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ABSTRACT
The expression of p53, Ki-67, and c-erb-B2 in normal oral epithelium, dysplastic epithelium, and oral squamous cell carcinoma (OSCC) was investigated with immunohistochemical method and was determined the correlation between them. The
study was performed on tissue sections of dysplasia (n= 25), OSCC (n=22). Twenty normal samples of oral epithelium were
used as control. Sections were stained with immunohistochemically with antibodies to p53, Ki-67, and c-erb-B2 proteins. The
percentage of positive cells was assessed in oral dysplastic, OSSC and normal epithelium. Statistical analysis was done using
Kruskal-Wallis, Mann Whitney U, and the chi-square tests. The percentage of p53 and Ki-67 positive cells was evaluated and
statistically significant differences were found between normal oral mucosa and dysplasia, and between dysplasia and invasive oral squamous cell carcinoma (p<0.05). C-erb-B2 positive cells increased from normal oral epithelium through dysplasia
to OSCC, but it was not statistically important (p>0.05). A significant correlation between p53 and Ki-67 positive cells was
observed (p<0.001) but no significant correlation was found between c-erb-B2, p53 and Ki-67 in OSCC (p>0.05). These findings suggested that the expression of p53 and increase of Ki-67 index may play roles in carcinogenesis.
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INTRODUCTION
Head and neck cancer is the sixth most common type of cancer, representing about 6% of all cases and accounting for
an estimated 650 000 new cancer cases and 350 000 cancer
deaths worldwide every year [1]. They appear to have a relatively poor prognosis and survival, despite advances in treatment with surgery, radiation, and chemotherapy, and many
recent advances in oncology and molecular biology over the
last four decades [2].
Oral carcinogenesis is generally considered to be a molecular
and histologic multistep process. The histologic features

are predominantly caused by alteration of cell kinetics in the
proliferative pool of the epithelium, expressed as increased
growth fraction and cell division rate. This alteration determines the transformation of normal oral epithelium into a
malignant tumor [3].
In recent decades, attention has been focused on handful of
biomarkers frequently associated with cancer. Biomarkers of
carcinogenesis are quantifiable molecules involved in physiological or pathological events which occur between exposure
to exogenous or endogenous carcinogens and the subsequent
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development of cancer [4]. Biomarkers of early carcinogenesis
provide a means of diagnosing very early changes associated
with cancer development before actual tumours or even polyps are present. Among the most common biomarkers used
to study is p53, a tumor suppressor gene, and the mutation
of p53 has been considered to be the most common genetic
alteration in head and neck cancers [5]. Another common immunohistochemical marker used to study cell proliferation is
the Ki-67 antigen [6]. The c-erbB-2 is a kind of receptor for EGF
(epidermal growth factor), a key molecule for growing of carcinoma [7]. Several studies were performed to demonstrate
the expression of c-erb-B2 on breast, and endometrial cancer.[8,9] Hovewer, studies regarding expression of c-erb-B2 in
head and neck cancers especially in oral mucosa are limited
[10,11].
In this study, we aimed to investigate the expression of p53,
Ki-67, and c-erb-B2 in normal oral epithelium, dysplasia, and
invasive oral squamous cell carcinoma and to determine the
correlation between them.

MATERIALS AND METHODS
This study was performed at the Department of Oral and Maxillofacial Surgery, School of Dentistry, and at the Department
of Pathology, School of Medicine, in Ege University. The Ethics
Committee of the university approved the study protocol. All
selected samples had been routinely fixed in 10% neutral formalin (24 to 48 hours), dehydrated in graded alcohols, cleared
in xylene, and embedded in paraffin. The hematoxylin-eosin
slides were all reviewed, the diagnosis was confirmed by 2 pathologists (A.V. and B.Y.).
Samples of normal (20 cases), dysplastic (26 cases: 13 mild, 8
moderate and 5 severe dysplasia), squamous cell carcinomawell differentiated (G1) (4 cases), squamous cell carcinomamoderately differentiated (G2) (13 cases), and squamous cell
carcinoma-poorly differentiated (G3) (5 cases) were included
in the study. Normal samples of oral mucosa were obtained
from resection margins of benign oral lesions and were used
as control.
Epithelial dysplasia was diagnosed according to the criteria
and the definition proposed by Pindborg et al [12]: mild dysplasia was considered mild expansion of the proliferative zone,
with mitotic activity, hyperchromatism, and nuclear variability; moderate dysplasia indicated these same features were
present in up to half of the thickness of the epithelium; and
severe dysplasia indicated the atypical proliferative zone encompassed up to three fourths of the epithelium. Squamous
cell carcinoma cases were classified into well-differentiated,
moderately differentiated, and poorly differentiated using
World Health Organization criteria.

Immunohistochemical analysis of p53, Ki-67, and c-erb-B2
p53 (clone SP5, Neomarkers, 1:200 dilution, catalog number: RM-9105-R7), Ki-67 (rabbit monoclonal, Neomarkers,
1:250 dilution, catalog number: RM-9106-R7) and c-erb-B2
(clone Ab-17, Neomarkers, 1:300 dilution, catalog number:
MS-730-R7) primary antibodies were investigated in five micron sections from formalin-fixed, paraffin-embedded tissues.
Immunohistochemical staining as non-biotinised painting
system, HRP multimers based, hydrogen peroxide substrate
and 3, 3 ‘- diaminobenzidin tetrahidroklorit (DAB) containing
kromogen (ultraView ™ Universal DAB Detection Kit, Catalog
number 760-500, Ventana Medical Systems, Tucson, AZ) with
full automatic immunohistochemistry staining machine (Ventana Benchmark XT, Ventana Medical Systems, Tucson, AZ)
were used.
Tissue sections taken on electrostatic slides (X-Trat, Surgipath
Medical Industries, and Richmond, Illinois, USA) were dried at
°C 60, at least two hours. All the mmunohistochemical staining, including deparaffinization and process of antigen retrieval was carried out in the Benchmark XT fully automatic immunohistochemistry staining device. Only the dropping process
for the primary antibodies p53, Ki-67 and c-erbB-2 were manually done and were incubated at °C 37, 32 minutes. Previously known breast carcinoma sections were used as positive
control for p53, Ki-67 and c-erb-B2, whereas the primary mAb
was omitted in negative control sections.
After the sections were rinsed in the same buffer (TBS, three
times, 2 min each), streptovidine peroxidase conjugate was
added for another 15 min, followed by substrate/chromogen
solution, 0.05% 3,3-diaminobenzidine tetrahydrochloride in
0.05M tris at pH 7.6, which forms a dark brown deposit in the
presence of the enzyme that is complexed with the antigen.
Counterstaining of the nuclei was done with Mayer’s hematoxylin.
Nuclear staining for the p53 and Ki-67 and cytoplasmic membrane staining for the c-erb-B2 was considered positive immunohistochemically. It was calculated showing nuclear staining
for p53 and Ki-67 cells to the total number of cells ratio. The
percentage of p53-positive cells was evaluated from a minimum of 1000 cells in each case. We scored p53 expression
as negative (-), meaning that staining was observed in <5% of
the tumor cells, or positive (+), meaning that staining was observed in 5% or more of the tumor cells.
In the case of Ki-67, the quantitative labeling index was used.
In areas having the highest nuclear labeling density, the percentage of tumor nuclei expressing Ki-67 was determined
by counting 400 cells per slide, and the percentage was ex-
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pressed on the available cells.
Subjective and semicantitative scoring system was used for cerb-B2 using the rate and intensity of staining of tumor cells.
Scoring system was based on the ratio of positive staining cells
to the other cells and the intensity of staining which were
evaluated 1-3 according the optical magnification which was
positivity can be selected [13].

STATISTICAL ANALYSIS
For statistical analysis SPSS (Statistical Package for Social Sciences) for Windows 15.0 program was used. Descriptive statistical analysis was performed for each group of lesions. Mann
Whitney U, and the chi-square tests were used to evaluate the
presence of statistically significant differences. Simple regression analysis was used to evaluate the correlation between
features. Analysis showing a confidence interval above 95%
(p<0.05) was considered significant.

RESULTS
The results of immunohistochemical analysis of p53, Ki-67,
and c-erb-B2 expression in normal oral epithelium, dysplastic
epithelium, and OSCC are shown in Table 1.
Table 1: Comparison of p53, Ki-67 ve c-erb-B2 in normal, dysplastic and
OSSC epithelium.

Figure 1: The p53 positivity in atypical cells of OSCC (anti-p53x200).

In normal oral epithelium p53 was positive in only 1 (5%) sample. In dysplastic group, 12 (48%) samples were p53 positive.
In this group, 5 mild dysplasia samples, 3 moderate dysplasia
samples, and 4 severe dysplasia samples had p53 positivity.
In carcinoma group, p53 was positive in 16 (72.73%) samples.
In this group, 2 well-differentiated carcinoma samples and 9
moderately differentiated carcinoma samples had a p53 positivity. All poorly differentiated carcinoma samples were also
p53 positive.
Statistically, it was found that the p53 positivity increased significantly from normal oral epithelium to dysplastic epithelium and OSSC (P<0.001).
In dysplastic group p53 positivity did not increased from mild
dysplasia to moderate and severe dysplasia. In dysplastic
group statistically significant differences were only found between moderate dysplasia and severe dysplasia (p<0.05). Statistically significant difference was also found between mild
dysplasia and carcinoma group, between moderate dysplasia
and carcinoma group.

P0 : Comparison of all the groups
P1 : Comparison of the normal and dysplastic epithelium group
P2 : Comparison of the normal epithelium and OSSC group
P3 : Comparison of the dysplastic epithelium and OSSC group

P53
p53 was present in the basal layer in normal oral epithelium;
in the basal and parabasal layers in leukoplakia, dysplasia, and
carcinoma in situ; and in central and peripheral regions in invasive carcinoma. In normal epithelium, the positivity of p53
was between 0% to 65% (mean 3.35%). In dysplastic group (25
cases), the positivity was between 0% to 70% (mean 13.08%)
and in OSSC epithelium the positivity was between 0% to 90%
(mean 44.45%) (Figure 1).

No statistically significant difference was found between normal oral epithelium and mild dysplasia, between mild dysplasia and moderate dysplasia. No statistically significant difference was also found between severe dysplasia and carcinoma
group. Although p53 positivity increased from well differentiated to poorly differentiated invasive carcinomas, the test
showed nonstatistically significant differences among them.
No statistically significant difference was found in aspect of
differentiation in carcinoma group.

KI-67
When we evaluated the positivity of Ki-67, in normal epithelium, the positivity was between 5 % to 15% (mean 9.35%). In
dysplastic epithelium, the positivity was between 5% to 70%
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(mean 17.68%) and in OSSC epithelium the positivity was between 8% to 90% (mean 54.23%) (Figure 2).

Figure 3: The negativity of c-erb-B2 in normal epithelium. (anti c-erb-B2
Figure 2: Dense Ki-67 positivity in OSCC (anti-Ki67x200).

x100).

Ki-67 positivity increased from normal oral epithelium to
dysplasia and OSCC. Statistically significant differences were
found between the three groups (P<0.001).
In dysplastic group Ki-67 positivity did not increased from mild
dysplasia to moderate and severe dysplasia.
With the Mann-Whitney U test, statistically significant differences were found between moderately differentiated carcinoma and poorly differentiated carcinoma (p<0.01),between
severe dysplasia and carcinoma group (p<0.01).
Statistically significant difference was also found between
mild dysplasia and carcinoma group, between moderate dysplasia and carcinoma group, and between severe dysplasia
and carcinoma group (p<0.01).
No statistically significant difference was found between normal oral epithelium and mild dysplasia, between mild dysplasia and moderate dysplasia, between moderate dysplasia and
severe dysplasia, between severe dysplasia and well differentiated carcinoma. No statistically significant difference was
found in aspect of differentiation in carcinoma group.

C-ERB-B2
The positivity of c-erb-B2 was 0% in normal epithelium, was
8% in dysplastic epithelium, and was 28% in OSSC epithelium
(Figure 3, and Figure 4). C-erb-B2 positivity increased from
normal oral epithelium to dysplasia and OSCC, but it was not
statistically significant. (P>0.05) (Table 1).

Figure 4: The positivity of c-erb-B2 in neoplastic cells of OSCC (anti c-erbB2x200).

C-erb-B2 positivity did not increased from mild dysplasia to
moderate dysplasia and severe dysplasia.
With the chi-square test, statistically significant differences
were found between normal oral epithelium, and severe dysplasia (p<0.05), between normal oral epithelium and moderately differentiated carcinoma (p<0.01), between mild dysplasia and moderately differentiated carcinoma (p<0.05).
No statistically significant difference was found between normal oral epithelium and mild dysplasia, between mild dysplasia and moderate dysplasia, between moderate dysplasia and
severe dysplasia, severe dysplasia and carcinoma group. No
statistically significant difference was found in aspect of differentiation in carcinoma group.
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The correlation of p53, Ki-67 and c-erb-B2
A significant positive correlation between p53 and Ki-67 positivity was observed in OSCC (p<0.001) but no significant correlation was determined between c-erb-B2, p53 and Ki-67
(p>0.05) (Table 2).
Table 2: Correlations between p53, Ki-67 ve c-erb-B2 positivity.

Ki-67

p53

C-erb-B2

r=0.641

□2=4.593

P<0.001

p=0.101

□ =2.645
2

C-erb-B2

p=0.266

DISCUSSION
The development of head and neck squamous cell carcinoma
is generally accepted to be a multistep process in which alterations in oncogenes and tumor suppressor genes play an
important role. [14] Because genetic changes accumulate during carcinogenesis and precede malignant transformation or
invasion in OSCC, it is needed to define markers of cellular or
molecular changes that are associated with specific stages of
the disease. In recent years identification of such biomarkers
has become an important field of research in head and neck
cancer [15].
In this study, we aimed to demonstrate the expression of p53,
Ki-67 and c-erb-B2 in normal oral epithelium, dysplasia, and
oral squamous cell carcinoma and to investigate the relationship between them.
Overexpression of p53 protein is frequently detected in OSSC
tissues, even in epithelial dysplasias, by immunohistochemical
method. Alterations of the gene p53 have been reported to
be an early event in the development of head and neck squamous cell carcinomas and its detection may be considered as
a biomarker for these early stages of carcinogenesis [5].
The results of this study showed that the percentage of p53 in
normal oral epithelium with a mean value of 3%, in dysplastic epithelium with a mean value of 13%, and in OSSC with a
mean value of 45%. These data were in line with several investigators’ findings which was reported high frequencies of
p53 gene alteration in head and neck cancer and OSSC varying
from 34 to 100% [16, 17]. In our study, the results revealed
that p53 expression showed statistically significant differences
between normal epithelium and dysplasia, and between dysplasia and OSSC. These results were in accordance with the
observations of Abbas et al [18]. who showed that statistically
significant differences between normal mucosa and severe
dysplasia, between normal mucosa and invasive carcinoma,

and mild and severe dysplasia. Girod et al [19]. showed that
increased proliferative activity in benign, premalignant, and
malignant lesions of the oral cavity presumably reflects a series of genetic and cellular alterations. They added that because proliferative activity alone does not necessarily indicate
malignant transformation, assessment of p53 status may allow differentiation of reactive or potentially neoplastic proliferation in oral lesions.
Cuevas et al [20]. reported that p53 could be not specific
enough to identify patients suffering OED with high risk to
malignancy; however, the evaluation of the presence of p16
and in the tumoral invasive front of OSCC could contribute to
establish the tumor progression.
Ki-67 shows the proliferation capacity of cancer cells, whose
appearance correlates with the presence and severity of the
epithelial dysplasia [6]. In our study, we found the percentage of Ki-67 positive cells in normal oral epithelium with a
mean value of 9%, in dysplastic epithelium with a mean value
of 18%, and in OSSC with a mean value of 54%. In Carlos de
Vicente et al.’s study [21], the percentage of Ki-67 positive
cells in all tumor specimens ranged between 5 and 85%, with
a mean Ki-67 index value of 34%. In this study, the number of
Ki-67 positive cells increased significantly in normal, dysplastic
epithelium and OSSC. Our results are in accordance with the
results reported by Piatelli et al [2]. 2 who found that Ki-67
expression increased with malignancy potential of the lesion
in dysplastic epithelium and OSSC. Iamaroon et al [23]. found
that p53 and Ki-67 showed a trend to increase with disease
progression. In addition, Birajdar et al [24]. mentioned that Ki67 is a reliable proliferative marker which can be used for the
diagnosis of oral epithelial dysplasias which have tendency to
undergo malignant transformation in their study.
The c-erb-B2 oncoprotein is a transmembrane protein, the
presence of which has been associated with poor prognosis
in several human neoplasms such as breast, and endometrial
cancer [8, 9]. In our study, we found the percentage of c-erbB2 positive cells in normal oral epithelium with a value of 0%,
in dysplastic epithelium with a value of 8%, and in OSSC with
a value of 28%. An immunohistochemical study on cancer of
the head and neck revealed that expression of c-erb-B2 in malignant epithelium was 78% [11]. In another study made by
Craven et al [25]. on the same subject, it has been stated that
immunoreactivity of c-erb-B2 was 46%. The same authors
added that, there was a definite association between immunohistochemical detection of c-erb-B2 and head and neck
squamous cell carcinoma, since almost half of the tumour
specimens manifested detectable c-erb-B2 protein. However,
this association could not be extended to a predicted disease
progression or outcome.
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According to our findings, c-erb-B2 showed a trend to increase
with disease progression but this was not statistically important. In a similar study conducted by Hou et al [26]. it was reported that as the cells acquire a more malignant phenotype,
there was a progressive increase in neu/c-erb-B2 expression.
Iamaroon et al [23]. stated that a significant correlation between p53 and Ki-67 positive cells was observed in OSSC. In
accordance with these authors, in the presented study the
expression of both p53 and Ki-67 was clearly demonstrated in
OSSC and was found a positive correlation between these two
markers. This finding shows that alterations of p53 lead to increased cell proliferation in OSSC. Contrary to these findings,
Kurokawa et al [27]. have reported that no significant correlation was found between p53-labeling index and Ki-67-labeling
index, and clinical site or clinical types (normal epithelium and
leukoplakia).
In conclusion, we reveal that expression of p53 and Ki-67 increased from normal through dysplastic epithelium to OSCC
and suggesting that they may play a critical role in oral carcinogenesis. There was a significant positive correlation between
both markers. On the other hand, it was found that c-erb-B2
positive cells tended to increase from normal through dysplastic epithelium to OSCC but this was not statistically important.
No significant correlation was found between c-erb-B2, p53
and Ki-67. Further studies are recommended to highlight the
significance of c-erb-B2 in oral squamous cell carcinoma.
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