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Abstract:

Background: Cell proliferation is a biological process of vital
importance to all living organisms and is fundamental to both
embryonic and post embryonic existence. As epithelial dysplasia
is characterized by the number of cell and tissue alterations at
molecular and genetic level, there is an alteration of the cellular
maturation in the epithelium leading to increase in the proliferative
activity of the suprabasal layer. Ki-67 was used as a proliferation
marker. Ki-67 is often used to estimate the growth fraction of
tumors and other tissues. The present study was conducted to
compare immunohistochemical expression of Ki-67 of Oral Lichen
planus (OLP) and Leukoplakia patients with normal mucosa.
Materials and Methods: A study was conducted on sections
obtained from the paraffin embedded archival blocks of patients
diagnosed histologically as oral leukoplakia, lichen planus, and
normal mucosa. A total number of 60 archival blocks were studied.
The blocks were further divided in three groups as Group-I normal
buccal mucosal, Group-II patients histologically diagnosed as
epithelial dysplasia, Group-III patients diagnosed clinically and
histologically as OLP. The sections were subjected to Ki-67 staining,
Results: The Ki-67 expression was found in all the cases of normal
oral epithelium studied and was found to be restricted to the basal
layer of the epithelium. There were no significant differences
between groups by age, sex, and site. The Ki-67 expression was
mainly seen in the parabasal layer where proliferating cells were
restricted rather than in the basal layer. Ki-67 positive cells in
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leukoplakia were located in the periphery of the tumor nests as
compared to the center, where frequent mitoses were observed.
In Lichen planus cases, the Ki-67 expression was less pronounced
than compared to leukoplakia but the expression was more than the
normal mucosa.

Conclusion: The Ki-67 expression was detected in all the cases of
normal oral mucosa and was found to be restricted in the basal layer
of the epithelium. Generally, it has been observed that the mean ki-
67 LI increases between high and low risk epithelial dysplasia and
different grades of oral squamous cell carcinomas.

Key Words: Cell proliferation, Ki-67, oral leukoplakia, oral
squamous cell carcinoma

Introduction

Cell is a basic, living, structural and functional unit of the
body. Cell proliferation is defined as “increase in cell numbers
resulting from completing the cell cycle.” Cell proliferation is
a biological process of vital importance to all living organisms
and is fundamental to both embryonic and post embryonic
existence.' The control on this important biological process
is thought to be impeded in cancer,” and many studies have
reported that abnormal cell proliferation appears to be a
precursor as well as a predictor of tumorogenesis.’ The risk
factor for oral cancers is closely related to lifestyle, such as
tobacco use, alcohol use, poor oral hygiene, and betel quid
chewing.* In the oral cavity, oral squamous cell carcinoma
(OSCC) is thought to develop by a multi-step carcinogenesis.®
OSCC frequently coexists with or is surrounded by epithelial
leukoplakia or dysplasia.® Clinicopathologically malignant
transformation of oral precancerous lesion is observed up to
17.5% of the cases.’ In societies where the incidence of oral
cancer is high, clinically recognizable pre - malignant lesions
are particularly common. Even small dysplastic lesions can
be followed by multiple carcinomas.” Oral leukoplakia is the
best-known early lesion which exhibits the histopathologic
features of epithelial dysplasia.® The term “epithelial dysplasia”
is assigned to histopathological changes associated with an
increased risk of malignant development (i.e., SCC). The
individual cellular changes are referred to as atypia.’

Oral epithelial dysplasia is not associated with any specific
clinical appearance. Thus, white, red, or mixed white and
red lesions in the oral mucosa are most frequently revealing
epithelial dysplasia. The frequency of epithelial dysplasia
in leukoplakia varies between >1% and <30%. The lowest
frequency reported originated from a population-based
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study in India in which all clinically diagnosed leukoplakias
were biopsied, emphasizing again the dependency on case
selection and, possibly, geographical variations. The presence
of epithelial dysplasia is generally accepted as one of the
most important predictors of malignant development in pre-
malignant lesions. Oral lesions with epithelial dysplasia more
often develop into carcinoma than those without dysplasia.
Furthermore, features of epithelial dysplasia are commonly
seen in epithelium adjacent to oral carcinomas. However, all
epithelial dysplasias will not necessarily develop into cancer,
and some may even regress.” Theories of carcinogenesis suggest
that premalignant change may occur in any area of mucous
membrane exposed to a carcinogen; hence patients with
oral cancer have the risk of developing a second or multiple
primary carcinomas within the upper aerodigestive tract- field
cancerization proposed by Slaughter in 1953.'%"!

Immunostaining with antibodies to Ki-67 antigen is well-
established as a quick and efficient method for evaluating
growth fractions of various tumor types because ofits distinctive
reaction patterns that exclusively involve proliferating cells."
The Ki-67 antibody was first isolated during attempts to raise
monoclonal antibodies to antigens specific for Hodgkin and
Reed-Steinberg cells.” Ki-67 stood out from other antibodies
produced because it only reacted with cells which were
proliferating, for example cortical thymocytes and cells in the
crypts of the small intestine, whereas it would show no reaction
with cells which were known to be in a resting or terminally
differentiated state, such as liver cells and neurons.!> The
Ki-67 antigen was named after its place of characterization
in Kiel, Germany, and because the clone producing the
antibody was grown in the 67* well of tissue culture plate.'*
The Ki-67 antigen is a large basic protein found as peptides
with molecular weights of 345 kD and 395 kD" which have
been detected within the nucleus and its gene is located on
chromosome 10g25-ter.' However, Ki-67 is not expressed in
arresting cycling cell. Ki-67 antigen starts to be expressed in
the S phase, and increases through S and G2 phases, reaching
a plateau at mitosis. Epithelial dysplasia at molecular and
genetic level is characterized by the number of cell and tissue
alterations. There is an alteration of the cellular maturation in
the epithelium leading to increase in the proliferative activity of
the suprabasal layer, which helps to establish a more objective
diagnosis."”

Hence, the present study has been undertaken to evaluate a
potential association of abnormal cell proliferation of cells
in the leukoplakic epithelium and oral lichen planus (OLP)
by the proliferative marker Ki-67 and both are compared to
histologically normal appearing mucosa.

Materials and Methods

A retrospective study was designed on sections obtained
from the paraffin embedded archival blocks of patients
diagnosed histologically as oral leukoplakia, lichen planus,
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and normal mucosa from the Department of Oral Pathology
and Microbiology, Sri Hasanamba Dental College and
Hospital Hassan and Sridevi Institute of Medical Sciences
and Research Hospital, Tumkur. A total number of 60 archival
blocks were studied. The case details of all the patients were
retrieved. The cases were selected on the basis of the case
details obtained from the patients. The blocks were further
divided in three groups as follows: Group-I: Normal buccal
mucosa (n = 20). Group-1I: Patients diagnosed clinically as
potentially malignant disorders and histologically diagnosed
as oral leukoplakia (n = 20). Group-III: Patients diagnosed
clinically and histologically as OLP (n = 20).

Procedure

Sections cut at 4 p were floated on to Poly - L - Lysine coated
slides and incubated overnight at 58°C (Figures 1 and 2). The
sections were then deparaffinized in two changes of xylene for
15 min each. Dexylinization was done by immersing the slides
in two changes of absolute alcohol for 1 min each. Sections were
alcoholized by immersing the slides in 90% and 70% alcohol
for 1 min each and then washed for 10 min and S min each in
tap water and distilled water, respectively.

Antigen retrieval was done by placing the sections in citrate
buffer and then kept in micro-oven for 10 min. Borosil jar was
then cooled for 20 min in the sink with water. Sections were
thenrinsed with distilled water for 5 min and were then washed
with two changes of tris buffer solution (TBS) for S min each.
To block the endogenous peroxidase enzyme activity, the
sections were treated with peroxidase block for 10-15 min

Figure 2: Other reagents and equipments.
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and then again washed with 3 changes of TBS for 5 min each.
Sections were then treated with power block for 15 min in order
to block non-specific reaction with other antigens. Sections
were then drained and covered with primary antibody against
Ki-67 with dilution of 1:100 for 1 h to identify tumor markers
by antigen - antibody reactions and again washed with TBS as
described earlier. To enhance the reaction between primary
and secondary antibodies, sections were then treated with
super enhancer for 30 min. And again washed with TBS.
Enzymes were labeled by treating the sections with super
sensitive poly - HRP secondary antibody and washed with
TBS. Chromogen was then added to the sections for S min to
give color to the antigens and sections were again washed with
TBS. Sections were then washed with tap water for S min and
were counterstained with hemotoxylin for 1 min and washed
in tap water, dried, cleared in xylene, and mounted with DPX.
Diagnosed SCC cases were taken as positive control for Ki-67
expression and for negative control normal mucosa was taken.

Interpretation of staining

Presence of brown colored end product at the site of target
antigen (nucleus) was considered as positive immunoreactivity.
This was considered based on the findings observed in the
positive control slide of SCC. SCC demonstrated nuclear
staining with Ki-67 monoclonal antibody in the malignant cells.
Leukoplakia, OLP, normal cell demonstrated nuclear staining
with Ki-67 monoclonal antibody in the epithelial cells.

Selection of field for counting cells

The stained sections were scanned underlow power to determine
the areas that were most evenly stained. Such representative
fields were selected carefully in each slide by scanning the slides
from left to right of every slide to avoid recounting of same areas.

Statistical analysis

To find out the significant difference between the mean Ki-67
labeling indices descriptive statistical analysis has been carried
out. Results on continuous measurements are presented as
mean standard deviation (min-max). Significance is assessed
at 5% level of significance. Analysis of Variance (ANOVA) has
been used to find the significance of study parameters between
three or more groups of patients, post-hoc Tukey test has been
used to find the significance pair wise.

Results

The present study was carried out using histopathologically
diagnosed cases of Leukoplakia, Lichen planus, and
these were compared with normal oral mucosa (NOM).
Immunohistochemical features obtained are described below:
Group-1 (n=20): Normal buccal mucosal specimens. Group-11
(n=20) patients diagnosed clinically as potentially malignant
lesion and histologically diagnosed as Leukoplakia. Group-III
(n = 20) patients diagnosed clinically as malignant lesion
and histologically diagnosed as lichen planus. Significance is
assessed at 5% by using ANOVA to find the significance of study
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parameters between three or more groups of patients, post-hoc
Tukey test has been used to find the significance pairwise.

Table 1 shows that the NOM (Group I), the number of
Ki-67 positive cells value ranges from 19 to 25 with a mean
and standard deviation of 22.05 + 2.06 respectively. In
histopathologically diagnosed as leukoplakia cases the number
of Ki-67 positive cells value ranges from 61 to 105 with mean and
standard deviation of 75.8 £ 11.32 and in lichen planus the range
was 20-80 with mean and standard deviation of 44.15 + 12.19.
An ANOVA revealed statistically highly significant difference
in expression of Ki-67 positive cells with a P < 0.001.

Table 2 shows the multiple comparisons done by using Tukeys
post hoc showed statistical significant difference between
leukoplakia and lichen planus, leukoplakia and normal mucosa,
and lichen planus and normal mucosa with a P < 0.001.

Graph I shows mean number of Ki-67 expression of 400 cells,
Graph II shows percentage of Ki-67 expression among
leukoplakia, lichen planus compared with normal mucosa.

Discussion

Our aim was to study and interpret the relationship of Ki-67
labeling index (LI) with leukoplakia and lichen planus and
these were compared with the NOM for the proliferative
index. These histological examinations of proliferating cells
and alteration of stem cells have mainly focused on the total
number of positive cells within the epithelium as an index of
malignancy rather than for architectural distribution within
the altered epithelium. In our study, the Ki-67 expression
was detected in all the cases of NOM and was found to be
restricted in the basal layers of the epithelium. The number
of Ki-67 positive cells in our study were significantly more
in the high risk group when compared to the low risk group
which is in accordance with the studies which have revealed
that the number of Ki-67 positive cells increased according
to the proliferative activity and degree of epithelial dysplasia
thus implicating Ki-67 as a marker of the presence and severity
of epithelial dysplasia in the oral mucosa.'® The assessment
of changes at the molecular level may become the primary
means of diagnosis and may guide management since these
changes mediate morphologic changes that occur after
genetic changes, and knowledge of current morphologic
changes is based on the subjective assessment of clinical
and histopathologic changes." Present study results are
similar to a study conducted in 1996 for expression of p53 in
oral leukoplakia and SCC of the oral mucosa. A significant
correlation was revealed with of both p53 and Ki-67 with the
histopathological stage of the tumor.*

Animmunohistochemistry study done in 2001 by 10 specimens
of OLP, oral leukoplakia, dysplasia, and normal mucosa were
compared for Ki-67 expression and found that all the tissue
analyzed showed some grade of proliferation in the basal layer.
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Table 1: Comparison of Ki-67 in three groups studied.

Ki-67 Min-Max Mean+SD ANOVA (F) P value Significance
Normal mucosa 19-25 22.05£2.06 155.73§ <0.001 HS
Leukoplakia 61-105 75.80+11.32
Lichen planus 20-80 44.15+12.19
[P<0.001, HS: Highly significant, SD: Standard deviation, ANOVA: Analysis of variance

Table 2: Multiple comparisons using Tukeys post hoc test.

Groups Comparison Mean Standard Significant 95% confidence interval
difference error Lower bound Upper bound
Normal mucosa Leukoplakia 53.75000* 3.06156 0.0001 -61.1174 —-46.3826
Lichen planus 22.10000* 3.06156 0.0001 —-29.4674 —-14.7326
Leukoplakia Normal mucosa 53.75000* 3.06156 0.0001 46.3826 61.1174
Lichen planus 31.65000* 3.06156 0.0001 24.2826 39.0174
Lichen planus Normal mucosa 22.10000* 3.06156 0.0001 14.7326 29.4674
Leukoplakia 31.65000* 3.06156 0.0001 -39.0174 —24.2826
*The mean difference is significant at the 0.05 level

22.05

Normal mucosa Leukoplakia Lichen Planus

Groups

Graph 1: Mean Ki-67 expression in different groups.

20 18,95

"1.05

Percentage
S

Normal mucosa Leukoplakia Lichen Planus

Groups

Graph 2: Percentage of Ki-67 expression in different groups.

Results were statistically significant among mean of the positive
nuclei per mm oflength in normal mucosa and oral leukoplakia
and between normal mucosa, OLP and oral leukoplakia with
dysplasia, the present study results are also similar.*' Previous
studies have compared lichen planus but in our study we
have tried to compare the expression of Ki-67 in leukoplakia
and lichen planus with normal mucosa and expression was
significantly higher in leukoplakia than in lichen planus. OLP is
a chronic immunologic mucocutaneous disease. The possible
malignant transformation of OLP is the subject of study of an

ongoing and controversial discussion in the literature. The
main criticism of studies on this subject relates to the lack of
sufficient data to support the initial diagnosis of OLP in cases
that finally developed into SCC.** The occurrence of SCC in
most series ranges from 0.4% to 2.0% per S year observation
period.” The most recent and extensive study reported a
rate of 1.5% for patients observed during 7.5 year.”* The
presence of dysplasia in OLP increases the risk of malignant
transformation, mandating management, and close follow-
up.” Potentially malignant lesions are those occurring in a
morphologic altered tissue. In order to analyze the malignant
potential, it is important to consider that oncogene activation
and inactivation of tumor suppressor genes occur precociously
in carcinogenesis.”

Ki-67 is the protein that plays a pivotal role in maintaining
cell proliferation. This protein is used as a prognostic marker
in many tumors. The proliferative index determined by the
number of cells stained by Ki-67/MIB-1 per number of tumoral
cells counted has proven to be a prognostic factor in several
neoplasms.”” However, in potentially premalignant lesions its
value is still being analyzed.” The increased proliferative activity
of the epithelium in our patients in case group stressed by the
results of Ki-67, which showed significantly higher mean values
of both indices than control group. Over - expressions of Ki-67
in OLP patients have been reported in other studies and OLP
has been postulated to have a secondary proliferative disorder
probably due to repeated breakdown of the cycling cells leading
to an increased state of proliferation.”® In another study was
found a strong correlation between Ki67 over - expression and
cell proliferation (Ki-67).2° This result is consistent with our
result; however, this study evaluated various malignant and
pre-malignant lesions other than OLP. In conclusion, since Ki-
67 extensively accepted as important biomarkers in diagnosis,
prognosis and treatment of malignant and premalignant
lesions, high expression of these biomarkers are useful for the
identification of OLP lesion with a more aggressive pattern and
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with a major tendency to OSCC development. Lichen planus
represents as a set of lesions including white involvements
(striation, papule, plaque), erythema, erosions, and blisters
mainly on the mucosa, gingival structures and tongue.*
Although it is believed that a T-cell mediated autoimmune
mechanism plays a major role in pathogenesis oflichen planus,
the exact underlying etiology is still under debate.*!

OLP is generally considered as a benign entity. However, there
are case reports of SCC which are suspected to be developed
from a previous mucosal lichen planus. The odds of such
transformation are not determined.” In the present study, we
examined the rate of Ki-67 expression in cases with leukoplakia
and oral OLP and normal subjects were considered as controls.
Ki-67 LI was significantly more prevalent in specimens
with leukoplakia (100%) and lichen planus (86.7%) than in
normal samples (20%) as evaluated by immunohistochemical
evaluations. These findings are indicative of a potential
tendency for malignancy in OLP. In previous reports, the
rate for expression of Ki-67 was from 96% to 100%.** Present
results are also similar to these reports. A study conducted in
2004 by tissue expression of proliferative antigens (PCNA and
Ki-67) in oral lichen ruber was compared to clinical status in
lesions of 30 patients. Results showed the reaction on Ki-67
tissue antigen ranged from low to moderately high intensity.
Intensely high reaction was observed in lesions oflichen ruber
erosivus. There was a positive correlation of the inflammation
grade with degree of hyperkeratosis in lesions.*

In a study in 2009, the expression of Ki-67 protein in OLP
was compared with NOM. Specimens of 44 lesions of OLP
and 30 specimens of control group were evaluated. Result
revealed that the mean expression of Ki-67 in patient with
OLP was more than the control group.** In line with the
present findings, the rate of Ki-67 positivity was significantly
higher in patients with leukoplakia and lichen planus than in
normal counterparts in another series.** Lichen planus might
be considered a premalignant disease based on these findings.

Conclusion

The Ki-67 expression was detected in all the cases of NOM and
was found to be restricted in the basal layer of the epithelium.
Generally, it has been observed that the mean Ki-67 LI
increases between high and low risk epithelial dysplasia and
different grades of oral SCCs.

References

1. Pardee AB. G1 events and regulation of cell proliferation.
Science 1989;246(4930):603-8.

2. Tumuluri V, Thomas GA, Fraser IS. Analysis of the
Ki-67 antigen at the invasive tumour front of human
oral squamous cell carcinoma. J Oral Pathol Med
2002;31(10):598-604.

3. Bacchi CE, Gown AM. Detection of cell proliferation in
tissue sections. Braz ] Med Biol Res 1993;26(7):677-87.

86

10.

11.

12.

13.

14.

13.

16.

17.

18.

19.

20.

JournalofInternational OralHealth2015;7(10):82-87

Reichart PA. Oral cancer and precancer related to betel
and miang chewing in Thailand: A review. J Oral Pathol
Med 1995;24(6):241-3.

Matsuda H, Konishi N, Hiasa Y, Hayashi I, Tsuzuki T,
Tao M, et al. Alterations of p16/CDKN2, p53 and ras
genes in oral squamous cell carcinomas and premalignant
lesions. J Oral Pathol Med 1996;25(5):232-8.

Silverman S Jr, Gorsky M, Lozada F. Oral leukoplakia
and malignant transformation. A follow-up study of
257 patients. Cancer 1984;53(3):563-8.

Scully C, Sudbe J, Speight PM. Progress in determining
the malignant potential of oral lesions. J Oral Pathol Med
2003;32(5):251-6.

Pindborg JJ, Reichert PA, Smith CJ, Waal I. Histological
Typing of Cancer and Precancer of the Oral Mucosa, 2™ ed.
Geneva: Springer 1997. p. 25-6.

Reibel J. Prognosis of oral pre-malignant lesions:
Significance of clinical, histopathological, and molecular
biological characteristics. Crit Rev Oral Biol Med
2003;14(1):47-62.

Slaughter DP, Southwick HW, Smejkal W. Field
cancerization in oral stratified squamous epithelium;
clinical implications of multicentric origin. Cancer
1953;6(5):963-8.

Gerdes J, Schwab U, Lemke H, Stein H. Production of a
mouse monoclonal antibody reactive with a human nuclear
antigen associated with cell proliferation. Int J Cancer
1983;31(1):13-20.

Brown DC, Gatter KC. Monoclonal antibody Ki-67: Its use
in histopathology. Histopathology 1990;17(6):489-503.
Ross W, Hall PA. Ki67: From antibody to molecule to
understanding? Clin Mol Pathol 1995;48(3):M113-7.
Gerdes J, Li L, Schlueter C, Duchrow M, Wohlenberg C,
Gerlach C, et al. Immunobiochemical and molecular
biologic characterization of the cell proliferation-associated
nuclear antigen that is defined by monoclonal antibody
Ki-67. Am ] Pathol 1991;138(4):867-73.

Fonatsch C, Duchrow M, Rieder H, Schliiter C, Gerdes J.
Assignment of the human Ki-67 gene (MK167) to 10925-
qter. Genomics 1991;11(2):476-7.

Karabulut A, Reibel J, Therkildsen MH, Praetorius F,
Nielsen HW, Dabelsteen E. Observer variability in the
histologic assessment of oral premalignant lesions. J Oral
Pathol Med 1995;24(5):198-200.

Oliver RJ, MacDonald DG. G1 cyclins in oral epithelial
dysplasia. ] Oral Pathol Med 2001;30(2):80-6.

Takeda T, Sugihara K, Hirayama Y, Hirano M, Tanuma I,
Semba I. Immunohistological evaluation of Ki-67, p63,
CK19 and pS53 expression in oral epithelial dysplasias.
J Oral Pathol Med 2006;35(6):369-75.

Greenberg MS, Glick M. Burket’s Oral Medicine Diagnosis
and Treatment, 10" ed. Hamilton, Ontario: BC Decker
Inc.; 2003.

Kannan S, Chandran GJ, Pillai KR, Mathew B, Sujathan K,
Nalinikumary KR, et al. Expression of pS3 in leukoplakia
and squamous cell carcinoma of oral mucosa: Correlation



Imunohistochemical expression of Ki-67 ... Kumar KV et al

21.

22.

23.

24.

28.

26.

27.

28.

with expression of K-i67. J Clin Pathol Mol Pathol
1996;49(3):170-S.

Garcia-Pola Vallejo MJ, Anitua Rolddn MJ, Ferndndez
Alvarez BE, Garcia Martin JM, Lépez-Muniz A. Study
comparative of Ki-67 expression in oral lichen planus
and oral leukoplakia. Quantitative analysis. Med Oral
2001;6(5):364-70.

van der Meij EH, Schepman KP, van der Waal I. The
possible premalignant character of oral lichen planus and
orallichenoid lesions: A prospective study. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2003;96(2):164-71.
Hietanen J, Paasonen MR, Kuhlefelt M, Malmstrom M.
A retrospective study of oral lichen planus patients with
concurrent or subsequent development of malignancy.
J Oral Oncol 1999;35(3):278-82.

Cotran RS, Kumar V, Collins T, Robbins SL. Robbin’s
Pathologic Basis of Disease, 6 ed. Philadelphia: Saunders
Company; 1999.

Epstein JB, Wan LS, Gorsky M, Zhang L. Oral lichen
planus: Progress in understanding its malignant potential
and the implications for clinical management. J Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2003;96(1):32-7.
Acay RR, Felizzola CR, de Aratjo N, de Sousa SO.
Evaluation of proliferative potential in oral lichen planus
and oral lichenoid lesions using immunohistochemical
expression of p53 and Ki67. Oral Oncol 2006;42(5 ):475-80.
Bascones-Ilundain C, Gonzales-Moles MA, Esparza-
Gomez G, Gil-Montoya JA, Bascones-Martinez A.
Importance of apoptotic mechanisms in inflammatory
infiltrate of oral lichen planus lesions. J Anticancer Res
2006;26(1A):357-62.

Gonzalez-Moles MA, Gil-Montoya JA, Ruiz-Avila I,
Esteban F, Bascones-Martinez A. Differences in the

87

29.

30.

31.

32.

33.

34.

3S.

JournalofInternational OralHealth2015;7(10):82-87

expression of pS3 protein in oral lichen planus based on
the use of monoclonal antibodies DO7 and pAb 240. Oral
Oncol 2008;44(5):496-503.

Piattelli A, Rubini C, Fioroni M, Iezzi G, Santinelli A.
Prevalence of p53, bcl-2, and Ki-67 immunoreactivity and
of apoptosis in normal oral epithelium and in premalignant
and malignant lesions of the oral cavity. ] Oral Maxillofac
Surg 2002;60(5):532-40.

Roopashree MR, Gondhalekar RV, Shashikanth MC,
George J, Thippeswamy SH, Shukla A. Pathogenesis
of oral lichen planus: A review. J Oral Pathol Med
2010;39(10):729-34.

Xue JL, Fan MW, Wang SZ, Chen XM, Li Y, Wang L.
A clinical study of 674 patients with oral lichen planus in
China. J Oral Pathol Med 2005;34(8):467-72.
Gonzalez-Moles MA, Bascones-Ilundain C, Gil
Montoya JA, Ruiz-Avila I, Delgado-Rodriguez M,
Bascones-Martinez A. Cell cycle regulating mechanisms
in oral lichen planus: Molecular bases in epithelium
predisposed to malignant transformation. Arch Oral Biol
2006;51(12):1093-103.

Pirkic A, Biocina-Lukenda D, Cekic-Arambasin A,
Bukovic D, Habek M, Hojsak I. Tissue expression
of proliferative antigens (PCNA and Ki-67) in oral
lichen ruber related to clinical status. Coll Antropol
2004;28(1):447-53.

Hosseini FA, Khalili M, Rohani B. Immunohistochemistry
Analysis of P53 and Ki-67 Proteins in Oral Lichen
Planus and Normal Oral Mucosa. Iranian ] Publ Health
2009;38(2):37-43.

Taniguchi Y, Nagao T, Maeda H, Kameyama Y,
Warnakulasuriya KA. Epithelial cell proliferation in oral
lichen planus. Cell Prolif 2002;35 Suppl 1:103-9.



