2006 and they found a significant increase in 
the expression of  cyclin D1 with progression of  the 
potentially malignant lesions towards malignancy, which 
is similar to the results of  our study.[53] Furthermore, 
because of  the higher number of  cells and the relatively 
high proliferative activity in dysplastic leukoplakias, the 
superficial layer and the basal layer seem to be the most 
adequate tissue components in which to investigate the 
possible modulation of  cell proliferation in precursor 
lesions treated with chemopreventive agents.[44] It has been 
substantiated that the overexpression of  cyclin D1 leads to 
shortened duration of  the G1 phase and reduced growth 
factor dependency. Therefore, deregulated expression of  
the cyclin D1 can cause disturbances in cell cycle control 
and normal mitogenicsignaling pathways, which contribute 
to cell transformation and tumorigenesis.[54,55]

p27 which was first identified as a cyclin dependant kinase 
inhibitor due to its ability to block the activity of  cyclin 
E/cdk2 and cyclin A/cdk2 in cells arrested in G1 phase, 
was the other marker used in our study. A large number 
of  studies have examined the diagnostic and prognostic 
significance of  p27 expression in various tumors. Low 
p27 expression was also associated with increasing lymph 
node metastasis and stage of  tumor and resulted in a poor 
prognosis for patients with oral tongue squamous cell 
carcinoma. p27 is apparently a significant predictor of  
survival.[56]Many studies have demonstrated a decrease 
in the expression of  p27 protein in dysplasias compared 
with the non-dysplastic epithelium along with a trend of  
decreasing p27 levels with increasing grades of  dysplasia.[57] 
Whether the changes in p27 protein seen in epithelial 
dysplasias and carcinomas are a primary event or are simply 
a consequence of  increased cell proliferation has yet to 
be determined.[58,59] A significant decrease in expression of  
p27 (P < 0.012) with the progressive grades of  dysplasia 
was observed in our study, which suggests that reductions 
in p27 protein may contribute to, or reflect, the increased 
cell proliferation seen in any progression towards oral 
carcinoma and early carcinogenesis.[60] Reduced p27 
protein expression in squamous cell carcinomas of  
the oral cavity showed that p27 was observed in oral 
dysplasias and carcinomas compared with that in normal 
squamous epithelium.[57] Expression of  p27 was inversely 
correlated with the expression of  Ki-67, which has been 
reported to be a good indicator of  cell proliferation 
activity in premalignant and malignant oral lesions.[60] 
These findings indicate that reduced expression of  p27 
may play an important role in an abnormal proliferation 
through a loss of  cell cycle regulation which may concern 
the cancer development directly or indirectly.[61] The 
down-regulation of  p27 is believed to play an important 
role in cancer invasion process, as well as metastasis 
mediated by loss of  cell adhesion either directly or 
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indirectly, due to heterogeneous its expression which 
tends to diminish toward the invasive fronts in some 
early invasive OSCCs.[62] Aggressive human cancers were 
also found to express low levels of  p27, which may be 
due to its decreased stability or due to an enhancement 
of  its degradation.[63] The simultaneous involvement of  
cyclin-D1 and p27 genes was estimated by Pignataro 
et al., and an inverse correlation between p27 and cyclin 
D1 expression was established. It was concluded that the 
absence of  p27 expression may be due to sequestration 
by cyclin D1 and that the balance of  these two opposing 
regulators of  the cell cycle may be a determinant factor 
in cell proliferation.[64] Similar results were obtained in our 
study where p27 expression was inversely related to that 
of  cyclin-D1 owing to their functional diversity.

The other marker of  interest in our study is p63, 
a homologue of  the p53 gene which is located on 
chromosome 3q27-29. A dual role of  p63 protein has 
been reported; during embryogenesis, p63 may be the 
molecular switch required for initiation of  epithelial 
stratification because, if  lacking p63, epithelium remains 
single layered; for mature epithelium, p63 needs to be 
switched off  for terminal differentiation to take place; 
otherwise, p63 may maintain the proliferative potential 
of  basal keratinocytes preventing stratification to occur. 
Based on immunohistochemical data, p63 protein is 
expressed in the proliferative layer of  cells near the 
basement membrane of  the normal oral mucosa, where 
it likely serves to prevent basal cells from differentiating 
and thereby helps to maintain their basal cell status.[29] 
Although, p63 gene has extensively been studied in various 
tumors, only some have examined p63 expression in oral 
squamous cell carcinoma, but the involvement of  p63 in 
human oral potentially malignant disorders remains largely 
unelaborated except for a few studies. Earlier studies have 
reported the expression of  the p63 protein and mRNA in 
oral epithelial dysplasia,[65] however; no attempt was made 
to grade degree of  staining with respect to the severity of  
the dysplastic lesions. But later the relationship between 
p63 protein expression and various grades of  oral epithelial 
dysplasia was also analyzed.[66] In our study, the expression 
of  p63, showed a significant increase (P < 0.001), from mild 
to severe dysplasia, which is similar to the results of  the 
previous studies. Normally, upon the maturation of  the 
oral stratified squamous epithelium, the expression of  p63 
protein should have been downregulated and p63 protein 
has rarely been detected in superficial layers of  the normal 
epithelium.[29] However, upon dysplastic change, dysplastic 
keratinocytes above the basal layers may shift to a status 
similar to the embryogenesis condition that are still able to 
express p63 protein producing an anti-differentiation effect, 
as well as maintain the proliferative capacity of  dysplastic 
cells in oral dysplastic mucosa.[29]

Furthermore, the increased proliferating cell population 
in both basal and suprabasal layers of  epithelial dysplasia 
suggest that proliferating cells might increase not only 
in a superficial direction but also downward to the 
basal layer in epithelial dysplasias.[30] Although, previous 
studies have described increase in the total number of  
proliferating cells according to the degree of  epithelial 
dysplasia and SCC, the increased expression of  p63 in 
the suprabasal layer may be a useful marker of  high-grade 
dysplasia.[67] It was suggested that p63 may contribute 
to the development of  epithelial dysplasia through the 
alteration of  stem cell function in the basal layer, resulting 
in an increased number of  proliferating cells, and its 
altered distribution in basal and suprabasal layers within 
oral epithelial dysplasia.[39]

According to Steeg and Abrams (1997),[68] for a new 
prognostic marker to enter into routine clinical use, at 
least three criteria must be met. (1) The marker provides 
information independent of  any better than conventional 
pathological criteria. (2) The marker provides information 
that can alter treatment decisions. (3) Studies with the 
marker are reproducible. Many reports have validated the 
utility of  p27, cyclin D1 and p63 as prognostic and/or 
diagnostic markers,[69] hence these markers can prove to 
be valuable aids in the grading of  oral epithelial dysplasia.

Markers of  cell proliferation have been used to predict 
prognosis and progression to malignancy in cases where 
clinical and pathological parameters fail to determine 
its aggressiveness[70] and the evaluation of  the cell 
growth fraction is considered to be potentially one 
of  the most powerful tools for predicting neoplastic 
behavior. The assessment of  cell proliferation activity by 
immunohistochemistry has been extensively studied in 
order to find new prognostic markers for a wide variety 
of  tumors.[71,14] Many authors have stated that one of  the 
important characteristics of  the neoplastic transformation 
of  a steady-state epithelial system is the alteration of  growth 
rate, commonly reflected as increased cell proliferation.[72,73]

In our study, we investigated the progression of  various 
grades dysplasia towards malignant transformation using 
the comparative expression of  cyclin-D1, p27 and p63 in 
order to categorize oral epithelial dysplasia based upon 
immunohistochemical expression of  cyclin-D1, p27 and 
p63, as the histopathological classification of  leukoplakia 
into mild moderate and severe dysplasia is not a reliable 
indicator to predict the progression of  oral epithelial 
dysplasia towards malignant transformation. The present 
study is the first of  its kind which is performed using three 
different immunohistochemical markers in the Indian 
population where oral leukoplakia is the predominant form 
of  potentially malignant disorders.



Ramasubramanian, et al.: Immunohistochemical evaluation of oral epithelial dysplasia using cyclin‑D1, p27 and p63

356Journal of Natural Science, Biology and Medicine | July 2013 | Vol 4 | Issue 2

CONCLUSION

Our study may thus prove to be a preliminary maiden 
approach to a disease classification based on the molecular 
expression of  these markers, which may aid in the discovery 
of  new knowledge relevant to diagnosis of  the malignant 
transformation of  clinically diagnosed cases of  leukoplakia 
with mild moderate and severe dysplasia [Table 2].

In order to reduce the apparent deficit in the early 
identification of  potentially malignant disorders, it is 
imperative that such assays have to be performed to 
eliminate any shortfall in the treatment to be determined 
and addressed. Currently, there is no substantial body of  
strong evidence for the use of  these biomarkers in the 
prognosis of  oral dysplasia. If  the present findings are 
reproducible and reliable, and done in a greater population, 
they have potential to change the present scenario in terms 
of  establishing a novel classification of  dysplasia at a 
molecular level, which would aid in targeting of  treatment 
and follow-up.

Thus from this preliminary study we can hypothesise that 
an increase in expression of  the Cyclin-D1, up-regulation 
of  p63 expression and an inverse expression of  p27 with 
increasing severity of  dysplasia may be a prognostic indicator 
of  any preceding malignant transformation as proved by the 
previous studies performed using these markers and may 
hence serve as biomarkers for oral cancer progression. We 
anticipate that this study will serve as a scaffold for further 
breakthrough in the classification of  oral epithelial dysplasia, 
which has remained a topic of  controversy for years and 
also prove to be of  enormous importance in the practice 
of  pathology and cancer research.
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