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ABSTRACT
Background. The number of studies devoted to the molecular genetics of oral mucosal leukoplakia and squamous cell carcinoma is small, 
while the obtained results are usually preliminary in nature. We can assume the existence of region-specific pathogenic genetic variants 
involved in the development of oral mucosal leukoplakia and squamous cell carcinoma. With the knowledge of such variants, it would 
become possible to develop PCR (polymerase chain reaction) and NGS (next-generation sequencing) test systems for the detection of clin-
ically significant germline mutations. Objectives — to identify pathogenic germline genetic variants in patients with oral mucosal leuko-
plakia accompanied by grade 1 epithelial dysplasia, as well as oral mucosal squamous cell carcinoma, using new-generation sequencing. 
Methods. Study design: prospective, observational, cross-sectional, without a control group. The sample included patients (48 persons) 
of either sex (18 years of age or older) with the following proven and morphologically confirmed diagnoses: oral mucosal leukoplakia ac-
companied by grade 1 squamous intraepithelial neoplasia of epithelium (24 people) and oral mucosal squamous cell carcinoma (24 people), 
who sought medical care at the Vitebsk Regional Clinical Dental Center and Vitebsk Regional Clinical Oncological Center in 2019–2020. 
The identified pathogenic and presumably pathogenic genetic variants involved in the development of these diseases were quantitatively 
assessed. The study was conducted at the Shareable Core Facilities GENOME of the Institute of Genetics and Cytology of the National 
Academy of Sciences of Belarus. In order to isolate deoxyribonucleic acid (DNA) from blood samples, a QIAamp DNA FFPE Tissue Kit 
(Qiagen, Germany) was used. The preparation of DNA libraries and sequencing were carried out by means of an Illumina NextSeq 550 
sequencing system (Illumina, Inc., USA) using an Illumina Nextera DNA Exome kit (USA). Bioinformatic analysis was conducted using 
Illumina BaseSpace specialized software (USA) and Galaxy Project (Galaxy Community, an international non-profit project) in accordance 
with current guidelines. The obtained data were statistically processed employing specialized software packages Statistica 12 (StatSoft, 
Inc., USA) and MedCalc 18.9.1 (MedCalc Software, Ltd, Belgium). Results. Next-generation whole-exome sequencing of deoxyribonucleic 
acid samples isolated from the blood of patients with oral mucosal leukoplakia and squamous cell carcinoma has been conducted in the 
Republic of Belarus for the first time. The total number of unique germline genetic variants in the exome of both groups of patients was 
shown to be very high, yet most of them were not pathogenic. In the examined patients, the majority of germline mutations were found to 
be localized only in 19 exome genes: MAP2K3, DNAH5, HSPG2, OBSCN, SYNE1, HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-A, HLA-B, 
PKD1L2, TTN, AHNAK2, PDE4DIP, MUC3A, MUC4, MUC12, MUC16, and MUC17. In both clinical groups, the greatest number of genetic 
variants (> 40% of the total number) was detected in MUC3A, MUC4, MUC12, and MUC16, responsible for the synthesis of the glycopro-
tein mucin family. Conclusion. Oral mucosal leukoplakia and squamous cell carcinoma can arise from the pathogenic variants of MUC3A, 
MUC4, MUC12, and MUC16.
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АННОТАЦИЯ
Введение. Количество исследований, посвященных молекулярной генетике лейкоплакий и плоскоклеточного рака слизистой 
оболочки ротовой полости, невелико, а результаты их, как правило, носят предварительный характер. Можно предполагать, 
что существуют региональные особенности патогенных генетических вариантов, ассоциированных с развитием лейкоплакий 
слизистой оболочки ротовой полости и плоскоклеточного рака слизистой оболочки ротовой полости. Знание подобных ва-
риантов позволило бы разработать ПЦР (полимеразной цепной реакции) — и NGS-тест-системы (Next-generation sequencing) 
для выявления клинически значимых герминальных мутаций. Цель исследования — используя метод высокопроизводитель-
ного секвенирования, идентифицировать патогенные герминальные генетические варианты у пациентов с лейкоплакиями 
слизистой оболочки полости рта и дисплазией эпителия 1-й степени, а также с плоскоклеточным раком слизистой оболоч-
ки полости рта. Методы. Дизайн исследования: проспективное, основанное на наблюдении, поперечное (cross-sectional), без 
контрольной группы. В выборку включены пациенты (48 человек), любого пола 18 лет и старше с установленными и мор-
фологически подтвержденными диагнозами: лейкоплакия слизистой оболочки ротовой полости с плоскоклеточной интраэ-
пителиальной неоплазией эпителия 1-й степени (24 человека) и плоскоклеточный рак слизистой оболочки ротовой полости 
(24 человека), обратившиеся за медицинской помощью в учреждения здравоохранения «Витебский областной клинический 
стоматологический центр» и «Витебский областной клинический онкологический диспансер» в 2019–2020 гг. Проведена ко-
личественная оценка найденных патогенных и вероятно патогенных генетических вариантов, ассоциированных с развитием 
данных заболеваний. Исследование выполнялось на базе Центра коллективного пользования «Геном» Института генетики 
и цитологии Национальной академии наук Беларуси. Для выделения дезоксирибонуклеиновой кислоты (ДНК) из образцов 
крови использовали диагностический набор QIAamp DNA FFPE Tissue Kit (Qiagen, Германия). Подготовку ДНК-библиотек 
и секвенирование выполняли при помощи секвенатора Illumina Next Seq 550 (Illumina, Inc, США) с использованием набора 
реагентов для полноэкзомного секвенирования Illumina Nextera DNA Exome (США). Биоинформационный анализ был вы-
полнен с использованием специализированного программного обеспечения Illumina Base Space (США) и Galaxy Project (The 
Galaxy Community, некоммерческий международный проект) в соответствии с актуальными рекомендациями. Статистическая 
обработка данных выполнялась при помощи специализированных программных пакетов Statistica (версия 12) (StatSoft, Inc., 
США) и MedCalc (версия 18.9.1) (Med Calc Software Ltd, Бельгия). Результаты. Впервые в Республике Беларусь выполнено 
высокопроизводительное полноэкзомное секвенирование образцов дезоксирибонуклеиновой кислоты, выделенных из крови 
пациентов с лейкоплакиями и плоскоклеточным раком слизистой оболочки полости рта. Показано, что общее количество уни-
кальных герминальных генетических вариантов в экзоме пациентов с обоими заболеваниями весьма велико, но бóльшая их 
часть не является патогенными. Установлено, что большинство герминальных мутаций у изученных пациентов локализовано 
всего в 19 генах экзома: MAP2K3, DNAH5, HSPG2, OBSCN, SYNE1, HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-A, HLA-B, PKD1L2, 
TTN, AHNAK2, PDE4DIP, MUC3A, MUC4, MUC12, MUC16, MUC17. Наибольшее количество генетических вариантов (>40% от 
их общего количества) у пациентов из обеих изученных клинических групп было выявлено в генах MUC3A, MUC4, MUC12 и 
MUC16, ответственных за синтез семейства гликопротеидов-муцинов. Заключение. Развитие лейкоплакии слизистой оболоч-
ки ротовой полости и плоскоклеточного рака слизистой оболочки ротовой полости может быть ассоциировано с патогенными 
вариантами генов MUC3A, MUC4, MUC12 и MUC16.
Ключевые слова: гены, герминальные мутации, лейкоплакия, рак, слизистая оболочка ротовой полости
Для цитирования: Карпук Н.А., Рубникович С.П., Мазур О.Ч., Жильцов И.В., Карпук И.Ю., Михаленко Е.П. Герминальные му-
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INTRODUCTION
Polymerase chain reaction (PCR) is widely used as a routine 

molecular genetic method for diagnosing neoplasms, offer-
ing several advantages, specifically, high diagnostic sensitiv-
ity and specificity, as well as a relatively low cost of a single 
study. However, PCR diagnostics can detect only known mu-
tations in a limited set of genes, which restricts the diagnostic 
and prognostic capabilities of this method [1].

The specified disadvantages can be avoided when using 
new-generation sequencing (NGS), which can identify the pri-
mary genetic sequence for any genes of interest. A significant 
disadvantage of this method consists in the high cost per se-
quencer run; however, this drawback is overcome by the use of 
the so-called targeted sequencing, i.e., sequencing of a pre-se-
lected set of genes. This type of sequencing is significantly 
cheaper than sequencing the entire genome or a large part of 
it, as well as a PCR detection of a single genetic abnormality 
[2, 3].

According to world statistics, oncological diseases are cur-
rently the second most frequent cause of death in developed 
countries and the third cause of death in developing countries. 
Oral mucosal and lip cancer account for 3% of all cancers. It 
is known that 11% of all oral mucosal diseases have a high 
risk of malignant transformation [4]. At the initial stages, the 
process is reversible, while timely and rational treatment of 
oral mucosal diseases accompanied by epithelial dysplasia 
prevents the development of malignant neoplasms in the oral 
mucosa1 [5]. Noteworthy is that the five-year survival rate of 
patients with malignant neoplasms of oral mucosa does not 
exceed 50% [6].

The number of studies devoted to the molecular genetics of 
oral mucosal leukoplakia (OML) and squamous cell carcino-
ma (OMSCC) is small, while the obtained results are usually 
preliminary in nature. It has been shown that oral mucosal 
squamous cell carcinoma (OMSCC) can be associated with 
mutations in the NOTCH family [7]; Mcm2 (accompanied by 
the increased expression of this gene) [8]; TP53 (a pathogenic 

mutation of this gene TP53Arg72Pro is described) [9]; FBXL5, 
UGT2B15, UGT2B28, KANSL1, GSTT1 and DUSP22 [10]; the 
RAS family (Ha-ras, Ki-ras, and N-ras) [11], FAT1 and CO-
L9A1 (genetic variants rs28647489 and rs550675, respectively) 
[12], etc.

In the Republic of Belarus, such studies have not been con-
ducted before. We can assume the existence of region-specif-
ic pathogenic genetic variants involved in the development of 
OML and OMSCC. With the knowledge of such variants, it 
would become possible to develop PCR and NGS test sys-
tems for the detection of clinically significant germline muta-
tions, which, in turn, would expand and supplement existing 
protocols for the care of patients with oral mucosal diseases, 
specifically in terms of ensuring early diagnosis of dysplastic 
processes in the oral mucosal epithelium and predicting their 
course and outcome specifics. In theory, an analysis examining 
the individual profile of pathogenic mutations involved in dys-
plastic and neoplastic processes helps to personalize treatment 
regimens for patients, thus achieving maximum treatment effi-
cacy.

The paper aims to identify pathogenic germline genetic 
variants in patients with OML accompanied by grade 1 epithe-
lial dysplasia, as well as in OMSCC patients, using new-gen-
eration sequencing.
MATERIALS
Study design

A prospective, observational, cross-sectional, without a con-
trol group of 48 blood samples from patients with oncological 
diseases of the oral mucosa.
Study conditions

The study was conducted at the Shareable Core Facilities 
GENOME of the Institute of Genetics and Cytology of the Na-
tional Academy of Sciences of Belarus, engaging highly qual-
ified specialists from the Laboratory of Molecular Genetics, 
Laboratory of Human Genetics, and the Bioinformatics Sector 
of this state research institution.

1  Gubaidulina E.Ya., Tsegel’nik L.N., Luzina V.V., Chergeshtov Yu.I. A Practical Guide to the Outpatient Care in Surgical Dentistry, Moscow, MIA, 2007.
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Eligibility criteria
Inclusion criteria

Patients of either sex (18 years of age or older) with morpho-
logically confirmed OML accompanied by grade 1 squamous 
intraepithelial neoplasia of epithelium or with morphologically 
confirmed OMSCC who signed an informed consent to partic-
ipate in the study.
Exclusion criteria

Patients under 18 years old, pregnant women, patients with 
a severe course or decompensation of concomitant somatic 
diseases, as well as patients who refused to sign an informed 
consent to participate in the study.
Removal criteria

A change in the diagnosis, pregnancy detection, or decom-
pensation of one or several concomitant somatic diseases in 
patients from the sample, which occurred in the course of the 
study.
Description of the eligibility criteria (diagnostic criteria)

Diagnostic criteria for patients with OML accompanied by 
grade 1 squamous intraepithelial neoplasia of epithelium are 
as follows: the main morphological element observed on the 
seemingly unchanged oral mucosa is a pearly grayish-white 
patch having distinct edges, which constitutes an irregular ep-
ithelial opacification; such patches are not raised as compared 
to the surrounding oral mucosal areas and cannot be scraped 
off; in the affected areas, the mucous membrane forms folds; 
histologically, the following phenomena are observed: hyper-
keratosis, weakly expressed acanthosis, an atypical transfor-
mation of squamous epithelium, affecting not more than one 
third of its thickness; luminescence study shows the affected 
area in a blue glow; optical coherence tomography (OCT) 
yields a layered image, differentiating between two horizon-
tally arranged layers.

The diagnostic criteria for patients with OMSCC are as fol-
lows: presence of a neoplasm or a long-term nonhealing ulcer 
(possibly having necrotic plaque) in the oral cavity; long, slow 
course of the disease not amenable to conservative treatment; 
failure of conservative treatment; an increase in the nidus size 
despite adequate treatment; hardening around or at the base 
of the nidus; bleeding and bad breath; dense, enlarged, pain-
less regional lymph nodes; histologically, malignant epithelial 
cells are detected, which may be arranged in bundles, cords, or 
irregularly shaped nests. These cells are similar to the stratified 
epithelium. The neoplasm destroys the basement membrane 
forcing its way into the underlying connective tissue.
Selection of group members

During the study, 24 blood samples were collected from pa-
tients with OML and 24 blood samples were collected from 
patients with OMSCC.
Target parameters in the study
Main parameter in the study

Number of detected pathogenic and presumably pathogenic 
genetic variants linked to the development of OML accompa-

nied by grade 1 squamous intraepithelial neoplasia of epithe-
lium and OMSCC.
Additional parameters in the study

Additional parameters are not provided in this study.

Methods for measuring the target parameters
Laboratory test methods

Peripheral venous blood was drawn from the cubital vein in 
the morning on an empty stomach into 10 ml vacuum tubes 
filled with K2 EDTA (dipotassium ethylenediaminetetraacetic 
acid), followed by centrifugation to obtain plasma, which was 
deep frozen for subsequent storage (t° = −80°).

DNA was isolated using a QIAamp DNA FFPE Tissue Kit 
(Qiagen, Germany). All operations involved in preparing DNA 
libraries for sequencing were performed step by step in strict 
accordance with the directions for use provided for the Illumina 
Nextera DNA Exome kit (Illumina, Inc., USA)2,3 [13, 14].

The Nextera DNA Exome kit is designed for sequencing the 
so-called exome, a part of the human genome that includes ex-
ons, i.e., sequences that are directly translated into proteins. The 
human exome comprises approximately 180,000 exons, which 
corresponds to approximately 1% of the entire genome or 30 
million nucleotide pairs [15]. Nevertheless, exome mutations 
account for up to 85% of all mutations causing various diseas-
es, both congenital and acquired [16]. The kit requires ≈ 40 ng 
of DNA for sample preparation while providing an analytical 
sensitivity of > 96% and an analytical specificity of 99.9998% 
(when detecting single-nucleotide polymorphisms).

A whole-exome sequencing of 48 altered tissue samples (24 
OML tissue samples and 24 OMSCC tissue samples) was con-
ducted using an Illumina NextSeq 550 sequencing system (Illu-
mina, Inc., USA). This study was conducted to detect congeni-
tal (germline) genetic variants (mutations) most likely involved 
in the development of OML and OMSCC. These genetic vari-
ants are present in 100% of body cells, which means that they 
can be detected in leukocyte DNA; in this case, with ≥ 85% of 
reads covered at 20× depth, the Nextera DNA Exome kit pro-
vides sufficient coverage to reliably detect and document them.
Bioinformatic analysis

A bioinformatic analysis examining the whole-exome DNA 
sequencing was conducted using Illumina BaseSpace special-
ized software (USA) and Galaxy Project (the Galaxy Commu-
nity, an international non-profit project within the open science 
movement) in accordance with current guidelines [17, 18, 19].

Variables (predictors, confounders, and effect 
modifiers)

The only predictors of OML and OMSCC development ex-
amined in the present study are pathogenic and presumably 
pathogenic germline genetic variants detected in the exome of 
patients with the respective diseases. Pathogenic variants of 
regulatory genes, as well as epigenetic modifications of exome 
genes (e.g., their methylation) not considered in this study, 
can serve as effect modifiers. Another effect modifier could be 

2  Nextera DNA Exome Reference (1000000039018). Available at: https://support.illumina.com/content/dam/illumina-support/documents/documentation/
chemistry_documentation/samplepreps_nextera/nextera-dna-exome/nextera-dna-exome-reference-1000000039018-00.pdf
3  Illumina TruSight Oncology 500 Reference Guide. Available at: https://support.illumina.com/content/dam/illumina-support/documents/documentation/
chemistry_documentation/trusight/oncology-500/trusight-oncology-500-reference-guide-1000000067621_07.pdf



N.A. Karpuk, S.P. Rubnikovich, O.Ch. Mazur, I.V. Zhyltsov, I.Yu. Karpuk, A.P. Mikhalenka 
Germline mutations in patients with oral mucosal leukoplakia and squamous cell carcinoma: a prospective observational study

Кубанский научный медицинский вестник / Kuban Scientific Medical Bulletin
2023 | Toм 30 | № 2 | 15–24

Кубанский научный медицинский вестник / Kuban Scientific Medical Bulletin
2023 | Toм 30 | № 2 | 15–24 19

the simultaneous presence of several pathogenic exome gene 
variants in the patient. This study may be confounded by un-
accounted external influences (e.g., smoking habits or human 
papillomavirus effect) that can cause dysplasia or a malignant 
transformation of oral mucosal epithelial cells without the for-
mation of pathogenic (oncogenic) exome gene variants, in par-
ticular, by causing their epigenetic modifications or damaging 
regulatory genes.

Statistical procedures
Principles behind sample size determination

The required sample size was determined by factoring in 
Type I error probability level of (α) ≤ 0.05, which is standard 
for biomedical research. The desirable power of the study was 
90%. We also proceeded from the assumption that pathogenic 
genetic variants involved in the formation of neoplasms oc-
cur extremely rarely in the population (not more often than in 
0.001% of cases), while in the cells of pathologically altered 
tissues, these variants should occur in at least 30% of samples. 
Due to the initial assumption that pathogenic (oncogenic) ge-
netic variants occur much more frequently in tissue affected by 
OML and OMSCC than in the reference human genome that 
was used for the read alignment, we employed the SampleSize-
Calculation function (TwoProportions, Z-test) of Statistica 12 
(StatSoft, Inc., USA) having a 1-tailed hypothesis option in or-
der to determine the required sample size. Thus, the estimated 
sample size amounted to 23 people; however, it was increased 
to 24 people as a single Nextera DNA Exome kit allows 12 
DNA samples to be processed.
Statistical methods

The obtained data were statistically processed using special-
ized software packages Statistica 12 (StatSoft, Inc., USA) and 
MedCalc 18.9.1 (MedCalc Software, Ltd, Belgium).

The central tendency and the spread of analyzed quantitative 
indicators were described in the form of median-quartile char-
acteristics: median, 25th and 75th quartiles. Categorical vari-
ables were compared using the χ2 test and Fisher’s exact test; 
the statistical significance of differences in quantitative char-
acteristics was determined using the Mann–Whitney U  test. 
Genetic variants statistically linked to the development of oral 
mucosal squamous cell carcinoma were detected using Spear-
man’s Rho, as well as the logistic regression analysis. The re-
gression analysis included parameters having a significance 
level of p ≤ 0.05. In order to assess the influence of individual 
genetic variants on the potential development of the pathology 
under study, odds ratios (OR) and hazard ratios (HR), as well 
as their 95% confidence intervals (CI), were determined. In all 
cases, the identified correlations were considered statistically 
significant at a significance level of p < 0.05, with p ≤ 5×10−8 
as the optimal significance level, generally recognized among 
bioinformaticians, which unambiguously indicates the pres-
ence of a relationship between a genetic variant and a pheno-
type [20].

RESULTS
Sampling

The sample included patients with proven and confirmed di-
agnoses of OML and OMSCC who had sought medical care 

at the Vitebsk Regional Clinical Dental Center (OML) and 
the Vitebsk Regional Clinical Oncological Center (OMSCC). 
Patients were included in both samples in the order in which 
they had sought medical care, provided they met the inclusion 
criteria and did not fit the exclusion criteria (without any ad-
ditional conditions). The block diagram of the study design is 
presented in Fig. 1.
Characteristics of the study sample (groups)

A total of 24 patients with the morphologically confirmed 
diagnosis of OML accompanied by grade 1 squamous intraep-
ithelial neoplasia of epithelium (15 men and 9 women) were 
included in the study. The average age of the patients was 59 
years (min  — 42  years old, max  — 72 years old, 95% CI: 
57–65 years old). In all cases, squamous cell leukoplakia was 
observed, which is the most common form of leukoplakia in 
the population.

The study also includes 24 patients diagnosed with oral mu-
cosal cancer (13 men and 11 women). The average age of the 
patients was 60.5 years (min — 38 years old, max — 75 years 
old, 95% CI: 55–65 years old). All considered cases revealed 
a primary tumor; in addition, all patients were diagnosed with 
squamous cell carcinoma.
Main study result
Quality assessment of whole-exome sequencing

The proportion of GC bases in the read genetic sequences 
ranges from 49 to 51%, averaging 50%; the average length of 
reads amounts to approximately 148 bases, which best corre-
sponds to the capabilities of the Illumina NextSeq 550; aver-
age proportions of nucleotide sequences are as follows: read at 
least once –– 97.8%, ≥ 5 times — 91.8%, ≥ 10 times — 83.7%, 
≥ 30 times — 52.9%; median of the read coverage — 35.4X, 
average coverage  — 42.5X, and proportion of successfully 
aligned nucleotide sequences in the total exome — 99.9%.

Considering that in this case, DNA sequencing was per-
formed to identify germline variants, excessive read coverage 
is not required, while the most important indicator in this situ-
ation (of those presented in the table) is the average proportion 
of nucleotide sequences read ten or more times, which should 
be ≥ 60% (in this case, 83.7%, which indicates that the quality 
of our sequencing results is high enough).

Results of bioinformatic analysis examining data from 
whole-exome sequencing of patients’ blood samples

The bioinformatic analysis of sequencing results revealed 
certain genetic variants in almost each of the 24,918 human 
exome genes that can be sequenced using the Illumina Nex-
tera DNA Exome kit; the total number of detected unique 
genetic variants amounted to 124,475 in the OML patient 
group and 152,767 in the OMSCC patient group (an aver-
age of 11,688 mutant genes and ≈33,600 genetic variants in 
each examined patient). However, the overwhelming major-
ity of detected nucleotide sequence variants proved to be of 
no clinical significance, having no substantial effect on either 
protein synthesis or protein function.

Nevertheless, a significant number of variants were found 
in a relatively small number of genes. In patients with OML, 
these were (in ascending numerical order of variants) MAP2K3 
(72 variants detected on average), DNAH5 (315 variants), 
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HSPG2 (383 variants), OBSCN (731 variants), SYNE1 (733 
variants), HLA-DRB1 (766 variants), HLA-DQB1 (842 vari-
ants), TTN (911 variants), AHNAK2 (1029 variants), HLA-A 
(1038 variants), PDE4DIP (1210 variants), MUC12 (1293 
variants), MUC3A (1561 variants), MUC4 (1680 variants), 
and MUC16 (1955 variants) — a total of 14,519 variants in 
15 genes (Fig. 2).

A similar situation was observed in patients with OMSCC: 
in this group, variants were most frequently found in MAP2K3 
(176 variants), MUC17 (206 variants), SYNE1 (596 variants), 
PKD1L2 (625 variants), AHNAK2 (838 variants), HLA-DRB1 
(856 variants), HLA-B (888 variants), HLA-DQB1 (1033 
variants), HLA-A (1057 variants), PDE4DIP (1214 variants), 
HLA-DQA1 (1280 variants), MUC12 (1299 variants), MUC4 
(1433 variants), MUC3A (1539 variants), and MUC16 (1864 
variants) — a total of 14,904 variants in 15 genes (Fig. 3).

Clearly, the greatest number of genetic variants was detected 
in the same genes for both OLM and OMSCC patients, which 
suggests that there are no significant differences in the local-
ization of germline mutations in these patient groups. Table 1 
provides data on the statistical significance of differences in 

the occurrence frequency of the identified nucleotide sequence 
variants in identical genes between the groups of patients with 
OML and OMSCC.

It follows from Table 1 that the specified genetic variants 
are generally significantly more frequent in patients with OML 
than in OMSCC patients; however, the differences in the abso-
lute and relative occurrence frequency of germline mutations 
between these groups are small, while the statistical signifi-
cance of these differences results from the large total number 
of identified genetic variants, which almost certainly makes 
this difference clinically insignificant.

Noteworthy is that in both patient groups, MUC3A, MUC4, 
MUC12, and MUC16 feature the highest number of the iden-
tified variants (44.7% and 41.2% in the OML and OMSCC 
patient groups, respectively); these genes encode various 
mucin proteins that play an important role in the formation of 
protective mucosal barriers on epithelial surfaces, as well as 
participating in epithelial renewal and differentiation. Insuf-
ficient production or decreased functional activity of mucins 
can lead to chronic damage of oral mucosal epithelial cells, 
which, in its turn, can trigger both keratosis (process underly-

Potentially included cases (n = 48) 

Evaluated as per inclusion criteria (n = 48)

Included in the study (n = 48)

Data available for analysis:
Clinical and anamnestic (n = 48); 
Morphological (n = 48) 

Not evaluated as per inclusion criteria (n = 0)

Fail to meet the inclusion criteria (n = 0)

Removed from the observation (n = 0)

Patients with OML (n = 24) Patients with OMSCC (n = 24)

Blood sampling, DNA isolation, whole-exome sequencing, bioinformatic analysis of exome DNA sequencing, , 

Completed the study (n = 24) Completed the study (n = 24)

Fig. 1. Block diagram of the study design.
Note: the block diagram was created by the authors (as per STROBE recommendations); Abbreviations: OML — oral mucosal leukopla-
kia; OMSCC — oral mucosal squamous cell carcinoma; DNA — deoxyribonucleic acid.
Рис. 1. Блок-схема дизайна проведенного исследования.
Примечание: блок-схема выполнена авторами (согласно рекомендациям STROBE). Сокращения: ЛСОРП  — лейкоплакия 
слизистой оболочки ротовой полости; ПРСОРП  — плоскоклеточный рак слизистой оболочки ротовой полости; ДНК  — 
дезоксирибонуклеиновая кислота.
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Fig. 2. Genes having the largest number of variants in pa-
tients with oral mucosal leukoplakia.
Note: the figure was created by the authors. 
Рис. 2. Гены с  наибольшим количеством вариантов 
у пациентов с лейкоплакией слизистой оболочки поло-
сти рта.
Примечание: рисунок выполнен авторами.

Fig. 3. Genes having the largest number of variants in pa-
tients with oral mucosal squamous cell carcinoma.
Note: the figure was created by the authors.
Рис. 3. Гены с  наибольшим количеством вариантов 
у пациентов с плоскоклеточным раком слизистой обо-
лочки ротовой полости.
Примечание: рисунок выполнен авторами.

Table 1. Statistical significance of differences in the occurrence frequency of genetic variants in different exome genes 
between the groups of patients with oral mucosal leukoplakia and squamous cell carcinoma
Таблица 1. Статистическая значимость различий частоты встречаемости генетических вариантов в различных 
генах экзома в группах пациентов с лейкоплакией слизистой оболочки полости рта и плоскоклеточным раком 
слизистой оболочки ротовой полости

Gene

OML OMSCC Statistical signifi-
cance of differences 

as per the chi-
squared test, р

Number of genetic 
variants

% of the total 
number of genetic 

variants 
(n = 124,475)

Number of genetic 
variants

% of the total 
number of genetic 

variants 
(n = 152,767)

MAP2K3 72 0.058 176 0.12 <0.0001*
SYNE1 733 0.59 596 0.39 <0.0001*

HLA-DRB1 766 0.62 856 0.56 0.059
HLA-DQB1 842 0.68 1033 0.68 0.99
AHNAK2 1029 0.83 838 0.55 <0.0001*

HLA-A 1038 0.83 1057 0.69 <0.0001*
PDE4DIP 1210 0.97 1214 0.79 <0.0001*
MUC12 1293 1.04 1299 0.85 <0.0001*
MUC3A 1561 1.25 1539 1.01 <0.0001*
MUC4 1680 1.35 1433 0.94 <0.0001*
MUC16 1955 1.57 1864 1.22 <0.0001*

Note: the table was compiled by the authors; * – the difference is statistically significant (р ≤ 0.05). Abbreviations: OML — oral mucosal 
leukoplakia; OMSCC — oral mucosal squamous cell carcinoma.
Примечание: таблица составлена авторами; * — разница статистически значима (р ≤ 0,05). Сокращения: ЛСОРП — лейкопла-
кия слизистой оболочки полости рта; ПРСОРП — плоскоклеточный рак слизистой оболочки ротовой полости.



ОРИГИНАЛЬНЫЕ СТАТЬИ / ORIGINAL ARTICLES� КЛИНИЧЕСКАЯ МЕДИЦИНА / CLINICAL MEDICINE

Кубанский научный медицинский вестник / Kuban Scientific Medical Bulletin
2023 | Toм 30 | № 2 | 15–2422

ing OML) and a malignant transformation of epithelial cells 
[21, 22, 23].

Additional study results
All results obtained in the course of the study are presented 

in the previous sections.

DISCUSSION
Main findings of the study

The total number of unique germline genetic variants was 
shown to be quite high in the exome of both patient groups — 
at least 124,475 in the group of OML patients and at least 
152,767 in the group of OMSCC patients (an average of 11,688 
altered genes and ≈33,600 genetic variants in each examined 
patient). In the patients from the studied sample (both OML 
and OMSCC), the majority of germline mutations were found 
to be localized only in 19 exome genes: MAP2K3, DNAH5, 
HSPG2, OBSCN, SYNE1, HLA-DRB1, HLA-DQA1, HLA-
DQB1, HLA-A, HLA-B, PKD1L2, TTN, AHNAK2, PDE4DIP, 
MUC3A, MUC4, MUC12, MUC16, and MUC17. In both clin-
ical groups, the greatest number of genetic variants was de-
tected in MUC3A, MUC4, MUC12, and MUC16, responsible 
for the synthesis of the glycoprotein mucin family (44.7% and 
41.2% in the OML and OMSCC patient groups, respectively). 
Mucins play an important role in the formation of protective 
mucosal barriers on epithelial surfaces, as well as participat-
ing in epithelial renewal and differentiation [24]. Insufficient 
production or decreased functional activity of mucins can lead 
to chronic damage of oral mucosal epithelial cells, which may 
trigger both keratosis and a malignant transformation of epi-
thelial cells [25].

Research limitations
Given that it is impossible to significantly increase the sam-

ple size of patients due to the high cost of the study, the iden-
tified relationships between the pathogenic genetic variants of 
exome genes and the development of OML and OMSCC may 
be ambiguous. The present study did not examine the patho-
genic variants of regulatory genes and the epigenetic modifica-
tions of exome genes at all levels, which excludes an analysis 
examining the effect of the specified phenomena on the devel-
opment of OML and OMSCC. The high cost of whole-exome 
sequencing, as well as the complexity involved in the bioinfor-
matic analysis of obtained data, limits the use of this method 

in clinical practice even when certain pathogenic exome gene 
variants are clearly linked to the development of the diseases 
under study.

Interpretation of the study results
A preliminary analysis of the obtained results suggests that 

the number of exome gene variants detected in OML and OM-
SCC patients as compared to the reference human genome is 
rather high, yet most of these variants are presumably benign 
and have no effect on the development of the considered dis-
eases. Nevertheless, it seems that the large number of detect-
ed variants for MUC3A, MUC4, MUC12, and MUC16 is not 
accidental: these genes are responsible for the formation of 
mucins that play an important role in the formation of pro-
tective mucosal barriers on epithelial surfaces, as well as par-
ticipating in epithelial renewal and differentiation. Insufficient 
production or decreased functional activity of mucins can lead 
to the chronic damage of oral mucosal epithelial cells, which, 
in turn, may trigger keratosis and dysplasia, as well as a ma-
lignant transformation of epithelial cells. In order to assess the 
pathogenicity of the identified genetic variants and determine 
their involvement in the development of OML and OMSCC, 
further bioinformatics analysis of the obtained sequencing 
data is required.

CONCLUSION
Next-generation whole-exome sequencing of DNA samples 

isolated from the blood of patients with OML and OMSCC 
has been conducted in the Republic of Belarus for the first 
time. In the examined sample, the majority of germline mu-
tations were found to be localized only in 19 exome genes; 
the greatest number of genetic variants in patients from both 
clinical groups were detected in MUC3A, MUC4, MUC12, 
and MUC16 genes, i.e., 44.7% and 41.2% in the OML and 
OMSCC patient groups, respectively. Mucin genes encode ep-
ithelial proteins of the glycoprotein mucin family, playing an 
important role in the formation of protective mucosal barriers 
on epithelial surfaces, as well as participating in epithelial re-
newal and differentiation. The occurrence of pathological pro-
cesses in oral mucosa may be attributed to the pathogenic vari-
ants of such genes, as the insufficient production or decreased 
functional activity of mucins may trigger both keratosis and a 
malignant transformation of epithelial cells.
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