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Abstract
Background:

Oral premalignant lesions may exhibit progressive cellular and molecular alterations before the development of
oral squamous cell carcinoma (OSCC). Ki-67 reflects cellular proliferative activity, whereas p53 is associated
with cell-cycle regulation and genomic integrity. Evaluation of these markers may provide additional insight
into the biological changes accompanying oral carcinogenesis.

Aim:

To evaluate and compare the immunohistochemical expression of Ki-67 and p53 in oral premalignant and
malignant lesions and to determine their association with the histological grade of OSCC
Materials and Methods:

This study included 150 patients with histopathologically diagnosed oral lesions, comprising leukoplakia
(n=45), oral submucous fibrosis (OSMF) (n=30), oral lichen planus/lichenoid lesions (n=20), erythroplakia
(n=10), and OSCC (n=45). Immunohistochemical staining was performed to assess Ki-67 and p53 expression.
The percentage of positive cells was recorded and compared among the diagnostic groups. OSCC cases were
further categorized according to histological differentiation. Statistical analysis included one-way analysis of
variance (ANOVA), independent-samples t-test, post-hoc comparisons, and correlation analysis, with p < 0.05
considered statistically significant.

Results:

Ki-67 expression varied significantly among the lesion groups (p < 0.001), with mean values ranging from 6.9 +
3.1% in OSMF to 38.5 = 11.6% in OSCC. Similarly, p53 expression increased from 11.8 + 5.9% in OSMF to
55.8 £ 15.2% in OSCC (p < 0.001). Comparison between premalignant and malignant lesions demonstrated
significantly greater Ki-67 and p53 expression in OSCC (p < 0.001 for both). A significant positive correlation
was observed between Ki-67 and p53 expression (r = 0.68, p < 0.001). Among OSCC cases, both markers
increased progressively with poorer histological differentiation, with the highest expression observed in poorly
differentiated tumors.

Conclusion:

Ki-67 and p53 expression showed significant differences across oral premalignant and malignant lesions and
increased with advancing histological grade of OSCC. Their positive correlation suggests that enhanced
cellular proliferation and altered p53-associated regulatory mechanisms may occur concurrently during
malignant progression. Combined assessment of these markers may therefore provide useful adjunctive
information for biological characterization of oral lesions. However, further prospective studies with larger
cohorts and molecular validation are required to establish their independent diagnostic and prognostic value.
Keywords: Biomarkers, Cell proliferation, Ki-67, Oral lichen planus, Oral premalignant lesions, Oral
squamous cell carcinoma, Oral submucous fibrosis, p53, Tumor grade
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I.  Introduction
Oral potentially malignant disorders (OPMDs) represent a heterogeneous group of oral mucosal
conditions that are associated with an increased risk of progression to oral squamous cell carcinoma (OSCC).
Their clinical and microscopic features can vary considerably, and the likelihood of malignant transformation is
influenced by both the type of lesion and the presence and severity of epithelial abnormalities. Histopathological
assessment of epithelial dysplasia remains an important component of risk evaluation; however, morphological
grading alone may not completely reflect the underlying biological alterations within a lesion [1].

The development of oral cancer is a multistep process characterized by progressive genetic and
molecular changes that disturb normal mechanisms of cellular proliferation, differentiation, DNA repair, and
apoptosis. During this process, alterations may occur before the development of overt malignant morphology,
creating a need for biomarkers that can provide additional information regarding the biological behavior of
premalignant lesions. Immunohistochemistry (IHC) has consequently become an important adjunct to
conventional histopathological examination because it permits visualization of specific molecular and cellular
alterations within tissue sections [2].

Among the biomarkers investigated in oral carcinogenesis, Ki-67 is widely used as an indicator of
cellular proliferative activity. Ki-67 is a nuclear protein expressed during the active phases of the cell cycle but
is largely absent in resting cells. In normal oral epithelium, proliferating cells are predominantly confined to the
basal and parabasal compartments. Increased Ki-67 expression and expansion of positive cells toward the upper
epithelial layers have been associated with progressive epithelial abnormalities and may provide an indication of
disturbed proliferative control [3].

The expression of Ki-67 has been investigated extensively in oral epithelial dysplasia and OSCC, with
studies suggesting that differences in the intensity and distribution of staining may assist in distinguishing
normal mucosa, dysplastic epithelium, and malignant tissue. Nevertheless, variations in tissue processing,
antibody selection, scoring methods, and interpretation criteria have contributed to differences between
individual studies. Recent systematic evidence indicates that Ki-67 can be useful in the assessment of oral
potentially malignant and malignant lesions, although its ability to predict aggressive clinical behavior or
recurrence remains less consistent [4].

pS3 represents another important biomarker involved in the molecular pathway of oral carcinogenesis.
The TP53 gene encodes a tumor suppressor protein that contributes to genomic stability by regulating cell-cycle
arrest, DNA repair, senescence, and apoptosis following cellular stress or DNA damage. Genetic alterations
involving TP53 may result in abnormal accumulation of p53 protein within cells, which can be detected
immunohistochemically. Consequently, aberrant p53 expression has been investigated as a marker of molecular
alterations occurring during the transition from potentially malignant epithelium to carcinoma [5].

Evidence from longitudinal investigations has indicated that p53 overexpression may have prognostic
relevance in OPMDs. A systematic review and meta-analysis demonstrated an association between p53
overexpression and an increased risk of malignant transformation, supporting its potential value in identifying
lesions with greater biological risk. However, the strength of this association may vary according to lesion
subtype and immunohistochemical methodology, emphasizing the importance of standardized assessment [6].

The biological information provided by Ki-67 and p53 is complementary. Ki-67 primarily reflects the
proliferative status of epithelial cells, whereas p53 provides information related to abnormalities in cell-cycle
regulation and genomic integrity. Evaluation of these markers in combination may therefore provide a broader
representation of the molecular changes accompanying oral carcinogenesis. Both markers have also been among
the most frequently investigated immunohistochemical biomarkers in studies addressing field cancerization and
malignant progression within the oral cavity [7].

Despite substantial research, the diagnostic significance of Ki-67 and p53 remains influenced by
differences in lesion classification, histological grade, staining protocols, antibody clones, cutoff values, and
scoring systems. Furthermore, OPMDs demonstrate considerable biological heterogeneity, and not every lesion
showing dysplastic or biomarker alterations will progress to invasive carcinoma. These factors highlight the
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importance of comparative studies that evaluate biomarker expression alongside established histopathological
characteristics rather than relying on a single marker in isolation [8].

In this context, comparative evaluation of Ki-67 and p53 expression may help clarify the relationship
between proliferative activity, cell-cycle dysregulation, and malignant transformation in oral lesions. A recent
synthesis of the literature has further emphasized the continuing role of these biomarkers in the
histopathological evaluation of OPMDs and OSCC, while also identifying limitations related to methodological
heterogeneity and interpretation [9]. Therefore, the present study was undertaken to comparatively evaluate the
immunohistochemical expression of Ki-67 and p53 in oral premalignant and malignant lesions and to assess
their potential relationship with the histopathological progression of oral epithelial disease.

II.  Materials & Methods
Study Design and Study Population
This cross-sectional observational study was conducted at a single tertiary care centre to evaluate the
immunohistochemical expression of Ki-67 and p53 in oral premalignant and malignant lesions from January to
March 2025. A total of 150 patients with clinically suspected and histopathologically confirmed oral lesions
were included in the study. The study population comprised 45 cases of leukoplakia, 30 cases of OSMF, 20
cases of oral lichen planus/lichenoid lesions, 10 cases of erythroplakia, and 45 cases of OSCC.

Inclusion Criteria
e Patients with histopathologically confirmed oral premalignant or malignant lesions
e Patients diagnosed with leukoplakia, oral submucous fibrosis (OSMF), oral lichen planus/lichenoid
lesions, erythroplakia, or OSCC
e Patients with adequate tissue specimens suitable for histopathological and immunohistochemical
evaluation
e Patients with complete demographic and relevant clinical information available for analysis

Exclusion Criteria
e Cases with inadequate or insufficient tissue specimens for immunohistochemical evaluation
e Specimens showing poor preservation or significant tissue degeneration that could interfere with
interpretation
e (Cases with incomplete demographic or clinical records
e Patients with lesions that could not be definitively classified histopathologically
e  Specimens in which immunohistochemical staining was technically inadequate or uninterpretable

Clinical and Histopathological Evaluation

Relevant demographic and clinical information, including age and sex, was recorded for each participant.
Representative tissue specimens obtained during diagnostic biopsy or surgical procedures were processed
routinely for histopathological examination. Tissue sections were stained with hematoxylin and eosin (H&E)
and examined under light microscopy to establish the final histopathological diagnosis.

The OSCC cases were further classified according to their degree of histological differentiation into well-
differentiated, moderately differentiated, and poorly differentiated categories.

Immunohistochemical Evaluation

For immunohistochemical analysis, representative paraffin-embedded tissue sections were prepared
and subjected to staining for Ki-67 and p53. Sections were processed using standard immunohistochemical
procedures, including deparaffinization, rehydration, antigen retrieval, blocking of endogenous activity,
incubation with the respective primary antibodies, and application of an appropriate detection system.
Appropriate positive and negative controls were included to ensure the reliability of the staining procedure. Ki-
67 immunoreactivity was identified as brown nuclear staining, while p53 positivity was assessed based on the
presence of distinct nuclear immunoreactivity in lesional epithelial or tumor cells.

Assessment of Ki-67 and p53 Expression

Immunostained sections were examined microscopically, and the proportion of positive cells was
recorded as a percentage of the total cells evaluated. The Ki-67 labeling index was calculated as the percentage
of cells showing nuclear Ki-67 positivity. Similarly, p53 expression was expressed as the percentage of cells
demonstrating positive nuclear staining.

DOI: 10.35629/076X-12082030 www.questjournals.org 22 | Page



Comparative Immunohistochemical Evaluation of Ki-67 and p53 in Oral Premalignant And ..

The staining results were evaluated across the different diagnostic groups to determine differences in
proliferative activity and p53 expression. In OSCC, marker expression was additionally compared according to
histological grade.

Statistical Analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS),
IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables such as
age, Ki-67 labeling index, and p53 expression were expressed as mean + standard deviation (SD), while
categorical variables were summarized as frequencies and percentages. The distribution of continuous variables
was assessed for normality before applying parametric tests. For comparison of Ki-67 and p53 expression across
the five lesion groups (leukoplakia, OSMF, OLP/lichenoid lesions, erythroplakia, and OSCC), one-way analysis
of variance (ANOVA) was used Comparison of Ki-67 and p53 expression between premalignant and malignant
lesions was performed using the independent-samples Student's t-test. The relationship between Ki-67 and p53
expression was assessed using Pearson's correlation coefficient (r). Among OSCC cases, differences in Ki-67
and p53 expression according to histological grade (well, moderately, and poorly differentiated) were evaluated
using one-way ANOVA, followed by post-hoc multiple comparison testing. All statistical tests were two-tailed,
and a p-value <0.05 was considered statistically significant, while p<0.001 was considered highly statistically
significant. The results were presented in tables and graphical form wherever appropriate.

III.  Results

Table 1 & Figure 1 summarize the demographic profile of the 150 study participants. The mean age of
the participants was 49.2 + 12.4 years. The 41-50-year age group constituted the largest proportion, with 43
participants (28.7%), followed by those aged 51-60 years, comprising 37 participants (24.7%). Participants aged
>60 years accounted for 28 (18.7%), while 25 (16.7%) were in the 31-40-year age group and 17 (11.3%) were
aged 18-30 years. A male predominance was observed, with 96 males (64.0%) and 54 females (36.0%).
Overall, the study population was predominantly middle-aged, with males representing approximately two-
thirds of the participants.

Table 1: Distribution of patients according to demographic characteristics

Parameter n (%) / Mean = SD
Age (years) 49.2+124
18-30 years 17 (11.3%)
31-40 years 25 (16.7%)
Age Group 41-50 years 43 (28.7%)
51-60 years 37 (24.7%)
>60 years 28 (18.7%)
Male 96 (64.0%)
Gender Female 54 (36.0%)
64%
36%
28.70%
24.70%

s, 1670% I I 18.70%
x B a

18-30 31-40 41-50 51-60 >60 years| Male Female
years years years years

Age Group ‘ Gender

Figure 1: Age-wise and sex-wise distribution of the study participants

Table 2 & Figure 2 illustrate the distribution of histopathological diagnoses among the 150 study
participants. Leukoplakia and OSCC were the most commonly observed diagnostic categories, with 45 cases
(30.0%) each. OSMF was diagnosed in 30 patients (20.0%), whereas oral lichen planus/lichenoid lesions
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(OLP/LL) accounted for 20 cases (13.3%). Erythroplakia was the least frequently identified lesion, with 10
cases (6.7%). Overall, the study encompassed a diverse range of histopathological conditions, extending from
potentially malignant oral lesions to established invasive malignancy. Leukoplakia and OSCC together
constituted 60.0% of the study population.

Table 2: Histopathological distribution of study lesions

Diagnosis n %
Leukoplakia 45 30.0
OSMF 30 20.0
OLP/lichenoid lesion 20 13.3
Erythroplakia 10 6.7
0OSCC 45 30.0
Total 150 100.0

6.7

13.3 20
B Leukoplakia B Oral submucous fibrosis
OLP/lichenoid lesion M Erythroplakia

m Oral squamous cell carcinoma

Figure 2: Distribution of study participants according to histopathological diagnosis

Table 3 & Figure 3 demonstrate substantial differences in Ki-67 immunohistochemical expression
among the evaluated lesion groups. The lowest mean Ki-67 labeling index was recorded in OSMF (6.9 + 3.1%),
followed by oral lichen planus/lichenoid lesions (7.8 + 3.4%) and leukoplakia (8.6 + 3.7%). Erythroplakia

exhibited a comparatively higher mean labeling index of 14.7 + 5.2%, whereas OSCC showed the highest value
at38.5+ 11.6%.

The standard error ranged from 0.55 to 1.73, with minimum and maximum Ki-67 values varying across
the diagnostic groups. Overall, Ki-67 expression demonstrated a progressive increase from potentially malignant
lesions to OSCC, suggesting greater cellular proliferative activity with malignant progression. The differences in
Ki-67 expression among the lesion groups were statistically highly significant (one-way ANOVA, p <0.001).

Table 3: Comparative Ki-67 labeling index across the different lesion groups

Lesion group n Mean £ SD (%) SE Minimum (%) Maximum (%)
Leukoplakia 45 8.6£3.7 0.55 1.2 16.0
OSMF 30 69+3.1 0.57 0.7 13.1
OLP/Lichenoid 20 78+3.4 0.76 1.0 14.6
Erythroplakia 10 147+52 1.64 43 25.1
OSCC 45 385+11.6 1.73 15.3 61.7

(ANOVA, p < 0.001)

DOI: 10.35629/076X-12082030 www.questjournals.org 24 | Page



Comparative Immunohistochemical Evaluation of Ki-67 and p53 in Oral Premalignant And ..

38.5
14.7
8.6 oo 78 I

Leukoplakia Oral submucous OLP/Lichenoid Erythroplakia OSCC
fibrosis

Table 4 & Figure 4 illustrate the variation in p53 immunohistochemical expression among the different lesion
groups. The lowest mean p53 expression was observed in OSMF (11.8 + 5.9%), followed by oral lichen
planus/lichenoid lesions (13.6 = 6.3%) and leukoplakia (15.2 + 7.1%). Erythroplakia showed a higher mean p53
expression of 28.4 + 9.7%, whereas the highest expression was recorded in OSCC (55.8 + 15.2%). The standard
error ranged from 1.06 to 3.07, while the minimum and maximum expression values varied across the diagnostic
groups. Overall, p53 expression showed a progressive increase from potentially malignant lesions to malignant
disease, indicating greater accumulation of p53-positive cells with malignant progression. The differences in
pS3 expression among the lesion groups were statistically highly significant (one-way ANOVA, p <0.001).

Table 4: Comparative p53 expression across the different lesion groups

Lesion group n Mean £ SD (%) SE Minimum (%) Maximum (%)
Leukoplakia 45 152+7.1 1.06 3.1 29.0
OSMF 30 11.8+59 1.08 2.4 235
OLP/Lichenoid 20 13.6+6.3 1.41 2.7 26.1
Erythroplakia 10 28.4+9.7 3.07 11.2 44.8
0oscC 45 55.8+15.2 227 24.6 84.7

(ANOVA, p < 0.001)

55.8
28.4
15.2
l 2 .13.6 I

Leukoplakia Oral submucous OLP/Lichenoid Erythroplakia OSCC
fibrosis

Figure 4: Comparison of mean p53 immunohistochemical expression among different oral lesion groups
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Table 5 & Figure 5 compare the immunohistochemical expression of Ki-67 and p53 between

premalignant and malignant lesions. Both markers demonstrated substantially higher expression in the
malignant group. The mean Ki-67 labeling index increased from 8.5 + 4.0% in premalignant lesions to 38.5 +
11.6% in malignant lesions, with a statistically highly significant difference (t=16.4, p <0.001).
Similarly, mean p53 expression increased from 14.3 + 7.0% among premalignant lesions to 55.8 = 15.2% in
malignant lesions. This difference was also statistically highly significant (t=17.1, p < 0.001). Overall, both Ki-
67 and p53 exhibited significantly greater expression in malignant lesions, supporting their potential value in
assessing increased cellular proliferation and malignant progression.

Table 5: Comparison of immunohistochemical markers

Marker lS’]r)emallgnant Mean £ Malignant Mean = SD Test p-value

Ki-67 (%) 8.5+4.0 38.5+11.6 t=164 <0.001

p53 (%) 143+7.0 55.8+15.2 t=17.1 <0.001
B Premalignant Mean + SD B Malignant Mean + SD

55.8

8.5

Ki-67 (%) P53 (%)

Figure 5: Comparative mean expression of Ki-67 and p53 in premalignant and malignant lesions

Table 6 demonstrates a significant positive correlation between Ki-67 and p53 immunohistochemical
expression across the study population. A correlation coefficient of r = 0.68 indicated a moderately strong
positive association, showing that higher pS3 expression tended to occur alongside increased Ki-67 labeling.
This relationship was statistically highly significant (p < 0.001).

These findings indicate that increased p53 expression was associated with greater cellular proliferative
activity, suggesting that Ki-67 and p53 may provide complementary information when evaluating cellular
alterations across oral premalignant and malignant lesions.

Table 6: Correlation between Ki-67 and p53

Variables R p-value Interpretation
Ki-67 vs p53 0.68 <0.001 Significant posttive
correlation

Table 7 & Figure 7 demonstrates a progressive increase in both Ki-67 and p53 expression with worsening
histological differentiation of OSCC. Well-differentiated OSCC showed the lowest mean Ki-67 labeling index
(29.4 £ 8.2%) and p53 expression (43.7 £ 11.5%). These values increased to 39.2 £ 9.6% and 56.8 £ 13.4%,
respectively, in moderately differentiated tumors. The highest expression was observed in poorly differentiated
OSCC, with mean Ki-67 and p53 values of 52.7 = 10.8% and 69.3 + 12.7%, respectively.
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Table 7: Ki-67 and p53 ex

ression according to OSCC grade

OSCC grade n Ki-67 (%) Mean £ SD p53 (%) Mean £ SD
Well differentiated 18 29.4+8.2 437+11.5
Moderately differentiated | 17 302+9.6 56.8+13.4
Poorly differentiated 10 52.7+10.8 69.3+12.7

Table 8 presents the post-hoc comparison between the histological grades. Ki-67 expression differed
significantly across all three grades. Expression was higher in moderately differentiated tumors than in well-
differentiated tumors (mean difference = —9.8, p = 0.003). Similarly, poorly differentiated tumors showed
significantly higher Ki-67 expression than both well-differentiated (mean difference = —23.3, p < 0.001) and
moderately differentiated tumors (mean difference =—13.5, p = 0.004).

A similar grade-related pattern was observed for p53 expression. Significant differences were found between
well- and moderately differentiated tumors (mean difference = —13.1, p = 0.004), well- and poorly differentiated
tumors (mean difference = —25.6, p < 0.001), and moderately and poorly differentiated tumors (mean difference
=-12.5,p=0.025).

Overall, both markers exhibited a significant increase with advancing histological grade, with the highest Ki-67
and p53 expression observed in poorly differentiated OSCC. This pattern suggests that greater proliferative
activity and altered p53 expression may be associated with poorer tumor differentiation and potentially more
aggressive disease.

Table 8: Post Hoc Comparison

Ki-67expression p53 expression
Comparison Mean Difference | p-value | Mean Difference | p-value
Well differentiated vs. Moderately differentiated —9.8 0.003 -13.1 0.004
Well differentiated vs. Poorly differentiated —23.3 <0.001 | —25.6 <0.001
Moderately differentiated vs. Poorly differentiated -13.5 0.004 -12.5 0.025

EKi-67 (%) Mean £ SD  mp53 (%) Mean + SD

69.3

Well differentiated Moderately

differentiated

Poorly differentiated

Figure 6: Comparison of mean Ki-67 and p53 expression according to histological grade of OSCC

IV.  Discussion
The present study comparatively evaluated the immunohistochemical expression of Ki-67 and p53 in
oral premalignant and malignant lesions to assess their potential role in identifying progressive epithelial
alterations and malignant transformation. These biomarkers represent two complementary aspects of tumor
biology. While p53 is involved in genomic surveillance, DNA-damage response, cell-cycle regulation, and
apoptosis, Ki-67 is primarily associated with cellular proliferation. Their combined assessment may therefore
provide a broader understanding of the biological behavior of oral epithelial lesions.

Wood et al. (1994) [10] demonstrated accumulation of the p53 tumor-suppressor gene product in oral
leukoplakia, indicating that alterations involving the p53 pathway may occur during the premalignant stage of
oral carcinogenesis. Similarly, Langdon and Partridge (1992) [11] reported p53 expression in oral cancer and
suggested an association between abnormalities of the p53 tumor-suppressor pathway and malignant
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transformation. These findings support the concept that disruption of p53-mediated cell-cycle control may allow
genetically altered epithelial cells to escape apoptosis and continue proliferating, thereby contributing to
carcinogenesis.

The detection of p53 immunoreactivity in premalignant lesions is particularly important because it may
indicate alterations in cellular regulatory mechanisms before the development of frank malignancy. However,
immunohistochemical p53 positivity should not be considered synonymous with a TP53 gene mutation, as
protein accumulation can result from different molecular mechanisms. Therefore, p53 expression is best
interpreted in conjunction with histopathological findings and other biomarkers rather than being considered an
isolated diagnostic parameter.

In this context, Varun et al. (2014) [12] evaluated p53 and p63 expression immunohistochemically in
OSCC, oral leukoplakia, and OSMF. Their observations demonstrated differential expression of these markers
among oral lesions and highlighted the usefulness of immunohistochemistry in investigating molecular
alterations associated with progression from potentially malignant disorders to carcinoma. These findings
further support the relevance of p53 as a marker of altered epithelial biology in oral potentially malignant and
malignant lesions.

Ki-67 provides complementary information because its expression reflects the proliferative activity of
cells. Increased Ki-67 labeling indicates expansion of the proliferative cell population and may accompany
progressive epithelial atypia and malignant transformation. Thus, assessment of Ki-67 expression can provide an
indication of the biological activity of a lesion and may help differentiate lesions exhibiting relatively limited
epithelial alteration from those with more pronounced proliferative behavior.

The clinical significance of Ki-67 in OSCC has also been investigated. Gadbail et al. (2021) [13]
reported that the Ki-67 labeling index was associated with clinical outcome and survival in patients with OSCC,
emphasizing the potential relationship between proliferative activity and tumor behavior. Their findings provide
biological support for incorporating Ki-67 assessment into the evaluation of oral malignancies. However, the
prognostic utility of Ki-67 remains controversial. Gonzalez-Moles et al. (2010) [14] concluded that Ki-67
should not necessarily be regarded as an independent prognostic indicator in OSCC. Variations in tumor
heterogeneity, staining methodology, evaluation criteria, cutoff values, and clinical characteristics may
contribute to differences among studies.

The combined evaluation of Ki-67 and p53 may consequently provide greater biological insight than
assessment of either marker independently. p53 expression primarily reflects abnormalities associated with cell-
cycle regulation and tumor-suppressor function, whereas Ki-67 reflects the proliferative status of the epithelial
or tumor cell population. Increased expression of both markers may therefore indicate a lesion in which
regulatory mechanisms are compromised while cellular proliferation is simultaneously enhanced. This
complementary relationship is particularly relevant when comparing premalignant lesions with established
OSCC.

Further support for the biological relevance of these markers was provided by Verma et al. (2014) [15],
who evaluated Ki-67 and p53 expression at the invasive tumor front of OSCC. Their study emphasized the
importance of these biomarkers in relation to tumor progression and invasive behavior. The invasive front
represents a biologically active region of the tumor characterized by interactions between malignant cells and
the surrounding tissue. Consequently, biomarker expression in this region may provide information that is not
completely reflected by evaluation of the tumor bulk alone.

From a diagnostic and pathological perspective, the present comparative assessment is relevant because
histopathological examination remains the principal approach for diagnosing oral epithelial dysplasia and
OSCC. Nevertheless, interpretation of dysplastic changes may be affected by morphological heterogeneity and
interobserver variation. Immunohistochemical markers can provide additional biological information and may
complement conventional microscopic evaluation. In this regard, Ki-67 offers an estimate of proliferative
activity, whereas p53 provides information regarding abnormalities in tumor-suppressor-associated pathways.

Despite their potential value, neither Ki-67 nor p53 should currently be considered a replacement for
conventional histopathological diagnosis. Immunohistochemical findings may be influenced by antibody
selection, staining protocols, tissue preparation, scoring methods, cutoff values, and the specific region selected
for evaluation. In addition, p53 staining patterns may have different biological interpretations, while Ki-67
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expression may demonstrate considerable intratumoral variation. These methodological factors may explain, at
least in part, the inconsistent prognostic findings reported in the literature.

Overall, the findings from previous studies suggest that Ki-67 and p53 have complementary roles in
characterizing oral premalignant and malignant lesions and demonstrate the biological and potential prognostic
relevance of Ki-67 and its relationship with p53. Taken together, these findings indicate that combined
assessment of proliferative activity and cell-cycle dysregulation may improve the biological characterization of
oral lesions. However, larger prospective investigations using standardized immunohistochemical scoring
systems and molecular validation are required to establish the independent diagnostic and prognostic value of
Ki-67 and p53 in oral premalignant and malignant lesions.

V.  Limitations

The present study had several limitations. The relatively limited sample size may restrict the
generalizability of the findings to larger and more diverse populations. The cross-sectional design permitted
assessment of Ki-67 and p53 expression at a single time point and therefore did not allow evaluation of changes
in marker expression over time or establish a causal relationship with malignant transformation. Furthermore,
the study was conducted in a single setting, which may have introduced selection bias and limited the
applicability of the findings to other populations and clinical environments. Immunohistochemical results may
also be influenced by tissue processing, antibody characteristics, staining procedures, and scoring methods,
potentially affecting comparisons with other studies. Ki-67 and p53 expression were assessed
immunohistochemically without molecular confirmation; particularly, p53 positivity does not necessarily
indicate an underlying TP53 mutation. In addition, only a limited number of biomarkers were investigated,
while other molecular pathways involved in proliferation, apoptosis, cell-cycle regulation, invasion, and
malignant transformation were not evaluated. Although increased Ki-67 and p53 expression was associated with
higher OSCC histological grade, long-term outcomes such as recurrence, metastasis, and disease-specific
survival were not assessed, limiting conclusions regarding their prognostic value. Therefore, larger multicenter
prospective studies incorporating standardized immunohistochemical assessment, molecular validation, and
long-term clinical follow-up are warranted to establish the diagnostic and prognostic significance of these
biomarkers.

VI.  Conclusion

The present study demonstrated a significant difference in Ki-67 and p53 immunohistochemical
expression across oral premalignant and malignant lesions. Both markers showed progressively higher
expression in OSCC compared with premalignant conditions, with the greatest expression observed in poorly
differentiated tumors. A significant positive correlation between Ki-67 and p53 further suggested an association
between increased proliferative activity and altered cell-cycle regulation. These findings indicate that Ki-67 and
pS3 may serve as useful adjunctive biomarkers for characterizing biological changes associated with oral
carcinogenesis. However, their expression should be interpreted alongside conventional clinical and
histopathological findings, as neither marker alone can reliably establish malignant transformation or tumor
behavior. Further studies with larger sample sizes, standardized immunohistochemical protocols, molecular
validation, and long-term clinical follow-up are warranted to clarify their diagnostic and prognostic significance.
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