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in the development of squamous cell carcinoma of the oral mucosa
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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
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high-grade dysplasia and cancer development [5]. The
basis for diagnosing neoplastic processes includes his-
tological and immunohistochemical (IHC) methods.
In THC, 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 (GO 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.
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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 THC 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
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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
Proliferative activity by Ki-67 Paired comparisons (p)
Groups Me (Q1;Q3)
% EH- LGED EH-HGED EH-SCC LGED -HGED | LGED —SCC | HGED —SCC
EH 14(12;15)
LGED 25(22;32,5)
0.233 0.001 0.000 1.000 0.007 0.352
HGED 43(41;47)
sce 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
P53 Clone D-07 Paired comparisons (p)
Groups Me (Q1; Q3)
% EH- LGED EH-HGED EH-SCC LGED -HGED | LGED—SCC | HGED—SCC
EH 12,1(11;13,5)
LGED 22,5(19;28,5)
0.232 0.001 0.000 0.897 0.010 0.614
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
P53 Clone Y-5 Paired comparisons (p)
Groups Me (Q1; Q3)
% EH- LGED EH-HGED EH-SCC LGED -HGED | LGED —SCC | HGED —SCC
EH 0(0;6,5)
LGED 16(12;21)
0.225 0.000 0.000 0.699 0.013 0.942
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).

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)

ONCOLOGY
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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).

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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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, ¢, 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

ONCOLOGY

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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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,
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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 THC 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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MMMyHOrMmcToxumMuyeckoe uccnegoBaHue akcnpeccum 6enka P53
NpY pasBUTUMN NJIOCKOK/IETOYHOIO paKa C/IM3UCTOM NONIOCTHU pPTa
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AnHoTanusa. AkmyaabHocmb. VIcCe[0BaHNs Pa3BUTHS TI0CKOK/IETOYHOTO PaKa C/IM3UCTOM 000/I0UKH TTOIOCTY PTa UMEFOT
TIepBOCTETIEHHOe 3HaueHHe H3-3a IIMPOKOTO pacrpoCTpaHeHus 3a00/IeBaHusI ¥ arpeCCUBHOTO TedeHus1. [I[py THCTOI0rnyeCcKoM
W3y4YeHUH Pa3BUTHS MI0CKOK/IETOUHOTO PaKa CJIM3KUCTON 000JI0UKH TI0/IOCTH PTa He BCerzja BO3SMOXKHO OTPe/IeNUTh MepBhie
TIPU3HAKYU MaJMrHU3alWH. [1/10CKOK/IeTOUHbIM paK MO>KeT pa3BUBaThCs U3 SMUTeNAaAbHOM TUNepIviasiy 1 SMUTe/THaIbHON
[WICTI/Ia3UM Pa3HOM CTereH! BIPaKeHHOCTH. [IOMUMO MMCTOIOTMYeCKUX METO/[0B UCC/IeJOBaHuS JIJIsl OMYXOJ/eBbIX 3a00/ieBaHUN
[IMPOKO MCTOJB3YOT UMYHOTUCTOXMUMHUECKHUI MeTo/, ITPH KOTOPOM HCIONb3yIOT Oenok Ki-67, ¢ ToMOIIbI0 KOTOPOro MOXKHO
OTIpe/Ie/TUTh MPOTUQEepaLvIo KJIeTOK MUTe/us, Takke 6eok P53 kopupytomuii red TP53, KOTOPBIi SIBASETCS CyNPeccopoM
omnyxomeBoro pocta. OH aKTUBUPYETCSI TOJIBKO MPH HaJIMUHMH TIOBPEXX/|eHHs TeHOMa K/IeTKU. L]e/ib — OLIeHNTB 3KCIIpecchio GeyikoB
Ki-67 1 P53 1ipy pa3BUTHM AMCIIIA3UHU U TVIOCKOK/IETOUYHOTO Paka CTU3KUCTON 000/10UKY MOIOCTH pra. Marepuan u Metofsl. [ist
WCCIIef0BaHYs ObLTH BBIZie/IEHBI YeThIpe TPYMbL: 1-s rpyrma — 16 marueHToB (34,7 %) ¢ IUarHO30M «3MUTeHabHas THIepruia-
3usi», 2-51 rpymna 8 narpeHToB (17,3 %) ¢ [MarH030M «3MWTeManbHast AUCI/Ia3usl HU3KOH cTeneHn», 3-s1 rpymma — 9 (19,5 %)
C AMarHO30M «3TTUTe/THaIbHas JUCTIIa31sl BLICOKOU CcTeTieHn», 4-s1 rpyrima — 13 (28,2 %) ¢ AnarHo30M «IJ10CKOK/IeTOUHBIN
pak». [lnisi oripefiesieHus mpovdeparyiv KJIeTOK UCTIONb30Bali MBILITHMHBIE MOHOK/IOHA/TBHBIE aHTuTesna K Ki-67 (knon MM1,
Diagnostic Biosystems, CIIIA). Okcripeccrto P53 omnpeesisiyid Py MOMOIIY MBIIIMHBIX MOHOK/IOHA/IBHBIX aHTUTEN K Oe/Ky
P53 (Clone D07, Novocastra, Benrkobpuranus). s UCCie0BaHUSI TOIBKO «MYTaHTHOTO ThMa» 6esika P53 ncnosnb3oBani
MOHOKJ/IOHabHbIe Kposmnubk antutena P53 (Clone Y5 Epitomics, CIIIA). Pe3yabmambt u 06CyscOeHust. JKCIpeccrst OekoB
Ki-67 u P53 ormeuanacs Bo Bcex rpynnax. OfjHako MUHAMa/IbHOE KOJIMYeCTBO UMMYHOINO3UTUBHBIX KJIETOK MPU UCCIe0BaHUN
P53 (Clone D07) u P53 (Clone Y5) Habs0/ja/10Ch B TPYIITe SMUTeIMAbHAs TUTIEpIIa3usl, a MAKCUMA/IbHOE B FPYIITie TI0CKO-
KJIETOYHBIM pakK. YBe/MueHe KOJM4YecTBa OKPAallleHHBIX K/IeTOK I0CTOBEpHO YBeINYMBaIoCh 110 Mepe BO3pPaCTaHKWs CTelleH!
[WICTI/Ta3HH STTUTeHS] OT STMTeTNaIbHOMN THITepIIIa3ui ¥ STIUTeNNaIbHON THIIepIiyia3siy HU3KOW CTeTIeHH TSDKeCTH K STIUTeNUaIbHON
TUTIePILIa3uy BEICOKOU CTeTNeHH TsDKeCTH U TUI0CKOK/IETOUHOMY paKy. Bbigoobl. TakuM 06pa3oM, BhIsSB/IEHHe SKCIIpeccun besnka
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P53 (Clone Y5) B anuTenuu yKa3blBaeT Ha HaJlMuMe U3MeHEHHsI TeHeTHUeCKOro anmapara ¥ MeTabosm3ma K/IeToK, UTO MOXKHO
WCITIO/Tb30BaTh MPH PaHHEeH JUarHOCTHKE TIJIOCKOK/IETOUHOTO Paka CIU3UCTOM 000JI0UKH TIOJIOCTH PTa.

K/roueBbie ¢/10Ba: M/I0CKOK/IETOUHBIN pakK, AUCTIa3us anuTenus, 6enok P53, MTP53, WTP53.
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