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To date, a small fraction of the mutations associated with a high risk of developing neoplasms of the oral mucosal (OM) 
have been described. An important consideration is the determination of germ genetic variants related to the development 
of leukoplakia (LOM) and squamous cell carcinoma (SCCOM). The function of the genes with the highest number of bacterial 
mutations was carried out in 24 patients with LEO and 24 patients with SCCOM.

It was found that the structure of the identified mutations was dominated by variants of the MUC3A, MUC4, MUC12, and 
MUC16 genes responsible for the synthesis of the mucin glycoprotein family (44.7 % and 41.2 % of germinal mutations in 
patients with LOM and SCCOM, respectively). Insufficient production or a decrease in the functional activity of mucins is a 
trigger factor for both the development of keratosis and malignant degeneration of epitheliocytes. An infrequent germline 
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T
o date, only a tiny fraction of mutations associ-
ated with a high risk of developing oral mucosa 
disease (OM) have been described. The prima-

ry laboratory standard for diagnosing dysplasia OM 
is the histological method, which does not allow you 
to track the onset of malignant degeneration, is inva-
sive, and has a low rate of diagnostic tests [1]. In this 
regard, it seems relevant to study the frequency of 
specific mutations among patients with OM diseases 
(the so-called «genetic landscape» of OM diseases). 
There are relatively few studies on this topic. Thus, 
there are indications that the formation of OM leu-
koplakia (LOM) may be associated with mutations in 
the DKC1 gene; such LOM is congenital [2]. Another 
study noted that mutations in the BRCA1 and BRCA2 
genes are often detected in the tissue of LOM [3]. 
It was pointed out that spotted LOM may be associa- 
ted with pathogenic variants of the NFKB gene [4]. Va- 
rious studies have also noted that LOMmay be rela- 
ted to mutations in the TP53 gene [5], p16INK4a and 
p14ARF genes [6], the CTC1 gene (also associated 
with congenital forms of LOM) [7], etc. In general,  
it draws attention is drawn to the lack of studies on the 
molecular genetic pathogenesis of LOM, the small 
sample size in most studies, as well as the diversity 
and ambiguity of the interpretation of the results.

The number of studies devoted to the molecular 
genetics of OM squamous cell carcinoma (SCCOM)
is also tiny. According to the published results of such 
studies, SCCOM may be associated with mutations 
in the genes of the NOTCH family [8], Mcm2 (with 
concomitant increased expression of this gene) [9], TP 
53 (a pathogenic mutation of this gene TP53Arg72Pro is 
described) [10], in in the FBXL5, UGT2B15, UGT2B28, 

KANSL1, GSTT1, andDUSP22 genes [11], in the RAS 
gene family (Haras, Kiras, and N-ras) [12], in the FAT1 
and COL9A1 genes (genetic variants rs28647489 and 
rs550675, respectively) [13]. The same deficiencies 
characterize these studies as those of NCN genetics – 
they are few and scattered, the number of patients 
studied is small, and the results are contradictory.

It can be assumed that there are regional features 
of genetic variants associated with the development of 
LOM and SCCOM. Knowledge of such options would 
allow the development of PCR and NGS testing systems 
to identify clinically relevant genetic options, which in 
turn would expand and complement existing protocols 
to assist patients with OM diseases, first of all, in terms 
of early diagnosis of these diseases and prediction of 
their course and outcome. In addition, the analysis of 
individual mutations in genes responsible for different 
degrees of epithelial dysplasia OM will allow for to choice 
of personalized therapy modes for patients, avoid the 
prescription of obviously ineffective drugs, and make it 
possible to achieve maximum treatment effectiveness.

The aim of the study was to analyze the function of 
genes with the highest number of germinal (congenital) 
mutations in patients with LOM and SCCOM.

Material and Methods. In total, the study included 
24 patients with a morphologically verified diagnosis of 
LOM with grade 1 squamous intraepithelial neoplasia of 
the epithelium (fifteen men, nine women). The average 
age of patients was 59 years (from 42 until 72 years old, 
95 % CI: 57–65 years). In all cases, there was a flat form 
of LOM, the most common in the population.

Also included in the study were 24 patients with an 
established diagnosis of SCCOM (13 men, 11 women). 
The average age of patients was 60.5 years (from 38 to 

mutation p.K416E of the CHEK2 gene, found in 29.2 % of patients with LOM and 25 % of patients with SCCOM, is associated 
with the development of both diseases with a high probability (RR 822.67 in LOM and RR 705.15 in SCCOM). Thus, the obtained 
data contribute to developing test systems PCR and NGS to predict the course of these diseases and personalize therapy.

Keywords: genes, germinal mutations, leukoplakia, cancer, oral mucosa

К настоящему моменту описана малая часть мутаций, ассоциированных с высоким риском развития новообразо-
ваний слизистой оболочки ротовой полости (СОРП). Важным является определение герминальных генетических ва-
риантов, ассоциированных с развитием лейкоплакий (ЛСОРП) и плоскоклеточного рака (ПРСОРП). Проведен анализ 
функции генов с наибольшим количеством герминальных мутаций у 24 пациентов с ЛСОРП и у 24 больных с ПРСОРП. 
Установлено, что в структуре выявленных мутаций преобладают варианты генов MUC3A, MUC4, MUC12 и MUC16, 
ответственных за синтез семейства гликопротеидов-муцинов (44,7 % и 41,2 % герминальных мутаций у пациентов с 
ЛСОРП и с ПРСОРП соответственно). Недостаточная продукция либо снижение функциональной активности муци-
нов являются триггерным фактором как развития кератоза, так и злокачественного перерождения эпителиоцитов. 
Нечастая герминальная мутация p.K416E гена CHEK2, выявленная у 29,2 % пациентов с ЛСОРП и у 25 % пациентов 
с ПРСОРП, с высокой вероятностью (ОР 822,67 при ЛСОРП и ОР 705,15 при ПРСОРП) ассоциирована с развитием 
обоих заболеваний. Таким образом, полученные данные способствуют разработке ПЦР и NGS-тест-систем для про-
гнозирования течения данных заболеваний и персонализации проводимой терапии.
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CI	 –	confidence	interval
DNA – deoxyribo nucleic acid

LOM – leukoplakia of the oral mucosa

NGS – Next-Generation Sequencing 

OM – oral mucosa

OR – odds ratio

PCR – polymerase chain reaction

RR – risk ratio

SCCOM – squamous cell carcinoma of the oral mucosa

SNP – single nucleotide polymorphism 
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75 years old, 95 % CI: 55–65 years). In all cases, there 
was a primary tumor; also, 100 % of patients were diag-
nosed with SCCOM.

During the study, 24 blood samples from patients with 
LOM and 24 blood samples from patients with SCCOM 
were collected. DNA was isolated using the QIAamp DNA 
FFPE Tissue Kit (Qiagen, Germany). Peripheral blood 
from a vein was taken from the cubital vein in the morning 
on an empty stomach into 10 ml vacuum tubes with K2 
EDTA, after which plasma was obtained from it by centri- 
fugation, which was subjected to deep freezing for  
subsequent storage (t = –80 °C).

All operations for preparing DNA libraries for se-
quencing are performed step by step in strict accordance 
with the instructions for use supplied by the manufacturer 
(Illumina, Inc., USA) to the Illumina Nextera DNA Exome 
reagent kit for exome sequencing [14, 15].

Whole exome sequencing of samples was performed 
to look for congenital (germinal) genetic variants («muta-
tions») that are highly likely to be associated with the de-
velopment of LOM and SCCOM. These genetic variants 
are present in 100 % of body cells, which is why they can 
be detected in leukocyte DNA, and 20-fold read cove- 
rage of ≥85 % of sequenced sequences provided by the 
NexteraDNA Exome kit (Illumina, Inc., USA) is sufficient 
for their reliable identification and documentation.

Bioinformatics analysis of results of exome DNA se-
quencing using specialized software packages Illumina 
BaseSpace and Galaxy Project and following current 
methodological recommendations [16, 17].

Statistical data processing was performed using spe-
cialized software packages STATISTICA 12(StatSoft Inc., 
USA) and MedCalc 18.9.1 (MedCalcSoftware Ltd., Bel-
gium). The central trend and spread of the values of the 
analyzed quantitative indicators were described in the 
form of median-quartile characteristics: median, 25th, 
and 75th quartiles. Comparison of categorical variables 
was performed using criterion χ2, and Fisher’s exact test, 
and the detection of statistical significance of differences 
in quantitative characteristics was carried out using the 
Mann – Whitney U-test. Spearman’s correlation analysis 
(Spearman’s Rho), as well as logistic regression analysis. 
The regression analysis included indicators with a signif-
icance level of p<0.05. To assess the influence of indivi- 
dual genetic variants on the probability of developing the 
pathology under study, odds ratios (OR) and risk ratios 
(RR), as well as their 95 % confidence intervals (CI), were 
calculated. In all cases, the revealed patterns were con-

sidered statistically significant at a significance level of 
p<0.05, while the optimal level of significance, generally 
recognized among bioinformaticians and unambiguously 
indicating the presence of a relationship between a ge-
netic variant and a phenotype, was p≤5×10−8 [18]. 

Results and Discussion. Bioinformatics analysis of 
sequencing results identified genetic variants («mutations/
polymorphisms») in almost every one of the 24,918 human 
exome genes that can be sequenced using the Illumina 
Nextera DNA Exome kit. The total number of identified 
unique genetic variants was 124475 in the group of pa-
tients with LOM and 152767 in the group of patients with 
SCCOM (average of 11688 mutant genes and ≈33600 ge-
netic variants in each patient studied). At the same time, 
the vast majority of identified variants of nucleotide se-
quences had no clinical significance, significantly affec- 
ting neither protein synthesis nor protein function.

However, most variants of nucleotide sequences 
have been found in relatively few genes. In patients with 
LOM, these were (in ascending order of the number of 
genetic variants found) MAP 2 K 3 genes (72 variants 
on average), DNAH 5 (315 variants), HSPG 2 (383 va- 
riants), OBSCN (731 variants), SYNE 1 (733 variants), 
HLA – DRB 1 (766 variants), HLA – DQB 1 (842 variants), 
TTN (911 variants), AHNAK 2 (1029 variants), HLA – 
A (1038 variants), PDE 4 DIP(1210 variants), MUC 
12 (1293 variants), MUC 3 A (1561 variants), MUC 4 
(1680 variants), MUC 16 (1955 variants) – a total of 
14519 variants in 15 genes.

A similar situation was observed in patients with 
SCCOM. In this group, genetic variants were most 
often found in the genes MAP 2 K 3 (176 variants), 
MUC 17 (206 variants), SYNE 1 (596 variants), PKD 
1 L 2 (625 variants), AHNAK 2 (838 variants), HLA – 
DRB 1 (856 variants), HLA – B (888 variants), HLA – 
DQB 1 (1033 variants), HLA – A (1057 variants), PDE 
4 DIP (1214 variants), HLA – DQA 1 (1280 variants), 
MUC 12 (1299 variants), MUC 4 (1433 variants), MUC 
3 A (1539 variants), MUC 16 (1864 variants) – a total of 
14904 variants of nucleotide sequences also in 15 genes.

Patients with LOM and SCCOM had the highest number 
of genetic variants found in the same genes, indicating 
no significant differences in the localization of germline 
mutations in these patient groups. An assessment of the 
statistical significance of differences in the incidence of 
identified variants of nucleotide sequences in identical 
genes between groups of patients with LOM and SCCOM 
is shown in Table 1.

Table 1
Statistical significance of differences in the frequency of occurrence of genetic variants  

in various exome genes between groups of patients with LOM and SCCOM

Gene

LOM SCCOM
Stat.	significance	 

of	differences	according	
to the criterion χ2, p

Number  
of	genetic	variants

% of total genetic 
variants

(n = 124 475)

Number  
of	genetic	variants

% of total 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 *

* The difference is statistically significant.
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As follows from Table 1, in general, the genetic 
variants listed above are significantly more common 
in patients with LOM than in the group of patients with 
SCCOM. However, the difference in absolute and relative 
rates of mutation occurrence between representatives 
of these groups is small, and the statistical significan- 
ce of these differences stems from the large number of 
genetic variants identified, making this difference almost 
certainly not of clinical significance.

It is noteworthy that the genes with the largest (>40 %) 
number of variants in both groups of patients encode the 
synthesis of various mucin proteins that play an essential 
role in the formation of protective mucous barriers on 
epithelial surfaces and are involved in the renewal and 
differentiation of the epithelium. Insufficient production 
or a decrease in the functional activity of mucins can lead 
to chronic damage to the epithelial cells of the OM, which, 

in turn, can serve as a trigger factor for both keratosis 
and malignant transformation of epitheliocytes [19–21].

All identified genetic variants were analyzed for 
known or probable pathogenicity. A total of 608 types of 
variants of nucleotide sequences with potential or proven 
pathogenicity due to the development of oncological 
diseases have been identified.

A list of the most pathogenic genetic variants found 
is shown in Table 2. In total, 12 such mutations were 
identified in the studied sample (1 genetic variant was 
detected in 2 patients, so the total number of variants 
is 11). The table shows that the most pathogenic genetic 
variants lead to the formation of stop codons or changes 
in splicing sites. In the first case, protein synthesis on 
mRNA suddenly stops. In the second case, one or more 
introns remain in the mature mRNA, producing abnormal 
proteins.

Table 2
The most pathogenic germline mutations identified in patients with LOM and SCCOM

C
h
ro

m
o
- 

s
o
m

e

Position REF ALT Codons Consequences

G
lo

b
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l

fr
e
q
u
e
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c
y
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A
D

)

In
flu

en
ce

p
e
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h
e
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o
ty

p
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F
re

q
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e
n
c
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in
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h
e
 

s
tu

d
ie

d
 

s
a
m

p
le

2 219747090 C A tgC/tgA stop gain 0.0006207 high 0.547

8 41834751 C A Gaa/Taa stop gain 0.0002866 high 0.500

8 101725018 C T splice acceptor 
variant

0.0006185 high 1,000

8 143763531 G A tGg/tAg stop gain 0.0208 high 0.833

9 80537095 G T taC/taA stop gain 0.0009184 high 0.444

9 102595061 C T Cga/Tga stop gain 0 high 0.250

10 75135885 G A Cga/Tga stop gain 0.0002461 high 0.581

10 124339150 C T Cga/Tga stop gain 0.001116 high 0.481

13 50205029 G A tGg/tAg stop gain 0.009666 high 0.571

16 50813574 A G splice acceptor 
variant

0.000004 high 0.667

22 29130652 G A Cag/Tag stop gain 0.0001414 high 0.125

Notes: REF – nucleotide in the reference genome, ALT – nucleotide in the same position of the genome of the analyzed sample, 
«Stop gaine» – formation of a stop codon, «Splice acceptor variant» – formation of an abnormal splicing variant.

In the group of patients with LOM, four highly 
pathogenic genetic variants were identified. In the group 
of patients with SCCOM, eight highly pathogenic genetic 
variants were identified (the difference is not statistically 
significant: p (χ2=0.18; OR=2.5 at 95 % CI 0.64–9.82; 
RR=2 at 95 % CI 0.69–5.76). The number of identified 
pathogenic genetic variants in both groups was almost 
the same (502 in patients with LOM, 513 in the group of 
patients with SCCOM, the difference is not statistically 
significant).

In most cases (269 in the group of patients with 
LOM, 283 in the group of patients with SCCOM), the 
described genetic variants were detected in single 
patients. A relatively small number of pathogenic variants 
coincided in several patients from the studied sample. 
All of these genetic variants were moderately pathogenic 
(few highly pathogenic genetic variants were found, and 
only one of them was detected in two patients at the same 
time).

None of the identified moderately pathogenic genetic 
variants occurred in every patient in the study sample: the 
most common mutations were observed in a maximum 
of eight patients with LOM (33.3 % of the total size of 
this group) and seven patients with SCCOM (29.2 %, 

respectively) (Table 3). Thus, it cannot be argued that 
any of the pathogenic genetic variants found in our study 
is unambiguously associated with developing the studied 
diseases in patients.

Nevertheless, for all found genetic variants, the ave- 
rage frequency of their occurrence in the human popula-
tion was estimated, for which information was used from 
the international database of genetic variants gnomAD 
[22] (Table 3). Almost all of the pathogenic genetic vari-
ants we have identified are predictably very common (ac-
cording to the gnomAD classification) since they occur 
in >0.5 % of human individuals (from 0.83 % to 4.97 %).  
In both groups of the studied sample of patients, these ge-
netic variants were statistically significantly more common 
than in the human population as a whole (RR from 3.55 
to 21.94, while the lower limit of the 95 % confidence in-
terval exceeded 1 for all calculated RR values). Still, the 
indicated excess is unlikely to be of clinical significance 
due to the small size of the studied sample (n = 24 for both 
groups of patients), which does not exclude the influence 
of unpredictable random factors on the result, for exam-
ple, non-random selection of patients in the sample or the 
distribution of specific alleles among the population of the 
Republic of Belarus or even Vitebsk regions (Table 3).
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Table 3
The most common pathogenic genetic variants (all with moderate pathogenicity) in groups of patients  
with LOM and SCCOM, as well as an assessment of the degree of influence of these genetic variants  

on the likelihood of developing malignant transformation of the epithelium

Option
LOM 

with D1, 
n (%)

SCCOM, 
n (%)

Frequency  
in the popu- 

lation, %  
(gnomAD)

Effect	of	mutation	 
on the phenotype of transl. proteins

Risk ratios (RR)  
and odds ratios (OR)  

(95 % CI)

p.A306G 4 (16.7) – 3.78 Amino acid replacement Ala → Gly RR: 4.41 (1.80-10.79)
OR: 5.09 (1.74-14.90)

p.D109N 4 (16.7) – 1.14 Amino acid substitution Asp → A sn RR: 14.62 (5.96-35.86)
OR: 17.35 (5.92-50.86)

p.E304K 4 (16.7) – 4.57 Amino acid substitution G Glu → Lys RR: 3.65 (1.49-8.93)
OR: 4.18 (1.43-12.23)

p.G2502S 4 (16.7) – 1.97 Amino acid substitution G Gly → Ser RR: 8.46 (3.45-20.73)
OR: 9.95 (3.40-29.16)

p.G613V 4 (16.7) – 4.17 Amino acid substitution Gly → Val RR: 4.00 (1.63-9.78)
OR: 4.60 (1.57-13.54)

p.H604Y 4 (16.7) – 4.17 Amino acid substitution His → Tyr RR: 4.00 (1.63-9.78)
OR: 4.60 (1.57-13.54)

p.N697S 4 (16.7) 4 (16.7) 4.70 Amino acid substitution A Asn → Ser RR: 3.55 (1.45-8.68)
OR: 4.06 (1.39-11.87)

p.Q356R 4 (16.7) 4 (16.7) 4.65 Amino acid substitution Gln → Arg RR: 3.58 (1.46-8.77)
OR: 4.10 (1.40-12.01)

p.S1024T 4 (16.7) – 3.46 Amino acid substitution Ser → Thr RR: 4.82 (1.97-11.79)
OR: 5.58 (1.91-16.34)

p.K1019E 5 (20.8) 5 (20.8) 2.23 Amino acid substitution Lys → Glu RR: 9.34 (4.28-20.41)
OR: 11.54 (4.30-30.94)

p.R909K 5 (20.8) 6 (25.0) 1.40 Amino acid substitution Arg → Lys LOM with D1:
RR: 14.88 (6.81-32.54)
OR: 18.54 (6.91-49.74)
SCCOM:
RR: 17.86 (8.91-35.80)
OR: 23.48 (9.30-59.27)

p.Y673C 5 (20.8) – 0.95 Amino acid substitution Tyr → Cys RR: 21.94 (10.03-48.03)
OR: 27.46 (10.22-73.73)

p.K416E 7 (29.2) 6 (25.0) 0.036 Amino acid substitution Lys → Glu LOM with D1:
RR: 822.67
(396.98-1704.85)
OR: 1161.00
(445.58-3025.11)
SCCOM:
RR: 705.15
(320.37-1552.08)
OR: 939.86
(346.45-2549.73)

p.R83Q 8 (33.3) – 2.59 Amino acid substitution Arg → Gln RR: 12.87 (7.30-22.71)
OR: 18.81 (8.04-44.00)

p.S4010P 8 (33.3) – 2.63 Amino acid substitution Ser → Pro RR: 12.67 (7.19-22.35)
OR: 18.51 (7.91-43.30)

p.E999G – 4 (16.7) 0.83 Amino acid substitution Glu → Gly RR: 20.08 (8.18-49.30)
OR: 23.90 (8.15-70.12)

p.H144R – 4 (16.7) 2.10 Amino acid substitution His → Arg RR: 7.94 (3.24-19.44)
OR: 9.33 (3.18-27.31)

p.R218C – 4 (16.7) 4.11 Amino acid substitution Arg → Cys RR: 4.06 (1.66-9.93)
OR: 4.67 (1.59-13.66)

p.R34859Q – 4 (16.7) 1.25 Amino acid substitution Arg → Gln RR: 13.33 (5.44-32.69)
OR: 15.80 (5.39-46.31)

p.V443I – 4 (16.7) 0.98 Amino acid substitution Val → Ile RR: 17.01 (6.93-41.74)
OR: 20.22 (6.98-59.29)

p.V5L – 4 (16.7) 3.92 Amino acid substitution Val → Leu RR: 4.25 (1.74-10.41)
OR: 4.90 (1.67-14.35)

p.A154G – 5 (20.8) 3.38 Amino acid substitution Ala → Gly RR: 6.16 (2.82-13.46)
OR: 7.52 (2.81-20.16)

p.W1037S – 5 (20.8) 4.61 Amino acid substitution Trp → Ser RR: 4.52 (2.07-9.86)
OR: 5.44 (2.03-14.59)

p.A402E – 6 (25.0) 1.68 Amino acid substitution Ala → Glu RR: 14.86 (7.43-29.83)
OR: 19.51 (7.73-49.24)

p.P363L – 7 (29.2) 4.97 Amino acid substitution Pro → Leu RR: 5.87 (3.14-10.96)
OR: 7.87 (3.26-19.00)

p.T87I – 7 (29.2) 2.38 Amino acid substitution Thr → Ile RR: 12.25 (6.56-22.89)
OR: 16.88 (6.99-40.77)

Note. All odds and risks ratios given in this table are statistically significant (the lower limit of the 95 % confidence interval for all 
indicated ratios is >1).
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However, the analysis identified the genetic variant 
p.K416E, which occurs in the human population «not 
too often» according to the gnomAD classification: its 
detection frequency averages 0.036 %. The specified 
genetic variant in both clinical groups of the studied 
sample was much more common than on average in 
the population: RR 822.67 (396.98–1704.85) in LOM 
and RR 705.15 (320.37–1552.08) in SCCOM, i. e., the 
found mutation occurs in the studied diseases 700–
800 times more often than the average in the population, 
which may be of clinical significance. It is reasonable to 
assume that the p.K416E mutation is associated with a 
relatively high probability of developing both LOM and  
SCCOM.

The p.K416E genetic variant is a point SNP mutation 
(mononucleotide polymorphism); it occurs in the CHEK 2 
gene (checkpoint kinase 2) and leads to the replacement 
of lysine by glutamic acid in exon 12 (out of 16) of the cor-
responding protein (CHK2). Lysine is an amino acid with 
strong main properties due to the ε-amino group. Gluta- 
mic acid, being an organic acid, has properties due to the 
free carboxyl group. The properties of these amino acids 
are so different that the replacement of Lys and Glu should 
cause significant conformational and, therefore, functio- 
nal changes in the protein.

The CHK2 (serine-threonine protein kinase) pro-
tein encoded by the CHEK 2 gene is a critical cell cycle 
checkpoint regulator and a putative tumor suppres-
sor. It contains a fork-headed Thr68 domain activated 
by phosphorylation in response to DNA damage. When 
activated, the CHK 2 protein inhibits CDC25C phos-
phatase, thereby preventing the cell from entering mi-
tosis and stabilizing the p53 tumor suppressor protein, 
resulting in cell cycle arrest in G1. In addition, this pro-
tein interacts with and phosphorylates BRCA1, allowing 
BRCA1 to repair DNA integrity after damage. Mutations 
in the CHEK 2 gene are associated with Li-Fraumeni syn-
drome, a highly penetrating familial cancer phenotype 
commonly associated with germline mutations in TP53. 
In addition, mutations in the CHEK 2 gene are believed 
to predispose to sarcomas, breast cancer, and brain tu- 
mors [23].

Thus, it can be assumed that the p.K416E germline 
mutation of the CHEK 2 gene, which is relatively rare in the 
human population and was detected in a significant number 
of patients in the studied sample (in 29.2 % of patients with 
LOM and 25 % of patients with SCCOM), is associated 
with a high probability and the development of malignant 
transformation of the epithelium in both diseases. This 
mutation leads to disruption of the structure and function of 
the CHK 2 protein, which is one of the crucial components 
of the p53 signaling pathway and regulates the process 
of nuclear DNA repair after damage, which is why various 
pathological variants of the CHEK 2 gene are associated with 
the development of a number of oncological diseases [24].

Conclusions

1. The most significant number of germinal muta-
tions in patients with both LOM and SCCOM is localized 
in 19 genes: MAP2K3, DNAH5, HSPG2, OBSCN, SYNE1, 
HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-A, HLA-B,  
PKD1L2, TTN, AHNAK2, PDE4DIP, MUC3A, MUC4, 
MUC12, MUC16, MUC17 (from 72 to 1955 variants per 
gene). In the structure of the identified mutations, vari-
ants of the MUC3A, MUC4, MUC12, and MUC16 genes 
responsible for the synthesis of the family of mucin gly-
coproteins predominate (44.7 % and 41.2 % of germinal 
mutations in patients with LOM and SCCOM, respective-
ly). Insufficient production or reduction of mucin func-
tional activity can lead to chronic damage of SORP epi-
thelial cells, which can serve as a trigger factor for both 
the development of keratosis and the malignant transfor-
mation of epithelial cells.

2. Highly pathogenic germline mutations occur in the 
exome of the studied patients with SCCOM more often 
than with LOM (8 and 4 genetic variants, respectively). 
Still, the difference in their frequency was not statistically 
significant. An infrequent germline mutation p.K416E of 
the CHEK 2 gene, found in 29.2 % of patients with LOM 
and 25 % of patients with SCCOM, is associated with the 
development of both diseases. This mutation disrupts the 
structure and function of the CHK 2 protein, which ac-
tivates the process of nuclear DNA repair after damage 
and is also an essential component of the p53 signaling 
pathway.
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