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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 Facilitiecs 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 QlAamp 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 [llumina 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, DNAHS, HSPG2, OBSCN, SYNEI, HLA-DRBI, HLA-DQAI, HLA-DQBI, HLA-A, HLA-B,
PKDIL2, TTN, AHNAK?2, PDE4DIP, MUC3A4, MUC4, MUC12, MUC16, and MUCI7. In both clinical groups, the greatest number of genetic
variants (> 40% of the total number) was detected in MUC34, MUC4, MUCI2, and MUCI6, 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 MUC34,
MUC4, MUCI12, and MUCI6.
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TEPMUHAJBHBIE MYTAIIUU Y HAIIMEHTOB IPU JTEHKOIIJIAKUHA
U PAKE CJIM3UCTON OBOJIOUKH POTOBOM MOJIOCTH:
HNPOCHHEKTUBHOE HABJIIOAATEJBHOE NCCJIIEJOBAHMUE

H.A. Kapnyx!, C.II. Py6nuxkosuy?, O4. Masyp’, U.B. XKunvyos', U IO. Kapnyx!, E.Il. Muxanenko’
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3TocymapcTBeHHOE HAy4dHOE yupekaeHue «IHCTUTYT TeHeTHKH W IUTONOTHH HannoHanbHOM akageMun Hayk bemapycmy,
yi. Akanemuueckasi, 1. 27, 220072, r. Munck, Pecniyonuka benapych

AHHOTAIIUA

BBenenne. KonnuecTBo nccae10BaHUM, MTOCBALICHHBIX MOJIEKYJISIPHOI T€HETHKE JICHKOIIIAKUN U MIOCKOKJIETOYHOTO paKa CIM3UCTON
000JI0YKHM POTOBOIT MOJOCTH, HEBEIHMKO, a PE3yJIbTAThl UX, KaK IIPAaBHUIIO, HOCAT NMPEABAPUTEIbHBIN XapakTep. MOKHO MpPEAIonaraTh,
YTO CYLIECTBYIOT PETHOHAJIbHBIE 0COOEHHOCTH TaTOT€HHBIX TeHETHYECKUX BAPHAHTOB, aCCOLIMUPOBAHHBIX C Pa3BUTHEM JICHKOILIAKU I
CIU3UCTON 00OJIOYKH POTOBOH IOJIOCTH M IIOCKOKJIETOYHOTO paka CIM3UCTOH 00OJOYKM POTOBOI IMOJIOCTH. 3HAaHWE IOJOOHEIX Ba-
puanTOB no3Boauio 061 pazpaborars I[P (mommmepasnoif nennoi peaknnn) — u NGS-tect-cuctemsl (Next-generation sequencing)
TSI BBISIBJICHU I KIIMHUYECKH 3HAYMMBbIX F'epPMUHAJIBHBIX MyTauil. Ilesib HeeJ1el0BaHH s — HCIONIB3Ysl METOM BHICOKOIPOU3BOAUTEIb-
HOTO CEKBEHHPOBAHHUS, UACHTHU(GUIMPOBATh NMATOr€HHbIC T€PMHUHAIbHBIE ICHETHUYECKUE BApHAHTHl Y MALUCHTOB C JICHKOIUIAKUAMHU
CIU3UCTON 00OJIOUKH MOJIOCTH PTa M JUCIIA3HeH dSMUTeNus 1-i CTEMeHHu, a TakKe € MIIOCKOKJICTOYHBIM PAKOM CIIM3UCTOH 000104~
KU 1oJIocTu pra. MeTonsl. /lu3aiin ucciaenoBaHus: MPOCICKTUBHOE, OCHOBAHHOE Ha HAOIOeHUH, oniepedHoe (cross-sectional), 6e3
KOHTPOJIBHOH rpynmbl. B BEIOOpKY BKIIFOUSHB! MallMeHTH (48 denoBek), M00oro moja 18 et u crapuie ¢ yCTaHOBIEHHBIMH H MOp-
(bonornyecky MOATBEPKACHHBIMHU THATHO3aMU: JEHKOMIAKUS CIU3UCTOH 000JI0YKH POTOBOM MOJOCTH C MJIOCKOKJIETOUHONH MHTpPad-
MUTEINANTBHON HeolIasuei snutenus 1-i cteneHu (24 denoBeka) U MUIOCKOKJIECTOYHBIA PaK CIM3UCTOH 00OJOYKH POTOBOW MOJIOCTH
(24 gyenoBeka), oOpaTUBIIHECS 32 MEIULUHCKON MOMOIIBIO B yUPEKIECHHUS 3ApaBooxpaHeHus « Butebckuil 001acTHON KIMHUYECKHI
CTOMATOJIOTHYECKHUI LeHTp» U «ButeOckuil 061acTHO KIMHUYECKUH OHKoJornyeckuit aucnancep» B 2019-2020 rr. IlpoBenena xo-
JINYECTBEHHAs! OL[CHKA HailIGHHBIX MATOICHHBIX M BEPOSITHO NATOICHHBIX TEHETUYECKUX BApHAHTOB, ACCOLIMUPOBAHHBIX C Pa3BUTHEM
JIaHHBIX 3a0oneBanuii. VcciienoBaHue BBHIMOTHANOCH Ha 6a3e LleHTpa KOMUIEKTHBHOTO MONb30BaHUs «I'eHOM» MHCTHTYyTa TeHETHKH
u nutonorun HanuonambHOU akagemuu Hayk benmapycu. [{ns Beigenenus ne3okcupubonykienHoBoi kuciotel (JHK) u3 obpasmos
KpoBH ucmonb3oBanu auarHoctuueckuid Habop QIAamp DNA FFPE Tissue Kit (Qiagen, I'epmanus). [Tonrorosky JAHK-6n6mmorex
U CEeKBEHHPOBaHUE BBHIMOJIHSIN MpH momouu cekBenaropa [llumina Next Seq 550 (Illumina, Inc, CIIIA) ¢ ucnonp3oBanueM Habopa
peareHToB ISl MOJTHO’K30MHOro cekBeHupoBaHus [llumina Nextera DNA Exome (CILA). buonnpopmanioHHblii aHanu3 ObLI BbI-
IIOJIHEH C MCIIOJIb30BAHHEM CIEIHAIM3UPOBAaHHOIO nporpammHuoro obecnedenus [llumina Base Space (CLLIA) u Galaxy Project (The
Galaxy Community, HEeKOMMepYeCKHI MK JyHapOJHBIH IIPOEKT) B COOTBETCTBUY C aKTyaJbHBIMH peKOMeHJarusaMu. CTaTucTudeckas
00paboTka TaHHBIX BBIMOTHATIACH HPH IIOMOINH CIIEI[HATH3NPOBAHHEIX IPOrpaMMHBIX NMakeToB Statistica (Bepcus 12) (StatSoft, Inc.,
CIIA) nu MedCalc (Bepcus 18.9.1) (Med Calc Software Ltd, bexsrus). Pesynbrarnbl. Bonepseie B Pecnybnuke bemapych BbIToNHEHO
BBICOKOIIPOU3BOJIUTENIFHOE MOJIHOIK30MHOE CEKBEHHPOBAaHUE 00pa3IOB €30KCHPUOOHYKICHHOBOI KHCIOTHI, BHIAEICHHBIX U3 KPOBU
HAIMCHTOB C JICHKOMIaKHsIMH U MJIOCKOKJIETOYHBIM PAaKOM CIIM3HUCTOH 000J04KH mosiocTH pra. [lokazaHo, 4To obIIee KOTHIeCTBO yHH-
KaJIbHBIX TepPMUHAIBHBIX TeHETHYECKUX BapUAaHTOB B DK30ME MalMeHTOB ¢ 000MMH 3a00JIeBaHUSIMHU BeCbMa BEJIMKO, HO OONbIIas Ux
4acTh HE SBISIETCS MATOT€HHBIMU. YCTAaHOBIICHO, YTO OOJIBIIMHCTBO T€PMUHAIBHBIX My TaIUil y N3yYEHHBIX MAI[IEHTOB JIOKAIU30BaHO
Bcero B 19 renax sk3oma: MAP2K3, DNAHS5, HSPG2, OBSCN, SYNEI, HLA-DRBI, HLA-DQAI, HLA-DQBI, HLA-A, HLA-B, PKDIL2,
TTN, AHNAK?2, PDE4DIP, MUC34, MUC4, MUCI12, MUC16, MUCI7. Hanbonpliee KOTHIECTBO TeHETHUECKUX BapuaHTOB (>40% ot
MX 00IIeT0 KOJIMYECTBA) y MAI[MEHTOB U3 00eMX U3yUYeHHBIX KIMHUYECKUX TPy OblIo BeIsIBIEHO B TeHax MUC34, MUC4, MUCI2 n
MUCI6, 0TBETCTBEHHBIX 32 CHHTE3 CEMEWCTBA TITHKONPOTEHI0B-MYIUHOB. 3aK/Il0ueHne. Pa3BuTHE TEHKOMIIAKUH CITU3UCTON 0001104~
KH POTOBOH ITOJIOCTH U MJIOCKOKJIETOYHOT'O paKa CIM3UCTOI 000JI0YKH POTOBOM MOJIOCTH MOXKET OBITh aCCOLIMUPOBAHO C IATOI€HHBIMHU
BapuaHtamu renoB MUC34, MUC4, MUCI2 w MUCI6.
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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
mucosa' [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 7P53A4rg72Pro is described) [9]; FBXLS,
UGT2B15, UGT2B28, KANSLI, GSTT1 and DUSP22 [10]; the
RAS family (Ha-ras, Ki-ras, and N-ras) [11], FATI 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.

! Gubaidulina E.Ya., Tsegel’nik L.N., Luzina V.V., Chergeshtov Yu.l. 4 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)>* [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 Hllumina 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
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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 (o) < 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 2 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 < 5x1078
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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Potentially included cases (n = 48)

Evaluated as per inclusion criteria (n = 48)

Not evaluated as per inclusion criteria (n = 0)

Fail to meet the inclusion criteria (n = 0)

Included in the study (n = 48)

Removed from the observation (n = 0)

Clinical and anamnestic (n = 48);
Morphological (n = 48)

Data available for analysis:

Patients with OML (1 = 24)

Patients with OMSCC (n =24)

Blood sampling, DNA isolation, whble-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.

Puc. 1. biok-cxema au3aiiHa IPOBEIEHHOT'O UCCIICTOBAHUS.

Ipumeuanue: Onox-cxema evinonmwena aemopamu (cozracuo pexomenoayuam STROBE). Coxkpawenusa: JICOPII — neiikonnakus
causucmou obonouku pomosgoti nonocmu, IHPCOPII — naockoxknemoynwlii pax causucmou 000nouku pomosou nonocmu, JHK —

()6‘30KCMPM60HyK}leuH06a}1 Kucjiaoma.

HSPG?2 (383 variants), OBSCN (731 variants), SYNEI (733
variants), HLA-DRB1 (766 variants), HLA-DQBI (842 vari-
ants), TTN (911 variants), AHNAK?2 (1029 variants), HLA-A
(1038 wvariants), PDE4DIP (1210 variants), MUCI2 (1293
variants), MUC3A4 (1561 variants), MUC4 (1680 variants),
and MUCI16 (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), SYNE! (596 variants),
PKDIL2 (625 variants), AHNAK?2 (838 variants), HLA-DRBI
(856 variants), HLA-B (888 wvariants), HLA-DQOBI (1033
variants), HLA-A (1057 variants), PDE4DIP (1214 variants),
HLA-DQAI (1280 variants), MUC12 (1299 variants), MUC4
(1433 variants), MUC3A4 (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, MUC34, MUCH4,
MUCI2, and MUCI16 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-
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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.

Puc. 2. TeHbl ¢ HauWOOJBIIUM KOJIMYCCTBOM BapHAHTOB
y MaIUeHTOB C JICHKOIUIAKUEH CIIM3UCTON 000JI0YKH T10JI0-

CTH pTa.
HpuMel{aHue: PUCYHOK 6bINOJIHEH aemopamu.

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.

Puc. 3. TeHsl ¢ HamOONBUIMM KOJUYECTBOM BapHaHTOB
y MAI[MEHTOB C MJIOCKOKJICTOYHBIM PAKOM CIIU3UCTON 000-
JIOYKH POTOBOM IMOJIOCTH.

HpuMeltaHue: PUCYHOK 6bINOJIHEH asmopamu.

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

Tabnuna 1. CraTucTHYeckas 3HAYMMOCTh Pa3IU4Mid YaCTOTHI BCTPEYaEMOCTH M'eHETUYECKMX BAPUAHTOB B PA3JIMYHBIX
reHax 9K30Ma B TPYIIIax MAIlMEHTOB C JEHKOIUIAaKHeH CITM3UCTO 00O0IOYKH MONOCTH PTA U TUIOCKOKIETOYHBIM PAKOM

CITH3UCTON 000JI0YKH POTOBOH IOJIOCTH

OML OMSCC Statistical signifi-
% of the total % of the total cance of differences
Gene Number of genetic | number of genetic | Number of genetic | number of genetic as per the chi-
variants variants variants variants squared test, p
(n =124,475) (n =152,767) ’
MAP2K3 72 0.058 176 0.12 <0.0001*
SYNEI1 733 0.59 596 0.39 <0.0001*
HLA-DRBI 766 0.62 856 0.56 0.059
HLA-DQBI 842 0.68 1033 0.68 0.99
AHNAK?2 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*
MUCI2 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*
MUCI6 1955 1.57 1864 1.22 <0.0001*

Note: the table was compiled by the authors; * — the difference is statistically significant (p < 0.05). Abbreviations: OML — oral mucosal

leukoplakia; OMSCC — oral mucosal squamous cell carcinoma.

Ipumeyanue: mabauya cocmasiena agmopamu; * — pasnuya cmamucmuvecxku snayuma (p < 0,05). Coxpawenua: JICOPII — netikonna-
Kua causucmoti obonouxu norocmu pma, I[IPCOPII — nnockokaemounsitl pax ciu3ucmou 000104Ky pomogou noiocmu.
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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, DNAHS,
HSPG2, OBSCN, SYNEI, HLA-DRBI, HLA-DQAI, HLA-
DOBI, HLA-A, HLA-B, PKDIL2, TTN, AHNAK2, PDE4DIP,
MUC34, MUC4, MUC12, MUC16, and MUC17. In both clin-
ical groups, the greatest number of genetic variants was de-
tected in MUC3A4, 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

REFERENCES / CIIMCOK JIMTEPATY PbI

1. Hameed M. Molecular diagnosis of soft tissue neoplasia: clinical appli-
cations and recent advances. Expert. Rev. Mol. Diagn. 2014;14(8):961-
977. DOL: 10.1586/14737159.2014.946909

2. Chen M., Zhao H. Next-generation sequencing in liquid biopsy: can-
cer screening and early detection. Hum. Genomics. 2019;13(1):34. DOI:
10.1186/s40246-019-0220-8

3. Acosta A.M., Al Rasheed M.R.H., Pins M.R., Borgen K.R., Panchal
D., Rogozinska M., Wiley E.L., Behm F.G., Mohapatra G. The role
of next-generation sequencing in the differential diagnosis of com-
posite neoplasms. Hum. Pathol. 2018;81:78-88. DOI: 10.1016/j.hump-
ath.2018.06.022

4. XKalavrezos N., Scully C. Mouth Cancer for Clinicians. Part 1: Cancer.
Dent. Update. 2015;42(3):250-252, 255-256, 259-2560. DOI: 10.12968/
denu.2015.42.3.250

5. Abati S., Bramati C., Bondi S., Lissoni A., Trimarchi M. Oral Cancer
and Precancer: A Narrative Review on the Relevance of Early Diagno-

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 MUC34, MUC4, MUC12, and MUCI6 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 MUC34, MUC4, MUCI2,
and MUCI6 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.

sis. Int. J. Environ. Res. Public. Health. 2020;17(24):9160. DOI: 10.3390/
ijerph17249160

6. Ranganathan K., Kavitha L. Oral epithelial dysplasia: Classifications
and clinical relevance in risk assessment of oral potentially malignant
disorders. J. Oral. Maxillofac. Pathol. 2019;23(1):19-27. DOI: 10.4103/
jomfp. JOMFP_13_19

7. Mao L. NOTCH mutations: multiple faces in human malignancies.
Cancer Prev. Res (Phila). 2015;8(4):259-261. DOI: 10.1158/1940-6207.
CAPR-15-0063

8. Gouvéa A.F., Santos Silva A.R., Speight P.M., Hunter K., Carlos R.,
Vargas P.A., de Almeida O.P., Lopes M.A. High incidence of DNA ploi-
dy abnormalities and increased Mcm?2 expression may predict malig-
nant change in oral proliferative verrucous leukoplakia. Histopatholo-
gy. 2013;62(4):551-562. DOI: 10.1111/his.12036

9. Zarate A.M., Don J.,, Secchi D., Carrica A., Galindez Costa F., Pani-
co R., Brusa M., Barra J.L., Brunotto M. Study of the TP53 codon 72

Ky6anckuit Hay4uHbIi MenunnHcKui BecTHUK / Kuban Scientific Medical Bulletin

22 2023 | Tom 30 | Ne 2 | 15-24



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

polymorphism in oral cancer and oral potentially malignant disorders in
Argentine patients. Tumour. Biol. 2017;39(5):1010428317699113. DOI:
10.1177/1010428317699113

10. Ribeiro I.P., Marques F., Barroso L., Rodrigues J., Caramelo F.,
Melo J.B., Carreira I.M. Genomic profile of oral squamous cell car-
cinomas with an adjacent leukoplakia or with an erythroleukopla-
kia that evolved after the treatment of primary tumor: A report
of two cases. Mol. Med. Rep. 2017;16(5):6780-6786. DOI: 10.3892/
mmr.2017.7428

11. Krishna A., Singh S., Singh V., Kumar V., Singh U.S., Sankhwar S.N.
Does Harvey-Ras gene expression lead to oral squamous cell car-
cinoma? A clinicopathological aspect. J. Oral. Maxillofac. Pathol.
2018;22(1):65-72. DOI: 10.4103/jomfp.JOMFP_246 17

12. Chung C.M., Hung C.C., Lee C.H., Lee C.P,, Lee K.W., Chen M.K.,
Yeh K.T., Ko Y.C. Variants in FAT1 and COL9A1 genes in male pop-
ulation with or without substance use to assess the risk factors for oral
malignancy. PLoS One. 2019;14(1):0210901. DOI: 10.1371/journal.
pone.0210901

13. Huss W.J., Hu Q., Glenn S.T., Gangavarapu K.J., Wang J., Luce J.D.,
Quinn P.X., Brese E.A., Zhan F., Conroy J.M., Paragh G., Foster B.A.,
Morrison C.D., Liu S., Wei L. Comparison of SureSelect and Nexter-
aExome Capture Performance in Single-Cell Sequencing. Hum. Hered.
2018;83(3):153-162. DOI: 10.1159/000490506

14. Diaz-de Usera A., Lorenzo-Salazar J.M., Rubio-Rodriguez L.A.,
Muiioz-Barrera A., Guillen-Guio B., Marcelino-Rodriguez 1.,
Garcia-Olivares V., Mendoza-Alvarez A., Corrales A., fﬁigo-Cam-
pos A., Gonzalez-Montelongo R., Flores C. Evaluation of Whole-Ex-
ome Enrichment Solutions: Lessons from the High-End of the Short-
Read Sequencing Scale. J. Clin. Med. 2020;9(11):3656. DOI: 10.3390/
jem9113656

15. Corominas J., Smeekens S.P.,, Nelen M.R., Yntema H.G., Kam-
steeg E.J., Pfundt R., Gilissen C. Clinical exome sequencing-Mis-
takes and caveats. Hum. Mutat. 2022;43(8):1041-1055. DOI: 10.1002/
humu.24360

16. Chalmers Z.R., Connelly C.F., Fabrizio D., Gay L., Ali S.M., Ennis R.,
Schrock A., Campbell B., Shlien A., Chmielecki J., Huang F., He Y.,
Sun J., Tabori U., Kennedy M., Lieber D.S., Roels S., White J., Otto
G.A.,Ross J.S., Garraway L., Miller V.A., Stephens P.J., Frampton G.M.
Analysis of 100,000 human cancer genomes reveals the landscape of

tumor mutational burden. Genome Med. 2017;9(1):34. DOI: 10.1186/
s13073-017-0424-2

17. Kanzi A.M., San J.E., Chimukangara B., Wilkinson E., Fish M., Ramsu-
ran V., de Oliveira T. Next Generation Sequencing and Bioinformatics
Analysis of Family Genetic Inheritance. Front Genet. 2020;11:544162.
DOI: 10.3389/fgene.2020.544162

18. Feltes B.C., Poloni J.F., Nunes L.J.G., Faria S.S., Dorn M. Multi-Ap-
proach Bioinformatics Analysis of Curated Omics Data Provides a
Gene Expression Panorama for Multiple Cancer Types. Front. Genet.
2020; 11: 586602. DOI: 10.3389/fgene.2020.586602

19. Fox A.J., Hiemenz M.C., Lieberman D.B., Sukhadia S., Li B., Grubb J.,
Candrea P., Ganapathy K., Zhao J., Roth D., Alley E., Loren A., Mor-
rissette J.J. Next Generation Sequencing for the Detection of Actionable
Mutations in Solid and Liquid Tumors. J. Vis. Exp. 2016;(115):52758.
DOI: 10.3791/52758

20. Buzdugan L., Kalisch M., Navarro A., Schunk D., Fehr E., Bithlmann
P. Assessing statistical significance in multivariable genome wide asso-
ciation analysis. Bioinformatics. 2016;32(13):1990-2000. DOI: 10.1093/
bioinformatics/btw128

21. Kashyap B., Kullaa A.M. Regulation of mucin 1 expression and its re-
lationship with oral diseases. Arch. Oral. Biol. 2020;117:104791. DOL:
10.1016/j.archoralbio.2020.104791

22. Kumar M.H., Sanjai K., Kumarswamy J., Keshavaiah R., Papaiah L.,
Divya S. Expression of MUCI mucin in potentially malignant disorders,
oral squamous cell carcinoma and normal oral mucosa: An immunohis-
tochemical study. J. Oral. Maxillofac. Pathol. 2016;20(2):214-218. DOI:
10.4103/0973-029X.185916

23. Villa A., Celentano A., Glurich I., Borgnakke W.S., Jensen S.B., Peter-
son D.E., Delli K., Ojeda D., Vissink A., Farah C.S. World Workshop on
Oral Medicine VII: Prognostic biomarkers in oral leukoplakia: A sys-
tematic review of longitudinal studies. Oral. Dis. 2019;25 Suppl 1(Suppl
1):64-78. DOLI: 10.1111/0di.13087

24. Bhatia R., Gautam S.K., Cannon A., Thompson C., Hall B.R., Aithal
A., Banerjee K., Jain M., Solheim J.C., Kumar S., Batra S.K. Can-
cer-associated mucins: role in immune modulation and metastasis.
Cancer Metastasis. Rev. 2019;38(1-2):223-236. DOI: 10.1007/s10555-
018-09775-0

25. Kasprzak A., Adamek A. Mucins: the Old, the New and the Prom-
ising Factors in Hepatobiliary Carcinogenesis. Int. J.Mol. Sci.
2019;20(6):1288. DOI: 10.3390/ijms20061288

INFORMATION ABOUT THE AUTHORS / CBEAEHUW 51 Ob ABTOPAX

Natalia A. Karpuk — Cand. Sci. (Med.), Assoc. Prof.; General
Dentistry and Prosthodontic Dentistry Department with a course at
the Faculty of Advanced Training and Retraining, Vitebsk State Order
of Peoples’ Friendship Medical University.

Kapnyk Harajabsi AHaTobeBHA — KaHAWUIAT MEIUIUHCKUX
HayK, JOIEHT; JOLICHT Kadeapsl o0IIeld U OpTONeaAnIECKOi CTO-
MaToJIOTHH C KypcoMm (akynpTeTa MOBBILICHUS KBaIU(BHKALUH
U TEepernoaroToBKA KaapoB ydpexieHus obpazoBanus «Bureo-
CKHif rOCyapCTBeHHBII opieHa J[pykObl HAPOJOB METUITHHCKUIN
YHUBEPCHUTETY.

https://orcid.org/0000-0001-9991-7034

Sergey P. Rubnikovich — Dr. Sci. (Med.), corresponding member
of the National Academy of Sciences of Belarus; Prof.; Rector of
Belarusian State Medical University.

Pyonnkonu Cepreii IleTpoBuY — JOKTOp MEIULMHCKUX HayK,
yieH-koppecnionaeHT HarpoHanpHOM akanemun Hayk benapycw;
npodeccop; pekTop yupexaeHus oopazosanus «benopycckuii rocy-
JapCTBEHHBINH MCAUIMHCKHN YHUBEPCUTET.
https://orcid.org/0000-0002-7450-3757

Oksana Ch. Mazur — Researcher, Laboratory of Ecological
Genetics and Biotechnology, Institute of Genetics and Cytology of
the National Academy of Sciences of Belarus.

Ma3yp OxcaHa UecnaBoBHA — Hay4HbBI COTPYIHHK Jlaboparo-
PHH 3KOJIOTHYECKOM I'€HETHKH M OMOTEXHOJIOTHU TOCYAapCTBEHHOTO

Hay4HOTO yupexaeHus «IHCTUTYT reHeTHKH U 1uronoruun Hamwo-
HaJIbHOM akazeMuu Hayk Benapycuy.
https://orcid.org/0000-0002-6093-4548

Ivan V. Zhyltsov — Dr. Sci. (Med.), Prof.; Head of the Department
for Evidence-Based Medicine and Clinical Diagnostics at the Faculty
of Advanced Training and Retraining, Vitebsk State Order of Peoples’
Friendship Medical University.

Kunbuos MBan BUKTOPOBHY — JIOKTOP MEIULIMHCKHX HayK, podec-
Cop; 3aBEYOLLHIT Kadepoit ToKa3aTe/IbHON MEIUIMHBI U KITMHUYECKOH
JIMAarHOCTUKH (haKyJIbTeTa MOBBIILCHHS KBATH(HKALMH 1 [IEPETIO/rOTOB-
KU KajIpOB yUpexkIeHus: oOpasopanusi «BuTeGCKuil rocynapcTBeHHBIH
opzeHa Jpyx0bl HAPOJOB MEIMIIMHCKHI YHHBEPCUTET.
https://orcid.org/0000-0002-4912-2880

Ivan Yu. Karpuk — Dr. Sci. (Med.), Assoc. Prof.; Dean of the Dental
Faculty, Prof. at the Department for Evidence-Based Medicine and
Clinical Diagnostics at the Faculty of Advanced Training and Retraining,
Vitebsk State Order of Peoples’ Friendship Medical University.
Kapnyk UBan FOpbeBHY — JOKTOP MEIUIMHCKUX HAyK, JOLCHT;
JICKaH CTOMAaToJIOrH4eckoro (akysprera, npodeccop Kadeapsl 10-
Ka3aTeJIbHOW MEIUUMHBI U KIIMHHYCCKON JHArHOCTHUKU (haKyabTeTa
MOBBILICHUS KBAJTU(DUKALMN U IEPETIOATOTOBKH KaJPOB YUPEIKICHHS
obpaszoBanust «Buredckuii rocynapcTBeHHbIH oprieHa JpysxObl Hapo-
JIOB MEAMLUHCKUI YHHBEPCUTETY.
https://orcid.org/0000-0001-9991-7035

Ky6anckuit Hay4uHbIit MenunnHckuit BecTHUK / Kuban Scientific Medical Bulletin

2023 | Tom 30 | Ne 2 | 15-24 23



OPUT'MTHAJIBHBIE CTATBU / ORIGINAL ARTICLES KIIMHUYECKA S MEJULIUHA / CLINICAL MEDICINE

Alena P. Mikhalenka — Cand. Sci. (Biol.); Leading Researcher,
Laboratory of Ecological Genetics and Biotechnology, Institute
of Genetics and Cytology of the National Academy of Sciences of
Belarus.

Muxasnenko Ejiena IlerpoBHa — KaHAMAAT GHOJOTHYECKHX HAYK;
BeIyNIMI HAyYHBIM COTPYIHMK JIAOOPATOPHU DKOJOTUYECKOU IeHe-

TUKH ¥ OMOTEXHOJIOTHH TOCYJapCTBEHHOTO HAyYHOTO YUPEKACHHS
«VHCTHTYT TeHeTHKH U 1MToNoruu HarpoHanbHO# akageMin Hayk
Bbenapycu».

https://orcid.org/0000-0003-4543-2862

24 Ky6anckuit HayuHbIil MequuuHcKui BecTHHK / Kuban Scientific Medical Bulletin
2023 | Tom 30 | Ne 2 | 1524



