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Abstract. Relevance. Studies on the development of squamous cell carcinoma of the oral mucosa are of paramount importance 
due to the widespread of the disease and its aggressive course. When histological examination of the development of squamous 
cell carcinoma of the oral mucosa is not always possible to determine the first signs of malignancy. Squamous cell carcinoma 
can develop from epithelial hyperplasia and epithelial dysplasia of varying severity. In addition to histological research methods, 
immunohistochemical method is widely used for tumor diseases, in which the Ki‑67 protein is used, with which the proliferation 
of epithelial cells can be determined, as well as the P53 protein encoding the TP53 gene, which is a suppressor of tumor growth. 
It is activated only in the presence of damage to the cell genome. The aim was to evaluate the expression of Ki‑67 and P53 
proteins in the development of dysplasia and squamous cell carcinoma of the oral mucosa. Materials and Methods. Four groups 
were identified for the study: group 1–16 patients (34.7%) diagnosed with epithelial hyperplasia, group 2–8 patients (17.3%) 
diagnosed with low-grade epithelial dysplasia, group 3–9 (19.5%) with a diagnosis of “high-grade epithelial dysplasia”, group 
4–13 (28.2%) with a diagnosis of “squamous cell carcinoma”. Mouse monoclonal antibodies to Ki‑67 (clone MM1, Diagnostic 
Biosystems, USA) was used to determine cell proliferation. P53 expression was determined using mouse monoclonal antibodies 
to the P53 protein (Clone D 07, Novocastra, UK). Monoclonal rabbit antibodies P53 (Clone Y5 Epitomics, USA) were used to 
study only the “mutant type” of the P53 protein. Results and Discussion. The expression of Ki‑67 and P53 proteins were observed 
in all groups. However, the minimum number of immunopositive cells in the study of P53 (Clone D 07) and P53 (Clone Y5) 
was observed in the epithelial hyperplasia group, and the maximum in the squamous cell carcinoma group. The increase in the 
number of stained cells significantly increased as the degree of epithelial dysplasia increased from epithelial hyperplasia and 
low grade epithelial dysplasia to high grade epithelial dysplasia, etc. Conclusion. Thus, the detection of the expression of the 
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P53 protein (Clone Y5) in the epithelium indicates the presence of changes in the genetic apparatus and metabolism of cells, 
which can be used in the early diagnosis of squamous cell carcinoma of the oral mucosa.
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Introduction
Head and neck cancer is the sixth most common 

type of cancer worldwide. According to research by 
Daniel E. Johnson et al., 890,000 new cases were 
identified between 2018 and 2020. The mortality rate 
for head and neck cancer was 450,000 in 2018. These 
numbers are growing and may increase by 30% by 
2030, amounting to 1.08 million new cases per year [1].

Squamous cell carcinoma (SCC) of the oral mucosa 
is the most frequent among head and neck malignancies 
[2]. It has a destructive growth pattern and often infil-
trates underlying tissues. In 85% of cases, it metastasizes 
to regional and distant lymph nodes, and in 15% of 
cases, SCC spreads to internal organs [3]. Due to late 
diagnosis, SCC is considered a disease with a high 
mortality rate. It is known that precancerous conditions 
of the oral mucosa, such as hyperplasia and dysplasia of 
varying degrees, precede the development of SCC [4].

Histological examination of the oral mucosa re-
veals that the presence of epithelial dysplasia (ED) 
indicates a higher risk of malignant transformation of 
the epithelium. ED can be classified as low, moderate, 
or high grade. There is a close correlation between 

high-grade dysplasia and cancer development [5]. The 
basis for diagnosing neoplastic processes includes his-
tological and immunohistochemical (IHC) methods. 
In IHC, antibodies to the Ki‑67 protein are often used. 
Its expression indicates the proliferative activity of 
cells, which is considered an important criterion in 
the development of neoplasms [6]. The quantitative 
measure of cells expressing the Ki‑67 protein allows 
the assessment of prognosis and the degree of malignant 
transformation [7]. Due to this protein’s ability to appear 
in actively dividing cells and its absence in resting 
cells (G0 phase), it is an excellent marker for tumor 
cell proliferation. A high level of immunopositive cells 
indicates the growth and increase in the volume of 
newly formed tissue, exacerbating the clinical course 
of the disease [8].

The P53 protein encodes the TP53 gene, often 
referred to as the “guardian of the genome” because it 
acts as a tumor growth suppressor. This protein regulates 
genes responsible for the cell cycle, DNA repair, angio-
genesis, induction of cell death, antioxidant processes, 
and metabolism, and it is activated only in the presence 
of DNA damage. In its active state, the P53 protein binds 
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to DNA and triggers apoptosis. This process involves 
the halting of the cell cycle, gene transcription, and 
DNA replication. P53 protein is activated in response to 
genetic damage and stressful conditions. Additionally, 
activation occurs in the presence of a large number of 
proliferating (potentially oncogenic) cells, manifesting 
as the “wild type” WTP53. The regulation of this pro-
tein’s activity primarily involves its post-translational 
modifications and interactions with other proteins. 
It is known that this protein has a nuclear influence, 
participating in transcription and cell apoptosis, and 
also controls the function of cellular organelles and 
regulates metabolism — an extranuclear influence [9].

Mutations in the TP53 gene lead to the cell’s ina-
bility to undergo apoptosis, causing DNA damage to 
accumulate while the cell continues to function with 
a disrupted genotype, potentially contributing to cancer 
development.

The aim of this work was to evaluate the expression 
of Ki‑67 and P53 proteins in the development of dys-
plasia and squamous cell carcinoma of the oral mucosa.

Materials and Methods
The evaluation and study of the material were 

conducted at the Pathological Anatomy Laboratory of 
the National Medical Research Center for Dentistry and 
Maxillofacial Surgery of the Russian Ministry of Health. 
Material of the archive from the Department of Oral 
Mucosal Diseases of National Medical Research Center 
for Dentistry and Maxillofacial Surgery of the Russian 
Ministry of Health, collected from July 2020 to August 
2022, was used. The study included 46 patients with an 
average age of 86.4 years. Two primary diagnoses were 
selected for the study: “leukoplakia” and “squamous cell 
carcinoma”. Based on the obtained morphological char-
acteristics, five histological diagnoses were identified, 
namely: epithelial hyperplasia (EH), low-grade epithelial 
dysplasia (LGED), moderate-grade epithelial dysplasia 
(MGED), high-grade epithelial dysplasia (HGED), and 
squamous cell carcinoma (SCC). The use of a binary 
classification system for epithelial dysplasia allowed us 
to combine two histological diagnoses: low-grade and 
moderate-grade dysplasia into a single group, LGED.

Based on the degree of epithelial changes, four 
groups were identified: the 1st group (EH) included 
16 patients (34.7%) with the diagnosis of “epithelial 
hyperplasia,” the 2nd group (LGED) included 8 patients 
(17.3%) with the diagnosis of “low-grade epithelial 
dysplasia,” the 3rd group (HGED) included 9 patients 
(19.5%) with the diagnosis of “high-grade epithelial 
dysplasia,” and the 4th group (SCC) included 13 pa-
tients (28.2%) with the diagnosis of “squamous cell 
carcinoma.”

Histological and IHC studies of biopsy material 
were conducted according to the recommended protocol. 
To determine the proliferative activity of cells, mouse 
monoclonal antibodies to the Ki‑67 protein (clone 
MM1, Diagnostic Biosystems, USA) were used. For 
the analysis of P53 protein expression, both “mutant” 
and “wild” types, mouse monoclonal antibodies to 
the P53 protein (Clone D 07, Novocastra, UK) were 
used, and for a more detailed study of the “mutant” 
type of the protein, an independent IHC study was 
conducted using rabbit monoclonal antibodies to P53 
(Clone Y5, Epitomics, USA). An Axioplan 2 imaging 
microscope (Carl Zeiss) and Mlchrome 5 Pro, 5MP 
Color Microscope Camera were used for evaluation 
and photo documentation.

The expression of the studied proteins in the IHC 
method was calculated by the number of immunopos-
itive cells to the total number of epithelial cells. In the 
three study groups (EH, LGED, and HGED), immu-
noreactive cells were predominantly determined in the 
lower one-third of the epithelial layer. This allowed us 
to assess the expression of Ki‑67 and P53 proteins in 
the cells of the basal (germinal and prickle) layers. In 
the fourth group (SCC), the evaluation of stained cells 
by proteins was conducted in complexes of cancer cells, 
as well as surrounding altered cells.

Statistics
The statistical data processing was carried out in 

the Windows 10 environment (IBM Corporation, USA) 
using SPSS Statistics version 23. The Kruskal-Wallis 
method was used for comparative analysis (tables 1, 
2, 3). The Friedman test was applied for within-group 
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comparison of indicators at p≤0.05. In the Friedman 
test comparisons within the EG and EDNS groups, the 
highest indicators were Ki‑67 and P53 (Clone D‑07) 
proteins, and the lowest was P53 (Clone Y5). In the 
EDVS group, all indicators were at the same level, 

while in the PR group, the Ki‑67 protein was determined 
at the highest level, and the indicators for P53 (Clone 
D‑07) and P53 (Clone Y5) had the same level of protein 
expression.

Table 1
Paired comparisons between the studied groups according to Ki‑67 by the Kruskal-Wallis test

Groups
Proliferative activity by Ki‑67

Me (Q1; Q3)
%

Paired comparisons (p)

EH– LGED EH– HGED EH– SCC LGED –HGED LGED — SCC HGED — SCC

EH 14(12;15)

0.233 0.001 0.000 1.000 0.007 0.352
LGED 25(22;32,5)

HGED 43(41;47)

SCC 61(59;64)

EH — epithelial hyperplasia; LGED — low grade epithelial dysplasia; HGED — high grade epithelial dysplasia; SCC — squamous cell 
carcinoma.

Table 2
Paired comparisons between the studied groups according to P53 (Clone D‑07) by the Kruskal-Wallis test

Groups
P53 Clone D‑07

Me (Q1; Q3)
%

Paired comparisons (p)

EH– LGED EH– HGED EH– SCC LGED –HGED LGED — SCC HGED — SCC

EH 12,1(11;13,5)

0.232 0.001 0.000 0.897 0.010 0.614
LGED 22,5(19;28,5)

HGED 43(38;47)

SCC 56(53;56)

EH — epithelial hyperplasia; LGED — low grade epithelial dysplasia; HGED — high grade epithelial dysplasia; SCC — squamous cell 
carcinoma.

Table 3
Paired comparisons between the studied groups according to P53 (Clone Y5) by the Kruskal-Wallis test

Groups
P53 Clone Y‑5
Me (Q1; Q3)

%

Paired comparisons (p)

EH– LGED EH– HGED EH– SCC LGED –HGED LGED — SCC HGED — SCC

EH 0(0;6,5)

0.225 0.000 0.000 0.699 0.013 0.942
LGED 16(12;21)

HGED 38(35;41)

SCC 45(42;51)

EH — epithelial hyperplasia; LGED — low grade epithelial dysplasia; HGED — high grade epithelial dysplasia; SCC — squamous cell 
carcinoma.
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Results and discussion
Histological Study

In routine examination with hematoxylin and eo-
sin in the first group (EH), an increase in the number 
of epithelial cells was noted against the background 
of chronic inflammation in the lamina propria of the 
oral mucosa. Parakeratosis and hyperkeratosis were 
observed in the upper layers, while no atypical cells 
were detected. In the second group (LGED), a few 
polymorphic cells were found in 1/3 of the epithelial 
layer, with disrupted cell stratification but preserved 
cell differentiation in the upper layers of the epithelium. 

In the third group (HGED), cell nuclear polymorphism 
and increased mitosis of cells in 2/3 of the epithelial 
layer were noted. In the fourth group (SCC), changes 
in epithelial cells were observed, namely: complete 
loss of stratification and structure, and differentiation. 
Increased mitosis and pronounced nuclear-cytoplasmic 
ratio were observed. Altered cells formed complexes, 
with a higher number of atypical cells found in the 
non-keratinizing type of SCC In the keratinizing type 
of SCC, the presence of “keratin pearls” was noted. 
Pronounced infiltrative growth was observed in both 
cases of PR (Figure 1: a, b, c, d).

a b

c d
Fig. 1. Morphological characteristics of the oral mucosa in hyperplasia (a), low-grade dysplasia (b), high-grade dysplasia (c)  

and squamous cell carcinoma (d). Staining with hematoxylin-eosin (x 100)



Ivina A.A. et al.  Вестник РУДН. Серия: Медицина. 2025. Т. 29. № 4

548 ОНКОЛОГИЯ

Immunohistochemical Study
Expression of the Ki‑67 protein in the EH group 

was noted only in the lower third of the basal layer. In 
the LGED group, the number of actively dividing cells 
was observed in the germinative layer. Proliferative 
activity in this group was higher than in the EH group, 
as stained nuclei were occasionally found in the prickle 
layer. In the HGED group, Ki‑67 protein expression was 
detected in both the germinative and prickle layers. In 
the SCC group, increased cell proliferation was found 
around and within the formed atypical complexes 
(Figure 2: a, b, c, d).

The quantification of the P53 protein (Clone D‑07) 
showed expression in the basal layer of the EH and 
LGED groups, with single altered cells observed in 
the prickle layer. In the HGED group, immunopositive 
cells were noted in the basal layer and partially in the 
prickle layer, with more cells observed in the prickle 
layer than in the EH and LGED groups. In the fourth 
group (SCC), immunoreactive cells for the P53 marker 
were located in approximately the same areas as the 
epithelial cell proliferation study in this group (Figure 
3: a, b, c, d).

a b

c d
Fig. 2. Proliferative activity of epithelial cells of the oral mucosa in hyperplasia (a), low-grade dysplasia (b), high-grade 

dysplasia (c) and squamous cell carcinoma (d). Immunohistochemical reaction to Ki‑67 protein,  
Mayer’s DAB hematoxylin stain (x100)
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a b

c d
Fig. 3. Expression of p53 protein (Clone D‑07) of the epithelium of the oral mucosa in hyperplasia (a), low-grade dysplasia (b), 

high-grade dysplasia (c) and squamous cell carcinoma (d). Immunohistochemical reaction to p53 protein (Clone D‑07),  
Mayer’s DAB hematoxylin stain (x 100)

Expression of P53 (Clone Y5) was absent in the EH 
group. In the LGED group, cell staining was observed 
as weak in the basal layer. In the HGED group, cell 
staining was moderate in the prickle layer and strong in 
the basal layer. In the SCC group, strong cell staining 
was noted in the central and peripheral zones of the 
tumor (Figure 4: a, b, c, d).

It is now established that the P53 protein influ-
ences the development of malignant tumors. Basile 
Tessier-Cloutier et al. discovered a correlation be-
tween the frequency of MPT53 protein expression 
and disease severity in their study on vulvar cancer 
[11]. Previous studies have described the detection 

of MPT53 and WTP53 in various types of human 
cancers (stomach, intestine, prostate) [12]. Jinchul 
Kim et al. noted the oncogenic role of the P53 protein, 
which alters the metabolism of malignant cells, a cru-
cial element in oncogenesis. This process is triggered 
by the activation of proto-oncogenes, transcription 
factors, signaling pathways, and the inactivation of 
tumor suppressor genes (TP53). Many cancer cells 
exhibit a specific type of metabolism — glycolysis, 
an alternative pathway for energy production in 
cancer cells. Mutations in TP53 facilitate the shift 
of damaged cells from oxidative phosphorylation to 
glycolysis [13, 14].
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a b

c d
Fig. 4. Expression of P53 (Clone Y5) in the epithelium of the oral mucosa in hyperplasia (a), low-grade dysplasia (b), high-grade 

dysplasia (c) and squamous cell carcinoma (d), Mayer’s DAB hematoxylin stain (x 100)

Sushmita Swain et al. conducted studies on Ki‑67 
protein expression in precancerous conditions of the 
oral mucosa and in cancer development. The authors 
found that proliferative activity in SCC was higher than 
in precancerous conditions, increasing with malignancy 
and not affecting patient survival [10]. In this study, 
Ki‑67 and P53 (D07) protein expression was found 
in all groups, while P53 (Clone Y5) expression was 
present only in the LGED, HGED, and SCC groups.

Alongside the loss of primary functions that main-
tain cell homeostasis and suppress tumor development, 
mutant proteins often gain oncogenic activity, contrib-
uting to metabolic changes and cancer progression, 

followed by metastasis. Unlike other tumor suppressor 
genes, which often undergo deletions or mutations 
leading to loss of function, most TP53 mutations re-
sult in the formation of mutant proteins classified as 
missense mutations. Accumulation of this protein in 
cancer cells increases their oncogenic activity, such as 
the rate and number of cell divisions, and their ability to 
migrate, potentially accompanied by invasive growth. 
The resistance of malignant cells to various conservative 
cancer treatments in the presence of a high quantity of 
mutant protein has been previously described [15]. Other 
authors studying cancer treatment have described P53 
protein expression with various mutations in cancer 
cells (contact, conformational). They found a correla-
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tion between the accumulation of the “mutant” protein 
type and tumor growth [16]. Brandon J. Aubrey et al. 
established a close connection between the loss of P53 
protein function and the development of malignant 
human tumors in 95% of cases [17].

The results of this study confirm our previous work 
on SCC development, where telomerase activity was 
studied using IHC and fluorescence in situ hybridization 
(FISH). The IHC study showed telomerase expression 
in all cases. Using the FISH method with the LSP TERC 
probe, amplification increased from LGED to SCC [18].

Ragini D. Singh et al. described the appearance of 
MPT53 in SCC development and its influence on tel-
omerase expression [19]. Studies of malignant tumors in 
different locations (lungs, stomach, intestine) using the 
FISH method have shown the frequency of TP53 gene 
mutations, indicating chromosomal damage (splicing 
mutations, cuts, frameshifts, deletions). The authors also 
compared the mutation frequency of the gene with P53 
protein expression [20]. The FISH method allows for the 
analysis of a larger number of cells (non-cultured and 
non-dividing), with high sensitivity and specificity using 
probes indicating local chromosomal damage (deletions, 
translocations) [20]. The advantage of the IHC method 
over FISH lies in its accessibility and ease of use, but 
it cannot describe the type of genome damage.

Conclusion
Thus, detecting P53 (Clone Y5) protein expression 

in the epithelium indicates changes in the genetic ap-
paratus and cell metabolism, which can be used in the 
early diagnosis of oral mucosal SCC.
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Иммуногистохимическое исследование экспрессии белка P53 
при развитии плоскоклеточного рака слизистой полости рта

А.А. Ивина1 , Ю.О. Тигай1  , О.Ф. Рабинович2 ,  

Д.Р. Фамилья Фриас1 , И.И. Бабиченко1, 2 

1ФГАОУ ВО «Российский университет дружбы народов им. Патриса Лумумбы», г. Москва, Российская Федерация
2ФГБУ «Национальный медицинский исследовательский центр стоматологии и челюстно-лицевой хирургии»,

г. Москва, Российская Федерация
 chen.juliya@gmail.com

Аннотация. Актуальность. Исследования развития плоскоклеточного рака слизистой оболочки полости рта имеют 
первостепенное значение из-за широкого распространения заболевания и агрессивного течения. При гистологическом 
изучении развития плоскоклеточного рака слизистой оболочки полости рта не всегда возможно определить первые 
признаки малигнизации. Плоскоклеточный рак может развиваться из эпителиальной гиперплазии и эпителиальной 
дисплазии разной степени выраженности. Помимо гистологических методов исследования для опухолевых заболеваний 
широко используют имуногистохимический метод, при котором используют белок Ki‑67, с помощью которого можно 
определить пролиферацию клеток эпителия, также белок Р53 кодирующий ген TP53, который является супрессором 
опухолевого роста. Он активируется только при наличии повреждения генома клетки. Цель — оценить экспрессию белков 
Ki‑67 и P53 при развитии дисплазии и плоскоклеточного рака слизистой оболочки полости рта. Материал и методы. Для 
исследования были выделены четыре группы: 1‑я группа — 16 пациентов (34,7 %) с диагнозом «эпителиальная гиперпла-
зия», 2‑я группа 8 пациентов (17,3 %) с диагнозом «эпителиальная дисплазия низкой степени», 3‑я группа — 9 (19,5 %) 
с диагнозом «эпителиальная дисплазия высокой степени», 4‑я группа — 13 (28,2 %) с диагнозом «плоскоклеточный 
рак». Для определения пролиферации клеток использовали мышиные моноклональные антитела к Ki‑67 (клон ММ1, 
Diagnostic Biosystems, США). Экспрессию P53 определяли при помощи мышиных моноклональных антител к белку 
P53 (Clone D07, Novocastra, Великобритания). Для исследования только «мутантного типа» белка P53 использовали 
моноклональные кроличьи антитела P53 (Clone Y5 Epitomics, США). Результаты и обсуждения. Экспрессия белков 
Ki‑67 и P53 отмечалась во всех группах. Однако минимальное количество иммунопозитивных клеток при исследовании 
P53 (Clone D07) и P53 (Clone Y5) наблюдалось в группе эпителиальная гиперплазия, а максимальное в группе плоско-
клеточный рак. Увеличение количества окрашенных клеток достоверно увеличивалось по мере возрастания степени 
дисплазии эпителия от эпителиальной гиперплазии и эпителиальной гиперплазии низкой степени тяжести к эпителиальной 
гиперплазии высокой степени тяжести и плоскоклеточному раку. Выводы. Таким образом, выявление экспрессии белка 
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Р53 (Clone Y5) в эпителии указывает на наличие изменения генетического аппарата и метаболизма клеток, что можно 
использовать при ранней диагностике плоскоклеточного рака слизистой оболочки полости рта.
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