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Estimation of malignant transformation rate in cases of oral epithelial
dysplasia and lichen planus using immunohistochemical expression
of Ki-67, p53, BCL-2,and BAX markers
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ABSTRACT

Background: The issue of a possible malignant transformation in the lesions like epithelial dysplasia
and oral lichen planus (OLP) is a matter of serious controversy. The purpose of this study was
to suggest the malignant transformation rate in OLP and oral epithelial dysplasia (OED) by using
immunohistochemical expression of the tumor markers Ki-67, p53, BCL-2,and BAX.

Materials and Methods: This was a cross-sectional study carried out among 70 samples, including
10 samples from normal healthy mucosa categorized into Group |, Group 2 (30 OLP),and Group 3
(30 OED) samples. Five sections (4 um thick) were obtained and stained with monoclonal antibodies
such as Ki-67,p53,BCL-2,and BAX and analyzed for number of positive cells and also for intensity
of staining. Statistical analysis was done using Mann-Whitney U-test (P < 0.05).

Results: Significant results were found only for expressions of Ki-67, p53, BCL-2 markers in both
study groups (P < 0.05). In these groups, the intensity of staining was mostly mild to moderate for
all studied tumor markers. In this study, subjects with an average positive IHC expression of Ki-67,
p53, BCL-2, and BAX markers in normal mucosa was about 22.5%, which was significantly lower
when compared with OLP (54.9%) and OED (64.9%).

Conclusion: The high propensity for malignant transformation in OED followed by OLP suggests
that a wide range of inherent and extrinsic factors contribute to the disease progression and
malignant transformation.

Key Words: Epithelial dysplasia, immunohistochemistry, oral lichen planus, proliferative
marker, tumor marker

INTRODUCTION

Oral cancer is commonly preceded by premalignant

lesions and conditions grouped under common
terminology as potentially malignant disorders.!"! The
precursor lesions that precede oral cancer are defined

as an altered epithelium that shows a variety of
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cytological and architectural changes that have been
traditionally brought under the common denominator
dysplasia with an increased likelihood for progression
to malignancy, squamous cell carcinoma.?!

The presence of oral epithelial dysplasia (OED) is
generally accepted as one of the most important
predictors of malignant development in premalignant
disorders. Silverman et alP®' in their study have
reported malignant transformation in 36% of
cases with OED. Lichen planus a unique chronic
inflammatory mucocutaneous disorder was considered
as a precancerous condition by WHO in 1978.14#
The etiopathogenesis in oral lichen planus (OLP)
appears to be complex, with interactions between and
among genetic, immune, environmental, and lifestyle
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factors.’) OLP affects 1-2% of the general adult
population affecting women more than men (1.4:1)
and occurs predominantly in adults over 40 years of
age, although occurrence of this disease in younger
adults and children is not unusual.'™? According
to location, 72.9% of lesions occurred on posterior
buccal mucosa with a 1.03% concurrent occurrence of
buccal mucosa and tongue.'?!

The common denominator of the various neoplastic
processes is the anarchic and autonomous increase
in the number of their constituent cells. This increase
is due to either abundant cell proliferation or
insufficient cell death. Consequently, mutations and
other molecular alterations that impede physiologic
apoptosis can play a decisive part in the pathogenesis
and progression of neoplasms. This is exemplified by
the high frequency of mutations affecting the tumor
proliferation gene Ki-67, tumor suppressor gene p53
and its regulators or the oncogene BCL-2 and BAX; a
BCL-2 related protein that counteracts BCL-2 and is
required for p53 mediated apoptosis in diverse types
of cancer.[3-13)

The malignant potential of these lesions are still
debatable and is a matter of serious controversy.!*”
Recent techniques, such as immunohistochemistry
(IHC) and molecular biology have been contributing
to evaluate the expression of proteins related to the
regulation of the cellular cycle.'™ To detect early
cancer development and prevention of disease
progression to malignancy, IHC is preferred as one
of the precise diagnostic tools.® Loss of BCL-2 in
basal cells of potentially malignant and malignant
oral epithelial lesions and loss of BAX in poorly
differentiated oral squamous cell carcinoma (OSCC)
is not associated with mutations in the coding regions
of these genes. The aberrant expression of BCL-2
and BAX suggests a role, in cooperation with other
molecular changes in the progression of oral dysplasia
and OSCC.!'"

As both apoptosis and abnormal proliferation play
an important role in tumor formation, this study was
conducted to suggest the malignant transformation rate
in OLP and OED cases using immunohistochemical
expression of the tumor markers Ki-67, p53, BCL-2,
and BAX.

MATERIALS AND METHODS

A cross-sectional descriptive analytical study was
done to observe the expression of Ki-67, p53, BCL-

2, and BAX antigens in basal keratinocytes and to
evaluate the malignant transformation by using [HC
procedure in normal oral mucosa, OLP and OED. The
study was conducted among 70 samples (Group 1-
controls [10], Group 2- OLP [30] and Group 3-
OED [30]) in the Department of Oral Pathology and
Microbiology, Panineeya Mahavidyalaya Institute of
Dental Sciences, Hyderabad. Study group comprised
a total of 60 formalin fixed archival blocks after
histopathological confirmation, which were divided
into two groups (30 each of OLP and OED) and a
control group of 10 normal healthy controls. Though,
it was challenging to obtain the normal individuals,
we could motivate them and procure the tissues
only after they gave us the consent voluntarily. The
site selected was buccal mucosa in all the samples.
This study was approved by the Institutional Ethical
Committee (PDC/126/2012-13).

Cases of clinically and histopathologically diagnosed
OLP and OED, without any previous history of
treatment for any type of oral diseases and subjects
who were not on any sort of medication were
included in the study. Pregnant women with OLP and
OED, subjects with OLP along with OED, immune
compromised patients and patients with multiple oral
and/head and neck lesions were excluded.

Five sections (4 wm thick) were obtained from
each of the formalin fixed, paraffin embedded
tissue blocks. The first section was stained with
hematoxylin and eosin for histological confirmation,
while the remaining four sections were taken on 3-
aminopropyltriethoxysilane (APES) coated glass
slides and were stained with monoclonal antibodies
p53, Ki-67, BCL-2, and BAX and analyzed.

The THC method used was a new direct technique
(enhanced polymer one-step staining method) by
DAKO (India). Tissue sections were made from
paraffin blocks stored in neutral buffered formalin
using a microtome. These sections of 4 um mounted on
APES coated slides were then deparaffinized in xylene
followed by rehydration through graded alcohol.
Microwave oven was used for antigen retrieval, which
was performed in citrate based buffer, with pH 6.0
and then allowed to cool until room temperature.
Endogenous peroxide was neutralized using peroxide
— block for 5 min to block the nonspecific antigen
sites. Slides were washed in phosphate buffered saline
(PBS) for 5 min in two changes. Later the slides were
incubated with protein block for 5 min followed by
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washing in PBS for 5 min in two changes. The slides
were then incubated with liquid mouse monoclonal
primary antibody (p53 [Clone DO7], Ki-67 [MIB-1],
BCL-2 [Clone 124] and BAX [1:70,000 dilution]) —
(Sigma Aldrich companies, USA) for 1 h. Slides
were incubated with post primary block for 30 min,
washed in three changes of PBS for 5 min each and
excess PBS was removed. Slides were incubated with
secondary antibody for 30 min. The peroxidase activity
was developed with a drop of freshly prepared 3’
diaminobenzidine tetrahydrochloride working solution
for 5 min to aid in visualization of the sections. Slides
were rinsed in distilled water and then sections were
counterstained with Harris hematoxylin for 3 min
followed by rinsing in tap water for 5 min. Later
dehydrated, cleared and mounted.

Histopathologically confirmed case of OSCC was
taken as positive control for the expression of p53,
Ki-67, BCL-2, and BAX markers. Omitting the use
of primary antibody and carrying out the successive
steps of IHC as usual, gave negatively stained slides
for p53, Ki-67, BCL-2, and BAX markers.

Quantitative analysis was performed on one
section per biopsy. The immunoexpression of Ki-
67, p53, BCL-2, and BAX was assessed using light
microscope (Olympus CH 20i-Japan) under x10
and %20 magnifications by one blinded pathologist.

2 NS sE R Y

Figure 1: Immonohistochemical view (x20) (a) P53 and (b)
Ki-67. Showing nuclear brown staining of tumor markers in
basal and parabasal cells of oral lichen planus.

Figure 2: Immonohistochemical view (x20) (a) BCL-2 and (b)
BAX. Showing cytoplasmic high intensity brown staining of
tumor markers in basal and parabasal cells of oral lichen planus.

Criteria given by Sousa et al.!! and Dekker et al.'®
were followed for identification of keratinocytes in
the basal and parabasal layers. Cells were considered
immunopositive if they presented a brown nuclear
coloring, regardless of intensity for p53 and Ki-67
(p53 and Ki-67 are nuclear markers). Cells were
considered positive if they presented cytoplasmic
staining for BCL-2 and BAX (BCL-2 and BAX
are cytoplasmic markers). The basal keratinocytes
positive for the antigen expression in the basal and
parabasal layers of the epithelium were considered as
the positive cells and those negative for the expression
were considered as negative cells.

In labeling index positive staining areas for particular
IHC marker or percent tumor cells staining positive
as measured by IHC staining were counted by
analyzing five high power fields (x20) for each slide
[Figures 1 and 2 - OLP; Figures 3 and 4 - OED]. Ki-
67, p53, BCL-2, and BAX expression were classified
according to the number of positively stained cells per
1000 counted cells. The percentage of positive cells
was scored according to the method of Nakagawa
et al." [Table 1].

Statistical analysis
Statistical analysis was performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, USA) for windows.

N Y fb
Figure 3: Immonohistochemical view (x20) (a) P53 and (b) Ki-
67. Showing nuclear brown staining of tumor markers in basal
and parabasal cells of oral epithelial dysplasia.

Figure 4: Immonohistochemical view (x20) (a) BCL-2 and (b)
BAX. Showing cytoplasmic high intensity brown staining of tumor
markers in basal and parabasal cells of oral epithelial dysplasia.
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Pair-wise comparison between the markers and
the groups was done using Mann-Whitney U-test.
P < 0.05 was considered to be statistically significant.

RESULTS

This study was undertaken to evaluate and compare the
tumor suppressive, proliferative and apoptotic activity
of cells in normal subjects, OLD and subjects with
OED using immunohistochemical markers; Ki-67, p53,
BCL-2, and BAX. Both males and females were found
to be equally distributed in all the groups.

Table 2 shows the comparison of P values between
the three groups for p53, Ki-67, BCL-2, and BAX.
Group 1 was statistically significant with Groups 2
and 3 for p53, Ki-67 and BCL-2. None of the groups
were found to be statistically significant for BAX
proteins.

Table 3 shows the intensity of staining for all markers
among three groups. In Group 1, only 20% have
shown positivity for p53, which were mildly stained.
In relation to Ki-67, majority of the staining was of
mild type (13.3%) in both Groups 2 and 3 cases.
It was totally negative among controls. Intensity
of staining for BCL-2 marker was predominantly
moderate in Group 2 (36.7%) and 3 (66.7%) cases.
For BAX marker staining was mostly negative. Severe
staining was found to be more in Group 3 (20%) than
Group 2 (10%) cases.

Table 4 shows the percentage positivity of all markers
among the three groups. In Group 1, only 2 (20%)
have shown positivity for pS3 and Ki-67 protein, no
subject for BCL-2 and 5 (50%) for BAX proteins. In

Table 1: Scoring system for staining intensity
(Nakagawa et al.l')

Score Immunoexpression pattern (%) Classification
0 0-5 Negative

1 5-25 Mild

2 25-50 Moderate

3 >50 Severe

Table 2: Two-by-two comparison between the three
studied groups for p53, Ki-67, BCL-2 and BAX

Group P53 Ki-67 BCL-2 BAX
Group 1 versus Group2  0.0057  0.0030 0.0001 0.7160
Group 1 versus Group 3 0.0014 0.0001 0.0000 0.1740
Group 2 versus Group 3 0.5577 0.1961 0.7542  0.1766

BCL-2: B-cell lymphoma 2.

Group 3, 23 (76.6%), 26 (86.58%), 7 (23.31%), and
22 (73.26%) have shown positivity for respective
markers.

DISCUSSION

The present study focused on evaluation of malignant
potential with IHC in OED and OLP by comparing
the frequency of positively stained proteins (p53, Ki-
67, BCL-2, and BAX) depending on their intensity
of staining. The age range of patients diagnosed
in Group 2 was 30-52 years with mean age of 40.1
years with 46.6% males and 53.3% females, which
was similar to Sugerman et al** who have reported
that females were more affected than men with OLP
(1.4:1). In Group 3, the age ranged between 31 and 54
years with mean age of 41.1 years and males (53.3%)
were more affected when compared to females
(46.6%). Our results were similar to Brothwell et al.™
who have shown 38 males (59.4%) and 26 females
(40.6%) with ages ranging from 20 to 86 years.

The normal p53 protein has a very short half-
life; therefore, can be hard to detect in normal
tissues. However, the protein can remain in the
tissues longer due to mutations, or a defect in the
degradation pathway or by binding to other proteins.
The physiological function of p53 protein is that of
preventing accumulation of genetic damage in cells
either by allowing for repair of the damage before cell
division or by causing death of the cell. The mutant
pS3 protein is normally not active, thus leading to the
loss of the tumor suppressor function of the protein.
The alterations of p53 impair the ability of the cells
to repair and undergo apoptosis in response to DNA
damage, which will lead to uncontrolled cell growth.?!

In Group 1 of this study, the p53 positivity was found
to be 20%, which was quite lower than Fakhrjou
and Toutounchi study (40%).** This variation may
be due to small sample size and also because of
excess cell damage in few benign conditions and it
does not necessarily indicate mutations or malignant
transformation.

The p53 positivity, in Group 2, was 69.9% in this
study which is almost similar to Taniguchi et al. (64%)
study.”! In contrast to our study, substantially higher
pS3 positivity was present in Fakhrjou and Toutounchi
study (86.7%)?2 and Acay et al. (90.9%).2Y They
explained that p53 protein (Clone DO-7) reacts only
with its mutant form, thus revealing the presence of
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Table 3: Distribution of staining intensity for P53, Ki-67, BCL-2 and BAX in three groups according to the
criteria of Nakagawa et al.l"]

Intensity P53 Ki-67 BCL-2 BAX

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
n=10) n=30) n=30) (n=10) (n=30) n=30) (n=10) n=30) (n=30) (n=10) (n=30) (n=230)

n(%) n%) n%) n%) n%) n(%) n®) n(%) n() n(%) n() n (%)
Severe (>50%) 0(00) 2(7) 27 00 00 0( 0() 4(133) 2(67) 0(0) 3(10) 6(20)
Moderate (25-50%) 0(0) 12(40) 10(33.3) 0(0) 2(6.7) 3(10) 1(10) 11(36.7) 20(66.7) 1(10) 10(33.3) 9 (30)
Mild (5-25%) 2(20) 7(23.3) 11(36.7) 0(0) 4(13.3) 4(13.3) 1(10) 7(23.3) 4(133) 4(40) 2(8.7) 7(23.3)
Negative (0-5%) 8(80) 9(30) 7(23.3) 10(100) 24(80) 23(76.7) 8(80) 8(26.7) 4(13.3) 5(50) 13(43.3) 8(26.7)

BCL-2: B-cell ymphoma 2; BAX: BCL-2 Associated X protein.

Table 4: Percentage distribution of positive cases in three groups and four markers
Marker

Group 1 Group 2 Group 3

Positive cases Percentage Positive cases Percentage Positive cases Percentage
P53 2 20 21 69.9 23 76.7
Ki-67 2 20 22 73.2 26 86.6
BCL-2 0 0 6 19.9 7 23.3
BAX 5 50 17 56.6 22 73.3

BCL-2: B-cell lymphoma 2.

mutation in the protein and hence OLP has potential
malignant transformation.???* In Sousa et al.'¥ study,
the p53 positivity (41.7%) was lesser compared to our
study, which could be due to sample size.

In this study, the p53 positivity in Group 3 (76.7%)
is almost similar to Raju et al. (79%) study.™ They
explained that the tumor suppressor gene pS53 plays
a central role in controlling the progression of cell
cycle from G1- phase to the S phase and alterations
in this gene may provide cancer cells with a growth
advantage leading to uncontrolled proliferation as
well as increased p53 levels.

In contrast to our study, lower p53 positivity was
present in Sousa et al (41.67%)!"*! and Angiero
et al. (64.3%)?% studies and this might be due to
substantial differences in detection techniques as well
as the varied habits practiced in different geographical
regions and races. The expression of p53 positivity
in Groups 2 and 3, in the present study, is a relevant
finding. The p53 is a nuclear protein whose mutation
is strongly associated to several cancer types. It has
been shown that alterations in the expression of
pS53 is essential for carcinogenesis and can indicate
an important step in transformation of normal to
neoplastic epithelium.?’?*! According to Stoll et al.**
the loss of p53 function is found in at least half of
oral cancer cases. Therefore, the similar expression of
p53 in Groups 2 and 3 can be an important indicator
of malignant transformation potential of these lesions.

Ki-67 is a cell cycle associated human nuclear protein
present in perichromosomal region, the expression of
which is strictly associated with cell proliferation and
is widely used in pathology as a proliferation marker
to measure the growth fraction of cells in human
tumors. The estimated half-life of Ki-67 antigen is
60-90 min. The Ki-67 antigen starts to be expressed
in the S phase, progressively increasing through S and
G2 phases and reaching a plateau at mitosis. After
cell division, the cells return to G1 with a stock of
Ki-67 antigen, whose level decreases rapidly during
this phase.?!

Ki-67 positivity was 20% in Group 1 which is similar
to Fakhrjou and Toutounchi study™® (20%) who
explained that Ki-67 is a nuclear protein that can be
detected in all phases of cell cycle except go phase and
plays a pivotal role in maintaining cell proliferation.
In Group 2, the Ki-67 positivity was found to be
73.2% which is lower than Fakhrjou and Toutounchi
(86.7%)1** and Acay et al. studies (95.4%).24 The
authors explained that this high positivity of Ki-
67 could be due to an increased cell proliferation,
secondary to repeated break down of cycling cells
leading to increased state of proliferation.[**?]

The Ki-67 positivity in Group 3 was found to be
86.6% in the present study with almost similar value
observed in a study by Raju et al'™®! (93%). The
increase in the proliferative activity could be due to
alteration in p53 activity. The percentage positivity
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for Ki-67 in Group 2 is lower than that of Group 3
and this difference is in the expected direction in that
dysplastic lesions have a higher growth fraction.”

In this study, based on the IHC evaluation, both
p53 and Ki-67 were significantly more prevalent in
specimens in Groups 2 and 3 compared with Group 1.
These findings indicate that there might be a potential
tendency for malignancy in Groups 2 and 3 and both
Ki-67 and p53 might be used as relevant prognostic
markers.15-3!

The BCL-2 proto-oncogene blocks a distal step in
an evolutionary conserved pathway of apoptosis.
Its abnormal expression, usually in terms of over
expression in genetically modified cells such as
tumor cells, contributes to the expansion of the
damaged cell clone by preventing cell turnover
due to programmed cell death, leading to cellular
immortalization. By promoting cell survival, BCL-2
facilitates the permanent acquisition of mutations and
malignant transformation. Moreover, increased BCL-2
expression in cancer cells possibly reflects tumor cell
resistance to apoptosis and may have implications for
their responsiveness to treatments.>?

The BCL-2 positivity in Group 1 was (0%) almost
similar to Leyva-Huerta et al.B¥ study where mild
positivity in the cytoplasm was present. In Group
2, BCL-2 positivity was found to be 19.9%, which
was similar to Sousa et all™ study in which it
was found to be 16.7%. In Tanda et alB¥ study,
the BCL-2 positivity was 10%, which was slightly
lower than our study and suggested that the low
rate of apoptosis in OLP is a consequence of the
antiapoptotic action exerted by BCL-2. In contrast
to our study, Leyva-Huerta et al.**! study found no
BCL-2 immunoexpression in OLP group and the
authors suggested that this protein does not seem to
be involved in OLP epithelial changes and the loss
of BCL-2 antiapoptotic control is associated with a
concomitant loss of other prosurvivor molecules or an
increase in the proapoptotic molecules.

In Group 3, BCL-2 positivity was found to be 23.3%
in our study, which was slightly lower than Sousa et
al. (25%)" and Tanda et al. (30%)1** studies. This
might be due to subtle inherent genetic differences
among different populations, gender and age of the
population and anatomical location of the studied
lesions. In the various studies, it is observed that
BCL-2 is present from initial stages of carcinogenesis
up to appearance of metastasis in oral cancer.*’*!

Therefore, the high immune expression of BCL-
2 in Groups 2 and 3 compared with Group 1 may
indicate premalignant potential of these two groups.
Alterations in BCL-2 expression play a role in
cellular differentiation and development of tumors
and this oncoprotein has a role in early stages of
tumor progression as it is up regulated in sequentially
progressing OED.%!

BAX is a BCL-2-related protein that promotes
apoptosis. It plays a tumor suppressor role in
human malignancies and high BAX expression is
associated with favorable prognosis in several cancer
types.® According to Zhan et al.,’”' BAX expression
is selectively induced in apoptosis — proficient cells;
therefore, OSCC cells with elevated BAX expression
could be those that are primed for apoptosis due to the
inherent genetic instability associated with malignant
transformation.

In this study, the positivity rate for BAX in Group 1
(50%), Group 2 (56.61%) and Group 3 (73.26%) had
no statistical significant difference and was almost
similar to Sousa et al.l'*! study showing 50% in Group
2 and 83.33% in Group 3. Though BAX is a pro
apoptotic protein, it is not used much as a marker to
assess malignant transformation in Groups 2 and 3.
Although BAX and BCL-2 are strongly associated
in apoptosis, no correlation between these proteins
was observed in this study, which can be explained
by the existence of different mechanisms of apoptosis
regulation. The expression of BAX was lower in
Group 2 compared to Group 3 possibly preventing the
death of genetically damaged cells and consequently
increasing the malignant transformation risk.

Markers are useful in predicting severity of malignant
transformation risk. A potential advantage of the use
of immunohistochemical markers is their application
to routinely processed surgical specimens. However,
technical pitfalls of IHC technique should also be
considered as a limitation, because differences in
antigen retrieval procedure and diverse antibody
clones are sources for wvarious interpretations of
protein expression. Therefore, there is a need for
identification of any alterations that can indicate a
possible malignant transformation. Larger prospective
studies are needed to confirm these findings.

CONCLUSION

Groups 2 and 3 established a potential tendency
for malignancy compared to Group 1 and Ki-67,
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p53 and BCL-2 can be considered as reliable
prognostic markers for malignancy. Though BAX is a
proapoptotic protein, it appears that it is not of much
use as a marker to assess malignant transformation
in these groups. Alterations in expression of these
proteins play a role in cellular differentiation and
development and progression of tumor as these
proteins participate actively in oral carcinogenesis.
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