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Abstract

Background: Recent advances in molecular genetics have revolutionized our
understanding of hereditary diseases, particularly polygenic (multifactorial) conditions. This
comprehensive review examines the genetic basis of common polygenic diseases, including
diabetes, preeclampsia, breast cancer, and factors influencing athletic performance.

Material and Methods: Analysis of current literature covering genetic aspects of
polygenic diseases, focusing on gene polymorphisms, single nucleotide polymorphisms
(SNPs), and their role in disease development. The review encompasses nutrigenetics, sports
genomics, and genetic markers associated with athletic performance and injury risk.
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Results: Gene polymorphisms significantly impact disease susceptibility and progression.
For type 2 diabetes, over 600 candidate genes have been identified. In preeclampsia, multiple
genes influence maternal-fetal interactions and vascular function. Breast cancer involves
complex interactions between high and moderate penetrance genes, with over 300 SNPs
identified. Athletic performance is influenced by both genetic factors (approximately 66%)
and environmental conditions, with specific genetic markers associated with endurance,
strength, and injury risk.

Conclusions: Polygenic diseases result from complex interactions between multiple
genes and environmental factors. Understanding these interactions enables more effective
personalized approaches to prevention, diagnosis, and treatment. Integration of genetic testing
into clinical practice offers opportunities for improved patient outcomes through targeted
interventions and personalized medicine strategies.

Keywords: Polygenic diseases; Gene polymorphism; Single nucleotide polymorphisms;
Type 2 diabetes; Preeclampsia; Breast cancer; Athletic genetics; Nutrigenetics; Sports
genomics; Personalized medicine; Genetic markers; DNA methylation; Epigenetics; Exercise
genetics; Sports injuries

Pedepar

Heuan uccaenopanus: CucteMaTu3upoBaTh U 00OOIIUTE COBPEMEHHBIE MPEICTaBICHUS
O MOJIEKYJISIPHO-TEHETUUECKUX OCHOBAaX MOJUIE€HHBIX (MyJIbTU(AKTOPHBIX) 3a00JeBaHUI
4eJI0BEKA.

Metoasbi: IlpoBeneH aHanMUTHYECKUH 0030p COBPEMEHHOW HAYyYHOW JIUTEpaTypHI,
MOCBALIICHHON T'€HEeTMYECKUM aclekTaM MyJlIbTU(aKTOpHBIX 3aboieBaHui. PaccMoTpeHsl
MEXaHU3MBl BIHUSHHSA IMOJUMOpQHU3Ma IeHOB Ha MaToreHe3 HawmboJiee pacripoCTpaHEHHBIX
MOJIUT€HHBIX 3200JI€BaHUH.

PesyabTatsi: [IpencraBieHsl COBpEMEHHBIE TaHHBIE O POJIM MOIMMOpP(GHU3Ma T€HOB B
naToreHe3e HOJUreHHbIX 3aloneBaHui. Iloka3aHo, yTOo MyIbTH(AKTOpHBIE 3a00JEeBaHMS
BO3HUKAIOT B PE3YJbTATE CIOKHOTO B3aMMOJACHUCTBHUS T€HETUYECKUX M CPEIOBHIX (DAaKTOPOB.
OnucaHbl OCHOBHBIE T€HBl IPEIPACHOIOKEHHOCTH K PA3JIMYHBIM MYJIbTU()AKTOPHBIM
3a00JIeBaHUSAM, BKIIOYAs MPEIKIAMIICHIO, paK MOJIOYHOM >Kele3bl, CaxapHbIi auader 2-ro
Thna. PaccMOTpeHsl BOIPOCHI NEPCOHATU3UPOBAHHOIO IUTAHMS HA OCHOBE I'€HETHYECKOIO
TecTupoBaHus. lIpencraBieHbl 1aHHBIE O TEHETHUECKUX MapKepax CIIOPTUBHBIX JOCTUKEHUI.

3akiiouenue: [loHMMaHuEe TI€HETHMYECKUX OCHOB MyJIbTU(AKTOPHBIX 3a00J1eBaHUM
MMeeT BaKHOE 3HA4YCHHUE I pa3pabOoTKU METOIOB MX paHHEW NWAarHOCTHUKH, MPO(UIaKTHKH
n JsedeHus. lMcnonp3oBaHME COBPEMEHHBIX MOJEKYJIAPHO-TEHETHUECKUX TEXHOJOTUN
MO3BOJISICT BBIABIATH T€HBI TPEAPACIIONOKEHHOCTH K PAa3IMYHBIM 3a00JIEBaHUSAM |
pa3pabaTrbIBaTh EPCOHATU3UPOBAHHBIE MTOJIXOAbI K UX MPO(PUIAKTHKE U JIEYCHHUIO.

KiroueBble cj10Ba: moiureHHble 3a00JI€BaHUs, MyIbTH()AKTOPHBIC 3a00JI€BaHHS, TCHBI
IPEAPacoI0KEHHOCTH, OJHOHYKJICOTHAHBINA TTONMUMOP(U3M, MPEIKIAMIICHS, PAaK MOJIOYHON
kKenes3bl, caxapHbli auaber 2-ro Tuma, HYTPUT€HETUKA, CIHOPTUBHAs TI'€HETHKA,
NEepCOHATM3UPOBAHHAS MEIUIIMHA.
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CHAPTER 1. ROLE OF HEREDITARY APPARATUS DISORDERS IN THE
PATHOGENESIS OF HEREDITARY DISEASES

INTRODUCTION

In contemporary medical practice, genetic testing methods are increasingly in demand
within the framework of predictive medicine. It is important to distinguish between the terms
"genetic test" (GT) and "genetic (molecular) assay" (GA). The former refers to already
identified and confirmed diagnostic gene markers. In contrast, the results of a GA are
prognostic in nature and require further confirmation before they attain the status of a genetic
test. Molecular analyses of polymorphisms in individual genes conducted on a sufficiently
large sample of patients, supported by a robust control group, even within a single population
or regional population, approach the criteria required for a genetic test.

Genetic testing during the presymptomatic period provides the opportunity to identify
hereditary tendencies towards the development of future diseases that currently exist only in
the genome (not yet phenotypically expressed). Consequently, a genetic test allows, based on
current medical experience, the identification of disease monitoring pathways and the
development of early prevention methods. Information about various degrees of risk for
developing these specified diseases can be obtained through genetic testing. As a result, a
physician, taking into account the results of molecular genetic analysis, can develop a strategy
for pathogenetically justified anticipatory therapy, thereby making the necessary correction to
congenital metabolic defects.

Evidently, these studies result in the accumulation of data on both the genomes of
individuals and entire families, gradually forming personal and familial DNA databases. This
DNA database constitutes a "genetic passport”.

Thus, a genetic passport represents an individual's DNA database, reflecting each
person's unique genetic characteristics and predispositions to certain hereditary diseases.

Currently, based on existing data, the testing of many gene markers, whose association
with serious diseases is considered proven, is entirely justified.

The information contained in a genetic passport aids in avoiding potential health issues
related to ignoring individual genomic features and specific hereditary characteristics. On the
other hand, such data enable a person to more fully realize their genetic potential and hold
undeniable value for future generations.

According to V. S. Baranov and O. S. Glotov, an individual genetic map (genetic passport)
includes the following main sections:

1. Personal passport data (name, year of birth, nationality);

2. The patient's karyotype;

3. A unique genetic identification number obtained through genomic fingerprinting,
consisting of a 12-digit number;

4. Results of testing for asymptomatic carrier status (heterozygosity) of mutations for the most
common monogenic diseases;

5. Presymptomatic diagnosis of diseases with late onset;

6. Results of testing for gene markers of common multifactorial diseases;

7. Medical-genetic conclusions derived from genetic counseling before and after genetic
testing;

8. Recommendations based on the genetic testing results for the individual and the attending
physician.

The complete version of a genetic map (genetic passport) should encompass not only the
results of research on predisposition genes but also information on the asymptomatic carrier status



of mutations in the genes responsible for the most common hereditary diseases (heterozygosity for
genes linked to hemophilia, cystic fibrosis, phenylketonuria, among others). Testing for hereditary
predisposition related to one or several specific conditions is practically useful when preliminary
medical-genetic counseling indicates potential hereditary risks for the patient.

The genetic map (genetic passport) for reproductive health, developed by the D. O. Ott
Research Institute of Obstetrics and Gynecology, Northwest Branch of the Russian Academy of
Medical Sciences (St. Petersburg), has proven effective In addition to analyzing the karyotype and
testing for carrier status of severe hereditary diseases (heterozygosity) in couples planning for a
child, it holds significant prognostic value to analyze a woman using gene panels for diseases that
complicate pregnancy, fetal development, childbirth, and the postpartum period (such as
preeclampsia, habitual miscarriage, varicose veins, and feto-placental insufficiency).

Considering the significance of a genetic passport for a child's health, harmonious personality
development, rational nutrition, effective education, sports activities, optimal career guidance, and
the ability to prevent the development of certain late-onset diseases, conducting such a genetic test
at an early age appears to be well justified.

Furthermore, in families at high risk for type 1 and type 2 diabetes, bronchial asthma, sudden
death syndrome, conduction and rhythm abnormalities, metabolic syndrome, and obesity, as well
as in several other medical conditions, preventive genetic testing at an early age is considered
justified. Naturally, such testing can be conducted only with parental consent, at the referral of a
pediatrician, and following a consultation with a geneticist. Additionally, information is being
accumulated about genetic markers, testing of which can assess a teenager's suitability for various
sports.

Exome sequencing technology (WES) enables the study of the structure, genetic
polymorphisms, and functions of various gene variants within the genome across specific
populations. This technology aids in understanding the hereditary mechanisms of specific
monogenic or multifactorial (polygenic) diseases, allowing for accurate diagnosis,
improved prevention, and treatment efficacy. This field stimulates the rapid development
of molecular predictive medicine and the formation of genetic passports as a step towards
a clinical genetic passport, derived from exome sequencing data (WES technology). For
instance, in reproductive medicine, particularly in pregnancy planning, a comprehensive
approach 1is required, based on a range of molecular, genetic, cytogenetic, and
embryological methods.

Clinical-genetic passports, genetic mapping, and next-generation sequencing are now
integral to all areas of medical science, enabling clinical medicine to address significant
reproductive challenges. Specifically, these advancements are vital in fields such as non-
invasive prenatal testing (NIPT) or the screening of monogenic and oligogenic diseases by
detecting pathogenic variants in probands and families at high risk; pregnancy planning
through preimplantation genetic diagnosis (PGD) and treatment; and diagnostic
confirmation, which is increasingly relevant for assessing the risk of multifactorial and
infectious diseases, in addition to identifying phenotypic characteristics in individuals. It
is important to note the critical updates in genetic terminology regarding these recent
methods. In 2015 and 2017, the American College of Medical Genetics and Genomics
(ACMG) and the Russian Society of Medical Genetics, respectively, recommended
replacing the terms "mutation" and "polymorphism" with "nucleotide sequence variant,"
accompanied by the following modifiers: (1) P - pathogenic, (2) LP - likely pathogenic, (3)
of uncertain significance, (4) likely benign, or (5) benign.

The WES (Whole Exome Sequencing) technology allows for the rapid and efficient
identification of multiple hereditary diseases in any individual. This is particularly
relevant in cases of co-inherited X-linked and autosomal dominant disorders such as



ichthyosis, Wilson's disease, and hemochromatosis. By understanding the molecular
defects leading to disease development, patients can benefit from more appropriate
follow-up care.

The majority of diseases are not monogenic; therefore, before evaluating the degree
of disease risk, it is essential to accurately understand the nature of the disease (i.e.,
monogenic, oligogenic, or multifactorial condition), which is not always straightforward.
There is an emerging opportunity to identify individuals at high genetic risk for the most
common pathologies (such as diabetes, cardiovascular diseases, oncopathologies, etc.) at
any age. The situation with multifactorial diseases is somewhat more complex, as genomic
changes influence the etiology of the disease, with a large set of genes predisposing
individuals to the condition (the phenomenon of additivity). Moreover, besides the
hereditary factor, susceptibility to the disease is shaped by numerous environmental
factors, while inheritance cannot be explained solely by Mendel's laws. Indeed, identical
diagnoses may be caused by different risk factors and etiologies in different individuals.
In these cases, Whole Exome Sequencing (WES) technology offers rational algorithms to
identify genetic markers of complex diseases, even in limited samples.

In conclusion, the concept of predictive medicine—the use of a clinical-genetic
passport for addressing preconception screening, the birth of healthy offspring, diagnosis,
and prevention of multifactorial as well as infectious diseases—should rely on Next-
Generation Sequencing (NGS) technologies as a fundamental tool, utilizing specialized
databases, algorithms, bioinformatics, and genetic user concepts of expression and
penetrance.

MOLECULAR DIAGNOSTICS OF MONOGENIC AND POLYGENIC
DISEASES

The application of Next-Generation Sequencing (NGS) in medical research is
multifaceted. Sequencing methods can be categorized into the following groups based on their
purpose: (1) whole genome analysis (Whole Genome Sequencing, WGS); (2) analysis of
protein-coding genes in the genome (Whole Exome Sequencing, WES); (3) analysis of gene
sequences associated with specific diseases (from exomes covering around 4,000-5,000
clinically significant genes to panels targeting small regions of one to three genes); (4)
transcriptome sequencing (RNA sequencing); and (5) analysis of bacterial microbiome
diversity. Given that the objective is to focus research on protein-coding nucleotide sequences
to identify rare pathological SNPs, insertions, deletions that may underlie diseases, or
discover new genetic markers for oligogenic and multifactorial diseases, WES is a more cost-
effective method than WGS. WES holds a distinctive position among NGS tests. Considering
its relatively low cost, WES is currently more attractive in clinical settings. Furthermore,
WES significantly reduces the size of the analyzed database to 6 GB, compared to WGS (90
GB).

Due to these qualities, WES is becoming a priority method for complex research and
practical objectives. WES/WGS enables the identification of new unknown or rare variants,
which are linked to diseases or very rare pathologies. This category also includes
susceptibility genes that exist in certain populations but have not yet been considered in
differential diagnosis and were not previously recognized as causes of disease.

Whole Exome Sequencing (WES), a study that deciphers protein-coding gene sequences
and identifies pathogenic (harmful) genetic variants inherited from parents or occurring
spontaneously, is used for mass screening of structural and regulatory genes to determine
allele frequencies of disease-associated polymorphisms in different populations. This helps



detect pathogenic genetic changes (mutations or polymorphisms) contributing to protein
sequence disorders. With its extensive capabilities, exome sequencing today enables the
diagnosis of monogenic diseases and the examination of seemingly healthy populations to
identify a wide range of potential risks before disease manifestation. A genetic passport is
defined as a new clinical concept based on WES for identifying new candidate genes, gene
variants, and molecular mechanisms in the diagnosis, prognosis, and treatment of monogenic,
oligogenic, and multifactorial diseases.

It is also necessary to note that cytogenetic research methods remain relevant in the
creation of a genetic passport. Certain types of deletions (microdeletions) and translocations
(balanced translocations) are relatively common and may be viewed as serious medical issues,
for instance, in reproductive medicine or oncology (loss of heterozygosity).

Therefore, the data from cytogenetic analysis is an important component of the genetic
profile.

MONOGENIC DISEASES IN HUMANS

As of June 1, 2023, the OMIM database contains entries for 7,377
hereditary diseases and syndromes, including their molecular associations. This
includes 6,305 phenotypes linked to a single gene, indicating a monogenic
nature of these genetic traits or syndromes. This advancement has largely been
achieved through the active implementation of Whole Exome Sequencing
(WES).

WES technology provides a reliable method for diagnosing monogenic
diseases in humans. Specifically, WES is employed as a first-line examination
tool for genetic diagnosis and in idiopathic disorders where probands present
with a "blurred" phenotype. For patients with unclear clinical presentations,
differential diagnosis using WES is essential in identifying the root cause of the
disease.

For instance, a study conducted in China utilized WES to investigate 169
children with congenital developmental anomalies (median age of 10.5 months)
and monogenic diseases. Monogenic disorders were diagnosed in 43 (25%)
patients. The pathologies with the highest frequency included metabolic (33%),
neuromuscular (19%) diseases, and multiple deformations (14%). The
diagnostic efficiency for children with metabolic disorders, growth impairments,
or visual analyzer anomalies was significantly enhanced by the availability of
detailed clinical data. WES data allowed for adjustments in 30 (70%) cases,
including disease monitoring initiation in 41.9% (18 cases), rehabilitation and
palliative care in 27.9% (12 cases), modification of current treatment in 25.6%
(11 cases), and other comprehensive assessment procedures in 7% (3 cases).

Another example of verification through WES of a complex form of
monogenic disease is the analysis of a hotspot region in the promoter of the
RNA processing endoribonuclease gene (RMRP) in a proband with the
extremely rare autosomal-recessive skeletal chondrodysplasia, anauxetic
dysplasia (AD). Heterozygous variants of the nucleotide sequence rs387906533
(n.91 _92delinsGC) (chr9:35657924-35657925delCTinsGC) were found in exon
1 of the RMRP gene, and an unknown insertion n.—6_ —5insTCTCAGCTTCAC
(chr9:2.35658020-35658021insTCTCAGCTTCAC) was discovered in the
promoter region of the gene. The variant is a 12-nucleotide insertion between
the TATA box and the transcription start site. It was found that the n.—-6 —



S5insTCTCTCAGCTTCAC mutation was paternally derived, while the
n.91 92delinsGC mutation was maternally derived. No prior evidence existed
regarding the insertion in the RMRP promoter region as a cause of Alzheimer's
disease without extraskeletal manifestations typical for carriers of such
mutations.

Thus, WES technology enables the rapid and efficient identification of
multiple hereditary diseases in any individual. This is particularly relevant for
co-inherited X-linked and autosomal-dominant pathological forms such as
ichthyosis, Wilson's disease, and hemochromatosis. By understanding the
molecular defects leading to the development of these diseases, patients can
benefit from the most appropriate follow-up care

GENE MODIFIERS OF MONOGENIC DISEASES

Nevertheless, even with the knowledge of pathological genes and the
nature of mutations causing diseases, it is not always possible to accurately
forecast key aspects of the phenotypic manifestation of a disease, such as the
age of onset, the rate of progression, severity, and the expression of other
comorbid conditions. Numerous reports in the literature indicate that patients
with the same primary mutation exhibit distinct differences in pathological
phenotype expression, most likely due to genetic determinants acting as
modifiers. Accumulated clinical and genetic data currently suggest that the view
that phenotype expressivity is solely a property of dominant or recessive
mutations in a single locus, even in classic monogenic disorders, may be overly
simplistic. In this context, phenomena described by terms such as epistasis or
genetic interaction/modification are effectively synonyms of the same process,
namely, the influence of one gene on the phenotypic outcome of a second gene.
A distinction that may help better define these genetic phenomena lies in
determining whether the primary locus is both necessary and sufficient for the
onset of the disease. If so, the presence of an allele(s) in a second locus/gene
plays a purely modifying role on the severity of the phenotype, determined by
the rate of disease progression, the severity of the phenotype concerning its
pleiotropy, or the expression of endophenotypes that require genetic
interactions. Conversely, if not, the requirement of an allele in the second gene
for the manifestation of pathology defines a case of digene or oligogenic
inheritance (the simplest form of a polygenic disease).

A genetic modifier can influence the phenotype established by mutation(s)
in the primary locus in several ways. Depending on the nature of the modifier,
this interaction may lead to a reduction in the penetrance of certain
endophenotypes and/or disorders, variable expressivity with the modifying
locus resulting in either exacerbated phenotypes (i.e., earlier onset and faster
disease progression), or conversely, a milder clinical picture (i.e., later onset,
slowed  disease  progression, and absence/protection from  certain
endophenotypes).

Modifiers that enhance the expression of certain endophenotypes may lead
to the description of the given monogenic disease as a new form of the
condition.

OLIGOGENIC AND MULTIFACTORIAL DISORDERS
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Hereditary disorders caused by pathogenic variants in multiple genes are
more prevalent, known as oligogenic hereditary disorders. Oligogenic diseases
represent an intermediate state between monogenic diseases, which are linked to
a defect in a single gene, and polygenic diseases, which are influenced by
multiple genes and environmental factors. Oligogenic models, even those
involving only two genes (i.e., digenic or bilocus), remain challenging to detect
and validate due to the fact that the involved gene variants might be relatively
common in the general population, may have a lesser individual effect on gene
function, and may be located in genes not always known to biologically interact.
Data concerning digenic diseases, the simplest form of oligogenicity, were first
collected in the Digenic Diseases Database (DIDA). Digenic inheritance (DI)
involves pathologies with the simplest form of multigenic etiology, engaging
more than one gene (and possibly environmental factors). A true DI occurs
when biallelic mutations in two distinct genes, in cis- or trans-position, are
necessary and sufficient to induce a pathology with a specific diagnosis. The
DIDA database facilitated the development of a new generation of prognostic
tools aimed at combinations of variants associated with digenic disease. The
database also provides an initial credibility assessment for each oligogenic
combination based on evidence supporting their association with the disease.

A correct functional evaluation of how variants and genes synergistically
interact to cause a pathological phenotype is also crucial for a true
understanding of the mechanisms leading to the disease. A "true oligogenic"
scenario of an assumed oligogenic pathology corresponds to a situation where
all variants need to be present simultaneously to exhibit any symptoms of the
disease, whereas in a "monogenic plus modifier" scenario, a variant in the
primary gene might still cause milder symptoms or a different subphenotype.
Moreover, it is vital to not only consider the presence of individual variants
located in different genes but also the instances where genes contain
homozygous or heterozygous compound variants, as it is necessary to have
evidence indicating that these biallelic events in one gene are insufficient to
cause the expected pathological phenotype. In other words, evidence supporting
the oligogenic nature of a disease should demonstrate that biallelic events
(heterozygosity) in one gene are insufficient to cause the disease phenotype,
while individuals carrying mutations in only one gene are either healthy or
exhibit less severe symptoms. This implies that a combination of digenic
variants is linked to the disease phenotype within a true digenic model, where
the simultaneous presence of both variants in an individual is necessary for the
development of the disease phenotype.

Another approach to identifying oligogenic diseases involves providing
functional evidence of gene interactions indicating an oligogenic combination
in the disorder and developing the biological mechanisms in which the genes
and their variants are involved. To obtain functional oligogenic evidence,
emphasis should be placed on establishing causality between multiple gene
variants and the disease phenotype under study, and demonstrating a synergistic
or additive effect (i.e., evidence that the effect of the combination is different
from the individual effects of the variants) using in vivo and/or in vitro
experiments. Therefore, considering the pathogenicity of an oligogenic

11



combination at the gene level is crucial for understanding their synergistic
action in causing the disease

OLIGOGENIC ETIOLOGY EXEMPLIFIED BY
CARDIOMYOPATHIES

Understanding the hereditary factor's role in the pathogenesis of a disease
is crucial. Whether a disorder is mono- or oligogenic, or multifactorial, the
answer is often not readily apparent. Whole Exome Sequencing (WES)
technology assists in addressing this question. WES was utilized to identify six
new P (pathogenic) or LP (likely pathogenic) gene variants in 40 patients with
hypertrophic (HCM, n=14) and dilated cardiomyopathy (DCM, n=26).
Hypertrophic cardiomyopathy, caused by gene variants encoding sarcomeric
proteins—heavy chain B-myosin (MYH7) and myosin-binding protein C
(MYBPC3)—accounts for up to 50% of all clinical cases: myosin light chain 2
(MYL2), myosin light chain 3 (MYL3), and cardiac troponin T (TNNT2) in 5—
10%, cardiac troponin I (TNNI3) in 5%, cardiac troponin C (TNNCI1) in <1%,
cardiac a-actin (ACTC1) in <1%, a-tropomyosin (TPM1) in 1.5%, and cysteine
and glycine-rich protein 3 (CSRP3).

As a result, frameshift mutations (11:47372858, c.A224insG+) in the
MYBPC3 gene and missense mutations (rs193922390, ¢.5135 G>A, p.R1712Q)
in the MYH7 gene were identified as pathogenic variants for HCM. Missense
variants such as rs138049878 (c.2608 C>T, p.R870C), rs727503260 (c.2302
G>C, p.G768R) and rs397516088 (c.1063 G>A, p.A355T) in the MYH7 gene,
and rs199476306 (c.188 C>T, p.A63V) in the TPMI1 gene, were assessed as
likely pathogenic for HCM. The diagnostic yield of WES for HCM was 43%
(with six variants in fourteen patients). This is a relatively high diagnostic
efficiency, supporting the involvement of a limited number of genes in the
pathology's development.

MULTIFACTORIAL (POLYGENIC) DISEASES

Multifactorial diseases (polygenic diseases) encompass almost all the most prevalent
chronic human ailments, such as atherosclerosis, diabetes, obesity, bronchial asthma,
osteoporosis, endometriosis, malignant tumors, as well as neuropsychiatric and cardiovascular
diseases. These conditions arise from the interaction of multiple genes with adverse
environmental factors. Currently, the International Classification of Diseases (ICD) includes over
55,000 nosological units. The overwhelming majority of these are classified as multifactorial
diseases. As of March 11, 2023, more than 12,000 human diseases, 220,322 SNPs, and 493,105
genomic associations have been registered. Presently, there are three primary approaches to
identifying candidate genes: functional mapping (candidate gene analysis), genetic linkage in
high-risk families, and genome-wide association studies (GWAS), including genome sequencing.
GWAS are actively employed for the analysis and testing of samples from various national
biobanks. According to current knowledge, the influence of genetic factors on the expression and
penetrance of phenotypic traits is either due to genetic polymorphisms of point mutations with
strong effects or frequent SNPs with weak effects. For understanding the genotype-phenotype
correlation, the preferred approach is the investigation of candidate genes associated with
multifactorial diseases.
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MEDICAL ASPECTS OF GENE MUTATIONS AND CHROMOSOMAL
ABERRATIONS EXEMPLIFIED BY THE DIAGNOSIS OF HEREDITARY CAUSES
OF INFERTILITY

Infertility is defined as the inability of a couple to conceive a child after attempting for two
years without success. Approximately 15% of couples are infertile, with the male factor being
responsible for about 50% of these cases. Often, though not always, male infertility is a
multifactorial syndrome encompassing a wide range of disorders. In more than 50% of infertile
men, the cause is unknown (idiopathic) and may be congenital or acquired. Male infertility can
be initially diagnosed through semen analysis. Semen analyses of infertile men can reveal
various abnormal conditions, such as azoospermia, oligozoospermia, teratozoospermia,
asthenozoospermia, etc. Current estimates suggest that about 30% of men seeking medical
assistance for infertility face oligozoospermia or azoospermia of unknown etiology. The causes
of infertility are known in less than 50% of cases, with genetic or hereditary conditions and
specific chromosomal anomalies being the main factors. Approximately 10-20% of men without
sperm in the ejaculate have a deletion in the Y chromosome. This deleted region includes the
azoospermia factor (AZF) locus, located in the Yql1 region, divided into four repeat-deleted
non-overlapping subregions known as AZFa, AZFb, AZFc, and AZFd. Each subregion may be
associated with specific testicular histology, and several candidate genes have been identified in
these areas. The Deleted in Azoospermia (DAZ) gene family is reported to be the most
frequently deleted candidate gene in AZF, located in the AZFc region. Additionally, the DAZ
gene has an autosomal homologue, DAZL (DAZ-Like), on the short arm of chromosome 3
(3p24), and a mutated autosomal DAZL might be responsible for a spermatogenic defect.
Random attacks on exposed mitochondrial DNA (mtDNA) of spermatozoa by reactive oxygen
species or free radicals inevitably cause oxidative damage or mutation of the mitochondrial
genome, with pathological consequences, leading to male infertility. A key nuclear enzyme
involved in the extension and repair of mtDNA strands is DNA polymerase gamma, mapped to
the long arm of chromosome 15 (15g25), comprising a CAG repeat region. Its mutation affects
ATP production. The introduction of molecular methods has significantly advanced the
understanding of the genetics of infertility. However, the comprehension of the genetic causes of
male infertility remains limited

CHROMOSOME STRUCTURE AND NUMBER ABNORMALITIES: A CAUSE
OF INFERTILITY

It is widely recognized that cytogenetic defects are a significant factor in disrupting
spermatogenesis. The connection between hereditary factors and male infertility was first
established in 1959 when it was shown that men with Klinefelter Syndrome (KS) have an
additional X chromosome, leading to a 47,XXY karyotype. KS is a common condition (~1-2
men per 1000) and one of the leading genetic causes of male infertility (3—4% of cases).
Patients with KS typically exhibit small testes, non-obstructive azoospermia (NOA), and
elevated levels of FSH and LH hormones, a condition known as hypergonadotropic
hypogonadism. Chromosomal abnormalities are confirmed in 5% of patients with severe
oligozoospermia and in 10%-15% of patients with azoospermia. Chromosome analysis is
usually performed by culturing lymphocytes (72 hours) using cytogenetic methods. During
routine analysis, 20 cells are examined. In cases of chromosomal mosaicism or abnormalities,
30 cells are analyzed.

Besides KS, up to 1.7% of patients with male infertility have autosomal abnormalities,
such as translocations or inversions. Individuals with karyotype abnormalities affecting both
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the number and structure of chromosomes have a predisposition to infertility due to
unsuccessful pregnancies, often resulting from recurrent miscarriages. Key chromosomal
abnormalities that can lead to reduced fertility include chromosomal translocations or
inversions, aneuploidy, and Y chromosome microdeletions. In patients with structural
anomalies (primarily concerning translocations), the formation of normal bivalents during
meiosis is disrupted, leading to expected meiotic disturbances and halting spermatogenesis
maturation. Most patients with structural chromosome changes exhibit oligozoospermia.
Therefore, the frequency of Robertsonian translocations, reciprocal translocations, and
inversions is higher in men with oligozoospermia compared to men with azoospermia and
the general male population.

The nature of infertility treatment depends on understanding the precise chromosomal
rearrangement and the degree of spermatogenesis disruption. Preimplantation and prenatal
genetic testing options may be employed to prevent transmitting genetic defects to offspring.
For instance, carriers of Robertsonian translocations have a high risk of conceiving offspring
with aneuploidy, while asymptomatic carriers of microdeletions or duplications associated
with clinical syndromes risk fathering a child with severe developmental disorders.
Chromosomal translocations are the most common structural abnormalities in men, with a
frequency of 1.23 per 1000, and their prevalence is ten times higher in infertile populations.
Chromosomal translocations are classified as balanced and unbalanced. A balanced
reciprocal translocation involves the exchange of genetic material between two or more
chromosomes. There are both autosomal and sex chromosome translocations in balanced
reciprocal translocations. Depending on breakpoints, approximately 60% of autosomal
translocation carriers have at least one abnormal parameter in sperm analysis. Although the
frequency of sex chromosome translocations is low, some reports have linked Y
chromosome translocations to azoospermia.

Robertsonian translocation is the most common form of unbalanced chromosomal
translocation in humans and a frequent cause of male infertility. Robertsonian translocations
occur in 0.9-3.4% of infertile men with severe spermatogenic dysfunction. They can arise in
five pairs of acrocentric chromosomes (chromosomes 13, 14, 15, 21, 22) and result in breaks
at centromere regions, with the fusion of two long arms to form a single large chromosome.
Consequently, individuals with Robertsonian translocation have 45 chromosomes. The
remnants of the short arms of the two fused chromosomes are typically lost. Despite this
genetic anomaly, Robertsonian translocation carriers are phenotypically normal, as the short
arms of the acrocentric chromosomes do not contain important genes. However, carriers are
at increased risk of sperm aneuploidy, potentially leading to miscarriage or offspring with
severe genetic abnormalities. Theoretically, one-sixth of the sperm of carriers has a normal
karyotype, another one-sixth carries the Robertsonian translocation, and the remaining two-
thirds are in an unbalanced state, either nullisomy or disomy for the chromosomes involved
in the translocation. Prader-Willi syndrome and Angelman syndrome are associated with
maternal and paternal uniparental disomy of chromosome 15.

One prevalent cause of male infertility is microdeletions of the Y chromosome's long
arm (Yq). The long arm of the Y chromosome (Yq) contains numerous ampliconic and
palindromic sequences, making it prone to self-recombination during spermatogenesis and,
thus, susceptible to intrachromosomal deletions. These deletions alter the copy number of Y
chromosome genes, leading to male infertility. Three common Yq deletions recurring in
infertile men are known as AZF (azoospermia factor) microdeletions, specifically AZFa,
AZFb, and AZFc. Estimates based on studies of nearly 40,000 Y chromosomes suggest that
the global prevalence of Yq microdeletions is 7.5% among infertile men; however, infertile
European men are less susceptible to Yq microdeletions, with the highest prevalence
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observed in American and East Asian infertile men. Additionally, partial deletions of the
AZFc locus have been associated with infertility, but the effect appears to be ethnicity-
dependent.

MONOGENIC CAUSES OF INFERTILITY

The issue of monogenic causes of infertility is general in nature, affecting a wide array
of medical circumstances and is not an isolated concern. More than 50% of infertile men
suffer from one or multiple chronic conditions or significant health issues not directly related
to reproduction. Recent meta-analyses have clearly demonstrated that infertile men are at a
higher risk of early mortality. Furthermore, the risk of early death increases with the severity
of spermatogenesis disorders and decreased sperm quality. The exact mechanisms of this
correlation, observed in epidemiological studies, remain unknown.

A significant portion of registered monogenic forms of spermatogenic defects involves
homozygous autosomal-recessive pathogenic variants, mapped in consanguineous families.
Infertility is a widespread clinical problem, affecting 8-12% of couples globally, with
approximately 75% of cases diagnosed as idiopathic infertility due to undetected causal
factors. Indeed, 40-60% of spermatogenesis disorders remain unexplained, and among cases
of moderate oligozoospermia (sperm count 10-39 million per ejaculate), this share is close to
80%. In recent years, considerable efforts have been made to investigate new candidate
genes responsible for male infertility driven by monogenic mutations.

Quantitative or structural chromosomal abnormalities have long been associated with
male infertility. Monogenic mutations have only recently been considered in the
pathogenesis of this condition. Mutations in specific genes involved in meiosis, mitosis, or
spermiogenesis lead to spermatogenic insufficiency, resulting in conditions such as
insufficient (oligozoospermia) or absent (azoospermia) sperm production, limited
progressive and/or total sperm motility (asthenozoospermia), altered sperm morphology
(teratozoospermia), or combinations thereof.

It is important to note that monogenic causes of infertility can be due to genes located
on both the Y chromosome and autosomes. For instance, as mentioned, Yq microdeletions
result from intrachromosomal non-allelic homologous recombination events (due to the
highly repetitive structure of the Y chromosome) and are generally present in 5%-10% of
patients with azoospermia. In this case, the pathological effect on male fertility is caused by
the loss of several key regulatory genes of spermatogenesis.

Currently, active developments are underway for genetic panels aimed at detecting
monogenic causes of male infertility, driven by spermatogenic insufficiency and androgen
insensitivity. These are based on testing genes located on both autosomes and the Y
chromosome.

For diagnosing monogenic causes of infertility in men, a polygenic NGS panel is
typically used to detect nucleotide variations in the coding exons and flanking introns of the
aforementioned genes. Pathogenic variants may include missense, nonsense, splicing, or
small indels. Large deletions/duplications have been reported in genes defining male
infertility, such as USP9Y, DPY19L2, SPATA16, SUNS5, and CFAP43.

MONOGENIC CAUSES OF SPERMATOGENIC INSUFFICIENCY
Defects in sperm quantity include azoospermia and oligozoospermia. Azoospermia, the

absence of sperm in seminal fluid, affects 1% of the male population and accounts for 20%
of all male infertility cases. Recent discoveries have identified point mutations causing
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azoospermia in the following genes: NR5SA1, SYCP3, ZMYNDI15, TAF4B, TEXI11,
NANOSI1, PLK4, MEIOB, SYCE1, USP9Y, SOHLHI, TEX15, HSF2, and KLHLI10.
Notably, frameshift mutations in ZMYNDI15 cause the SPGF14 phenotype. The protein
encoded by this gene is involved in the temporally normal haploid gene expression during
spermatogenesis.

A homozygous mutation in SYCEI1 is associated with the SPGF15 phenotype. This
gene encodes a component of the synaptonemal complex, a structure that physically binds
homologous chromosomes during meiosis I.

Mutations in TEX11 are linked to meiotic arrest and azoospermia with a frequency of 1-
15% in men with azoospermia. The protein encoded by TEX11 regulates the pairing of
homologous chromosomes during double-strand DNA repair through the formation of a
synaptonemal complex and chiasma during crossover processes. SYCP3, which also plays a
similar role, has been found to be mutated in infertile men.

The SOHLHI1 gene mutates in some cases of azoospermia and encodes a testicular
transcription factor essential for spermatogenesis. A mutation in the NR5A1 gene, encoding
steroidogenic factor 1, has been reported in a patient with meiotic arrest and normal levels of
follicle-stimulating and luteinizing hormones, as well as testosterone.

Lastly, a patient with spermatogenesis blocked at the spermatocyte stage exhibited a
dominant-negative mutation in the HSF2 gene, which encodes the transcription factor heat
shock factor 2.

MONOGENIC CAUSES OF SPERM MORPHOLOGY DEFECTS

Teratozoospermia represents a heterogeneous group of disorders. The morphological
assessment of sperm involves evaluating the major functional regions (head, midpiece, and
tail), which may exhibit abnormalities in shape and size. The phenotype may present as a
single type of malformation in one patient or different types in the same patient. Recent
studies involving families with pathological cases and small phenotypically homogeneous
cohorts have identified autosomal recessive cases of teratozoospermia. Currently, the genes
associated with sperm morphology defects include: AURKC, ZPBP, DPY19L2, SPATALIS6,
PICK1, BRDT, and SUNS.

MONOGENIC CAUSES OF SPERM MOTILITY DEFECTS

Asthenozoospermia is a condition leading to reduced sperm motility due to flagellar
defects. The axoneme, outer dense fibers, mitochondria, or fibrous sheath of the flagellum
might be affected. Ultrastructural defects in the 9+2 axoneme structure can involve outer or
inner dynein arms, central microtubules, and radial spokes. Genes related to sperm motility
defects include: SLC26A8, CATSPER1, SEPT12, CFAP43, CFAP44, DNAHI, and PLCZ]1.

POLYGENIC CAUSES OF MALE INFERTILITY

Despite significant progress made through cytogenetic studies and next-generation
sequencing (NGS) technologies in uncovering the genetic causes of male infertility, a large
proportion of unexplained heritability remains to be explored. Indeed, in many patients with
spermatogenesis disorders, the etiology remains unknown. Meanwhile, increasing evidence
highlights idiopathic non-obstructive azoospermia as a complex and polygenic condition.
Over the past three decades, efforts have been made to identify polymorphisms in candidate
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genes associated with complex forms of idiopathic infertility. In this context, SNPs have
been the most analyzed variations compared to studies on VNTR and CNV.

Candidate genes for predisposition have been selected based on their involvement in
hormone production, cell cycle regulation, and spermatogenesis. However, substantial
progress in these studies has been elusive, primarily due to (1) the extremely small size of
analyzed case/control cohorts, likely leading to numerous errors in statistical hypothesis
testing, and (2) inadequate clinical characterization of the included patients.

Several population studies have suggested the productive analysis of approximately
2000 genes directly involved in spermatogenic processes, with over 600 exhibiting specific
expression in male germ cells. Such a vast number of candidate genes complicates the
visualization of the overall molecular picture of azoospermia, causing skepticism among
some researchers about transferring molecular genetic insights into clinical healthcare
practice.

Some research groups have begun regularly analyzing the gene sequences of NR5SAI,
DMRTI, and TEXI11 in patients with idiopathic variants of non-obstructive azoospermia,
identifying causative mutations in 5% of cases and increasing diagnostic efficiency to 25%.
In routine clinical practice, about 75% of cases with severe spermatogenesis disorders are of
idiopathic origin. A list of 60 candidate genes is proposed for diagnosing male infertility
caused by spermatogenesis disorders. It is suggested that next-generation sequencing studies
in large cohorts of patients with clearly idiopathic infertility will provide new, intriguing data
on their racial and ethnic prevalence among infertile patients, likely enhancing diagnostic
effectiveness.
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CHAPTER 2. GENE POLYMORPHISM
INTRODUCTION

A genomic map is constructed based on the results of genome DNA sequencing. By
determining the sequences of nitrogenous bases, we can identify genes and the distances
between them. By analyzing the nucleotide sequence of DNA involved in encoding a given
protein, we can assess the functions performed by this nucleotide sequence. It is hypothesized
that natural selection prevents the accumulation of harmful mutations in sequences that code for
functional products (proteins). Therefore, it can be assumed that an intact coding sequence will
lead to the formation of a functionally active polypeptide. By comparing the DNA sequence of
the wild type (non-mutated, original gene) with the sequence of a mutant gene, it is possible to
determine the nature of the mutation and its exact location in the sequence. The initial
Mendelian view of the genome classified alleles as either wild type or mutant. It was later
recognized that multiple alleles for a single gene could exist within a population, each having
varying effects on the phenotype. In some cases, it may even be inappropriate to designate any
one allele as the wild type.

The coexistence of multiple alleles at a single gene locus within a population is referred to
as genetic polymorphism. Any site where multiple alleles exist as stable components of the
population is, by definition, polymorphic. A locus is typically defined as polymorphic if two or
more alleles are present with a frequency greater than 1% in the population. Human eye color is
a good example of phenotypic polymorphism resulting from underlying genetic polymorphism.
There is no singular "normal" eye color; many different colors occur among different
individuals, with minimal differences in visual function between them. What underlies the
polymorphism among different alleles? They possess various mutations that can alter the
function of their product, thereby causing changes in the phenotype. The population dynamics
of these different alleles are partially determined by their selective effects on the phenotype. The
wild type itself can be polymorphic. Multiple versions of the wild type allele can be
distinguished by sequence differences that do not affect their function and, consequently, do not
lead to phenotypic variants.

From a molecular mechanism perspective, the three main types of variations at the DNA
level (DNA polymorphism markers) are, firstly, single nucleotide changes - SNPs; secondly,
insertions or deletions (Indels) of varying lengths ranging from 1 to several hundred base pairs;
and thirdly, VNTR - variations in the number of tandem nucleotide repeats. Mutation
mechanisms lead either to transitions: purine-purine (A«<>G) or pyrimidine-pyrimidine (C<>T)
exchanges, or transversions: purine-pyrimidine or pyrimidine-purine (A—C, AT, G-C,
GeT) replacements. There is a noticeable predominance of transitions. What accounts for the
growing popularity of SNPs in terms of the research or diagnostic genetic information provided?
The fact is that the more modern concept of SNP primarily emerged due to the need for very
high-density genetic markers for the study of multifactorial diseases and recent advances in
methods for detecting polymorphism and genotyping (Vignal A. et al., 2002).

MUTATIONS — THE CAUSE OF GENE POLYMORPHISM

Genetic variability, defined as differences in the primary structure of DNA caused by
SNPs, Indels, or VNTRs, within a single biological species is referred to as genetic
polymorphism. The primary DNA structures (nucleotide sequences) in humans (except for
monozygotic twins) differ significantly. These differences, whether at the population, ethnic, or
individual level, include both coding regions (exons) and non-coding sequences (intergenic
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sequences, introns, regulatory regions, and more) and are attributed to various mutations that
cause gene polymorphism. Genetic polymorphism is generally considered a Mendelian trait,
occurring in a population with at least two gene variants, each with a frequency of no less than
1%. An allelic gene is defined as a gene variant present in a population with a frequency of at
least 1%. In contrast, a gene with a frequency below 1% is termed a rare gene variant. Rare
gene forms can have significant medical implications if they are pathological or predispose
individuals to certain diseases.

Mutations that lead to gene polymorphism can be categorized as qualitative or quantitative.
Qualitative mutations involve changes in nucleotide substitutions while maintaining the same
number of nucleotides in the DNA chain. Quantitative mutations involve changes in the number
of nucleotides in the DNA strand, such as variations in the length of nucleotide sequence repeats.
Both causes of gene polymorphism can occur in gene-coding regions, introns, promoters, and
non-genic DNA sequences.

Qualitative genetic polymorphism is mainly represented by single nucleotide
polymorphisms (SNPs) and occurs most frequently. Comparative genomic studies across
different human races and ethnic groups have established deep genetic kinship among all
humans, providing valuable insights into anthropogenesis, human migration, and the formation
of ethnic groups. Approximately 70% of SNPs are neutral, meaning they do not significantly
affect the protein's function, reduce individual viability, fertility, or offspring vitality.
Nevertheless, neutral mutations form the basis for individual traits, contributing to individual
organism diversity. Meanwhile, the remaining 30% of SNPs are involved in the pathogenesis of
monogenic or polygenic diseases. Thus, whole-genome SNP analysis is crucial for both
fundamental biology and practical medicine.

Quantitative gene polymorphism can be illustrated by variations in the number of tandem
repeats (STRs — Short Tandem Repeats), which are categorized into microsatellite or
minisatellite DNA depending on the repeat group size. VNTR (Variable Number Tandem
Repeats) refers to sequences with longer repeated nucleotide groups. Gene-coding regions
(exons) mainly have trinucleotide repeats as they do not shift the reading frame. These
trinucleotide repeats often consist of the CAG (cytosine—adenine—guanine) sequence, encoding
glutamic acid. In most cases, the increase or decrease in repeats is neutral and promotes
individual diversity, similar to neutral SNPs.

However, such polymorphisms are characteristic of "expansion diseases" genes. In the case
of dynamic mutations (changes primarily in the number of trinucleotide repeats), reaching a
critical repeat count transforms genetic polymorphism from functionally neutral to a
pathological mutation type known as "dynamic mutations." Pathological repeat increases can
occur in coding or regulatory gene parts, resulting in dysfunction. These mutations can lead to
pathological protein formation or gene expression disruption. Dynamic mutations are
considered causes of numerous neurodegenerative diseases (Huntington's disease, Kennedy
disease, spinocerebellar ataxia, and others). Clinical features of such diseases include late-onset
symptoms, increased severity in subsequent generations, and a lack of effective treatment
methods.

SNP, SINGLE NUCLEOTIDE POLYMORPHISM

A single nucleotide polymorphism is the substitution of one nitrogenous base in a DNA
sequence compared to the original form of the gene. A single nucleotide polymorphism occurs
at a specific nucleotide site. For instance, some DNA molecules in the same population may
have the base pair T-A at a specific nucleotide site, while other DNA molecules in the same
population may have the base pair C—G at the same location. This difference constitutes an SNP
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(single nucleotide polymorphism). An SNP is defined by two alleles for which there can be
three genotypes among individuals in a population—homozygous chromosomes (or
heterozygous chromosomes with T-A in one chromosome and C—G in the homologous
chromosome).

Thus, when alleles at the same locus are compared, the identified difference at one
nucleotide is called a single nucleotide polymorphism (SNP). On average, one SNP occurs
approximately every 1,330 bases in the human genome. Due to the specific SNP landscape in a
DNA sequence, each person is unique. The presence of SNPs can be detected by directly
comparing sequence data from different individuals. One of the goals of genetic mapping is to
create a catalog of common gene variants. The observed SNP frequency per genome predicts
that there should be more than 10 million SNPs in the human population overall (considering
the genomes of all individuals in the population) that occur with a frequency greater than 1%—
hence, are polymorphic.

SNPs account for about 90% of all human genetic variations. At a certain locus, there can
be many different sequence variants. Some of these sequences affect the phenotype, while
others are "hidden" because they have no visible effect. In addition to allele frequency
information, the genomic location of SNPs and their presumed functional significance (coding,
intronic, promoter, etc.) are important for SNP selection (Xu H. et al., 2005). There can be
numerous changes at a locus, including those that alter the DNA sequence without changing the
polypeptide sequence, those that change the polypeptide sequence without altering its function,
those that lead to polypeptides with different functions, and those that result in altered
polypeptides that are non-functional. It is generally considered that the complete human DNA
sequence contains at least a million SNPs, both in coding regions and in introns and promoters.

There is no doubt that genetic variability is a ubiquitous phenomenon and forms the
genetic foundation of species diversity. With the completion of the Human Genome Project, the
study of genetic variations has become one of the cornerstones of biomedical research. This is
not only because gene variants influence the diversity of human anthropometric characteristics,
but also because they affect the risk of disease development and the body's response to
environmental challenges. The information obtained from the study of hereditary variability not
only deepens our understanding of human genes and evolution but also assists in the
identification and treatment of human hereditary diseases.

Since the most common variants are SNPs (Single Nucleotide Polymorphisms), this term
is often used as a synonym for genetic sequence variation. However, here we restrict its use to
the formal definition of SNP: a single nucleotide position change. As a result of high-
throughput genotyping methods, millions of human SNPs have been registered in recent years.
For example, several studies have evaluated how SNPs influence phenotype. In particular, the
biological effects of amino acid substitutions caused by non-synonymous coding SNPs are
observed. The impact of non-synonymous coding SNPs on protein function is studied, induced
by changes in amino acid sequences in the protein's primary structure.

Another genomic area essential for gene functioning is the regulatory regions of genes.
Gene promoters, through the binding of specific transcription factors, directly participate in the
initiation and regulation of gene transcription. Thus, sequence changes in gene promoters can
alter the identification and binding of transcription factors, which, in turn, can affect gene
expression and exert biological effects. For example, one allele of the HLA-G gene (human
leukocyte antigen gene), whose products inhibit the maternal anti-fetal immune response, is
significantly associated with an increased risk of intrauterine fetal death. One possible
explanation is that an SNP falls into the binding site of the interferon response factor-1 (IRF-1),
influencing IRF-1 binding and downregulating the transcription of the HLA-G gene. Therefore,
an independent research direction is the study of SNP distribution in the regulatory regions of
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human genes. Putative transcription factor binding sites in gene promoters have been computed
and compared with previously identified SNPs. The results indicate that SNPs have specific
distribution patterns, both in regulatory regions of genes and in transcription factor binding sites,
compared to the frequency of SNP occurrence in other DNA regions.

More than 35,000 SNPs have been identified in the regulatory regions of genes. Over
99.8% of these SNPs are represented by two alleles. The frequency of nucleotide substitution in
promoter SNPs with two alleles is shown in Table 1. Literature suggests that the high frequency
of SNP occurrence in the promoter region may be due to their role in altering gene expression
during evolution by influencing the sequences of promoter binding sites. The effects of SNPs on
transcription factor binding sites are not subject to straightforward interpretation. While some
sequence changes introduced by SNPs can completely disrupt gene expression, others may only
affect the level of expression (Y. Guo and D. C. Jamison, 2005).

Table 1: Frequency of Nucleotide Substitution in Promoter SNPs with Two Alleles in
the Promoter Region. Cited from Y. Guo and D. C. Jamison, 2005.

Purine A - G:33.10%

Pyrimidine C < T:33.10%

Purine < Pyrimidine C < G: 8.93%

Purine < Pyrimidine A < C: 8.77%

Purine <> Pyrimidine G <> T: 8.82%

Purine <> Pyrimidine A < T: 7.42%

During the course of evolution, the necessity for adapting specific levels of gene
expression to certain environmental factors leads to natural selection for gene regulation. In this
regard, single nucleotide polymorphisms (SNPs) found in transcription factor binding sites have
a direct impact on gene expression levels. Consequently, the fact that a greater number of SNPs
are located in transcription factor binding sites may reflect varying requirements for the
expression of different genes under different conditions. Thus, promoter SNPs may serve as
active factors in natural selection when choosing the mode of gene transcription.

It is important to emphasize that SNPs associated with disease, according to genome-wide
association studies (GWAS), are most frequently found in non-coding specific regulatory
regions of DNA—transcription factor binding sites (TFBS) (Chen C. et al., 2014). An analysis
of differential affinity for transcription factor binding between regular alleles and risk alleles
identified functional SNPs with potential disruption or enhancement of transcription factor
binding. Researchers identified regulatory SNP candidates, one of which exhibits borderline
susceptibility to lung cancer and significant susceptibility to breast cancer.

Many functional studies have focused on SNPs located in coding regions, which can affect
phenotype by altering the primary structure of encoded proteins. Additionally, SNPs can lead to
premature termination of translation and mRNA decay. Another function of SNPs is their
influence on splicing sites, resulting in alternative splicing.

Whole-genome sequencing of individuals is now widely used, enabling the assessment of
individual variations at the DNA level, including both neutral SNPs and those associated with
diseases or disease susceptibility. To date, hundreds of individual human genomes from all
major racial groups have been sequenced, including genomes of Denisovans (a species of Homo
from the Paleolithic era, living over 30,000 years ago) and Neanderthals (over 25,000 years old).
The "1000 Genomes Project" was conducted from 2008 to 2015 with the goal of identifying
common human genetic variants through deep sequencing of at least 1,000 human genomes; the
final number was actually 2,504 anonymous human genome sequences representing 26 human
populations. A large proportion of polymorphic sites indicates that each individual has a unique
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set of SNPs. A specific combination of sites found in a certain region is called a haplotype and
represents a small part of the complete genotype. The term "haplotype" was originally
introduced to describe the genetic content of the major histocompatibility locus in humans, an
area that determines proteins playing crucial roles in immune mechanisms. Today, this term has
been expanded to describe a specific combination of alleles or any other genetic markers present
in a defined region of the genome. Using SNPs, a detailed map of human genome haplotypes
has been created; this allows researchers to more easily identify disease-causing genes.

SNPS AND HEREDITARY DISEASES

Human hereditary diseases are caused by various types of gene mutations, including
insertions/deletions, genomic structural variations, and pathogenic single nucleotide
polymorphisms (SNPs), which are closely linked to an increased risk of diseases. Among these,
monogenic diseases pose a significant challenge for gene therapy. Patients with such conditions
inherit one pathogenic allele causing the disease phenotype, particularly in a dominant-negative
manner, along with one normal allele. Therefore, treatment strategies typically involve the
specific suppression of pathogenic alleles while sparing the wild-type alleles. Genetic diseases
are caused entirely or partially by an anomaly in an individual's genetic makeup. In the human
genome, the most frequent variations are SNPs. The average human genome contains
approximately 4-5 million SNPs, occurring every 1,000-2,000 nucleotides, providing sufficient
density for comprehensive haplotype analysis. As SNPs are the most common form of
polymorphism in the human genome, they are widely used in anthropogenetic studies,
hereditary disease research, and pharmacogenetic studies.

In recent years, a large number of genes contributing to monogenic and multifactorial
(polygenic) diseases have been identified. Consequently, specialized bioinformatics databases
and software related to the collection and analysis of genetic data have significantly increased in
quantity, size, and scope. Single nucleotide polymorphisms (SNPs), as the most prevalent type
of genetic variability, now form the primary basis for most genetic research and databases.
While other types of variations, including indels, copy number variants, and epigenetic markers,
remain important considerations and can influence disease, SNPs are significantly easier to
detect and serve as the most useful and widely applied markers in modern genetic research
(Johnson A.D., 2009). Generally, many SNPs do not affect cellular function, but some SNPs
have been reported to be closely associated with diseases or influence cellular responses to
drugs. Although more than 99% of human DNA sequences are identical across populations,
certain SNPs can have a substantial impact on how individuals react to environmental factors
(pathogenic bacteria, viruses, toxins, and chemicals), as well as drugs and other treatments. This
makes SNPs highly valuable for biomedical research, pharmaceutical development, and medical
diagnostics.

Genetic markers provide a foundation for a highly productive method of identifying
genetic variants at the molecular level. A typical issue involves a mutation with known effects
on the phenotype, where the relevant genetic locus can be placed on a genetic map, but where
there is no knowledge about the corresponding gene or its product. Many serious and even fatal
human diseases fall into this category. For instance, cystic fibrosis demonstrates recessive
Mendelian inheritance, but the molecular nature of the mutant protein was unknown until it was
identified based on the characterization of the gene. In the genome, SNPs may appear close to
or within a specific target gene. Researchers can identify such markers due to their close
association with the gene responsible for the mutant phenotype. By comparing the DNA of
patients suffering from a disorder with that of healthy individuals, certain markers that are
always present (or always absent) in patients can be identified.
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A pathological phenotype is not always determined by a single gene; hereditary pathology
is often polygenic or multifactorial. Additionally, some SNPs associated with diseases may not
have a functional relation to the disorder. However, their usefulness in the analysis of complex
genetic traits can be illustrated by two SNPs linked to disease phenotype components. These
include a mutation that results in a gain of function in the interleukin-4 receptor gene, associated
with severe asthma, and a mutation in the B2-adrenergic receptor gene (ADRB2), linked to
greater resistance to adrenergic drugs. Advancements in molecular biology technologies have
led to understanding the importance of identifying SNPs associated with widespread polygenic
diseases such as osteoporosis, diabetes, cardiovascular and inflammatory diseases, mental
disorders, and most types of cancer (Bin Alwi Z., 2005).

The widespread familial nature of complex polygenic diseases clearly indicates a
significant genetic component. However, unlike the monogenic inheritance of diseases, this
genetic element consists of numerous gene variants, each contributing a small effect. When a
certain set of susceptibility genes is present in an individual's genotype, their combined
contribution can provoke pathology, especially in conjunction with environmental factors. It is
important to note that SNPs are numerous and more stable than tandem repeats due to their
lower mutation frequency. Many SNPs can manifest in the phenotype if they occur in coding or
regulatory regions of a gene. Therefore, using SNP markers, it is often possible to verify a direct
link between the phenotype and the functional variant. For these reasons, SNPs are preferred for
constructing high-density genetic marker maps, essential for one of the main research directions
in human genetics: identifying complex genetic traits.

SNP AND DIABETES MELLITUS

Type 2 diabetes is a hereditary polygenic (multifactorial) disease. Recent research findings
indicate that heredity is a significant factor contributing to this disease. Firstly, certain ethnic
minorities and indigenous groups with low admixture populations (such as the Pima Indians,
residents of Micronesia and other Pacific Islands, Australian Aboriginals, and Mexican
Americans) exhibit exceptionally high prevalence rates of type 2 diabetes (up to 21% among the
Pima Indians). Secondly, there are family groups predisposed to type 2 diabetes. Members of
these biologically related families are generally more predisposed to developing the disease
compared to the population in which they reside. Finally, twin studies in medical genetics have
shown a notably higher correlation of type 2 diabetes risk among monozygotic twins compared
to dizygotic twins (70% versus 10%) (Staiger H. et al., 2009). Like other polygenic diseases,
type 2 diabetes does not follow simple Mendelian inheritance and is considered a polygenic
disorder. Complex diseases, such as type 2 diabetes, arise from the simultaneous occurrence of
common DNA sequence variations in many genes in combination with specific environmental
factors. It is suggested that each of these DNA changes has a moderate impact on the function
of the affected genes. Nevertheless, collectively, these variations confer increased susceptibility
to adverse environmental factors. Single nucleotide polymorphisms (SNPs), substitutions in
single base pairs, account for approximately 90% of sequence variations in the human genome.
For this reason, they are considered primary determinants of individual susceptibility to such
complex diseases.

In the past decade, at least 600 (confirmed and potential) genes associated with diabetes
predisposition have been identified. The greatest success in the genetics of type 2 diabetes has
been achieved through case-control studies in large cohorts of patients and control subjects.
Most of the genes can be considered validated across various ethnic groups, including TCF7L2,
SLC30A8, HHEX, CDKALI1, CDKN2A/B, IGF2BP2, and FTO. Leptin and ghrelin are two
important peptides that regulate appetite and energy balance. It has been shown that common
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polymorphisms in the genes encoding these peptides and their associated receptors are linked to
body mass, various obesity markers, and metabolic disorders that are considered precursors to
type 2 diabetes (Ghalandari H. et al., 2015). Adiponectin is a protein hormone secreted from
adipocytes that increases insulin sensitivity and improves diabetic conditions by enhancing fatty
acid oxidation and glucose uptake in skeletal muscles, while reducing glucose production in the
liver. Low serum concentrations of adiponectin are associated with diabetes, obesity, insulin
resistance, and metabolic syndrome. The adiponectin gene is located on chromosome 3q27. It is
hypothesized that single nucleotide polymorphisms (SNPs) in the adiponectin gene (ADIPOQ)
are associated with diabetes. SNPs in ADIPOQ help assess the relationship between common
variants and adiponectin levels, as well as the risk of developing diabetes. Research findings
suggest that rs1501299, rs2241766, 1s266729, rs17366743, rs17300539, rs182052, rs822396,
rs17846866, 1s3774261, and rs822393 are substantially associated with type 2 diabetes, which
is the predominant form of the disease. Additionally, rs2241766 and rs266729 are widely
associated with gestational diabetes, a condition that develops in women during pregnancy.
Consequently, not a specific single mutation, but a range of SNPs in the adiponectin gene may
be a risk factor for diabetes globally. This study indicates that adiponectin plays a significant
role in the pathogenesis of type 2 diabetes and gestational diabetes (Howlader M. et al., 2021).

SNP AND ONCOLOGY

According to some authors, the use of genetic polymorphism markers, particularly single
nucleotide polymorphisms (SNPs), promises to provide a comprehensive tool for analyzing the
human genome and identifying genes and genomic regions that contribute to carcinogenesis
(Engle L.J. et al., 2006). The authors analyze various methods for determining SNPs, taking
into account how each of these methodologies can be utilized to locate genes and genomic areas
of interest for various types of cancer. It is suggested that, as with other multifactorial hereditary
diseases, more than 90% of SNPs that could induce cancer are located in non-protein-coding
regions of DNA. This fact complicates the deciphering of the functional impacts of SNPs on the
pathology development process. Numerous mechanisms have been proposed to explain how
non-coding genomic variants can influence human disease, such as disruptions in splicing,
translation, or the stability of protein-coding genes. In addition to protein-coding genes, risk-
associated SNPs identified by GWAS also affect key non-coding genes for miRNAs and
IncRNAs (Liu S. et al., 2017). Recent studies have shown that among 996 cancer-associated
SNPs identified in GWAS, 575 SNPs are located in fragments that positively regulate gene
expression, and 758 SNPs in fragments with negative regulatory activity. Among these, 70
variants are regulatory variants for which two alleles provide different regulatory activity.
Analysis of two regulatory variants—rs11055880, associated with breast cancer risk, and
rs12142375, associated with leukemia risk—allowed for the determination of their regulatory
activity concerning the expression of the ATF7IP and PDE4B genes. The value of these studies
may lie in identifying regulatory variants associated with cancer susceptibility and studying
their molecular functions, which could enhance the reliability of cancer risk assessment.

It is suggested that, in addition to the accumulation of inherited polymorphisms (including
SNPs), the loss of one allele (loss of heterozygosity - LOH) through various possible
mechanisms is significant in carcinogenesis processes. In turn, loss of heterozygosity is the
most common molecular-genetic alteration observed in human cancer, predominantly involving
the inactivation of tumor suppressor genes (Zheng H.-T. et al., 2005).

VNTR (SSR) - VARIATIONS IN THE NUMBER OF TANDEM REPEATS OF
NUCLEOTIDES
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The human genome contains numerous repetitive DNA sequences that vary in complexity,
ranging from a single nucleotide to an entire gene. These repetitive sequences can be distributed
widely or appear as simple tandem arrays. Arrays with repeat units up to 5 or 6 nucleotides are
known as simple tandem repeats and are widely dispersed and highly polymorphic. Some
simple tandem repeat groups, such as trinucleotide repeats, may experience an increase in copy
number through the mutation process. Microsatellites, or simple sequence repeats (SSR), are
prevalent in genomes and exhibit high polymorphism levels.

The human genome has many nucleotide sequences that occur repeatedly. These repetitive
sequences vary from full genes (such as ribosomal RNA genes) to simple sequences composed
of one or more base pairs. The organization of these sequences can range from widely dispersed
copies of relatively long, complex sequences to tandem arrays of simple sequence compositions.
Among the simplest and most common repeats are dinucleotide repeats, primarily featuring
bases AC on one DNA strand and GT on the other. Other simple tandem repeats (STR) include
mono-, tri-, tetra-, and pentanucleotide repeating units.

Genomic microsatellites (simple sequence repeats; SSR), iterations of nucleotide motifs
ranging from 1-6 base pairs, have been identified in the genomes of every organism analyzed to
date. SSRs constitute a substantial portion of non-coding DNA and are relatively rare in protein-
coding regions. For instance, all observed mono-, di-, and tetranucleotide SSRs were located in
non-coding regions in studies involving 54 plant species. All types of SSRs (from mono- to
hexanucleotide repeats) were found in significant quantities in the non-coding regions of the
genomes of invertebrates, plants, and primates (Li Y.-C. et al., 2002).

According to experts, the fact that all SSR types (excluding triplet and hexanucleotide
repeats) occur far less frequently in protein-coding sequences compared to non-coding DNA
may be attributed to negative selection against mutations in coding regions. However, triplet
repeats associated with diseases primarily occur in the coding regions of the human genome.
Some triplet repeats do not persist over time, even when forming part of protein-coding
sequences, as long triplet repeats (e.g., CAG arrays) may become destabilized during meiosis
(crossing over).

Most SSRs (48-67%) identified in various species are dinucleotides. However, in primates,
mononucleotide SSRs (mostly poly(A/T) tracks) represent the most common SSR class.
Dinucleotide SSRs can be found in introns, such as in the Adhl gene intron of mice, which
contains (TA)14 (TG)8 and (TA)19, and in the IL-5 gene intron, which contains (AT)17. An
increase in di- or tetranucleotide SSR sizes within introns may lead to the disruption of the
original protein or the formation of new genes through frameshift mutations.

When examining SSR occurrence in various functional genome regions, most demonstrate
significantly higher densities in non-coding areas. The exceptions to this pattern are trimers and
hexamers, which are nearly twice as frequent in exons compared to introns and intergenic
regions. Their high frequency in coding regions can be explained because they do not alter
reading frames or affect the properties of the genetic code. Consequently, this mutation type
does not exert a substantial negative impact compared to other SSR types. Positive selection of
these in exons also suggests a potential function for the repeats (Jasinska A., Krzyzosiak W.J.,
2004).

Loci with longer repeat units appear subject to stronger selection due to size differences,
especially in genome areas with high recombination rates. These findings also indicate that
differences in SSR frequency between coding and non-coding genome regions arise from
specific selection against frameshift mutations in coding areas caused by length changes in non-
triplet repeats. Nevertheless, 14% of all proteins contain repetitive sequences, with eukaryotic
repeats observed to be threefold higher than in prokaryotes. Families of prokaryotic and
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eukaryotic repeats are grouped within non-homologous proteins, possibly indicating that
repetitive sequences emerged after these two kingdoms diverged. Eukaryotes with more repeats
may hold an evolutionary advantage in adapting more rapidly to new conditions. It is suggested
that the differences between coding and non-coding SSR frequencies result from selective
pressure against frameshift mutations in coding regions.

MUTATIONAL MECHANISMS OF SSR VARIATION

The genomic abundance of Simple Sequence Repeats (SSR) and their various functions
and effects (whether presumed or conclusively established) are closely associated with mutation
frequency, as the mutation rate of SSRs (ranging from 10"-2 to 10™-6 events per locus per
generation) is significantly higher compared to point mutation rates in coding gene loci.
Although the mutation process appears to exhibit distinct variations across species, repeat types,
loci, alleles, age, and gender, instability primarily manifests in the form of changes in the
number of SSR repeats. Two mutational mechanisms can be utilized to explain such high
mutation rates. The first mechanism is related to DNA slippage during DNA replication. The
second involves recombination between DNA strands. The effectiveness of these two
mechanisms might hypothetically depend on environmental conditions. Various factors have
been identified to influence the mutation rate at SSR loci, including the repeat motif, allele size,
chromosome location, GC content in flanking DNA, cell division type (mitotic versus meiotic),
gender, and genotype (e.g., mutations in MMR genes). The balance in the effectiveness of these
two mechanisms may be influenced by environmental conditions.

SSR AND TRANSCRIPTION

Numerous studies suggest that SSRs located in promoter regions can affect gene activity. It
has been found that (TC)n repeating nucleotide sequences in promoter areas serve as a
transcriptional element for the hsp26 heat shock protein gene in various species. Deletion of
different di-, tri-, and tetra-SSR repeats significantly altered transcriptional activity. For instance,
the transcriptional activity of promoters was sharply reduced by removing (TCCC)n repeats
from the promoter regions of the TGF-B3 gene in a CAT expression system. Conversely, a
(GT)n repeat may enhance gene activity, particularly if the GT repeat is situated closer to the
promoter sequences.

Only a small portion of the total RNA transcribed in human cells becomes mature mRNA.
The ensemble of mRNA constitutes the human transcriptome, which can vary depending on the
stage of ontogeny, physiological state, and pathological processes. A small fraction of different
repeat sequences, which comprise more than half of the human genome, is retained in mature
transcripts and influences their function. In addition to mRNA, the transcriptome also includes
various non-coding RNAs that perform either structural or regulatory functions within cells.
Consequently, there are thousands of different transcriptomes across hundreds of different cell
types and organs, each in various physiological and pathological states. The diversity of
transcripts compared to genes increases by approximately 50% due to alternative splicing,
numerous antisense transcripts are synthesized, and all non-coding RNAs, including the
recently recognized microRNA family, significantly contribute to the human transcript pool.

The analysis of the presence of triplet repeats in mRNA has shown that at least 718 repeats
were identified in 619 mRNAs (Jasinska A., Krzyzosiak W.J., 2004). Short Tandem Repeats
(STR) frequently appear in many transcripts; however, in certain cases, pathological events
occur when a critical repeat length is reached. This phenomenon, for instance, is observed in
various neurological disorders. The pathological effects of these repeats are triggered by
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transcripts of mutant RNA and/or the mutant proteins encoded by these RNAs, which are
determined by the localization of expanded repeats in non-coding or coding regions. It has been
demonstrated that RNA structures formed by these mutant repetitive RNA tracts exert toxic
effects on cells (Ciesiolka A. et al., 2017).

SSR AND TRANSLATION

Numerous studies indicate that SSRs can influence gene translation. For instance, the
reduction in the number of (CA)n repeats enhances mRNA translation in Escherichia coli cells.
Moderate expansion of CGG repeats can significantly diminish the translation of the CAT gene
(pSVsCAT) when human CGG repeats are inserted. The distribution of tetramers AGCT in the
genomes of E. coli and Bacillus subtilis predicts translational frameshift in several genes (infb,
ACEF/PDHC, eno, RPLI, OmpA, OMF, and TOLA). The binding of the CUG repeat
(CUGBP1) interacts with the 5' region of C/ebpbeta mRNA and regulates the translation of
C/EBPBETA isoforms. Triplet repeats UGG have a strong inhibitory effect on mRNA
translation in E. coli, which has been demonstrated in the reporter gene CAT.

MEDICAL SIGNIFICANCE OF SSR

Approximately 15% of sporadic cases of colorectal cancer, as well as other malignancies,
exhibit SSR instability. Progressive accumulation of SSR instability may also contribute to the
development of gastric cancer. Examples of SSR alterations accompanying various types of
human cancer can be divided into two subtypes: Type A, which shows relatively minor changes
within six base pairs, and Type B, which shows abrupt changes involving eight base pairs. In
certain types of cancer, a link has been proposed between SSR Type B instability and familial
predisposition. It has been shown that 14 neurological disorders result from expansions of
unstable trinucleotide repeats. Such SSR triplet disorders include cases with changes either in
non-coding (untranslated) or coding (exon) sequences. Expanded repeats can confer genetic
instability, likely contributing to transcription suppression. The human FMRI1 repeat array
(CGG)n may exhibit genetic instability characterized by progressive expansion over generations,
leading to gene repression and the development of Fragile X syndrome. Myotonic dystrophy, an
autosomal dominant neurological disorder, is caused by the expansion of CTG repeats in the
DMPK locus, where affected individuals have n > 50 repeats (CTG). Abnormal expansion (> 39)
of (CAG) repeats, which results in polyglutamine expansions, causes Machado-Joseph disease.
It has also been established that the length, rather than the specific allele (CA)n of the aldose
reductase gene repeat, is associated with diabetic retinopathy, and a polymorphism of the (CA)n
allele in the first intron of the human interferon-gamma gene is associated with lung graft
fibrosis. For instance, the (CCTTT)14 allele in the promoter of the NOS2A gene significantly
limited diabetic retinopathy.

Furthermore, it has been reported that simple repeat expansions may cause certain types of
cancer. This can occur through alteration of tumor suppressor gene expression and changes in
the properties of encoded proteins. Demonstrated meiotic instability may link this mutation
mechanism to familial cancer syndromes. The established instability of STR in several loci in
hereditary non-polyposis colorectal cancer suggests that sequence instability may be a factor in
cancer progression. Further identification of candidate genes containing triplet repeats should
facilitate testing the hypothesis that unstable simple repeat sequences may cause cancer.
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CHAPTER 3. POLYGENIC (MULTIFACTORIAL) DISEASES. TYPE 2
DIABETES AS AN EXAMPLE OF POLYGENIC DISEASES

INTRODUCTION

The alteration in gene structure (polymorphism) results in a hereditary predisposition to
various common chronic diseases. The identification of thousands of genes in the human
genome, elucidation of the molecular mechanisms underlying hereditary and polygenic
(multifactorial) diseases, and the establishment of the genetic uniqueness of each individual are
significant achievements that laid the scientific groundwork for molecular medicine. Molecular
medicine distinguishes itself from traditional (classical) medicine in two key aspects:
individualization (each human genome is unique) and its preventative approach (genomes can
be analyzed before the onset of disease). One of the foundations of molecular medicine,
predictive medicine, involves analyzing allele variants of genes that predispose individuals to
polygenic diseases.

Current data indicate that the genetic burden in populations of Europe and Russia is
approximately at the same level, around 5.5%. Of this, about 1% is attributable to monogenic
diseases (pathological mutations of a single gene). Approximately 0.5% are due to
chromosomal aberrations, and 3-4% correspond to polygenic (multifactorial) diseases with a
strong hereditary factor. Therefore, among hereditary diseases, polygenic diseases exhibit the
most widespread prevalence. Typically, the pathogenesis of polygenic diseases involves
multiple genes rather than just one. For instance, two genes (BRCA1, BRCA2) are known to
contribute to hereditary forms of breast cancer. Additionally, at least three genes (PS1, PS2,
AAP) are involved in familial forms of Alzheimer's disease, and about 600 genes are considered
candidate genes in the diagnosis of diabetes. A key feature of this group of hereditary diseases
is that the phenotypic manifestation of gene mutations responsible for predisposition always
depends on the influence of external precipitating factors on the organism. For this reason, this
crucial group of medical hereditary diseases is known as multifactorial hereditary diseases.
Multifactorial diseases have a complex genetic architecture represented by a broad spectrum of
allele variants. These genes vary in origin (germline or somatic, de novo) and are present in the
population with varying frequency (ranging from widespread to rare, with mutation-level
frequencies). These genes can contribute different levels of effect on the risk of developing a
disease in an individual.

Obesity, osteoporosis, endometriosis, myocardial infarction, most tumors, psychiatric, and
cardiovascular diseases are included in the group of polygenic hereditary diseases based on the
interaction of multiple genes with adverse environmental factors. This implies that the
pathogenesis of multifactorial diseases is determined by gene mutations (gene polymorphism)
across many genes. Consequently, these diseases will phenotypically manifest only with the
combination of hereditary predisposition (hereditary risk of developing the disease) and
corresponding adverse environmental factors. Based on the facts presented above, it can be
concluded that laboratory analysis (e.g., PCR method) of genetic markers and possible
phenotypic correction of their functions can significantly reduce the risk of developing
multifactorial diseases (such as atherosclerosis, diabetes, myocardial infarction, hypertension,
and others). Presymptomatic identification of individuals in high-risk groups for multifactorial
pathology and timely prevention are the main directions of predictive medicine.

In conclusion, multifactorial diseases result from the unfavorable combination of genetic
factors and environmental influences. Therefore, mutant genes (alleles) that are compatible with
birth and life but contribute to the development of multifactorial diseases under certain
unfavorable conditions are termed "predisposition genes." In addition to genes, various risk
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factors accumulate with age, contributing to the pathogenesis of this group of diseases.
Cardiovascular diseases, chronic kidney disease, chronic lung diseases, liver pathologies, and
cancer are the most common multifactorial diseases and pose a significant burden on the
healthcare system.

Multifactorial diseases, also referred to as polygenic or complex hereditary diseases, are
influenced by numerous genetic and environmental factors. It is important to note that the
alleles involved in the pathological process are not typically pathological themselves; rather,
they increase an individual's susceptibility to certain diseases. Confirming the role of
susceptibility genes in the pathogenesis of polygenic diseases and determining the allelic
composition of these genes in each population are highly complex tasks. Generally, these
studies follow an algorithm consisting of three main stages: Proving that the disease is familial,
Demonstrating that this familial tendency is due to genetic factors, Identifying the genes
involved in the pathogenesis.

Mapping and identifying susceptibility genes for multifactorial diseases are typically
conducted either through studying families with an increased risk of developing the disease or
by analyzing groups of unrelated patients with the condition compared to healthy individuals
(case/control comparison). The primary focus of the search is often the mapping of single
nucleotide polymorphisms (SNPs) located both within and outside structural genes that are most
closely correlated with the disease.

This field of research requires significant investments of time and resources. For instance,
in large-scale studies seeking susceptibility genes for prostate cancer, DNA samples from 1,150
patients and 1,150 control samples were used. The research began with the analysis of 500,000
SNPs, which were later reduced to 200 SNPs. This extensive work led to the identification of 15
candidate genes, the study of which continues.

Over the past decade, genetic loci (primarily single nucleotide polymorphisms - SNPs)
associated with common complex diseases have been identified.

THE ROLE OF GENE NETWORKS IN THE PATHOGENESIS OF
MULTIFACTORIAL DISEASES

According to Professor N. A. Kolchanov, a gene network is a group of genes that function
in a coordinated manner to form the phenotypic traits of an organism (molecular, biochemical,
physiological). On one hand, each of these local gene networks acts as discrete and autonomous
communities of genes and the products of their expression. On the other hand, local gene
networks are integrated into a single global network of the organism. Thanks to advancements
in bioinformatics, numerous gene networks have been identified, responsible for regulating
glucose levels in the body, synthesizing steroid hormones, regulating adipocyte function (fat
tissue cells), maintaining erythropoiesis mechanisms, and oxidative stress gene networks that
regulate organ and tissue responses to reactive oxygen and nitrogen species.

As previously mentioned, all gene networks closely interact with each other and are
integrated into the organism's unified gene network. This integration can be horizontal or
vertical (hierarchical). Horizontal integration refers to the integration of gene networks at the
same level. An example of horizontal integration is the paracrine integration of insulin and
glucagon gene networks that together regulate blood glucose levels. A vertical integration
example is the gene network controlling steroid hormone synthesis. The hierarchical nature of
this vertical network is conditioned by three levels of hierarchy: the hypothalamus, pituitary
gland, and peripheral endocrine glands.

It is important to note that gene networks are also under external control. Gene networks
are subject to regulation by specific integrator mechanisms. Specific individual gene networks
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can act as such integrators. An example of such an integrator is the gene network regulating the
circadian (daily) rhythm, which perceives environmental signals and manages the rhythm of
numerous gene networks based on these signals, ranging from the regulation of metabolic
processes to mitotic cycles. Another integration mechanism for gene networks can be various
metabolites (glucose, reactive oxygen species, etc.) and neurohumoral factors (hormones,
transcription factors). From this, we can conclude that the integration of gene networks is a
crucial mechanism for providing an adaptive response of the entire organism and its life-support
systems to environmental influences.

Analyzing the above facts, we can conclude that the efficiency of local gene networks, as
well as the organism's adaptability to constantly changing environmental conditions, depends on
the unique characteristics of the genes within these networks. Each signal entering the organism
elicits a response from a particular gene network, which, through corresponding integrators,
transmits the signal to other gene networks. Malfunctions in gene networks, caused by gene
mutations or their functional inadequacies due to allelic variants, can significantly distort the
work of the entire integral gene network, affecting the whole organism. The pathogenesis of
each disease involves various functionally interconnected genes within a specific local gene
network. Alongside major genes initiating a disease, numerous modifier genes also exist, whose
phenotypic effects are largely determined by environmental factors. Identifying such genes,
understanding the nature of functional disorders at the level of local and integral gene networks,
and gene-gene interactions in multifactorial diseases is a significant practical task for
bioinformatics.

It is evident that due to gene polymorphism and the individual uniqueness of allelic
composition, the gene networks of each person function differently. Since the genes forming the
basis of each gene network are polymorphic, their allelic variants are functionally distinct
among different individuals. As a result of gene polymorphism, each person has a unique
biochemical profile, an individual norm of biochemical reactions, and unique adaptive
capabilities in response to adverse environmental factors. Therefore, individual reactions to
external influences, infections, injuries, geophysical conditions, food products, toxins, and
medications are shaped by gene polymorphism (individual genetic composition).

This is directly related to the pathogenesis of multifactorial diseases. Modern medical
literature has frequently documented cases of familial (hereditary) predispositions to
atherosclerosis, diabetes, heart diseases, lung, kidney, liver diseases, mental disorders, and a
high tendency towards oncological and allergic diseases. The foundation of these hereditary
diseases is genes. Since an individual's phenotype (including pathological) is an expression of
the specific features of their genotype, realized with the participation of local and integral gene
networks within specific environmental conditions. The allele set in a human genotype is
unique, but gene polymorphism is not always neutral. Sometimes the presence of certain gene
variants can lead to the formation of proteins with altered physicochemical properties,
accompanied by disruptions in protein functional activity. As previously noted, single
nucleotide polymorphisms (SNPs) in gene-coding regions can impact not only the primary
structure of the protein but also its tertiary structure, thus affecting its functional activity. Under
certain environmental conditions (geophysical factor, diet, etc.), the effects determined by gene
polymorphism can either promote or hinder the development of various diseases. Genes whose
allelic variants, in the presence of specific environmental factors, predispose to certain diseases
are termed susceptibility genes. Thus, susceptibility genes are mutant genes (alleles) that are
compatible with birth and life in the postnatal period, but under certain unfavorable conditions,
contribute to the development of specific diseases.

It is possible that the boundary between monogenic and polygenic diseases is not as
significant, and there is a close relationship between these groups of hereditary diseases. This
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opinion is based on the fact that "common" genes for Mendelian and multifactorial diseases are
closely linked at the level of protein-protein interactions and have higher expression levels in
cells and tissues than genes "only for multifactorial diseases." Additionally, "common" genes
for Mendelian and multifactorial diseases have a large number of transcripts and encode longer
proteins. In association studies, variants in the "common" genes for Mendelian and
multifactorial diseases have higher risk values than the genes "only for multifactorial diseases."
It is suggested that studies of multifactorial diseases should primarily focus on examining gene
variants caused by mutations in the promoter regions of Mendelian disease genes or in non-
coding regions of the genome adjacent to these promoters.

THE ROLE OF MULTIFACTORIAL DISEASES OF THE HEART, KIDNEYS,
LUNGS, AND LIVER IN CARCINOGENESIS

Polygenic disease is a complex phenomenon. Moreover, the presence of such a disease
may lead to other pathologies, such as oncopathologies. An additional challenge arises from the
fact that the simultaneous manifestation of two or more diseases from this group in a single
patient presents various clinical problems. Additionally, therapeutic correction of one disease
may be incompatible with the treatment of another. Furthermore, the increased risk of
developing oncological diseases should be considered among patients already diagnosed with
multifactorial diseases. In other words, the widespread prevalence of multifactorial diseases
may explain the increased risk of spreading oncological diseases. According to the Population
Division of the United Nations Department of Economic and Social Affairs, as of 2019, it is
expected that by 2050, the global population over the age of 65 will exceed 1.5 billion.
Therefore, considering that age is one of the key risk factors for the manifestation of polygenic
diseases, it can be assumed that there will be an increased manifestation of multifactorial
diseases, including those contributing to the development of oncopathologies.

THE CONNECTION BETWEEN CANCER AND HEART FAILURE

On one side, cardiotoxicity induced by chemotherapy for oncopathologies is becoming
increasingly evident, as treatment based on cytostatics can lead to irreversible myocardial
damage. On the other side, there is an argument that heart failure may be an oncogenic
condition. Indeed, population studies have shown that the prevalence of oncological diseases is
higher among patients with heart failure compared to the general population. The risk of
developing cancer in individuals with heart failure may be 24-68% higher compared to healthy
individuals. Specifically, a correlation has been established between heart failure and the
progression of colorectal cancer. This correlation is most likely independent of changes in
hemodynamic parameters and is determined by physiologically active substances released by
the damaged myocardium. Chronic low-grade systemic inflammation is considered a primary
pathophysiological process linking heart failure with the multistep process of carcinogenesis. In
addition to colorectal cancer, heart failure may contribute to the development of breast and lung
cancer. It should be noted that the pathogenesis of both heart failure and cancer is based on
common pathways, such as inflammation, oxidative stress, and somatic mutations. Therefore,
the existence of shared fundamental mechanisms may explain the coexistence of these two
nosologies.

THE CONNECTION BETWEEN ONCOLOGY AND CHRONIC KIDNEY
FAILURE
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In relation to the risk of oncological diseases in the context of chronic kidney failure, it
should be noted that, firstly, the risk of cancer is observed even in patients with moderate
kidney function impairments. Secondly, this trend was only observed in men. It is noteworthy
that regardless of smoking and the age of patients, a decline in the glomerular filtration rate
(GFR) by 10 ml/min/1.73 m? was associated with a 29% increase in cancer risk. This
association was even more significant when evaluating the risk of malignancies in the lungs,
colon, kidneys, and urinary tract. It can be hypothesized that a decrease in GFR results in higher
levels of carcinogenic compounds and nitrogen-containing substances in the plasma of patients
with chronic kidney failure. Moreover, it is known that carcinogenic compounds, such as 2-
amino-6-methyldipyrido[1,2-a:3",2"-d]imidazole (Glu-P-1) and 2-aminodipyrido[1,2-a:3',2'-
d]imidazole (Glu-P-2), bind to DNA and cause mutations. The risk level and location of
oncological diseases in the progression of kidney failure may depend on the severity of the
underlying disease. Indeed, among dialysis patients, the risk of cancer in the urinary tract,
endocrine system, and digestive tract was significantly increased.

Given these findings, some authors draw attention to neutrophil gelatinase-associated
lipocalin (NGAL). This is a 25 kDa protein primarily secreted by immune cells such as
neutrophils, macrophages, and dendritic cells, and its production is stimulated in response to
inflammation. NGAL is primarily known as a biomarker for acute kidney injury and is released
following damage to the nephron tubules, as well as during renal regeneration processes. NGAL
levels are also elevated in patients with chronic kidney disease. The presence of NGAL
enhances inflammatory responses, and its level increases with arterial hypertension, obesity,
diabetes, and metabolic complications such as insulin resistance. It also participates in
carcinogenesis.

Regarding the mechanisms of carcinogenesis induction, one of the main processes is
chronic inflammation. On one hand, a chronic inflammation site is a source of reactive oxygen
species, which contribute to various mutations— the fundamental mechanism of carcinogenesis.
In addition, the production of proinflammatory cytokines, such as interleukin-13 (IL-1P),
interleukin-6 (IL-6), and tumor necrosis factor-alpha, enables malignant cells to evade the
body's immune surveillance, stimulating angiogenesis, tumor growth, and invasiveness.

DEVELOPMENT OF LUNG CANCER IN CHRONIC OBSTRUCTIVE
PULMONARY DISEASE (COPD)

Chronic Obstructive Pulmonary Disease (COPD) and lung cancer are two major public
health challenges and causes of morbidity and mortality. Both diseases share common risk
factors, such as exposure to smoking and genetic predisposition. Currently, it has been
established that certain families of genes involved in proteases, detoxifying enzymes, and
inflammatory cytokines may play a significant role in the pathogenesis of COPD. Additionally,
some candidate genes, such as Glycophorin A (GYPA) and Hedgehog Interacting Protein
(HHIP), have been identified and may be linked to susceptibility to both COPD and lung cancer.
COPD is characterized by chronic inflammation of the lungs, suggesting that inflammation may
be the connecting link between COPD and lung cancer, although the exact underlying
mechanism remains unknown. Inflammation mediators contribute to the development of
inflammation-induced cancer by promoting cell proliferation, resistance to apoptosis, invasion,
and metastasis.

Another significant mechanism in the pathogenesis of COPD is oxidative stress, which
contributes to cell proliferation in lung cancer. Mitochondrial dysfunction within the lung
parenchyma may impact the pathogenesis of COPD, including oxidative stress imbalance,
potentially enhancing chronic inflammation and contributing to carcinogenesis.

34



PROGRESSION OF METABOLIC DYSFUNCTION-ASSOCIATED FATTY
LIVER DISEASE AND ONCOLOGICAL CONDITIONS

Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD), which occurs in
individuals who do not abuse alcohol, is a specific case of steatogepatosis. This pathology is
driven by insulin resistance and metabolic syndrome. The metabolic disturbances observed in
MAFLD patients are the most significant risk factors for cancer, primarily liver oncopathology -
hepatocellular carcinoma (HCC). Additionally, the presence of MAFLD in patients with
chronic Hepatitis B further increases the risk of developing HCC. In recent years, MAFLD has
become the fastest-growing cause of HCC in the United States. Obesity and type 2 diabetes play
crucial roles in the development and progression of HCC in MAFLD. Diabetes may influence
carcinogenesis through several mechanisms, including hyperinsulinemia, hyperglycemia,
oxidative stress, and chronic inflammation. In turn, chronic inflammation stimulates the
secretion of IL-6 and TNF-a, which are associated with oncogenesis. Additionally, steatosis
may lead to mitochondrial dysfunction and endoplasmic reticulum (ER) stress, resulting in
increased production of reactive oxygen species. Consequently, oxidative stress leads to DNA
damage and activation of oncogenic signaling pathways such as NF-«B.

It is essential to emphasize that MAFLD is not only associated with an increased risk of
HCC but also with several extrahepatic cancers, including colorectal cancer, kidney cancer,
thyroid cancer, and breast cancer. Notably, the risk of kidney and thyroid cancer remained
significant even after correcting for metabolic processes. The connection between MAFLD and
colorectal cancer has garnered increasing attention in recent years. Population studies have
identified MAFLD as an important risk factor for colorectal cancer.

THE POLYGENIC NATURE OF MULTIFACTORIAL DISEASES: A CASE
STUDY OF TYPE 2 DIABETES

Diabetes mellitus is classified among a group of metabolic diseases characterized by
chronic elevation of blood plasma glucose levels. According to various estimates, more than
90% of all diabetes cases are attributed to type 2 diabetes (T2D), previously known as "adult-
onset diabetes" or "non-insulin-dependent diabetes." The incidence of type 2 diabetes has
reached the proportions of a global epidemic. Presently, approximately 537 million adults aged
20-79 are affected by diabetes, and the total number of individuals diagnosed with the condition
is continually rising. Projections indicate that the prevalence of T2D will increase to 643 million
by 2030 and 783 million by 2045. The pathogenic mechanisms of T2D include insulin
resistance, impaired insulin secretion, and increased hepatic glucose production. Complications
may manifest as multi-organ failure, including nephropathy, neuropathy, retinopathy,
periodontal disease, and accelerated cardiovascular disease development. In 2010, in the United
States, 1.9 million people aged 20 and older were newly diagnosed with type 2 diabetes. T2D is
becoming increasingly prevalent in many regions across the globe. The prevalence of T2D
among adolescents and young people aged 10 and older is 8.5 per 100,000 population, whereas,
among children under 10, the prevalence is 0.4 per 100,000 people. In the United States, 26.9%
of all individuals aged 65 and older are affected by this disease. Projections suggest that factors
such as population aging and the rising proportion of overweight individuals will further
increase the prevalence of T2D. Meanwhile, lifestyle changes, such as weight loss, dietary
optimization, and increased physical activity, can help prevent or significantly delay diabetes
onset.
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Furthermore, accumulating evidence indicates that genetic factors play a significant role in
the pathogenesis of T2D. Notably, there is a widely recognized correlation between disease risk
and belonging to a certain ethnic group. Moreover, the disease often has a familial aspect. It is
important to emphasize that a family history of diabetes is a major risk factor for the disease and
is often included in tools for quantitative diabetes risk assessment. At the age of 80, the risk of
developing the disease is approximately 3.5 times higher if close relatives have been diagnosed
with T2D compared to individuals whose relatives have not had the disease.

T2D is a polygenic disease with a hereditary risk ranging from 30% to 70%. T2D qualifies
as a multifactorial (polygenic) disease. Both genetic and environmental factors influence the
manifestation of T2D symptoms. The degree of contribution from genetic factors and
environmental factors may vary among individuals. However, the disease develops when the
combined effects of both factors exceed a certain threshold. The role of genetic factors is
undisputed. According to twin and genealogical methods in medical genetics, the heritability of
T2D complications is approximately 40%. Additionally, the frequency of susceptibility gene
polymorphisms varies between patient groups and control groups. Population-specific features
related to the predisposition genes for T2D have been identified. While excess body weight
precedes the development of type 2 diabetes in Europeans, in East Asian populations, diabetes
develops at lower body weights compared to Europeans, due to differing levels of insulin
secretion.

TYPE 2 DIABETES MELLITUS AS AN EXAMPLE OF A POLYGENIC DISEASE:
PREDISPOSITION GENES

The primary tool for studying pathological variants of genes predisposing to Type 2
Diabetes (T2D) is next-generation sequencing. Most of these genes are associated with the
regulation of the functional state of pancreatic B-cells. Genetic polymorphisms affecting key
proteins involved in glucose metabolism and insulin secretion may also influence predisposition
to T2D. Polygenic genomic assessments for T2D can predict the risk of developing diabetes.
Some authors argue that identifying genes predisposed to T2D for preventive measures is too
cumbersome, costly, and redundant. An additional significant challenge is selecting marker
genes for a specific population. According to them, the most feasible and effective screening is
based on plasma glucose levels, glycated hemoglobin, blood pressure, and body mass index.
However, the volume of research on the genetic aspects of T2D predisposition is steadily
increasing worldwide. This trend is driven by the global scale of the problem, the rapid increase
in the number of T2D patients, the growing magnitude of its impact, and the urgent need for
effective methods for early diagnosis and treatment. It is important to emphasize that the
primary direction in the search for T2D predisposition genes involves gene mutations,
predominantly SNPs.

One of the first widely accepted genetic markers for T2D is the TCF7L2 gene, located on
the long arm of chromosome 10. Currently, over 600 loci susceptible to T2D have been
identified among European and Asian populations. The TCF7L2 gene has shown the same
diagnostic value in both European and East Asian populations. Similarly, the KCNQ1 gene—
identified as a susceptibility locus with a relatively high risk ratio of 1.4 times for T2D in the
Japanese population—is also highly reproducible in European populations. In contrast, the
genes DGKD and ZNF257 have diagnostic value only in East Asian populations.

Contemporary literature places significant emphasis on the prevalence of T2D
predisposition genes across different populations. As an example, consider the dynamics of
obesity and T2D levels in Middle Eastern countries. Several patterns emerge: firstly, there is a
rapid increase in the number of individuals with excess body weight—from threshold levels
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(less than 5% of the population) in the mid-1970s to more than 20% today. In Kuwait, the
proportion of individuals with excess body weight reaches nearly 40%. Secondly, in most Arab
countries, marriages between cousins can reach up to 30%, making the Arab genome
architecture unique in terms of susceptibility to various diseases, including both Mendelian and
polygenic diseases. Thirdly, among approximately 100 gene variants associated with excess
body weight, two were described as unique to Arabs, as they had not been previously recorded
in other global populations. Meanwhile, 19 alleles were registered as distinct markers of excess
body weight in Arabs but did not have pathogenic effects in non-Arab populations.

Attention is also drawn to the existence of gender specificity in genetic markers. For
instance, the ALDH2 gene is closely associated with the risk of developing Type 2 diabetes in
men but not in women.

Below, we provide an overview of the most relevant SNPs associated with the
development of T2D in humans.

The TCF7L2 Gene (rs7903146): This gene encodes a transcription factor playing a crucial
role in the Wnt signaling pathway. The protein is involved in blood glucose homeostasis.
Genetic variants of this gene are associated with an increased risk of type 2 diabetes. Several
transcript variants for this gene have been identified, encoding various isoforms. Dysregulation
of the Wnt signaling pathway plays a key role in the development of insulin resistance. The
1s7903146 genotype is a well-studied risk marker for type 2 diabetes in European and Asian
populations. Patients with type 2 diabetes are more likely to carry the rs7903146 variant across
different populations.

The KLF14 Gene (rs4731702): This non-intronic gene encodes a protein that is part of the
Kruppel-like family of transcription factors. The encoded protein functions as a transcription
corepressor and is induced by transforming growth factor-beta (TGF-beta) to suppress the
expression of the TGF-beta receptor II gene. This gene regulates gene networks involved in
lipid metabolism. High fasting insulin levels and insulin resistance are associated with the
rs4731702 risk allele. Moreover, it may influence the expression of genes that determine body
mass index.

The KCNQ1 Gene (rs2237895): This gene encodes the alpha subunit of the voltage-gated
potassium channel Kv7.1, a member of the Kv channel superfamily, located on chromosome
11p15.5. The protein encoded by the KCNQ1 gene serves as the pore-forming alpha subunit of
the KCNQ1/KCNE1, KCNQI/KCNE2, and KCNQ1/KCNE3 potassium channels. KCNQ1 is
expressed not only in the myocardium but also in adipose tissue, the pancreas, and the brain. In
pancreatic islets, it plays an important role in glucose homeostasis, functioning as a regulator of
insulin secretion. The intronic rs2237895 in KCNQI1 is associated with a reduced risk of
abdominal obesity in patients with type 2 diabetes.

The FTO Gene: This gene encodes a nuclear protein from the non-heme iron and 2-
oxoglutarate-dependent oxygenase superfamily, related to AlkB. Like other non-heme iron
enzymes of this family, it regulates oxidative demethylation processes of DNA. High
expression levels of this gene are observed in the nervous system, adrenal glands, and
myocardium. A strong association with body mass index, obesity risk, and type 2 diabetes has
been identified. It has been shown that rs1558902 in FTO is closely correlated with the
incidence of type 2 diabetes in individuals, with high correlation values remaining significant
even after adjustments for current age and body mass index.

The HNF4A Gene: This gene is a member of the steroid hormone receptor superfamily,
primarily expressed in the kidneys, liver, pancreas (including B-cells), and small intestine, and it
influences lipid metabolism and transport. It also participates in the regulation of liver function
and hepatocyte differentiation. HNF4A is essential for glucose metabolism, as well as for
insulin expression and secretion, while in the liver, HNF4A is required for hepatic
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gluconeogenesis. Currently, it is known that non-coding variants of the HNF4A gene,
rs6017317 and rs4812829, as well as the coding missense variant rs1800961, are risk factors for
type 2 diabetes. Pathogenic variants of the HNF4A gene may contribute to insulin secretion
disorders, as observed in patients with type 2 diabetes and MODY 1. The MODY1 form of
diabetes is a type of maturity-onset diabetes of the young, characterized by an early age of onset
(usually in adolescence or childhood), dominant inheritance, and PB-cell function defects.
MODY 1 arises from mutations in the HNF4A transcription factor gene.

The IGF2BP2 gene encodes a protein that binds to the 5' UTR of the mRNA of insulin-like
growth factor 2 (IGF2) and regulates its translation. This gene is characterized by high
expression levels in the islets of the pancreas. In adipose tissue and the pancreas, IGF2BP2 can
decrease the expression of IGF2, which plays a crucial role in the regulation of pancreatic
histogenesis and adipogenesis. The gene is essential in metabolic processes regulation, and its
pathological variants are associated with susceptibility to diabetes. Polymorphisms in the
IGF2BP2 gene affect the functional state of B-cells in the pancreas. Certain forms of the gene
are closely linked to overweight and obesity. Some forms of the IGF2BP2 gene may increase
the risk of developing Type 2 Diabetes (T2D) through alterations in adipose tissue or impaired
B-cell function, leading to reduced insulin secretion. Specifically, higher levels of fasting
plasma glucose, total cholesterol, and serum insulin are observed in T2D patients carrying the C
allele of rs1470579, suggesting a potential role of IGF2BP2 in the pathogenesis of insulin
resistance.

The CDKN2A and CDKN2B genes (rs10811661) are tumor suppressor genes involved in
cell apoptosis, tumor formation, and proliferation regulation. The CDKN2A gene encodes the
cyclin-dependent kinase inhibitor pl 6INK4A, with the highest expression in adipose tissue and
adrenal glands. The CDKN2B gene encodes p15INK4B and is located near the CDKN2A
tumor suppressor gene in a region frequently mutated and subject to deletions in various tumors.
This gene encodes a cyclin-dependent kinase inhibitor, p15SINK4B, which forms complexes
with CDK4 or CDK6 and prevents CDK kinase activation. Therefore, the encoded protein
functions as a growth regulator controlling the cell cycle progression at Gl phase.
Polymorphisms in the CDKN2A/B genes influence protein metabolism, which determines the
state of B-cells, their insulin secretion, and the proliferation of this cell population. Population
studies in Asia and Europe have confirmed that polymorphism in the CDKN2A/B genes is
closely associated with the risk of developing T2D. Additionally, in obesity, macrophages
penetrate adipose tissue, leading to chronic low-grade inflammation. These adipose tissue
macrophages stimulate the secretion of pro-inflammatory cytokines and subsequently contribute
to insulin resistance. SNP rs10811661, linked to the expression of the long non-coding RNA
known as antisense non-coding RNA in the INK4 locus (ANRIL or CDKN2B-ASI1), is closely
related to diabetes risk in humans. Notably, rs10811661 in CDKN2A/B shows significant
correlation with increased breast cancer risk and may hold potential value as a prognostic factor
for personalized medical care.

The KCNJ11 gene (rs5219; p.Glu23Lys) encodes an integral membrane protein Kir6.2
with the function of a potassium channel. The encoded protein is controlled by G-proteins and
is responsible for potassium influx into the cell. Elevated glucose levels stimulate the opening
of the Kir6.2 channel and the influx of K+ ions into the cell. Increased intracellular K+ levels
depolarize the cell membrane and induce Ca2+ channels to increase free intracellular Ca2+
levels. Ca2+ ions trigger insulin secretion mechanisms, releasing the hormone from secretory
granules. Polymorphism in the KCNJ11 gene may lead to reduced insulin production due to
decreased or absent Kir6.2 protein expression. Therefore, mutations in this gene are responsible
for various forms of diabetes, both monogenic and polygenic, such as familial persistent
hyperinsulinemic hypoglycemia of infancy (PHHI), an autosomal recessive disorder
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characterized by unregulated insulin secretion. Defects in this gene may also contribute to
autosomal dominant insulin-independent Type 2 Diabetes (NIDDM), transient neonatal diabetes
mellitus type 3 (TNDM3), and permanent neonatal diabetes mellitus (PNDM). Specifically, the
KCNIJI11 rs5219 allele may reduce the channel's sensitivity to ATP. A close association has
been established between rs5219 polymorphisms and T2D susceptibility in East Asian and
European populations. Initially, with rs5219 in the human genotype, insulin sensitivity is
increased, thus maintaining normal glucose tolerance. However, over time, as insulin secretion
decreases or insulin resistance develops further, glucose levels rise, leading to Type 2 Diabetes.

The CDKALI gene (1s7756992) encodes the CDKS5 regulatory subunit-associated protein-
1. This protein exhibits high expression levels in neural tissue and pancreatic beta cells and is
involved in the glucose-dependent regulation of insulin secretion in the pancreatic islets.
Previous studies have shown that rs7756992 is associated with the risk of impaired insulin
secretion. The polymorphism rs775480 is located in intron 5 of the CDKALI1 gene, and this
SNP is associated with reduced glucose sensitivity and insulin secretion in B-cells. Furthermore,
the rs10946398 polymorphism of the CDKAL1 gene has been proposed as a marker for
impaired insulin secretion, as the CC/CA genotypes (presence of the C allele) contribute to the
susceptibility to type 2 diabetes (T2D) in individuals with obesity. Currently, the alleles
rs4712524, rs10946398, and rs775480 in CDKALI are established risk factors for T2D.

The PPARy2 gene (rs1801282) encodes PPARY2 (peroxisome proliferator-activated
receptor gamma 2), a ligand-activated transcription factor of the nuclear hormone receptor
superfamily. The PPARy2 gene plays a crucial role in glucose homeostasis, lipid metabolism,
obesity, insulin sensitivity, and the regulation of the expression of various adipocyte-specific
genes, directly involved in the pathogenesis of type 2 diabetes. The pathological variant of the
gene rs1801282, associated with obesity and the development of T2D, was one of the first
identified. Several studies have shown that the Prol12 PPARY allele is associated with a 1.25-
fold increase in T2D risk. Furthermore, the Prol2Ala polymorphism has been associated with
T2D risk in a multiethnic study.

The SLC30A8 gene (rs13266634) encodes the ZNT8 protein, a zinc ion transporter
involved in zinc accumulation in intracellular vesicles. It is a proton-coupled zinc ion antiporter
that mediates zinc uptake into the secretory granule lumen of pancreatic beta cells, thereby
regulating insulin secretion. This gene is highly expressed only in the pancreas, particularly in
the islets of Langerhans. The encoded protein co-localizes with insulin in the secretory pathway
granules of insulin-secreting cells. Low expression of the ZnT8 protein leads to reduced insulin
production by B-cells. The SLC30AS8 rs13266634 polymorphism has been closely linked to an
increased risk of developing T2D. Additionally, rs13266634 in SLC30AS8 has been associated
with age as a risk factor for T2D development.

The POMC gene encodes the proopiomelanocortin proprotein, which undergoes extensive,
tissue-specific post-translational processing. The proprotein has several potential cleavage sites,
and depending on the tissue type and available convertases, processing can yield up to ten
biologically active peptides involved in various cellular functions. The encoded protein is
primarily synthesized in corticotrophic cells of the anterior pituitary gland, which use four
cleavage sites, including adrenocorticotropin essential for steroidogenesis regulation in the
adrenal glands, and beta-lipotropin. In other tissues, including the hypothalamus, placenta, and
epithelium, all cleavage sites may be utilized, resulting in the formation of endorphins,
melanocyte-stimulating hormone, and immunomodulation. These include several distinct
melanotropins, lipotropins, and endorphins. In patients with T2D and obesity linked to
mutations in the POMC gene, a missense mutation in the signal peptide was observed, leading
to a heterozygous arginine-to-glycine substitution at A15G-POMC (codon 15), which
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suppressed the production and secretion of the POMC protein. In humans, POMC deficiency
can cause insulin resistance and hyperinsulinemia.

The ADIPOQ gene encodes the regulatory peptide adiponectin in adipose tissue, an
adipocytokine. Adipose tissue plays a significant role in the development of diabetes and
obesity. Adiponectin, the primary secretory protein of adipocytes in human plasma, functions as
an energy regulator and is involved in glucose tolerance. Adiponectin from adipose tissue exists
in various forms, such as monomers, trimers, and hexamers. It acts through its receptors,
adipoR1 and adipoR2, affecting multiple metabolic processes. Activation of adipoR1 primarily
promotes mitochondrial biogenesis and glucose uptake through the AMPK and p38 MAPK
pathways. Activation of adipoR2 is involved in fatty acid oxidation via the PPARa pathway and
provides cytoprotective and anti-inflammatory effects by modulating NF-xB. Collectively, these
pathways contribute to the regulation of energy metabolism and inflammatory responses in
various tissues, including muscles, liver, kidneys, brain, and bones. The ADIPOQ gene is
located on human chromosome 3q27 and is reported as a susceptibility locus for T2D.
Polymorphisms in the ADIPOQ gene, such as rs1501299, rs182052, and rs7627128, show a
significant association with T2D. Additionally, the ADIPOQ gene polymorphism, particularly
the rs2241766 allele, is shown to increase the risk of developing T2D and is involved in the
pathogenesis of diabetic nephropathy.

GENES OF ANTIOXIDANT ENZYMES

The imbalance between antioxidants and reactive oxygen species (ROS) leads to increased
oxidative stress, which may result in diabetes. The formation and accumulation of ROS in (-
cells can cause B-cell dysfunction, insulin production defects, and impaired function, leading to
diabetes. However, the impact of oxidative stress can be reduced or altered by enzymatic
antioxidants, including catalase (CAT), glutathione-S-transferase (GST), glutathione peroxidase
(GPx), superoxide dismutase (SOD), nitric oxide synthase, and NADPH oxidase. Individuals
with polymorphisms affecting the genetic regulation of these six enzymes are at an increased
risk of developing Type 2 Diabetes (T2D). Moreover, the risk of developing T2D rises with
increased genetic variation in the genes regulating antioxidant enzymes.

In addition to the aforementioned genes, susceptibility genes for Type 2 Diabetes include
ANKI1/NKX6-3 (rs33981001, rs62508166), HHEX (rs1111875), WFS1 (rs10010131),
MTNRIB (rs1387153), and DGKB (TMEM195) (rs10244051).
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CHAPTER 4. PREECLAMPSIA AS A POLYGENIC (MULTIFACTORIAL)
DISEASE

INTRODUCTION

Preeclampsia (PE) is the most significant health concern for women during pregnancy
worldwide. PE is a pregnancy-specific condition characterized by the development of new-
onset hypertension and proteinuria in the second half of pregnancy. This disease represents a
serious obstetric challenge, contributing significantly to maternal and perinatal morbidity and
mortality globally. PE is described as a placental disorder, as most women typically regain
normal blood pressure after childbirth. The risk of developing PE can vary between 3 to 14—
21% across different populations. The global trend indicates an increasing risk of PE during
pregnancy among women worldwide. As a result of preeclampsia, there is an elevated risk of
premature birth, perinatal mortality, and developmental disorders of the nervous system, as well
as cardiovascular and metabolic diseases in later life. In Russia, PE occurs in up to 11-16% of
cases and ranks third among the causes of maternal mortality. Currently, there is no universal
international classification or definition system for PE. However, hypertensive disorders of
pregnancy are typically divided into four categories: Gestational Hypertension: Symptoms
include blood pressure of > 140/90 mm Hg after the 20th week of pregnancy in a previously
normotensive woman. Preeclampsia: Symptoms include blood pressure of > 140/90 mm Hg
after the 20th week of pregnancy in a woman who previously had normal blood pressure.
Proteinuria, characterized by protein excretion in urine of > 300 mg/L or 500 mg/24 h, in the
absence of urinary tract infection. Eclampsia: Occurs in women with preeclampsia and is
characterized by seizures not related to other causes. Superimposed Preeclampsia: Chronic
hypertension with the development of proteinuria during pregnancy.

Initially, PE was divided into two subgroups based on histological, clinical, biological,
hemodynamic, and epidemiological data. These two subgroups were identified as early (<34
weeks) and late (>34 weeks) PE, depending on gestational age at diagnosis or delivery.
Histological placental lesions associated with maternal vascular pathology result from impaired
remodeling of spiral arteries and fetal growth restriction. Such scenarios are more commonly
seen in early PE, and extracting the fetus and placenta before 34 weeks of pregnancy increases
the risk of neonatal mortality. In early placental PE, the remodeling of spiral arteries is
incomplete, and the arteries retain their contractility, which in late pregnancy might lead to
reduced fetal blood supply—placental insufficiency—and consequently intrauterine growth
retardation. The fetus, due to reduced oxygen delivery, signals the maternal body, which
responds by raising blood pressure. When blood pressure rises, fetal blood supply should
normally increase, but this does not occur if the spiral arteries of the uterus retain their
contractile ability. Unlike late PE, the hemodynamic state in early PE is characterized by
peripheral vasoconstriction without increased cardiac output.

In placental or early-stage preeclampsia, the etiology is linked to abnormal placentation
under hypoxic conditions. Placental or early-onset preeclampsia carries a significantly higher
risk of complications for both the mother and fetus, with a higher prevalence of placental
lesions, especially between 28 and 32 weeks of pregnancy. Consequently, placental or early-
onset preeclampsia is associated with fetal growth restriction and adverse maternal and neonatal
outcomes.

In maternal preeclampsia, or late-stage preeclampsia, the issue arises from the interaction
between an ostensibly normal placenta and maternal factors provoked by endothelial
dysfunction, creating precursors for microvascular damage. Maternal preeclampsia or late onset
appears to be a decompensated response to oxidative stress in the placenta, caused by
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dysfunctional maternal endothelium. Endothelial dysfunction, an aspect of the systemic
inflammatory response in the mother, can lead to generalized vasoconstriction and reduced
blood flow to several organs, including the heart, kidneys, and brain. On the other hand, late PE,
also known as the maternal subtype, develops after 34 weeks of pregnancy. It is hypothesized
that this subtype results from maternal genetic predisposition to cardiovascular and metabolic
diseases associated with chronic systemic inflammation combined with an altered balance
between maternal blood perfusion and the increased metabolic demands of the placenta and
fetus. These disturbances can lead to placental dysfunction and associated placental
hypoperfusion without the placentation abnormalities observed in early PE.

However, since the pathology's cause does not appear to reside in the placenta, there tends
to be a lower incidence of fetal involvement and more favorable perinatal outcomes. Despite the
clear pathophysiological differences between these PE subtypes, they are often difficult to
distinguish because the two subtypes may co-occur, for example, in late primiparous women
with vascular diseases who exhibit abnormal placentation. Therefore, while distinguishing
between types can be useful for understanding and predicting the condition, most patients with
preeclampsia exhibit elements of both pathologies.

Common complications of pre-eclampsia (PE) include damage to internal organs such as
the kidneys, liver, and brain. PE can lead to HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelet count), cerebral edema, liver, kidney, or heart dysfunction, placental
abruption, intrauterine growth restriction, preterm birth, and even maternal and fetal death.

The pathogenic mechanisms underlying PE are yet to be fully understood; however,
abnormalities in placental development and trophoblast invasion, placental ischemia, oxidative
stress, inflammation, immune maladaptation, and thrombosis are considered key factors in
disease development. It is hypothesized that the primary cause of PE is a disruption in the
formation of placental tissue during early gestation due to abnormal cytotrophoblast invasion
and incomplete remodeling of the uterine spiral arteries. It is widely accepted that the
pathogenesis of PE begins during trophoblast invasion and spiral artery remodeling in the first
and early second trimesters of pregnancy. Early PE is characterized by abnormal trophoblastic
invasion due to incomplete transformation of spiral arteries, leading to placental ischemia,
subsequent inflammatory response, and increased oxidative stress. Vascular endothelial growth
factor (VEGF), endoglin, and placental growth factor (PIGF) are angiogenic factors
significantly implicated in the etiology of PE. These factors contribute to a systemic imbalance
between anti-angiogenic and pro-angiogenic factors, resulting in a clinical syndrome.
Consequently, increased endothelial activation in the mother and a general hyper-inflammatory
state precede the appearance of clinical symptoms of PE.

Women with PE are in a potentially life-threatening health condition due to the increased
risk of long-term complications such as cardiovascular diseases. It has been established that
these components are largely determined by genetic factors, which may play a role in the
pathogenic changes occurring. The familial nature of PE has been known for many years, and
extensive genetic research has been conducted in this area. Twin studies have shown that the
heritability of PE is about 55%, with contributions from both maternal and fetal genes. The
prevailing theory views PE as a multifactorial disease based on heredity and environmental
factors.

Despite the extensive research on the relationship between genetic polymorphisms and PE,
there is no basis to claim that a single genetic polymorphism plays a leading role. Most
researchers believe that it is likely only multiple combinations of polymorphic gene variants, in
conjunction with environmental factors, lead to the development of this dangerous pregnancy
complication. Environmental factors, including age, stress, excessive salt intake, chronic kidney
and cardiovascular diseases, hypoxia, physical inactivity, obesity, diabetes, alcohol, and
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traumatic brain injury, ultimately determine whether low-penetrance gene polymorphisms of
predisposition result in phenotypic manifestations of the disease. It is probable that no single
environmental factor or genetic variant is universal and can explain all cases of PE. Meanwhile,
the diversity of their combinations may influence the diverse phenotypic manifestation of
specific forms of disease progression (for instance, PE with concurrent intrauterine growth
restriction).

HEREDITARY NATURE OF THE DISEASE

In some rare cases, familial preeclampsia (PE) appears to be inherited according to
Mendelian patterns of genetic inheritance. In such instances, PE is determined by a rare
monogenic pathogenic variant of a gene with high penetrance. However, in most cases, PE
appears to be a complex genetic disorder, resulting from numerous common gene variants
across different loci that individually have minor effects but collectively contribute to a
pregnant individual's susceptibility to the disease.

To identify genetic predisposition to PE, it is crucial to analyze both maternal and fetal
genotypes. The role of the placenta in the primary pathogenesis of PE indicates the contribution
of fetal genes to disease susceptibility. The close association of severe early PE with cases of
fetal chromosomal abnormalities also points to this. Furthermore, there is an established
increased risk of PE in individuals whose fathers were born under PE conditions. Based on this,
a hypothesis of genetic conflict has been developed to explain genetic predisposition to PE.
According to this hypothesis, fetal (including paternal) genes exert a stimulating influence on
placental blood flow to enhance nutrient transfer to the fetus from the maternal body. In contrast,
maternal genes strive to limit nutrient transfer within a certain optimal range permissible for the
maternal body. In other words, fetal genes increase maternal blood pressure to enhance
uteroplacental blood flow, while maternal genes act oppositely. Thus, endothelial dysfunction in
individuals with PE can be interpreted as a compensatory attempt by the fetus to counter
insufficient uteroplacental nutrient supply.

Initially, most genetic studies of PE predominantly considered the maternal genotype.
Additionally, the reduced risk of developing PE in subsequent pregnancies complicated the
analysis of fetal genotype contribution. Nevertheless, significant attention is now given to genes
expressed in the placenta. According to current data, approximately 35% of PE cases can be
attributed to maternal genotype specificity, 20% to fetal genotype specificity, 13% to paternal
genotype specificity, and 32% to environmental factors.

Gene expression analysis is a vital and efficient tool for identifying genes that are
differentially expressed between tissues in normotensive and preeclamptic pregnancies.
Recently, more than 100 polymorphic gene variants have been linked to the pathogenesis of PE.
The genetic map of the disease is quite diverse and includes groups of genes related to blood
coagulation systems, metabolism, major histocompatibility complexes, cytokines and growth
factors, as well as genes of the endothelium and vascular system.

GENES PREDISPOSING TO PREECLAMPSIA

The identification of genes predisposing to PE is primarily conducted using next-
generation sequencing methods (sometimes along with PCR techniques) by comparatively
analyzing gene polymorphisms between individuals with PE and those experiencing
physiological pregnancies. Most studies analyze a single polymorphism in a candidate gene,
although literature data exist for several predisposition genes. Candidate genes are selected
based on the current understanding of the pathophysiological mechanisms of PE. Population
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studies based on the PE/control case principle not only identify genes predisposing to PE but
also those that, conversely, have a restraining (protective) effect.

On the other hand, population analysis of the frequency of genetic factors with high or low
risk can improve the quality of PE risk prediction. Furthermore, this strategy facilitates more
effective early prenatal screening and interventions in populations with higher susceptibility to
PE.

GENES REGULATING ENDOTHELIAL FUNCTION AND BLOOD PRESSURE
IN THE PATHOGENESIS OF PRE-ECLAMPSIA

Adverse outcomes associated with hypertensive disorders during pregnancy result from
excessive inflammation and endothelial damage, which include eclampsia, stroke, retinal
detachment, acute renal failure, placental abruption, pulmonary edema, liver hematoma,
disseminated intravascular coagulation, and cerebrovascular bleeding. Fetal complications
encompass stillbirth, intracranial hemorrhage, oligohydramnios, and fetal growth restriction.
The prognosis for maternal and fetal health generally converges around the diagnosis of pre-
eclampsia. Consequently, one of the significant symptoms of pre-eclampsia is elevated blood
pressure during pregnancy. Therefore, genes involved in blood pressure regulation and markers
of endothelial dysfunction are included in all genetic panels analyzing predisposition to pre-
eclampsia. It is possible that placental disorder, primarily characterized by uteroplacental
ischemia secondary to vascular remodeling disruption, is the first anomaly in the pathogenesis
of pre-eclampsia. There is accumulating evidence suggesting that a cardiovascular disorder
might be the initial anomaly leading to placental ischemia, which in turn initiates pre-eclampsia.

VEGFA GENE The VEGFA gene encodes the Vascular Endothelial Growth Factor A,
located on chromosome 6 at cytogenetic band 6p21.3. The gene belongs to the PDGF/VEGF
growth factor family and encodes a heparin-binding protein that exists as a disulfide-linked
homodimer. This growth factor induces proliferation and migration of vascular endothelial cells
and is essential for both physiological and pathological angiogenesis. The polymorphism of this
gene is associated with severe diseases. Notably, it is activated in many tumors, with expression
levels correlating with the tumor stage and progression. Elevated levels of this protein are found
in patients with POEMS syndrome, also known as Crow-Fukase syndrome. Allelic variants of
this gene are linked to microvascular complications of type 1 diabetes (MVCDI1) and
atherosclerosis. Vascular Endothelial Growth Factor A is critical for placental development and
vascularization. VEGF is vital for the formation of trophoblasts, the embryonic vascular
network, and maternal and fetal blood cells. Abnormal vascular growth and endothelial
dysfunction may be part of the pathogenesis of pre-eclampsia. It is known that VEGFA 1is
expressed at significantly higher levels in the placentas of women with pre-eclampsia compared
to healthy women (49.6% versus 14.9%, respectively). Data suggest that two VEGF gene
polymorphisms (rs3025039, rs2010963) are associated with an increased risk of pre-eclampsia
in various ethnic groups, indicating that these targets could serve as useful genetic markers for
early pre-eclampsia prediction. Specifically, several reports indicate that rs3025039, located in
the 3'-untranslated region of VEGFA and capable of modulating gene expression, is considered
a predisposing factor for pre-eclampsia in populations from China, Southern Europe, and
Northeast Africa, increasing disease risk. Regarding the association of 1s3025039
(NC_000006.12:2.43784799C>T) with pre-eclampsia and its potential role in its pathogenesis,
contradictory opinions exist in the literature. Nevertheless, there is reason to believe that a
significant association between the VEGFA gene polymorphism and pre-eclampsia may exist in
certain populations. The VEGF gene polymorphism rs2010963, ¢.-94C>G, may also be
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associated with an increased risk of pre-eclampsia in various ethnic groups, indicating that this
SNP could be a useful genetic marker for early pre-eclampsia prediction.

ACE GENE This gene encodes the Angiotensin-Converting Enzyme (ACE), which is
involved in regulating blood pressure and fluid-salt balance. It catalyzes the conversion of
angiotensin I to the physiologically active octapeptide angiotensin II. Angiotensin II is a potent
vasopressor and aldosterone-stimulating peptide that controls blood pressure and water-
electrolyte balance. The Angiotensin-Converting Enzyme (ACE) also inactivates the vasodilator
protein bradykinin. Thus, the enzyme encoded by the gene increases blood pressure and is a
target for pharmaceutical ACE inhibitors, commonly prescribed to lower blood pressure. Gene
polymorphisms (mutations in this gene) are involved in a wide range of conditions, including
cardiovascular diseases, psoriasis, kidney failure, stroke, and Alzheimer's disease. Moreover,
the gene polymorphism (rs4344) is a widely recognized marker for hypertension and other
cardiovascular diseases and is also linked to the risk of pre-eclampsia.

GENE AGT AND GENE NOS3 ANALYSIS

Gene AGT: The protein encoded by the AGT gene is preangiotensinogen, a precursor of
angiotensinogen. This protein is expressed in the liver and is cleaved by the enzyme renin in
response to decreased blood pressure and altered sodium transport in the kidney tubules. The
resulting product, angiotensin-I, is then converted by the angiotensin-converting enzyme (ACE)
into the physiologically active enzyme angiotensin-II. Preangiotensinogen is involved in
maintaining blood pressure, fluid and electrolyte homeostasis, and the pathogenesis of essential
hypertension. Mutations in the AGT gene are associated with susceptibility to essential
hypertension and may cause renal tubular dysgenesis, a severe defect in kidney tubule
development. Defects in this gene are also linked to non-familial atrial fibrillation and
inflammatory bowel disease. AGT gene polymorphism is also closely involved in the
pathogenesis of preeclampsia (PE). Pregnant individuals with PE have elevated levels of AGT
protein in the urine. Available data suggest that the presence of the 217A, 235T, and 704C
alleles of the AGT gene significantly increases the risk of severe PE by 2.23 times. Notably, the
frequency of the CC genotype of the T704C polymorphism contributes to an increased risk of
early PE compared to those with late preeclampsia.

Gene NOS3: This gene encodes the enzyme eNOS (endothelial nitric oxide synthase).
Nitric oxide (NO) is a reactive free radical that acts as a biological mediator in several processes,
including neurotransmission, antimicrobial, and antitumor activities. Nitric oxide is synthesized
from the amino acid L-arginine by nitric oxide synthases. NO influences vascular tone, platelet
aggregation, stabilization of blood rheological properties, neurotransmission, and is involved in
mitigating metabolic syndrome and several immune responses. Alterations in the NOS3 gene
are associated with susceptibility to various cardiovascular diseases, including PE. Allelic
variants of the NOS3 gene lead to reduced NO levels, resulting in the development of
hypertensive conditions, associated with changes in vascular tone due to adverse environmental
and internal conditions. This may lead to PE, placental insufficiency, and fetal growth
restriction. In the pathogenesis of preeclampsia, endothelial dysfunction is significant,
characterized by increased sensitivity of the vascular wall to pressor influences of mediators and
simultaneous reduced production of vasodilators such as NO. Studies conducted in Northern
European populations indicate that individuals homozygous for rs1799983 in NOS3 are 1.6
times more likely to suffer from severe PE. Specifically, the genotype for SNP NOS3
rs1799983 is not only associated with PE risk but also with reduced effectiveness of
antihypertensive medications in PE patients. Additionally, the 894G>T polymorphism in exon 7
of the NOS3 gene (marker rs1799983) results in the substitution of glutamine with asparagine at
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position 298 of the protein, which leads to decreased nitric oxide concentration in the
bloodstream and reduced vasodilation. Importantly, this variant is more common in Russian
populations and is associated with PE. Diagnostic value is reported for rs2070744 in NOS3 in
the early prediction of PE. The analysis of multilocus interactions of seven alleles, including
rs2070744 in NOS3, associated with PE (rs4762 in AGT, rs1800896 in IL-10, rs1800629 and
1s1799724 in TNFoa, rs2070744 in NOS3, rs7412 in APOE, and rs2549782 in ERAP2)
demonstrated high accuracy in predicting PE risk.

GENES REGULATING LIPID METABOLISM IN THE PATHOGENESIS OF
PREECLAMPSIA

Disruptions in lipid metabolism, induced by lipid peroxidation due to oxidative stress, are
considered significant pathogenetic mechanisms of preeclampsia (PE). It is known that the
enzyme lipoprotein lipase (LPL) and the protein apolipoprotein E (ApoE), whose primary
function is to transport lipids between various cells and tissues of the body, are important
regulators of lipid metabolism and are abundantly expressed in the placenta. Specifically, LPL
is involved in the hydrolysis of triglycerides in chylomicrons and very low-density lipoproteins.
Thus, the genes encoding these proteins have been proposed as potential candidate genes.
Additionally, it is known that PE is associated with alterations in the covalent modification of
circulating ApoE isoforms. Specifically, the proportion of the deglycosylated main isoform of
ApoE was increased in PE, while the acidic sialylated isoform of ApoE was decreased.
Functionally, this may increase the risk of atherogenic changes in the placenta. The most
promising genetic variant in this context is the missense mutation, Asn318Ser, in LPL, which
correlates with reduced LPL enzyme activity and increased dyslipidemia. It has also been
reported that the fetal genotype of these two genes contributes to the metabolism of maternal
lipoproteins. Lipid transport in the placenta is not only a primary energy source for the fetus but
also a key material that supports the development of the fetal nervous system. Disruption of
lipid metabolism may cause inflammatory reactions and accumulation of oxidative stress
products, affecting trophoblast invasion and placental development, as well as causing
endothelial damage, leading to a range of pathological changes. Compared to pregnant
individuals with a physiological pregnancy course, serum lipid levels and lipoprotein
metabolism parameters are impaired in patients with PE. High lipid levels in the blood of
patients with PE lead to atherosclerotic changes during pregnancy, which may persist for
several years postpartum, increasing the risk of cardiovascular diseases.

Some authors highlight polymorphisms of the ADIPOQ gene as a risk factor for PE. This
gene encodes the physiologically active protein adiponectin, which is exclusively expressed in
adipose tissue. Obesity negatively influences the course of pregnancy and alters the quality of
labor (premature or prolonged labor) and increases the need for oxytocin. Adipose tissue, the
largest endocrine and paracrine organ, especially in obesity, is responsible for the production of
adipokines. Low serum adiponectin concentrations are associated with diabetes, overweight,
insulin resistance, and metabolic syndrome. Disrupted regulation of adiponectin during
pregnancy contributes to gestational diabetes mellitus and preeclampsia.

It is important to note that lipid metabolism disorders caused by excess body weight have
an extremely negative impact on pregnancy, altering tissue sensitivity to sex steroid hormones
and creating additional risks during childbirth.

The LPL gene encodes lipoprotein lipase, expressed in the heart, muscles, and adipose
tissue. The LPL enzyme functions as a homodimer and has dual roles: triglyceride hydrolase
activity and acting as a ligand/bridging factor for receptor-mediated lipoprotein uptake. Severe
mutations causing LPL deficiency lead to Type I hyperlipoproteinemia. Less severe mutations
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in LPL are associated with various disorders of lipoprotein metabolism. Lipoprotein lipase (LPL)
participates in triglyceride hydrolysis and plays a crucial role in lipid transport in the placenta. It
has been identified that the maternal allele LPL N291S (15268, c.953A>G (p.Asn318Ser)) is
associated with an increased risk of preeclampsia and HELLP syndrome. Additionally, the
presence of the LPL N2918S allele in the fetal genotype is linked to higher triglyceride levels in
the mother and an increased risk of PE.

APOE GENE

The protein encoded by the APOE gene is a major apolipoprotein of chylomicrons. It binds
to specific receptors on liver and peripheral cells and is necessary for the normal catabolism of
triglyceride-rich lipoprotein constituents. This gene is located on chromosome 19. Mutations in
this gene lead to familial dysbetalipoproteinemia or type III hyperlipoproteinemia (HLP III),
where elevated plasma cholesterol and triglycerides result from impaired clearance of
chylomicron and VLDL remnants. It is known that the levels of triglycerides, low-density
lipoprotein cholesterol, and Apo-E from weeks 4-16 to weeks 28-42 of pregnancy increased
more among pregnant individuals with pre-eclampsia (PE) than those with chronic hypertension.
Most authors suggest that increased levels of triglycerides and Apo-E elevate the risk of
developing pre-eclampsia. Some data indicate that the ApoE rs440446 allele is associated with
a higher risk of PE. At the same time, it is suggested that this gene variant may be involved in
the pathogenesis of gallstone disease and is associated with the risk of bile duct cancer in males.

ADIPOQ GENE

The ADIPOQ gene consists of three exons and two introns, located on chromosome 3q27,
where a diabetes susceptibility locus has been mapped. This gene encodes the physiologically
active protein adiponectin and is expressed exclusively in adipose tissue. It encodes a protein
similar to collagens X and VIII and complement factor C1q. The encoded protein circulates in
plasma and participates in metabolic and hormonal processes. Adiponectin is the most abundant
circulating protein synthesized exclusively in adipose tissue and acts as a hormone with anti-
inflammatory, antidiabetic, and insulin-sensitizing properties. It plays a significant role in
various metabolic processes, including glucose regulation and fatty acid catabolism. Decreased
plasma adiponectin levels are closely associated with the pathogenesis of type 2 diabetes
mellitus (T2DM), several cardiovascular diseases, obesity, and disruptions in normal pregnancy
progression. Adiponectin is found in plasma in oligomeric complexes composed of trimers (low
molecular weight), hexamers (medium molecular weight), and large multimers of 12-18
subunits (high molecular weight (HMW)). Moreover, the HMW isoform binds more effectively
to its receptors and activates AMP-activated protein kinase, one of the primary enzymes
controlling adiponectin's metabolic effects. The HMW form of adiponectin, mediating insulin
sensitivity in peripheral tissues, is the most physiologically active form regarding glucose
homeostasis. Mutations in this gene are often associated with adiponectin deficiency. It is
known that the gene variant rs2241766 (+45T/G) closely correlates with the risk of pregnancy
complications and PE induced by obesity and gestational diabetes against the background of
lower plasma adiponectin levels.

GENES OF THE BLOOD COAGULATION SYSTEM REGULATION IN THE
PATHOGENESIS OF PE
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Thrombophilia is a pathological condition characterized by a blood coagulation system
disorder, leading to an increased risk of thrombosis. However, adequate placental circulation is
necessary for the physiological course of pregnancy. Meanwhile, thrombophilias may heighten
the risk of placental insufficiency due to microvascular thrombosis of the placenta,
macrovascular thrombosis, or both, and influence the growth and differentiation of the
trophoblast. The role of coagulation mechanism abnormalities in the pathogenesis of PE is
widely acknowledged. Endothelial damage in PE is closely associated with a shift from an
anticoagulant to a procoagulant phenotype and reduced endothelium-mediated vasorelaxation.
This phenotype may be present before PE during pregnancy or may develop as a result of
damage initiated during placentation. Against the backdrop of coagulation mechanism disorders
in PE, individuals develop marked thrombocytopenia, often linked to hemolysis, elevated liver
enzyme levels in the blood plasma, and the low platelet count syndrome (HELLP). Currently,
the role of three thrombophilic factor genes, Factor V Leiden (FVL), methylenetetrahydrofolate
reductase (MTHFR), and prothrombin (F2), is well recognized.

The FV gene encodes Factor V, a crucial cofactor in the blood coagulation cascade. This
factor circulates in plasma and is converted into its active form by the release of an activation
peptide through thrombin during coagulation, forming a heavy chain and a light chain held
together by calcium ions. The activated protein serves as a cofactor, working with the activated
clotting Factor X to convert prothrombin into thrombin. Defects in this gene can lead to either
autosomal recessive hemorrhagic diathesis or an autosomal dominant form of thrombophilia
known as resistance to activated protein C. The anomaly of the FV coagulation factor gene
involves a single nucleotide substitution from guanine to adenine at position 1601 (rs6025,
c.1601G>A (p.Arg534Gln)), causing Factor V to resist degradation. Current research indicates
that FV 156025 is associated with an increased risk of preeclampsia in European and some
Asian populations. Pregnant individuals with the FV mutation are more frequently found to
have placental thrombi, thus significantly increasing the risk of preeclampsia (PE) and other
obstetric pathologies, including antenatal fetal death. Additionally, the FV gene polymorphism,
specifically rs6022 (¢.319G>C (p.Asp107His)), in conjunction with smoking, increases the risk
of pregnancy complications and premature birth.

The F2 gene encodes the protein prothrombin (also known as coagulation Factor II), which
undergoes proteolytic cleavage in several stages to form the active serine protease thrombin.
Activated thrombin plays a vital role in thrombogenesis and hemostasis by converting
fibrinogen into fibrin during clot formation, promoting platelet aggregation, and activating
additional clotting factors. Thrombin also has a role in cell proliferation, tissue repair,
angiogenesis, and maintaining vessel integrity during embryonic development and postnatal life.
Peptides derived from the C-terminus of this protein exhibit antimicrobial activity against E.
coli and P. aeruginosa. Mutations in this gene can lead to various forms of thrombosis. A
hereditary mutation in prothrombin (G20210A) exacerbates the existing hypercoagulable state
during pregnancy. The nucleotide base substitution from guanine to adenine at position 20210
(G20210A) in the prothrombin gene (F2) leads to increased prothrombin synthesis and a higher
risk of thrombosis. The prothrombin F2 gene mutation in combination with the FV gene
mutation occurs frequently and significantly increases the risk of pregnancy complications.
There are indications of a close association between the F2 gene mutation and adverse
pregnancy outcomes, such as PE, spontaneous abortion, and fetal growth retardation.

IMMUNE SYSTEM FACTORS IN THE PATHOGENESIS OF PRE-ECLAMPSIA

Currently, there is substantial literature supporting the immunological causes of
preeclampsia. Immunogenetic memory suggests an increased risk of PE if PE occurred in a
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previous pregnancy. The risk of PE increases from 4.1% in the first pregnancy to 14.7% in the
second pregnancy after the first pregnancy complicated by PE and to 31.9% in the third
pregnancy in cases of two consecutive previous pregnancies complicated by PE. Unlike
protective immunology, reproductive immunology is based not on self/non-self-recognition
systems but on immunotolerance in maternal-fetal cell interactions. The adaptation of the
maternal immune system is crucial for determining the outcome and physiological course of
pregnancy. Increased cases of PE in first-time pregnancies indicate a strong connection between
immune factors and the risk of PE. Additionally, advances in assisted reproductive technologies
(widespread use of in vitro fertilization - IVF) present new challenges for the maternal immune
system. The use of donor sperm or eggs increases the risk of PE threefold. It has been shown
that placentas from IVF with donor oocytes have significantly increased lesions associated with
chronic inflammation compared to placentas from IVF with non-donor oocytes.

The primary mechanisms by which fetal immunity evades maternal immune system
control at the maternal-fetal interface include reduced expression of major histocompatibility
complex molecules by trophoblast cells, the presence of complement regulators, increased
production of indolamine 2,3-dioxygenase, activation of regulatory T cells, and enhancement of
immune checkpoints. This immune protection is more akin to tumor biology immune responses
than allograft biology.

The genes of the major histocompatibility complex (MHC), also known as human
leukocyte antigens (HLA), are of particular interest in terms of the risk of pre-eclampsia (PE).
The MHC is located on chromosome 6. The HLA molecules encoded by these genes are
classified into Class I and Class II antigens. MHC Class I molecules (HLA-A, HLA-B, HLA-C)
are expressed on the surface of all somatic cells, except for trophoblast cells and erythrocytes.
Allelic variants of MHC Class II HLA molecules include HLA-DP, HLA-DQ, and HLA-DR.
The primary function of MHC proteins is to present peptide antigens to T-lymphocytes. HLA-
DR4, a Class II antigen, shows the strongest association with PE. Non-classical HLA antigens
such as HLA-E and HLA-C are considered significant in the pathogenesis of PE because they
are expressed by trophoblast cells. Among these, only HLA-C shows pronounced
polymorphism.

The expression of HLA on the implanting cytotrophoblast is crucial as it interacts with
killer-cell immunoglobulin-like receptors (KIR) expressed on maternal uterine natural killer
(uNK) cells and cytotoxic T-lymphocytes, thereby reducing their cytolytic activity and
stimulating the production of cytokines necessary for successful placentation. Natural killer
(NK) cells identify and destroy cells that do not express an MHC molecule, a recognition
mechanism vital for protecting the organism from foreign pathogens and cancer cells. Unlike
circulating peripheral blood NK cells, uNK cells in contact with the trophoblast perform a
cytokinic rather than cytotoxic function, being activated by mechanisms involving interactions
between their receptors and HLA-C, G, and E ligands expressed by the trophoblast. Activation
of uNK or decidual NK cells results in the production of angiogenic factors like VEGEF,
stimulating angiogenesis, as well as chemokines IL-8 and IP-10, which facilitate trophoblast
invasion.

Disruptions in the interaction between uNK cells and HLA-C on the trophoblast alter the
decidual immune response, leading to impaired trophoblast implantation and inadequate spiral
artery remodeling, associated with PE. Thus, the placenta and solid tumors exhibit similarities
regarding cell invasion processes and microenvironments. Indeed, tumor cells and trophoblast
cells are supported by a favorable microenvironment that allows cell invasion, angiogenesis,
and immunotolerance, thus facilitating immune evasion from the host. The decidual and tumor
microenvironments share similar immune cells, including NK cells, T cells, regulatory T cells,
macrophages, and non-immune cells like decidual stromal cells and fibroblasts. In this
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microenvironment, both tumor and trophoblast cells can express HLA-G, which interacts with
NK cells, reducing their toxicity. These cells can also secrete immunosuppressive factors that
inhibit T cell activity, promote the local recruitment of regulatory T cells with their
immunosuppressive function, and decrease the expression of polymorphic MHC Class I and 11
antigens to evade the host's immune system.

During pregnancy, syncytiotrophoblasts in contact with maternal tissue do not express any
MHC antigens. The trophoblast interacting with decidual cells of the uterus expresses only the
classical polymorphic HLA-C Class la antigens and non-classical non-polymorphic HLA-G and
HLA-E antigens. HLA-G shows limited polymorphism; however, some gene variants are also
associated with PE. These variants of HLA-G, recognized by the maternal organism as foreign,
can lead to histoincompatibility between mother and child, also resulting in PE. HLA-G protects
trophoblast cells from lysis and regulates tolerance levels in the maternal-fetal interaction
system. One allelic variant of this gene, HLA-G, is an insertion/deletion of 14 base pairs in the
3'-untranslated region of the gene, which may become a significant marker for PE.

The most optimal predictive tool in the study of HLA genes concerning pregnancy
pathology, specifically PE, involves genotyping maternal genes together with allelic variants of
DNA from both the paternal genotype and the fetal genotype. Thus, the high polymorphism of
the HLA-C molecule expressed by the trophoblast and its interaction with highly polymorphic
KIR receptors expressed by maternal NK cells allows for numerous combinations and potential
mismatches between the mother and fetus (highly diversified interaction). In contrast, the non-
classical MHC Class Ib includes ancestral ligands HLA-E, HLA-F, and HLA-G, and
demonstrates a low level of polymorphism.

When describing the role of immune system proteins, it is important to note that certain
pro-inflammatory cytokines can also contribute to the pathogenesis of preeclampsia (PE).
Specifically, it has been established that excessive secretion of tumor necrosis factor alpha
(TNFa) may participate in endothelial activation, which, in turn, can contribute to the symptoms
of PE. During pregnancy, TNFa influences hormone synthesis, placental architecture, and
embryonic development. It is notable that TNFa levels in blood plasma are significantly higher
in women with PE than in those with normal pregnancies. Inadequate stimulation of TNFa
secretion promotes the production of reactive oxygen species, leading to tissue damage,
including endothelial damage. Meanwhile, oxidative stress and inflammatory responses may
play a common role in the progression of PE. Understanding this fact forms the basis for
identifying the genetic mechanism of PE. Additionally, elevated TNFa levels in PE negatively
affect trophoblast functions related to its migratory activity, syncytialization, and subsequent
endocrine function. Increased TNFa levels adversely impact the relationship between the
mother and fetus, altering the secretory profile of placental immunomodulatory factors, which
in turn affects the state of the maternal immune system.

Interleukin-10 (IL-10) is also presumed to participate in the pathogenesis of preeclampsia,
enhancing the inflammatory response to trophoblast cells and leading to reduced invasion and
remodeling of spiral arteries.

The HLA-G gene encodes the human leukocyte antigen HLA-G protein, which is a
paralog of the heavy chain of the major histocompatibility complex (MHC) class I. This class I
molecule is a heterodimer consisting of a heavy chain and a light chain (beta-2 microglobulin).
The heavy chain is anchored in the membrane. HLA-G is expressed on placental cells. The
heavy chain is approximately 45 kDa, and its gene contains 8 exons. Exon 1 encodes the leader
peptide; exons 2 and 3 encode the alphal and alpha2 domains that bind the peptide; exon 4
encodes the alpha3 domain; exon 5 encodes the transmembrane region; and exon 6 encodes the
cytoplasmic tail.
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Seven different HLA-G mRNA transcripts have been identified, attributed to alternative
splicing of its seven exons. HLA-G2, G3, and G4 transcripts are translated into membrane-
bound isoforms; HLA-GS5, G6, G7 into soluble HLA-G isoforms (sHLA-G); and HLA-G1 into
both types of isoforms. HLA-G is expressed on the surface of pre-implantation embryos and
trophoblasts. The level of HLA-G in plasma in women with placental abruption was
significantly reduced. Meanwhile, sHLA-G was detected in the culture medium of in vitro
fertilized (IVF) embryos, maternal blood, amniotic fluid, and fetal blood. HLA-G plays an
important role in spiral artery remodeling, fetal development, and immune tolerance. The
presence of soluble HLA-G in embryo culture medium significantly correlates with increased
pregnancy rates in assisted reproductive technologies (IVF). Additionally, the level of soluble
HLA-G in patients' serum correlates with pregnancy outcomes after IVF.

There are several single nucleotide polymorphisms (SNPs) in the 3'-untranslated region
(UTR) of HLA-G that affect mRNA stability, metabolism, and transport, including +3035C/T,
+3187A/G, +3196C/G, +3142C/G, +3001C/T, +3003C/T, +3010C/G, +3027C/A, +3032C/G,
+3052C/T, +3092G/T, +3111A/G, +3121C/T, +3177G/T, +3183A/G, and +3227A/G. These
SNPs alter micro-RNA binding, leading to reduced HLA-G expression. In turn, abnormal
expression and polymorphisms of HLA-G are associated with poor pregnancy outcomes, such
as PE and recurrent spontaneous abortions. A significant association of the GC-ins haplotypes (-
725G>C SNP in the HLA-G promoter region) with infertility has also been identified. The role
of gene variants 1s9380142, rs1610696, and rs1707 in the pathogenesis of PE in the context of
viral diseases is discussed.

The HLA-DQBI1 gene encodes the HLA-DQBI1 protein, which is a paralog of the beta
chain of HLA class II. This class I molecule is a heterodimer consisting of an alpha (DQA) and
beta chain (DQB), both anchored in the membrane. It plays a central role in the immune system
by presenting peptides derived from extracellular proteins. Class II molecules are expressed in
antigen-presenting cells (APC: B-lymphocytes, dendritic cells, macrophages). The beta chain is
approximately 26-28 kDa and contains six exons. Exon 1 encodes the leader peptide; exons 2
and 3 encode two extracellular domains; exon 4 encodes the transmembrane domain; and exon
5 encodes the cytoplasmic tail. In the DQ molecule, both the alpha and beta chains contain
polymorphisms that determine peptide-binding specificity, leading to the formation of up to
four different molecules. Genotyping these polymorphisms is commonly performed in bone
marrow transplantation. Alternative splicing results in multiple transcript variants.

Compared to the group of women experiencing normal pregnancies, the frequency of the
HLA-DQB1*0502 allele was significantly higher among women with pregnancy-induced
hypertension. It is known that the HLA-DQB1*0503 allele may serve as a marker for high
blood pressure during pregnancy, whereas women carrying the HLA-DQB1*04 allele in their
genotype are at increased risk of developing preeclampsia (PE). Conversely, the absence of the
HLA-DQB1*0602 allele is a significant risk factor for PE.

The TNF-a gene encodes a multifunctional pro-inflammatory cytokine that belongs to the
tumor necrosis factor (TNF) superfamily. It is located in the human leukocyte antigen (HLA)
region, class II, of the major histocompatibility complex (MHC) at chromosome location
6p21.33. This cytokine is primarily secreted by macrophages and can bind to receptors
TNFRSF1A/TNFR1 and TNFRSF1B/TNFBR, thereby functioning through them. It is involved
in regulating a wide range of biological processes, including cell proliferation, differentiation,
apoptosis, lipid metabolism, and coagulation. This cytokine is implicated in the pathogenesis of
various diseases, including autoimmune diseases, insulin resistance, psoriasis, rheumatoid
arthritis, ankylosing spondylitis, tuberculosis, autosomal dominant polycystic kidney disease,
and cancer. Mutations in this gene affect susceptibility to cerebral malaria, septic shock, and

53



Alzheimer’s disease. TNF-a gene knockout studies in mice suggest a neuroprotective function
for this cytokine.

During pregnancy, TNF-a may be involved in the etiology of preeclampsia. This
hypothesis is supported by findings that patients with preeclampsia have elevated levels of
TNF-a in their blood plasma, while levels of IL-10 and IL-4 are reduced. This cytokine
imbalance leads to chronic peripheral and placental inflammation. Additionally, evidence points
to certain SNPs acting as transcriptional regulators of this cytokine in the promoter region (-
308G/A, -238G/A). Specifically, the G/A polymorphism at position -308 has been associated
with an increased risk of preeclampsia. Furthermore, women with preeclampsia are significantly
more likely to carry the mutation that increases TNF-a expression, -308 A/G, compared to
women with normal blood pressure. The frequency of the AA allele at position -308 is notably
higher among Slovakian, Finnish, Iranian, and Turkish populations with preeclampsia and
Turkish women with eclampsia. Notably, the frequency of the AA allele is significantly higher
among European populations with PE combined with intrauterine growth restriction (IUGR)
compared to those without [IUGR.

It should be noted that the TNF gene promoter polymorphism at position -308G/A
(rs1800629) directly influences TNF-a cytokine expression, contributing to severe PE in
populations from Europe, Asia, the Middle East, and North America. It is possible that TNF
gene variants associated with PE possess population-specific characteristics, as the -238G/A
allele (rs361525), used as a disease marker in European populations, has not proven relevant for
predicting and diagnosing PE in Southeast Asian populations.

The IFNG gene encodes the soluble cytokine IFN-y, which is a member of the type II
interferon class. It is located in the chromosomal region 12q15. The encoded protein is secreted
by cells of both the innate and adaptive immune systems. The active protein is a homodimer
that binds to the gamma interferon receptor, triggering a cellular response to viral and microbial
infections. Mutations in this gene are associated with increased susceptibility to viral, bacterial,
and parasitic infections, leukemia, and certain autoimmune diseases. High levels of IFN-y
during pregnancy are associated with complications such as PE, premature birth, and IUGR.
The IFN-y cytokine, along with TNF-a, induces trophoblastic apoptosis and limited trophoblast
differentiation, leading to incomplete trophoblastic invasion of spiral arteries and impaired
placental implantation, resulting in PE. The SNP +874A/T (rs2430561) is associated with
preeclampsia, where the T/T genotype at this position correlates with high levels of IFN-y
production and an increased risk of severe PE in Brazilian and Chinese women.

The IL10 gene encodes the cytokine interleukin-10 (IL-10), primarily produced by
monocytes and to a lesser extent by lymphocytes. This cytokine plays a pleiotropic role in
immune regulation and inflammation. It inhibits the expression of Th1 cytokines, MHC class 11
antigens, and co-stimulatory molecules on macrophages. It also enhances B-cell survival,
proliferation, and antibody production. This cytokine can block NF-kappa B activity and is
involved in regulating the JAK-STAT signaling pathway. Knockout studies in mice have shown
that this cytokine is a critical immune regulator in the intestinal tract. Mutations in this gene are
associated with increased susceptibility to HIV-1 infection and rheumatoid arthritis.

During a physiological pregnancy, IL-10 performs three main beneficial functions: it
facilitates successful placentation, controls inflammation, and regulates vascular function.
Consequently, serum IL-10 levels rise during normal pregnancy and remain elevated until
childbirth. Additionally, higher IL-10 levels are observed in the first and second trimesters
compared to the third trimester, with normal placental tissue, ensuring an important balance of
inflammation in the interaction between fetal and maternal organisms.

It should be noted that certain Single Nucleotide Polymorphisms (SNPs) in the proximal
and distal promoter regions (-1082A/G, -819T/C, and -592A/C) of the IL10 gene exert a
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suppressive effect on the transcription rate. For example, the A/G polymorphism at position -
1082 is associated with lower production of IL-10. It is linked to an increased risk of
preeclampsia in Turkish, Brazilian, and Egyptian populations. Women with the IL-10 (-1082)
AA genotype are found to have a 3.38 times higher risk of developing preeclampsia, alongside
higher plasma glucose levels and lower HDL cholesterol levels.

The IL22 gene belongs to the IL10 cytokine family, which mediates cellular inflammatory
responses. The encoded IL-22 protein plays a key role in protecting the host from extracellular
pathogens on mucosal surfaces by strengthening epithelial barrier functions and is involved in
tissue homeostasis, tissue repair, and wound healing. This protein also possesses pro-
inflammatory properties and plays a role in the pathogenesis of several intestinal diseases. The
encoded protein is a crucial cytokine that regulates host immunity in infectious diseases,
including COVID-19.

It is known that IL-22 plasma concentrations are significantly higher in groups of patients
with preeclampsia compared to control groups. Increased IL-22 production leads to the
activation of immune responses in the maternal organism. The resulting immune imbalance can,
in turn, lead to preeclampsia through placental ischemia. Furthermore, laboratory analysis of IL-
22 levels and the IL2/IL-4 concentration ratio can be used to refine pregnancy pathologies to
differentiate between preeclampsia, gestational hypertension, and physiological pregnancy.

The polymorphism of the IL17 gene may be considered one of the causes for elevated IL-
22 levels in preeclampsia. Moreover, the single nucleotide polymorphism (SNP) (rs2227485) in
the IL22 gene is associated with the risk of preeclampsia. It has been established that rs2227485
in IL22 showed a significant difference in allele frequency in the early-onset preeclampsia
group and genotypic subgroups of late-onset preeclampsia, as well as control subgroups.
Significant differences were found between preeclampsia patients and the control group for this
SNP in terms of genotype frequencies. The pathogenic contribution of rs2227485 to the
development of preeclampsia was assessed under a dominant model of the C allele (genotype
CC/CT + TT) or a recessive model of the T allele (genotype TT/CC + CT).
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CHAPTER 5. POLYGENIC BASIS OF MULTIFACTORIAL ONCOLOGICAL
DISEASES IN HUMANS: THE CASE OF BREAST CANCER

INTRODUCTION

Breast cancer is one of the most prevalent forms of cancer worldwide. Between 2015 and
2020, breast cancer was diagnosed in 7.8 million women globally. In 2020 alone, 2.3 million
women were diagnosed with the disease, and 685,000 of them succumbed to it. Breast cancer
occurs in every country, with the risk of developing the disease increasing with age. Early
detection significantly enhances the chances of long-term survival.

The use of risk models integrating standard risk factors, such as family history,
hormonal/reproductive factors, mammographic density, and DNA testing, now makes it
possible to accurately assess the risk of developing the disease at a population level. Research in
cellular and molecular oncology has led to the development of genetic criteria that determine
personal risk of developing breast cancer. These advancements influence treatment plans and
contribute to individualized recommendations for the prevention and diagnosis of the disease.
Genetic profiling allows for the assessment of predisposition to breast cancer, especially in
individuals with a positive family history, enabling earlier and more effective screening for
carriers of risk-associated gene variants.

Current risk factors for developing breast cancer include:

- Age: According to the International Agency for Research on Cancer, the incidence of
breast cancer ranges from 1.5 cases per 100,000 women aged 20-24 to 421.3 cases among those
aged 75-79.

- Hormonal treatments: The use of hormonal medications during premenopause and
hormone replacement therapy in postmenopausal individuals increases the risk of hormone-
positive subtypes of breast cancer.

- Family history and genetic risk factors: Epidemiological studies report a 1.8-fold increase
in breast cancer risk in families with one first-degree relative diagnosed with the disease, a 2.93-
fold increase with two affected relatives, and a 3.9-fold increase with three or more relatives.

- Risk indicators can vary by ethnicity, with Ashkenazi Jewish women, for instance,
having an elevated risk of developing the disease.

- Alcohol consumption and smoking: Moderate alcohol consumption increases breast
cancer risk by 1.04-1.61 times. Smoking also heightens the risk, with higher mortality rates
seen among active smokers.

- Early-age chest radiation therapy exposure increases breast cancer risk more than
fourfold.

POLYGENIC NATURE OF ONCOLOGICAL DISEASES: THE ROLE OF GENE
POLYMORPHISM IN THE DEVELOPMENT OF CANCER PATHOLOGIES

The significance of mutations in tumor suppressor genes and proto-oncogenes in the
pathogenesis of oncological diseases is widely recognized. Alongside, gene polymorphism can
also significantly contribute to susceptibility (increased risk) to cancer. Specific characteristics
of an individual's genetic profile can play an important role in determining cancer risk. However,
accurately identifying the role of possible genome allele variations in disease pathogenesis is a
complex task. Identifying genes that confer a predisposition to this pathology requires
consideration of the genetic structure of the specific population and the ethnic backgrounds of
the subjects. Human genotype is composed of thousands of interacting polymorphic alleles,
each possessing only a moderate individual effect. Currently, hundreds of candidate genes with
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polymorphic alleles have been identified, potentially participating in the formation of cancer
risk.

Cancer risk is closely associated with the nature of the cellular response to DNA damage.
It is reasonable to consider the effectiveness of repair processes as a main factor in cancer
resistance. A large number of DNA damages are corrected through the coordinated actions of
more than 100 genes in the DNA repair control system. Additionally, a significant portion of
kinase enzymes (about 500 genes and more than 1000 proteins) are involved in the cell's
response to DNA damage, for instance, by activating p53, balancing cell survival and death, and
controlling the mitotic cycle. The apoptosis of cells with severe DNA damage is another cancer
resistance mechanism widely employed in the body.

Given these facts, it is logical to hypothesize that studying gene polymorphisms regulating
DNA repair mechanisms is a priority in identifying genes associated with cancer predisposition,
including breast cancer (BC). Indeed, most BC marker genes are represented by alleles of genes
determining DNA repair effectiveness: TP53, BRCA1, BRCA2, BRIP1, ATM, CHEK2, and
RADSI1D. Furthermore, these genes are functionally interconnected, forming a unified genetic
network aimed at preventing genetic mutations and chromosomal instability.

Moreover, the multifactorial nature of diseases implies not only a genetic predisposition to
the disease but also an environmental factor that triggers the phenotypic manifestation of the
pathological trait. For many oncological diseases, such an environmental factor is diet. The anti-
cancer effect of strictly limiting dietary calories is well-known. It is also known that deficiencies
in certain vitamins and microelements, such as folic acid, B6, B12, selenium, iron, zinc, and
vitamins C and E, increase the risk of developing cancer. Additionally, cancer incidence is
observed to be twice as high among populations consuming minimal fruits and vegetables
compared to those adhering to a diet balanced with fruits and vegetables.

Non-genetic, most significant risk factors for developing BC include age (over 40 years);
high estrogen levels in the blood; the use of hormonal medications for contraception or
menstrual cycle regulation, and hormone replacement therapy during menopause.

GENETIC RISK FACTORS FOR BREAST CANCER

Breast cancer is considered a hereditary disease. Epidemiological studies indicate that
approximately 4-5% of cases are due to high-penetrance autosomal-dominant predisposition.
Results using the twin method suggest that about 27% of cases likely have a strong hereditary
component. There are numerous high- and moderate-risk genes associated with the
development of breast cancer.

Between 15% to 30% of breast cancer patients have a positive family history. On average,
5% to 10% of cases are considered hereditary, with pathogenic mutations in high-penetrance
genes inherited in an autosomal-dominant manner present in 4-5% of these cases.

The contribution of genetic factors to breast cancer development is characterized by the
penetrance of disease-associated genes. In medical genetics, penetrance refers to the proportion
of individuals with a genetic mutation who manifest clinical symptoms of the disease, compared
to those who have the gene but do not exhibit symptoms. Notably, mutations in high-penetrance
genes are associated with a more than four-fold increased risk of breast cancer compared to the
general population risk. In contrast, pathogenic variants in moderate-penetrance genes indicate a
2-4 times higher risk compared to the general population. Low-penetrance genes are associated
with less than a two-fold risk or insufficient evidence of their contribution to disease
development. As more clinical information accumulates and new research is published, the list
of low-penetrance genes is continually updated.
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Single nucleotide polymorphisms (SNPs) are the most common cause of new variants in
DNA sequences. There are over 10 million SNPs in an individual's genome. SNPs account for
normal variations among individuals and typically have minimal functional impact. However,
when an SNP occurs in or near a gene's regulatory area, it can affect gene function and
potentially lead to disease development.

Many SNPs individually contribute to a relatively small increase in breast cancer risk. For
instance, 14% of women in the United Kingdom who are homozygous for the rs2981582 allele
of the FGFR2 gene (a gene that encodes the fibroblast growth factor receptor protein,
interacting with growth factors and influencing the mitotic cycle and cell differentiation) have
an increased risk (1.38 versus 1.0) of developing breast cancer compared to the average
population risk. Meanwhile, 38% of women without this allele have a reduced risk (0.83) of
developing breast cancer. This pattern suggests that expression products of different gene alleles
may result in either increased susceptibility or resistance to the disease. Notably, SNPs
associated with breast cancer are far more common in the population than pathogenic variants
found in high- and moderate-risk genes. Over 300 such SNPs have been identified to date, and
the risks associated with each amplify the oncogenic effects of one another. Approximately
30% of familial breast cancer cases can be explained by known SNPs. Particular attention is
given to SNPs in regulatory regions of genes, which serve as binding sites for transcription
factors, in hereditary forms of breast cancer.

Most socially significant diseases, including breast cancer, are multifactorial, with genetic
components arising from the combined influence of specific DNA mutations. Identifying new
diagnostic markers for such diseases is a complex task. One approach to address this is the
Genome-wide Association Study (GWAS).

GWAS is based on identifying SNPs that are more common in individuals with the disease
and absent (or rare) in healthy individuals. A set of such mutations is identified using statistical
methods or machine analysis by comparing genomes of two groups (affected and healthy
individuals). This set of SNPs associated with a particular disease is termed a polygenic risk
score (PRS).

Genetic variants leading to breast cancer are identified through GWAS, and based on these
findings, polygenic risk scores (PRS) are determined. These scores facilitate the stratification of
women into groups for tailored treatment and preventive measures most effective for each
specific type of cancer.

According to research findings published in 2019, 313 SNPs associated with breast cancer
(BC) were identified, taking into account both ER-positive and ER-negative tumor types
(estrogen receptor ER-positive or ER-negative). Many gene variants create risks that vary
depending on the subtype of breast cancer. This suggests that polygenic risk scores (PRS)
specific to the tumor subtype may allow for better disease prediction specific to that subtype,
including the more aggressive ER-negative breast cancer, and allow for the selection of women
for preventive treatment. The studies were conducted using DNA samples from 94,075 BC
patients and 75,017 control samples. This led to the development of the PRS313 genetic panel
for prognosis and diagnosis of BC.

It should be noted that, firstly, PRS are a key component in accurately predicting breast
cancer risk and hold potential for improving screening and prevention strategies. The PRS
indicator provides an assessment of genetic predisposition to diseases and is typically calculated
based on the cumulative effect of multiple disease-associated common genetic variants or single
nucleotide polymorphisms (SNPs) obtained from genome-wide association studies (GWAS). In
this context, it mainly refers to germline mutations. PRS indices combine the risks from
inherited SNPs associated with breast cancer in GWAS and account for over 30% of the
heritability of breast cancer. Personalized PRS risk assessment helps to identify women at
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higher risk of developing breast cancer and allows for the implementation of individualized
screening and prevention approaches.

Secondly, modern molecular biology methods not only enhance the quality of disease risk
predictions but also contribute to understanding the molecular basis of tumor progression and
predicting its responses to various anticancer therapies. The identification of molecular
biomarkers, which may serve as prognostic and predictive markers, assists physicians in making
therapeutic decisions, facilitating more personalized treatment approaches, thereby optimizing
therapy and avoiding erroneous treatment strategies. For example, prognostic genetic markers
can help doctors predict the aggressiveness and invasiveness of the tumor, enabling the use of
more optimal treatment strategies.

GENETIC MARKERS FOR BREAST CANCER

The highest risk of developing breast cancer (BC) is associated with genes of high
penetrance, characterized by a more than five-fold increase in the risk of the pathology
compared to the general population. These include BRCA1, BRCA2, TP53, CDHI, PTEN, and
STK11 (LKB1).

Genes of moderate penetrance associated with the development of BC include ATM and
CHEK2, which are involved in the repair of double-strand DNA breaks, BRCA1 and BRCA2
modifiers—BRIP1 (BACHI1) and PALB2 (FANCN). Mutations in moderately penetrant genes
occur in 2-5% of BC cases and can increase the likelihood of developing BC by 2—4 times.
However, some mutations in moderately penetrant genes, particularly PALB2 and CHEK?2, can
confer a risk of BC as high for individuals with a positive family history as mutations in high
penetrance genes.

The current trends in determining individual cancer risk, and specifically BC, involve
integrating polygenic components into existing mathematical models. Risk assessment that
includes the determination of the sum of all potentially hazardous variants can provide the most
accurate scheme for identifying individuals with an increased genetic risk of developing BC.

Modern methods of cancer risk assessment and diagnosis widely use multigene panels
based on next-generation sequencing technology. Below are the characteristics of certain genes
most relevant in the analysis of breast cancer.

The TP53 gene encodes the tumor suppressor protein p53, which contains domains for
transcriptional activation, DNA binding, and oligomerization. The encoded protein responds to
various cellular stresses by regulating the expression of target genes, thereby causing cell cycle
arrest, apoptosis, senescence, DNA repair, or metabolic changes. Mutations in this gene are
associated with various types of human cancers, including hereditary cancers such as Li-
Fraumeni syndrome. Germline mutations in TP53 are associated with an increased risk of
developing many cancer types, including BC. The frequency of somatic mutations in TP53 is
higher among the basal subtype of BC. Tumors with TP53 mutations are characterized by a
more aggressive disease course and resistance to chemo- and radiotherapy. Notably, the TP53
gene holds great potential as a molecular marker for BC risk, similar to BRCA1. Both tumor
suppressor genes are potential biomarkers for monitoring, early risk assessment, and
predisposition to BC, serving as therapeutic targets for chemoprevention and targeted therapy.
In breast cancer, the TP53 gene is most frequently mutated, present in approximately 30-35%
of cases. The intensity of TP53 mutations varies depending on the subtypes of breast cancer,
reaching up to 80% in the most dangerous form of BC—triple-negative breast cancer (TNBC,
characterized by the absence of three key receptors: estrogen, progesterone, and HER2) and
70% in HER2-positive breast cancer cases. TP53 mutations are significant biomarkers in
clinical practice and represent potential therapeutic targets. The nature of TP53 mutations is
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determined through DNA sequencing. Tumors with TP53 mutations have long been
characterized by therapeutic resistance. However, new strategies in targeted therapy are being
developed that can restore the properties of wild-type p53, providing new opportunities in
cancer treatment. Specifically, derivatives of 3-quinuklidinone have the ability to reactivate
mutant p53, inducing a therapeutic apoptotic response in TNBC tumor cells.

The BRCA1 and BRCA?2 genes are tumor suppressor genes that play a fundamental role in
DNA repair through homologous recombination. Germline mutations in these genes are
associated with an increased risk of developing breast and ovarian cancer. The average
cumulative risk of breast cancer by age 80 is 72% for BRCA1 and 69% for BRCA2. Loss of
function in these genes leads to ineffective DNA repair, increasing mutation rates and
contributing to tumor development. Patients with pathogenic or likely pathogenic variants in
BRCALI are predisposed to develop triple-negative breast cancer (TNBC), while pathogenic or
likely pathogenic variants in BRCA2 are more commonly associated with ER-positive tumors.
There is ongoing intensive research into the value of laboratory analysis of BRCA gene
mutations in predicting patient survival and metastasis risks. Tumors with pathogenic
BRCAI1/BRCA2 mutations exhibit greater sensitivity to both chemotherapy and targeted
therapy agents.

The PTEN gene, a homolog of phosphatase and tensin, is a tumor suppressor gene. The
protein encoded by this gene is a phosphatidylinositol-3,4,5-triphosphate 3-phosphatase. It
contains a tensin-like domain as well as a catalytic domain analogous to the dual-specificity
tyrosine protein phosphatase domain. Unlike most tyrosine protein phosphatases, this protein
primarily dephosphorylates phosphoinositide substrates rather than proteins. It negatively
regulates intracellular levels of phosphatidylinositol-3,4,5-triphosphate in cells and functions as
a tumor suppressor by inhibiting the PI3K/Akt signaling pathway. Pathogenic genetic variants
in the PTEN phosphatase gene are associated with an increased risk of several cancers,
including colorectal cancer, kidney cancer, melanoma, and breast cancer. Mutations in the
promoter region of the PTEN gene are associated with a significant risk of breast cancer,
endometrial cancer, and thyroid cancer. This gene is one of the most frequently mutated in
cancers, including breast cancer, and its role is closely connected with cell cycle progression,
cell growth, and survival. Tumor cells with loss of heterozygosity or mutations in PTEN exhibit
significantly increased migratory and invasive activity, promoting proliferation, invasion, and
metastasis. In metastatic breast cancer cells, PTEN levels are much lower than in localized
cancer cells. Loss of PTEN function leads to excessive activation of the PI3K/Akt oncogenic
signaling pathway, which promotes cell growth and survival. Therefore, PTEN loss of activity
has been recorded in nearly half of all breast cancer cases. Inactivation of PTEN primarily
occurs due to somatic mutations. PTEN loss can often indicate tumor resistance to various
treatment methods.

The CHEK2 gene, also known as checkpoint kinase 2, encodes the serine/threonine kinase
protein CHK2, which is involved in DNA repair mechanisms. It functions as an important
tumor suppressor gene in regulating the cell cycle, inhibiting cell proliferation, activating DNA
repair, and apoptosis. Abnormal expression of CHEK?2 can result in breast cancer, among other
things. It has been established that certain pathogenic variants of the CHEK2 gene, such as
c.470T>C (p.lle157Thr), lead to reduced binding of the CHEK2 protein with the Cdc25A,
BRCALI, and p53 proteins, but do not affect the protein kinase activity of the CHEK2 protein.
Germline mutations in CHEK2 are linked to susceptibility to several cancer types, with a
mutation frequency of 1.08% among breast cancer patients. A relatively widespread pathogenic
variant of the CHEK2 gene, ¢.349A>G (p.Argl17Gly), results in more than a twofold increase
in breast cancer risk. This variant has been identified in many cancer cases, including familial
cases of breast/ovarian cancer, prostate cancer, pancreatic cancer, colorectal cancer, as well as
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other cancer types. This pathogenic CHEK?2 variant leads to the loss of protein kinase activity,
which increases the risk of developing breast cancer. Most patients with pathogenic or likely
pathogenic CHEK?2 variants develop luminal A breast cancer subtypes (characterized by the
presence of estrogen receptors (ER) and progesterone receptors (PR), negative HER2 status,
and low Ki67, being the most commonly diagnosed breast tumor subtype) or luminal B
subtypes (where estrogen receptors are present, progesterone receptors may be absent, and the
KI67 level is high, occurring in 20% of breast cancer cases).

The gene ATM, responsible for ataxia-telangiectasia, encodes a protein that belongs to the
PI3/PI4-kinase family. This protein is a crucial kinase at the cell cycle checkpoint, functioning
as a regulator of various downstream proteins, including tumor suppressors p53 and BRCAI,
checkpoint kinase CHK2, checkpoint proteins RAD17 and RAD9, and the DNA repair protein
NBSI1. The ATM gene product, along with the closely related ATR kinase, is considered a
primary controller of cell cycle checkpoint signaling pathways essential for cellular responses to
DNA damage and genomic stability. A common gene associated with breast cancer
susceptibility is the mutated ATM gene. Pathogenic or likely pathogenic variants of this gene
are linked to the repair mechanism of DNA double-strand breaks. The mutation frequency of
this gene in breast cancer patients is 0.78%. The ATM gene expresses proteins involved in
DNA repair and cell cycle regulation, critical in cellular stress situations and response to DNA
damage. Truncated and missense variants of the ATM gene are associated with a higher risk of
estrogen receptor-positive disease compared to estrogen receptor-negative disease. The ATM
missense variant c.7271T>G (p.Val2424Gly) carries a significant risk for breast cancer,
comparable to the risk of mutations in the BRCA2 gene. Many breast cancer patients with ATM
mutations develop severe disease forms with a high likelihood of lymph node metastasis, more
aggressive tumors, and poor prognosis. A reduction in ATM levels in cancer cells may enhance
sensitivity to targeted therapy and sensitize cancer cells to platinum-based drugs. However,
ATM mutations increase the risk of tumor recurrence following radiation therapy.

The PALB2 gene (Partner and Localizer of BRCA?2) is a tumor suppressor involved in
maintaining genomic integrity. This protein binds and colocalizes with the Breast Cancer Type
2 Susceptibility Protein (BRCA2) in the nucleoplasm, likely ensuring stable intranuclear
localization and accumulation of BRCA2. PALB?2 is critically important for resolving DNA
double-strand breaks. Pathogenic variants lead to an increased risk of developing breast cancer.
The cumulative risk of breast cancer in patients with a germline PALB2 mutation by age 70 is
35%, with a ten-year survival rate lower compared to patients without PALB2 mutations. The
PALB2 gene is one of eight genes frequently mutated in metastatic breast cancer. The PALB2
missense variant ¢.2586 + 58C>T was associated with a 36% increased risk of breast cancer and
is included in genetic panels for breast cancer diagnosis and screening. Patients with breast
cancer who carry pathogenic PALB2 variants are more frequently observed to have a triple-
negative phenotype and lower survival rates. Platinum-based therapeutic regimens associated
with PARP inhibitors have significant potential in patients with germline PALB2 variants.
Approximately 0.5% of breast cancer patients carry pathological mutations in the PALB2 gene.
Although PALB2 was previously considered a moderate-penetrance breast cancer risk gene,
recent data suggest that PALB2 should be classified as a high-risk gene. Large population
studies allow the assessment of breast cancer risk in carriers of pathogenic PALB2 mutations as
comparable to those with pathogenic mutations in the BRCA2 gene.

The BRIP1 gene (Breast Cancer 1 Interacting Protein 1 helicase) is necessary for DNA
repair and genomic stability. The BRIP1 and BRCA1 protein complex is crucial for the normal
function of DNA double-strand break repair. Mutated or overexpressed BRIP1 is associated
with the onset of breast cancer and is recognized as a candidate for tumor progression. BRIP1 is
located on the long arm of chromosome 17 and encodes a protein belonging to the RecQ DEAH
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helicase family, which helps repair damaged DNA by interacting with BRCA1. Consequently,
if BRIP1 is mutated, its protein does not interact with BRCA1 and cannot repair damaged DNA.
Therefore, BRIP1 plays a vital role in preserving the genetic information of the cell and acts as
a tumor suppressor. BRIP1 expression was significantly increased in 13 types of cancer,
including urothelial carcinoma of the bladder (BLCA), invasive breast carcinoma (BRCA),
cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), colon
adenocarcinoma (COAD), diffuse large B-cell lymphoma (DLBC), esophageal carcinoma
(ESCA), glioblastoma multiforme (GBM), lung squamous cell carcinoma (LUSC), rectal
adenocarcinoma (READ), stomach adenocarcinoma (STAD), thymoma (THYM), uterine
corpus endometrial carcinoma (UCEC), and uterine carcinosarcoma (UCS). The BRIP1 gene
may be involved in breast cancer oncogenesis in families without BRCA1/BRCA2 mutations. A
link has been established between rare missense mutations in BRIP1 and two BRIP1 single
nucleotide polymorphisms with breast cancer, giving this gene prognostic significance.
Overexpression of BRIP1 is associated with promoter methylation status, determining survival
in breast cancer patients. Thus, BRIP1 may be not only a predictive molecular biomarker for
breast cancer development and prognosis but also a potential therapeutic target.

The CDHI1 gene encodes the E-cadherin-1 cell adhesion molecule, which inhibits the
spread of tumor cells (metastasis). E-cadherin-1 is a calcium-dependent intercellular adhesion
molecule and a tumor suppressor protein, recognized as the only germline molecular defect
associated with hereditary diffuse gastric cancer and lobular breast cancer. The E-cadherin-1
protein plays a crucial role in establishing and maintaining a polarized and differentiated
epithelium through intercellular adhesive complexes. This molecule is considered an invasion
suppressor, and its regulatory disruption is often found in advanced cases of certain epithelial
carcinomas. Mutations in this gene correlate with cancers of the stomach, breast, colon, thyroid,
and ovaries. The loss of function of this gene is believed to contribute to cancer progression by
increasing proliferation, invasion, and metastasis. The ectodomain of this protein mediates
bacterial adhesion to mammalian cells, while the cytoplasmic domain is essential for
internalization. Reduced E-cadherin expression is associated with cancer metastasis due to loss
of cell adhesion, leading to increased cell motility, allowing cancer cells to cross the basement
membrane and invade adjacent tissues. Patients with CDH1 promoter hypermethylation have a
5.83-fold increased risk of breast cancer. CDH1 promoter hypermethylation is commonly
elevated in HER2-negative and ER-negative breast cancer, irrespective of PR status. It is
suggested that CDH1 is the most frequently methylated gene (90%) in cases with lymph node
metastases, confirming the relationship between CDHI hypermethylation and metastasis.
CDHI hypermethylation may potentially be used as a biomarker for the metastatic potential of
tumors. The CDHI1 gene is a potential new target for drugs aimed at inhibiting DNA
methylation.

The BARDI1 gene (BRCA1-associated RING domain 1) represents a partner protein that
binds to BRCA and is necessary for DNA damage repair associated with breast cancer
susceptibility. The BARDI/BRCALI interaction is disrupted by tumorigenic amino acid
substitutions in BRCAL1. Therefore, the formation of a stable complex between these proteins
may be a critical factor in BRCA1 tumor suppression. This protein could be a target for
oncogenic mutations in breast or ovarian cancer. Germline mutations in the BARDI gene have
been significantly associated with a high risk of TNBC — a subtype of breast cancer
characterized by the absence of three key receptors: estrogen, progesterone, and HER2. Studies
on laboratory animals have shown that partial repression of Bard1 using antisense RNA leads to
the development of early-stage malignancy phenotypes in mammary epithelial cells. Conversely,
breast cancer tumor cells may express elevated levels of BARDI and BRCAI, leading to
chemotherapy resistance. Moreover, higher expression of BARD1 and BRCAL is associated
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with a poorer prognosis for patients with early-stage breast cancer, particularly those who
received radiation therapy, indicating the potential use of PI3K inhibitors to overcome chemo-
resistance and radio-resistance in ER-positive breast cancer patients. Thus, the BARDI1 gene
may play a significant role in the pathogenesis of breast cancer and mechanisms of
chemoresistance. It is suggested that BARDI expression levels in breast cancer could be closely
related to TNBC.

The PIK3CA gene encodes phosphatidylinositol-3-kinase (PI3K), which regulates
proliferation and apoptosis, with somatic mutations in PIK3CA potentially activating these
processes. PI3K is involved in several cellular processes such as protein synthesis, cell
proliferation, survival, glucose homeostasis, and DNA repair. PIK3CA mutations are among the
most common types in breast cancer. Activating PIK3CA mutations are detected in
approximately 30-40% of cancer patients, causing hyperactivation of the a-PI3K isoform.
These mutations are associated with chemoresistance and poor prognosis, with reduced overall
survival. Furthermore, PIK3CA mutations in breast cancer are oncogenic and play a vital role in
tumor pathogenesis and progression.

The STKI11 (LKB1) gene product is the LKB1 protein, which interacts with the p53
protein and regulates specific pS3-dependent apoptotic pathways. The LKB1 protein is present
in both the cytoplasm and nucleus of living cells and translocates to mitochondria during
apoptosis. A close functional association between LKB1 and PTEN proteins is observed. Some
point mutations in LKB1 disrupt interaction with PTEN, suggesting that loss of this interaction
may contribute to increased cancer risk. There is a significant reduction in STK11 gene
expression levels in cancer cells. Reduced gene expression is observed in many cancers: lung,
stomach, intestinal, pancreatic, and breast cancer. A link has been established between estrogen-
positive and HER2-negative breast cancer in families with STK11 gene mutations.

The RADS5SID gene participates in DNA repair mechanisms through homologous
recombination. It plays a crucial role in maintaining genomic stability, and mutations in this
gene may be linked to carcinogenesis. Pathogenic variants of RAD51D have been identified in
patients with breast cancer through gene panel testing. The presence of such pathogenic forms
of the RAD51D gene in an individual's genotype accounts for more than 20% of the estimated
lifetime risk of developing breast cancer. There is a correlation between pathogenic variants of
the gene and triple-negative breast cancer (TNBC). It is known that the pathological variant
RADSID ¢.270 271insTA (in the presence of normal BRCA1/BRCA2 genes) causes highly
malignant TNBC with a high risk of metastasis to lymph nodes. The pathological form
RADSID 270 271insTA has been observed in individuals with a history of breast and ovarian
cancer and is often detected in familial forms of breast and ovarian cancer. Another oncogenic
mutation of the gene (c.273del; p.Lys91fs) has been identified. Currently, the link between
pathogenic variants of germline mutations in RADS51D and the risk of breast cancer is
confirmed. It has also been shown that pathological variants of RADS1D have a strong
association with ER-negative breast cancer and TNBC.
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CHAPTER 6. NUTRITIONAL GENETICS
NUTRIGENETICS, NUTRIGENOMICS, AND DIETARY EPIGENETICS

Nutrigenetics and nutrigenomics are scientific fields focusing on the role of individual
genetic variations in the body's response to nutrients and the role of diet and bioactive
substances in gene expression, respectively. It is important to differentiate between the terms
nutrigenomics and nutrigenetics, as although they are closely related, they are not
interchangeable.

Nutrigenetics examines the modifying effects of germline (or somatic in cases of cancer
pathology) mutations in genes related to nutrition effectiveness, microelement absorption, and
the impact of diet on health. Nutrigenetics assesses the role of gene variants in the body's
response to nutrient intake. While interconnected, nutrigenetics and nutrigenomics are distinct;
the main difference is that nutrigenetics investigates the influence of hereditary genetic variants
on micro-nutrient absorption and metabolism, whereas nutrigenomics explores the relationship
between the genome and diet, highlighting the effect of dietary patterns on metabolic, proteomic,
transcriptional, and translational changes.

Nutrigenetics research has identified genetic variants associated with disease susceptibility
through interactions with specific dietary factors. For instance, gene variants involved in
metabolic pathways influence the consumption and utilization of various micronutrients. In this
context, nutrigenetic studies can be used to predict the risk of different polygenic diseases.
Consequently, personalized nutrition can be utilized to prevent or more effectively manage
these diseases. It is proposed that the study of all mentioned effects be conducted independently
or comprehensively for diagnostic or prognostic purposes regarding disease progression.

As previously mentioned, nutrigenetics encompasses the impact of genetic variations on
dietary responses and nutrient functionality. However, among the aforementioned genetic
markers in nutrigenetics, only structural DNA molecule alterations can be considered true
pathology markers. Such DNA structural disruptions include: (1) damage to individual bases
(e.g., hydroxyl radical attachment to guanine due to oxidative stress); (2) nucleotide loss of
nitrogenous base (apurinic/apyrimidinic sites); (3) DNA strand breaks; (4) telomere shortening;
(5) deletions or chromosomal losses; (6) mitochondrial DNA damage (deletions or base damage
in circular mitochondrial DNA). It is important to note that not only variations in the primary
DNA structure within a gene in the form of SNPs are significant, but also dynamic mutations
and gene copy number variants. Notably, a connection between copy number variations (CNV)
for small genomic regions and metabolic disease risk has been identified. Examples of such
mutations include: 1) leptin receptor gene copy number variations linked to metabolic traits and
type 2 diabetes risk; 2) a lower copy number of the salivary alpha-amylase gene associated with
obesity predisposition; 3) a pentanucleotide in/del (CTTTA) in the 3'-untranslated region of the
leptin receptor gene connected with type 2 diabetes risk.

The field of nutrigenomics encompasses several disciplines and includes the effects of
dietary patterns on genome stability (DNA damage at the molecular and chromosomal levels),
epigenomic changes (DNA methylation), mRNA and microRNA transcription (transcriptomics),
protein expression (proteomics), and metabolite alterations (metabolomics). Nutrigenomics is a
new area of molecular biology where advanced genomic tools are used to analyze the effects of
nutrients on the genome and gene expression, as well as the influence of genetic variants on
nutrient intake. The term "nutrigenomics" was coined to describe the interaction between
nutrients and genes. The fundamental issues that nutrigenomics seeks to address stem from the
rich individual and interethnic diversity affecting nutrient bioavailability and metabolism,
significant individual differences determining food availability and variety due to cultural,
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economic, geographical, and taste differences, and imbalanced nutrition (nutrient deficiency or
excess) leading to adverse events for humans that result in gene expression disruption, genome
instability, intensified mutational processes, which ultimately may lead to the manifestation of
pathological phenotypes at various life stages.

The Fundamental Principles of Nutrigenomics.

1. Nutrition can influence health by directly affecting gene expression through metabolic
processes in the body, thereby impacting the intensity of genetic and chromosomal mutations.
Such events can alter gene dosage and expression.

2. The effect of consumed foods on human health is significantly determined by genetic
variants, which alter the absorption and metabolism of nutrients. This factor is regulated on a
molecular level through the interaction of enzymes in metabolic processes and nutrient
cofactors.

3. Sustainable health indicators can be ensured if the diet is tailored individually, taking
into account inherited and acquired genetic characteristics, depending on the stage of
ontogenesis, dietary preferences, and health status. Contemporary medical daily recommended
nutrient intakes are generally based on various metabolic studies and are not optimized for
genetic subgroups. These approaches in developing recommendations can vary significantly.

The ultimate goal is to: (1) align the nutrionome (the set of consumed foods) with the
current genome status to ensure the genome maintenance, gene expression, metabolism, and cell
function occur in a homeostatically balanced manner; and (2) create conditions for more
favorable health trends in the population by forming personalized nutrition recommendations.

Nutritional Epigenetics.

Nutritional epigenetics is a field studying the role of foods in epigenetic changes.
Epigenetics encompasses both reversible and heritable changes in gene expression not
associated with changes in the DNA coding sequence. In this context, epigenetic changes can
substantially influence the pathogenesis, methods of correction, and treatment of a range of
polygenic diseases. For instance, the anti-inflammatory effects of a diet rich in polyunsaturated
fatty acids are due to inhibitory hypermethylation of pro-inflammatory gene promoters by DNA
methyltransferase enzymes. Furthermore, high intake of polyunsaturated fatty acids positively
regulates the expression of specific microRNAs, which inhibit lipogenic and oncogenic genes.
The plant-derived compound curcumin is not only a potent antioxidant but also directly
involved in epigenetic mechanisms. Specifically, as an epigenetic regulator, curcumin exerts
protective effects against heart failure and liver damage through the DNA methylation and
histone modification enzyme systems. These data indicate that incorporating certain dietary
compounds into the human diet that modulate epigenetic processes may be an effective strategy
aimed at reducing the prevalence of chronic diseases. It should be emphasized that disruption of
epigenetic mechanisms may be the cause of various chronic diseases and their progression.
Notably, complex interactions between nutrients and epigenetic mechanisms may participate in
the pathogenesis of obesity, diabetes, dyslipidemia, cardiovascular diseases, non-alcoholic fatty
liver disease, and oncological conditions. A diet based on excessive intake of animal fats and
readily available carbohydrates may be associated with abnormal methylation processes of
neuropeptide genes that control the behavioral responses determining food intake and may be
involved in the development of obesity and type 2 diabetes. Additionally, a deficiency in certain
trace elements and vitamins, such as vitamin A, B vitamins, selenium, potassium, and iron, is
associated with hypermethylation of tumor suppressor genes, which play a crucial role in cancer
development.

GENETIC BASIS OF PERSONALIZED NUTRITION
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Personalized nutrition is a fundamentally new approach in dietetics, where individual
genetic profiles dictate personalized dietary recommendations. This approach supports active
longevity and facilitates the effective correction of chronic diseases. The phenomenon of human
gene polymorphism is explained by differences at the primary DNA structure level, which can
contribute to the diversity of phenotypes observed in human populations. Types of genetic
variants include SNPs, insertions and deletions (indels), copy number variations (CNVs), and
more complex structural changes.

Gene polymorphisms significantly impact nutrient metabolism. For instance, variants of
the methylenetetrahydrofolate reductase (MTHFR) gene can affect folate metabolism, which
can be linked to cardiovascular diseases and diabetes. Individuals with specific SNPs in this
gene may have different responses to folate intake, which can be managed with personalized
folate supplementation. Homozygotes with the MTHFR mutation (TT) (MTHFR Ala222Val
polymorphism, C>T) have an increased folate requirement due to disruptions in its metabolism,
necessitating higher folate intake than current dietary guidelines suggest to mitigate disease
susceptibility related to folate deficiency. Additionally, those with Down syndrome (having an
extra copy of chromosome 21) show increased needs for zinc and folate due to the enhanced
expression of cystathionine-f3-synthase, a key enzyme in folate metabolism. Moreover, common
gene variants regulating homocysteine metabolism, such as MTHFR and methionine synthase
(MTR), are associated with an increased risk of breast cancer in individuals with inadequate
intake of vitamin B6, vitamin B12, and folate.

Genetic variations can also influence selenium metabolism. Some SNPs affect protein
expression or selenoprotein activity in response to selenium supplementation. Variations in the
beta-carotene oxygenase 1 (BCMO1) gene, essential for beta-carotene metabolism, may lead to
variability in plasma carotenoid levels and possess significant clinical implications, such as in
the development of liver steatosis independent of dietary vitamin A. Supplementing vitamin A
is a primary method for correcting its deficiency. Understanding gene variants related to vitamin
A metabolism allows for more effective and safer treatment of vitamin A deficiency across
populations. Gene variants involved in lipid metabolism, such as cholesterol ester transfer
protein, lipoprotein lipase, low-density lipoprotein receptor, and apolipoprotein E, may
contribute to the risk of coronary artery disease and type 2 diabetes. SNPs in genes associated
with choline and folic acid metabolism can determine dietary choline requirements, critical for
liver function and fetal development. The examples mentioned emphasize the importance of
considering genetic factors in dietary planning to optimize health outcomes based on individual
genetic profiles.

The role of polymorphisms in the CYP1A2 gene (cytochrome P450 1A2) is established.
This gene encodes an enzyme central to caffeine metabolism, playing a potential role in the
pathogenesis of cardiovascular diseases. High caffeine intake has been linked to increased
cardiovascular disease risk in individuals whose gene variants encode a "slow" caffeine
metabolism enzyme. In contrast, individuals with genetic variants associated with fast caffeine
metabolism are protected from the effects of moderate caffeine consumption.

The presence of a G>A substitution in the APOA1 gene (the main protein component of
high-density lipoproteins (HDL) in blood plasma) results in increased HDL cholesterol levels
after consuming long-chain omega-3 polyunsaturated fatty acids (PUFAs) in individuals with
the A allele, whereas this effect is not observed in those with the GG genotype.

The SNP risk factor in the serum- and glucocorticoid-induced kinase 1 (SGK1) gene is due
to the kinase activating potassium, sodium, and chloride channels, thus controlling renal sodium
excretion. High expression levels of this gene can contribute to conditions like hypertension and
diabetic nephropathy. Consequently, polymorphism in this gene is one of the reasons for
elevated blood pressure when consuming a high-salt diet. On the other hand, the development
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of personalized diets according to identified ACE (angiotensin-converting enzyme) genotypes
may include recommendations for sodium chloride intake compared to standard dietary
guidelines for the population.

Single nucleotide polymorphisms (SNPs) in the VDR gene (vitamin D receptor) affect
vitamin D absorption and may be associated with osteoporosis predisposition in
postmenopausal individuals with insufficient calcium intake.

PRACTICAL APPLICATION OF GENETIC MARKERS IN FOOD
CONSUMPTION RECOMMENDATIONS

Diet plays a direct role in influencing human health. Specifically, a dietary pattern
characterized by a high intake of processed grains, meats, sweets, and desserts (the Western diet)
can lead to a genetic profile that promotes carcinogenesis and inflammatory responses.
Furthermore, high consumption of animal protein increases the risk of colorectal cancer.
However, diets with insufficient protein content may enhance the expression of liver
gluconeogenesis genes, leading to impaired glucose tolerance. High levels of animal fat
consumption can result in a gene expression profile associated with glucose intolerance, lipid
deposition in the liver, inflammation induction, and increased expression of neuropeptides,
leading to obesity. Conversely, consuming balanced amounts of protein, unprocessed grains,
mono- and polyunsaturated fatty acids, fruits, and vegetables can counteract these adverse
effects. High intake of monounsaturated fatty acids (such as olive oil) is associated with reduced
expression of genes involved in inflammation and lipid deposition. Diets rich in polyunsaturated
fatty acids positively regulate the expression of neuropeptide genes that control energy
homeostasis.

Genetic abnormalities in metabolic processes arise from mutations in the relevant genes
encoding these enzymes. Such pathogenic gene variants qualitatively alter the body's nutritional
needs. Classic examples of these hereditary anomalies are lactose intolerance and
phenylketonuria. The T>C-13910 variant in the lactase gene (LCT) leads to instability or
absence of the lactase enzyme in adulthood, rendering individuals with this genetic variant
unable to digest lactose. In contrast, phenylketonuria is an autosomal recessive disorder caused
by mutations in the phenylalanine hydroxylase gene (PAH), a crucial liver enzyme responsible
for converting phenylalanine to tyrosine.

Dietary models that recommend grains, vegetables, and fruits while limiting saturated fat
consumption have proven effective in reducing obesity risk in individuals with high genetic
predisposition to obesity, especially those with risk alleles in the FTO gene, such as rs9939609,
rs1121980, and rs1421085. These FTO gene variants necessitate a diet rich in grains, vegetables,
and fruits with minimal animal fat content. Moreover, the FTO gene variant (rs1421085)
predisposes individuals to increased protein consumption, independent of body mass index.

Therefore, FTO gene polymorphisms pose risks for individuals suffering from obesity. For
such individuals, a diet with reduced animal fat intake and increased physical activity is
recommended. The presence of the (A) allele in the CAB39 gene variant rs6722579 is
associated with enhanced susceptibility to abdominal obesity in those exceeding recommended
fat intake. Conversely, individuals with the (T) allele of the CPQ gene rs59465035 exhibit
reduced susceptibility to abdominal obesity, particularly with increased vitamin C intake.

For individuals with folic acid deficiency (MTHFR gene polymorphism), a diet high in
folic acid-rich foods (citrus fruits, bananas, legumes, greens, eggs, liver) is recommended,
leading to a marked reduction in cardiovascular disease risk. The APOE gene polymorphism is
linked to cardiovascular disease risk, recommending reduced animal fat consumption and
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increased omega-3 fatty acid intake. TCF7L2 and PPARG gene polymorphisms are associated
with diabetes risk, necessitating the limitation of high-carbohydrate food intake.

GENETIC FOUNDATIONS OF BODY WEIGHT CONTROL

Obesity is a global public health issue, serving as a predictor for dangerous chronic
diseases worldwide, including type 2 diabetes, cardiovascular diseases, metabolic syndrome,
neurodegenerative diseases, and certain types of cancers. Statistics from 2017-2018 illustrate
the gravity of this issue in the United States, indicating that 42.4% and 9.2% of adult citizens
suffer from obesity and severe obesity, respectively.

At first glance, the solution to obesity seems straightforward—maintaining a balance
between calories consumed and expended. However, this is not the case. A key feature of
obesity is the disruption of the physiological mechanisms regulating energy metabolism. The
central nervous system (CNS) and the endocrine system play pivotal roles in regulating appetite,
satiety, and energy expenditure, with the hypothalamus serving as the principal regulator of
these processes. The arcuate nucleus of the hypothalamus (ARC), or the lateral hypothalamus,
is the central hub for controlling satiety processes. The ARC contains neurons that express
functionally antagonistic peptides: orexigenic peptides, which stimulate appetite, such as
neuropeptide Y (encoded by the NPY gene) and agouti-related peptide (an antagonist of
melanocortin-3 and melanocortin-4 receptors encoded by the AGRP gene), and anorexigenic
peptides, which suppress appetite, such as proopiomelanocortin (encoded by the POMC gene)
and cocaine and amphetamine-regulated transcript (encoded by the CARTPT gene). Notably,
polymorphism of these genes in humans may lead to metabolic disorders, including obesity.
Peripheral signals involved in food intake regulation include hormones such as leptin, insulin,
and gut hormones (cholecystokinin, encoded by the CCK gene; ghrelin, encoded by the GHRL
gene; peptide Y'Y, encoded by the PYY gene; glucagon-like peptide-1, GLP1, synthesized from
the proglucagon peptide during post-translational processing in intestinal endocrine L-cells, and
other physiologically active peptides). The integration of hormonal and nutritional signals from
the circulatory system and peripheral and central neuronal signals ultimately occurs in the ARC,
forming a response to the degree of food satiety.

The state of components at both levels of energy metabolism control, consumption, and
expenditure can be influenced by gene polymorphism, epigenetic modifications, the state of the
microbiome, lifestyle, and social and psychological factors, ultimately leading to obesity.
Therefore, it is important to consider that the genetic component is only one of many factors to
be taken into account when determining dietary plans. In addition to genetic factors, individual
reactions to food products can also be influenced by epigenetic, microbiomic (e.g., gut
microbiota), and environmental factors.

Nevertheless, the individual variability in body mass has a significant genetic basis.
Studies using twin methods and familial heritage analyses estimate the heritability of body mass
to be between 40% and 70%. Approximately 500 genetic loci associated with key traits of
obesity, such as waist-to-hip ratio or body mass index, have been identified. The FTO genetic
locus, associated with fat mass and obesity, is considered the most relevant genetic marker
affecting body weight.

Key genetic variants linked to the risk of obesity and related disorders are located in the
following genes: ADIPOQ, FTO, LEPR, LEP, MC4R, INSIG2, PPARG, PCSK1, ADRB3,
ADRB?2, PPARy, APOA1, GHRL, APOAS, FABP2, LIPC, MTNRI1B, TCF7L2, CETP, GIPR,
NPY, IRS1, and PCSK1.

For example, the FABP2 gene (fatty acid binding protein 2), expressed in the epithelium of
the small intestine, participates in the absorption of fats. Variants of this gene may contribute to
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higher fat absorption and lead to obesity. The PPARG gene (peroxisome proliferator-activated
receptor gamma), expressed in adipocytes, plays a critical role in their differentiation. The
polymorphism of the PPARG gene is associated with insulin sensitivity and body mass index.
Additionally, it is known that the TMEMI18 gene (transmembrane protein 18) can regulate
appetite, body weight, and contribute to obesity. Furthermore, it has been established that the
monogenic form of obesity may be caused by reduced expression of the MC4R gene
(melanocortin-4 receptor).

INTERACTION OF GENE VARIANTS WITH DIET LEADING TO OBESITY

Interest in studying the interaction of genetic variants with diet and other environmental
factors, such as physical activity, is driven by the development of methods for preventing
obesity. Therefore, various populations are analyzed to evaluate the influence of gene marker
polymorphisms and dietary patterns (including diets low or high in simple sugars, rich in animal
fats, or deficient in protein) on the risk of developing obesity. This assessment considers not
only the chemical composition of food and the enrichment of the diet with carbohydrates or fats
but also the daily rhythm of food intake.

Results in this field, for instance, have shown that reducing saturated fats in the diet is
more effective among individuals with overweight and obesity carrying the genotype IRSI
152943641 CC. It has also been established that overweight and obese individuals who carry the
T allele of PPM1K rs1440581 may achieve more effective weight loss when adhering to a low-
carbohydrate diet.

Moreover, individual food preferences for certain products are also linked to obesity risks.
Literature suggests a list of genes influencing food preferences, which includes: FTO
(rs9939609), MC4R (rs17782313), DRD2 (rs1800497). In this context, food preferences refer
to the tendency to overeat, which is determined by genetic polymorphisms.

The FTO gene encodes a protein involved in energy metabolism, oxidative reactions, and
fatty acid metabolism. It is possible that the protein plays a role in DNA demethylation.
Population studies have established a strong association between this gene's polymorphisms
with body mass index, obesity risk, and type 2 diabetes. One SNP of this gene (rs9939609) is
associated with increased body mass index and obesity. High expression of FTO is associated
with higher food intake and subsequent increases in body mass and fat, provided that energy
expenditure and physical activity levels remain unchanged.

The MC4R gene encodes a protein that is a membrane-bound receptor and a member of
the melanocortin receptor family. The encoded protein interacts with adrenocorticotropic
hormones and MSH (melanocyte-stimulating hormones), and its effects are mediated by G-
proteins. This protein plays an important role in energy homeostasis and the regulation of
dietary preferences. Together with melanotropin, it controls the sensation of satiety.
Furthermore, the MC4R gene plays a key role in glucose homeostasis regulation. The
polymorphism of this gene (rs17782313) is a cause of monogenic obesity inherited in an
autosomal dominant manner.
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CHAPTER 7. ATHLETE'S GENETIC MAP
INTRODUCTION

The heritability of an athlete's status is estimated to be approximately 66%, implying that
genetic factors account for 66% of the variance in sports performance, while the remaining 34%
is attributed to environmental factors. Specifically, the heritability of certain phenotypes related
to athletic achievements is highest for the composition of skeletal muscle fibers, ranging from
45-99.5%, 49-56% for muscular strength, and 44-68% for cardiorespiratory capacity.
Additionally, the heritability of the risk of sports injuries is estimated to be between 60-80%.
These data suggest that yet unidentified genetic factors may play a crucial role in the selection
of elite athletes and the prediction of sports outcomes.

Mapping and studying the dynamic molecular networks underlying human physical
exercise generally involve approaches focused on genes, proteins, peptides, post-translational
modifications, lipids, and metabolites across various tissue and body fluid samples. These
metabolic aspects should not be considered entirely separate as integration across these fields
will be essential for delineating molecular networks and connections. Furthermore, each field
can be subdivided into distinct areas involving various technological approaches. Collectively,
genomic research directions have enhanced our understanding of the interaction between
genetic background and the environment in human sports performance and response to physical
exercise. Technological advancements in genomics now provide platforms for cheaper and
faster deep sequencing of the human genome. Previous genetic research, primarily based on
smaller, heterogeneous cohorts, evaluated candidate genes and variants. Genome-Wide
Association Studies (GWAS) have identified gene variants (such as ACTN3 and ACE) and
single nucleotide polymorphisms (SNPs) that potentially influence human physical performance,
health benefits from exercise, and predictors of response to physical exercise. The molecular
basis of gene interactions underlying human response to physical exercise is complex. However,
it is well-established that genetic variability affects gene interactions and sports success. Efforts
to map entire genomes in larger cohorts will help unravel this complexity. Recently, multi-
center research initiatives, like the Athlome Project Consortium, have been launched to help
implement this global strategy. These endeavors will significantly expand the catalog of gene-
exercise interactions and lead to future research on how these genes are related to changes in the
external environment to determine the functional foundations of training adaptation.

GENETIC FOUNDATIONS OF SPORTING ACHIEVEMENTS

Human athletic performance is a complex phenotype influenced by both environmental
and genetic factors, with most traits associated with physical exercise being polygenic in nature.
Physical performance traits (PPT) and training adaptations in humans result from the interaction
of numerous internal and external factors, including those classified as environmental, genetic,
anatomical, physiological, and psychological. Sports genomics is a scientific discipline that
studies the organization and functions of the genome in elite athletes and aims to develop
molecular methods that can be utilized in sports medical practice, personalized training,
nutrition recommendations, and the prevention of injuries and exercise-related diseases.
Recently, a new discipline known as kinesiology-genomics has emerged in this field, combining
the scientific study of human movement (kinesiology) with genomics.

In terms of athletic training and exercise, metrics determined by common DNA sequence
variations include muscle preparedness, exercise behavior, and the capacity for
cardiorespiratory, cardiovascular, and metabolic adaptation to acute stress, as well as
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susceptibility to consistent training. Athlete status is itself a highly heritable trait, with 66% to
70% of the variance in athlete status explained by additive genetic factors, while the remaining
variance is attributable to environmental factors including training, nutrition, and athlete
motivation. Heredity plays a crucial role in an athlete's future. Evidence suggests that 60% of
the variance in baseline aerobic capacity and cardiac function (30-40% of the cardiac
parameter), 70-90% of the variance in anaerobic power, and 50-70% of the variance in muscle
strength can be explained by genetic factors.

It is well-known among sports geneticists that many of the key biological processes
underlying athletic performance are under genetic influence, including skeletal muscle energy
metabolism, mitochondrial biogenesis, muscle, bone, and cartilage formation, tissue
oxygenation, erythropoiesis, and angiogenesis. Recently, there has been a significant increase in
research aimed at identifying specific genes and their variants that contribute to outstanding
performance, which could explain physiological capability differences among elite athletes.
Based on the data obtained, the potential use of genetic information to maximize sports
performance and prevent injuries has been proposed, alongside practical developments aiming
for specific dietary interventions that could be individually tailored according to an athlete's
microbiome.

GENES DETERMINING SUCCESS IN SPORTS

The era of sports genomics began in the early 2000s following the decoding of human
DNA and the discovery of the first DNA polymorphisms associated with athletic performance
(gene variations ACE, ACTN3, AMPDI1, PPARD, and PPARGC1A). The status of an elite
athlete is partially a heritable trait, much like numerous foundational physiological,
anthropometric, and psychological traits that contribute to elite performance. In recent years, the
scope of genetic analysis of specific genetic variants that contribute to elite athlete traits has
significantly increased. This process encourages attempts to use genetic information as a tool
for predicting the future status of elite athletes. Accumulated results evaluate the extent of
genetic heritability contributing to athletic performance. Genetic traits predisposing to
endurance demonstrate a range of 44%—68% heritable factors, while traits associated with
strength display a range of 48%—56%. An example of illustrating the role of genes in physical
exercise efficiency is the ACTN3 gene. This gene encodes the protein alpha-actinin-3,
responsible for strong muscle contractions. The gene variant with a stop codon (rs1815739;
R577X) results in the suppression of the synthesis of a functionally active protein (genotype
XX). Individuals carrying this genotype lack the ACTN3 protein. Conversely, allele R
(genotype RX or RR) is responsible for the synthesis of functional ACTN3 protein. It is known
that athletes in power sports more frequently possess the functional protein compared to those in
endurance sports. Thus, allele R has been associated with power sports, and genotype XX with
endurance sports.

It is essential to emphasize that sports genetics not only presents opportunities for talented
generations but also clarifies numerous health issues concerning the general population. Sports
genetics is closely related to core medical concepts. For instance, studies on genetic
predisposition to severe sarcopenia (age-related decline in skeletal muscle mass, strength, and
gait speed) have shown that gene alleles associated with a higher risk of severe sarcopenia are
closely correlated with parameters such as fatigue, alcohol consumption, smoking, time spent
watching television, and higher consumption of salt and processed meat. In contrast, alleles
associated with a lower risk of severe sarcopenia positively correlate with levels of serum
testosterone, IGF1, and 25-hydroxyvitamin D; height; physical activity; and healthier dietary
habits (consumption of grains, cheese, fatty fish, protein, fruits, and vegetables).
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Research into the genetic basis of human physical performance (PPT) was initially
conducted using twin and genealogical methods. One of the early achievements in human sports
genetics was determining the heritability indices of individual structural and functional traits.
Twin studies and family analyses demonstrated that traits such as anaerobic power, maximal
oxygen consumption, performance capacity, and muscle fiber composition are partially
inherited. These approaches are currently undergoing evolutionary shifts, transitioning from
genetic epidemiology studies to biomarker analysis of DNA sequences, leading to the
identification of genetic markers that determine athletic performance and physiological
responses to training.

The identification of genetic markers has enabled targeting genetic variants associated with
sports phenotypes to suggest their functional role in human physical performance based on each
variant's influence on specific physiological processes. For example, variants of the angiotensin-
converting enzyme (ACE) gene, a known regulator of blood pressure, have been shown in
numerous studies to be determinants of endurance potential in athletes. Other examples of
candidate genes identified and subsequently associated with phenotypes underlying sprinting,
strength, or endurance performance include the skeletal muscle-specific isoform of a-actinin-3
(ACTN3), adenosine monophosphate deaminase (AMPD1), muscle creatine kinase (CKM),
insulin-like growth factor (IGF1), and the family of peroxisome proliferator-activated receptor
(PPAR) genes.

Among the total number of DNA polymorphisms related to sports, discovered from 1998
to 2020, the most promising genetic markers include HFE rs1799945, MCT1 rs1049434,
MYBPC3 rs1052373, NFIA-AS2 rs1572312, PPARA rs4253778, PPARGCI1A 158192678, and
VEGFR2 rs1870377 for endurance; ACTN3 rs1815739, AMPDI1 rs17602729, CPNES
rs3213537, CKM rs8111989, and NOS3 rs2070744 for power; LRPPRC rs10186876, MMS22L
rs9320823, PHACTRI rs6905419, and PPARG rs1801282 for strength; COL1A1 rs1800012,
COLSALI rs12722, COL12A1 rs970547, MMP1 151799750, MMP3 1rs679620, and TIMP2
1rs4789932 for soft tissue injury.

Discoveries in the genetic profiles of elite athletes have revealed DNA sequence variations
associated with an individual's propensity for success in various sports, intrinsic vulnerability to
sports-related injuries, and unique nutritional needs.

The search for candidate genes, which constitutes a significant portion of current sports
genomics research, frequently investigates variants originally identified in animal studies using
models such as gene knockout, gene knockdown, and transgenic mice. These approaches have
identified numerous candidate genes subsequently analyzed for their potential contributions to
human performance phenotypes. For instance, mutations in the myostatin gene (MSTN) result
in extreme skeletal muscle growth, indicating that myostatin is a key regulator of muscle mass.

IDENTIFICATION OF CANDIDATE GENES IN SPORTS GENOMICS

Research in the field of sports genomics is based on the identification of candidate genes.
This involves selecting genes and their variants that are associated with parameters of physical
performance (PPT) in humans. To achieve this, case-control association studies are conducted
to determine if a genotype or allele is more prevalent in a cohort of athletes compared to a
control group of practically healthy non-athletes from the general population. The genome-wide
association study (GWAS) approach is considered the most effective research design for
identifying genetic markers associated with athletic performance. Indeed, the application of this
approach has led to the discovery of hundreds of single nucleotide polymorphisms (SNPs)
directly or indirectly associated with physical exercise and sports, such as height (12,111 SNPs),
lean limb mass (1,059 SNPs), testosterone levels (855 SNPs), handgrip strength (170 SNPs),
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sarcopenia (78 SNPs), and brisk walking (70 SNPs). It is important to emphasize that the
discovery of 12,111 independent genome-wide significant SNPs associated with height required
the study of 5.4 million individuals. This also suggests that very large samples of athletes and
non-athletic control subjects are necessary to discover a significant number of genetic markers
associated with athlete status. Some propose that these markers could be used as part of sports
talent identification strategies.

The main challenge in sports genetics is that national samples of elite athletes are relatively
small. To overcome this limitation, it has been proposed to use genome-wide significant
markers of phenotypes associated with physical exercise (correlating with sports traits)
discovered in large cohorts of untrained subjects. This approach can significantly reduce the risk
of false-positive results when identifying markers associated with athlete status, which is
acknowledged as a key limitation of sports genomics research conducted with limited sample
sizes.

Another approach in sports genomics that has proven effective in eliminating the
possibility of false-positive results involves conducting studies in two or more independent
sports cohorts (even with small or medium sample sizes) followed by meta-analysis to
quantitatively assess the overall effect of polymorphism on athlete status or individual traits
related to sports and physical exercise. However, in some cases, extrapolation of results is not
possible due to the uniqueness of a polymorphism to certain populations based on their
geographical origin. For example, the rs671 G/A polymorphism of the aldehyde dehydrogenase
2 (ALDH?2) gene has been associated with strength in athletes and non-athletes from the
Japanese population. Notably, the adverse allele rs671 A (associated with reduced strength) is
absent in Europeans (frequency = 0%) but is common in the Chinese, Japanese, and Vietnamese
populations (15-25%).

Nonetheless, case-control studies remain the most prevalent research design in sports
genomics. Typically, such studies involve determining whether a specific allele of a DNA
sequence (gene or non-coding DNA region) is more common in a group of elite athletes than in
the general population, thereby implying that the allele enhances athletic performance.

The identified DNA polymorphisms can be generally classified as genetic markers
associated with endurance (such as marathon runners and swimmers over distances of 800—
1500 meters), strength (such as weightlifters and powerlifters), power (such as sprinters,
throwers, jumpers, wrestlers, and gymnasts), or with the status of an athlete in team sports. The
association of a genetic marker with a specific athletic discipline can be explained by various
mechanisms. For example, sprinters are not only faster but also taller than the general
population and endurance athletes. Therefore, genes associated with both speed and height can
also be considered sprinter status genes. Notably, the gene polymorphisms ACTN3 and CPNES5
are significant genetic markers associated with sprinter status. The ACTN3 gene encodes a
protein from the alpha-actinin-binding protein family, primarily expressed in skeletal muscles,
functioning as a structural component of the sarcomere Z-line and involved in cross-linking
actin-containing thin filaments. Allelic polymorphism in this gene results in both coding and
non-coding variants; the reference genome represents a coding allele. Interestingly, the non-
functional allele of this gene is associated with elite athlete status. The CPNES gene encodes a
protein from the calcium-dependent membrane-binding protein family, which may regulate
molecular events at the cell membrane-cytoplasm interface. It is one of several genes encoding
a calcium-dependent protein with two N-terminal C2-type II domains and an integrin A-
domain-like sequence at the C-terminal. Several alternative splice variants have been identified
for this gene, encoding different isoforms.

Numerous exercise-related traits are genetically determined and crucial for athletic
performance, including intelligence, reaction time, personality traits, muscle mass, flexibility,
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testosterone and lactate levels, immunological status, fat metabolism efficiency, cardiovascular
and metabolic responses, and more. For instance, Mixed Martial Arts (MMA) fighters,
compared to non-athletic controls, possess the 'warrior genotype' (COMT rs4680 GG; Val/Val),
indicative of high catechol-O-methyltransferase enzyme activity against low dopamine levels.
Such genetic traits provide an advantage related to stress resistance.

Candidate genes are typically identified based on known metabolic pathways or gene
expression experiments, with subsequent case-control analysis performed on a single genetic
marker. However, physical performance (PPT) is a polygenic trait, influenced by numerous
genes, many of which are poorly characterized or unknown. To overcome this limitation,
analyzing entire genomes rather than individual gene variants has been suggested. Consequently,
genome-wide association studies (GWAS) have become a high-throughput alternative,
bypassing several limitations of the candidate gene approach.

Despite the apparent advantages of GWAS, a significant limitation is that certain countries
and sports disciplines have a limited number of elite athlete cohorts, lacking homogeneity. To
address this issue, the ATHLOME project consortium was established in 2015, comprising 15
research centers worldwide, collectively studying genotype and phenotype data of elite athletes
to advance modern understanding of the molecular basis of sports performance. ATHLOME
focuses on understanding how athletes adapt to training, analyzing the root causes of exercise-
related injuries and epigenetic changes impacting performance and adaptation. Ultimately, the
consortium aims to develop guidelines for personalized training strategies, injury prevention,
and anti-doping measures.

One of the 15 centers initially focused on analyzing genetic data from athletes and control
groups in Eastern Europe (Belarus, Lithuania, Russia, and Ukraine; including 8,228 athletes and
4,121 control individuals). Athletes were grouped into international (including Olympic and
World Championship participants), national, regional, or local categories. They included
biathletes, long-distance runners, cyclists, triathletes, kayakers, rowers, canoeists, modern
pentathletes, orienteers, skiers, speed skaters, short-track skaters, weightlifters, bodybuilders,
powerlifters, strongmen, short-distance runners (< 400 m), short-distance swimmers (50—100 m),
decathletes, heptathletes, martial artists, general athletes, bobsledders, artistic and rhythmic
gymnasts, figure skaters, fencers, and team sports players.

It is noteworthy that athletes' polygenic profiles can be impacted by a phenomenon known
as epistasis (or SNP—SNP interactions). These interactions occur when the combination of two
or more SNPs influences the phenotype to a greater degree or differently than the effect
observed with a single gene. For example, the epistatic effect of two SNPs (SNAP25 rs362584
and ACTN3 rs1815739) has been described in gymnasts.

GENETICS AND INDIVIDUAL DIFFERENCES IN RESPONSE TO TRAINING

The analysis of athletes who are either "high responders" or "low responders" to
standardized training loads can provide valuable insights into the mechanisms of adaptation to
training and help in developing individualized training schedules. Indeed, an accurate
understanding of an athlete's genetics can offer a clearer comprehension of the body's individual
response to training. Such responses include changes in body mass index, body composition,
optimization of insulin activity for glucose absorption during exercise, favorable responses to
endurance training for diastolic blood pressure and mean arterial pressure, and improvements in
VO2max following endurance training. The recovery rate between training sessions among
endurance athletes, potentially determined by heredity, is also important. For example, it is
suggested that polymorphisms in the cytochrome P450 2D6 gene (CYP2D6) and genes
encoding the glutathione transferase family likely indicate the body's recovery ability by
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eliminating free radicals or neutralizing pH. It has been established that the frequency of
"favorable" variants in the cytochrome P450 gene (i.e., ¢.506-1G>A polymorphism in CYP2D6;
formerly 1846G>A: rs3892097) and the glutathione S-transferase family (GSTP p.lle105Val
polymorphism, rs1695) was different among athletes with high endurance compared to a
control population. Maladaptation of athletes due to the imbalance between overall stress and
recovery can lead to chronic fatigue. Consequently, it is necessary to consider that the response
to training can be modulated by timing and dietary composition, and therefore, nutritional
factors, as environmental components, can also potentially contribute to these individual
variations.

SPORTS NUTRIGENOMICS

Nutrients are one of the most critical environmental factors determining success in sports.
A fundamental aspect that can influence the relationship between athletic performance and
genetics is the field of nutrigenomics and nutrigenetics. These are experimental approaches
utilizing genetic testing technologies to study the role of individual genetic differences in
athletes' adaptive responses to food. Genetic differences affect an athlete's body's individual
ability to absorb, metabolize, utilize, and excrete substances obtained from food. Nutrigenomics
and nutrigenetics are experimental approaches that use genetic information and genetic testing
technologies to study the role of individual genetic differences in changing athletes' responses to
nutrients and other food components. Individuals react differently to the same consumed foods,
nutrients, and supplements, which holds true across different ages, ethnic groups, and levels of
athletic expertise. Personalized nutrition based on knowledge of a person's genotype is not a
fundamentally new approach to addressing the genetic characteristics of individuals. There are
several examples of rare (phenylketonuria) and common (lactose intolerance) inherited
disorders that require dietary adjustments. Although genetic tests are well established in clinical
settings, there is a growing number of opportunities to enhance the quality of a healthy lifestyle
and improve athletic performance through genome testing focused on dietary habits.

Another illustration of this approach is the sensitivity to caffeine. Caffeine, present in
products such as coffee, tea, cocoa, etc., is widely used in sports as a performance-enhancing or
ergogenic aid, often in the form of caffeine-containing pills or other forms. It has been found
that the single nucleotide polymorphism (SNP) in the CYP1A2 gene -163A>C (1s762551) alters
the activity of the CYP1A2 enzyme and is used to identify individuals as "fast" or "slow"
caffeine metabolizers. For instance, in the SNP CYP1A2 rs726551, individuals with the AA
genotype (fast metabolizers) are predisposed to a positive response (increased performance) to
caffeine. In contrast, individuals with the CYP1A2 AC or CC genotype experience no effect or
a decrease in physical performance upon caffeine consumption.

Vitamin A is a fat-soluble vitamin that exists in various biologically active forms, such as
retinal and retinoic acid, in the body. It plays a crucial role both in the visual system and in the
body's immune responses. Vitamin A performs a variety of immunomodulatory functions; thus,
a deficiency in Vitamin A is associated with immune dysfunctions in the intestine and several
systemic immune disorders. Furthermore, Vitamin A is regarded as a powerful antioxidant that
provides protection to the eyes against diseases and helps maintain vision. Elite athletes are
likely to possess excellent visual capabilities, based on their various visual skills such as
contrast sensitivity, dynamic acuity, and stereo acuity, all of which are required in many sports.
Slow visual-motor reaction times have been linked to an increased risk of musculoskeletal
injuries in sports situations when there are significant issues with the efficacy of visual stimulus
and motor response execution. These visual-motor skills are key factors in achieving sports
performance and, accordingly, require exceptional eye health.
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After absorption, provitamin A carotenoids are easily converted into Vitamin A by the
BCMOI1 enzyme expressed in intestinal enterocytes. A variant of the BCMOI1 gene,
rs11645428, affects circulating carotenoid levels in the plasma, influencing the conversion of
dietary provitamin A carotenoids into active forms of Vitamin A in the small intestine. For this
reason, individuals with the GG genotype may be inefficient in this conversion process and,
consequently, may be at a higher risk of Vitamin A deficiency. It is suggested that such
individuals do not efficiently respond to dietary B-carotene; therefore, consuming the necessary
amounts of preformed Vitamin A in the diet can help ensure sufficient levels of circulating
active Vitamin A to maintain vision and immunity.

The prevalence of anemia due to iron metabolism disorders, as well as low levels of folic
acid and Vitamin B12, appears to be higher in elite athletes compared to the general population.
A Vitamin B12 deficiency can have significant negative consequences for sports performance.
The most common symptoms of this disorder include fatigue, weakness, breathlessness, or
palpitations. Iron is part of hemoglobin and myoglobin, proteins responsible for oxygen
transport and storage. Vitamin B12 is associated with erythropoiesis and aerobic processes in
the body. Megaloblastic anemia arises from a Vitamin B12 deficiency and is associated with
elevated homocysteine levels, leading to a general sense of fatigue and weakness.
Hyperhomocysteinemia may result from low intake of folic acid and Vitamin B12. These
circumstances may contribute to an increased risk of impaired skeletal muscle function,
including muscle weakness and regeneration.

Methylenetetrahydrofolate reductase (MTHFR) is an enzyme that limits the rate within the
methylation cycle and is encoded by the MTHFR gene. The C677T polymorphism (rs1801133)
in the MTHFR gene has been associated with low levels of folate in serum and erythrocytes, as
well as elevated homocysteine levels in plasma, which is an independent risk factor for
cardiovascular diseases. Several studies among athletic and non-athletic populations have
shown that individuals with the CT or TT genotype are at an increased risk of low circulating
folate levels. Compared to individuals with the CC rs1801133 genotype, those with the TT and
possibly CT genotype may be at greater risk of hyperhomocysteinemia, although this may not
necessarily result in decreased physical performance. On the other hand, football players and
sedentary individuals with the CC genotype have a more favorable prognosis and performance
metrics compared to T allele carriers. Additionally, the FUT2 gene allele (rs602662)
significantly influences plasma B12 levels, with individuals possessing GG or GA genotypes at
the highest risk of low plasma B12 levels.

Iron deficiency anemia is the most common type of anemia among athletes, who have a
higher demand for iron due to increased needs for erythropoietin resulting from higher intensity
and volume of training. Female athletes are at particular risk of iron deficiency due to
menstruation and generally lower overall energy or food intake compared to males.

At the genetic level, the iron content in blood plasma is regulated by several genes, such as
HFE, TMPRSS6, TFR2, and TF. For instance, the HFE gene is involved in the regulation of
intestinal iron absorption. It is known that polymorphisms in this gene can be associated with an
increased risk of hemochromatosis (iron overload disorder). Excess iron can be toxic to tissues
and cells, as "free" iron reacts with reactive oxygen species (ROS), such as superoxide and
hydrogen peroxide, or lipid peroxides, forming free radicals. These free radicals can, in turn,
cause damage to cells and tissues (including muscles) and ultimately lead to cell death. Iron
biomarkers, such as ferritin and transferrin, are more commonly found in individuals genetically
predisposed to iron overload based on the HFE gene variant. Notably, athletes with the rare
HFE genotype (rs1800562) AA, associated with increased risk of hemochromatosis, may have a
genetic advantage for success in sports if their iron levels are at the upper normal limit but not
excessive enough to cause tissue damage. It is important to note that the risk of iron overload is
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more common in elite athletes compared to the general population. Therefore, two SNPs in the
HFE gene (rs1800562 and rs1799945) can be utilized in practical medicine both to identify the
risk of hereditary hemochromatosis and, conversely, to assess genetic risks that may positively
impact endurance in athletes who nonetheless need to avoid iron supplements, as they could
pose health risks. Three other significant SNP polymorphisms: TMPRSS6 (1rs4820268), TFR2
(rs7385804), TF (rs3811647), can be used to assess the genetic risk of insufficient iron levels in
the body. In this context, these gene variants are involved in the regulation of hepcidin
expression, a peptide hormone that controls iron absorption. Iron-deficiency anemia impairs
performance by reducing hem-containing proteins' oxygen-carrying capacity.

Vitamin C functions as a water-soluble antioxidant and coenzyme in the synthesis of
certain proteins. In sports medicine, however, dietary intake of ascorbic acid is primarily valued
for its antioxidant properties, which help reduce free radical formation caused by intense
physical exercise. A total dietary intake of vitamin C up to 250 mg per day is likely sufficient to
reduce oxidative stress without negatively impacting performance. Additionally, vitamin C is
necessary for collagen biosynthesis, suggesting it may play a role in muscle growth and
recovery. Consequently, the presence of vitamin C in the diet during a training cycle improves
collagen synthesis and may play a beneficial role in preventing injuries and accelerating the
recovery of the musculoskeletal system, ligaments, and/or tendons. The relationship between
dietary vitamin C and circulating ascorbic acid levels depends on the genotypes of glutathione
S-transferase GSTT1 and vitamin C transporters SVCT1 and SVCT2, which are encoded by
SLC23A1 and SLC23A2, respectively. Individuals with the GSTT1 Del/Del genotype have a
significantly higher risk of developing vitamin C deficiency compared to those with the Ins
allele.

Literature suggests the role of vitamin D in bone health, immunity, and recovery after
training. Genetic determinants of circulating 25-hydroxyvitamin D (25(OH)D) may influence
each of these factors, thereby affecting an athlete's performance. Only two genes, CYP2R1
(rs10741657) and GC (1s2282679), have been significantly associated with vitamin D status.
Specifically, athletes with the GG or GA genotype of CYP2R1 (rs10741657) have nearly four
times the tendency towards insufficient vitamin D levels. Those with the GG genotype of the
GC gene (rs2282679) are significantly more prone to low vitamin D levels compared to those
with the TT genotype.

This brief overview underscores that understanding individual genetic variability is
essential for determining athletes' consumption of vitamin supplements and trace elements.

GENETIC VARIANTS RESPONSIBLE FOR ATHLETE ENDURANCE

Human endurance is influenced by numerous factors, including muscle fiber typology,
hemoglobin mass, mitochondrial biogenesis, maximum cardiac output, and maximal oxygen
consumption rate (VO2max), among others. The ability to perform endurance exercises is
contingent upon aerobic metabolism and the efficiency of oxygen utilization for energy
production. These factors are significantly supported by enhanced mitochondrial function, gene
expression, and enzyme activity among elite athletes. Endurance in elite athletes is bolstered by
sustained muscle contraction over prolonged periods, utilizing high VO2max and other
endurance reserves linked with the mitochondrial respiratory chain.

The ability to perform endurance exercises depends on several central factors related to
muscle and cardiovascular function, such as the proportion of slow-twitch fibers in skeletal
muscles and maximum cardiac output, which underlies VO2max. There is evidence suggesting
that genetic factors significantly impact the phenotypic expression of these traits, potentially
explaining up to 70% of endurance-related variability. Genetic markers associated with athletic
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endurance are typically identified by comparing allele frequencies between endurance athletes
(e.g., biathletes, road cyclists) and a control group of non-professional athletes. Furthermore,
recovery levels between training sessions among endurance athletes are associated with genes
influencing metabolic processes in the liver, such as cytochrome P450 2D6 (CYP2D6) and
genes encoding the glutathione S-transferase family.

Regular endurance training promotes skeletal muscle adaptation, ensuring metabolic
adaptation to endurance exercises. Examples include a slower rate of muscle glycogen and
blood glucose utilization, a higher contribution of fat oxidation to muscle energy exchange
during physical activity, and reduced lactate production at high exercise intensities, leading to
increased myocardial volume and circulating blood volume. This optimizes ventricular filling,
resulting in greater stroke volume and cardiac output, which significantly enhances the ability to
perform prolonged, intense endurance exercises. However, not all physiological parameters
mentioned can be attributed solely to genetics.

To confirm the hereditary nature of case-control study findings aimed at identifying the
genetic basis of endurance, additional functional laboratory studies are conducted to establish
links between genotypes and physiological indicators. These supplementary genomic studies
include, but are not limited to, measurements of VO2max, forced expiratory volume in one
second (FEV1), the proportion of slow-twitch muscle fibers, recovery speed, long-distance
running performance, running economy, lactate threshold, erythropoietin and hemoglobin levels,
erythrocyte count, capillary density, mitochondrial density, fatty acid metabolism, and fatigue
resistance.

It is widely acknowledged that most endurance-related phenotypes are under strong genetic
influence. Some 40-50% of the variance in the proportion of slow-twitch fibers in human
muscles seems to be genetically determined. Furthermore, VO2max and aerobic power exhibit
high heritability, with up to 50% of the variance in VO2max due to innate factors. The genetic
component of muscle fiber type variability is approximately 40-50%, indicating that muscle
fiber composition is equally influenced by genotype and environment.

Highlighting the connection between sports medicine and practical health care, it's
noteworthy that VO2max serves as an effective prognostic factor for morbidity and mortality
due to various causes, particularly cardiovascular diseases. Numerous genetic association
studies for other cardiovascular risk factors, such as poor diet, high blood pressure and
cholesterol, stress, smoking, and obesity, have revealed new therapeutic targets. However, while
VO2max has a substantial genetic component, association studies with human health are still
lacking.

The endurance athlete status is possibly the most researched trait, with genetic
predisposition currently linked to approximately 100 genetic variants. Based on these principles,
research has shown that at least 41 out of 114 recorded genetic markers may be associated with
an athlete's endurance status according to specified criteria. Notably, elite athletes with high
endurance levels possessing the TT genotype in the ACTN3 gene or DD genotype in the ACE
gene appear more frequently in cohorts of elite athletes than in control groups of untrained
individuals. Prominent genetic markers for determining endurance status in athletes include
alleles AMPDI 1517602729 C, CDKNI1A rs236448 A, HFE 151799945 G, MYBPC3 rs1052373
G, NFIA-AS2 rs1572312 C, PPARA 154253778 G, and PPARGCI1A 18192678 G.

GENE VARIANTS RESPONSIBLE FOR ATHLETE STATUS IN STRENGTH
SPORTS

The strength metrics of athletes correlate with various physiological parameters such as
testosterone levels, the proportion of fast-twitch muscle fibers, muscle mass, body and heel
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bone height, muscle bundle length, reaction time, among other traits. It is estimated that the
heritability of power-related phenotypes ranges from 49% to 86% across different phenotypes.
Genetic factors significantly influence the capability of skeletal muscles to generate force
rapidly, which is crucial for success in both strength and sprint sports. Achievements in strength
sports are based on a multitude of factors that contribute substantially to the strength phenotype.
The identified genetic factors are selected based on a range of physiological parameters that
determine the success of a power athlete: skeletal muscle hypertrophy (muscle fiber size), the
prevalence of fast-twitch muscle fibers, a greater angle of muscle bundle pennation, enhanced
neurological adaptation, high glycolytic capacity, and elevated circulating testosterone levels.
There is evidence that strength athletes exhibit quite specific transcriptomic, biochemical,
anthropometric, physiological, and biomechanical parameters compared to endurance-oriented
athletes as well as a control group. The noted intergroup differences can be explained both by
environmental factors (training, nutrition, etc.) and the effects of genetic factors. Research
findings indicate a strong heritability of traits related to power and strength, with genetic factors
accounting for up to 85% of the variation in maximal isometric, isotonic, and isokinetic strength.
The heritability of strength-related phenotypes ranges approximately from 49% to 86%.
Furthermore, several strength characteristics are positively associated with indicators such as
circulating testosterone levels, the percentage and cross-sectional area of fast-twitch muscle
fibers, muscle mass and strength, body and heel bone height, muscle bundle length, and reaction
time, among others.

Typically, marker genes associated with athlete status are determined by comparing the
frequency of allele occurrences between athletes (e.g., 100-meter runners, shot putters, arm
wrestlers, etc.) and non-trained individuals. To verify case-control study results, a genotype-
phenotype analysis is conducted based on measurements such as sprint time, jump performance,
muscle fiber size, muscle fiber typology, maximal strength, rate of force development, and
levels of anabolic hormones in the blood, such as testosterone. At least 45 out of 95 genetic
markers associated with strength athlete status met true criteria. Among the most relevant
potential genetic markers associated with athlete status are alleles ACTN3 rs1815739 C,
AMPDI1 1517602729 C, CDKNIA 15236448 C, CPNES rs3213537 G, GALNTL6 rs558129 T,
IGF2 rs680 G, IGSF3 rs699785 A, NOS3 rs2070744 T, and TRHR rs7832552 T.

It is noteworthy that muscle strength phenotypes in the general population may be less
pronounced than in strength athletes. In this context, strength athletes may be considered an
ideal population for identifying genomic variants that determine skeletal muscle volume. On the
other hand, insights gained from this athlete sample expand our understanding of pathological
phenomena such as sarcopenia, aiding in developing strategies to mitigate the adverse effects of
age-related muscle mass decline. Generally, power athlete marker genes can be identified by
comparing allele occurrence frequencies between strength athletes and the general population
control group. To verify these results, genotyping and phenotyping studies are conducted,
measuring grip strength and isokinetic strength, performance in powerlifting/weightlifting, and
assessing acute and chronic responses to strength training.

Presently, 23 DNA polymorphisms have been verified that reflect hand grip strength and
are associated with strength athlete status. Among these SNPs, the polymorphisms LRPPRC
rs10186876, MMS22L 19320823, and PHACTRI rs6905419 also correlate with high
performance in weightlifting competitions. It is possible that 42 genetic markers can objectively
reflect strength athlete status. The most promising genetic markers for determining strength
athlete status are alleles ACTN3 rs1815739 C, LRPPRC rs10186876 A, MMS22L rs9320823 T,
PHACTRI1 rs6905419 C, and PPARG rs1801282 G, including AR > 21 CAG repeats.

GENETICS OF SPORTS INJURIES
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In modern sports, elite athletes face significant physical and emotional demands due to an
intense schedule of competitions and increasing training volumes. It is evident that as the
intensity of the competitive calendar and training load rises, so does the risk of injury. Notably,
the likelihood of injury is higher during competitions (72.2%) than during training sessions
(21.8%). Typically, about 80% of sports injuries affect the musculoskeletal system. The type of
injury may be influenced by the specific sport in which the athlete participates. For example, the
annual risk of deltoid muscle injury ranges from 12% to 19% for baseball players and from 23%
to 38% for swimmers. Among middle-distance runners, the incidence of lower limb muscle
injuries related to training processes is estimated to be between 19% and 58%. In tennis, joint
issues are commonly reported (29.5%), including the ankle (20%) and wrist (15.8%).

The idea that genetic factors partly explain susceptibility to sports injuries was proposed a
decade ago (Collins M., 2010). It was suggested that genetic polymorphisms might serve as
biomarkers for sports injuries. Recent studies have shown that certain genetic polymorphisms
are associated with sports injuries, such as IGF2 (rs3213221), CCL2 (rs2857656), ELN
(rs2289360), COL1A1 (rs1107946), COLSA1 (rs12722), COL22A1 (rs11784270 and
1s6577958), VDR (1s7975232), MCT1 (rs1049434), ACTN3 (rs1815739), HGF (rs5745697 and
1s1011694), SOX15 (rs4227), ESR1 (1rs2234693), CYP19A1 (rs936306), ACE (rs4341), MMP3
(rs679620), TNC (rs2104772), IL6 (rs1800795), NOS3 (rs1799983), and HIF1A (rs11549465),
which are considered markers for potential muscle injuries; ELN (1rs2289360), COL1ALl
(rs1800012), COL5A1 (rs12722, rs71746744, rs16399, rs4919510), and MIR608 (rs4919510)
for potential ligament or tendon injuries; and RANK (rs3018362), RNAKL (rs1021188), OPG
(rs4355801), P2X7R (rs1718119 and rs3751143), VDR (rs10735810, rs731236), SOST
(rs1877632), CYP19A1 (rs936306), and COL1AT1 (rs1107946) for potential stress fractures.

Consequently, these genetic polymorphisms may contribute to susceptibility to sports
injuries. However, the quality of evidence may be insufficient due to the small sample size of
elite athletes. Meanwhile, the application of molecular biology methods has enabled the
identification of genetic markers associated with the risk of specific sports injuries. The findings
of research in this area offer hope that identified genetic markers could be used by athletes to
tailor their training and dietary regimes.

By the early 2020s, approximately 124 single nucleotide polymorphisms (SNPs) had been
identified using next-generation sequencing technology, allowing for the prediction of potential
sports injury risk related to an athlete's anatomical or physiological characteristics. The most
commonly predicted risks are associated with a possible anterior cruciate ligament (ACL) tear,
Achilles tendon injury, low bone mineral density and stress fracture, osteoarthritis,
vitamin/mineral deficiencies, and sickle cell trait. It is particularly noteworthy that 91% of the
identified SNPs had not previously attracted the attention of sports genetics specialists.

The first category of injuries, the anterior cruciate ligament (ACL) tear, is one of the most
severe injuries incurred during exercises involving repeated landings and abrupt turns.
Candidate gene studies conducted on athletes have identified single nucleotide polymorphisms
in the COL1A1, COL5A1, COL12A1, and MMP12 genes, which are associated with ACL tears.
On the other hand, it is known that dynamic warm-up programs aimed at correct landing and
sudden movement techniques, as well as core and hamstring strength regulation, are effective in
reducing the risk of ACL injuries if the athlete is informed of the existing risk.

The second category of injuries, Achilles tendon injury, includes degenerative and painful
conditions that affect athletes across a wide range of sports, impacting up to 18.5% of runners.
Candidate gene studies have identified variants in the MMP3, COL5A1, COL1A1, CASP-8,
and GDF5 genes, which are associated with Achilles tendon pathologies. The rs1800012 gene
variant is located in the promoter region of the COL1A1 gene, which encodes type I collagen,
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the main protein component of tendons and ligaments. The rare T allele increases gene
expression, whereas the G allele reduces expression and is associated with an increased risk of
Achilles tendon rupture. Effective preventive measures for this type of injury include stretching
to enhance flexibility and strengthening the calf and soleus muscles.

The third category of injuries, stress fractures, is a common overuse injury affecting up to
20% of female athletes and novice athletes. Unlike fractures caused by a single strong impact,
stress fractures result from accumulated microtrauma due to repetitive loading, such as running
or jumping. Bone mineral density (BMD) is a leading factor in determining a bone's ability to
withstand load, and low BMD is a significant risk factor for stress fractures in athletes. Heredity
accounts for 50-85% of BMD variance. Active young individuals, with a family history of
osteoporosis and low BMD, are almost twice as likely to develop stress fractures.

The fourth risk category involves osteoarthritis, which is a leading cause of pain and
disability in older adults and is the most common form of arthritis worldwide. High-intensity
sports training and competitions can lead to cartilage damage, eventually causing early
osteoarthritis. Currently, five significant loci across the genome have been identified as
associated with a high risk of osteoarthritis, and three loci are just below this threshold. The
strongest association was found on chromosome 3 for rs6976, which is in linkage
disequilibrium with rs11177. This SNP encodes a missense polymorphism in the GNL3 gene,
which encodes nucleostemin. Nucleostemin levels were elevated in chondrocytes in patients
with osteoarthritis. Other significant loci were found on chromosome 9 near ASTN2,
chromosome 6 between FILIP1 and SENP6, chromosome 12 near KLHDC5 and PTHLH, and
another region of chromosome 12 near CHST11. One of the signals near genome-wide value
was located in the FTO gene, which is involved in body mass regulation—a strong risk factor
for osteoarthritis. These polymorphisms have allelic odds ratios between 1.1 and 1.2; however,
all seven loci have an additive allelic effect.

The fifth category includes SNPs associated with deficiencies in athletes' vitamins and
minerals. Intense physical activity leads to biochemical adaptations in muscles, subjecting
metabolic pathways to stress and increasing the demand for micronutrients. Regular training
increases the loss of micronutrients, thus requiring more intensive replenishment to maintain
and restore the body's chemical composition. Optimal levels of calcium and vitamin D are
crucial for bone health, while iron, zinc, and the B vitamin complex are essential for
maintaining hematological stability.

The concluding sixth category, sickle cell anemia (hemoglobin S, rs334), involves athletes
who are heterozygous for the mutant allele of the B-globin chain. In this case, under several
adverse conditions such as high altitude, extreme heat, dehydration, and exhaustion,
erythrocytes may adopt a pathological sickle phenotype. In turn, with increased physical
exertion, this can lead to dangerous consequences such as macrohematuria, splenic infarction,
and rhabdomyolysis, which can be fatal. Current guidelines advise athletes heterozygous for the
sickle cell gene to follow slow and gradual training regimens, rest and fully recover during
training cycles, immediately cease physical activity if symptoms occur, maintain optimal
hydration, use supplemental oxygen as needed, and promptly seek medical attention if feeling
unwell.

Additionally, some authors distinguish muscle tissue damage as a separate category.
Muscle injuries pose a serious problem for elite athletes, accounting for at least 30% of cases
and resulting in temporary loss of physical activity. The majority of muscle injuries occur
during sports competitions, comprising 10-55% of all injuries. Muscle damage generally occurs
via two main mechanisms: sudden direct compressive force leading to contusion, or excessive
stretching force causing muscle fiber damage and possible tearing. The muscles most frequently
injured in sports are the quadriceps and calf muscles. These muscles span two joints and are
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most susceptible to acceleration and deceleration forces. Muscle damage is accompanied by
temporary ultrastructural disruption of myofibrils, muscle strength loss, delayed muscle
soreness, restricted movement of the affected limb, and swelling. It is important to acknowledge
that there is high individual variability in athletes' responses to muscle damage induced by
physical exercise. Increasing reports suggest that certain gene variants may be linked to
exercise-induced muscle damage. Polymorphisms in the following genes have been detected in
individuals suffering from exercise-induced muscle damage: ACTN3 (R577X, rs1815739),
TNF (-308 G>A, rs1800629), IL6 (-174 G>C, rs180795), and IGF2 (G>A, rs680). Additionally,
epigenetic mechanisms may also be involved in these processes. Specifically, data suggest that
acute physical exertion can influence DNA methylation processes, leading to hypomethylation
of the promoter regions of the TFAM, PGC-1a, PDK4, and MEF2A genes.

MITOCHONDRIAL DNA AND ATHLETIC PERFORMANCE

Mitochondrial DNA (mtDNA), a double-stranded circular DNA, consists of 16,569 base
pairs and contains thirteen protein-coding genes, two ribosomal RNAs (rRNAs), and twenty-
two transfer RNAs (tRNAs). One of the primary functions of mitochondria is energy production.
Adenosine triphosphate (ATP), essential for skeletal muscle contraction during exercise, is most
efficiently produced through the oxidative phosphorylation (OXPHOS) system in mitochondria.
Due to their role in cellular energy production, mitochondria have been thoroughly studied by
sports medicine specialists. It is known that endurance training increases mitochondrial content
in skeletal muscles, leading to enhanced exercise endurance by improving ATP production.

Mitochondrial DNA (mtDNA) was discovered in 1963. It is located in the mitochondrial
matrix as a double-stranded circular molecule. Typically, each mitochondrion contains 2 to 10
copies of mtDNA. In mtDNA, 37 genes have been identified, encoding 13 protein subunits of
the respiratory chain, 22 tRNAs, and two rRNAs (12S rRNA and 16S rRNA). An important
feature of the mitochondrial genome is its susceptibility to various damages, resulting in a
mutation risk for mtDNA that is almost ten times higher than that of nuclear genes. The high
mutation risk of mtDNA is due to several reasons. Firstly, mtDNA does not contain protective
histone proteins; secondly, the efficiency of repair processes is somewhat reduced compared to
nuclear DNA; thirdly, mtDNA is more susceptible to mutagenic effects of free radicals
generated in mitochondria during oxidative phosphorylation; fourthly, mtDNA lacks introns
and contains very little redundancy. Consequently, deletions or point mutations in mtDNA can
easily and rapidly provoke biochemical effects.

As noted earlier, the thirteen proteins encoded by mtDNA are directly components of
OXPHOS, essential for its proper functioning. Therefore, it is plausible that mitochondrial
single nucleotide polymorphisms (mtSNPs) could impact athletic performance. Indeed, recent
data suggest that mtSNPs, m.8§701A>G, m.10873T>C, m.12705C>T, and m.15043G>A, are
significantly associated with the body's response to training, as evaluated by changes in the
lactate threshold. Additionally, the frequency of mtSNPs m.185G>A, m.228G>A, m.295C>T,
m.462C>T, m489T>C, m4215T>C, m.10397A>G, m.11250A>G, m.13707G>A,
m.14797T>C, m.15451C>A, m.16068C>T, and m.16125T>C is higher in subjects with the
lowest VO2 max levels compared to those with the highest response.

Notably, mtSNPs m.152T>C, m.4343A>G, m.11215C>T, m.15518C>T, and
m.15874A>G have been associated with elite athlete status in endurance sports. In contrast,
mtSNPs m.151C>T, m.204T>C, m.4833A>G, m.5108T>C, m.5601C>T, m.7600G>A,
m.9377A>G, m.13563A>G, m.14200T>C, m.14569G>A, m.15314G>A, and m.16278C>T
have been linked to elite sprint athlete status.
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EPIGENETICS IN SPORTS MEDICINE

Epigenetics is a rapidly evolving field in the molecular physiology of physical exercise,
studying changes in gene expression without alterations in the DNA sequence. Epigenetic
modifications (such as DNA methylation, histone acetylation, and non-coding RNAs) regulate
gene expression by activating or silencing genes and often occur in response to environmental
or external stimuli, such as specific training regimens or diets, leading to particular changes in
transcriptional responses. Epigenetics serves as a bridge between an individual's genetic status
and their external environment. In sports medicine, epigenetic biomarkers are primarily
understood as predictors of the body's adaptive response to exercise and training. For example,
it has been shown that training can lead to DNA hypomethylation in the promoter regions of
key metabolic genes regulated by physical exercise (e.g., PPARGCI1A, PPARD), accompanied
by the overexpression of these genes. Thus, the variability in phenotypic adaptation induced by
physical activity can be partially explained by epigenetic factors. However, specific epigenetic
changes induced by exercise have not been sufficiently studied. It has also been shown that
epigenetic markers of training adaptation persist in skeletal muscles even after periods of
detraining, suggesting that epigenetic mechanisms underlie the intrinsic ability of the human
body to "remember" training adaptations. Recently, a new class of epigenetic markers known as
chromosome conformation signatures has shown promising results in medical research and may
also be used to study whether changes in genome conformation (the organization of the genome
in three-dimensional nuclear space) participate in regulating the response to exercise.

A critical task for scientists remains determining the type, intensity, and frequency of
exercise necessary to maintain epigenetic memory (such as DNA methylation) of exercise
adaptation, which may persist over a prolonged period. If such advances are achieved, this
information could potentially be used to optimize sports training programs or improve recovery
processes after injuries. Physical activity significantly impacts DNA methylation patterns at the
level of brain structures such as the hypothalamus, hippocampus, and cortex, highlighting the
role of exercise and physical activity as epigenetic regulators of brain plasticity and cognitive
processes that counteract aging and neurodegeneration.

Another important component of sports epigenetics is the interplay between nutrigenomics,
nutrigenetics, sports performance, and genetics. Nutrigenomics and nutrigenetics are
experimental approaches using genetic testing technologies to explore the role of individual
genetic differences in an athlete's adaptation to dietary factors. Considering these factors is
undoubtedly essential when evaluating the influence of genetics on sports performance, as an
individual's dietary and nutritional strategies, being environmental factors, can affect athletic
outcomes. Personalized nutrition for elite athletes based on genetic profiles aims to optimize
health, metabolic processes, and sports performance. Sports nutritionists successfully apply
extensive verification of dietary recommendations across all general nutrition guidelines for the
population to account for different athletic groups.

The variability in phenotypic adaptation of an athlete induced by physical activity can be
partially explained by epigenetic factors, although specific exercise-induced changes remain
under-researched. A critical task for scientists is determining the type, intensity, and frequency
of exercise necessary to maintain the epigenetic memory (e.g., at the DNA methylation level) of
exercise adaptations that may persist over a long time. If such advances are achieved, this
information could be used to optimize sports training programs or enhance recovery processes
post-injury.
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PA3JIEJI 1. POJIb HAPYIIEHUI HACJEJCTBEHHOI'O ATIITAPATA KJIETKHA B TATOT'EHE3E
HACJIEJCTBEHHBIX 3ABOJIEBAHUM

BBEJEHUE

B mpakrtnyeckoll MeauimHe BCE damle BOCTPEOOBAaHBI METO/IBI I'€HETHYECKOI0 TeCTHPOBAHMS B
paMKax IPEIUKTUBHOM MeauuMHbl. lIpu 3ToM ciegyeT omiM4aTh IOHATUSA «reHerHdeckuid tecr — I'T»
(genetic test) u «reHermveckmii (Mosekyiasipublii) ananu3z — I'A» (genetic assay). IlepBoe moHsTHE
OTHOCHUTCSI K YK€ BBISBICHHBIM M HOJTBEP)KICHHBIM IHArHOCTHMYECKHM TIeHaM-MapkepaMm. B otnmuume ot I'T,
pe3yabTaTthl 'A HMeEOT NPOrHOCTHYECKHI XapaKTep U TPeOYIOT Ja/IbHeIINX MOATBepPKAeHU, Mpexe
YyeM 00peTyT CTaTyc reHeTHYecKOro Tecrta. [lojyueHHbIE HA NOCTATOYHO OOJBIIOW BHIOOPKE MAIEHTOB,
MOJIKPEIUICHHBIE YOCAUTEIBHOM M0 YMCIEHHOCTH TPYINIONW KOHTPOJISI MOJIEKYJISIPHBIE aHAIN3bl NOJIUMOpdH3Ma
OTICTBHBIX TE€HOB JaXKE€ B YCIOBHUSX OJHOM IMOIYJISIIMH WM HACEICHUS OIHOTO PETHOHA MPUOIMKAIOTCS K
KPUTEPHSIM, IPEABABIIEMBIM K TEHETUYECKOMY TECTY.

I'eneTnueckoe TecTUpOBaHME B JOCHMOTOMATHYECKMHA IEpUOJ JaeT BO3MOXHOCTb BBIIBHTH
CYIIECTBYIOIME ITOKa TOJIFKO B FeHOME (HE BEIpaKCHHBIC eI ()EHOTHIHYECKN) HACIEACTBCHHBIE TCHACHIINH K
pasButHio Oynymux Oone3Heil. CienoBaTelbHO, '€HETHYECKHH TECT IO3BOJIIET HMCXOMAS W3 COBPEMEHHOIO
BpayeOHOTO OIbITa, HAMETHTh ITyTH MOHHUTOPHHTA 3THX OONe3Hed M pa3paboTaTh METOABl MX paHHEH
npodunaktiky. Ha 0CHOBE FeHETHYECKOTO TECTUPOBAHMS MOXKET OBITh NOJTydeHa HH(OopManus O TOH HIH HHON
CTETIEHM pHUCKAa pPa3BUTHUA YyKa3aHHBIX 3abosieBaHuid. biaromaps sToMy Bpad, HOpUHHUMas BO BHHUMAaHHE
pe3ysbTaThl  MOJIEKYJISIPHO-TEHETHYECKOTO — aHaln3a, MOXET pa3paboTaTh TaKTHKY HaTOTCHETHYECKU
00OCHOBaHHOW yNpeXJAlolleil Tepamuy, TO eCThb BHECTH HEOOXOIMMYI0 KOPPEKIHIO BPOXKIEHHOTO
MeTabOoIHUECKOro Aedekra.

O4eBHIHO, YTO B pE3yJbTaTe ATUX MCCIEAOBAHUHM MPOUCXOTUT HAKOIJICHHE JAHHBIX, KaK O TeHOME
OTACTBHBIX WHAWBHUJIOB, TaK M O ILEJIBIX CEMbSIX, TO €CTh IOCTENIEHHO (HOPMHUPYIOTCS HHIWBHAyalbHBIC U
cemeiinapie 0a3pl JJHK-manapx. JTa 6a3a JJHK-1aHHBIX H SIBJIsSIeTCH «T€HETHYECKHM MACIOPTOM.

Takum 00pa3oM, TeHeTHYEeCKHii MACHOPT MpeacTaBiseT co0oil nHauBHUAyanpHy0 0azy JJHK-manHbIX,
OTPAXKAIOIIYIO YHUKAIBHBIE TEHETHYECKHE 0COOCHHOCTH Ka)KIOTO YEJIOBEKa, €0 MPEIPaCTIONOKEHHOCTh K TeM
WJIN MHBIM HACJIC/ICTBEHHBIM 3200JICBAHUSIM.

B Hacrosee Bpems yke Ha OCHOBE MMEIOLINXCS JaHHBIX BIIOJHE ONPABJAaHHO TECTHPOBAHUE MHOTHX
T€HOB-MapKepOB, aCCOLHAIMIO KOTOPBIX C TSHKEIBIMU 3200J1€BaHUSIMU MOKHO CYMTATh JTOKa3aHHOM.

Wudopmanus, conepkamasics B TEHETHYECKOM MACIOpTe, IOMOraeT HW30eXarh IMOTEHIUAIBLHO
BO3MOXKHBIX HapyIIECHHH 3J0pOBbsl YEIOBEKa, CBA3aHHBIX C UTHOPUPOBAHUEM WHIMBHIYaJIbHBIX OCOOCHHOCTEH
TeHOMa, CHEeUU(PHUIECKUX XapaKTepUCTHK HacleICTBeHHOCTH. C JpYyroil CTOPOHBI, Takue JaHHBIC MO3BOJISIOT
4eloBeKy Oojiee IOJTHO peajn30BaTh CBOM TE€HETHYECKHE CIIOCOOHOCTH M MPEACTaBIAIOT HECOMHEHHYIO
LIEHHOCTH I IOTOMKOB.

ITo muenuto B. C. BapanoBa u O.C. ['moToBa, WHANBHyaTbHAs TeHETHYECKas KapTa (TCHETHYECKH
MIAcIIOPT) MPETIOJIaraeT ciIeIyoIne OCHOBHBIE Pa3Ieibl:

(1)cob6erBenno nacmoptHbie qanHbIe (@ U O, Tox poxIeHus, HAIIMOHATBHOCTD);

(2)xapuOTHUTI TAIIUECHTA;

(3)coOcTBeHHBIN  WACHTU(GHUKAIIMOHHBI ~ TCHETHYECKUH  HOMEp, IOJYYCHHBIH  METOIOM  TeHOMHOM
JIAKTHIOCKOIMHU M PEICTABISIONIMN co0oii uncio u3 12 mudp;

(4)pe3ynbTaThl TECTUPOBAaHUS HAa OECCUMIITOMHOE HOCHTENLCTBO (TETEPO3UTrOTHOCTH) MyTalWi Hamboiee
YacTHIX MOHOTEHHBIX OOJIe3HEI;

89



(5)ocUMITOMATHYCCKYIO IUATHOCTHUKY OO0JIe3HEH ¢ mo3mHel MaHudecTanmei;

(6)pe3ynbTaThl TECTUPOBAHUS T€HOB-MapKEPOB YacThIX MYJIbTH()AKTOPHATBHBIX O0JIE3HEH;
(7)MeaUKO-TEHETHYECKOE 3aKIIOYEHHE MO pe3yldbTaTaM TIEeHETHYECKOrO KOHCYNBTHPOBAaHHS IO M TIOCHE
TEHETUYECKOT0 TECTUPOBAHMS;

(8)pexoMeHIaIMU MO pe3yabTaTaM IE€HETUYECKOTO TECTHPOBAaHUS JUIA KOHCYJIbTHPYEMOTO W IJs Jedallero
Bpaua.

I'enernueckas kapTa (TEHETHYECKHH I1acloOpT) B MOJHOM BapHaHTE [OJDKHA BKIIOYATh B ceOs
pe3yNbTaThl HMCCIEAOBAHUS HE TONBKO TE€HOB IIPEIpPACIIONOXEHHOCTH, HO WM CBEICHUS O OECCHMIITOMHOM
HOCHUTENBCTBE MYTAalMii T'€HOB HamOoJiee YacThIX HACIEACTBEHHBIX OOJe3HeH (TeTepOo3UroTHOCTh IO T'eHaM
reMouimy, MyKOBHCIH103a, (QEHHIIKETOHYpHUH U JIp.). [IpakTrdeckn BOCTpeOOBaHHBIM SIBIISIETCS] TECTHPOBAHUE
HACJIEICTBEHHOHN TIPeIpacloIOKEHHOCTH 10 KaKOW-TO OJHON MM HECKOJBKHUM HO30JOTHSM, B OTHOIICHUU
KOTOPBIX, COTJIACHO PEe3yJIbTaTaM IpPeIBAapUTEIBHOTO MEIUKO-TeHETHUECKOro KOHCYJIbTHUPOBAHUS, y MAallUEHTA
HUMEIOTCS HaClIeACTBEHHBIE PUCKH.

IMoarBepauna cBoo  3(GQGEKTUBHOCTb TreHeTHYecKassh Kapra (reHeTHYeCKHMil  macmopr)
PeNnpoayKTHBHOIO 310poBbs, cocTaBieHHas HMM akymepcrBa u runekonorun uM. JI. O. Orra C30 PAMH
(Cankr-IletepOypr). Ilomumo aHanM3a KapHOTHUIIA M TECTHPOBAHHMSA HAa HOCHTEIHCTBO MYTALMH TSDKEIBIX
HAcJEICTBEHHBIX 3a00JeBaHMi (T€TEPO3MIOTHOCTh) Yy CYNPYTOB, IUIAHHPYIOIIMX peOeHKa, BaKHOE
MIPOTHOCTHYECKOE 3HAUCHHE UMEET NCCIIeIOBAHNE JKEHIMHBI TI0 TCHHBIM ITaHEISIM 3a00JICBaHUH, OCITOKHSFOLINX
OEpEeMEHHOCTh, Pa3BHTHE IUIOAA, POIBI M MOCIEPOJNOBBIM IEpHOA (TeCTO3bl, NPUBBIYHOE HEBBHIHAIINBAHMUE,
BapuKo3Has 00Je3Hb, (peTorIaneHTapHas HeA0CTaTOYHOCTD).

[lpuHrMas Bo BHUMaHHE 3HAYCHHWE JAHHBIX T'€HETHYECKOr'o IIacropra Uil 3/0pOBbsi peOeHKa,
TrapMOHUYHOIO (OPMUPOBAHUSI €ro JIMYHOCTH, PalMOHAIBHOTO NHTaHMs, 3((PEKTUBHOrO 00pa3oBaHus,
CHOPTHBHBIX 3aHATHH, ONTHMAIBHON MPOGOPHEHTAIIMH U BO3MOXKHOCTH YIPEAUTh pa3BUTHE psijia OoJe3HEH C
no3qHed MaHuQecTaluei, COCTaBIeHHE TaKOr0 TeHETHYECKOTO0 TecTa B pPAaHHEM BO3pAcTe MpEACTaBILSIETCS
BITOJIHE OIPaBIAHHBIM.

Kpome Toro, B ceMbsix BRICOKOTO pHCKa 110 1radery 1-ro u 2-ro Tumna, OpoHXHaJIbHOW acTMe, CHHAPOMY
BHE3AaITHOH CMEpPTH, HApyHNICHUSM CEpACYHON IPOBOAUMOCTH M PUTMA, META0OIMYECKOMY CHHIPOMY U
O0KHUPEHUIO, a TaKKe NPHU psAAe APYTHX HO30JIOTHIl BIOJIHE ONPABIAHHBIM MPEACTABIACTCS YIPEAUTENBHOE
TEeHETUYECKOE TECTUPOBAHHE YK€ B paHHEM Bo3pacTe. PasymeeTrcs, 4TO MPOBOIUTHCS TAaKOE HCCIIEAOBaHHE
MOKET TOJBKO C COIJIaCHA POJUTENEH, MO HANpAaBICHUIO Bpada Meauarpa M IOCIEe KOHCYIbTAllUH CEMbBH
BpadoM-TeHeTHKoM. HakarumBaercss mH(GOpMAaLs U O TeHaX-MapKepax, TECTUPOBAHHUE AJUICIBHBIX BAPHAHTOB
KOTOPBIX O3BOJIIET OLEHUTh IPUTOAHOCTD NOJAPOCTKA K TOMY MJIM UHOMY BUAY CIIOpTa.

TexHomorus cekBeHHpoBaHUS »dk3o0Ma - WES mo3BonseT wu3ydaTh CTPYKTYpY, T'€HETHUECKHE
NoJAUMOPGHU3MBI ¥ (PYHKIUHM Pa3IMYHBIX BApUAHTOB I'€HOB B T€HOME B MpejeNaX OIPENeNICHHBIX MOMYJISIHMA.
OT0 crnocoOCTBYeT MOHMMAHHUIO HACIEJCTBEHHBIX MEXAHH3MOB KOHKPETHOTO MOHOTEHHOTO 3a00JieBaHUS WIH
MYJIBTH()AKTOPHOTO (TIOJMICHHOT0) 3a00JI€BaHMs M JIeNIaeT BO3MOXKHBIM MX TOYHYIO ITUArHOCTUKY, MOBBILIAET
3G PeKTUBHOCT, TNPOGUIAKTUKA M JiedeHHs. JlaHHOe HampaBleHHE CTUMYJIUpPYET OBICTpOE pa3BUTHE
MOJICKYJIIPHOM TNpPEeIUKTUBHON MEAWIMHBI M CTIPYKTYyp TEHETHYECKOro TacmopTra KakK CTYNEeHBKH K
KJIMHAYECKOMY TeHEeTHYeCKOMY IACHOPTY, MOJIYYEHHOMY B pe3ylbTaTe JaHHBIX CEKBEHHPOBAHHS 3K30Ma
(trexnomoruss WES).

Hanmpumep, B penpoayKTHBHOW MeAWIMHE, B YacTHOCTH, IIPH IUIAHHUPOBAHWH OEPEMEHHOCTH
HEOOXOAMM KOMIUICKCHBIM IOJXO0J, OCHOBAaHHBI Ha I[EJIOM pAIC MOJEKYJISAPHBbIX, TIeHeTHYeCKHX,
HHUTOreHeTHYECKUX H IMOPHOJIOrHYeCKHX METOI0B.

KinnHuyecko-reHeTHYeCKU  [aclopT, TEeHETHMYECKOE KapTUPOBAaHHE M CEKBEHHPOBAHUE HOBOTO
MTOKOJICHUS IPUCYTCTBYIOT BO BCEX 00JACTAX MEAUIIMHCKON HAyKH, IO3BONIAS KIMHUYECKON MEIMIIMHE pelaTh
Ba)XKHBIE PENPOJYKTUBHBIEC MPOOIeMbl. B yacTHOCTH, B 001aCTH TakMX pa3/esioB MEAUIMHBI, KaK HEMHBa3UBHOE
npeHaranpHoe Tectupoanue (HWIIT) wnm CKPUHUHT MOHOTEHHBIX W OJIMTOTEHHBIX 3a00JIEBaHUN ITyTeM
00OHapy)KeHHs ATOTEHHBIX BAPUAHTOB y IPOOAHA0OB U CEMeil C BHICOKUM PHCKOM; INITaHUPOBaHUE OEPEeMEHHOCTH
C UCTIOJIb30BaHUEM IPEIUMIIIAHTAIIMOHHON reHeTndeckoit auarnoctuku (III°]]) u neueHus; u moaTBepKICHHUE
JIMarHo3a, IEPCHEeKTUBHO paclpoCTpaHsmomeecss Ha OLEHKY pHCKa MyJbTH(GAKTOPHBIX Oojie3Hed u
MH(EKIHOHHBIX 3a00JICBAaHUI B JIONOJHEHWE K HACHTH(UKAINN (ECHOTHUNNYECKUX NPU3HAKOB Y JIOJCH.
CrienyeT OTMETUTh KPUTHYECKH BaXKHbIE OOHOBJICHHS B T€HETHYECKONH TEPMUHOJIOTHH OTHOCHTEIHHO HEJABHO
MOSIBUBLINXCA METOIOB. BMecTO 001enpUHATBIX TEPMUHOB «MYTalus» M «mojaumoppuszm» B 2015 u 2017
rojgax AMEpPUKAaHCKUI KOJUICDK METUIIMHCKOW TeHetwkn u TeHoMuku (ACMG) um Poccuiickoe 00IecTBO
MEIMIUHCKONH  TEHETHKH, COOTBETCTBEHHO, PEKOMEHI0BAJM HCHOJb30BATH TEPMHH  «BAPHAHT
HYKJICOTUIHOI MOCJIeJ0BaTeIbHOCTH» €O ciaeayomumu moaupukaropamu: (1) P - narorenunsiid, (2) LP —
BO3MO’KHO MATOTeHHBIH, (3) HeompenejdeHHAs] 3HAYUMOCTD, (4) BepoSTHO N00poKavyecTBeHHbIN Wi (5)
J100poKaYeCcTBEHHBI.
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Texnonorus WES mno3Bomsier ObicTpo ¥ 3(D(HEKTUBHO HICHTH(DUIIUPOBATH CpPa3y HECKOJIBKO
HACJIECTBEHHBIX 3a00JieBaHUN y JI000r0 dYenoBeka. B wacTHOCTH, 3TO KacaeTcsl CJay4aeB COBMeECTHO
HacJielyeMbIX X-CIeIUIEHHBIX H ayTOCOMHO-IOMHHAHTHBIX (JOPM MaTOJIOrHii: MXTHO3a, 60Je3HU BuibcoHa
U TeMOXpoMaTo3a. 3Hasi MOJIeKYJisipHble JTe(eKTbl, KOTOpble NPUBOAAT K pPa3BUTHIO 3a00.ieBaHMs,
MAIMEHThI MOTYT MOJYYHTH M0JIb3Yy 0T HanboJiee aJIeKBATHOTO MOCJIEIYI0IIEro Ha0 0 eH sl

BousbIuHCTBO 32001€BaHKil HE SIBISIOTCS MOHOTCHHBIMH, MIO3TOMY IMPEXK/IE, YEM OICHUBATH CTEICHb
pHcka 3aboseBaHHss HEOOXOIMMO MPABUILHO MOHATH MPHUPOJY 3a0oseBanus (T. €. MOHOT€HHOE, OJIMFOTECHHOE
WK MHOTO(AKTOPHOE COCTOSIHUE), UTO HE BCeraa Jierko. OTKPHIBAETCS] BO3MOXKHOCTD BBISIBIISATH JIMII C BBICOKAM
TCHETUYECKUM pPHUCKOM HauOoliee 4YacThIX MAaTOJIOTHH (Iuaber, CcepAeYHO-COCYHCThIe 3a0oseBaHus,
OHKOIIATOJIOTUSL M T. ZI.) B JI000OM Bo3pacte. CuTyauusi ¢ MHOTO(GAaKTOPHBIMH 3a00JIEBAHUSMH HECKOJIBKO
CJIOJKHEE, MOCKOJbKY M3MEHEHHUS B T€HOME BIMSIOT Ha ITHUOJOTHWIO 3aboseBaHMsi, MpU 3TOM O0JbLION Habop
TeHOB Mpejpacronaraer kK 3adosieBaHuio (heHOMEH ajyIuTHBHOCTH). Kpome TOro, moMMMO HACHEICTBEHHOTO
(axkTopa, MpeaPaCHOJIOKEHHOCTh K 3a00JieBaHUI0 (opMHpYyeTcsi 0OJbIINM KOJUYECTBOM (haKTOpOB
OKpY:Kamolleid cpenbl, B TO BpeMsi KaKk HacJeIOBaHHEe He TOMJIEKHT O0bSCHEHUK TOJbKO 3aKOHAMH
Menpensi. J[eficTBUTENFHO, WICHTHYHBIC JUATHO3bI MOTYT OBITh BBI3BAHBI Pa3HBIMU (HAKTOpaAMH PHCKA U
STHOJIOTHSAMH y pasHbIX Joged. B atux cinydasx texuonorus WES mpeiaraer pandoHaabHbBIE alITOPUTMBI, C
MOMOIIBI0 KOTOPBIX MOXHO HACHTU(PHUIUPOBATH TCHETHYECKHE MapKephl CIOKHBIX 3a00JieBaHHi, Haxe B
OrpaHUYCHHBIX BBIOOPKAX.

IMogBoAss UTOT MOMKHO CKa3aTh, YTO KOHLEMHIHUS MPEAUKTUBHON MEIUIUHBI — HCIOJIb30BAHUE
KJIMHUYECKO-TEHETHYECKOTO MACIOpPTa Ul PEUICHHsT MPOoOJIeM MpeA3adaTOYHOr0 CKPUHUHIA, POXKICHUS
3MI0POBOTO TIOTOMCTBA, JUATHOCTHKU ¥ TNPOMUIAKTHKA MYJbTH(QAKTOPHBIX 3a00JIeBaHUIl, a TaKKe
HHQPCKIIHOHHBIX 3a00JIeBaHUil — JO0/DKHA omupathes Ha TexHojormu NGS, kak Ha (QyHIAMCHTAIbHBINA
HHCTPYMEHT C HCIOJNIb30BaHHEM CIICIHATH3UPOBAHHBIX 0a3 JaHHBIX, AJITOPUTMOB, OHOWHGOPMATUKHA WU
TCHETHYCCKUX MOJIb30BATEILCKAX KOHIICTIIINI IKCIIPECCUH U TICHETPAHTHOCTH.

MOJIEKYJISIPHASI IMATHOCTUKA MOHOT'EHHBIX U IMMOJUTEHHBIX 3ABOJIEBAHU

[Tpumenenne NGS B MEOMIIMHCKUX HCCIEIOBAaHMAX MHOTOTpaHHO. Ilo cBOeMy HAa3HAYCHUIO METOJBI
CEKBEHMPOBAHUSI MOXHO PA3IEiINTh Ha cliexytomue rpynnsl: (1) aHann3 Bcero reHoMa (CEKBEHHPOBAHHE BCETO
reaoma, WGS); (2) aHanmu3 reHOB, KOAUPYIOMHX OeJOK B reHoMe (cekBeHmpoBaHHe Bcero dk3oma, WES); (3)
aHaJM3 TI0CIIeI0BATEIbHOCTEH TCHOB, BBI3BIBAIONINX OIpE/eICHHBIE 3a00IeBaHMs (OT SK30MOB, OXBATHIBAFOLINX
okoio 4000-5000 KIMHUYECKH 3HAYUMBIX TEHOB, 10 HAOOpPOB I HEOONBIINX HEIEBBIX OONACTEH W3 OJHOTO—
Tpex TeHoB); (4) cexBeHupoBaHue TpaHckpuntomMa (PHK-cexBenupoBanue); u (5) aHamu3 OHOIOTHYECKOTO
pa3Hoo0Opa3us GaKTepUATLHOIO MUKPOOHOMA.

Y4uuTeIBasd, U4TO IENBIO SIBIAETCS OTPaHWYEHHE HCCIEAOBAaHMS MOCIENOBATEIBHOCTIMHU HYKJICOTHIIOB,
KOIUPYIOUHKX OeIoK, AJIsl BEISIBIICHUS peAkuX naronorndeckux SNP, BcTaBok, Jenennii, KOTopble MOTYT JIeXKAaTh
B OCHOBE 3a0O0JICBaHWS, WJIM BBISBJICHUS HOBBIX TI'€HETHYECKHUX MAapKEpOB OJIMTOTCHHBIX 3a00JIeBaHUN U
MyJIbTU(AKTOpHBIX 3a0oieBanuii, WES sBisiercst Oonee skoHOMU4YecKH 3(PQEKTUBHBIM MeTonoM, yeM WGS.
WES 3arumaer ocoboe mecto cpenu tectoB NGS. YUUTBIBas €ro OTHOCHTEIHHO HU3KYIO CTOMMOCTh, WES B
HacTosIIee BpeMs OoJiee MPUBJIEKATEICH B KIMHNIECKUX ycnoBusax. Kpome Toro, WES no3BosieT cymmecTBeHHO
MUHUMH3HPOBATH pa3Mep aHaTU3upyeMoii 6a3el qaHHBIX 10 6 ['B, B otmmane ot WGS (90 I'B).

Bbnaromapst ykasanueiM kadectBaM WES cTaHOBHTCS HepBOOYEpEeIHBIM METONOM OOCIECIOBaHMS UIA
CIIOKHBIX HCCIIENOBAaTeNbCKUX W mpaktmdecknx neineid. WES/WGS mo3Bomsier uaeHTHOUIIMPOBATE HOBEIC
HEW3BECTHBIEC WIN PEAKHE BapHAHTHI, KOTOPHIE CBSI3aHBI ¢ 3a00JICBAaHNSIMH WIN OYEHb PEAKUMHE MaToNOrHsIMu. B
9Ty TpYyHIy TakXke CcJeIyeT OTHECTH T'€Hbl HpPeIpacloyOKEHHOCTH, KOTOphIe NMPHCYTCTBYIOT B HEKOTOPBIX
MOMYJIALUAX, HO 0 CUX TI0p HE YYHUTHIBAIUCH B ITU(depeHInanbHON TMarHoCTUKE U HEe CUUTAINCh MPUYNHOM
3aboJieBaHusl.

CekBeHMpOBaHME  BCEro  9K3oMa  (HMCClieloBaHWE,  KOTOpOe  IO3BOJIAET  pacmmdpoBarh
MOCTIeI0BATENbHOCTh T€HOB, KOAUPYIOMIMUX OCJIKH, U BBIABUTH NATOTCHHBIE (OMAaCHBIC) T€HETUYECKIE BapHAHTHI,
KOTOpBIE OBbIIM yHACIIEOBaHbl OT POJUTENICH WIM BOZHUKIN ciydaiHo, WES) ucnonb3yercst Uit mpoBeIeHust
MaccoBOTO CKPHHHHTA CTPYKTYPHBIX W PETYJISATOPHBIX TEHOB C LENBIO OIPEACICHHS 4YacTOT aureseit
MOJTMMOP(HU3MOB, CBSI3aHHBIX C 3a00JE€BaHUAMH, B PA3JIMUHBIX MOMYJNUAX W, TAKUM 00pa3oM, OOHapyXEeHUS
MIATOTCHHBIX TEHETHYECKMX M3MEHEHHH (MyTalWi WM MOJMMOpP(U3MOB), CIIOCOOCTBYIONINX BO3HHKHOBEHHIO
HapyUIeHHW IocjeqoBaTenbHocTeld OenkoB. brnaromapst cBOMM OOLIMPHBIM BO3MOXHOCTSIM, CEKBEHHPOBAaHHUE
9K30Ma CEerojHsA TI03BOJIAET, KaK JHAarHOCTHPOBAaTh MOHOIeHHBIe 3aboneBaHus (M3), Tak M HPOBOIUTH
oOcnenoBanue, Kazanoch Obl, 3JOPOBBIX IOMYJSIMN Uil BBISABICHUS IIUPOKOTO CIIEKTPa MOTEHLUAIbHBIX
PHCKOB J10 TIposiBiIeHHs 3a00seBaHus. ['eHeTHUeCKHid MacrmopT YesoBeKa ONpPEAessIeTCsl KaKk HOBasi KIIMHHYECKast
KoHUenuusi Ha ocHoBe WES s uaeHTH(UKANIMM HOBBIX T'€HOB-KaHJIMIATOB, BAapHaHTOB TE€HOB U
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MOJICKYJISIPHBIX MEXaHH3MOB B JMarHOCTHKE, NPOTHO3MPOBAaHMU M JICUCHUHM MOHOTEHHBIX, OJIMTOT€HHBIX M
MHOTO()aKTOPHBIX 3a00JI€BaHHH.

Taxke HEOOXOIMMO OTMETHTbD, YTO LUTOTCHETHYCSCKUIA METOJ] HCCICIOBAHIN TaKXKe HE YTPAaTHI CBOCH
aKTyaJbHOCTH NPH (OPMHUPOBAHHU T'€HETHYECKOro macroprta. HekoTtopble BHABI Jenenuil (MUKpOASNenuid) 1
TpaHCIOKaHi (cOamaHCUPOBaHHBIE TPAHCIOKALMN) BCTPEYAIOTCS JOBOJBHO YaCTO U MOTYT PaccMaTpUBAaThCs B
KAueCTBE CEpbE3HOM MEIUIMHCKON NpOoOJIeMbl, HanmpuMmep B OOJACTH PENPOAYKTUBHOW MENUIMHE WIH B
OHKOJIOTHH (TIOTEpS TeTePO3UTOTHOCTH).

CreoBaTeNbHO, JaHHBIC LUTOTCHETHYECKOTO aHAIW3a SBILIIOTCS  BaXHOH  COCTaBIsromIeH
TeHEeTHYECKOro MaclopTa.

MOHOI'EHHBIE 3ABOJIEBAHUS YEJIOBEKA

baza nanaeix OMIM (1o coctosnuro Ha 1 utoHs 2023 r.) BIItOYaeT 3anucy At 7377 HacleICTBEHHBIX
3a00JICBaHUN W CHHAPOMOB, a TaK)KE HUX MOJICKYJSApHbIX accouuarnuit. K HuM oTHOCsTCs 6305 (eHOTHUIIOB,
CBS3aHHBIX C OIHMM TEHOM, T. €. ITOKAa3bIBAIOIINX MOHOTCHHYIO IPHPOLY TEHETHYCCKOTO TIPH3HAKA WIIH
CHHIpOMA. DTO BO MHOTOM OBLIO TOCTUTHYTO OJarofapsi akTuBHOMY BHenpennto WES.

Texnonorus WES obecrieunBaeT HaJAS)KHYI0 METOIUKY TUATHOCTHKUA MOHOTEHHBIX 00JIe3HEH y JItojIeH.
B uactHocTH, mpumenerne WES B xadecTBe 00cieI0BaHUS NEPBOH JIMHUM ISl TCHETUIECKON MTUATHOCTHKH H
MIPY UANOTIATHIECKUX PAcCTPOICTBaX Yy MPOOAHIOB € «Pa3MBITEIM» (EHOTHIIOM. B 3TOM ciydae, y maieHToB CO
CMa3aHHON KIMHUYECKOW KapTHHOH muddepeHnnanbHas muarHocTrka ¢ WES HeoOxomuma IS BBISIBICHUS
MIEPBONPUYHHEI 3a00JICBAHHUSI.

Hamnpumep, B KHP Gbuto npoBeneHo uccnenosanue ¢ npumenenneM WES s uzydenus 169 nereii c
BPOX/ICHHBIMH aHOMAIUAMH pa3BUTUSA (MenuaHoil Bo3pacta 10,5 MecsueB) M MOHOTEHHBIX OoJe3HEH.
MoHoreHHbIe paccTpoiicTBa ObUTH JAHarHocTHpoBaHbl y 43 (25%) manmentoB. IlaTtonornu ¢ camoil BBICOKOM
gacToTol BKmIrodanu Mertabomndeckue (33%) u  HepBHO-MbImeuHble (19%) 3aboneBaHus, a Takxke
MHOXecTBeHHbIE nedopmanuu  (14%). DddekTuBHOCT, TUATHOCTHKH Yy JETeH C METa0OIHMYSCKUMHU
paccTpoiCTBaMH, HAPYIICHHEM POCTa WIIA aHOMAaJIHAMHU 3PUTEIHHOTO aHAJIM3aTopa CYIICCTBEHHO IMOBHICHIIACH
mocje TOrO, KaK CTaJld JOCTYNHBI MOApoOHBIe KiMHWYeckrne naHHple. Jlanaple WES mo3Bonmnm BHeCTH
koppektuBEl B 30 (70%) ciydasx, BKIIOYas Havajlo MOHHTOpuHra 3abomeBanms B 41,9% (18 ciydaes),
peadmInTanyio U NaJUIHATHBHYIO TIoMomlh B 27,9% (12 ciny4aeB), m3MeHeHHE TeKymiero jJedeHus B 25,6% (11
ciIydaeB), APYTHe KOMIUICKCHBIE MPOIeIyphl OleHKH B 7% (3 ciydas). Eme ogHMM mprMepoMm BepHQUKanu ¢
nomomsio WES cioxHONW (OpMBI MOHOTEHHOTO 3a00JICBaHUS SBISACTCS Clydall aHaimu3a o0JacTH TOpsSYeH
TOYKA B MPOMOTOpE reHa 3HIopuOoHyKieasbl mporeccuara PHK ( RMRP) y mpobaHma ¢ KpalHEe penKoif
ayTOCOMHO-PEIIECCUBHOM CKENEeTHON XOHIpoaucIia3uei (aHaykcernueckas mauciiaszus, AD). ['etepo3urotasie
BapuaHnThl  1s387906533 (n.91 92delinsGC) HykneoTuaHOH  mociemoBarenbHocTH  (chr9:35657924-
35657925delCTinsGC) Obutn oOHapykeHbl B 3k30H¢ | rena RMRP u HeusBecTHas 3amMeHa n.—6 —
SinsTCTCAGCTTCAC (chr9:2.35658020 35658021insTCTCAGCTTCAC) B o0jactd IpoMoTOpa TIeHA.
Bapuanr mnpencraBiser coboii BcraBKy u3 12 HykieotunoB Mexay TATA-Ookcom M Toukoi crapra
Tpanckpunuuu. [Ipm 3ToM, ObuTo oOHapyxeHo, uro Myramua n.—6 —SinsTCTCTCAGCTTCAC wumena
OTIIOBCKOE TIpoucxokaeHue, a myTannsd n.91 92delinsGC — matepuHckoe. Panee He coo0manock 0 KakKux-1m0o
JTOKa3aTeIbCTBaX OTHOCHTENBHO BCTaBKM B 00NacTh mpoMoTropa reHa RMRP Kak TpUYUHBL OOJe3HU
Anprreitmepa 0€3 BHECKEIICTHBIX MPOSBICHUN (TUITMYHBIX TSI HOCUTEINEH MOTOOHBIX MyTaLnii).

Takum obOpazom, texHomoruss WES mo3Bomser ObicTpo U 3(PQPEKTHBHO WACHTH(QHUIHUPOBATH Cpasy
HECKOJIbKO HACJIEJCTBEHHBIX 3a00JIeBaHWA y JOOOr0 dYeloBeKa. B YacTHOCTH, 3TO KacaeTcs CJIy4daeB
COBMECTHO HacJefyeMbIX X-CHeIVIEHHBIX H AayTOCOMHO-IOMMHAHTHBIX (OpM NATOJOrHMIl: HXTHO3a,
Oone3snn BuibcoHa M remoxpomaro3a. 3Hasi MOJIEKYJISIpHbIE /1e(peKThl, KOTOpble NMPUBOAAT K Pa3BHTHIO
3a00/1eBaHMs, MALUEHTBI MOIYT MOJYYUTh TO0Jb3y OT Haubojdee aJeKBATHOIO TNOCJIeIyIOLIEro
Ha0JII0eHHUS.

TEHBI-MOJU®UKATOPHI MOHOT'EHHBIX 3ABOJIEBAHUI

TeM He MeHee, 1ake 3HaHHE NaTOJIOTMIECKUX TeHOB M XapaKTepa MyTalni, BEI3BIBAIOMINX 3a00JIeBaHN,
HE BCErJa MO3BOJISIET C TOYHOCTHIO COCTaBHUThH IPOTHO3 B OTHOLICHUM KIIFOUEBBIX ACHEKTOB (DEHOTHITHUECKOTO
IposBIICHUS 3a00JIeBaHMA, TaKUX KaK BO3pacT Hagana OOJE3HH, CKOPOCTb IIPOIPECCHPOBAHMS MAaTOJNOTHH,
TSXKECTh U TPOSIBICHHE JPYTHUX COMYTCTBYIOIIMX 3a0ojieBaHMH. B nuTepaType HMMEIOTCS MHOTOUYHCICHHBIE
COO0OIIIeHN, B KOTOPBIX MALMEHTHI ¢ OJMHAKOBOM MEPBUYHON MyTalnueil 1eMOHCTPUPYIOT OTYETIINBBIEC Pa3Indns
B TPOSIBJICHUU TaTOJOTUYECKOro (DEHOTHUIIA, CKOpPEE BCEro, H3-3a TI'CHETHYECKHX JETEPMHUHAHT, KOTOpBIS
JIEUCTBYIOT Kak MoAu(HUKaTopbl. HakoIruleHHbIE KIMHUYECKHE W T'€HETHYECKHE JaHHbIE B HACTOSIIEE BpEeMs
CBUJIETEIBCTBYIOT O TOM, YTO TOYKA 3PEHHS O TOM, YTO AKCIIPECCHBHOCTH (DEHOTHUIA SIBISIETCS UCKIIIOUYUTEIBHO
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CBOMCTBOM JIOMHHAHTHBIX MJIM PEIICCCUBHBIX MYTAllMii B OJHOM JIOKYCE JaK€ B OTHOIICHHHM KJIACCHYCCKUX
MOHOTEHHBIX PAcCTPOMCTB, MOXKET OBITh YPE3MEPHBIM YIPOIICHHEM. B 3TOM CMBbICHe, SIBICHUS, OMHCHIBACMBIC
TaKUMH ~ TEPMUHAMH, KaK OJIHCTa3 WM T[CHETHYECKOEe B3aUMOJeicTBHE/MOMUDUKALMS,  SBISIOTCS
3G (QEKTUBHBIMA CHHOHHMAaMH OJHOTO M TOTO € Tpolecca, a HMEHHO, BIMSHHSA OJHOTO T€HAa Ha
(beHOTUIIMYECKUIT pe3yNnbTaT BTOPOro reHa. Pasnuuue, KOTOPOE MOXKET [OMOYb Jy4Ile ONPEACIUTh STH
TCHETUYECKUE SIBJICHHS, COCTOMT B YCTAaHOBICHHU TOTO, SIBISICTCSI JM NEPBHYHBIA JIOKYC OJHOBPEMEHHO
HEOOXOAMMBIM M JOCTATOYHBIM [UIsi BO3HHUKHOBEHHUs 3aboseBanus. Ecnm nma, To mpucyTcTBHe amensi(ei) BO
BTOPOM JIOKYCE/T€HE OKAa3bIBaeT YHUCTO MOTU(DUIMPYIOIIYI0O POJIb HA THKECTh (EHOTHUIIA, OMPEICISIEMYIO
CKOPOCTBIO TPOTPECCUPOBAHUS 3a00JICBaHUS; TSHKECTh (PCHOTHUIIA B OTHONICHHM €ro IUICHOTPOIHMM, WIA Ha
MPOSIBJIICHUE SHAOGCHOTHIIOB, KOTOPBIE TPEOYIOT TCHETHUYSCKUX B3auMojeicTBuii. HanmpoTus, ecimu HET, TO
TpeOoBaHHE ajuleNsi BO BTOPOM TIEHE ISl TPOSBICHHS IATOJIOTHH OINpelelsieT Cilyyadl IUTMeHHOTO WU
OJIMTOI'€HHOT'0 HacjeqoBaHus (pocTeiiniel (POpMbI TIOJUTEHHOTO 3a00JICBaHus ).

'eHeTryeckuii MOTU(PHUKATOP MOXKET OKa3blBaTh CBOC BIHUSHHEC Ha (CHOTHUI, YCTAHOBIICHHBIH
MyTaIUeH(sIMHU) B MEPBUYHOM JIOKYCE, HECKOJIBKUMH CIOco0aMu. B 3aBHCHMOCTH OT MPUPObl MOoaAUGHUKATOPA
3TO B3aUMOJICHCTBHE MOXET MPUBECTH K CHUIKEHHIO MEHETPAHTHOCTH OMPECICHHBIX dHIOPECHOTUIIOB W/UITU
pPAcCTPOUCTB; K MEPEMEHHOW 3KCIPECCUBHOCTH € MOJAMDUIMPYIONMM JIOKYCOM, YTO HPUBOAUT JHOO K
ycyryoneHHsIM (eHoTumaM (T. €. 0ojee paHHEMY BO3pacTy Hadajga M Oosiee OBICTPOMY IPOTPECCHPOBAHUIO
3a00JIeBaHMUs ), JIN0O, HATIPOTHUB, K OOJIee MATKON KIMHHYECKOHN KapThHe (T. €. 00Jiee o3 AHEMY BO3pacTy Hadaa,
0CIa0ICHHOMY MPOTPECCUPOBAHUIO 3a00JI€BaHKS 1 OTCYTCTBUIO/3AIUTE OT ONMPEACICHHBIX YHI0(DEHOTUIIOR).

MoauhukaTopsl, KOTOPbIEC YCUIUBAIOT MPOSBICHUE ONPEACICHHBIX HA0OPESHOTUIIOB MOTYT IIPHUBOUTD
K TOMY, YTO JAHHOT'O MOHOTEHHOE 3200JIeBaHIE MOXKET OBITh ONUCAHO, KaK HOBas opMma 3abosieBaHusl.

OJIMI'OTEHHBIE U MHOT O®AKTOPHBIE 3ABOJIEBAHUSL

HacnencreenHnble 3a0osieBaHWs, BBI3BAHHBIC IIATOICHHBIMHM BapUaHTaMHU B HECKOJIBKUX TeHaX,
BCTPEYAIOTCS ropa3fo Jaie, T. €. TaK Ha3bIBaeMbIe OJIUTOTCHHbIE HACIeICTBEHHBIE 3a00neBaHus. OIUTrOreHHbIE
3a00JIeBaHUs SBIAIOTCS TIPOMEKYTOYHBIM COCTOSTHHEM MEXKTy MOHOTEHHBIMH 3a00JICBAHUSIMH, CBSI3aHHBIMH C
OJHUM KOHKDPETHBIM JI€()EKTHBIM T'€HOM, ¥ MOJNUT€HHBIMU 3a001€BaHUAMH, BBI3BAHHBIMU HECKOJIBKUMH T€HAMHU
u GaKTopaMu BHEIITHEH CPE/IbL.

OunuroreHHsle  MOJENH, HaXe T€, KOTOphIE BKIJIIOYAIOT TOJNBKO JABa reHa (T. €. JUTCHHBIE WIN
OMIIOKYCHBIC), HO-TIPEXHEMY TPYIHO OOHAPYXHUTh U MPOBEPHUTH M3-3a TOTO, YTO BOBJICUCHHBIC BAPUAHTHI TCHOB
MOTYT OBITH [IOBOJIBHO PAaCIPOCTPAHCHHI B OOMIEH MHOMyJAMH, MOTYT WMETh MCEHBIIUH WHIUBHIYaTbHBIN
3pdexkT Ha (QYHKIHMIO TeHa ¥ MOTYT OBITh DAacIOJIOKECHBI B T'eHaX, KOTOpble HE BCErla H3BECTHBI, Kak
OMOJIOrMYECcKH B3auMOEHCTBYoNIHE. JlaHHbIe, CBS3aHHBIC C IUTCHHBIMH 3a00JIEBaHUSIMH, TIPOCTEIIel hopMoit
OJIMTOT€HHOCTH, OBUIM BICPBBIC COOpaHbl B 0Oa3e MaHHBIX AWreHHBIX 3a0oneBanuit (DIDA). Jlurennoe
HacienoBanue (DI) kacaercs matosoruii ¢ mpocreitmed (GpopMoON MyNbTUTEHHOW STHOJIOTHMH, BOBJIEKAaIOIIEH
6osee 1 reHa (1, BO3MOXHO, (hakTOphl OKpyxkaroteil cpensl). ctuanoe DI umeer mecto, Koraa OuaieabHbIC
MyTaluy B 2 OTJAENbHBIX T€HaX, B IIMC- WIIM TPAHC-TOJI0KEHUU, HEOOXOIUMBI U JIOCTATOYHBI JUISl TOTO, YTOOBI
BBI3BATh IATOJIOTHIO C ONpENCNCHHBIM anarHo3oM. basza mamHeix DIDA mo3Bosmia pa3paboTaTth HOBOE
MIOKOJICHHE TIPOTHOCTHYECKUX HMHCTPYMEHTOB, HAICJICHHBIX Ha KOMOWHAIMM BapHAHTOB, CBS3aHHBIX C
JUTCHHBIM 3a0osieBaHneM. ba3a MaHHBIX TaxkKe IMPeroCTaBIsIET HCXOIHYIO OLEHKY JOCTOBEPHOCTH UL KaXIOH
OJIMTOTCHHON KOMOMHAINY Ha OCHOBE JJOKA3aTEIbCTB, MOATBEPKIAIOIINX HX CBSI3b C 3200JICBAHUEM.

Jlsi ICTHHHOTO TOHMMAaHWS MEXaHH3MOB, NPHBOMAIMX K 3a00JICBaHUIO, TAKKE Ba)kKHA INPaBHIIbHAS
(yHKIIMOHANbHAsI OLICHKA TOTO, KaK BapHUaHTBl W T'CHBI ACHCTBYIOT CHHEPTHYECKH, BBI3BIBAs MATOIOTMYECKUH
¢denotun. «VICTUHHBIA OJMIOTEHHBI» CLEHApPHUH IperoyiaraeMOi OJMIOTeHHOI IMaTOJIOTHH COOTBETCTBYET
Cllydaro, KOTZa Bce BAPHAHTHI AOJKHBI MPHCYTCTBOBATH OJHOBPEMEHHO, YTO0OBI NMPOSIBUThH KaKkHe-Iu00
CHMIITOMBI 3200JIeBaHMsI, B TO BpeMsi KaK B CICHAapUM «MOHOTEHHBIH ILUIIOC MOJU(UKATOP» BapHaHT B
MEPBUYHOM T'€HE MOXKET MO-NPEKHEMY BBI3bIBAThH OoJiee JIETKHE CUMIITOMBI WM Apyroii cyodenorun. Kpome
TOT0, 0COOEHHO Ba)KHO HE TOJIBKO INPUCYTCTBHE MHANBUAYAIBHBIX BAPHAHTOB, PACIIONOKEHHBIX B PAa3HBIX ICHAX,
HO M CIIy4yaH, KOTJla TE€HBI CoJiepXaT FOMO3HIOTHBIE WJIM T'€TEepO3UTOTHBIE COCTABHBIE BapHUaHTHI, MOCKOJBKY
HaJUIeKAINe JI0KAa3aTeIbCTBA JOJDKHBI IIOKA3bIBaTh, YTO OTH OWa/UIeNbHBIC COOBITHS B OJHOM TEHE
HEJIOCTaTOYHbI Ui TOTO, 4YTOOBI BBI3BAaTh OKUIACMBIH NATOJOTHYECKMH (eHoTtun. Jpyrumu cioBamu,
TpeOyeMble [OKa3aTeNbCTBA OJUTOTCHHOW MPUPOXBI 3a00JeBaHMs MOJDKHBI IPOAEMOHCTPUPOBATH, YTO
OuaieNbHbIe COOBITHS (TETEPO3UTOTHOCTh) B OJHOM T'€HE HEIOCTATOYHBI JUIS TOTO, YTOOBI BhI3BATh (DEHOTHUIT
3a0oJieBaHus, IPU ITOM JIMIA, HECYLIME MYTallMU TOJBKO B OJHOM TEHE, SIBISIOTCS 3J0POBBIMH HJIM UMEIOT
MEHEE CEphe3HbIC CHMITOMBI. JTO O3HA4YaeT, YTO KOMOMHAIMS JUIEeHHBIX BAPHAHTOB CBf3aHa C
(¢eHoTunom 3adoJieBaHNS B paMKaxX MCTHHHOWH NAWTeHHON MOJeJIM, I/ie OJTHOBPeMEHHOe NPUCYTCTBHE
000MX BADMAHTOB Y HHANBUAYYMA HE00X0AMMO 1151 pa3BUTHS (peHOTHIIA 3200JIeBaAHUS.
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Eme omaum HalpaBJICHUEM I/IJIEHTI/I(l)I/IKaHI/II/I OJIUTOT€HHELIX 3a00JIEBaHMI SIBISETCS peaoOCTaBJICHUC
(I)yHKHI/IOHaHLHI)IX JI0Ka3aTeIbCTB B3aUMOICUCTBUI T'CHOB, YKa3bIBalOIUX Ha OJIUT'OI'CHHYIO KOM6I/IH8.HI/IIO B
3360H6B3HI/II/I, u pa3pa60T1<a OHOJIOTHYECKUX MCXaHU3MOB, B KOTOPBIC BOBJICUCHBI I'CHbl U NX BAPUAHTHI. I[J'I?[
NOJIy4CHUA (I)yHI(HI/IOHaJ'ILHBIX OJIMTOTCHHBIX AOKA3aTCJIbCTB OCHOBHOC BHHMMAHUC CICAYCT YACIATh HNPUIHNHHO-
CHe,I[CTBeHHOﬁ CBA3HU MCXKIY MHOXCCTBCHHBIMH BapHUAHTAMH I'€CHOB U HM3y4aCMbIM C’peHOTI/IHOM 3360HCB3HI/I$[, a
TAK)XKC AEMOHCTpAllU CHHCPIrUYCCKOro WM aJJUTHBHOI'O 3(1)(1)6KT8. (T. €. O0Ka3arcJIbCTBa TOIro0, 4TO Bd)d)eKT
KOM6I/IHaHI/II/I OTIIMYAaCTCA OT MHAUBHUAYAJIbHBIX 3(1)(1)CKTOB BapI/IaHTOB) C HCIIOJIB30BAHUEM OJOKCIICPUMCEHTOB in
Vivo W/ in Vitro. T.e., PACCMOTPCHUEC MATOTCHHOCTHU OJIUTOTCHHOM KOM6I/IHaHI/II/I Ha YPOBHEC I'¢Ha O4YCHb BAXXHO
JJIA TIOHUMaHus TOro, KaKk OHH ﬂGfICTByIOT CUHEPTUYCCKH, BbI3bIBAs 3a00JICBaHUE.

OJIMTOT'EHHASI 9TUOJIOTUSI HA IPUMEPE KAPJTMOMUOIATHMA

[ToHrMaHue poOJM HACIEICTBEHHOTO (hakTopa B MaroreHese 3a00JeBaHHs MMEET pellarliee 3HaueHHe.
SIBnseTcsl M PacCTPOWCTBO MOHO- WM OJIMTOTCHHBIM, WJIA MHOTO(AKTOPHBIM, OTBET YacTO MAajeK OT
oueBuaHocTH. Texnomoruss WES nomoraer orBetuTh Ha 3T0T Bompoc. Ilpumenenne WES nans BbisiBIEHUS
IIeCTH HOBHIX BapwaHTOB P (maroreHHwix) wimm LP (BeposTHO maroreHHBIX) TeHOB y 40 MammeHTOB ¢
runeprpoduaeckort (HCM, n=14) u mwrarammonnoii kapauomuonatuet (DCM, n=26). 'uneprpoduueckas
KapJIMOMHOTIATHS, BBI3BAHHAS BapHaHTAMH T'CHOB, KOAWPYIOMIHUX CapKOMEpHBbIE OCNMKH — TSDKEIyIo Lemb [-
muo3nHa (MYH7) u Mmuosus-csa3pBaromuii 6e1ok C (MYBPC3), — cocraBasieT 10 50% Bcex KINHHYECKUX
caydaeB: jerkas rnenmb mMuo3mHa 2 (MYL2), merkas memp mmoswHa 3 (MYL3) m cepaedHbiii TpormoHwH T
(TNNT2) B 5-10%, cepmeunsiii TponmonuH I (TNNI3) B 5%, cepaeunsiit Tpononun C (TNNC1) B < 1%,
cepaeunslit o-akTHH (ACTCI1) B < 1%, a-tpornomuo3us (TPM1) B 1,5% u Goratblif IHCTEMHOM U TJIHIMHOM
6ernok 3 (CSRP3).

B pesynbrare ObUIO YCTAHOBJIEHO, YTO MYTallMd CO CIABHMIOM paMmku cuutbiBanus (11:47372858,
c.A224insG+) B rene MYBPC3 u muccenc-myraunu (rs193922390, ¢.5135 G>A, p.R1712Q) B rene MYH7
SIBIIIIOTCS] TaTOreHHbIMU BapuaHTtamu Uit HCM. Muccenc-Bapuantsl, Takue kak 1s138049878 (c.2608 C>T,
p-R870C), 15727503260 (c.2302 G>C, p.G768R) u rs397516088 (c.1063 G>A, p.A355T) B reae MYH7 un
rs199476306 (c.188 C>T, p.A63V) B rene TPMI, Obutn omeHEHBI Kak BEpOsATHO maToreHHble i HCM.
Juarnocruueckuii Boixox WES nias HCM cocraBua 43% (1mecTh BapuaHTOB Y YSTHIPHAALATH MAIMEHTOB).
DTO MOCTAaTOYHO BHICOKas 3PPEKTUBHOCTH AMATHOCTUKH, TOATBEPKIAIONAS YIaCTHEe HEOOBIIOr0 KOJTMISCTBA
TCHOB B Pa3BUTHH MATOJOTHH.

MHOTI'O®AKTOPHBIE (IIOJIMT'EHHBIE) 3ABOJIEBAHUSA

K wmHorodaktopHsiM 3a00JeBaHUMSIM (TIOJUTEHHBIM 3a00J€BaHHUSM) OTHOCSTCS IPAKTHYECKH BCE
HauOoJIee pacPOCTPAHCHHBIC XPOHHUYCCKIE 3a00ICBaHUs YEJIOBEKa, BKIIIOYAs aTePOCKICPO3, AUA0CT, OKHPCHHE,
OpoHXHaJbHASL aCTMa, OCTEOMOPO3, FHIOMETPHO3, 3IOKAUYCCTBCHHBIC OIYXO0JIH, a TAK)KE HEHPOIICUXUATPUICCKUE
U CepJCYHO-COCYIUCThIC 3a00JICBaHUs, BO3HHMKAIONIMEC B pE3yIbTaTe B3aWMOJCHCTBUS MHOTHX TI'€HOB C
HeOJIaronpusATHEIMA (hakTopaMu OKpyXaromeil cpenpl. B Hacrosmee Bpemss MexxayHaponHas KITacCHPUKAIHS
6onesneit (MKB) Bkmouaer Gomee 55 000 HO30MOTHYECKHMX emuHHIl. [lomaBisiomiee OOJBITMHCTBO M3 HHX
OTHOCUTCSI K MYJIbTH(AKTOPHBIM 3a0ojieBaHusAM. Ilo coctosHuio Ha 11 mapta 2023 roma 3aperucTpupoOBaHO
6oistee 12 000 3aboneBanuii yenoseka, 220 322 SNP u 493 105 renomubIx accormanuii. Ha ceromusiimuuii 1eHb
CyIIECTBYeT TPH OCHOBHBIX TNOAXOJa K HICHTH()HUKAIUN TEHOB-KaHIUIATOB: METOX (PYHKIHOHAIBEHOTO
KapTHPOBaHUs (aHANIN3 TEHOB-KAaHINUAATOB), TCHETHUECKOE CICTUICHHE B CEMBbSX BBICOKOTO pucka m GWAS,
BKITFOYast CeKBeHHpoBaHue reHoma. GWAS akTHBHO MCIONB3YIOTCS [UIS aHAIH3a U TECTHPOBAHUS 00pa3IoOB U3
pPa3HBIX HAIMOHAJIBHBIX 0MO00aHKOB. COIJACHO COBPEMCHHOMY YpPOBHIO 3HAHWH, BIMSHAC TCHETHYCCKUX
(akTOpOB HAa OKCIPECCHI0 M MCHETPAHTHOCTh (DEHOTUITHUCCKUX MPU3HAKOB OOYCIIOBJICHO HAJIMYHEM
TCHETHYCCKUX MOJUMOP(PHU3MOB TOUYCUHBIX MYTAI[Ui C CHIIBHBIMU d(PPEKTaMHU, C OJHOW CTOPOHBI, MK YACTHIX
SNP co cmabeiMu 3ddexkrtamu, ¢ Opyroi CTOpoHBI. JIJis TOHHMAHUSA KOPPEJSIIUU TECHOTHI-(HEHOTHI
MIPEANOYTUTETHHBIM TIOJIX0JIOM SIBIISIETCS MCCIIeIOBaHNE T€HOB-KaHNIaTOB, CBsI3aHHBIX ¢ M®D3.

MEJMIIAHCKUE ACHEKTBHI TEHHBIX MYTAIIMI U XPOMOCOMHBIX ABEPPAIIMN HA
HNPUMEPE TUATHOCTHUKHU HACJIEACTBEHHBIX IPUYHWH BECIIIOAUA

becrioaue ompenensiercsi, kKak HECIOCOOHOCTh 3a4yaTh peOEHKAa y Maphl, KOTOpas IMBITAETCS 3aBECTH
pebeHka B TedeHUe ABYX JeT 0e3 3auatusi. [IpumepHo 15% map OecryiofHbl, M Cpey ITUX Map MYKCKOU (akTop
Oecrutonust cocTaBisieT okoio 50% mnpuunH. 3ayacTyro, HO HE BCErJa, MYXKCKOe OCCILIONHe SBISIETCS
MHOTO()aKTOPHBIM CHHIPOMOM, OXBATHIBAIOIIUM IIHPOKUI CHEKTp paccTpoicTB. Y Oonee, uem 50%
OECIIOZAHBIX MYKYHMH NPHYMHA WX OSCIUIONUS HEeM3BEeCTHA (MIUONATHUYECKast) U MOXKET OBITh BPOXKACHHOM WITH
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npuobpereHHoi. becroare y My>K4MH MOXKET ObITh NEPBOHAYAIBHO JAUArHOCTHPOBAHO C MOMOIIBIO aHAIN3a
crepMbl. CeMEeHHBIE CIIEpMOTPaMMBbl OECIIIIOHBIX MYXYHUH MOTYT BBIIBUTH MHOKECTBO aHOMAJIBHBIX COCTOSIHUM,
KOTOpBIE BKJIOYAIOT a300CIIEPMHIO, OJIMTO300CHEPMHIO, TEPATO300CHEPMHUIO, aCTCHO300CIepMHI0 U T.A.. [lo
TEKYIIUM OIleHKaM, 0Kosio 30% My>X4uH, 0OpaInaroIuxcsi B MEAUIMHCKIE YIPEXKICHUS B CBSI3U C NMpoOiIeMoin
Oecrionns, UMEIOT OJMIO300CIIEPMHUIO WM a300CIIEPMHUI0 HEM3BECTHON »THonoruu. [lpwumubl Oecrumonus
n3BecTHHl MeHee 4yeM B 50% ciydaeB, W3 KOTOPBIX OCHOBHBIMH (DAKTOPAMHU SBJISIFOTCSI TEHETHYECKHE HWIIN
HaCIIeICTBEHHBIE 3a0oyieBaHUs W crenududeckue aHoManuu B xpomocome Y. Oxomo 10-20% myx9wH, y
KOTOPBIX OTCYTCTBYET CIIepMa B ISIKYJIATE, HIMCIOT JIEJICIIHI0 XpOMOCOMBI Y. DTa yaajaeHHas 00J1acTh BKIIOYAET
nokyc (akropa azoocmepmun (AZF), pacnosoxeHHblii B obmactu Y(qll, KOTOpbIl pa3ieieH Ha dYeThIpe
MOBTOPSIIONIMXCS YIAICHHBIX HEMCPEKPBIBAIOIINXCS MMOa00acTH, obo3HayeHHble kak AZFa, AZFb, AZFc u
AZFd. Kaxxnas u3 3tux momobiacteil MOKET OBITh CBS3aHA C ONPEICIICHHON THCTOJIOTHCH CEMECHHHKOB, U B
9THX 00JlacTsX ObUI0 OOHAPYKEHO HECKOJBbKO reHoB-kaHauaaToB. Coolmaercs, 4to cemeiictBo reHoB Deleted
in Azoospermia (DAZ) sBisercs HamboJsiee 4acTo yJajsieMbIM I'eHOM-KaHaunatoM AZF u pacnonoxeHoro B
obnactu AZFc. Kpome Toro, ren DAZ umeer ayrocomusiii romonor DAZL (DAZ-Like) Ha KOpOoTKOM Iuieue
xpoMocoMbl 3 (3p24), m BO3MOXKHO, YTO MYTHPOBAaBIIUI ayToCOMHBIH DAZL MoOkeT OBITH OTBETCTBEHEH 3a
cnepmaToreHHbslii  gaedekr. CrydaiiHple aTaku Ha OOHaxeHHYr0 wmwuToxoHAgpuanbHyro JHK (mtIHK)
CIEPMAaTO30MJ0B AKTHBHBIMH ()OPMAaMH KHCIOPOAA WM CBOOOIHBIMH pPaJWKaTaMH HENU30E€XKHO BBI3OBYT
OKHCIIUTENHHOE MMOBPEKACHUE MM MYTAI[HI0O MUTOXOHAPHAIGHOTO T€HOMA € MaTOJIOTHIECKUMH MOCIEACTBHAMHI
U TIpUBEAYT K Oecmioguio y MyxduH. KitodeBBIM siiepHBIM (EpMEHTOM, YYacTBYIOIIUM B YIMHEHHH M
BocctanoBineHun uened MTIAHK, sasnsercs JHK-monmumepasza ramma, KapTHpoBaHHash Ha JUIMHHOM ILIede
xpomocoMmsl 15 (15q25), u Brmovaroniasi B ce0st oomacte nosropa CAG. Ee Myranus BiauseT Ha BbIPaOOTKY
aneHozuHTpHdochaTa. BHenpeHne MoNeKyIsIpHBIX METOIOB Ao OOJNBIIOE MOHUMAHHE I'CHETHKU OeCIUIOJHS.
Tem He MeHee, Hallle TOHUMaHUE TeHETUYECKUX TPUYHH MY>KCKOTO OECIIOANS 0CTAeTCA OTPAHUYCHHBIM.

HAPYHEHUME CTPYKTYPbBI 1 HUCJIA XPOMOCOM -
O/IHA 13 ITPUYUH BECILIOAUA

[IMupoko wW3BECTHO, YTO HANUYHWE NUTOTCHETHYCCKUX JC(PEKTOB SBISICTCS BAXKHBIM (PAKTOPOM
HapyIIeHHs crepMaToreHe3a. BmepBbie c¢Bsi3b HaceICTBEHHOro (akTopa ¢ MYy:KCKHM OecmiiogueM ObLia
YCTaHOBJIEHA B 1959 roxay, xoraa ObLTO MMOKa3aHO, 4TO y My4nH ¢ cuHapomoM Kiaiindeantepa (CK)
AMEETCsl JIOTIOJIHUTENbHAg X-XpoMocoma, 4YTo mnpuBoauT K Kapuotuny 47,XXY. CK sBusercs
pacnpocTpaHeHHBIM 3a0oneBanneM (~1-2 myxanHbl Ha 1000) 1 0HONW M3 BEAyIIMX HACICICTBESHHBIX MPUIMH
Mmyxckoro 6ecrutonus (3—4% cmyudaen). [Tannentsl ¢ CK 00BIMHO XapaKTEepU3YIOTCSl MaJICHBKUMH CEMEHHHUKaAMH,
HeoOcTpykTHBHON a3zoocmepmueii (HOA) m Bbicokum ypoBHem ropMoHoB OCI" u JII', uro Ha3bIBaeTcs
THIIEPTrOHAIOTPOIHBIM I'HITOTOHATU3MOM.

XPpOMOCOMHbIE AaHOMAJIMM MOATBEPKAAIOTCS y 5% MalMeHToB ¢ TshKeoi onuro3oocnepmueit u'y 10%-
15% naumenToB ¢ a3oocnepmueii. OOBIYHO ISl aHAH3a XPOMOCOM IIPOBOJIUTCS KYJIbTHBUPOBAHUE JTUM(BOILIUTOB
(72 uaca) — uurorenerndyeckuit meton. [lpum pyTuHHOM aHanmuze aHanusupyetrcs 20 kieTok. B ciydasx
XPOMOCOMHOT'O MO3aHIIN3Ma WM XPOMOCOMHBIX aHOMaJIHi aHaIm3upyercs 30 KIeToK.

[omumo CK, eme mo 1,7% mamueHToB ¢ MyKCKHM OECILIONNEM HMEIOT ayTOCOMHEBIC aHOMAITUH, TaKue
KaK TPaHCJIOKAIINH WIH WHBepcUH. JIuia ¢ aHOMaNusIMU KapuOTHUIIA, 3aTPAarHBAIOIIIMHE, KaK YHCIO XPOMOCOM,
TaKk M UX CTPYKTYpPY, UMCIOT OUYCBUIHYIO MPEIAPACIIOIOKEHHOCTh K OCCIUIOANIO W3-3a HEyNad B TOCTIDKCHUH
ycrmemrHo# OepeMeHHOCTH, YacTO W3-3a IIOBTOPHBIX CIIOHTAHHBIX a0opToB. OCHOBHBIC THIBI aHOMAIHI
KapHOTHIIa, KOTOPHIE YacTO MOTYT MPHUBOAWUTH K CHIDKCHHIO (EPTUIBHOCTH, a HWMEHHO XPOMOCOMHEIC
TPAHCIOKAIIMY WJIN WHBEPCUH, aHEYTIJIOUANS M MUKPOJIENEHUH Y -XpPOMOCOMBL. Y MAIEHTOB CO CTPYKTYPHBIMH
aHoManusAMHU (B OCHOBHOM, II0 OTHOIIEHHIO K TPAHCIOKAIMsIM) Hapylaercss oOpa3oBaHHE HOPMalIbHBIX
OMBAJICHTOB BO BpeMsl Mel03a, YTO NPUBOJMT K OXHIAEMBIM HApYIICHHSIM MeH03a M OCTAaHOBKE CO3pPEBaHUS
cnepMmaroreHe3a. Y  OONBIIMHCTBA  MAlMEHTOB  CO  CTPYKTYPHBIMH  W3MEHEHHSMH  XPOMOCOM
HaOmonaercs onurozoocnepmusi. [losToMy dactora poOEpTCOHOBCKHMX —TPAaHCIOKAIMH, PEIMIPOKHBIX
TPaHCIOKAalMM M HWHBEPCUM BBINIE y MYXUYHH C OJIMTO300CHEPMHENl 10 CPaBHEHHIO C MYKYHHAMH C
a300CMepMUeH U My)KYMHAMH B OOIICH MOy

Xapakrtep JedeHHs1 OecIDIONWs 3aBUCHT OT 3HAHHWS TOYHOW XPOMOCOMHOW TEpPEecCTPOHKH W CTETIeHH
HapymIeHusl crepMmaroreHe3a. [ TpenoTBpalleHUs IMepenadd TeHeTHYEeCKOTO Ie(eKkTa IMOTOMCTBY MOTYT
HCTIOJIB30BAThCS BapUAHTHI MPEUMIIJIAaHTAIMOHHOTO U IPEHAaTaIbHOT0 TeHEeTHYEeCKOro TecTupoBanus. Hanmpumep,
HOCHTEJIU POOEPTCOHOBCKUX TPAHCJOKAIMII MMEIOT BBICOKHIl PHCK 3a4aTh MOTOMCTBO C aHEYIUIOUIHEH,
0eCCHMITOMHBIE HOCUTEII MUKPOJAECICIHI WM TyTUTMKAIMH, CBI3aHHBIX C KIMHUYECKUMH CUHIPOMAaMH, MOTYT
CTaTh OTLAMH peOeHKa, y KOTOPOIo pa3oBhETCA TSDKENOE HapyIIeHHE Pa3BUTHS.

XpOMOCOMHBIE ~ TpPAaHCIOKAallMM  SIBIAIOTCS  Hauboyiee  paclpoOCTPaHEHHBIMH  CTPYKTYpHBIMHU
HapymeHUsIMH y MYX4uH ¢ yacToToil 1,23 Ha 1000 u ux pacmpoctpaHeHHOCTs B 10 pa3 Bblle B OeCIUIOAHOM
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MOMYJIAUMH. XPOMOCOMHBIE TPAHCIOKALMKM JIENATCS Ha cOajJaHCHpOBaHHbIE M  HecOallaHCUPOBAaHHbIE
TpaHciokaiuu. COalaHCUpOBaHHAS PEIMIIPOKHAS TPAHCIIOKAIMS MPEACTABIIACT CO00W OOMEH T'CHETHUCCKUM
MaTepHalioOM MEXIy IBYMs wid Oonee xpoMocomMamd. CyIIECTBYIOT ayTOCOMHBIC ¥ TIOJIOBBIE XPOMOCOMHEIC
TPAHCIOKAIMK B COalaHCHPOBAaHHBIX PEUUMPOKHBIX TPAHCIOKAIMAX. B 3aBUCHMOCTH OT TOYEK pa3phIBa,
npubmmsurensHo 60% HocuTenell ayTOCOMHBIX TpaHCIOKAIUi MMEIOT N0 KpaifHeH Mepe OJMH aHOMAaJbHBINA
mapaMeTp B aHaJIW3e CIEpMBL. XOTS 9acTOTa BCTPEYACMOCTH TPAHCIOKAIMHA ITOJIOBBIX XPOMOCOM HEBEJHKA,
HEKOTOPBIC OTYCTHI ITOKA3AIH CBSI3b MEXKAY TPAHCIOKAIIMAMHE Y -XPOMOCOMEBI K 2300CTICPMHUCH.

PobepTconoBckas TPaHCITOKAIHS SBTISICTCS Hauboee pacmpocTpaHeHHOM dopmoit
HecOaTaHCUPOBAHHOM XPOMOCOMHOMN TPAHCIOKAIUH Y JIFOJICH, a TAKXKE YaCTOW MPUIMHON MY>KCKOTO OSCILIO S,
PobGeprconoBckue Tpancimokaiuu BerpedaroTest y 0,9-3,4% OecrioHbIX MY>KUHH C TSKENIOH criepMaTOreHHON
nmuchynkuueid. OHM MOTYT BO3HUKATh B IISITH Mapax aKpOLIEHTPHYECKUX XPOMOCOM (3T0 XpoMocoMsl 13, 14, 15,
21, 22) v IPUBOIUTH K UX Pa3pbIBy B 00JAaCTH LIEHTPOMED, B pe3yJIbTaTe Yero JBa JJIMHHBIX IJIeya CIUBAIOTCS
BMecTe, 00pasys oHy O0JbIIyI0 XpoMocoMmy. Takum 006pazom, y e ¢ PoOepTCOHOBCKO# TpaHCIOKalueh 45
xpoMocoM. OcTaTkM KOPOTKMX IUIeY JBYX CJIHMTBIX XPOMOCOM OOBIYHO yTpauuBaroTcs. HecMmoTpst Ha 3Ty
TCHETHUCCKYI0O aHOMAJIMI0, HOCHTENH PoOEpTCOHOBCKOW TpaHCIOKAIMA (EHOTUIHYSCKH HOPMAJbHEL,
MMOCKOJIBKY KOPOTKHE IDICYH JBYX AaKpPOIECHTPUICCKHX XPOMOCOM HE COJepKaT BaKHBIX TeHOB. OmHaKO
HOCHTEII! TIOABEP)KCHBI TOBBIICHHOMY PHCKY AaHCYIUIOWAWU CIIEPMATO30UIOB, YTO MOXET NPHUBECTH K
BEIKU/IBIITY WM POXICHHUIO JETeH ¢ TpyOOl HacleICTBECHHOH aHOMammel. TeopeTHuecky, ofHa IIiecTast 4acThb
CIepMaTO30HMIOB HOCUTENICH MMEeT HOPMANBHBIA KapHWOTHII, ApPyras OJHA IIecTas HeceT poOepTCOHOBCKYIO
TPAHCIIOKAINIO, & OCTABIINECS IBE TPETH HAXOIITCS B HECOATAHCUPOBAHHOM COCTOSIHUH, JIN0O B HYJUINCOMHH,
m00 B JMCOMHH XPOMOCOM, BOBJICUEHHBIX B TpaHCioOKaluu. M3BecTHo, uto cunapom llpanepa-Buwiiu u
CHUHJIpOM AHrenbMaHa CBA3aHBI C MATEPUHCKON U OTIIOBCKOM OJHOPOIUTENBCKOM TUCOMHUEH XpOMOCOMEI 15.

OpHa U3 MUPOKO PAcTIPOCTPAHEHHBIX IPUYHUH MYKCKOI'0 OECIUIOANS — MUKPOAETIeUN ATHHHOTO IIeya
Y-xpomocomsl (Yq). [JnuHHOe 1uledo Y-XxpomocoMbl (Y(q) COAEPKUT MHOXKECTBO AaMIUIMKOHHBIX H
MAIMHAPOMHBIX TTOCJIEI0BATEIbHOCTEHN, YTO JIeaeT ero NpeApacioloKeHHBIM K CaMOPEKOMOMHAIIMH BO BpeMs
crepMaToOreHe3a M, CJeJOBaTeNbHO, BOCIHPUUMYMBBIM K BHYTPUXPOMOCOMHBIM JeienusM. Takue elenuu
MPUBOAAT K M3MEHCHHIO YHCJIa KOMHI TeHOB Y-XpPOMOCOMEI, YTO NMPHBOAHUT K MYXCKOMy Oecruionmo. Tpu
pacrupocTpaHeHHBIE JAelenud Y(, KOTOpPBIE TIIOBTOPSIFOTCA Yy  OCCIDIONHBIX  MYXKYHH, HAa3BIBAIOTCS
mukpoaenerusamMu AZF (dhakrop azoocniepmun), a uMeHHo AZFa, AZFb u AZFc. 1o onieHkaM, OCHOBaHHBIM Ha
naHHbIX uccnenoBaHus moutd 40 000 Y-xpomocoM, IIoOaimbHas paclpoOCTPAHESHHOCTh MHKpOAETenuil Y(q
cocraBiseT 7,5% y OeCIUIOOHBIX MY>KYHH; OJJHAKO €BPOIICHCKIEe OCCIUTONHBIC MYKIHHBI MEHEE BOCIPUIMYHUBEI
K MHKpomenemussM Y(q, camas BBICOKas pPaclpoOCTPAHCHHOCTh HAOMIOMAaeTCs y AaMepHKaHIeB W
BOCTOYHOA3MATCKUX OecIUIofHbIX MyKuuH. Kpome Toro, yactuynbie neneunu jokyca AZFc ObUiM CBs3aHBI C
6ecrutoaueM, HO 3G (KT, MO-BUANMOMY, 3aBUCUT OT 3THHUCCKOW MPUHAICIKHOCTH.

MOHOTI'EHHBIE TPUYHHBI BECILJIOAUA

[TpoGiieMa MOHOTEHHBIX MPUYMH OECIUIONHUS HOCHT OOLIMHA METUIMHCKHN XapakTep, OHa He SBIISCTCS
YacTHOHU, ITOCKONBKY Oornee 50% OeCIIOTHBIX MYXXYHWH CTPANAlOT OT OJHOTO WM HECKOIBKHX XPOHHYECKUX
3a00JCBaHAN WM CEpPhEe3HBIX OOMMX MpOOJIeM CO 3[0pPOBBEM HE CBS3aHHBIX C PEMPONYKTHBHOU
ctepoii. HemaBHmii MeTaaHanW3 4eTKO MOKa3aj, 4TO OCSCIDIOJHBIC MYXXYHWHBI HMEIOT Oojiee BBICOKHI PHCK
panHe#t cmeptu. bomee TOro, pHCK paHHEH CMEPTHOCTH YBEIMYUBACTCA C TSDKECTBIO HapyIICHUI
criepMaTOreHe3a W CHIDKEHHEM KadecTBa CIIepMBL. TOUYHBIE MEXaHH3MBI ATOH KOPPEINSAIHH, HAOII0JacMbIC B
AIHUIEMHUOIOTHICCKUX aHAIHN3aX, TOKA HE M3BECTHHL.

Bosnbiast 4acTh 3aperucTpUpOBaHHBIX MOHOTEHHBIX ()OPM CIIEPMATOTEHHBIX AC(EKTOB IMPEACTABISET
co00i  TOMO3UTOTHBIE  ayYTOCOMHO-pelleCCHBHbIe  INAaTOTeHHbIe  BApPMAHTBI, KApTUPOBAaHHBIE B
KPOBHOPOJICTBEHHBIX CEMBsIX. becruionue sIBISETCS IIMPOKO PACIPOCTPAHCHHOW KIMHMYECKOH MpobieMoH,
3arparuBaromiei 8-12% mnap mo Bcemy mupy. M3 HUX okono 75% AUArHOCTHPYETCS KaK MIMONATHYECKOe
Oecrioaue, MOCKOJILKY NPUYUHHBIA ¢akTop He o0HapyxkeH. daktuuecku, 40-60% ciaydaeB HapylleHHs
CHepMaToreHe3a OCTAIOTCS HEOOBSICHUMBIMH, a CPEId CIIydyaeB YMEPEHHOW OJMI0300CIEPMHUH (KOJIUYECTBO
crepMaTo30uI0B B AKyJATe 10—39 MuTnoHOB) 3Ta mois 6imm3ka k 80%. B moceqame romp! OBLTO TPHIIOKEHO
MHOTO YCWJIMH IUIi HMCCIIENOBAaHUSI HOBBIX TEHOB-KaHAWIATOB, OTBETCTBCHHBIX 3a MYXKCKOE OecIuionme, |
00yCIIOBIICHHBIX MYTAallHsIMU OJJHOTO TeHA.

KonmyecTBeHHBIE WM CTPYKTypHBIE XPOMOCOMHBIE AHOMAQJIMH JAaBHO CBS3BIBAIOT C MYXCKUM
OecriogreM. MoOHOTeHHbIe MYTaOMH TOJbKO HEJaBHO CTaJH PacCMATPUBATHCS B INATOreHe3e 3ITOroO
cocTossHUsI. MyTalnuu oOmpeNeNieHHBIX I'€HOB, y4YaCTBYIOIIMX B Meio3e, MHTO3¢ HIM CIIEPMHOTUCTOTEHE3e,
MIPUBOAAT K CIEPMATOT€HHON HEIOCTaTOYHOCTH, YTO NMPHUBOAMUT K CIEAYIOIIMM aHOMAJIMSM: HEJOCTaTOYHOE
(onMrozoocnepMusi) WIM OTCYTCTBHE (a300CHEPMHsI) HPOU3BOJICTBO CIIEPMbI, OTPaHHYEHHAs MPOrPECCUBHAsS
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u/win o0mas MOJBMKHOCT CIIEPMAaTO30MI0B (ACTEHO300CTIEPMUS ), H3MEHEHHAsT MOP(OJIOTHsI CIIEPMATO30H/I0B
(TepaTo300CepMusL) HIH UX KOMOMHAIIHH.

HeobxonuMo OTMETHTH, YTO MOHOTCHHBIC MPHYMHBI OCCIUTONUS MOTYT OBITH OOYCIOBJICHBI T'€HAMH,
pacIoIoKeHHBIME, Kak B Y XpOMOCOMe, TaK U B ayrocoMax. Hampumep, Kak yke 0TMEUYaloCh, MAKPOICICIIUI
Y(q SBISFOTCS CIEOCTBHEM BHYTPHXPOMOCOMHBEIX HEAJUICIHHBIX TOMOJIOTHYHBIX PEKOMOWHAIIMOHHBIX COOBITHI
(W3-32 BBICOKOTIOBTOPSIIOIICHCS CTPYKTYpBI XPOMOCOMBI Y), W B IEJIOM OHH TPHUCYTCTBYIOT Y 5%—10%
MAIIMEHTOB C a3ooclepMueil. B aToM ciydae, maTomormueckoe BIMSHHE HA MYXKCKYIO (pepTHIBHOCTD BBHI3BAHO
moTepel HECKONBKHUX KITFOUEBBIX PETYISTOPHBIX TEHOB CIIEpMaTOTeHE3a.

B mHacrosimiee BpeMs BemyTCsl aKTMBHBIE pPa3paOOTKH TEHETHYECKUX TMaHeslel, HaleJIeHHBIX Ha
OOHApy)KCHHE  MOHOTCHHBIX MPHYUH  MYXKCKOro  Oecruiomusi  OOYCJIOBJCHHBIX  HEJOCTATOYHOCTHIO
cliepMaToreHe3a W HEYYBCTBUTENBHOCTBIO K AaHAPOTEHAM W OCHOBAaHHBIX HA TECTHUPOBAaHUU TEHOB,
PacIoIOKEHHBIX, KaK B ayTOCOMAaX, TaK U B Y XpOMOCOME.

B messx AMarHOCTUKKM MOHOTEHHBIX TPUYMH OCCIUIONUS Y MYKUUH OOBIYHO HCIIOJIB3YETCS MMOJUTCHHAS
nmaHenb NGS s oOHapyKeHHs] HYKJICOTHIHBIX BapualMid B KOMUPYIOIIUX 3K30HAX M (PIAHKHPYHOIIUX
WHTPOHAX BHINICYHNOMSHYTHIX TeHOB. [laToreHHBIE BapHaHTBI MOTYT OBITh MECCEHC, HOHCCHC, CIUTACHHT WJIH
HeOonpmme wHAenH. KpymHBIe Aenenuu/IyIUIMKaniui ObUTH 3aperHCTPUPOBAaHBl B TEHAX, OMPEACISIIOIINX
passutue Myxxckoro oecruonus USP9Y, DPYI19L2, SPATAI6, SUN5 u CFAP43.

MOHOTI'EHBIE TPUYUHBI HEJOCTATOYHOCTHU CHEPMATOI'EHE3A

JedexTsl KoNMuecTBa CriepMaTo30MI0B BKIIOYAIOT a300CIIEPMHUIO U OJIMT0300CIIEPMUI0. A300CTIEpMUS
— 3TO OTCYTCTBHE CIIEPMATO30MIOB B CeMEHHOH uakocTu. OHa mopaxkaeT 1% My)KCKOrO HaceleHUS |
coctapisieT 20% Bcex cityyaeB My»KcKoro Oecrutonusi. TodedyHble MyTalnH, BBI3BIBAIOLINE a300CTIEPMHIO, OBLTH
HEJaBHO OOHapyXeHbl B cienyrommx reHax: NRSAI, SYCP3, ZMYNDI5, TAF4B, TEXI1 NANOSI, PLK4,
MEIOB, SYCEI, USP9Y, SOHLHI, TEXI5 HSF2 w KLHLI(O. B 4YacTHOCTH, MyTallill CIBUTAa DPaMKH
cunthiBanus B ZMYNDI5 BeibiBatoT ¢penotun SPGF14. Benok, koaupyemblii 3TUM T'e€HOM, YYacTBYET BO
BPEMEHHO HOPMAJIFHOH TaIUTOMIHON SKCIIPECCHU TEHOB BO BpeMsI CIiepMaTOTeHe3a.

T'omosurornas myrauus B SYCE! cBszaHa ¢ ¢eroturniom SPGF15. DToT reH KoampyeT KOMIIOHCHT
CHHANITOHEMHOT'0 KOMILIEKCA, CTPYKTYPbI, KOTOpast (U3NYECKH CBS3BIBACT TOMOJIOTHYHBIE XPOMOCOMEI BO BPEMS
Mmeriosa I.

Mytauuu B TEXI1I cBs3aHbl ¢ OCTAaHOBKOM Meio3a M azoocnepMmueil ¢ yactotoi 1-15% y myxuuH c
azoocriepmuei. benok, komupyemsiii TEXII , perynupyer CUEIJICHHE TOMOJOTUYHBIX XPOMOCOM TIpH
penapanuu npyxuenoudeynoi JIHK mocpenctBom o0pa3oBaHHs CHHAITOHEMHOI'O KOMIUIEKCAa M XHa3MBl BO
BpeMsi mpouecca KpoccuHrosepa. IToxoxyro ponbs BeimodHseT SYCP3, koTopelii Takke OblI OOHapyxeH
MYTHPOBABIINM y OECIUIOIHBIX MY>KUHH.

I'en SOHLHI MyTupyeT B HEKOTOPBIX CIydasiX a300CIEPMHUH M KOAUPYET TECTHKYJSPHBIN (hakTop
TPAHCKPHUIINHU, HEOOXOAUMBIN IJIS CIepMAaTOTeHe3a.

Myrtaruss B reHe NRSAI , KOAMPYIOUIEM CTEPOHMIOTCHHBIH (akTop 1, ObLIa 3aperucTpupoBaHa y
MalFieHTa C  OCTAaHOBKOW Me#o3a W HOPMaJbHBIMH  YPOBHSAMH  (DOJUIMKYJIOCTHMYTHUPYIOIIETO |
JMOTEHHU3HPYIOIIETO TOPMOHOB, a TAK)KE TECTOCTEPOHA.

B 3aBepmeHne, y manueHTa ¢ 3a0JOKHPOBAaHHBIM Ha CTaIdd CIIEPMATOIMTOB CIIEPMATOTCHE30M
HaOIromanachk NOMHHAHTHAsS HETaTWBHAs MyTanus B TeHe HSF2, xomupyromeM (akTop TpaHCKpUIIHU Oenka
TEIUIOBOTO IIOKA 2.

MOHOTI'EHBIE ITPUYUHBI JE®@EKTOB MOP®OJIOT'U CIIEPMATO30UJ10B

Teparo3oocnepmusi — 3TO TETEPOr€HHAass TpyNNa pacCcTpoWcTB. Mopdonoruueckas OlEHKa
CIEPMAaTO30M/I0B YYUTHIBAET OCHOBHbIC (PYHKIHMOHAIBHBIE 00JAacTH (TOJIOBKY, T€JIO U XBOCT), KOTOPbIE MOTYT
UMETh aHOMaiuu (GOpMBI U pazMepa. DEHOTUI MOXKET BKJIIOYATh OJMH THII MOPOKA Pa3BUTUSL Y OIHOTO
NalUEeHTa WIM Pa3Hble THUIBI IIOPOKOB Pa3BUTHs y OJHOIO M TOro ke nanueHra. HenaBHue uccinenoBaHus
CEeMEHHBIX CIy4aB MAaTOJOTHH W B HEOONBIIMX (DEHOTHITMYECKH OJHOPOIHBIX KOTOPTaX MO3BOJIIIHM BBISIBHTH
ayTOCOMHO-PELIECCUBHBIE CITy4aH TEPATO300CIIEPMHUHU.

I'ens, koTOpsle B  HAcTOsIIEE BpeMs CBA3aHBl ¢ MOpGOJOTHUECKMMH  nedexkramu
cnepmato3zonnos: AURKC, ZPBP, DPYI9L2, SPATA16, PICKI, BRDT u SUN5.

MOHOTI'EHBIE ITPUYUHBI JE®EKTOB ITIOJIBUKHOCTHU CIIEPMATO30UJ10B

ACTeHO?)OOCHepMI/IH — 9TO COCTOAHHUE, IMMPUBOAANICC K CHMKCHUIO MTOJABMKXHOCTU CIICPMATO30MI0B U3-
3a ,Z[e(beKTOB JKT'yTHUKaA. MOI‘yT OBITh 3aTPOHYTHI AKCOHEMA, BHCUIHUC IUIOTHBIC BOJIOKHA, MUTOXOHIAPUHN HIIA
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¢bubpo3Has 000JI0UKa KIYTHKA. YIITPACTPYKTYpHBIC Ne(EKTHI B CTPYKTYPE aKCOHEMBI 9+2 MOTYT 3aTparuBath
BHEIIIHUE WM BHYTPCHHUC IUHCHHOBBIC TUICUH, IICHTPATBHBIC MUKPOTPYOOUKH M paldalIbHBIC CITHIIBI.

I'eHbl, cBsi3aHHBIE C OeeKTaMH TOABIKHOCTH criepMmaro3ounoB: SLC26A48, CATSPERI, SEPTI2,
CFAP43, CFAP44, DNAHI n PLCZ].

HOJIMTEHHBIE MTPUYUHBI BECIIJIOAUA Y MY KUYNH

Hecmotps Ha Oompmioil mporpecc, DOCTHTHYTHIH Oiaromaps HMUTOTCHETHYECKHM HCCICAOBAHHMAM W
TexHOTOTUsIM NGS B BBUSICHEHWH TE€HETHYECKHX MNPUYMH MY)KCKOTO OECIUIONUsI, OCTaeTcsi OoJbIuas H0Jis
HEYYTEHHOH HACIEICTBEHHOCTH, KOTOPYIO BCE €Ille MPEACTOMT H3Y4HTh. [leiicTBUTENnsHO, y OoubIoil monu
MAIIMeHTOB C HApYIICHUSIMH CIIEPMAaTOTeHe3a 3THOJOTHSA OCTaeTcsl HeM3BecTHOH. B To ke Bpems, Bce Ooiblie
JI0Ka3aTeIbCTB YKa3bIBAIOT, B YAaCTHOCTH, HAa HIMONATHYECKYI0 HEOOCTPYKTHBHYIO a300CHEPMHIO Kak Ha
CJI0’KHO€ U BBICOKOIIOJIMTEHHOE COCTOSTHHE.

C oTol LeNblo0 B TEYCHUE NOCIEIHUX TPEX JACCSITWICTHH ObUIM MPEINPHHSATHI OONBIINE YCHUIUS UL
BBISBIICHUS TTONMAMOP(GU3MOB T€HOB-KAaHANUIATOB, CBSI3aHHBIX CO CIOKHOM (POPMOI MIHUOMATHYSCKIMH BHIAMH
6ecruroaus. [1o atromy HampaBinernto SNP ObuTH HanboIee IpOoaHATH3UPOBAHHBIMHU BapHALIAIMHU, IT0 CPABHCHHUIO
c ucciaegosanuaMu VNTR u CNV.

B kavecTBe KaHAWJAATOB TI€HOB MNpPeIPACHOJIO)KEHHOCTH ObLIM BBIOPaHbBI TeHbI KOTOpPbIE
Y4acTBYIOT B BBIPa0OTKEe TOPMOHOB, Peryjisiiui KJIeTOYHOI0 HHUKJIAa U cHepMaTorene3a. OnmHako,
CYIIECTBEHHOT'O Mporpecca B ITHX HCCICJOBAHUSAX IOCTHYh HE ymanock. OCHOBHBIMH TPHYUHAMH TaKOTO
COCTOSIHHSL A1 SIBsIoTCs (1) Ype3BbIYaiiHO Majible pa3Mepbl MPOaHaIN3UPOBAHHBIX KOTOPT CIIy4ai/KOHTPOJIb,
YTO, CKOpEE BCEro, MPHUBEJIO K MHOTOYHMCIEHHBIM OIIMOKaM NpPU NPOBEPKE CTATUCTUYECKHX TUNoTe3, u (2)
HEYJOBJIETBOPUTEINIbHAS KIMHUUECKAs XapaKTePUCTHKA BKIIOUCHHBIX MTallUEHTOB.

B psae npeAnpuHSTHIX MOMYJSIIMOHHBIX HCCIENOBaHHUN OBLIO TMPEUIOKEHO Uil MPOAYKTHBHOIO
aHanmu3a okosio 2000 reHoB, KOTOpBIE HANPSIMYIO YYaCTBYIOT B CIIEpMAaTOTE€HHOM Ipolecce, npudeM Ooxee 600
U3 HUX JEMOHCTPHUPYIOT ClieHU(HUECKYIO IKCIIPECCUIO B MY)KCKHX IMOJIOBBIX KileTKaX. Takoe KOJHM4ecTBO I'eHOB-
KaHIHUIATOB YPE3BEIYAITHO 3aTPYIHICT BU3YATU3AIMIO OOIICH MOJICKYIIPHON KAPTHHBI a300CIICPMHUH, 3aCTaBIISA
HEKOTOPBIX aBTOPOB CKENTHYECKH OTHOCHUTHCA K BO3MOXKHOCTH IEPEBOJA MOJCKYJISPHO-TEHETHUCCKUX WACH B
KITMHAYECKYIO TIPAKTUKY 3IpaBOOXpaHECHUs. PsT HccliejoBaTebCKUX TPYIIT HAYallll PETYIAPHO aHATM3UPOBATh
rocienoBarenbHOCT TeHOB NR5AI , DMRTI w TEXI] y mNauueHTOB C HAMONATUYECKUMH BapUaHTaMH
HEOOCTPYKTHBHOW a300CHEPMHUM, BBISABIAS IPUYNHHO-TIATOTEHHBIE MyTamud y 5% W3 HHUX, TOBBIIIAS
3¢ GEKTHBHOCTh TUATHOCTHKH 10 25%. Ilpm TOM, 9TO B MOBCEIHEBHOW KIMHHYECKOH MpaKTHKE OKOJIo 75%
CIIydaeB ¢ TsHKEJIBIMU HapyIIeHHsIMM CTIepMAaTOreHe3a NMEIOT HAMonaThdeckoe mpoucxoxaeHue. Ilpeanaraercs
cnucok u3 60 TeHOB-KaHAMIATOB ISl JMAarHOCTHPOBAHMs OECIUIONWS MY)KYWH, BBI3BAHHOTO HapyIICHHSIMH
cnemarorenesa. Ilpennomnaraercs, uro ucciaenoBanue ¢ nomouipio Next Generation Sequencing B OOJBLIMX
KOTOpTax MAalHeHTOB C SIBHO MIMONAaTHYECKMM OECIUIOfMeM NPEeJOCTaBUT HOBBIC WHTEPECHBIC JAHHBIE 00 HX
pacoBoifi M OSTHUYECKOW pPACHpPOCTPAHEHHOCTH VY OECIJIONHBIX TMAIMeHTOB, 4YTO, BEPOSTHO, IOBBLICUT
JIUArHOCTHYCCKYIO 3 (HEKTUBHOCTb.
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PA3JIEJ 2. HIOJIMMOP®HU3M I'EHOB
BBEJEHUE

I'eHOMHas1 KapTa CTPOWTCS Ha OCHOBE pe3ynbTaToB cekBeHnpoBanus JIHK renoma. [lo pesynpratam
OTIpeeTICHUS TTOCIIE0BATEIbHOCTEH a30THCTHIX OCHOBAHUH MBI MOXKEM MACHTH(HUINPOBATH T€HBI H PACCTOSIHUS
MEXAy HHMH. AHaIM3Upys HYKJICOTHAHYIO mnocienoBarensHocTh JIHK, mnpuamMaromyto ydactue B
KOIUPOBAaHMM JIAHHOTO Oellka, Mbl MOXXEM OLCHUTh (YHKIMH, BBIIOJNHSEMbIC JaHHOW HYKJICOTHIIHOM
nociuenoBarenbHocTH. CyIiecTBYeT MPEANoJI0KEeHHe O TOM, YTO €CTECTBEHHBI OTOOp IpenoTBpalaeTt
HAKOIUICHHE BPEAHBIX MYTAalMi B MOCIEIOBATEIBHOCTAX, KOJUPYIOMNX (yHKIMOHAIBHbBIE MPOIYKTHI (OENIOK).
CrnenoBaTenbHO, MBI MOXEM IPEINOIO0KHUTh, YTO HeMOBPeXkKIEHHAsl KOAUPYIOIIas IOCIeI0BaTeIbHOCTh
NpUBENeT K 00pa3oBaHMIO (YHKIIMOHAIRHO aKTUBHOro mojwumnentuaa. CpaBHuBas nocienosarenbHocts JJHK
JUKOro Tuma (HE MYTHPOBABIIMM, HMCXOAHBIH T'€H) C IOCIEIOBATEIbHOCTBIO MYTAHTHOI'O T€HA, MOXKHO
OTIPENETNTh NPUPOLY MYTalMd M €€ TOYHOE MECTOIIOJIOKECHHE B IIOCIENOBAaTEIBHOCTH. [lepBOHAYaNbHBIN
MCHJENIEBCKUI B3I HA TEHOM KIACCH(HUIMPOBAN ajules b0, KaK AWKWIM THI, JM00, KaK MyTaHTHBIH.
BriocencTBum Obuta TIpH3HAHA BO3MOXHOCTH CYIIECTBOBAHHMS MHOXECTBA ajielied Uil OZHOTO TeHa B
TOMYJIALNY, KaKAas U3 KOTOPBIX MOJKET II0-Pa3HOMY BIUATH Ha ()EHOTHIL. B HEKOTOPBIX CiTydasix MOXET OBITH
Jla’Ke HeIleaIecoo0pas3Ho OMPEeAeATh KaKOH-T100 OANH ajeb B KaueCTBE JUKOTO THIIA.

CocyliecTBOBaHHe HECKOJIBKHUX ajlilellell B 0JHOM JIOKYyce reHa B JaHHOI MOMYJISIUM HAa3bIBaeTCs
reHeTH4eCKUM NoauMoppu3mMomM. J[r060i y4acTok, Ha KOTOPOM MHOKECTBEHHBIE aJUIeTH CYLIECTBYIOT Kak
CTaOMJIbHBIE KOMIIOHEHTBHI MOMYJSLUH, IO OmpeaeneHuo mnoauMopdeH. Jlokyc oObIYHO ompenensercss Kak
MOJIUMOPQHBIN, €CJIU J1Ba WIK 00Jiee aJuleNs IPUCYTCTBYIOT C YaCTOTOH BCTpeyaeMocTH Oosee 1% B MOMyIISIHH.
L{Ber yenoBeyeckux ria3 sBISETCS XOPOUIMM MPUMEPOM (PEHOTHUIIMYECKOIO IMOJUMOpP(hU3Ma, BOZHHKAIOUIETO B
pe3yabTare JISKAIIEro B €ro OCHOBE T'eHeTHYecKoro monumMopdusma. He cymiecTByeT equHOro “HOPMaibHOTo”
L[BETA IJ1a3; Y pa3HbIX JIIOJICH BCTPEYAETCsI MHOTO Pa3HBIX LIBETOB, IPU 3TOM PA3JIHYHs B 3PUTENLHBIX (DYHKIHAX
MEXXIy HUMH MIPAKTHIECKH OTCYTCTBYIOT. UTO JIEXHUT B OCHOBE MOJMMOP(HH3MA MEKAY Pa3INIHBIMH aJICISIMU?
Onn 005amaroT pa3IWYHBIMH MYTalMAMH, KOTOPHIE MOTYT H3MEHHTh (YHKIHIO HX MPOIYKTa, TEM CaMBIM
BBI3bIBass M3MEHEHUs B (eHorune. [lomymsimmoHHas IWHAMHKA OSTHX pPA3IWYHBIX QJUIENEeH YacTHIHO
ompenensieTcss WX H30MpaTenbHBIM Bo3fecTBHeM Ha (eHotun. Jlukmit THIm caM mo cebe MOXeT OBITh
MOJTUMOP(HBIM. MHOXECTBEHHBIE BEPCHH ajUIeNsl AWKOTO THIA MOXHO OTIMYHTh IO Pa3InuusiM B
MIOCJIEIOBATENIFHOCTH, KOTOPbIE HE BIHMAIOT Ha HUX (QYHKOHIO U, CIEAOBATENFHO, HE TPHBOMAT K
(DEHOTUIIMYECKUM BapHaHTaM.

C TouKH 3peHHus MOJIEKYJSIPHOI0 MEeXaHHM3Ma, TPeMsl OCHOBHLIMM THIIAMH BApUALIUMIl HA YPOBHE
JHK (mapkepamu notumoppusma JIHK) siBasiroTcs, Bo-epBbIX, OAHOHYKICOTHIHBIE H3MeHeHus - SNP; Bo-
BTOpPBIX, BcTaBku Wi neneuun (Indels) pasnmmunod 1mHBI B Anama3oHe OT 1 O HECKOJBKHUX COTEH Hap
OCHOBaHHUU U, B-TpeTbuXx VNTR - Bapuanuu uucia TaHAEMHBIX IIOBTOPOB HYKJIEOAUTOB. MexaHU3Mbl MyTalllu
MIPUBOAAT THOO0 K MepexoJaM: MypuH-TypHHOBBIH (A< QG) WIH MUPUMUANH-TUPUMUIHHOBEIN (C—T) 0OMeHEI,
00 K TPAHCBEPCHUSAM: IYPHH-THPUMUIUHOBBIA WM MHPUMUAINH-TYPHHOBEIH (A—C, AT, GoC, GoT)
3amenbl. IIpu 3TOoM Haluaogaercs siBHOe mpeolJiaiaHMe UMEHHO mepexoAoB. B dyem npuumHa pacrymien
nomyisipHoctd  SNP ¢ TOUKM 3peHus MpeaoCTaBIsSIEMOM HCCIEAOBATENbCKOM WM JIMArHOCTUYECKOU
reaetTnueckoi nHpopmarm? Jemo B Tom, uTo Oonee coBpeMeHHas KoHIenus SNP B OCHOBHOM BO3HHKIIA H3-
32 MOTPEOHOCTH B OYCHb BBICOKOH IUIOTHOCTH TE€HETHYECKMX MAapKepoB Ul H3y4YCHUS MHOTO(AKTOPHBIX
3a00JIeBaHU U HEAaBHETO IpOorpecca B MeToIaX 0OHapyKeHus noauMopdrusma u reHotunupoBanuns (Vignal A.
et al., 2002).

MYTAIIUA - TIPUYUHA ITIOJIUMOP®U3MA I'EHOB

TakuMm o00pa3oM, MBI IIOHHMAaeM, UYTO TreHeTHYecKas BapHAadeJbHOCTh (OTIHMYMA TEPBHYHOIN
crpykTypsl JITHK, o6ycnoBiaennsie SNP, Indels mau VNTR) BHYTpH o0aHOro 0OHMOJOrM4ecKOro BHAA
Ha3bIBaeTCsl FreHeTHYeCKUM MOJIUMOpPPHU3MOM.

[epBuunsie cTpykTypel Monekyn JIHK (mocrmenoBaTenbHOCT HYKIEOTHAOB) y Bcex Jronei (3a
UCKJIIOYEHHEM MOHO3WTOTHBIX OJM3HENoB) oTinyaioTca. CyIIecTBEHHbIC NOMYJALHOHHBIE, 3THUYECKHE H,
IJIaBHOE, MHAWBUAyaJbHBIE OTIMUMA NepBHYHBIX cTpykTyp HHK, Brimrouas kak MX KOAMpPYIOLIHME YYACTKH
(3K30HBI), TaK U HEKOJHUPYIOLIHME IOCJeA0BATEIBHOCTH (MeXKIeHHbIEe IO0C/Ie10BATEeJbLHOCTH, HHTPOHBI,
peryJIsiTOpHble YYACTKH M Mpo4ee) BHI3BaHBI Pa3HOOOPA3HBIMU MYTAUMSIMH, KOTOPbIE SIBJISIIOTCS NPHYUHOM
nojiumMoppu3mMa reHoB. ['eHeTHyeckuil moaMMOpGH3M, Kak IPaBWIO pacCMaTpHBalOT B  KadyecTBe
MEH/Ie/1eBCKOro NMPU3HaKa, KOTOPBIH BCTpedyaeTcs: B MOMYJISINMY 1O KpaliHeil Mepe B 2 BApHAHTAX I'eHa ¢
yacToToii He MeHee 1% ausa kaxmoro amiensi. COOCTBEHHO, a/UICIbHBIM T'€HOM CYHMTACTCS BapHaHT T'cHa,
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4acToTa BCTPEUAEMOCTH KOTOPOTO B MOIYJISAIMK cocTaBisieT He MeHee 1%. Ecnu yacToTa BCTpedaeMoCTH reHa
MeHee 1% ero Has3pBaloT penkodl (Gopmoil rena. Penkue (GOpMBI T'€HOB TakkKe MOTYT HMETh Ba)KHOE
MEIUIMHCKOE 3HAYCHUE, €CIM OHM SBJIAIOTCS TMATOJIOTHYECKHMH WM IPEAPAcIoaraloT K KaKkoMy-JIn0o
3a00JIeBaHNIO.

MyTanuy, CcTaBIIME NPUYUHOW MOIMMOp(H3Ma TEHOB, MOXXHO OOO3HAYUTh, KaK, BO-TICPBBIX,
KayecTBeHHbIe. T.e. Korma kommuecTBOo HykieotnnoB B nenu JJHK coxpassercs 0e3 M3MEHEHHH, OJHAKO
MIPOMCXOJAT 3aMEHBI HYKJICOTHAOB. M, BO-BTOPBIX, KOJIMYecTBeHHbIM, korna B HUTH JJHK m3mensercs gucio
HYKJIEOTHA0B. Hanpumep, MOXeT BapbHpOBaTh KPAaTHOCTh IIOBTOPOB HYKJICOTHIHBIX IOCIIEI0BATEIBLHOCTEH
pasnuuHOM mpoTsbkeHHOCTH. OOe Ha3BaHHBIC NPHYMHBL TMOJMMOpP(GH3Ma TI'€HOB MOIYT HAONIOOAaThCs B
KOJIUPYIOUIMX y4acTKax I'eHa, HHTPOHaX, IPOMOTOPaX M BO BHETEHHBIX MOCJIEI0BATENLHOCTAX Mojekysl JJHK.

KavecrBennsnlii  reHerwdyeckuii  moaumoppu3M  —  TPEACTAaBICH  NPEUMYIIECTBEHHO
OJTHOHYKJICOTU/IHBIMHM 3aMEHaMH, Tak Ha3biBaeMbIMHU single nucleotide polymorphism (SNP — uutaercs, xak
«CHUII»). [danubii BuA mnoiauMopdu3Ma TIeHOB BcTpedaeTcs Hauboiee wacto. Ha paHHuMX aramax
CPaBHHUTENIFHOTO M3y4YeHHUs] TeHOMa YeJoBeKa Ha NMpHUMepax IpelCTaBUTENEH pa3HbIX pac U ATHHYECKUX IPYII
OBbUIO YCTAHOBIJICHO ITyOOKOE TeHETHYECKOE POJCTBO BCEX JIIOAEH Ha IutaHeTe. [loMnumo 3Toro, ObuIa moaydeHa
neHHass MH(OpManus O Ipoleccax AHTPOIOTeHE3a, PACCEICHHUS YEIOBEKa M €ro IPEAKOB IO IUIAHETE O
BO3MOJXKHBIX ITyTAX (POPMHUPOBaHHSA 3THHIECKUX rpymm. [Ipu atom okomno 70% SNP B momynsimmy oKa3bIBarOTCS
HEWTPaIbHBIMH, T.€. HE OKA3bIBAIOT CYIIECCTBEHHOTO BIMSHHS Ha (YHKIHIO KOJUPYEMOTo Oellka, He CHHUKAIOT
KHM3HECTIOCOOHOCTH 0CO0OH, €€ IIIOAOBUTOCTh M JKU3HECIIOCOOHOCTh MOTOMCTBA. TeM He MeHee, HeWTpalbHbIC
MYTallu¥ MOTYT COCTaBIISITh OCHOBY MHIMBHAYaJbHBIX OCOOCHHOCTEH OpraHuiMa, (OopMHpPYsI WHIMBHIYyaJIbHOE
pasHooOpasue ocobeil. B Toxke Bpems, ocranbHbie 30% SNP BOBIcucHBI B IAaTOreHE3 MOHOTCHHBIX HIIH
MOJIMTeHHBIX ~ 3a0oneBaHuii. Takum oOpa3oM, MOJHOTEHOMHBIH aHanmu3 SNP  akTyaneH, Kak s
(byHIaMEeHTaNbHOM OMOJIOTYH, TaK U JUIS NPAKTHYECKOH MEJULIUHBI.

KosnyecTBeHHBIN MOMMMOP(H3M TeHOB — MOXHO MPOWUIIOCTPUPOBATh BapUAlMsIMH YHCIA
tanneMHbIX 1MOBTOPOB (STR — Short Tandem Repeats), koTopble B 3aBUCMMOCTH OT YHCJA HYKJICOTHIOB B
MOBTOPSIONIMXCS TPYINIax MOAPa3AeisioT Ha MukpocateumTtHyo JHK mu6o wmumucaremmurayro JITHK
(mosicHeHus HIDKe). HakoHell, MOBTOPSIOIIMECS TPYIITEI HYKJICOTHIOB MOTYT UMETh JIOCTATOYHO HPOTSHKEHHYTO
mocJeIoBaTeNbHOCTh — Tak HaszbiBaeMble VNTR (Variable Number Tandem Repeats). B xomupyrommx
ydJacTKax TeHa (PK30HaX) MPUCYTCTBYIOT NPEUMYIIECTBEHHO TPHHYKJICOTHIHbBIC IOBTOPHI, TOCKOJIbKY OHHM HE
MPUBOJST K CIABHTY paMKH CUMThIBaHHMA. Hambosee wacTo Takne TPHHYKICOTHAHBIC NOBTOPHI NPEICTaBICHEI
mocienoBatenbHOCTEI0O  HykineoTnnoB CAG  (citosine—adenine—guanine) —  TpHUILIET, KOIUPYIOLIHA
TJIIOTAMUHOBYIO KHCJIOTY. B OosbIIMHCTBE ciTydaeB KpaTHBIM IpupocT (win yOaBJieHHE) IOMOIHUTEIBHBIX
MIOBTOPOB HOCUT HEWTPAIBHBII XapakTep M Takke, Kak M HeWTpambHblie SNP crocoOCTByeT MHAMBUAYaIbHOMY
pa3Ho00pasmio.

Mexny TeM, reHHble MOJIUMOP(HU3MBI TAKOTO THIIA XapaKTEPHBI JUI T€HOB «0oJie3Hel SkcnaHcum». B

cllyyae JIMHAMHYECKMX MyTaluuid (M3MEHEHHE YHCIIA, TNPEHMYIIECTBEHHO, TPUHYKJICOTHIHBIX ITOBTOPOB)
JIOCTHXKEHUE OIpPEICICHHOIO KPUTHYECKOT'O YPOBHS KPaTHOCTM KONHMH TPHHYKJICOTHIHOTO MOBTOpa
TEHETUYECKUH MOMMMOp(GU3M TepecTaeT ObITh (DYHKIMOHAJIBHO HEHTpAIbHBIM U JEMOHCTPHPYET ce0si Kak
crenu(pUIEcKnil THI y’Ke MaTOJOTHIECKUX MyTaIUi -
«IMHAMHYEeCKHX MyTaruid». [laromormdeckoe yBenMUYeHHE dYWCIA TIOBTOPOB MOXKET OBITH JIOKAJIH30BAaHO B
KOIUPYIOUINX WIN PETYIATOPHBIX YacTsIX I'€Ha, CONMPOBOXKIAIONIEECs] HapylnIeHHeM ero GpyHKunu. Takoro poxa
MyTallu¥d MOTYT IPHBOAWTH, JHUOO K IOSBICHUIO MATOJOIMYECKOro Oenka, JIMOO K HApyHNICHUIO IPOLECCOB
9KCTIPECCHM  T'eHa. JMHaMudYeckne  MyTallMd  paccMaTpWBalOTCI B KadecTBE  INPHYMHBI  psija
HeWpoaereHepaTuBHBIX 3a0oneBannii (xopes ['enTuHrTOHa, O0N€3HE KeHHean, crinHonepedeuIIpHas aTakcus 1
Ip.). XapakTepHbIMH KIMHUYECKHMMH OCOOCHHOCTSIMH TaKMX 3a00JIeBaHMU SBISIOTCS: IIO3JHUHA BO3pacT
KJIMHUYECKUX TPOSIBIICHUH, IOBBIIICHUE TSDKECTH TEYEHHs 3a00JIeBaHUN B IOCIEAYIOIIUX ITOKOJCHUSIX,
oTcyTcTBUE 3D (HEKTUBHBIX METO/IOB JICUCHUS.

SNP, SINGLE NUCLEOTIDE POLYMORPHISM - OJJHOHYKJIEOTHUIHBI MOJIUMOP®U3M

ORHOHYKICOTHAHBIA TOMMMOP(U3M 3TO 3aMEHa OJHOTO a30THCTOTO OCHOBAHUS B MOCIIEAOBATEIFHOCTH
JHK, mo cpaBHeHHIO ¢ HCXOmHOW ¢opmoii reHa. [lommmopdu3M OTHOTO HYKICOTHAA TPHCYTCTBYEeT B
KOHKpPETHOM HyKJeoTugHoM caite. Hanpumep, Hekoropsie mosekynsl JJHK B omHOl M TOH e momynsuuu
MOTYT UMETh Mapy OCHOBaHUI T—A B ompeleseHHOM HYKJIEOTHUIHOM caifTe, Torja Kak apyrue moinekynsl JJHK
B TOH K€ MOIMYJISIIUK MOTYT UMeTh lapy ocHoBanuii C—G B ToM e Mecte. Jta pa3Huna coctasiser SNP (single
nucleotide polymorphism). SNP ompenensercss AByMs aeisiMu, i KOTOPBIX MOXET ObITh TPH TCHOTHIIA
cpeau JNofe B MOMYJISAIUMA — TOMO3UTOTHBIE XPOMOCOMBI (MJIM T'€TE€PO3UTOTHBIE XPOMOCOMEI ¢ T—A B oxHOU
xpomocoMe U C—G B TOMOJIOTHYHOW XPOMOCOME).
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Takum 00pa3oM, KOTrJa CpaBHUBAIOTCS aJJIEIH OJHOTO M TOTO K€ JIOKyCa, TO BBISBJICHHAs pa3HHUIIA B
OJIHOM HYKJICOTHIC HAa3bIBACTCSI OJHOHYKICOTHAHbIM monumophusmom (SNP). B cpennem omun SNP
BCTpedaeTcss IpuMepHO Ha Kaxknasle 1330 ocHoOBaHWA B TeHOMe dYeloBeka. brmaromaps cremuduaHOMy
narmmadty SNP B mocnenoBarensroctn JJHK, kaxneni genoBex yHukaneH. [IpucyrctBue SNP moxeT OBITH
00Hapy’>KEHO ITyTeM MPSMOTO CPaBHEHUS JAHHBIX ITOCIEIOBATEIBHOCTEH OT PAa3HBIX MHAMBHAYYMOB. OqHON U3
LeNe TeHEeTHYECKOro KapTUPOBAHUS SBISETCS IOJyYCHHE KaTajJora pPaclpOCTPAaHEHHBIX BapHaHTOB T'€HOB.
HaGmonaemast gacrora SNP Ha oamH Te€HOM TNpelcKa3bBacT, Y9TO B UYEIOBEYECKON MOMYIANUM B IIEIOM
(YuuTBIBas TEHOMBI BCEX JIOJCH NaHHOW MOIyJSAIH) IODKHO OBITh Oonee 10 mmmmmonoB SNP, xoropsie
BCTPEUAIOTCS ¢ 4acTOTOH Ooiiee 1% (T.e. SBISIOTCS TOJUMOP(OHBIMH).

SNP cocraBisror okoiio 90% Bcex TeHeTHYeCcKHX Bapualuii 4ejoBeka. B ompeeieHHOM JIOKYCe MOXKET
CyIIeCTBOBaTh ~ MHOXKECTBO  pasziIMYHBIX  BApHAHTOB  IOCIENOBATEIbHOCTH. HekoTopele M3  3THX
MOCJIEIOBATENILHOCTEH OKa3bIBAIOT BIMsSHHE Ha (DEHOTHI, HO APYrHe “CKPBITHI’, TIOTOMY YTO HE OKa3bIBaIOT
Bupumoro 3¢dekra. B nononHenne x mHQpOpMaANUM O YACTOTE BCTPEUAEMOCTH ajUleliei, TakKe Ba)KHO IS
BeiOOpa SNP uX TeHOMHOE MECTOMONIOKEHHEe M UX mpeAmnosnaraeMas (QyHKIHMOHAIbHAS 3HAYMMOCTD
(xoaupyromIuii, MHTPOHHEIH, poMoTopHEIH U T.4.) (Xu H. et al., 2005). B J0Kkyce MoxKeT ObITH MHOKECTBO
U3MEHeHHUil, BKJIOYasi Te, KOTOpPble H3MeHAKT mnocjeaoBarejbHocTh JHK, HO He wu3MeHsioT
M0C/IeI0BATeILHOCTh  NMOJIHIENTHAHOIO MNPOAYKTAa, Te, KOTOpPble HM3MEHSIOT MOCJeA0BATEIbHOCTD
noJiMnentuaa 6e3 M3MeHeHHs1 ero (pyHKIHM, Te, KOTOPble MPHUBOAAT K MOJMIENTHIAM C Pa3IMYHBIMH
(GYHKIUAMH, U Te, KOTOpPble NPHUBOIAT K H3MEHEHHBIM MOJIHMIENTHIAM, KOTOpble He SIBJISIOTCS
¢yHKuuoHATbHBIMH. OOBIYHO CUHMTAETCS, YTO MOJHAS YenoBedeckas nociuenosarensrocts JHK comepxwr, mo
MeHbIel Mepe, MITUTHOH SNP, kak KoIupyromux 001acTsaX, Tak U B HHTPOHAaX ¥ IPOMOTOpaXx.

He BBI3BIBaeT COMHEHHH, YTO I€HETHYECKas W3MEHUMBOCTH SBJISIETCS IMOBCEMECTHBIM SIBJICHHEM H
(GbopMHpYyeT TCHETHUYCCKYI0 OCHOBY BHIOBOTO pasHooOpasus. C 3aBepinmeHueM mpoekta "['eHoM dYemoBeka"
N3y4YeHUE TeHETHYECKUX BapHalMi CTal0 OJIHUM M3 KpacyrojbHBIX KaMHEH OMOMETUIMHCKHUX HCCIIETOBaHHM.
OTO MPOM30IIIO HE TOJBKO MOTOMY, YTO BapHaHTHl I'€HOB BIMSIOT Ha pa3HOOOpa3He aHTPOIOMETPHUECKUX
XapaKTepUCTHUK YeJOBEKa, HO M MOTOMY, YTO OHHM OKa3bIBAIOT BIMSIHHE HAa PUCK Pa3BUTUA 3a00JeBaHUN M Ha
PEaKIUIo OpraHu3Ma B OTBET Ha 9KOJIOTHUecKue mpobiemsl. MHpopMarys, moaydeHHas B pe3yabTaTe H3ydCHUS
HacJIEJCTBEHHOW N3MEHYMBOCTH, HE TOJIBKO YIIIyOJseT Halle MOHNMAaHHE YeJIOBEUECKUX T€HOB U 3BOJIIOINH, HO
TaKKe IPHUHOCHUT TMOJIB3Yy B BBISBICHUH U JICUCHUH HACIIECICTBEHHBIX 3a00JIeBaHNH YeOBeKa.

ITockonpky Hambodee pacnpoCTpaHEHHBIMH BapuaHTaMmu sBIsiforcss SNP, 3ToT TepMmH dYacTto
UCTIONB3YIOT, KAK CHHOHIMOM BapHaluy TeHETHYECKOH MocienoBaTelbHOCTH. OHAKO 31€Ch MBI OTPaHMINBAEM
€ro HCIIONIb30BaHUE (OpMaNbHBIM ompeaeneHrneM SNP: o1HO M3MEHEHHE MOJIOKEHMS a30THCTOTO OCHOBAHHS B
OJIHO¥ Io3uIHK. B pe3ynbrare BHICOKOPOM3BOANTEIBHBIX METOI0B I'CHOTHUIIMPOBAHUS B OCIIEAHUE TO/IbI OBLUTH
3aperucTpupoBaHbl MuuMoHbl SNP uenoBeka. Hampumep, ObUl0 NpOBeiEHO HECKONBKO HCCIECIOBAHMH,
MOCBSILIEHHBIX OIleHKe Toro, kak SNP Buumsior Ha QeHorun. B yactHOCcTH, HabmomaroTcst OHOJIOrHYECKUE
3G QeKTl aMUHOKUCIOTHBIX 3aMeH, BBINOJHIEMBIX HECHHOHMMHUYHBIMH Koaupytomumu SNP. W3zywaercs
BIMSHHE HECHMHOHMMHYHBIX Komupyromux SNP  Ha ¢QyHkumio Oeiika, BBI3BaHHBIX H3MECHEHHEM
MOCJIEI0BATEIbHOCTH aMUHOKHUCIIOT B IEPBUYHOM CTPYKTYype Oenka.

Jlpyroii o0yacTei0 TeHOMa, BaKHOH sl (YHKIMOHWPOBAHMS T'€HOB, SBISIFOTCS PeryJsiTOpPHbIe
o0aacTH reHoB. [IpOMOTOPHI T'€HOB, MOCPEICTBOM CBS3BIBAaHMS CHENU(PUIECKHX (DAKTOPOB TPAHCKPUIIIUHU
HETIOCPEICTBEHHO YYacCTBYIOT B MHHUIMAIMK M PETyJSIHMN TPAHCKPHIIUK T'eHOB. TakuMm 00pa3oM, M3MEHEHHE
MIOCJIEIOBATENIFHOCTH B MPOMOTOpax TE€HOB MOXKET HM3MEHITh WACHTU(GHKALWIO M CBA3bIBaHHE (DAKTOPOB
TPAHCKPHUIIIUK, YTO, B CBOIO OYEpEIb, MOXKET BIHUATH Ha SKCIPECCHIO T€HOB M OKAa3bIBaTh OMOJIOTHYECKOE
Bo3zeiicTBie. Hampumep, Obuto oOHapykeHo, 4to omuH amwienb reHa HLAG (rmaBHOTo KoMmImiekca
THCTOCOBMECTMOCTH), TPOJYKTHI KOTOPOTO WHTHOUPYIOT MAaTEpHUHCKUI aHTHU(ETaNbHBII UMMYHHBIH OTBET, B
3HAUUTEJIBHOW CTEIEHH CBS3aH C MOBBIIICHHEM PHCKA BHYTPUYTPOOHOH rudenu mwiona. OJHUM W3 BO3MOXKHBIX
o0ObscHeHuil sBiseTcs 1o, yto SNP momanaer B caldT cBs3biBaHus (axropa orBera mHTep(depona-1 (IRF-1),
Buusisi Ha cBa3biBaHMe IRF-1 u moHmxaromyro perymamuio TpaHckpumnimu reHa HLA-G. Ilostomy,
CaMOCTOATEJIHBIM HAIpaBJICHUEM HCCIEeIOBaHUN fABIsIeTCA M3ydeHHe pacnpenencHus SNP B peryisTOpHBIX
obnacTsx reHoB 4yenoBeka. [Ipeanonaraembie cailTel CBsA3bIBaHHS (HPAKTOPOB TPAHCKPHIILMH B IPOMOTOPAX TE€HOB
OBLTH BBIYHCIICHBI M COITOCTABIICHHI C paHee naeHTHQUIUpoBaHHBIMI SNP. Pesynpratel mokassBatoT, uro SNP
o0mamaroT crennUUeCKUMH TTOKa3aTeNIIMI paclpefeieHns, KaK B PETyISATOPHBIX O0JacTsAX I'€HOB, TaK U B
calitax CBS3bIBaHMS (DAKTOPOB TPAHCKPUIILIMHM II0 CPABHEHHIO C YacTOTOW BcTpedaemoctd SNP B npyrmx
yuacTkax JJHK.

B perymsaTopHbIX ydacTKax T'€HOB Obuio oOHapykeHo Oosee 35 000 SNP. Bonee 99,8% w3 Hux
MIPEJCTaBICHbl OBYMs aUlelsiMH. HacTOThl BCTPEYaeMOCTH 3aMELICHMs HyKJIEOTHIOB MpOoMOTOpHBIX SNP ¢
JIBYMSI aUleJsIMM IOKa3aHbl B Tabmuue 1. B nurepaType BbICKasblBaeTCs MHEHHE O TOM, YTO OOBSICHEHHE
BBICOKOW 4acTOTHI BcTpeuaeMocT SNP B o6macTu mpoMoTopa MOKET COCTOSITH B ToM, 4YTo SNP ydacTByIoT B
HU3MEHEHHMH 3KCIIPECCHH T'€HOB B IIPOILIECCE HBOJIOIMH, OKa3bIBas BIMSHUE Ha IOCIETOBATEIHHOCTH CAWTOB
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cBs3bIBaHMs TpoMmoropa. Dddexktst SNP B Mecte cBsa3biBaHUSA (HDAKTOPOB TPAHCKPHUIIIUM, HE MOIIAFOTCS
OJIHO3HAYHON WHTEpHpEeTalMi. B TO BpeMs, Kak HEKOTOPbIC M3MEHCHHS MOCJICIOBATEIILHOCTH CBS3bIBAHMUS,
BHOCHMbIE SNP, MOTYT TMOJIHOCTBIO MPEPHIBATH HKCIPECCHIO T€HA, NPYrHe MOTYT BIHUATH TOJIBKO Ha YPOBEHb
skcpeccrud (Y. Guo u D. C. Jamison, 2005).

Tabauna Nel Yacrora BCTpeuyaeMOCTH 3aMellleHUs] HYKJIeOTHAOB npoMoTopHbix SNP ¢ aByms
aj1eJasiMu B peruone npomoropa. llutuposano no Y. Guo u D. C. Jamison, 2005.

Purine A G 33.10%

Pyrimidine CeT 33.10%

Purine <> Pyrimidine C - G 8.93%

Purine <> Pyrimidine A <~ C 8.77%

Purine <> Pyrimidine G« T 8.82%

Purine <> Pyrimidine A<~ T 7.42%

B mpomecce sBomronmu HEOOXOIMMOCTh aJANTAIMU ONPEICICHHOTO YPOBHS SKCIPECCHH TEHOB K
OTIpENICTICHHBIM (aKTOpaM OKpYXaromlel cpensl (JOpMHPYET €CTECTBEHHBIH OTOOp Ui peryisiiné TreHoB. B
sToM cMbicie SNP, BcTpewarommecss B caiTe CBsI3bIBaHUS (DAKTOPOB TPAHCKPHIIIWHM, OKAa3bIBAIOT MPsSMOE
BJIMSHHE HA yPOBEHb 3KCIIpeccry TeHoB. CienoBaTenbHo, TOT (akT, 9To Oosbinee konudectBo SNP Haxomures
B caiiTax CBS3bIBaHUS (DAKTOPOB TPAHCKPUIIHNH, MOXKET AEMOHCTPHPOBAaTh pas3lUyHble TpPeOOBaHHUA K
9KCIIPECCHH Pa3HBIX TEHOB B Pa3HBIX YCJIOBHSX. TakuM o0Opazom, mpoMoTopHble SNP MOryT OBITH aKTHBHBIM
(haKTOpOM eCcTECTBEHHOI'0 0TOOpa NMpH BBIOOPE pekrMa TPAHCKPHIILHH TEHOB.

IIpu 3TOM HEOOXOAMMO 0CO00 MOMYECPKHYTH, YTO SNP, cBsi3aHHBIC C 3a00JCBaHUEM, IO TAHHBIM
GWAS (Genome wide association studies), yaimie Bcero BCTPEHalOTCs B HEKOAUPYIOUIMX CIEHU(PUUSCKHX
perynsropubix ydactkax JIHK - transcription factor binding sites (TFBS) — caiitax cBs3biBaHusI (akTOpoB
tpanckpunuuu (Chen C. et al., 2014). Ananu3 auddepeHINaIbHOTO CPOACTBA K CBSA3BIBAHHIO (AKTOPOB
TPAHCKPUIIIUK MEXIYy OOBIYHBIMH QJUIETAMH W QUIEIIMH pHCKAa BBIABWI (yHKIHOHAaIbHBIE SNP ¢
MOTEHIMATIBHBIM HapYIICHUEM TN YCHICHHUEM CBSI3BIBAaHMA (PAaKTOPOB TPAHCKPHUIIIUH. ABTOPAaMH yCTaHOBIICHEI
perynsaropasie SNP-KaHARAATH, OJUH U3 KOTOPHIX 00JalaeT MOTPaHUYHONW BOCTIPHUMYHUBOCTBIO K PaKy JIETKHX
U CO 3HAUYNTEITHHOW BOCIPUUMYHBOCTBIO K PAKy MOJIOYHOMN JKEIIE3BI.

MHorue ¢GyHKIMOHANBHBIE WCCIENOBaHUA ObIM cocpenoTodeHsl Ha SNP, pacnonokeHHBIX B
KOIUPYIOIIUX O0JIaCTAX, KOTOPbIE MOTYT BIMATh Ha (DCHOTHII, M3MEHSS MEPBUUHYIO CTPYKTYPY KOAWPYEMBIX
oenkoB. Bmecte ¢ Tem, SNP Takke MOTYT BBI3BIBATh MPEKIAECBPEMEHHYIO TEPMHUHALIMIO TPAHCISIMU U Pacaj
MPHK. [lpyras ¢dynkuust SNP 3aknrouaercss B TOM, YTO OHM BJIMSIOT Ha CAiThl CIUIAMCHMHTa, YTO NPHBOJAUT K
BO3HMKHOBEHHIO AJIbTEPHATHUBHOTO CILTAHCHHTA.

CeKBEeHHPOBaHUE TOJNHBIX MHAMBUAYaJbHBIX T€HOMOB B HACTOSILEE BPEMs IIUPOKO HCIIONIB3YeTCS M
MIO3BOJISIET OIICHWBATh MHAMBUAyalbHbIEe Bapuaiuy Ha ypoBHe JJHK, kak HelTpansueie SNP, Tak u Te, KOTOphIe
CBsI3aHbI ¢ 3200JIEBAHUSMH WM BOCIIPHUUMYHUBOCTBIO K OoJie3HsIM. B HacTosimee BpeMsi CeKBEHHPOBAaHBI COTHH
WHIVBHUIYaJIbHBIX T€HOMOB YEIOBEKa BCEX OCHOBHBIX PAacOBBIX TPYII, BKJIIOYAs TC€HOMBI JCHHCOBLEB (BHI
Homo smoxu naneonwura, >xuBmmii 6onee 30 000 ner Ha3ax) u HeaHAepTanbleB (Bozpact 6onee 25 000 xer).
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IIpoext "1000 renomoB" mpoBoamnca ¢ 2008 mo 2015 romg ¢ Ienbi0 BBIABICHUS PacCHpPOCTPAHEHHBIX
TeHEeTHUECKUX BapHAHTOB UEJIOBEKa IyTeM INIyOOKOro CeKBEHHpoBaHUSA Mo MeHbineil mepe 1000 reHomos
YEJIOBEKa; OKOHYATEIbHOE UYUCIO (aKTHUeCKH cocTaBmwio 2 504 aHOHMMHBIX IIOCIEJOBATEIBHOCTH TI'€HOMA
YeJI0BeKa, NMPEACTABIAIOMNX 26 YeTOBeUECKNX NOMyJsluid. bombrmas nons mommMopdHBIX calTOB O3HAJaerT,
9TO KaXIbId WHAWBHI oOnamaeT yHHUKambHEIM HabopoMm SNP. KonkpeTnHas KoMOMHAIMS Y4YaCTKOB,
00HapY’KEeHHBIX B OINlpeJeJIeHHOM pernoHe, Ha3bIBAeTCsl TAlJIOTHMIIOM M NpeACTaBjseT c000il HeGoIbIIYI0
YacTh MOJHOI0 reHoruna. TepmuH '"ramrotun" ObUT IEPBOHAYAIBHO BBEACH VI OINHCAHHS T'€HETHYECKOTO
COJICP)KUMOTO OCHOBHOTO JIOKyCa THCTOCOBMECTHMOCTH YEJIOBEKa, O0OJacTH, Ompenessiomei Oenkwu,
BBITIOJTHAIOINX BaXXHYIO POJIb B UMMYHHBIX MEXaHU3Max. B HacToAlIEC BPEM OTOT TCPMUH paCHIMPECH 1A
OINMCaHUs KOHKPETHOW KOMOWHAIINY ajljieNield WITH JIFOOBIX JPYTHX FeHETHYECKUX MapKepOB, IIPUCYTCTBYIONINX B
HEKOTOPOil onpeneneHHoN obmactu reHoma. Mcmons3ys SNP, Obiia coctaBiieHa moapoOHas KapTa rarsioTHIIOB
TeHOMa YeJIOBEeKa; 9TO MO3BOJISIET UCCIIeI0BATENSIM JIerde 0TOOpakaTh I'eHbl, BhI3bIBAIOLINE OOJIE3HH.

SNP 1 HACJIEJACTBEHHBIE BOJIE3HU

HacmenctBennple Ooyie3HW 4YeJIOBEKa BBI3BIBAIOTCS  PAa3NUYHBIMH  THIIAMH MYTallMid T'€HOB,
BcTaBKamu/menenusamu (insertions/deletions), reHOMHBIMU CTPYKTYPHBIMH BapHallAsAMH, a TaK)Ke ITaTOTCHHBIMH
OHOHYKJICOTHIHBIME romuMopdm3mMamu (SNP), KoTopsie TECHO CBSA3aHBI C TIOBBIIICHHBIM PHCKOM 3200JICBaHH.
Cpenn HEX MOHOTCHHBIC 3a00JIEBaHUS TPEICTABIIIOT COOOH Cephe3HyIo MpoOiIeMy Ui MPOBEICHHS TCHHOU
Tepamuu. DTH TMAIUCHTHl YHACJCIOBall OMUH ITATOTCHHBIA aJuleNb, BEI3BIBAIOMIMN (PEHOTHI 3a0oieBaHUS,
0COOEHHO TOMMHAHTHO-HETaTUBHBIM 00pa3oM, a Takxke OJUH HOPMaJbHbIM amiens. TakuM oOpa3zoMm, cTparerus
JieyeHus1 OOBIYHO BKIIIOYAET crienn(pryeckoe NOAaBIeHHE TaTOTeHHbBIX ajuleliel, He 3aTparuBas ajuleiy JUKOTO
Tuna. ['eHeTHueckoe 3a0o0JeBaHUE IOJTHOCTHIO MM YAaCTHYHO BBI3BAHO aHOMaJIMeH B T'€HETHYECKOM COCTaBe
reHoMa WHAMBHIA. B TeHOMe uenoBeka HamOoJiee yacThiMM Bapuanusmu sBisitorcs SNP. Cpennuii reHoM
YeJIoBeKa COJIEPXKUT IpuMepHo 4-5 mummuoHoB SNP, xoTopele BcTpedaroTcst B cpenHeMm kaxaeie 1000-2000
HYKJICOTHIOB, 4YTO OOECIEYMBAET JOCTATOYHYIO IUIOTHOCTh /IS BCECTOPOHHEr0 aHajiu3a TaruIoTHIIOB.
[Mockonbky omHOHYKIEOTHHHBIE momuMophu3Mbel (SNP) sBusioTcss Hamboiee pacmpocTpaHeHHOW (opmoit
MOTMMOpP(H3Ma B TEHOME YeJI0BEKa, OHU MIMPOKO MCIIONB3YIOTCS JJIs UCCICIOBAHUN B 00J1aCTH aHTPOIIOTEHE3a,
HCCIIeIOBAaHUI HACIIEJCTBCHHBIX 3a00JIeBaHUIl, B MCCICNOBAaHUAX B o0nacTu (papmakoreHeTHKH. B mocnemHme
ToIpl OBIIO OOHAPY)KEHO OONBINOE KOJIWYSCTBO T€HOB, CIIOCOOCTBYIOIINX MOHOTEHHBIM M MYIBTH()AKTOPHBIM
(monureHHBIM) 3a00JIeBaHUAM. B CBS3M C 3TUM CHENHANIM3WPOBaHHBIC 0a3bl MAHHBIX OMOMH(POPMATHKH W
mporpaMMHOE oOOecledeHne, OTHOCAMMecs K cOOpy W aHamW3y TeHeTHYCeCKHX [aHHBIX, 3HAYUTEIBHO
YBEIUYMINCh B KOJHMYECTBE, pasMepe u oobeme. OqHOHYKICOTHAHBIC monuMopdusmbl (SNP), cocraristomiue
HanboJiee PaclpOCTPAHCHHBIH THIT T€HETHYECKOW W3MEHYMBOCTH, B HACTOSIIEE BPEMs SIBISIOTCS OCHOBHBIM
HCXOJHBIM MaTepUalioM, JEKAIIUM B OCHOBE OOJIBITMHCTBA TEHETUUECKUX UCCIIeIOBaHUN 1 0a3 JaHHbIX.

C opHOW CTOpOHBI, JpyrHe THIBl BapHaluii, BKIOYAas WHAEIH, BapUaHTHl YHCJIA KONMUH W
SNUICHETHYECKHE MapKephl, MO-TIPeKHEMY BaXKHBI JUII PAacCMOTPEHHs M MOTYT BJIUATH Ha 3aboieBaHue. C
Jpyroi cToponbl, SNP B 3HaYUTENbHON CTENEHH JIeT4e BCEro OMPENeInTh U ABISAI0TCA HanboJiee MOoJIe3HbIMU 1
IIMPOKO MPHUMEHIEMBIMI MapKepaMH B T€HETHYECKHAX HMCCICIOBaHUAX B COBpeMeHHYI0 3moxy (Johnson A.D.,
2009). Kax mpasuno, moorne SNP He BImsOT Ha (QYHKIHMIO KIETOK, HO cOoOOmaercs, 9To HeKoTopele SNP
TECHO CBS3aHBI ¢ 3a00JICBAHMSAMHI WM BIMSIOT HA PEaKIUI0 KICTOK Ha JIEKapCTBEHHOE CPelcTBO. XOTs Ooiee
99% mnocnenoBarenpHocTelt JJHK uenoBeka oavHakoBBl BO BceX MOMyJsLUAX, HeKoTtopble SNP moryr
OKa3bIBATh CYIISCTBCHHOE BIMSHUE HA TO, KaK JIIOAW PEATHpYIOT Ha HEONArompHsATHBIC (AKTOPHI CPEIbI
(maToreHHbIe OAaKTEepPHH, BUPYCHI, TOKCHHBI M XMMHUYCCKHE BEIICCTBA), a TAKKE JIEKAPCTBA M IPYTHE METOIBI
neyeHusi. Ot1o genaer SNP  oveHb IUeHHBIMH Ul OMOMEOULIMHCKUAX  HCCIIEJOBaHUM, pa3paboTku
(hapMaLeBTUYECKUX MPOAYKTOB U MEAUIMHCKON NUAarHOCTHKH. | eHeTH4YecKkue MapKepbl 00ECeYnBalOT OCHOBY
JUIl YpEe3BBIYAHO MPOJIYKTUBHOTO METOJa HACHTH(UKAIMU TeHETHYECKUX BAapUAHTOB Ha MOJIEKYJSIPHOM
ypoBHe. TumuuHas mnpoOnemMa KacaeTcsi MyTallMd C W3BECTHBIMH d(¢ekTamMu Ha (QEHOTHI, Korja
COOTBETCTBYIOIIMH T€HETHYECKHH JIOKYC MOXKET OBITh MOMEIIEH Ha I'€HETHYECKYI0 KapTy, HO B OTHOLICHUH
KOTOPOT0 Y HAac HeT HUKaKUX 3HAHUH O COOTBETCTBYIOLIEM I'eHE MM €ro IpoaykTe. MHOTHE OMacHble U Jaxe
cMepTeNbHBIe 3a00JIeBaHM dYeloBEeKa MOMAJaloT MMEHHO B 3Ty Kareropuio. Hampumep, MyKOBHCHHIO3
JIEMOHCTPUPYET PEICCCHBHOE MEHAEJICBCKOE HACIICAOBAaHME, HO MOJEKYJISApHAs MpUpOda MyTaHTHOTO Oenka
ObUTa HEW3BECTHA J0 TeX MOp, MOKa € He yJalloch MICHTH(HUIUPOBATh Ha OCHOBE XapaKTEPHCTUKU reHa. B
reHoMe SNP BcTpedaroTcss WM PSIOM € KaKUM-JTHOO KOHKPETHBIM T€HOM-MHIIIEHBIO, MM BHYTPU 3TOTO I'eHA.
HccnenoBatenn MOTYT HWISHTU(GHUIUPOBATH TaKWe MapkKepbl Onaromapss WX TECHOW CBS3M C TEHOM,
OTBETCTBCHHBIM 3a MyTaHTHBIH (heHOTHI. Eciam mbl cpaBauM JIHK manueHToB, CTpagaronX pacCTPOMCTBOM, C
JIHK 310poBBIX Nt0Ae#, MBI MOKEM OOHApy>KHUTh, YTO OINpEJeIeHHBbIC MapKephl BCET/a MPUCYTCTBYIOT (WIIH
BCerjia OTCYTCTBYIOT) y MAIlMEHTOB.
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[Maronoruyeckuit heHOTHUI HE BCErJa MOXKET ONPEACIATHCS OJJHAM I'€HOM; Yallle BCEro HaceCTBEHHAsS
MIATOJIOTHsSI MOXKET OBITh MOJUTeHHOH min MHOrodakTopHoi. Kpome Toro, Hekotopeie SNP, accounnpoBaHHbIe C
3a0osieBaHNEM, MOTYT HE MMETh (DYHKIIHOHAJIBHOTO OTHOIIEHHS K paccTpoiicTBy. OIHAKO MX IOJIC3HOCTh HpPHU
aHaJIM3€ CIIOXKHBIX T'CHETHYECKUX IPHU3HAKOB MOXET OBITh HMpowmntocTpupoBaHa asyms SNP, kotopsie Obutn
CBSI3aHBI C KOMIIOHEHTaMHu (eHotuna 3aboneBaHusa. Ot SNP BKIIOYAIOT MyTaluio, KOTOpas HNPUBOAMT K
ycuineHnio (pyHKIMH B TE€HE penentopa HWHTEpieHkuHa-4, KOTOPBI CBA3aH ¢ TsDKEMOHW (OpPMOH acTMbl, W
MyTaIuio B reHe f2-aapeHeprudeckoro perentopa (ADRB2), koTopslii cBsi3aH ¢ OonbIIell yCTOMYHUBOCTRIO K
aJIPeHEPTUYECKUM TIpernaparaM. Pa3BUTHE COBPEMEHHBIX TEXHOJOTWH B MOJIEKYJSIPHON OHOJIOTMH TPHBENIN K
MIOHUMAHMUIO AaKTyalbHOCTH moHcka SNP, accolMMpoOBaHHBIX C TaKUMH IIHPOKO pPaclpOCTPaHEHHBIMU
MOJMIeHHBIMH  3a00JI€BaHUSAMH, KaK OCTEOIIOpO3, JHadeT, CepleYyHO-COCYIUCThIE W  BOCHAIUTEIbHBIC
3a0oJieBaHus, ICUXMYECKUE PACCTPOHCTBA M OOJIBIIMHCTBO BHIOB paka (Bin Alwi Z., 2005).

[Iupoko pacnpoCTpaHEHHBI CEMEHHBIH XapaKTep CJIO0XKHBIX IOJUICHHBIX 3a00JeBaHUN SCHO
yKa3plBa€T HA 3HAYUTEIbHBIM Te€HeTHYeCKHH KOMMOHEHT. OpHako, B OTJIMYME OT MOHOTCHHOTO THIa
HaclleIoBaHus 3a00JIeBaHUM, ITOT FeHETUUECKUIl 3JIEMEHT COCTOUT U3 MHOXKECTBA BAPHAHTOB I'€HOB, KaXJIbIH U3
KOTOPBIX BHOCHT HeOombioi Bkian. [Ipm Hammumu ompeneneHHOro HabOpa T€HOB NPEIpPAcIONOXEHHOCTH B
TEHOTHIIE YEJIOBEKAa, BKJIAJ JAaHHBIX T'€HOB MYJBTUILTULUPYETCS, NPOBOLMPYs MATOJOTHIO IPU ONpEAEICHHOM
coyeTaHny ¢ (pakTopaMu BHEIIHEH cpensl. CeqyeT MpHHATh BO BHUMaHUe, 4To SNP MHOroumcieHHbI 1 6osee
CTaOMIIBHBI, YeM TaHAEMHBIC MOBTOPHI M3-32 OoJiee HU3KOH YacToTel MyTanuii. MuHorne SNP MoryT HaxoauTh
oTpaxkeHHE B (DEHOTHIIE, ECIIM OHM BCTPEUAIOTCS B KOJAMPYIOIIUX WIN PETYIATOPHBIX o0nactax reHa. [lostomy,
ucrions3yss SNP-mapkeppl, 49acTo MOMKHO TIPOBEPUTH HaIM4YHE NPSAMOH CBSI3H MeXay (eHoTHrmoM u
¢yHKIMOHANBHBIM BapuaHToM. Ilo aTum mpuumHam SNP  mpenmouTturensHee s COCTAaBICHUS KapT
TEHETHYECKUX MAapKEepOB BBICOKOW IUIOTHOCTH, HEOOXOJMMBIX Uil OJHOTO M3 OCHOBHBIX HalpaBJICHUIl
HCCIIeIOBAaHUH T€HETHKH YeJIOBEKA: BBISIBICHUS CIOXKHBIX T€HETHYECKUX IMPU3HAKOB.

SNP U CAXAPHBIN JUABET

Juabet 2 THa mpeacTaBiseT coOOW HACIEACTBCHHOE MOJIMTeHHOE (MynbTH(haKTOpHOE) 3a00IeBaHHE.
CoBpeMEeHHbIE Pe3yNIbTaThl UCCIECAOBAaHNI ITOKA3bIBAIOT, YTO HACIEACTBEHHOCTH SBISIETCS BaXKHBIM (haKTOPOM,
CHOCOOCTBYIOIIMM 3TOMY 3a00JIE€BaHMIO. Bo-TepBBIX, HEKOTOpPBIC 3THUYECKHE MEHBIIMHCTBA W TPYIIIIEI
KOPEHHOTO HACEJICHUS ¢ HU3KOW NPHMECHIO HAceleHHs (HapHuMep, MHICHIBI MMMa, JKUTenn MHUKPOHE3UH U
JPYTHX THXOOKEAHCKUX OCTPOBOB, aBCTPATNHCKIE aDOPUTEHBI M aMEPUKaHIIbI MEKCHKAHCKOTO MPOUCXOKACHHS)
JIEMOHCTPHUPYIOT UCKIIOUYNTEIBHO BBICOKYIO PacIpOCTpaHEHHOCTh quabera 2 tuma (1o 21% y unpeiines I1luma).
Bo-BTOpBIX, HAOMIOAAIOTCS TPYNIBI CeMEH, MPeAPacHOoNoKEHHBIX K AnadeTy 2 Tuma. UJeHbl JaHHBIX ceMel,
COCTOSIIIUE B KPOBHOM DPOJICTBE B IIEJIOM, JIOCTOBEPHO OoJjiee MpeapacroioKeHbl Pa3BUTHIO 3a00JIeBaHMUsI, 110
CPaBHEHUIO C HACEJICHHEM IIONyJISIIMH, B KOTOPBIX OHM MpPOKMBatOT. HakoHel, ucnosibp30BaHue ONM3HEIIOBOTO
MeTOJ[a MEULINHCKONW I'€HEeTHUKHU TPOJICMOHCTPUPOBAIN 3aMETHO 0oJiee BBICOKYIO KOPPEISAIMIO CTEIEHH pPHCKa
nuabeTa 2 THIIA Y MOHO3HTOTHBIX 110 CPABHEHUIO ¢ MU3UTOTHBIME Onn3Hernamu (70% mpotus 10%) (Staiger H. et
al., 2009). /luaber 2 Tuma, Kak W Jpyrue MOJUICHHBbIC 3a00JIeBaHMs, HE CIEAYET NMPOCTOMY MEHJEIEBCKOMY
HACJIEJOBAaHHUIO W CUHUTAETCS IOJUTCHHBIM 3a0oneBanueM. CloXHBIC 3a00J€BaHUs, Takue Kak aAnabeT 2 THIa,
BBI3BaHBI OJJHOBPEMEHHBIM BO3HHKHOBCHHEM OOIIMX Bapuanui mocienosatensHoctd JJHK Bo MHOrMX reHax B
COYETaHNWHU C ONpeAeseHHBIMU (akropamu cpenbl. [Ipeamonaraercs, 4ro kaxkmoe u3 3THX m3MeHeHumit JJHK
OKa3bIBAaeT JMIIb YMEPCHHOE BO3ACHCTBHME Ha (YHKIMIO 3aTPOHYTHIX T'€HOB. TeM HEe MeHee, B CyMME 3TH
Bapuanyy TPHUIAIOT MOBBIIICHHYIO BOCIPHHMYHMBOCTh K HEOJAroNpHATHBIM (DakTOpaM OKpYXKAIOIIEH Cpebl.
OpnonykneoTraHbIe TOMUMOpGU3MbI (SNP), 3aMeHbI B OMMHOYHBIX NapaX OCHOBAHUH, OXBATHIBAIOT MPUMEPHO
90% Bapmanuii mocienoBaTelbHOCTEH B TI'eHOMe dejoBeka. [lo 3TOH MpUYMHE OHU paccMaTpUBAIOTCS, B
Ka4eCTBEe OCHOBHBIX JCTCPMHUHAHT MHANBUIYaIbHON IIPEIPACIIONONKEHHOCTH K TAKUM CIIOKHBIM 3a00JICBAHUSIM.

B TeueHue mMOCIEAHErO JACCATHICTHS OBLUIO HWACHTH(GHIMPOBAHO MO MeHbIieii Mepe 600
(MOATBEP)KACHHBIX M IOTCHLHUAIBHBIX) TCHOB MpPEIpPacHolIOkKEeHHOCTH K auabery. HambGompmmii ycmex B
reHeTuke auabera 2 Tuma ObLI JOCTUTHYT OJarojaps MCCIENOBaHHAM MO MPUHLIMIY «CIy4ail/KOHTPOJIb» B
OONIBIIMX TpYNIAax TAalHEeHTOB W KOHTPOJBHBIX HCIBITYEMBIX. DOJBIIMHCTBO TEHOB MOXHO CYHTAaTh
MOATBEPKAECHHBIMU Y MHOIMX 3THUYeCKMX rpynn, Hampumep: ICF7L2, SLC3048, HHEX, CDKALI,
CDKN2A/B, IGF2BP2 u FTO. JlenTHH W TpemuH - JABAa BaXKHBIX NCNTHAA, PETYIHPYIOMHX AaIleTHT U
sHepreTndeckuii Oananc. Ilokasano, 4ro oOmue mOMMMOP(U3MBI B T€HaX, KOAWPYIOIIMX ATH MHENTHIBI U
CBA3aHHBIE C HHUMH peIENTOphl, CBSI3aHBI C Maccoi Tena, pAa3NUYHBIMH MapKepaMH OXXHpPEHHs H
MeTa0OJIMUECKUMH HapyIIeHUSIMH, KOTOPBhIE PacCMAaTPHUBAIOT, KaK MPEANOCHUIKH caxapHOro auadera 2-ro TUMa
(Ghalandari H. et al., 2015). AnumoHeKTHH - OEJKOBBIH TOPMOH, BBIICJICHHBIA M3 aIWIOLKUTOB, KOTOPBI
MOBBILIAET YYBCTBUTEIBHOCTh K MHCYJIMHY W YJIy4IlIaeT COCTOSHHE NPHU JHadeTe 3a CUeT YCHJICHUS OKHCIICHUS
KUPHBIX KHUCJIOT U HOTJIONICHUS TJIFOKO3bl B CKEJICTHBIX MBIIINAX U CHUXKEHUS BBIPAOOTKM TIIIOKO3bI B IIEUCHHU.
Hu3kue KOHIEHTpalMd aJWIOHEKTHHa B CBIBOPOTKE KPOBH CBsI3aHBI C JAWabeToM, OXHpPEHHEM,

105



PE3UCTEHTHOCTHIO K HHCYJIHUHY U METa00IMYECKHM CHHAPOMOM. I'eH aluIIOHEeKTHHA PacIoIoKeH Ha XPOMOCOME
3q27. Ilpennonaraercsi, 4T0 ONHOHYKIeOTHAHBIE TonuMopdu3Mbl (SNP) B rene agunonextuna (4ADIPOQ) Obun
cBs3aHbl ¢ quabetoM. SNP B ADIPOQ mOMOTalOT OLIEHUTH CBS3b PACIPOCTPAHCHHBIX BAPHAHTOB C YPOBHIMH
aJINTOHEKTHHA WM PHCKOM pa3BHTHS 1uabera. Pe3ynbTaThl HCCIEIOBAaHHMH CBHIECTENBCTBYIOT O TOM, 4YTO
1s1501299, rs2241766, 1s266729, 1517366743, rs17300539, rs182052, rs822396, rs17846866, rs3774261 n
rs822393 B 3HAYNTEIHHOH CTETICHU CBA3aHBI C CaXapHBIM MHa0eToOM 2 THITa, KOTOPBIX SBISLETCS Mpeodiiagatoniei
¢dopmoii 3a6omeBanms. Kpome Toro, rs2241766 u rs266729 mmupoko acCONNUPOBAHEI ¢ TECTAIIMOHHBIM THa0ETOM,
COCTOSTHHEM, KOTOPO€ DPa3BHMBACTCS Yy JKCHIIMH BO BpeMs OepeMeHHOcTH. CienoBaTenbHO, HE KOHKpPETHas
enMHUYHAs MyTanus, a psax SNP B reHe agunoHeKTHHa MOTYT ObITh (pakTOpOM pHCKa pa3BuThsi anabera y
JIOAeH BO BCEM MHpe. DTO HCCIEAOBaHHE CBUACTENBCTBYET O TOM, YTO aJWIOHEKTHH MI'PaeT BaKHYIO pOJb B
naTroreHese caxapHoro auabera 2 Thna u recraimonHoro nquadera (Howlader M. et al, 2021).

SNP 1 OHKOJIOTMYECKHUE 3ABOJIEBAHUSA

[lo MHEHHIO HEKOTOPBIX aBTOPOB, HCIOJIH30BAHHE MApPKEPOB IMOTUMOP(H3Ma TE€HOB, B YaCTHOCTH
OIHOHYKJICOTHIHBIX moimMmopdm3moB (SNP), obemraer nperocTaBUTh KOMIUIEKCHBIH MHCTPYMEHT IS aHAIIHA3a
TCHOMa YeJIOBEKa ¥ BBIABICHHS TeX T'€HOB M 00IacTeil TeHOMa, KOTOphIe crmocoOcTBy0T KaHmeporenesy (Engle
L.J. etal.,, 2006). ABTOpaMu aHATU3UPYIOTCSA Pa3IAIHBIC MEeTOBI onpeneseHust SNP ¢ ygeTom Toro, Kak Kakaas
U3 3THX METOJOJIOTHI MOXKET OBITh HCIOJB30BaHA B IIETSAX OMPEACICHUS MECTOIONIOKEHHUS TeHOB U O0JacTe
TCHOMa, TIPEICTaBIIOIINX HHTEPEC I Pa3InIHBIX THIIOB paka. BeICKa3bIBacTCS MHEHHE O TOM, UTO, KaK H IIPH
JIPYTHX MYJbTU(AKTOPHBIX HACIEICTBEHHBIX 3aboieBaHusix, Ooxee 90% SNP, crnocoOHBIX HHAYLHPOBATh
OHKoOJIOTHYeckue 3aboyieBaHMs, JoKanu3oBaHel B obOnactsax JHK, He nmpuHMMaronmx ydacTus B KOJUPOBaHUU
Oenka. DTOT (akT 3aTPyAHSICT pacmUPpOBKY (GYHKIHOHAIBHBIX Bo3xaciicTBuii SNP Ha mporecc pasBUTHS
MaToJIOTHU. BBIIO Mpe/IiokeHo MHOKECTBO MEXaHU3MOB JUIsl OOBSICHEHHUS TOTO, KaK HEKOAMPYIOIIUE BapHaHTHI
TEHOM MOTYT OKa3blBaTh BIIMSHUE Ha 3a00JIEBaHME YENIOBEKA, TaKHE KaK HapylleHHE CIUIalCHHra, TPaHCISIIUH
WIN CTaOMIIBHOCTH T'eHa, KOJUpYIoIiero oenok. B momonHenue k reHam, koaupyromum oenok, SNP, cBs3aHHbIe
¢ puckoM, uneHTudupoBanaeie GWAS, Takke BIUSIOT Ha KITIOYEBBIE HEKOAUpPYIOMmUE TeHbl it miRNAs u
IncRNAs (Liu S. et al.,, 2017). HenaBHue uccienoBaHus ToKasanw, 9To w3 4yucia 996 SNP cBs3aHHBIX C
OHKOJIOTHYECKIMH 3200JICBaHUSMH, BEISIBICHHBIME B uccienoBaHmsix GWAS, uneatudpumuposano 575 SNP Bo
(¢parMeHTaX, KOTOpBIC MOJOXHUTEIBHO PETYINPYIOT 3Kcrpeccuio reHoB, u 758 SNP Bo ¢parmenrax c
OTPUIIATEIIEHON PETYIATOPHON aKTUBHOCTHIO. Cpennt HUX 70 BapHAHTOB SBISIOTCS PETYISTOPHBIMHA BapHaHTAMH,
IUTA KOTOPBIX J1Ba ajuleisi 00ECTICUYUBAIOT PA3IMYHYI0 PETYISTOPHYIO aKTHBHOCTh. AHAIIN3 JABYX PETYIATOPHBIX
BapuaHToB —1511055880, cBA3aHHOTO C PUCKOM paka MOJOYHOM kene3sl, U 1512142375, cBA3aHHOTO ¢ PUCKOM
JIeKeMHH, MO3BOJMII YCTAaHOBUTh UX PETryJIATOPHYIO aKTHBHOCTh B OTHOLICHUH dKCIpeccuu reHoB ATF7IP u
PDE4B. Bo3M0XHO, LIEHHOCTh JAHHBIX HCCIEHOBAaHUN 3aKIOYAETCS B TOM, YTO ONPENENsAs PEryJsTOpHbIE
BapUaHTHI, CBSI3aHHBIC C BOCIPUUMUYHUBOCTBIO K PaKy, M M3ydasi UX MOJICKYJIIPHbIE (YHKINH, MOXKHO MOBBICUTD
JIOCTOBEPHOCTH OIICHKM PHCKA Pa3BUTHUSA paka.

Bricka3piBaeTCsI MHEHME O TOM, 4YTO B IIpolleccax KaHLEPOTeHe3a, IOMHMO HAaKOIUICHHS
yHaciuenoBaHHoro moimuMmopdmsma (B T.4. SNP) wmmeer 3HadeHHe yTpaTa ONHOTO M3 aiienel (morepe
TeTEepPO3UTOTHOCTH - loss of heterozygosity LOH) depe3 psa BO3MOXHBIX MeXaHH3MOB. B cBoio ouepenp, moTeps
TETEPO3UTOTHOCTH SIBIISICTCSI HamOoJiee PaclpOCTPaHEHHBIM MOJCKYJISPHO-TCHETHUECKUM H3MCHEHHUEM,
HaOJTI0TaeMBIM TIPH pake YeJIoBeKa C MpeodiiaflaHueM HHAKTHBALNN TeHOB-CyIIpeccopoB omyxoneit (Zheng H.-T.
et al., 2005).

VNTR (SSR) - BAPUAIIMUN YUCJIA TAHAEMHBIX IIOBTOPOB HYKJIEOTH1OB

I'eHoM deJOBeka COAEPKUT MHOXKECTBO MOBTOpsAOUIMXCS MocienoBarensHocTed JIHK, koTopsie
pasIMYaroTCAd IO CJIOKHOCTH IIOBTOPSAIOINEHCS €OUHMIBI OT OJHOIO HYKIEOTHAAa M0 1EJI0ro TIeHa.
[MoBTOpsiIoLIKECs MOCIEA0BATENEHOCTH MOTYT OBITh HIMPOKO PAacHpeNesieHbl WM B BUJIE MPOCTHIX TaHIEMHBIX
MaccuBOB. MaccuBbl 10 5 WM 6 HYKJICOTHIOB M3BECTHBI KaK MPOCTHIC TaHJIEMHbIE MOBTOPHI, U OHU LIMPOKO
paccestHBI W CHIBHO TmoiaMMOpQHEL IlpencraBurenn OJHOM TpYNIBI TPOCTHIX TaHAEMHBIX ITIOBTOPOB,
TPUHYKJIECOTHIHBIX IOBTOPOB, MOTYT HOJABEPraThbCsi YBEIMYEHHIO YHCNIAa KONMHUH B Mpolecce MyTaluH.
MukpocaTe/UINThl, WIM TAaHAEMHbIe NPOCThbie MOBTOPbI HYKJIEOTHAHBIX mHocjaexoBatenbHocTeil (SSR),
LIMPOKO PacHpOCTpaHEHbl B TEHOMaX U JIEMOHCTPUPYIOT BHICOKHI YpOBEHb MmojuMopdu3Ma. ['eHoM yenoBeka
COJICPKUT MHOXKECTBO HYKJICOTHIHBIX IIOCIEIOBAaTEIbHOCTEH, KOTOPhIE BCTPEUYAIOTCS HEOJHOKpPATHO. OTH
MOBTOPSAIONINECS IOCIEI0BAaTEIFHOCTH PAa3IMYalOTCA IO CIOXKHOCTH OT IOJHBIX T'€HOB (TaKHMX KaK TI€HBI
pubocomuoit PHK) mo mnpocThIXx TmOCHenoBaTeNbHOCTEH W3 OJHOW WIM HECKOJBKHX Map OCHOBAaHH.
Opranusanys HOBTOPSIOIIMXCA IOCIEI0BATENbHOCTEH MOXKET BapbHUpOBAaTh OT IIMPOKO PACCESHHBIX KOIMMH
OTHOCUTEJIBHO JUIMHHOM CJIOXKHOM IIOCJIEJOBATEIBHOCTU N0 TAaHAEMHBIX MACCHBOB C IIPOCTBIM COCTABOM
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nocienoBarenbHocTedl. K umenmy mnpocredimux u HambojJee pPacHpOCTPaHEHHBIX IOBTOPOB OTHOCSTCSA
JIMHYKJICOTUIHbIE TIOBTOPHI, B OCHOBHOM uMetonue ocHoBaHus AC Ha onmuoit Hutu JJHK u GT na apyroil.
CymiecTBYIOT M JpyTHE TPOCTble TaHAeMHbIe MOBTOpHI (STR), KOTOphIE BKIIOYAIOT MOHO-, TPH-, TETpa- U
NCHTaHYKJICOTHIHBIE OBTOPSIONIMECS  €AWHHUIBL. | €HOMHBIE MHKPOCATEIUIUTHI  (IPOCTHIE  MOBTOPHI
nocnenoBarensHocTH; SSR), urepanun (IMOBTOpeHNE) HYKICOTHAHBIX MOTHBOB 1-6 I.H., OBIIM OOHApY’>KEHBI B
TeHOMaXx Ka)KZOTO MPOaHAIM3UPOBAHHOTO B HacTosIiee Bpems opranmsMa. Bmecte ¢ Ttem, SSR cocraBisioT
JIOBOJIBHO Oompuryto nomro Hexogupytomei JHK m oTHOcHTensHO penku B 00NacTAX, KOIUPYIOMNX OEIoK.
Hanpuwmep, Bce HabmogaeMble MOHO-, IU- M TETpaHyKIeoTHAHBIe SSR ObUTH pacnonokeHbl B HEKOAMUPYIOIIHX
obmactsax y 54 BumoB pactenuii. Bce Tumel SSR (0T MOHO- 110 TeKCaHYKJICOTHIHBIX HOBTOPOB) OBUIH
oOHapyXeHbl B OOJBLIMX KOJMYECTBAX B HEKOMUPYIOUIMX OOJACTSAX IreHOMa OecliO3BOHOYHBIX, PACTEHUIl U
npumaroB (Li Y.-C. et al., 2002). [To mMHeHu0 aBTOpoB, TOT (akrt, uto Bce THIBl SSR (3a HCKIIOUEHHEM
TPUIIJIETOB U TEKCAaHYKJICOTHIOB) 3HAYUTEIHHO DPEXKE BCTPEUAOTCS B IOCIEAOBATEIBHOCTSIX, KOAUPYIOIIHUX
0eloK, TOo cpaBHEHHIO ¢ Hekomupylomumu yuacTkamu JIHK, MOXHO OOBSCHHTH OTpHLATENBHBIM OTOOPOM
MPOTUB MyTallUii B KOAUpYyOMMX obnactsax. Tem He MeHee, TPUILICTHBIE IOBTOPHI, CBSI3aHHBIE C 3200JICBaHHEM,
B OCHOBHOM, BCTPEYAIOTCSI B KOMUPYIOIIMX O0ONacTAX T'eHOMa deloBeka. HeKoTopble TpPH-MOBTOPHI HE
COXpaHSIOTCS B TCUCHHWE [UIMTENBHBIX IIEPHONOB BPEMEHH, JAake KOrja OHHM 00pa3yloT dacTh
MIOCIIEI0BATENIFHOCTEH, KOOUPYIOMNX ONKH, MOCKOJBKY JUIMHHBIE TPH-TOBTOPHI (Hampumep, MaccuBsl CAQG)
MOTYT OBITH JecTaOMIM3MPOBaHBl BO BpeMst MeHo3a (kpoccunrosepa). bompmmacTBO SSR - (48-67%),
00OHapy>XEHHbIE Y MHOTHX BHJIOB, IIPEACTABIIIOT cOOOH AMHYKICOTHABI, HO Y IPIMaTOB MOHOHYKJICOTHAHBIC (B
ocHoBHOM, monu (A/T) Tpekn) sBIsFoTCS HamOoliee pacnpocTpaHEeHHBIMH Kiaccamu SSR. JlmHyKiIeoTHIHBIC
SSR moryT ObITh OOHapyxkeHbI B HHTpoHaX. Hanpumep, y mbimu uHTpoH A rena Adhl copepxur (TA)14 (TG)8
u (TA)19, a uarpon rena IL-5 cogepxut (AT)17. YBenudeHue pazMepoB IH- WIH TeTpaHYKICOTHIHBIX SSR B
WHTPOHAX MOXKET MPHUBECTH K Pa3pyLICHHIO MCXOTHOTO Oellka Wi 0O0pa30BaHMIO HOBBIX I'€HOB ITyTEM CJIIBUTa
pamku cuuthiBanusi. Korma paccmarpuBaercst BcTpeyaeMocTh SSR B pasiuyHbIX (YHKIIMOHAIBHBIX 00JacTIX
TEHOMa, OKa3bIBAETCs, YTO OOJBIIMHCTBO M3 HHUX JEMOHCTPUPYIOT ropasfo Oojiee BBICOKYIO ILIOTHOCTh B
HEKOAUPYIOMHUX obyacTsax. MckmoueHneM M3 3TOro MpaBmia SBISIOTCS TPHMePbl M reKcaMepbl, KOTOpHIE
MIOYTH B /{Ba pa3a 4Yalle BCTPEYAIOTCH B IK30HAX 110 CPABHEHHI0 ¢ MHTPOHAMHU M MEXT'CHHBIMH OOJIACTSIMH.
Hx BBICOKas 9acTOoTa B KOAMUPYIONIMX OOTACTSIX MOXKET OBITH OOBsACHEHAa TeM (DaKTOM, YTO OHH He U3MEHSIIOT
PaMOK CYHUTBHIBAHUS M CBOICTBA reHeTHYeCKOro koaa. Takum oOpa3oM, JTaHHBIN THIT MyTallli HE OKa3bIBAET
CYIIIECTBEHHOTO HETaTUBHOTO BJIMSHMWSA, B CpaBHEHWH C ApyrumH TunamMu SSR. Mx monoxuTensHbI 0TOOp B
9K30HAX TAaKXKe TPeAIoiaracT HeKoTopyro GyHKIuio moBTopoB (Jasinska A., Krzyzosiak W.J., 2004).

Jlokycsl ¢ Oomee UIMHHBIMH ITOBTOPSIOIIMMHCS €AWHHILAMH, TO-BUAMMOMY, IIOJBEpraioTcs Ooiee
CHIBHOMY OTOOpY H3-32 pasHHIBI B pa3zMepax, OCOOCHHO B 0O0JACTSIX T€HOMa C BBICOKOH CKOPOCTBIO
peKOMOMHALMH. JTH pe3yNlbTaThl TaKXKe CBHICTENBCTBYIOT O TOM, 4YTO pa3jId4dsi MEXAy YacTOTOU
BcTpedaeMocTd  SSR B KOTUPYIOIIMX U HEKOAMPYIOUIMX YyYacTKax TIeHOMa BO3HUKAIOT B pe3yJlbTare
cneuuduyeckoro oTbopa MPOTUB MYTAalUil CO CHBUTOM paMKU CYHTHIBAHUS B KOIUPYIOMIMX OOJACTIX,
BO3HHUKAIOIIMX B pe3yJbTaTe M3MEHEHUH UIMHBI B HETPUILJIETHHIX MOBTOpax. Tem He MeHee, 14% Bcex 0e1koB
coiep:KaT NMOBTOPSIOLIMECH MOCJEA0BATEIBHOCTH, IPUYEM KOJIWYECTBO NMOBTOPOB y 3YKApHOT B TPU paza
BBIIIIE, YeM y NpoKapHoT. CeMelcTBa NMPOKapHOTHYECKUX M JYKapHOTHUECKHX IOBTOPOB CIPYIIHPOBAHBI B
HETOMOJIOTHYHBIE OEIKH. DTO MOXKET yKas3bIBaTh Ha TO, YTO MOBTOPSIOIINECS ITOCIEIOBATEIBHOCTH BO3HHUKIN
IIOCJIE TOTO, KaK 3TH [(Ba I[apCTBa Pa3[eIMINCh. JYKAapHOTHI, BKIIOYAIONINE OOJBIIE ITOBTOPOB, MOTYT UMETh
SBOJIOLMOHHOE TIPEUMYIIECTBO B Oosiee OBICTPOH amanTari K HOBBIM YCJIOBHSM. BBICKa3bIBacTCsI MHEHHE O
TOM, YTO DPA3IMYUS MEXIy KOTUPYIOIIMMH M HEKOAWPYIOIIMMH 4YacToTaMH SSR BO3HMKAIOT B pe3yibTare
cnenuduIeckoro 0Toopa MPOTUB MYTAIMHA CO CIBUTOM PaMKH CUHTHIBAHHS B KOJUPYIOIINX 00IacTsIX.

MyTanuoHHble MexaHu3Mbl Bapuanuu SSR

I'enomuoe u3obmimme SSR u pasnuynbie GyHKIMA U 3PPEeKTh (IMpeamonaracMpie WK JI0CTOBEPHO
YCTaHOBJIEHHBIE) CBA3aHBI ¢ YACTOTOM MyTamuid, MOCKONBKY yactota MyTtamuii SSR (102— 10 colGwituii Ha
JIOKYC 3a IIOKOJIGHHE) OYeHb BBICOKA 10 CPABHEHMIO C YaCTOTOM TOUEUHBIX MYTAaIlMH B JIOKycax KOAWUPYIOIIHMX
reHoB. XOTsd MpoIlecC MyTallud, I0-BUIUMOMY, AEMOHCTPHUPYET SIBHBIE PaslIn4usi MEXIY BUAAMH, TUIAMHU
MIOBTOPOB, JIOKYCAMHM W aJUIETSIMH, BO3PACTOM M TIOJIOM, HECTaOMJIBHOCTh MPOSBISAETCA MPEUMYIIECTBEHHO B
Buae u3MeHeHWH umcina SSR-moBTopoB. [ OOBSACHEHWS TaKMX BBICOKHX IOKa3aTelneld MyTallMd MOKHO
UCTIONB30BaTh J(Ba MYTAI[MOHHBIX MexaHusMma. IlepBblif cBs3aH c mpockanb3biBanneM JIHK Bo Bpems
permukarmim JIHK. Btopo#i Bkimowaer pexomOuHammio mexay HUTAMH JIHK. DQQexkTHBHOCTE 3THX IBYX
MEXaHU3MOB MOXKET MPEANOIOKHUTEIFHO 3aBUCETh OT YCIOBUH OKpYKaroleil cpenbl. beuto oOHapykeHO, 4To
pasnuuHble (HAKTOPHI BIUSIOT Ha 4acTOTy MyTauuii B okycax SSR, BKITIOUasi MOBTOPSIIONIMICS MOTHUB, pa3Mep
ajyens, mojoxenue xpomocom, coaepxkanue GC B duankupyromeit JTHK, nenenune kieTok (MHTOTHYUECKOE
MPOTUB MEHOTHYECKOTO), ITOJI ¥ TEHOTHII (HanpuMep, MyTaiun B reHax MMR). JIyist 0ObsICHEHHSI TAKUX BBICOKHX
mokaszatesed MyTallil MO>KHO MCIIOJIB30BAaTh JBa MYTALIMOHHBIX MeXaHM3Ma. IlepBBIi CBA3aH C COCTOSHHEM
npoueccoB penaparuu JJHK Bo Bpems perukaiuu. Bropoit Biirodaer pekomOuHaimio mexay Hutsmu JJHK Bo
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BpeMsi KpoccuHroBepa. bamanc 3(@deKkTHBHOCTH 3THX JABYX MEXaHM3MOB MOXET 3aBHCETh OT YCJOBHIi
OKpYy>Karouiei cpeaspl.

SSR 1 TPAHCKPHUIIIUA

MHoOTOoYHCIIEHHbBIE JOKAa3aTeIbCTBA MOKA3bIBAIOT, 4TO SSR, pacnonoskeHHbIE B TPOMOTOPHBIX 00JIacTsX,
MOTYT BIMSTH Ha aKTHBHOCTH T'eHOB. bputo oOnapyxeno, 4ro (TC)n-moBTOpsrommecs MMociaegoBaTeIbHOCTH
HYKJICOTHIOB B NIPOMOTOPHBIX OONACTAX CIy’KaT TPAaHCKPHIIIMOHHBIM 3JIEMEHTOM JJISI T€Ha OeliKa TEIIOBOTO
moka hsp26 y pa3nuyHbIX BUmoB. Jenenust pa3iuyHbIX IH-, TpU- U TeTpa-SSR-MOBTOPOB 3aMETHO M3MEHsIa
TPAHCKPHUIIMOHHYIO aKTHUBHOCTh. Hampumep, TpaHCKPUINIIMOHHAs aKTHBHOCTh IIPOMOTOPOB OblTa pe3ko
cHmxkena myteM yaaineHus (TCCC)n-noBTOpoB U3 MPOMOTOPHBIX obnactei rena TGF-f3 B cucTeMe SKCIpeccuu
CAT. C npyro#i croponsl, (GT)n-moBTOp MOXKET yCHUIMBATh aKTHUBHOCTh reHa, ocoOeHHO, ecnu GT-moBTop
HaXOAUTCS ONMXKe K IPOMOTOPHBIM ITOCIIEA0BATEIBHOCTSIM.

Jlup Hebonpmas yacth obmeir PHK, TpaHckpuOupyemoii B KIIETKax 4eloBEeKa, CTAHOBHUTCS 3pENoi
MPHK. CoBokynHocte MPHK cocTaBiisier TpaHCKpUOTOM YeNOBEKA, KOTOPBIA MOXET MEHATHCS B 3aBUCUMOCTHU
OT JTala OHTOTEHE3a, (U3MOJIOTHYECKOTO COCTOSHUSI M TATOJOTHMYECKHX TporieccoB. Hebompmmas wacTh
Pa3IMYHBIX MTOBTOPSIOIIMXCS TOCIEI0BATEILHOCTEH, KOTOPHIE COCTABISIOT 00JIee ITOJOBUHBI T€HOMA YEIOBEKa,
COXpaHsieTcs B 3pEeNbIX TpaHCKpunrax U Qopmupyer mx ¢ynknmo. B momomnenne k MPHK, Tpanckpuntom
TaKKe BKIOYACT pasnuuHble Hekoxupytomme PHK, wurparomme nubo cTpykTypHBIE, OO PETYIATOPHBIC
¢yHKIMK B KiteTkax. ClemoBaTeNnbHO, CYIMIECTBYIOT THICAYH Pa3INYHBIX TPAHCKPUITOMOB B COTHSIX Pa3IMUHBIX
TUIOB KJIETOK M OPraHOB B WX Pa3JIMUHBIX (PU3HMOJOTMYECKUX U MATOJOTMYECKUX COCTOSHUSIX. PasHooOpasue
TPAHCKPHUITOB II0 CPAaBHEHHIO C T€HAMM YyBeJIW4MBaeTcs mpuMepHo Ha 50% Omaronmaps aidbTepHATHBHOMY
CIUTaHiCHHTY, CHHTE3UPYIOTCSI MHOTOYHCIICHHBIE aHTHCMBICIOBBIE TPAHCKPUIITH, M Bce Hekoaupyroume PHK,
BKIIIOYass HEJaBHO Npu3HaHHOe cemeiictBo MHUKpoPHK, Taxxke BHOCAT 3HAUMTENbHBIM BKIax B Iyl
YeJI0BEYECKUX TPAaHCKPUNITOB. AHANN3 IPUCYTCTBUS, B YACTHOCTH, TPUILIETHBIX TOBTOpoB B MPHK moxasait, uto
no MeHbplield Mepe 718 moBTopoB Obut oOHapyxkenbl B 619 MPHK (Jasinska A., Krzyzosiak W.J., 2004).
Kopotkue Tangemusie noBTopbl (STR) wacTo BeTpedaroTcs BO MHOTHX TPAaHCKPHITaX, OJHAKO B HEKOTOPBIX
ClTy4asix ITaTOJIOTHYECKUE COOBITHS MPOMCXOMAT NP IOCTIKEHHH KPUTHYECKOW IUTMHBI HoBTOpa. Hampuwmep,
3TO SABJICHHE HAOMIOAETCs TIPH Pa3INYHBIX HEBPOJIIOTHUECKHUX paccTpoicTBax. [laTomormueckue 3 QeKTsl 3THX
MIOBTOPOB 3amycKaroTcs TpaHckpuntamu MmyTaHTHOM PHK w/mmm xommpyememu stiMu PHK MyTanTHBIME
OenKkaMH, KOTOPHIE OIPEACIAIOTCS JIOKANM3alUsIMH PAcIIMPEHHBIX IIOBTOPOB B HEKOJWPYIOIINX HIH
komupyromux obmactax. Ilokazano, uro crpykrypel PHK, o0Opa3oBaHHBIE 3THMH MYTaHTHBIMH
nosropsironumucs Tpakramu PHK, oka3biBaroT Tokcuyeckoe Bo3neiicTBre Ha kietku (Ciesiolka A. et al., 2017).

SSR U TPAHCJIAAIUA

MHorue HucciefoBaHMsA MOKa3bIBAalOT, 4To SSR MOryT BAMATH Ha TpaHCHAnMio TreHoB. Hampumep,
cokpamienue uncia noropoB (CA)n yBenuuusaet Tpancisinuio MPHK B kierkax Escherichia coli. YMepenHoe
pacmupenue moBTopoB CGG MoxkeT 3aMeTHO yMeHbINTH TpaHcnuio TeHa CAT (pSVsCAT) npu BcTaBke
genoBedecknx moBTopoB CGG. Pacnpenenenne terpanykineotnnoB AGCT B renomax E. coli u Bacillus subtilis
TIpeCKa3bIBACT TPAHCIIITUOHHBINA cIOBUT paMku B Heckodbkux rerax (infb, ACEF/PDHC, eno, RPLI, OmpA,
OMF u TOLA). CesssiBanne nmoBtopa CUG (CUGBP1) B3aumoneiictByer ¢ 5'-o6macteto MPHK C/ebpbeta u
perymupyer TpaHcimuio mohpopm C/EBPBETA. Tpumierasie moBTtopel UGG  0Ka3BIBalOT CHIBHOE
uHTHOHpYtomee neiicteue Ha TpaHcisnuio MPHK B E. coli, aro 6pu10 mokazano B penoprepaom reae CAT.

MEJUIINHCKOE 3HAYEHHUE SSR

Okono 15% cnopaanueckux ciydaeB KOJIOPEKTAJLHOTO paka, a TakKe HHBIX OHKOJIOTHMYECKUX
3a00JeBaHUi, TEMOHCTPUPYIOT HectabmwiabHOCTh SSR. Ilporpeccupyroiee HakomieHHe HecTaOmiabHOCTH SSR
TaKKe€ MOXXET CIIOCOOCTBOBATh Pa3BUTHIO paka jkenynka. [Ipumepsl m3menenuit SSR, compoBoskmaromux
pa3IHYHBIC BHAAX paka y YENOBEKa, MOXHO pa3feiWTh Ha JBa MONTHIIA: THI A, JEMOHCTPHPYIOIIUI
OTHOCHTEIIEHO HEOOJBIINE H3MEHEHHS B Mpe/iesiaX MeCcTH Iap OCHOBAHUI; M THI B, TEMOHCTPUPYIOMINI pe3Kie
W3MEHEHHS B COCTaBE BOCHMH Hap OCHOBaHMU. [IpW HEKOTOPHIX BHIAX paka OblIa MPEUIOKEHa CBI3b MEXKIY
HectabmiapHOCTRIO SSR Tuma B u  cemeiiHoil mpenpacnosnoxkeHHocThio. bpulo  mokazano, uyto 14
HEBPOJIOTHYECKUX PACCTPONCTB SABISAIOTCS Pe3yJIbTaTOM pPACIIMPEHHUs HECTAOMIBHBIX TPHHYKJICOTHIHBIX
noBTopoB. Takue TpuiieTHsle 3a0osieBaHusl SSR BKIIIOYAIOT Cllydan ¢ M3MEHEHUSIMHU JIMO0 B HEKOAUPYIOUIHX
(HeTpaHCIUpyeMbIX), THO0 B KOIUPYIOIUX (9K30HBI) TMOCIENOBATEIBHOCTIX. PaciivpeHHble MOBTOPHI MOTYT
NpuaBaTh TEHETHUYECKYI0 HECTaOWIBHOCTh M, CKOpee BCEro, CHOCOOCTBYIOT MOJABICHUIO TPAHCKPHIIIHH.
Yenoseueckuit maccuB moBropoB FMRI (CGG)n MOXKeT NpOSBIATE T'€HETHYECKYI0 HecTaOWIbHOCTD,
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XapaKTepU3yIONIyI0cs MPOrPEeCcCUPYIONINM PacIIUpPEHHEeM B TEUCHHE NOKOJCHUH, IMPUBOIAIIMM K PEIpecCHH
TEHOB W pa3BUTHUIO CHHIPOMA XpPYNKOCTH X-XpOMOCOMBI. MmuoOTOHHMYECKass aucTpodusi, ayTOCOMHO-
JIOMUHAHTHOE HEBPOJIOIMUECKOE PacCTPOUCTBO, BbI3BaHa pacmupenueM CTG-noBTropoB B nokyce DMPK, npu
9TOM y mocTpamaBmmx jun n > 50 moBTopoB (CTG). AHoManpHOe pacmmpenue (> 39) mostopoB (CAQG),
KOTOpPO€ MPHUBOIUT K MOJUTITYTAMHUHOBBIM PacTsDKCHHSM, BBI3BIBaeT Ooie3Hb Mauano JIo3eda. YCTaHOBICHO
TaKke, 4TO JUIMHA, a He crenuduueckuil amrens (CA)n MoBTOpa reHa alblI030PeAyKTa3bl aCCOIMUPYETCS C
nrabeTHdeckoil permHomaTtHed, a moiuMmopdmsM amiens (CA)n B TepBOM HHTPOHE YEJIOBEYECKOTO TeHA
uHTEephEepoHa-y CBsI3aH ¢ GUOPO30M aJuToTpaHCILIaHTaTa Jerkoro. Hanpumep, amnens (CCTTT)14 B mpomoTope
reHa NOS2A 3HaunTeNbHO OTPaHUYMBAIl TUa0ETHUECKYIO PETHHOATHIO.

Bmecte ¢ Tem, MpHUBOAATCS AaHHBIE O TOM, YTO IPOCTas 3KCHAHCHSA IMOBTOPOB MOXKET BBI3BIBATH
HEKOTOpbIE BHUABI paka. DTO MOXET MPOM3OUTH IyTeM H3MEHEHHUS JIKCIPECCHU TeHa-Cylnpeccopa OMyXOiH U
HU3MEHEHHEM CBOWCTB KOgupyeMbIx OenkoB. IIpomeMoHCTpupoBaHHas MeHoTHUecKas HeCTaOMIBHOCTH MOXKET
CBA3aTh 3TOT MEXaHM3M MYTAaIlMM C CEMEHHBIMH PaKOBBIMH CHHApOMaMH. Tak ycTaHOBJIEHa HeCTaOMIBHOCTH
STR B HeCKOTBKHX y4JacTKax IPH HACJIEICTBEHHOM HEIMOJHMIIO3HOM pake TOJCTON KHIIKH HpeAroyiaraeT, 4To
HECTaOMIIBHOCTD IOCJIEAOBATEIIFHOCTH MOXET ObITh (DaKTOpOM IIporpeccHpoBaHus paka. JlampHemas
nAeHTH(HUKANNSI TEHOB-KaHAMAATOB, COAEPKAIINX TPHUIUIETHBIE ITOBTOPHI, IOJDKHA IIO3BOJIUTH IIPOBECTH
TOTOBYIO MNPOBEPKY THIOTE3Bl O TOM, YTO HECTAOWMIBHBIC IIOCIEIOBATEIBHOCTH TPOCTHIX ITOBTOPOB MOTYT
BBI3BIBATH PaK
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PA3JIEJI 3. HOJIMTEHHBIE (MYJIbTU®AKTOPHBIE) 3ABOJIEBAHUS. CAXAPHBIM JTUABET 2-
ro TUITA, KAK TIPUMEP ITOJIMTEHHOT O 3ABOJIEBAHUS

BBEJEHUE

CrnencrtBueM  HM3MEHEHHMSI  CTPYKTyphl TeHOB  (monmMop¢u3ma) — SBISCTCS — HAcIEeICTBEHHAs
MIPEAPACHONOKEHHOCT YEJOBEKa K TEM WM HWHBIM pPAacIpOCTPAHEHHBIM XPOHWYECKHM 3a00JICBaHHSIM.
Wnentndukanmss MHOTHX THICSY T€HOB B TCHOME 4YENOBEKAa, BBIICHEHHE MOJICKYJSIPHBIX MEXaHH3MOB
HACJEJICTBEHHBIX W TIOJUIEHHBIX (MyJbTH(AKTOPHBIX) 3a00JeBaHMid, JI0Ka3aTEIbCTBO TI'€HETUUECKOMN
YHUKQJIBHOCTH KaXK[JOTO WHJMBHAA —OCHOBHBIE JIOCTIIKEHHUS, KOTOPHIC 3aJIOXKWIN HAay4HBIH (YyHIaMEHT
MOJICKYJISIPHOW MeIULUHBI. [[Be OCHOBHBIE OCOOCHHOCTH MOJIEKYJISIPHOIM MEAUIMHBI OTIMYAIOT €€ OT MEIUIIUHBI
TpaIUIMOHHOM (Kiaccuyeckoit). Bo-mepBrIX, HHAMBUIYANbHBIH XapakTep (T€HOM Ka)I0TO YeJIoBeKa YHUKAJIEH)
U, BO-BTOPBIX, €¢ NpoduiakTHyeckas HapaBIeHHOCTh (FEHOM MOYKHO NMPOaHaIM3UPOBATh 10 Hadana OOJIE3HH).

@DyHIAMEHT OJHOTO M3 HaNpaBlIeHHH MOJEKYIIpHOH MEIULMHBI — TPEIUKTUBHON (Ipeacka3aTenbHOI)
MEIMLIUHBl — COCTABISET aHAIU3 AJIEIbHBIX BAPHAHTOB TEHOB IPEAPACIONOKEHHOCTH K IOJUTCHHOMY
3a00JIeBaHNIO.

[To nmerommMcst JaHHBIM, BETMYNHA TEHETHYECKOTO Ipy3a B oy siiusax Esporsl 1 Poccun HaxoanTes,
MIPUMEPHO, HA OJHOM YPOBHE, B quama3zoHe 5,5 %. IIpu atoM, okono 1% npuxoanuTcs Ha JOTI0 MOHOTECHHBIX
0oJie3Heill (maronornveckue MyTanmud ogHoro reHa). Emé oxomo 0,5% 00yclIOBICHBI XPOMOCOMHBIMH
aOeppaumusamu, a Takke 3-4% COOTBETCTBYIOT HOJHUICHHBIMH (MYJIbTH(HAKTOPHBIM) 3a00J1eBaHUS C
BBIPa)KCHHBIM HACJIEICTBEHHBIM (DaKTOPOM.

CrenoBarenbHO, M3 4YHCIIA HACIEICTBEHHBIX OoJie3HeH, Hauboyee HIMPOKUM pacHpoCTpaHEHHEM

XapaKTepU3yIOTCs MOJIUTeHHbIe 3a0oeBanus. Kak npaBuiio, B HaTOreHe3 TOJIMTEHHBIX 3a00JIeBaHUH MOTYT OBITh
BOBJICUCHBI HE OJIMH, a HECKOJIbKO reHoB. Hanpumep, u3BecTHO, 4To aBa reHa (BRCA,
BRCA2) moryTt cnocoOCTBOBAaTh Pa3BUTHIO HACICACTBCHHBIX (DOpPM paka MOJOYHO xkeie3bl. KpoMe Toro, mo
MeHblIed mepe, Tpu rena (PSI, PS2, AAP) npuHMMAlOT y4yacTHe B Pa3BUTHH CeMEWHbBIX (opMm Ooye3HH
Anprreiivepa, a Takxke okoso 600 reHOB paccMaTpHBAIOTCS B KauyecTBE I'€HOB-KAHAWIATOB B JUArHOCTHKE
nuabera. BaxHOH OCOOCHHOCTBIO MJAaHHOW TPYNNBI HACIHECACTBEHHBIX OoOJE€3HEH sBISIETCS TO, YTO
MIAaTOJIOTHYECKOE IPOSIBICHHE B (CHOTHUIIE MYTallMi T'EHOB IIPEIPACIIONOXECHHOCTH BCETAa 3aBUCHUT OT
BO3/ICHCTBYS HAa OPTaHU3M NPOBOIMPYIONINX BHEIIHUX (GakTopoB. [1o 3T0H npuunHe faHHYIO HanOoIee BaXKHYTO
B MEIUOMHCKOM OTHOUICHWH TPYIIy HACIEACTBEHHBIX OOJNE3HEH Ha3bIBAIOT MYJIbTH(AKTOPHBIMH
HAcJECACTBEHHBIMU Oone3HsMH. MyJbTH(AKTOpPHBbIEe 3200JIeBAHMSI HWMCIOT CIIOKHYIO T'CHETHYECKYFO
CTPYKTYpPY, MHpPEICTAaBICHHYIO IIHPOKUM CHEKTPOM BapuUaHTOB ajuieseidl. J[aHHBIE T'eHbl pPa3IHYaloTCs IO
MIPOUCXOKACHUIO (TepMUHAIBHBIE WIHM COMAaTHYECKHE, BO3SHUKIINE de nOVo) W BCTPEYAIOTCA B MOMYJISAIUH C
pa3IMYHON YacTOTOM (OT IIMPOKO PACHPOCTPAHEHHBIX A0 PEOKUX, C YacTOTON Ha YpPOBHE MYTaIMOHHBIX
COOBITHH). DTH TEHBl MOTYT BHOCHUTH pa3Hble IO cBoel cwie 3(QekTsl B pHCK pa3BUTHs 3a00JIeBaHUS Y
YeNnoBeKa.

OsxupeHne, 0CTe0nopo3, IHAOMETPHO03, UHPAPKT MUOKAp/A, OOJIBIIMHCTBO OMYXOJIEH, IICUXHUECKUX U
CepACYHO-COCYANCTHIX 3a00JIEBaHNI BXOAAT B COCTAaB TPYIIIEI TIOJIMTCHHBIX HACIEICTBCHHBIX OOJIE3HEH Ha TOM
OCHOBaHMH, YTO OHH SBJISIOTCS CIIEJICTBUEM B3aHMMOJCHCTBHS MHOTHX I'€HOB C HEOJIArONPHATHBIMU (pakTOpaMu
BHEIIHEH cpeapl. JTO O3HAYaeT, YTO IAaTOreHe3 MyJbTH()AKTOPHBIX 3a00JeBaHMH ONpENeIsieTCs] TeHHBIMU
MyTanusMu (TTOIMMOpP(HU3MOM TEHOB) HE B OJHOM, a Cpa3y BO MHOTHMX IeHaxX. 3HAYMT, 3TH Oone3Hu OynayT
(EHOTUIIMYIECKN  TPOSBIATBCS  TOJNBKO TP COYCTAHWM  HACIEACTBCHHOW  IPEAPACIONIOKCHHOCTH
(HacIeICTBEHHOTO PHCKa Pa3sBHUTHS 3a00JICBaHMUS) U COOTBETCTBYIOMIMX HEOIATONPHUATHBIX (pAKTOPOB BHEIIHEH
CpeIBL.

Onupasich Ha BBIIIE M3JI0XKEHHBIE (PAaKThI MOXKHO CHEJIaTh BBIBOJ O TOM, YTO JIaOOpPAaTOPHBIA aHAIIN3
(manpumep, meropom I[II[P) reHeTnuyeckux MapKepoB M BO3MOXKHas (pEHOTHIIMUECKas KOPPEKTHPOBKA HX
(GYHKIHMHA MOTYT CYIIECTBEHHO CHH3HTh PHUCK pasBUTHS MYJIbTH(AKTOpHOTro 3aboseBaHHs (aTepoCKiIepos,
nuaber, MH(GApPKT MHOKapjaa, TMIEPTOHMS M mpouune). JI0OCMMITOMAaTHYECKOE BBISBICHHE JIMI, BXOASALIMX B
TPYIIy BBICOKOTO pHUCKa MO MyJbTH()AKTOPHOW NATOJIOTMM M CBOEBpEMEHas MPOQHIAKTHKA SIBISIOTCS
[JIaBHBIMU HalpaBiICHUSIMU NPEeAUKTHBHOM (MpeacKa3aTelbHON) MeAULHbI.

Takum o0Opa3om, MynbTH(AKTOpPHBIE 3a00JEBaHUS SBISIOTCS PE3yJIbTaTOM HEOIArONPHUSATHOTO
COYETaHMs TEHETHYECKUX (DAKTOPOB M (PAKTOPOB OKpyxkaromiel cpeasl. [loatomy, Mymanmmusie zenst (annenu),
KOMmopbie CO6MECUMbL C PONCOEHUEM U JICU3HDIO, HO NPU ONpeOesIeHHbIX HeONAZONPUAMHBIX YCIO6UAX
CROCOOCMEYION PA3GUMUI0 NO20 U UHO20 MYIAbMUPAKMOPHO20 3A001€6AHUA NOAYYUNIU HAZ6AHUE (2€HO8
npedpacnonocennocmuy. Kpome reHoB, B IaToreHese JaHHOH TpymIibl 3a00JIeBaHUI MPUHUMAIOT y4acThe
pasiuyHbie (AKTOPBI PHCKA, KOTOPBIC HAKAIUIMBAIOTCS C BO3pacToM. CepledHO-COCYIUCThIC 3a00seBaHus,
XPOHHYECKasl TIOYEYHasI HEJ0CTaTOYHOCTh, XPOHNYECKUE 3a00JIEBaHMsI JIETKUX, TATOJIOTUH ME€UYCHH, U PaKOBbIC
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3a0osieBaHus SIBISIFOTCSL HauboJjee pacripoCTpaHEHHBIMH MHOTO(AKTOPHBIMU 3a00JIeBaHUAMH U (OPMHUPYIOT
3HAUUTEJIBbHYIO HATPY3KY Ha CHCTEMY 3[]paBOOXpPaHEHHUS.

MynbtudakropHbie  3a00JCBaHUs, TAKXKE  HAa3bIBAEMBbIC  MOJUICHHBIMH WK  CJIOXKHBIMH
HACJICICTBEHHBIMU  3a00JICBaHUSIMH, OOYCJIOBICHBI MHOTOYHCICHHBIMH TCHETUYCCKUMH (aKTopamu U
(dakTopamu OKpyxKaromiel cpeabl. BaXKHO OTMETHTh, YTO BOBICUCHHBIC B MATOJOTMYECKUI MPOIECC alieid B
MOJIABJISIFOIIEM OOJBITMHCTBE CIYYaeB HE SIBISIFOTCS MATOJIOTHYSCKUMH, a JIMIIb TTOBBIIAIOT BOCOIPUUMYHUBOCTh
OpraHM3Ma 4YelioBeKa K 00JIe3HsM.

[MoaTBepiK/ACHHE POJNKM TEHOB MPEAPACIONIOKEHHOCTH B MATOTeHE3e IMOJMICHHBIX 3a0oJieBaHuil,
YCTaHOBJICHUE aJUICTHOIO COCTaBa I'€HOB MPEAPACHOIIOKEHHOCTH B KaXJOW OTAEIBHOM MOMYJSIIUU — OYEHb
CcIoKHbIe 3a1a4n. Kak mpaBuiio, alrOpuTM TakUX MCCIIETOBaHUH BKIIOYAET B ce0s1 TpU OCHOBHBIX JTara:

-JI0Ka3aTeIbCTBO TOT0, YTO 3a00JIEBAHUE SIBIISIETCS CEMEIHBIM,

-JI0Ka3aTeNbCTBO TOT'0, YTO ATa CEMeHHas TeHJCHIHsI 00YCIIOBIICHA TeHEeTUYEeCKUMHU (haKTOpaMmu,

-, HAKOHCI, BBISIBJICHHUC I'CHOB, BOBJICUCHHBIX B ITATOI'CHEC3.

KaprupoBaHue 1 OTOXIECTBICHNE I'CHOB IPEIPACIIONOKEHHOCTH K MYJIbTH()AKTOPHOMY 3a00JIEBAHUIO
MPOBOMASATCS, KaK MPAaBUIIO, WIM 0 Pe3yJbTaTaM HCCICAOBAHUS UICHOB CeMel C TMOBBIIICHHBIM PHUCKOM
pas3BHUTHUSI [TaHHOTO 3a00neBanust. Vn ucclieIoBaHUEeM TPYIIT HEPOCTBEHHBIX MAIIMEHTOB C JAHHOMN MaTOJIOTHEN
B CPaBHEHHH C MPAKTHYECKU 3I0POBBIMHU UCIIBITYEMBIMH (COMOCTABICHUE TPYII Ciiy4dait/KoHTposk). [Ipu 3ToM,
OCHOBHOH 3aJaueil MOKCKa, Yallle BCEro, SBISIETCS KapTHPOBAHKUE OMHOHYKICOTUAHBIX Tonumophusmos (SNP),
PAacIONI0KEHHBIX, KaK BHYTPH OTICIBHOTO T'€H, TaK M 3a MpelesiaMi CTPYKTYPHOrO TeHa U Haubojee TeCHO
KOPPEMUPYIOIIHX C JAaHHBIM 3a00JICBAHUEM.

JlaHHOe HampaBJeHHE HCCIe0BaHUil TpeOyeT MOBOJBHO CYIIECTBEHHBIX 3aTpaT BPEMEHH U CPEJCTB.
Hanpumep, B MacTaOHBIX UCCIIEOBAaHUAX B 00JIaCTH
MIOMCKA T'eHOB MPEIPACIIONIOKEHHOCTH K PaKy MPOCTAaThl OBUTH UCIIOJIL30BaHbBI
o6pasiper JJHK 1150 maruento u 1150 koHTponbHBIX 00pa3nos. Haunnanuce uccnenosanus ¢ ananusa 500 000
SNP, xomu4ecTBO KOTOPHIX B JanbHewmneMm Obuio cokpameHno g0 200 SNP. brnarogaps mpoaenannoit pabote
ObUTH HICHTU(DUITUPOBAHBI 15 TeHOB-KaHIUIATOB, H3YYCHUE KOTOPBIX MPOOKACTCS.

3a mpoueaiiee AecATHICTHE, ObUIM HACHTH(OUIMPOBAHBI T'€HETHYECKHE JIOKYCHI (B OCHOBHOM
OJTHOHYKJICOTH/IHBIE TOTUMOPGI3MBI - SNP), CBsI3aHHBIE C PACIPOCTPAHCHHBIMHE CIIOKHBIMH 3200JICBaHHSIMU.

POJIb TEHHBIX CETEM B TATOT'EHE3E
MYJbTA®AKTOPHBIX BOJE3HER

ITo muenuto mpodeccopa H. A. KomuyaHoBa, reHnasi cerb — 3T0 Ipynna KOOPAWHHPOBAHHO
(pYHKIIMOHMPYIOIINX T'eHOB, o0ecneunBawas GopMupoBanue GeHOTUNMYECKUX NMPU3HAKOB OPraHu3Ma
(MOJIeKyJISIPHBIX, OMOXMMHYEeCKHX, (pusnonorndecknx). C ogHON CTOPOHBI, KaXaass U3 TaKUX JOKAIbHBIX
TeHHBIX CETel SBISECTCS IUCKPETHBIMU M aBTOHOMHBIMH COOOILECTBAMU F€HOB U MPOAYKTOB UX dKcnpeccuu. C
JIPYTO#l CTOPOHBI JIOKAJIbHBIE TeHHbIe CeTH HHTEIPHUPOBAHbBI B OJHY I100aJbLHYI0 ceTh opranusMa. biaromaps
ycriexaM OHMOMH(OPMATHKU B HACTOSIEE BPEMs BBISBICH LENBIA PsJl TEHHBIX CETei, 0OeclevnBaroluXx,
HarpuMep, PEryisiHi0 YPOBHS TIIIOKO3BI B OPraHW3ME, CHHTE3 CTEPOMIHBIX TOPMOHOB, PETYISIIHUIO (PYHKINU
asUIonuTOB (KJIETOK JKUPOBOW TKAaHM), MOAJCP)KAHHE MEXaHH3MOB 3PHUTPOINO033a, a TAaKKE TCHHBIC CETH
OKHCIIUTEIBHOTO CTPECCa, PEryIHPYIONINE OTBET OPraHOB M TKAaHEH Ha BO3JCHCTBHS aKTUBHBIX ()OPM KHCIOpOIa
WK a30Ta.

Kak yxe oTmeuanocs, Bce T'€HHBIE CETH TECHO B3aMMOJCHCTBYIOT MEXTy cOOOH, MHTEIPHPOBAHbBI B

€IMHYI0 T€HHYI0 CEThb OpraHusMa. Takas MHTErpamus aBTOHOMHBIX JIOKaIbHBIX T€HHBIX CETEH B OpraHM3Me
MOXET OBbITh TOPHU30HTAJIBLHOIH HMJIM BepTHKAIBHON (Mepapxmueckoii). Ecan peur mpér o0 wuHTErpaunuu
TEHHBIX CETEH OJTHOIO YPOBHs, TO 9TO TOPU30HTAIbHAS UHTEIPALIUS.
IIpumepoM ropu30HTAIBHOM MHTErpali MOXET CIIy’KUTb IIApaKPUHHBIM BapUAHT UHTEIPALMYA UHCYIUMHOBOU H
IJIIOKarOHOBBIX TEHHBIX CETEH, COBMECTHO pETYJHPYIOIIUX YPOBEHb IJIIOKO3BI B KpoBH. B KkauecTe
WJUIIOCTPALMM BEPTUKAJIbHOW HHTErPALMU CIELYeT IPHUBECTH I'€HHYIO CEThb KOHTPOJS CHHTE3a CTEPOMIHBIX
ropmMoHoB. Mepapxuueckas nmpupojia JaHHOW BEPTHUKAIbHON ceTH OOYCIOBJIEHA TpeMs YPOBHAMH HEpapXuu:
THIIOTaJIaMycC, TUITOGH3 U epruepruuecKre SHAOKPHHHBIC JKEIIE3bI.

Heo6xoaumMo 0TMETHTD, YTO TEHHBIE CETH TaKkKe HaXOJIATCS IO/ BHEIITHUM KOHTpoJieM. JleficTBUTEIbHO,
TCHHBIE CETU SIBISIOTCS OOBEKTOM PETYIALNH CHEHU(PUIECKUX MEXaHH3MOB-HHTEIPaTOpOB T'€HHBIX ceTed. B
Ka4yecTBe TAKUX MHTETPATOPOB MOTYT BBICTYNaTh cHeluduyeckue oTAelbHbIe reHHble ceTu. [IpumMepoMm Takoro
HHTErpaTopa SBJSETCA TEHHas CeTh PEeryJalud LUPKATHOrO (CYTOYHOrO) PUTMA, KOTOpas BOCIPHHUMAET
CUTHANbI BHEIIHEH Cpeibl U Ha OCHOBE MOJYYEHHBIX CUTHAJIOB YIPABIsIeT PUTMOM pabOTHl OTPOMHOTO YHCIIA
TeHHBIX CETeW: OT peryJsuud OOMEHHBIX IMPOIECCOB JO MUTOTHYECKMX LUKIOB. Elle OZHUM MeXaHH3MOM
MHTETrpalluy TeHHBIX CETEH MOTYT SBJSITHCS Pa3iM4YHbIe MeTaG0JIUTHI (TJII0K032, (POPMBI AKTUBHOTO KHCIOPOJa
U 1p.) U HellporymopaJibHbie (GaKkTopbl (TOPMOHBI, (haKTOPHI TpaHCKpHIIKMK). Ha ocHOBE cKa3aHHOTO MOYKHO
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cenaTh BBIBOA O TOM, YTO MHTETpalys TeHHBIX CeTel SBIJIAETCS BaXKHEHIINM MEXaHU3MOM, OCYILECTBIISIONINM
aJaNTUBHBIN OTBET BCEr0 OPraHU3Ma M CUCTEM €ro JKH3HeoOecIeueHnsl Ha BO3JIeHCTBUE OKPYKAOLIEH Cpe/Ibl.

AHanm3upys NpHBEICHHBIC BHIIIE (PAKTHI MOXKHO CAENATh BBIBOA O TOM, 4TO 3(PEeKTHBHOCTH pabOTHI
JIOKAJIbHBIX T€HHBIX CETEH, a TAKKE BO3MOKHOCTH aJalTally OpraHu3Ma K MOCTOSHHO MEHSIOIUMCS YCIOBUIM
BHEIIHEH cpenpl, OyIyT 3aBHCETh OT YHHKIBHBIX OCOOCHHOCTEH T'€HOB, BXOIIMX B COCTAB JAHHOH CETH.
Kaxaplil mocTynaromuii B OpraHu3M CHTHAJ BBI3BIBAET OTBETHYIO PEAKIUIO TOM MM HHOM T€HHOM CETH, KOTOpas
C MOMOIIBIO COOTBETCTBYIOIIMX MHTErPAaTOPOB MEPEJacT CUTHANl APYTUM TeHHBIM ceTsM. I10JOMKM B reHHBIX
CeTAX, BBI3BAaHHBIC MYTAIMsIMH TEHOB, WIH WX (QYHKIMOHAIbHAs HEIOJHOIEHHOCTh, OOYCIIOBICHHAS
aJUIeJIbHBIMU BapUaHTaMM, MOXKET, €CJIM M HE MOJIHOCThIO Pa3pyIINTh, TO CYLIECTBEHHO MCKa3uUTh paboOTy Bceil
HHTErpalbHOM 'eHHOM CeTH, TO eCTh BCET0 OpraHu3Ma. B maToreHnes kaxaoro 3abosieBaHHs BOBJIEKAIOTCS MHOTO
Pa3HBIX PYHKIHOHAIEHO B3aUMOCBSI3aHHBIX I'CHOB TOW MJIM MHOW JIOKAJbHOM TeHHOM cetu. Hapsmay ¢ riaBHBIME
reHaMH{, MHULIUUPYIONIMME OOJIe3Hb, BCET/Ia MIMEIOTCS MHOTOYHCIICHHBIE BTOPOCTEINIEHHbBIE TeHbI-MOIU(PHUKATOPEI,
¢denorunnyeckue 3PGEKTbl KOTOPHIX BO MHOTOM ONPENEINISIOTCS CPeloBBIMU (hakTopamMH. BhIsBIeHHE Taknx
TCHOB, YCTaHOBJICHHE XapakTepa (YHKIHOHAIBbHBIX HapyIIEHHH Ha YPOBHE JIOKAIBHBIX W WHTErPajbHBIX
TEHHBIX CeTel, 0COOEHHOCTEH T'eH-TeHHBIX B3aMMOJCHCTBHH MPH MYJIbTH()AKTOPHBIX 3a00I€BaHUAX — Ba)kKHAs
IpakTH4YecKas 3a1a4a OMOMH()OPMATHKH.

OueBugHo, 4ro Onaromaps MOIMMOPGHU3MY TI'€HOB, WHIMBHIYaJlbHON YHUKAJbHOCTH aJUICIBHOTO
COCTaBa, TEHHBIE CETH KaKAOTO OTICIBHOrO dYeJoBeKa (PYHKIMOHHPYIOT IO-pasHOMY. I[IOCKONBKY TeHBI,
oOpasyomme OCHOBY Ka)KJOH TCHHOW CETH, MOJIMMOP(HBL, B CHIy YEero WX aJUICIbHBIC BapPHAHTHI
(YHKIIMOHANBEHO PA3NMYHBl y pa3HBIX Joneil. B pesynprate mommmopdusma reHOB KaXIbIH YEOBEK HMeEET
CBOW MHIMBUAYaJNbHBIH OMOXMMHYECKMH NpoQUIb, HHAWBUAYaJbHYIO HOPMY OHOXUMHUYECKUX pPEaKIHH,
WHIUBHIyalIbHbIE aJlaliTUBHBIE BO3MOXKHOCTH Ha (OHE BO3ACHCTBUS HEOJIArONpPHATHBIX (HPAaKTOPOB BHELIHEH
cpenbl. CnenoBarenbHo, Ojarogaps HonuMopdu3My reHOB (MHAMBUAYaJbHOMY T'€HETHYECKOMY COCTaBY)
(GbopMHUpPYIOTCS WHIMBHIyaJbHbIC pEaKIWU 4YeNOBeKa Ha BHEUIHWE BO3JCHCTBHSA, WH(EKUUH, TPaBMBbI,
reopu3n4ecKue yCIoBHs, MUIIEBbIC MPOAYKTHI, Ha ACHCTBUE TOKCUHOB M JIEKAPCTBEHHBIX IIPETapaToB.

Bc€ ckazaHHOe WMeeT caMoe HEMOCPEICTBEHHOE OTHOIICHHWE K MaTOreHe3y MYJIbTH(aKTOPHBIX
3aboseBaHnii. B coBpeMeHHOW METUIMHCKOM JHTepaType MHOTOKPATHO OIMCAHbl CIydal CeMEHHOTO
(HacIeICTBEHHOTO) XapaKTepa
MIPEAPACIONI0KEHHOCTH K aTepOCKIICpO3Y, JHa0eTy, 3a001eBaHUAM CEep/la,

JIETKHX, OYEK, IEYEHU, ICUXUIECKHM OTKIOHEHHSIM, C BBICOKOH CKIIOHHOCTBIO K

OHKOJIOTHYECKUM M aJIepruueckuM 3aboneBaHusiM. OCHOBa yKa3aHHBIX HACJICACTBEHHBIX OOJIE3HEH — TEHBI.
IMockonbky ¢QeHoTHII (B TOM 4YHCIE€ TATOJNOTWYECKHH) OTHEIBHOIO UENOBEKa, €CTh IPOSIBICHUE
WHIMBHIYAIbHBIX OCOOCHHOCTEH €ro TeHOTHIA, PeaJM30BaHHOTO NPH yYacTHH JIOKAJIBHBIX M HWHTErPajbHBIX
TeHHBIX CeTel B JaHHBIX KOHKPETHBIX YCJIOBHUSX cpenbl. Habop amsenell B reHOTHIIE YeIOBEKa MHANWBUIyaJEH,
HO TOJIMMOP(U3M TeHOB HE

BCerja sBIsAeTCs HelTpanbHBIM. IHOTHa NpHCYTCTBHE HEKOTOPBIX BapHAaHTOB TI'€HOB MOXET IPUBECTH K
00pa3oBaHUI0 OENKOB, COAEPXKALUIMX H3MEHEHHS (U3UKO-XUMHUYECKUX CBOWCTB, COIPOBOMKIAIOIIMXCS
HapylIeHUsIMU (DyHKIMOHAIBHOM akTHBHOCTH Oenka. Kak yxe oTMeuanock ofHOHyKiIeoTuaHbIe 3aMeHbl (SNP)
B KOJUPYIOIIMX y4YacTKaX I'eHa MOTYT OKa3blBaTh BIMSHHE HE TONBKO HA W3MEHEHHE MEPBHUYHON CTPYKTYpPBHI
Oenka, HO M TPETHYHOM CTPYKTYyphl OenKa, a 3HAYHT Ha COCTOSHHE €ro (pyHKIMOHAIBHOM aKkTHBHOCTH. B
OTIpENCTICHHBIX YCIOBUAX cpenbl (reodusnueckuil (HakTop, paryoH MUTAHUS W T.X.) dGQEKTHI, ONpeaensieMble
MOJIUMOP(HU3MOM I'€HOB, MOTYT CIIOCOOCTBOBATH MIIH, TPOTUBOJCHCTBOBATD PA3BUTHIO PAa3IMUHBIX 3a00JICBaHUH.
I'ensl, amenpHBIE BAPHAHTHI KOTOPBIX MIPU HAIWYWH ONPENEAEHHBIX (PaKTOPOB CPEIbI

MIPEAPACIONaraoT K ONPEAEeICHHBIM 3a00I€BaHHAM, U TTOIYYHIN Ha3BaHHUE

TeHOB IpPePACHOJI0OKeHHOCTH. TakuM 00pa3oM, TeHbl NPeIpacloOKEHHOCTH — 3TO MYTAHTHBIE T'CHBI
(anenu), KOTOPBIE COBMECTUMBI

C pOKACHHEM U XM3HBbIO B IOCTHATaJbHOM IIEPHOAE, HO IIPHU OIpEJCeNCHHBIX HEOJAaronpUsATHBIX YCIOBHUIX
CHOCOOCTBYIOT Pa3BUTHIO TOTO MM HMHOrO 3a0osieBaHus. BO3MOXKHO, TpaHMIAa MEXIy MOHOTCHHBIMH U
MOJMTeHHBIMHA 3a00JIEBAaHUSIME HE CTOJb 3HAUMMa W MEXAy STHMHU TIpyNIIaMHd HAcJeJCTBEHHBIX OoJje3Heil
CYIIECTBYET TECHas B3aMMOCBS3b. BrickazaHHOe MHeHHe Oa3upyercsi Ha TOM (akre, 4yTO “00IIME” TeHBI A
MEHJENIEBCKUX M MHOTO(AKTOPHBIX 3a00JIEBaHMI TECHO CBS3aHBI APYT C APYroM Ha YpOBHE OEIOK-OEIKOBBIX
B3aUMOJCHCTBUI M MMEIOT OoJjiee BBHICOKMH YPOBEHb JKCIPECCHHM B KJIETKaX M TKAHIX, YeM TEHBI “TOJBKO
MHoTro(akTOpHBIX 3a00meBanmii”. Kpome Toro, “o0mue” reHsl MEHIEIeBCKUX i MHOTO(AKTOPHBIX 3a00IeBaHHIA
UMEIOT OOJBIIOE KOJIMYECTBO TPAHCKPUITOB M KOJUPYIOT Oosee anuHHble Oenku. [Ipu mpoBeneHuu
aCCOIMATHBHBIX HCCIICJAOBAHUI BapuaHThl B “00mMX”’ TeHaX s MEHJEJIEBCKUX M MHOTO(AKTOPHBIX
3a00JIcBaHUl UMCIOT 00Jiee BBICOKOE 3HAYCHHE PHCKOB, YeM T'€HBI “TOJIbKO MHOTO(AKTOPHBIX 3a00seBaHuUitl”.
BrickasbiBaeTCsi MHEHHE O TOM, YTO HCCIIENOBaHHMS MHOTO(AKTOPHBIX 3a00JIEBaHUI JOJDKHBI OBITh, MpEXIe
BCEro, HanpaBjeHbl Ha M3y4YEHHE BAapUAHTOB I'€HOB, BBI3BAHHBIX MYTAlUSIMH B OOJACTH NPOMOTOPOB T'€HOB
MEHJIEJIEBCKUX 00JIe3HEH MM B HEKOJUPYIOLIUX PETHOHAX T€HOMA PSIOM C JaHHBIMH IIPOMOTOPAMH.
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POJIb MYJIbTU®AKTOPHBIX 3ABOJIEBAHUI CEPJLIA, IOYEK, JETKUX U IEYEHUA
B KAHIIEPOT'EHE3E

[TomurenHoe 3a0ojeBaHHWE — JOCTAaTOYHO CJIOXHOE SBICHHE. BmecTe ¢ TeM, HaIMYUE TaKOTO
3a007CBaHNs MOXKET CTaTh NPHYMHON APYTHX NATOJIOTHH, HAIpUMep, OHKOMATONOTHH. JlOTOJHHUTENbHBIC
poOIeMBI CO3MaET TOT (aKT, YTO OJHOBPEMEHHOE TIPOSIBIICHHE IBYX I OoJiee 3a00JIeBaHN JaHHOU TPYIIIHL y
OJIHOTO TIAITMEHTa IIPEICTABIACT CO0OH pa3nWyHble KIWHUYECKHE MpoOieMbl. [Ipm 3TOoM, TepameBTHYECKas
KOPPEKIHsI OJTHOTO 3a00JeBaHUsI MOKET OBITh HECOBMECTHMMOHW C JeueHueM Jpyroro 3aboneBanus. [Tomumo
9TOTO, CIEYET YUUTHIBAThH MOBBIIIICHUE PUCKA PA3BUTHUSI OHKOJIOTHUYECKUX 3a00JIeBaHUN Cpe/iv MAIMEHTOB C yiKe
BBISIBJICHHBIMH MHOT'0(haKTOPHBIMHU 3a00JIeBaHUSIMH. T'oBops vHaye, IUpOKast
pacpoCTpaHEHHOCTh  MYJIbTH()AKTOPHBIX  3a00JCBaHMN, MOXET  OOBSCHHTH  TOBBINICHHBIA  PHCK
pacrpocTpaHeHHs OHKOJIOTHYeCKUX 3aboseBanuil. [To ganusiM Otaena HapomoHaceneHus Jenapramenta OOH
10 PKOHOMHUYECKHM M COIMaIbHBIM Bompocam Ha 2019 roa, oxumaercs, uto B 2050 rogy HacerneHue mMupa
crapme 65 mer mpeBbicuT 1,5 Mmmmmapaa demoek. ClieoBaTeNbHO, MPUHUMAs K CBEIACHUIO TOT (haKT, UTO
BO3pACT — OJIMH M3 OCHOBHBIX (PaKTOPOB PHCKA MPOSBICHUS ITOJUTCHHBIX 00JIe3HEH, MOKHO MPEIIOI0KATE, YTO
YCHIUTCS MaHU(eCTaIs MyJIbTH(PAKTOPHEIX 3a00JeBaHUH, B T.4., 3a00JCBaHUH, CIIOCOOCTBYIOIINX Pa3BUTHIO
OHKONATOJOTHH.

CBsI3b MEXY OKOJIOTMEN U CEPAEYHON HEJOCTATOYHOCTBIO

C OnHO#M CTOPOHBI, KapIMOTOKCHYHOCTh, BBI3BAHHAS XUMHOTEpalHell OHKOIATOJIOTHH, BCe Ooiee
O4YEBHJIHA, TIOCKOJIbKY JIEYEHHE Ha OCHOBE IUTOCTATUKOB MOXXET MPHUBECTH K HEOOPATUMOMY TMOBPEXIESHUIO
Muokapaa. C apyroil CTOpOHBI, BBICKa3bIBA€TCSI MHEHHE O TOM, YTO CepJieuHasi HEeAOCTaTOYHOCTh MOXKET OBbITh
OHKOT€HHBIM COCTOSIHHUEM. JleWcTBUTENBHO, MOMYJISIITUOHHBIE HACCIEI0BaHUS MOKa3au, 4qTo
pactpoCTpaHEHHOCTh OHKOJIOTUYECKUX 3a00JIeBaHUN BBINIE Y TAIUEHTOB C CEpJCYHON HEMOCTaTOUYHOCTHIO, B
CpaBHEHHH ¢ OO0ImIeH momysanreii. Bo3aMOKHO, pUCK pa3BHUTHS paka y JIOJCH ¢ cepJedHON HEeJOCTaTOYHOCTHIO
NOBBIIIEH Ha 24—68%, 110 CPABHEHUIO CO 3J0POBBIMU JIOAbMH. B 4aCTHOCTH, YCTaHOBJIEHA B3aUMOCBSI3b MEKIY
CepJIeYHON HEAOCTATOYHOCTHIO M MPOTPECCHPOBAHUEM paka TOJICTOW KHUIIKH. DTa B3aUMOCBS3b, CKOpEE BCETO,
HE 3aBHCHT OT HM3MCHCHHMH IapaMeTpOB TEMOJMHAMHKH, a ONpeaessaeTcs (QH3HUOJOTHYSCKH aKTHBHBIMH
BEIIECTBAMHU, KOTOPBIC BBIACISCT MOBPESKIACHHBIH MHOKapa. XPOHHYECKOE CHCTEMHOE BOCHAICHWE HU3KOW
CTENICHM MHTEHCUBHOCTH pacCMaTpUBAETCS B KavyeCTBE OCHOBHOTO TAaTO(HU3HOJIOTHYSCKOTO TIpoIiecca,
CBSI3BIBAIOIIETO CEPJICYHYIO HETOCTATOYHOCTh C MHOTOCTYIIEHUATHIM MPOIIECCOM KaHIeporenesa. [lomumo paka
TOJICTOM KHUIIKH CEpACYHAs HEJIOCTATOYHOCTh MOXKET CIOCOOCTBOBATH PA3BUTHIO paka MOJOYHOM JKEJE3bl U
nerkux. CiemayeT OTMETHTh, YTO B OCHOBE MATOTeHe3a, KaK CepJeYHON HEJOCTaTOYHOCTH, TaK M paka JiexaT
o0IIKMe MyTH, TAaKUe KaK BOCMAJICHHE, OKHCIMTEIBHBIA CTpECC M coMaThueckue Mytaruu. CieIoBaTeNlbHO,
HaJIMYKE O0IIUX, 0a30BbIX MEXaHU3MOB MOXET OOBSICHUTH COCYIIECTBOBAHHME ITHX JBYX HO30JIOTHI.

CBsI3b MEXKY OKOJIOTMEN U XPOHUYECKOM MOYEYHOM HEJJOCTATOYHOCTBIO

B cBs13u ¢ prCKOM OHKOJOTHYECKHX 3a00ieBaHN HA (pOHE XPOHHMUECKON ITOYETHOI HETOCTATOYHOCTH,
CJIelyeT OTMETHTB, YTO, BO-TICPBBIX, PUCK paka HAaOII0JaeTCs Jake y MAMeHTOB ¢ YMEPCHHBIMU HAPYIICHISIMA
¢dbyHKIIMK I0YeK. BO-BTOPHIX, 3Ta TCHACHINS HAOII0AaIach TOIBKO Y MykuuH. [IpuBiekaeT BHUMaHHUE TOT (HakKT,
YTO HE3aBHUCHMO OT KYPCHHS W BO3pacTa MAaIFeHTOB CHIKCHUE CKOPOCTH KiryOoukoBoit dmnprpanuu (CKD) Ha
10 mu/mun/1,73 M? GBIIO CBSI3aHO C YBEIMYCHHUEM PUCKA BO3HMKHOBEHHS OHKOJOTHYECKOTO 3a00NeBaHus Ha
29%. DTa cBA3b ObUIa e OoJice 3HAYMMOM MPH OIIEHKE PUCKA 3JI0KAYeCTBCHHBIX HOBOOOPA30BAHUSAX JICTKUX,
TOJICTOM KHUIIKH, IMTOYCK U MOYCBBIBOJAIINX nyTeﬁ. MoxHo MpCAIoJI0XNUTh, YTO HA (I)OHC CHHMXKCHUS BCIIMYUHBI
CK® B mia3Me KpOBU MAIMUCHTOB C XPOHHYCCKOW MOYCYHOM HEIOCTATOYHOCTHIO HAOJIOMAaeTCs 00Iee BBICOKHIA
YPOBCHb KaHIEPOTICHHBIX COGI[I/IHGHI/Iﬁ n a30TCoACpKalIX BCHICCTB. Mencz[y THM, H3BCCTHO, YTO
KaHIIEPOTEHHBbIE COCAMHEHUs], TaKhe Kak 2-aMHHO-6-Metunaunupuo [1,2-a: 3',2'-d] umunazon (Glu-P-1) u 2-
amuHOAMIIUPUIO [1,2-a:3",2'-d] umunazon (Glu-P-2) cesseBatorcs ¢ JHK u Be3bBaroT mytarmm. [lpu sTom
CTETIeHb PHCKA ¥ JIOKAJTM3aINs BO3HUKHOBEHHS OHKOJIOTHYECKHAX 3a00JeBaHUI Ha (OHE MPOTrpecCHpOBAHHS
MMOYEYHOW HEIOCTaTOYHOCTH MOJKET 3aBHCETh OT TSHKECTH OCHOBHOTO 3aboneBaHms. JleHicTBHTENBHO, Cpean
NMaoguCeHTOB, HAXOAAIIUXCA Ha JdUaIN3€, PUCK paKa MOYCBBIBOAAIINX HyTeﬁ, 3H,Z[OKpPIHHOI7[ CHUCTCEMbI H
MMAIIEBAPUTECIIBHOI'O TPpaKTa OBLJI 3HAYUTEILHO ITOBLIIICH.

B cBsi3u ¢ u3noxkeHHbIMU (pakTamMu, HEKOTOPBIE aBTOPHI 00pAIal0T BHUMAaHUE Ha aCCOLMMPOBAHHBIN C
HeiitpodunbHOit sxenatuHazoi jumokanuH (NGAL). 3to 6enok ¢ Maccoit 25 k/la, KOTOpBIN CEKpeTUPYETCs B
OCHOBHOM HMMYHHBIMH KJIETKaMM, TakKMMHU Kak HeHTpodmiabl, Makpodarn W AEHAPHUTHBIE KIETKH. Ero
BbIpabOTKa CTUMYJIUpYETCsl B OTBeT Ha BocmayieHue. bemok NGAL mu3BecTeH B OCHOBHOM, Kak OHOMapkep
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OCTpOi OYEYHOW HEJJOCTATOYHOCTH U BBIEIISETCS B pe3yJbTaTe MOBPEKACHHS KaHablieB He(hpPOHA, a TAKIKE BO
BpeMsi TPOIECCOB pereHepanuu mouek. YpoBeHb NGAL Takke TMOBBIINIEH y MallMEHTOB C XPOHUYECKUM
3aboneBanneM mouek. [IpucyrcrBue NGAL ycnimBaeT BOCHAINTEIbHBIC PEaKIUH, & €T0 YPOBSHD MOBHIMIACTCS
IpU apTepHajbHON THUICPTCH3UH, OXHUPCHHUH, AHadeTe W METa0OIMYECKHX OCIOXHEHHUSIX, TaKHX Kak
PE3UCTEHTHOCTh K MHCYJIMHY, a TAK)XKE YUaCTBYET B KaHLIEPOTE€HE3E.

Uro kacaeTcsi MEXaHU3MOB HHAYKLHM KaHLEPOreHe3a, TO OJHUM M3 OCHOBHBIX SIBJISIETCS IPOLIECC
XpoHuueckoro BocnajeHus. C OJHOW CTOPOHBI, OYar XPOHUYECKOTO BOCHAJIEHUS SBISETCS HCTOYHUKOM
aKTHBHBIX ()OPM KHCIOPOIa, KOTOPBIE CIIOCOOCTBYIOT BO3HHKHOBEHHIO PAas3IMYHBIX MYTaluid — 0a30BOMY
MEeXaHU3My KaHIeporeHesa. Kpome Toro, npoayKuMs NPOBOCHAIUTEIBHBIX LUTOKMHOB, TaKHX, Kak
unrepaeikun-1f  (IL-1PB), wunrepneiikun-6 (IL-6) wu  ¢dakTop Hekpo3a omyxoiHu-aibda IMO3BOJIIET
3JI0KaYECTBEHHBIM KJIETKaM YCKOJIb3aTh OT MMMYHHOTO HaJ30pa OpraHM3Ma, CTUMYIHPYS aHTHOTEHe3, POCT
OIIyXOJIX ¥ HHBa3UBHOCTb.

PA3BUTHUE PAKA JIETKHX ITPU XPOHUUYECKOMN OBCTPYKTUBHOM
BOJIE3HU JIET'KHX (XOBJI)

Xponnueckass oOCTpyKkTHBHas 0oje3Hb Jierkux (XOBJI) u pak Jerkux sBISIOTCS IBYMS BEIyITAMH
mpobieMaMyd  OOIIECTBEHHOTO 3IpAaBOOXPAHECHUS W TNPHUYMHAMH 3a00JIeBaeMOCTH U cMepTHoctH. Oba
3a00JICBaHNs UMEIOT O0IIMe (akTOPHI pUCKa, TaKWe, HalpuMep, Kak BO3JCHCTBHE KypeHHUS M TeHeTHdIecKas
MIPEAPACIOIO0KEHHOCTb.

B HacTosmee BpeMs YCTaHOBIIEHO, YTO HEKOTOphIE ceMeiicTBa IeHOB MPOTEHHA3, AETOKCULUPYIOIIHNX
(hepMEHTOB M BOCTIAJIUTEIBHBIX IMTOKMHOB MOTYT MIpaTh BaXKHYIO poiib B narorene3e XOBJI. Takke BBISBICHBI
HEKOTOpbIE I'eHBI-KaHJUAThl, Takue Kak riaukopopuH A (GYPA) m Oenok, B3aumozeictByronmii ¢ Hedgehog
(HHIP) ™moryT OBITh CBSI3aHBI C BOCHPHMMYHBOCTBIO, kak K XOBJI, Tak u k paky unerkux. XOBJI
XapaKTepU3yeTcss XPOHHYECKUM BOCTAJICHHEM JIETKHX, IO3TOMY IPEATNOJIAaraloT, 4TO BOCHAJICHHE SBISAETCA
cBs3yOmUM 3BeHOM Mexay XOBJI u pakoMm Jerkux, HO TOYHBIM JIEKAIIMi B OCHOBE MEXaHHU3M HEU3BECTEH.
MenuaTopsl BOCIIAIGHUS CLIOCOOCTBYIOT Pa3BUTHIO paka, BRI3BAHHOTO BOCIIAJICHUEM, CTUMYIHPYS KICTOYHYIO
nponudepaniio, yCTOMINBOCTh K allONTO3y, HHBA3UIO I METacTa3upOBaHHE.

Eme omHuM BakHbIM MexaHu3MoM mnaroreHe3a XOBJI sBiseTcss OKUCIUTENBHBIN cTpecc, KOTOPBIH
SIBIISICTCA TPUYHHONW KJICTOYHOW Tpoimdepanuy Ipu pake JerkuX. JUchYHKINS MHTOXOHIpPWI B MapeHXUME
JETKUX MOJKET BIUATH Ha martoreHe3 XOBJI, Britrouas mucOaliaHC OKHCIHTENBHOTO CTpecca, KOTOPBIH MOXKET
YCHITUBATh XPOHUYIECKOE BOCTIAJICHHE U CIIOCOOCTBOBATH KaHIICPOTCHE3Y .

MPOrPECCUPOBAHME JKHPOBOWM BOJIE3HM TIEYEHHM, CBS3AHHOM C
METABOJUYECKOM JUCO®YHKIUEN U OHKOJIOT MYECKHUE 3ABOJIEBAHUS

JKuposas Oose3Hb MEYeHHU, CBs3aHHAs ¢ MeTabomuueckoi auchynkimein (Metabolic dysfunction-
associated fatty liver disease (MAFLD) - HeankorojbHas »XHpOBas O0OJC3Hb MMECYCHW — YACTHBIA CIydaid
CTeaTorenaro3a, BO3HUKAIOIINH Y JII0JIeH, He 370yMOTPEOISIONMX aIKoroaeM. JlaHHas maToaorust 00ycloBiIeHa
MHCYJTHHOPE3UCTCHTHOCTHIO M METaOOJIMIECKIM CHHAPOMOM.

Merabonuueckue HapylIeHus, Habmogaembple y manmueHToB ¢ MAFLD, sBistoTcs HanbOoyiee BaKHBIMHU
(akTOpaMM TIOBBINICHUS PHCKA PaKa, B IEPBYIO OYEpeIb OHKONATOJIOTHH II€YEHHW - TeMaTOLEIUTIONSIPHOH
kapruHoMoit (I'IK). ITpu sToM, Hamuarne MAFLD y manueHToB ¢ XpOHHYECKHUM T'eIIaTHTOM B OMONHATEIHHO
yBenuuuBaetcs puck pazsutus ['1IK.

B mocnennmne rogst MAFLD ctan camoif 6sictpopactymeit npuannoi I'TIK B CIIIA. Oxupenue u
caxapHblif amaber 2-ro TuUma UIparoT BaXKHYIO posib B pa3BuTuu U mporpeccupoBanuu ['TIK nmpu MAFLD.
Jlnaber MOXKET OKa3blBaTh BIHMSHUEC HA KaHIEPOTeHE3 IOCPEACTBOM HECKOJIBKMX MEXaHU3MOB, BKIIIOYAs
THIIEPUHCYJINHEMUIO, TUIIEPTIMKEMHIO, OKUCIUTENBHBIM CTpecc U XpOHUUYECKoe BocmaneHue. B cBoro ouepenp,
XpOHHYECKOE BocHajieHue ctumyiupyet cekperio IL-6 u TNF-a, cBs3aHHbIX ¢ oHKOreHe3oM. IlomMumo 3toro,
CTEeaTo3 MOXKET NPUBECTH K MHTOXOHIPUAIBHON AMCOYHKIMU M CTPECCY JHAOIUIA3MaTHYECKOTO PETHUKYIyMa
(OP), uTO NIPUBOANT K YBEIWYEHHIO MPOIYKINHI aKTUBHBIX (POPM KHCIOpoaa. B cBOIO ouepenb, OKUCIUTENBHBIA
cTpecc npuBOAUT K noBpexkacHuIo JJHK 1 akTHBanuy OHKOT€HHBIX CHUTHAJIBHBIX MyTel KIETKH, TakuxX kak NF-
kB.

Heo0Oxomumo noauepkHyTh, 4To MAFLD He TonbKo acconuupyercs ¢ noBbleHHbIM puckoM 'K, HO
U C HECKOJIBKUMH BHEIICUEHOUHBIMH BUJAMH paKa, BKII0OYask KOJOPEKTAIbHBIN pak, pak MOYKH, paK ITUTOBUIHON
JKeJe3bl U paKk MOJIOUHOi »keiesbl. [IpuBnexaer BHUMaHUE TOT (akKT, YTO PHCK paKa IOYKU M IIUTOBHIHOM
JKeJIe3bl OCTaBaJICA 3HAUUTEIbHBIM JJa)ke IOCiIe KOPPEKIKU MeTabomudeckux mnporeccoB. Csa3p Mexay MAFLD
U KOJIOpPEKTaJIbHBIM paKoM IpUBJIEKaeT Bce Oonbliiee BHUMAaHME B IIOCIEIHHE HECKONbKO JeT. B xoxe
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MOMYJIAIUOHHBIX ~ HCCIEAOBaHMN  ycTaHOBIeHO, uTo MAFLD sBnsiercs BaxHBIM (aKTOPOM  pHCKa
KOJIOPEKTAJILHOT'O PaKa.

MNOJMT'EHHAS TIPUPOJA MYJIbTH®AKTOPHBIX 3ABOJIEBAHUII HA TIPUMEPE
CAXAPHOI'O JUABETA 2-ro TUITIA

CaxapHbIii AuabeT OTHOCHUTCS K TPYIE METa0OoNMYecKHX 3a00JIeBaHUHA, KOTOPHIE XapaKTEPH3YIOTCS
XPOHUYECKHUM ITOBHIIIICHUEM YPOBHS TIIOKO3HI B TTa3Me KpoBu. 1o pa3HbIM omeHKam, Oonee 90% Bcex ciaydaes
nuabera otHocsarcst Kk nuabery 2 tuna (CZ12), xoTopblii paHee ObLI M3BECTEH KaK «AHA0ET B3POCIBIX» HIIN
«UHCYJMHHE3aBUCUMBIH nuader». 3abojeBaeMOCTh aUabeTOM 2-TO THIA JOCTHINIA MacIITa0oB TriIoOalibHOI
snuaeMun. B HacTosiee BpeMs AMa0ETOM CTPaIar0T OKOJIO 537 MUJUTHOHOB B3pocibix (20—79 net), u oduiee
YHCIIO JI0JEH ¢ JaHHBIM TUAarHO30M IHOCTOSHHO pacteT. Ilo mporxHosam, 3aboneBaemocts CJ12 yBeIHUUTCS 10
643 munoHoB k 2030 roxy u 783 muimnoHoB k 2045 roay. Ilatorenernueckue mexanusmbl CJI2 BKITIOYAIOT
PE3UCTEHTHOCTh K MHCYJIMHY, HapYIIEHHE CEKPEIMH MHCYINHA U TOBBIIICHHYIO BEIPAOOTKY IIFOKO3BI IIEUEHBIO.
OclOoXXHEHUsT MOTYT XapaKTepU30BaThCSA IIOJMOPTaHHOW HEAOCTATOYHOCTBHIO, BKIIOYas He(POIaTHIO,
HEHpOMaTHio, pETHHOMIATHIO, TAPOIOHTO3 M YCKOPEHHOE Pa3BUTHE CEpACIHO-COCYIUCTHIX 3aboeBanmii. B 2010
rogy B Coemmaennbix Illtatax mmaber 2-ro Tuma ObUT BIIEpBBIC JHATHOCTHPOBAH y 1,9 MIJUIMOHA YENOBEK B
Bo3pacte ot 20 et u crapmie. C/I2 craHOBHTCS Bce 0oJiee paclpoOCTPAaHCHHBIM  BO MHOTHX PErHOHAX MHpA.
Pacnpoctpanennocts CII2 cpeau moapocTKOB W toHomIeH B Bo3pacTe oT 10 yer u crapmie cocraBisier 8,5
yenosek Ha 100 000 nHacenenus, Torna kak cpeau aerei muammie 10 jgeT pacnpoctpaHeHHOCTh coctaBiisieT 0,4 Ha
100 000 gemosek. B CIHIA 26,9%, Bcex miomet B Bo3pacTe 65 JeT M CTaplie MNOpakeHB TaHHBIM
3aboseBanneM. Kak 1Mokas3pIBalOT MPOTHO3bI, Takue (DAaKTOPhI, KAK CTapEeHHE HACEJIECHHS W POCT JIOJIH HACEICHUs
¢ M30BITOYHOM Maccoil Tena erie Ooblne yBenuuat pacnpoctpaneHHocTs CJ[2. Torma, kak u3MeHeHuHe o0pasa
JKHM3HU (CHIDKCHUE MAcChl Tella, ONTUMHU3AIMS MUTAaHHS U YBEJIMUeHNEe (U3MYECKOW aKTUBHOCTH) MOXKET IIOMOYb
MPEJOTBPATUTD WU CYIIECTBEHHO OTCPOYHTH Pa3BUTHE AnabdeTa.

BMmecTte ¢ TeMm, HakamiaMBaroTCs CBEJCHHMA O TOM, 4To B maTtoreHese CJI2 BakHyi0 poyib HUrpaer
HACIICICTBEHHBIN (akTop. B wacTHOCTH, IMMPOKO TpU3HAHA OTYETIHMBAsS CBA3b pHCKAa 3a00JCBaHHUA W
MIPUHATICKHOCTH K OINpEeeNIeHHON dTHIYEeCcKO# rpymie. Kpome Toro, 3agacTyro 3a00JeBaHNE HOCUT CEMEHHBIN
xapaktep. [loguepkaeM, 4To CeMeHHBIN aHaMHe3 radeTa sIBISCTCS OCHOBHBIM (DaKTOPOM pHCKa 3a00JIeBaHUS
9acToO BKIFOYAETCS B HMHCTPYMEHTH KOIMYECTBCHHOW OIIGHKHM pucka amabera. B Bospacte 80 ner puck
3a0oneBaHns, TMPUMEpHO, B 3,5 pa3a BeIIe, ecind ONHM3KUM pPOACTBEHHHWKaM nauarHoctupoBan CJI2, mo
CpPaBHEHUIO C JIMIIAMH, POJCTBEHHUKH KOTOPHIX HE OOJIEIN 3TUM 3a00JIeBaHIEM.

CJI2 sBnsieTcss monMreHHbIM 3a0ojieBaHHMEM ¢ HacleayeMbiM puckoM oT 30 mo 70%. CH2 sBusercs
MYJIbTU(AKTOPHBIM (TTOJMTeHHBIM) 3a00neBanueM. Ha mposiBnenne cumntomMoB CJ12 Oka3bIBalOT BIMSHHUE, Kak
TeHETHYECKHUEe, TaK U dKoJornueckre (paxropsl. CTENEeHb y4acTUsi TeHETHYECKUX (HaKTOpOB U (HAKTOPOB Cpeibl
MOJKET BapbUPOBATh y pas3HbIX Jojeii. Ho, 3a0oneBanue pa3BuBaercs, koraa cymma 3¢ GekToB 000ux (HakTopoB
MPEBBIIIACT ONPEACICHHBIA Mmopor. Poik reHeTHuyeckoro (akrtopa HE BbI3BIBACT CcOMHeHHH. [lo maHHBIM
OJM3HEIIOBOIO M T'€HEAIOTHYECKOTO METOJIOB MEIMIIMHCKOW T'e€HETHKH, HacllelyeMoCTb ociokHenuin CJ12
cocraBiser okoio 40%. Kpome Toro, yacrora BCTpEeYaeMOCTH MOIMMOP(H3MOB T€HOB BOCIPHUMYHUBOCTUH K
3a00JICBAaHAIO0 PA3UYaeTCS MEXAY TPYNIaMHd MAaIMeHTOB W KOHTPOJBHBIMH TpPYIIIaMH. Y CTAHOBJICHBI
MOy ISAIUOHHBIE 0COOCHHOCTH HANWYHS TeHOB IpeapactonokeHHocTr K C/I2. B To Bpems kak y eBporeiines
pasBuTHIO muabeTa 2 TWNa MPENIIecTBYeT M30BITOWHAS Macca Tela, y xurened Bocrounoit Asum mmaber
pa3BuBaeTcs Mpu OoJiee HU3KOM Bece, 4YeM Y eBPOTICHIIeB, H3-32 PA3HOTO YPOBHS CEKPECIUU HHCYITHHA.

CAXAPHBIN JUABET 2-ro THUIIA, KAK IIPUMEP IOJUTEHHOI'O 3ABOJIEBAHUSA. T'EHBI
HPEJAPACIHHOJIO’KEHHOCTH
K CAXAPHOMY JUABETY 2-ro TUITIA

OCHOBHBIM MHCTPYMEHTOM B H3yYEHHH HAaTOJIOTHYECKUX BapUaHTOB I'€HOB INPEIPACHOIOKEHHOCTH K
CJ/12 sBngercs CEKBEHHUPOBaHME HOBOTO MOKOJIEHHUS. BONBIIMHCTBO TE€HOB MpeapacnoioxeHHoctd k CJI12
CBS3aHBI C pETyJsmueil (YHKIIMOHAIBHOTO COCTOSIHHS [-KICTOK MOIPKEITyIOYHOW XKele3bl. | eHeTmdecKue
TTOTMMOP(HU3MEI, KOTOPBIE OKa3BIBAIOT BIUSHUC HA BaXKHBIC OCIIKH, YYACTBYIOIIHE B METa0OIM3ME TIIFOKO3HI H
CEKpeLMU MHCYJIHMHA, TAKXKE MOTYT BIUATH Ha NpeApacnosiokeHHOCTh K CI12. ['eHOMHbIE MOJUT€HHbBIE OLEHKU
g CI2 MoryT mpenckazaTh PUCK BO3SHUKHOBEHMs Auadera. HexoToprle aBTOpPHI BHICKA3bIBAIOT MHEHHE O TOM,
BBISIBJICHUE T'€HOB NPEIPacoyoKeHHOCTH pa3BuThs CL12, ¢ TOUKH NpodHIakTHUECKOTO MEPOIIPUSTHS, SIBISECTCS
CJIMIIKOM TPOMO3JKHM, IOPOTOCTOSIIHNM U HM30BITOYHBI. JOMOMHUTENBHON CepbE3HON MPOOJIEMOil SBIsSCTCS
Mo 100P MAapKEPHBIX TEHOB JUIS JaHHON KOHKPETHOMH momyssiun. [1o ux MHeHHUI0, HanboJiee 1IeeCO00pasHbIM U
BroJIHE 3((QEKTUBHBIM SBIISETCS CKPUHHMHT, POBOMUMBIA Ha 0Oa3e Iokas3arelieil YpOBHS IJIFOKO3bI B ILIa3Me
KpPOBH, TNIMKO3WJIMPOBAHHOTO I'eMOITIOOMHA, BEJIMYMHBI KPOBSHOTO AABICHUSA M MHJIEKCa Macchl Tena. TeMm He
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MeHee, 00BEM HCCIEeIOBAHMN TEHETHYECKHUX acCHeKTOB IpenpacnoioxkeHHocTd k CJI2  HeykIOHHO
yBeJIM4YHMBaeTcs BO BceM Mupe. [IpuunmHa naHHOW TEHIEHIMH OOYCIIOBICHA TEM, YTO MAacIITaObl HPOOJIEMBI
HOCAT TIIOOAJBHBIA XapakTep, KOJMHMUecTBO marueHToB ¢ CJI2 CTpeMHTEeNbHO pacTeT, Takke, KaKk W pa3Mep
HAaHOCHUMOTO yIiep6a ¥ HeoOXOIUMO TIPUHATHE HEOTIOXKHBIX MEp, HAlPaBICHHBIX HA Pa3paboTKy (P (PEKTHBHBIX
METOJIOB pPAaHHEH [WArHOCTUKU U JedeHHWs 3aboneBanna. HeoOXOOMMO TOIYEPKHYTh, YTO OCHOBHBIM
HaTpaBICHHEM TOWCKA TeHOB IMpeapacnoioxkeHHocTd K CJI2 ABISIOTCS TeHHBIE MYTAIlWH, MIPEUMYIICCTBEHHO
SNP.

OnmHUM W3 TEepBBIX OOMICTIPUHATHIX TeHeTHdeckux MapkepoB CJI12 sBisercs ren TCF7L2, nokyc
KOTOPOT0 pacmojiaraercss Ha JyIMHHOM Iutede 10-if xpomocoMsl. B HacTosimiee BpeMs cpeiy €BpONEHCKHUX U
a3MaTCKUX IOIYJISIINH, BbIssBIeHO Oosee 600 jgokycoB, BocnipunMuuBbix K CJI2. TIpu atom, ren TCF7L2 umen
OJIMHAKOBYIO IUAarHOCTUYECKYIO [IEHHOCTh B €BPONEHCKUX MOMYJIIMIX U Moy nanusax Bocrounoit Azun. Taxke
u red KCNQ1 —oKyc BOCIIPUMMYHMBOCTH K OOJIC3HSAM C OTHOCHUTEIHHO BBICOKMM OTHOIICHHEM puckoB CJI2 -
1,4 pa3a, BBIIBICHHBIN Yy AMOHCKOI MOIYJIAINH, HO OH BBICOKO BOCIPOM3BOJMM U B €BPONEHCKUX MOMYIALUAX.
Hamnpotus, reast DGKD u ZNF257 06nagaroT TMarHoCTUYECKON LIEHHOCTBIO TOJIBKO B TOIMYJISIMU BocTouHo#
A3sun.

B coBpeMmeHHO# nmTEepaType yAeTseTcs CYIMISCTBCHHOE BHHMAHHE BOIIPOCY YaCTOTHI BCTPEIAEMOCTH
TCHOB TIpeapactonokeHHOCTH K CJI2 B pa3iuyHBIX MOMYIOUAX. B KadecTBe WILTFOCTPAMd MOXKHO TPHUBECTH
CBeJICHUs] 0 IuHaMuKe ypoBHs oxupeHus u CI12 B crpanax bamknero Boctoka. B cBsizu ¢ 3TuM npuBiiekaer
BHUMaHHE HECKOJBKO 3aKOHOMEPHOCTEH. Bo-T1epBhIX, HAOIIOAaeTCS CTPEMHUTENBEHBIA POCT KOIMYECTBA JIFOICH C
M30BITOYHON Maccoil Tela — HauYWHAs C MOPOTOBBIX Benu4nH (MeHee 5% HaceneHus) B cepeaune 1970 rr, mo
6onee, ueM 20% B Hactosiiee Bpems. B Kyseiite moiist nroneii ¢ U30BITOYHOIN Maccoi Tena JOCTUraeT MOYTH
40%. Bo-BTopbIX, B OOJBUIMHCTBE apaOCKUX CTPaH YPOBEHb OpakoB MeEXIy IBOIOPOIHBIMU OpaTbsiMH U
cectpaMu MOXeT jgocturatb 30%, 4To Jenaer apxuTeKTypy apaOCKOro reHoMa YHHKaJbHOW ¢ TOYKHU 3pEHHS HX
BOCIIPUMMYHMBOCTH K Pa3IMYHBIM 3a00JIEBAHUSM, BKIIIOYas KaK MEH/IEIEBCKOE HACIIEI0BaHUE, TaK U MTOJUTCHHBIC
3aboneBanus. B-tpeTbux, u3, mpumepHo, 100 BapuaHTOB reHOB, aCCOLIMHUPOBAHHBIX C U30BITOYHON Maccoil Tena,
JiBa OBLIM ONMCAHbI KaK YHUKAJIbHBIC Ul apa0oB, MOCKOJIBKY OHHM paHee He ObLIM 3aperMCTPUPOBAHBI B IPYTHX
MOMYJISANMUAX TUTaHETHl. B To ke Bpems, 19 ammeneii ObUTH 3apeTHCTPUPOBAHBI KaK OTYCTIUBBIE MapKepHI
M30BITOYHOM MacCHl Tella y apaboB, HO HEe 00J1afany maToreHHBIMH 3 dekramMu B HeapaOCKUX TTOMYIIALNAX.

[IpuBnekaeT BHUMaHHUE U TOT (PAKT, UTO CYHIECTBYET U T€HACPHAS crenn(hUKa TeHETHYSCKIX MapKepOoB.
Hampumep, ren ALDH?2 ObI1 TECHO CBSA3aH C PHCKOM Pa3BUTHS AradeTa 2 THITA Y MYXXYHH, HO HE Y YKCHIIUH.

Hmwke MBI mpeamaraeM K PacCMOTPEHHIO XapaKTepUCTHKH Hamboiee akTyainbHBIX SNP,
accouMMpoBaHHBIX ¢ pa3ButueM CJ[2 y uenoBeka.

I'EH TCF7L2 (rs7903146). Jlannblii TeH KogupyeT (GakTop TpaHCKPHUIILUH, KOTOPBIH UI'PaeT KIIYEBYIO POJb B
curHanpHOM IyTH Wnt. benok ydacTByeT B roMeocTase TIII0KO3bI B KpoBH. ['eHeTHueckre BapHaHThl 3TOTO FeHa
CBsI3aHBI C MOBBIIICHHBIM PHCKOM auabera 2 tuma. [[jis 3Toro reHa ObUIO OOHAPYKEHO HECKOIBKO BapHAHTOB
TPAaHCKPUIITOB, KOJUPYIOLIMX HECKOJIBKO Pa3IM4HBIX H30(popM. Hapymenue peryssinuy curHaibHoro mytd Wnt
UrpaeT KIIOYEBYIO pOJb B Pa3sBUTHU PE3UCTCHTHOCTH K MHCYIMHY. I'eHotun rs7903146 sBisercs Xopolo
H3ydeHHBIM MapkepoM pucka CII2 B eBpoleiickux ¥ azuaTckux momyrsnusx. [lammentsr ¢ CA2 ¢ Gompoieit
BEPOSATHOCTHIO SBIISIOTCS HOCHTEISIMU TeHeTHIecKoro BapuanTa (rs7903146) 3Toro reHa B pa3HBIX MOIYIISALIUAX.

IT'EH KLFI14 (rs4731702). JlaHHBId HEWHTPOHHBI T'e€H KOAWPYET OCJOK, OTHOCSAIIMKHCSI K CEMEHCTBY
TPAHCKPHUIIHOHHEIX (hakTopoB, momoOHex Kpymmemo. Koxnpyemsrit 6eok (GyHKIHOHHUPYET, KaK KOpermpeccop
TPaHCKPHUIIIMA W WHAYIUpyeTcs Tpanchopmupyromum (aktopom pocta-0era (TGF-Oeta) mis momaBicHHS
skcnpeccun reHa perenrtopa II TGF-Gera. J[aHHBIN T'eH peryiupyeT I'€HHbIE CETH, KOTOpble YJacTBYIOT B
MeTabou3Me JIMNKUI0B. BrICOKHE yPOBHU MHCYNIHMHA HATOIIAK U PE3UCTEHTHOCTh K HHCYJIHHY aCCOLUUPYIOTCS C
ameneM pucka rs4731702. Kpome T0r0, OH MOKET OKa3bIBaTh BIMSHUE Ha HKCIIPECCHUIO T€HOB, OMPEACISIONINX
HHJIEKC MacChl TeJa.

I'EH KCNQI (rs2237895). JlanHblii TeH koaupyer ajibda-cyObeqUHUIly MOTEHIMAN3aBUCUMOTO KaJIMEBOTO
ka"ana Kv7.1, sBisieTcs uieHoM cynepcemeiicTBa kaHanoB Kv u pacnosioxen Ha xpomocoMe 11pl5.5. benok,
komgupyemblii rteHOM KCNQI, sBusercs mnopooOpasyromei anbda-cyObequHALCH KaJdHeBBIX KaHaJOB
KCNQI/KCNEIL, KCNQ1/KCNE2 u KCNQI1/KCNE3. I'en KCNQ! skcnpeccupyeTcsl He TOIBKO B MHOKap/e,
HO U B XHMPOBOH TKaHH, MODKETYAOYHOH *kejeze U Mo3re. B ocTpoBkax MOMKETyHOYHOH Kele3bl U UrpaeT
B2)XHYIO POJIb B TOMEOCTa3e IJIIOKO3bI, MOCKOJIBKY OH (DYHKIIMOHHMPYET KaK PEryJisiTop CEKpeluH HWHCYJIUHA.
Pacnionararomuiicst B uHTpoHE 152237895 KCNQ! cBsi3aH ¢ MOHWKEHHBIM PUCKOM a0I0MUHAJIBHOTO OXKHPEHUSI
y naruenTos ¢ CI12.
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I'EH FTO. 3toT TeH KOAupyeT sIepHBI OeloK cymepceMelcTBa HETeMOBOIO Jkele3a M 2-OKCOTIyTapat-
3aBHCHUMOM OKCHTeHasbl, poacTBeHHOT0 AlkB. Kak u qpyrue HereMoBbIe Kelle30-CoIepIKaiue epMEHThI 3TOTO
CceMeicTBa peryaupyeT IpOLecch OKuciuTensHoro aemeTmwinnpoBanns JJHK. Bricokme ypoBHH sKcmpeccun
reHa HaONFIOJAI0TCS B HEPBHOW CHCTEMe, HAaINMOYCUYHHUKAX M MHOKapie. BBIABICHa BBICOKAs CTEICHB CBS3HU C
WHICKCOM MAcChl Tela, PUCKOM OXxupeHus u muaberom 2 tmma. [lokaszamo, uro rs1558902 FTO TtecHO
KoppenupoBan ¢ 3abomeBacMocThio C/12 y miomed, mpuyéM, BBICOKHE 3HAUCHHS KOPPEISAIMH OCTaBaJIHChH
3HAYUTENBHBIMA JaXE ITOCIIe KOPPEKTHPOBKH HA TEKYIIUN BO3PACT U MHICKC MACCHI Tela.

I'en HNF4A sBnseTcs 4iI€HOM CylepceMeHCTBa pEeIeNTOPOB CTEPOUIHBIX TOPMOHOB, KOTOPOE€ B OCHOBHOM
9KCIIPECCHPYETCsl B MOYKaX, [EUCHHU, MOJDKEITYIOYHOH Kene3e (BKJIrouas P-KJIETKH) W TOHKOM KHUILIEYHHKE U
BJIMSICT HA MeTabONMM3M U TpaHCHopT JUnuaoB. OH Takke NPUHUMAET YYacTHE B Peryisiiuu QyHKIUN NEYeHU U
nuddepenimpopke remnatornutoB. HNF4A HeoOxomum it MeTaboinM3Ma TIIFOKO3bI, & TAaKKE SKCIPECCHH U
CeKpelMN MHCYJIMHA, B TO BpeMs Kak B medeHd HNF4A HeoOXomuM Uil NME4EeHOYHOIo TJIIOKOHeoreHesa. B
HACTOSIIee BpeMsI M3BECTHO, YTO HEKOAMpYroIiue BapuaHThl reHa HNF4A rs6017317 u rs4812829, a taxxke
Koaupyrommii MucceHc-BapuaHT rs1800961 sBistores dakropammu pucka passutus C/I2. [NaTonormdeckue
BapuaHTel reHa HNF4A MOryT y4acTBOBaTh B HapyIICHHSX CCKpEIMM WHCYJIMHA, KaK 3TO HaOmomaercs y
narreHToB ¢ C/I2 1 MODY 1. ®opma nquabera MODY1 - 3To amabet 3penmoro Bo3pacTta y Moioneix. MODY1
XapaKTepu3yeTcs paHHUM BO3pPacTOM Hadaja (OOBIYHO B ITOJPOCTKOBOM WIIH IETCKOM BO3PAacCTe), JOMHHAHTHBIM
HacienoBaHneM W nedekramu (yHKmun B-xiaetrok. MODY, BO3HWKarommid B pe3ylbTaTe MYTalllii B TeHE
¢axTopa Tpanckpurun HNF4A.

I'EH IGF2BP2 xoaupyet 6enok, kotopsiii cBsa3piBaeT 5' UTR MPHK uncynuHOmomoOHOTO hakTopa pocrta 2
(IGF2) u perynupyeT ee TpaHchsaiuioo. ['€H XapakTepusyeTcsl BBICOKUMHU TMOKA3aTENsIMH JKCIPECCUH B
MHCYJISIPHOM amnmapare MOKeTyJOYHOM >kene3bl. B >kupoBol TKaHM W momkenyaouHou xkenese IGF2BP2
MOXeT cHuWkaTh odKkcmpeccuto IGF2, KoTopelii WrpaeT pemamilyld poiib B  KOHTPOJE THUCTOTEHE3a
MIOJDKETTYA0OYHOM JKelle3bl U agunoreHe3a. I'eH WrpaeT BaXKHYIO POJIb B PEryisAlMM OOMEHHBIX IPOLIECCOB, a
MATOJOTWICCKUE BapUaHTHI T€HA CBSA3aHBI C BOCIIPHUMYHBOCTHIO K auabdery. [lommmopdusmer rena IGF2BP2
OTpaXAIOTC HA (YHKIMOHATEHOM COCTOSIHUH B-KJIETOK IOKEITyHO0YHOH jxene3sl. HekoTopsle GopMBl reHa
TECHO CBSI3aHBI C M30BITOUYHBIM BecOM U oxkupeHueM. Hexoropsrie popmsel reHa /GF2BP2 MOTYT TIOBHIIIATh PHCK
pasButust CJI2 yepe3 n3MEeHEHHS B XMUPOBOW TKAaHH WM HapyHICHHUs (QYHKIMH [-KJIETOK, KOTOPBIE MPHUBOIAT K
CHIDKCHHUIO CEKpeIMM WHCyIWHa. B wacTHOCTH, HaOmromaroTcst Gosee BBICOKHE YPOBHH TJIOKO3BI B ILTa3Me
HaTOIIaK, OOIIEr0 XOIeCTepHHA M CHIBOPOTOYHOTO MHCYINHA y nanueHToB ¢ CJI2, KoTopble ObUIN HOCHUTEIIMHI
amens C rs1470579. IIpeanonaraetr Bo3MoxHY0 pois /GF2BP2 B maToreHese pe3suCTeHTHOCTH K HHCYJIUHY.

T'EHBI CDKN24A u CDKN2B (rs10811661) I'enst CDKN2A w CDKN2B sBASIOTCS T€HAMHU-CYIPEeCcCOpaMu
OIyXOJIeH, YYacTBYIOIIMMH B alloONTO3€¢ KIETOK, OMyX0JIe0O0pa3oBaHMM M peryssiuuu npoiudeparuu. ['eH
CDKN2A xopupyer wunHruburop plé umkinuH3aBucuMod kuHa3bl pl6INK4A ¢ MakcMMalbHO BBICOKOM
JKCIpeccued B JKHpPOBOM TkaHM M HamoueuHukax. ['en CDKN2B xomupyer plSINK4B. T'en CDKN2B
pacroyio’keH psgoM ¢ reHoM-cymnpeccopoM omyxoneit CDKN2A B obmactu, KOTOpas 49acTo MYTHPYeT H
MOJIBEPKEHA AEJICIHSIM B CAMBIX Pa3HBIX OIyXOJSX. DTOT T'eH KOANPYET HHIMONTOp INKIHH-3aBUCHMON KHHA3bI
p15INK4B, xortopsrii obpasyer komrmiekc ¢ CDK4 mwimm CDK6 u mpenotspamiaer aktuBanmioo kuHaz CDK.
Taxkum 00pazoM, KOIUPYEMbIi OeIOK (YHKIMOHUPYET KaK PEryJsATOp POCTa KIETOK, KOTOPHIH KOHTPOJIUPYET
nporpeccuto kietogHoro 1wkna B ¢aze Gl. INomumopdusmer B renax CDKN2A/B oka3bIBalOT BIUSHHUC Ha
COCTOSTHHE OENKOBOrO OOMEHa, KOTOPBIH OMpEAENSeT COCTOSHHE [-KIETOK, CEKpeluHn HMH HWHCYJIHHA U
nponudepanuo AaHHON MOMYJISIMKA KIeTOK. Pe3ynbTaThl MOMYJISAIHMOHHBIX HCCIIEA0BaHUM B Asuu u EBpore
MOATBEPHIH, YTO nosnuMmopdusm renoB CDKN2A/B tecHo cBszaH ¢ puckoM paszsutust C/12. Kpome storo, npu
OKHPEHWH Makpodard NPOHUKAIOT B JKUPOBYIO TKaHb U TPHBOAAT K Pa3BUTHIO XPOHHYECKOTO
caboBBIPAKEHHOTO BocmayieHHs. OTH Makpodarn xupoBod Tkanu (MXKT) cTUMYyIMPYIOT CEKpeLuio
IIPOBOCIIANIUTENIFHBIX ITUTOKUHOB U B AaJbHEHIIIEM CIIOCOOCTBYIOT PE3UCTEHTHOCTH K MHCYJIHMHY. MI3BECTHO, UTO
SNP 1s10811661, xoTopblif cBsi3aH ¢ 3kcrpeccueil amuHHOM Hekoaupytomed PHK, wu3BectHON Kax
anTucMbicioBas Hekomupyromas PHK B mokyce INK4 (ANRIL wmmm antucmseicioBor PHK CDKN2B 1
(CDKN2B-AS1)) TecHO cBsi3aH ¢ PHCKOM pa3BHUTHsS Anadera y denoBeka. HeoOxoammo Taxke OTMETHTBh, UTO
rs10811661 CDKN2A/B neMOHCTpHPYET 3HAYNMYIO KOPPEIALHIO C TMOBHIIICHHBIM PHUCKOM paka MOJOYHOH
JKeJIe3bl, 1 MOXET ObITh NMOTEHIMAIBFHO IIEHHBIM JJIsi IPUMEHEHHUS! B KaUeCTBE NMPOTHOCTHYECKOro (akropa A
MHIUBUAYaIbHON MEAULIMHCKON IIOMOIIH.

I'EH KCNJ11 (rs5219; p.Glu23Lys) benok, KogupyeMblii 3THM T'€HOM, SIBJISETCS MHTETPAIbHBIM MEMOpaHHBIM

oenxom Kir6.2 ¢ dynkiueii kanueBoro kanana. Kogupyemslii 6enok kouTponupyercs G-OenkamMu U 0TBEYaeT 3a
NPOHUKHOBEHHE Kajusl B KIETKY. [IOBBIIICHHBIE YPOBHH TIIOKO3bI CTUMYJHPYIOT OTKpbITHE KaHana Kir6.2 u
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npounkHoBenne HoHOB K * B knerky. IloBsienne ypoBHs HMOHOB K * B KileTKe HEmOJSpU3yeT KICTOYHYIO
MeMOpaHy U UHAyUUpyeT Kananbl Ca ' s yBenudeHus ypoBHS cBOOOJHOrO BHyTpHKiIeTouHOro Ca 2*. MoHsl
Ca ' 3amycKalOT MEXaHW3MBl CEKPENMU HMHCYJIMHA, BBICBOOOKIAA TOPMOH W3 CEKPETOPHBIX TPaHyJL
Homumopdmsm rena KCNJI] MOXeT NPUBOIUTH K CHIDKCHUIO BBIPA0OTKH WHCYJIHMHA W3-33 CHIDKCHUS WM
orcyrcTBus 3Kcnpeccnu Oenka Kir6.2. ITostomy MyTanum B JaHHOM TEHE SIBIAIOTCS NMPHIMHON Pa3IMIHBIX
dopMm nmabera, Kak MOHOTGHHOW, TaK ® TIOJWTCHHOW WPUPOABI: CEMEHHOW NEepCHCTUPYIOMICH
THIICpUHCYIMHEMHYecKod rumornmukemun wiagennes (PHHI), ayrocomHo-penmeccuBHOro 3aboneBaHns,
XapaKTepU3YIOLIErocsl HEperyaupyeMoi cekpenmed wHCynuHA. JlepeKTbl B 3TOM T€HE TakXkKe MOTYT
CHOCOOCTBOBaTh ayTOCOMHO-IOMUHAHTHOMY WHCYJIMHHE3aBHCUMOMY caxapHomy nuadery Il tuma (NIDDM),
TPaH3UTOPHOMY HEOHaTaJbHOMY caxapHoMy nuabery 3 tuma (TNDM3) u noCTOSHHOMY HEOHATaJIBHOMY
caxapuomy auabery (PNDM). B uactHocTH, amnens reHa KCNJ11 rs5219 MoxkeT cHIKaTh 4yBCTBUTEIBLHOCTh
kaHana kK AT®. YcraHoBieHa TecHast CBs3b Mex 1y nonumopduzmamu 1s5219 u BocnpunmuuBoctsio k CJ12, xak
B BOCTOYHOA3MAaTCKUX, TaK M B EBPONEHCKHUX Momynasanusax. IIpm Hamuuuu B TreHoOTHIE dYenoBeka 1s5219
MIEPBOHAYAIIBHO UYYBCTBUTEJNBHOCTh K HWHCYJIHMHY IIOBBIIIAETCSA, TEM CaMbIM HOJJAEp)KUBas HOPMAJIbHYIO
TOJIEPAaHTHOCTH K IMoko3e. OIHAKo, CO BpEMEHEM, 10 Mepe NalbHEHUIIEro CHIKEHHs CEKPEUN WHCYIHHA WIH
Pa3BUTHS MHCYJINHOPE3NCTEHTHOCTH, YPOBEHb IIIOKO3BI IOBBIIACTCS, YTO MPUBOANT K CaxapHOMY auabery 2
THIA.

I'EH CDKALI (1s7756992) xommpyer CDKS, perymsatopHblii CyObeOIMHHYHBIN acCOIMAPOBAHHBIN OEIOK-
1. DTOT perynsaTopHbIA CyOBeIMHUYHBIA accoruupoBaHHed O0enok CDKS meMoHCTpHpYeT BBHICOKHE YPOBHH
OKCIIPECCMM B HEPBHOW TKaHM M OeTa-KJIETKax TO/KEIyJ0uHON skene3bl. JlaHHBI Oelok yd4acTByeT B
IIIOKO303aBUCUMOM PETyJIsIMN CeKpely MHCYJIMHA B HHCYJISIPHOM ammapare MoJKelyJouHOH xene3bl. Panee
OBUTO TOKa3aHo, 4To 1s7756992 cBsi3aH ¢ PUCKOM HapyIICHUs cekpeluu uHcynuHa. [lomumopdusm rs775480
pacnionioskeH B MHTpoHe 5 reHa CDKALI. Jlanusiit SNP cBA3aH cO CHIDKEHHOH UyBCTBUTEIBHOCTBIO K TJIFOKO3€
u cexpenueit uucyianHa B f-kierkax. bosee Toro, nomumopdusm rs10946398 rena CDKALI Obln npeIioKeH B
KauyecTBe MapKepa HapyIICHHOW CeKpelMu MHCYIHMHA, mockoibKy reHotunsl CC/CA (nmpucyrcrue autenu C)
cnocobcTByIOT BocmpuuMunBocTH K CJ12 y mrozme# ¢ oxupenueM. B HacTosimiee Bpemsi yCTaHOBJIEHO, UTO
amenu rs4712524, rs10946398 u rs775480 8 CDKAL sBnAroTCSA MOATBEPKICHHBIMA (pakTopamu prucka C12.

T'EH PPARy2 (rs1801282) PPARY2 (peuenTop, akTHBUPYEMBIA MPOIU(PEPATOPOM TEPOKCUCOM-TaMma 2) —
9TO AaKTHBHPYEMBIH JUTAHAOM (aKTOp TPAHCKPHIIIUH CyMEepceMeHCcTBa  SACPHBIX TOPMOHAIBHBIX
peuentopoB. I'en PPARy2 wurpaeT BaXXHYIO pOJIb B TOMEOCTa3e TIIOKO3BI, JIMITUJHOM OOMEHEe, OXXHpPEHUH,
YyBCTBUTEIBHOCTH K MHCYJIMHY, B KOHTPOJIE DKCIIPECCHU PA3IMYHBIX T'€Hax, CIeHU(DUIHBIX ISl aAUIOLUTOB U
HETOCPECTBEHHO BOBJEUCH B MATOreHe3 caxapHoro amabera 2 tuna. OIHUM U3 MEPBHIX OBIT yCTAaHOBJICH
maToJorndeckuil BapuanT reHa rs1801282, ces3anHbl ¢ oxuperueM u passutueM CJI2. Ha ocHoBanHuM psma
UCCIeJ0BaHUN OBUIO yCTaHOBIICHO, uTO ayutenb Prol2 PPARY Obut cBsizan ¢ 1,25-KpaTHBIM MOBBILIEHUEM PHCKa
CH2. Kpome Toro, mokasano, yto moiumopdusm Prol2Ala Owu1 cBsizan ¢ puckom CJI2 B MHOTOSTHHYESCKOM
HCCIICIOBaHUU.

I'EH SLC30A8 (1s13266634) benox ZNT8, KoMupyeMbIif STUM T€HOM, SBISACTCS IIEPCHOCYUKOM HOHOB ITHHKA,
YYacTBYIOIIMM B HAaKOIUIEHHM IIMHKA BO BHYTPHKJIETOYHBIX BE3WKYyJaX. DTO MPOTOH-CBA3aHHBIM aHTUIIOPTEP
HMOHOB IIMHKA, OIOCPEAYIONIMH TMOCTYIJICHHE LMHKa B IIPOCBET CEKPETOPHBIX TpaHyl OeTa-KIETOK
TIOJKEITYJOYHON JKENe3bl, TEM CaAMBIM PETYIHPYS CEKPEINIO HHCYINHA. JTOT T'e€H HKCIIPECCHPYETCs Ha BEICOKOM
YpOBHE TOJBKO B IIOJUKEIYyIOYHOHM ’kemese, ocoOeHHO B ocTpoBkax Jlanrepranca. Komupyemsrit 6erok
KOJIOKJIN3YeTCAd C MHCYJIMHOM B TIpaHylax CEKPEeTOPHOrO IMyTH KJIETOK, CEeKpeTHPYIOIMX HMHCYIMH. Huskas
skcnpeccust Oenka ZnT8 nmpUBOIUT K CHMIKEHHIO BHIPaOOTKM MHCynuHA B-kinerkamu. [Tomumopdusm SLC3048
rs13266634 Obu1 TecHO cBsizaH ¢ puckoMm pasputus CJI2. Kpome Toro, rs13266634 SLC30A48 6but cBsizaH C
BO3pacTOM, Kak (hakTopoM pucka paszsutust CJ[2.

I'EH POMC 310T reH KoaupyeT MpernponpoTerH IPOOMHOMEIaHOKOPTHH, KOTOPBIH MoABEpraeTcs O0MUPHOMY,
TKaHeCHeIN(UIHOMY  TOCTTPAHCIALMOHHOMY TPOIECCHHTY. B mpenpompoTeMHe ecTh  HECKOJBKO
MOTEHIMATIBHBIX YYaCTKOB PACUICIUICHHS, U B 3aBUCHMOCTH OT THIIA TKAHU M JOCTYITHBIX KOHBEPTA3 MPOIECCHHT
MOXET J1aTh 10 JECATH OMOJIOTHYECKH aKTHBHBIX MENTH/IOB, YIaCTBYIOIINX B Pa3IMYHBIX KICTOYHBIX (PyHKIUSX.
Konmupyemblit 0ellOk CHHTE3UPYETCsl B OCHOBHOM B KOPTHKOTPO(MHBIX KIETKaxX NepejaHei nonu runodwusa, riue
UCIIONIB3YIOTCSL  YEThIPE  y4yacTKa pacCIUeIUIeHUs; aJpeHOKOPTUKOTPONWH, HEOOXOAUMBIN  peryssinuu
CTepoMJOTeHe3a B HAAIOYEYHHUKAX, U IMIOTPONHUH-0eTa. B Apyrux TkaHsax, BKIIOYas TUIOTaJaMyc, IIALEeHTy U
SMUTENNH, MOTYT HCIIONb30BAThCSl BCE YYaCTKH PACIICIUICHHS, YTO NPUBOAMT K OOpa3oBaHHIO 3HIOP(UHOB,
TOPMOHAa CTUMYJSIIMKM MEJIAHOIUTOB U HMMYyHOMOXIyJIArMH. OHHM BKIIOYAIOT HECKOJIBKO OTHEIBHBIX
MEJIaHOTPOIMHOB, JIMIIOTPOITMHOB M 3HA0p(UHOB. Y nanuenToB ¢ C/12 U oXXupeHueM, CBI3aHHBIM C MyTalUsAMH

119



B reHax POMC, nabmiomamach MHCCEHC-MyTallsl B CHUTHAJIBHOM IMeNTHie. OTa MyTalus IpHBela K
reTepo3UroTHOl 3ameHe apruHuHa Ha rUIUH B A15G-POMC (xomoH 15), uyTo momaBisno BBIPAOOTKY H
cekpernuto O0enmxka POMC. V mometi mepumur POMC MoOXeT BBI3BIBATh PE3UCTCHTHOCTh K HHCYJIHHY H
THIICPUHCYITHHEMHIO.

I'EH ADIPOQ xooupyeT peryisTOpHbId MENTUA JKAPOBOW TKAaHU aJUIOHEKTHH, KOTOPBIM SIBIISETCS
aIunonUTOKMHOM. JKupoBas TKaHp WrpaeT BaXHYI0 pOJb B pa3sBUTHM caxapHoro gamabera U
OKHPEHUS. AIUIIOHEKTHH, OCHOBHOW CEKPETOPHBIH OEJIOK aJWIOIMTOB B IUIa3ME YeJIOBEKa, (PYHKIHOHUPYET
KaKk peryjisiTop OJHEpPrMd U YdYacTByeT B (OPMHUPOBAHMU TOJIEPAHTHOCTH K TJIFOKO3€. AJIMIIOHEKTHH,
BbIpa0aThIBaEMBbIil JKUPOBOW TKAHBIO, CYIECTBYET B Pa3IMYHBIX (GopMax, TAKUX KaK MOHOMEPHI, TPUMMEPHI U
rekcamepbl. O geiictByeT uepe3 cBou perentopsl, adipoR1 u adipoR2, Bimss Ha MHOXCCTBCHHBIC
MeTabosmueckue npouecchl. AktuBanus adipoR1 B OCHOBHOM CIIOCOOCTBYET MUTOXOHIPUAILHOMY OHOTEHE3Y U
ycBOeHUIO Toko3bl yepe3 mytd AMPK u p38 MAPK. AxruBanus adipoR2 y4acTByeT B OKHCICHUH KHUPHBIX
kuciotr 4epe3 nyrb PPARo m obecneunBaeT IUTONPOTEKTOPHOE W IMPOTHBOBOCHIANUTEIBHOE ACHCTBUE
nocpeactBoM Moxyssinuu NF-kB. B COBOKyHmHOCTH 3TH HyTH CIOCOOCTBYIOT PETYJSAIMH 3HEPIETHYECKOTO
MeTaboJIM3Ma M BOCIIATUTENBHBIX PEaKIUi B PA3IMYHBIX TKAHSX, BKIIOYas MBIIIIBI, MEYCHb, MOYKH, MO3T U
koctu. I'en ADIPOQ pacmnonoxkeH Ha XpoMocoMme denoBeka 3q27 u, Kak COOOIIaeTcsi, SBISIETCS IJIOKYCOM
BoctipummunBoctH K CJI2. Tlomumopdmsmer rema ADIPOQ B 151501299, rs182052 wu rs7627128
JIEMOHCTPUPYIOT 3HAUNTENbHYIO CBs3b ¢ CJI2. Taxxke mokazaHo, 4To momuMopdusm red ADIPOQ, B 4acTHOCTH
amnens 152241766 cmocobcTByeT yBenmuueHHIO pucka pasutus C/I2 W mpuHMMaeT ydacTHe B IaTOTCHE3e
JMabeTHIecKOi HeponaThy.

T'EHbl ®EPMEHTOB AHTHOKCUJAHTHOM 3AIIUATHI Hapymenne Gamanca aHTHOKCHAAHTOB H
akTUBHBIX (opMm kuciaopoga (ROS) mpUBOAUT K YCHICHHIO OKHUCIUTEILHOTO CTPECCa, YTO MOXKET MPHUBECTH K
nuabery. O6pazoBanue u HakomieHHe ROS B B-kieTkax MOXKeT BbI3BAaTh AUCOYHKIHMIO B-KIETOK, NedeKTh B
BBIpa0OTKE WHCYJIMHA W HapylleHHe (YHKIHWH, YTO IPUBOJUT K Auadery. OpHako Bo3JeHCTBUE
OKHCIIUTENBHOTO CTpecca MOXET OBITh YMEHBIICHO WIM HM3MEHEHO (hepMEeHTATHBHBIMH aHTHOKCHIAHTAMH,
Bkmogas  karamasy  (CAT), rmiyratuoH-S-Tpancdepasy  (GST), rayrarmonmepokcumasy — (GPx),
cynepokcuaguemyTasy (SOD), cuHTa3sy okcuaa a3oTa M HUKOTHHAMHIAJECHWHAWHYKIeoTuadochaTokcumasy.
JIromu ¢ moauMoOpU3MOM, BIUSIONIMM Ha TCHETHYECKYIO PETYIALHUIO 3THX IIECTH (EpMEHTOB, MOJABEPTAIOTCS
noBellIeHHOMY pucKy pasButust CH2. Ilpu stom, puck paszsutusa CJI2 yBeauuuBaeTcs MO Mepe YBEIUYEHUS
Bapuanyy TeHOB, PEryIHPYIOMNX aHTHOKCHIAaHTHBIE (DEPMEHTHI.

[ToMHMO NepeYUCICHHBIX BBIIIE TEHOB K IeHaM IPEApacIoiOKEHHOCTH K caxapHoMy aualery 2-ro
THTIA MOKHO OTHeCTH reHbl: reH ANKI/NKX6-3 (rs33981001, rs62508166), ren HHEX (rs1111875), ren WFSI
(rs10010131), res MTNRIB (rs1387153) u res DGKB (TMEM195) (1s10244051).
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PA3JIEJI 4. TIPESKJIAMIICHSA, KAK TIOJIUTEHHOE (MYJIBTU®AKTOPHOE) 3ABOJIEBAHUE
BBEJEHUE

[pesxnammcust (I19) sBisercs Haumbonee akTyadbHBIM 3a00NE€BaHMEM Y JKGHIIMH BO BpEMS
OepemenHocTH BO BcéM mupe. [ID cmemuduueckoe mns GepeMEHHOCTH 3a0oJieBaHWE, XapaKTepU3yIoIieecs
pa3BUTHEM THIEPTEH3UH de NOvo M MPOTEHHYPUH BO BTOPOH MojoBHHE OepeMeHHOCTH. JlaHHOE 3a0oineBaHue
SIBIISICTCS  CEPhE3HOM aKyIIEPCKOW MpoOJIeMOil, KOTOpas BHOCHT 3HAYMUTENILHBIA BKJIAJ B MATCPUHCKYIO H
MepUHATAJIbHYIO 3200J1€Ba€MOCTh M CMEPTHOCTE BO BceM Mupe. I13D onuceiBaeTcs Kak MiianeHTapHas MaToJIO0THs,
MOCKOJIBKY TIIOCJI€ pOJOB Yy OOJBLIMHCTBA JKEHIIMH, KaK IIPaBHJIO, BOCCTAHABIMBAETCS HOPMaJIbHOE
apTepuanbHoe faBieHue. Puck passurus I10 B pa3inuyHBIX NOMyJNALUAX MOXET BapbUpoBaTh OT 3 10 14—21%.
I'moGanpHas TeHACHINS yKa3bIBaeT Ha MOBBINICHUE pUcKa pa3BUTUSA [1D Bo Bpems 6epeMEeHHOCTH Y KEHIIH BO
BCeM Mupe. B pesynbprare npeskiamIICuy, MOBBIMIACTCAS PUCK TMPEKICBPEMEHHBIX POJIOB, IMEPHHATAIBHOM
CMEPTHOCTH W HApyUICHWUH Pa3BUTHA HEPBHOM CHCTEMBI, a TaKKe CEpACYHO-COCYIAMCTBIX M METAOOIMUECKUX
3abosieBaHnii B Gonee mo3mHeM Bospacte. B Poccum 1D BeTpewaercst ¢ wacroroit mo 11—16% cimydaeB u
3aHUMAeT TPETbe MECTO CPeOV NPUYMH MATEPUHCKOM CMEPTHOCTH. B HacTosiee Bpems HE CyIECTBYET
YHHBEPCAIILHON MEXIyHapOIHOW CHCTeMBI Kiaccuukanuu win onpenenenus [19. OxHako, rUnepTeH3UBHbIC
paccTpoiicTBa O€peMEHHOCTH IPHHATO MOAPA3IEIATh Ha YETHIPE KATETOPHUH:

-I'ecranuonnas runepren3us. CHUMOTOMBL: apTepranbHoe gapineHne > 140/90 mum pt. cr. mocie 20-i Hemenu
OEepeMEeHHOCTH Y paHee HOPMOTEH3UBHOM JKEHIIMHBI.

-IIpeaxaamncus. CumnroMsl: aprepuaibHoe gasienue > 140/90 mm pr. cr. nmocne 20-if Hepenu 6epeMeHHOCTH
y JKCHIIMHBI, KOTOpas paHee uMena HopMoTeH3uto. [Iporennypus, skckpeuus Oenka ¢ Mo4oit > 300 mr/in winu
500 Mr/24 4 npu OTCYTCTBUU MH(PEKINU MOUYEBBIBOASLINX MyTEH.

-Jxjaamncus. BeTpedaeTcs y JkeHIIMH ¢ mpesKknaMicued. XapakTepusyeTcsl MPUCTYIaMH, He CBSI3aHHBIMH C
JIPYTUMU NPHYUHAMU.

-Hano:xxenHast mpesakjammncus. XpoHHYECKas THIIEPTOHUS C Pa3BUTHEM IIPOTEHHYPHH BO BpeMsi OEpEMEHHOCTH.

ITepBonauansuo IID Oblma pasgencHa Ha 2 MOATPYNIIBEI HA OCHOBE T'MCTOJIOTHUECKHX, KIMHHYECKUX,
OMOJOTNYECKUX, TEMOANHAMUYECKIX W SMHAEMHUOJIOTHUCCKUX AAHHBIX. DTH 2 HMOATPYIIBI OBUTH 0003HAUCHEI
Kak paHHAA (<34 Hemenb) U mo3qHsA (>34 Henmenp) 1D B 3aBHCHMOCTH OT TECTAIMOHHOTO BO3pAcTa HA MOMEHT
MOCTAHOBKH [HAarHo3a WM POJOB. ['MCTONOrMYECKUE MOpa)KeHHs IUTALEHTHI, CONPSDKEHHBIE C MATEPUHCKOM
COCYIMCTOH TaTOJOTHH, 00YCIIOBICHHON HApYIICHHEM PEMOACINPOBAHUS CIMPAIBHBIX apTepHi U 3aEPKKOH
pocta mnona. Tako#l cueHapuid yarie BCTpedaroTcsl mpu panHeit [1D, a u3BiedeHre mioja U IMJaleHTs 10 34
Heselnb OEpeMEeHHOCTH YBEIHYHMBAET PUCK HEOHATANbHOM CMEPTHOCTH. B ycnoBusax panHed ruianeHtapsoi 19
pEMOJIETUPOBaHNE CHHMPAIBHBIX apTepuil MPOMCXOAUT HE B NOJHON Mepe, apTepHUHM COXPAHAIOT CBOIO
CHOCOOHOCTh K COKpAIEHWIO, YTO Ha IO3/JHHX CpPOKaX OEpPeMEHHOCTH MOXET NPHBOAUTH K CHHKEHUIO
KPOBOCHAO)KEHHUS IIIOJAa — IUIAIEHTApHON HENOCTaTOYHOCTH M, KaK CJIEACTBHE, BHYTPHYTPOOHOW 3aaepikke
pocrta miaona. IIpu 3ToM M0/ U3-3a CHIKEHUS MOCTYIICHN K HeMY KHCIIOpoJia MoAaéT onpeaeaéHHble CUTHAIIB
MaTEpUHCKOMY OpraHH3My, B OTBET HAa KOTOpBIE OPraHM3M >KEHIIMHBI PEearupyeT MOBBIIIEHHEM KPOBSHOTO
nasneHus. [Ipy OBBIICHUN apTepHaIbHOTO JaBICHUS KPOBOCHAOKEHNE TUI0JIa B HOPME JOJDKHO YCHIIMBATHCS,
Yero He MPOUCXOJUT B TOM Cilydae, €ClH CHHPaJbHBIE apTepHH MATKH HE IOTEPSIH CBOEH CIIOCOOHOCTH K
cokpaileHuto. B omnumne ot no3aneit 113, remonuHammuueckoe cocTossHue npu panHHeil I1D xapakrepusyercs
nepudeprIeckoil Ba30KOHCTPUKIHEH 0e3 yBETHUYCHHUS CEpACIHOTO BEIOpOCa.

B nmameHTapHOW, WM paHHEH, CTagWM TPEIKIAMIICHM 3THOJOTHS OOYCIOBIEHa aHOMAaJIbHOU
IUTalleHTalliel B THIIOKCHMYECKUX ycloBHAX. IlmaneHtapHas, wind paHHSAA HadajbHas TPEdKIAMIICHUS HECET
3HAYUTEJIBbHO 00JIee BBICOKUIT PUCK OCIIOKHEHHI y MaTepH U IoJa. Y HUX Takke HaOogaeTcs: Oosee BHICOKas
pacTpoCTpaHEHHOCTh IUIAIICHTAPHBIX MOPAXKCHHMA, OCOOCHHO MeXAy 28 u 32-i HemensMH OepeMEHHOCTH.
CrnenoBatenbHO, IUTANICHTApHASA, WM PAaHH:A, HaualbHas MPEdKIaMIICUS CBS3aHA C OTpaHHMYEHHEM pocTa IIIofa
1 HeOIaronpusTHBIMU MaTepUHCKUMU U HEOHATAIBHBIMU HCXOJAMH.

B MarepuHCKOW NpEesKIaMIICHW, WM TO3AHEH CTaIuu NPEedKIaMICHH, NpoOJieMa BO3HUKAET H3-3a
B3aUMOJEHCTBUS MEXIY MPEANOI0KUTEIHPHO HOPMAJIbHON INTAIEHTOH W MAaTepUHCKUMH (DAKTOpaMH, KOTOpBIC
CIPOBOLMPOBAHBl  SHAOTEIHANbHOW ancyHKOHU. UYUTo co3maéT TPENNoChUIKM K MHKPOCOCYIAHMCTBIM
noBpexXJAeHUAM.  [Ipeskmammcuss  MaTepd, HMIM  TMO3OHET0  Hayala,  MO-BUAMMOMY,  SBISETCA
JIEKOMIIEHCHPOBAHHBIM OTBETOM Ha OKHCIHUTENBHBIN CTpecC B IUIALICHTE, BBHI3BAHHBIA JUC(HYHKIHOHAIBHBIM
MaTEepPUHCKHUM SHJIOTENIUEM. DHAOTENNANIbHAs TUC(YHKIUS, KOTOpas SIBJSIETCSI OJJHAM U3 aCIEKTOB CHCTEMHOTO
BOCTIAJIUTENBHOTO OTBETA MaTepH, MOXKET NPUBECTH K I'€HEpalW30BAaHHON BAa30KOHCTPHUKIIMHM U YMEHBIUICHHIO
TOKa KPOBM K HECKOJIBKMM OpraHaM, BKJIIOYasi cepjre, Mouku ¥ Mo3r. C npyroi cropossl, mo3nHss [19, taxxke
M3BECTHAas KaK MATEpHUHCKUIl MOATHI, pa3BUBaeTcs mocie 34 Hemenb OepeMEHHOCTH. bBBIJIO BBICKa3aHO
MIPEIOI0KEHUE, YTO ITOT MOJITHII SIBIISETCA CIECTBUEM MaTEPHHCKOI reHeTHYeCKOH NpeIpaciooKeHHOCTH K
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CepACYHO-COCYANUCTHIM M  METabOJIMuecKUM 3a00JEeBaHMSIM, CBSI3aHHBIM C XPOHHYECKHUM CHCTEMHBIM
BOCIIAJICHHEM B COYETAHHMHM C HW3MCHEHHBIM COOTHOLICHHEM MEXAy NepQy3ueil MaTepuHCKOH KpOBH U
MIOBBIIICHHBIMA METa0OIMYECKUMH MOTPEOHOCTSIMU IUTALEHTHl M IUIOAA. OTH HApyLIEHUS MOTYT IIPUBECTH K
IUTAIICHTAPHON ANCOYHKIMK M CBSI3aHHOW C HEeW IUtaneHTapHOo! rumonepdysun 0e3 HapylleHWH IIaneHTalu!,
Kak 9To HabmromaeTcs npu panHeit [13.

OpnHako, TOCKOJIBKY NPUYMHA IIATOJIOTHH, HO-BHAMMOMY, HE HAXOAWTCS B IUIALlCHTE, HaOIomaeTcs
Oosiee HU3Kast YaCTOTA BOBICYEHHOCTH IUI0A M Oosiee GIIaronpusaTHhIE NEPHHATATIBHBIC HCXO/IBI.

Hecmotpst Ha odeBHAHBIC TATOPU3HOIOTHIECKUE PASIHIHS MEXIY 3TUMHU MOJTHIIAMH TIPEIKIAMIICHH,
3a4acTyl0 MX TPYIHO Pa3JeiHTh, IOTOMY YTO JBa IOJTHIA MOTYT HAOJIOJAThCS OJAHOBPEMEHHO, HAIpUMeEp, y
MO3JHEeH IEepBOPOSLIeH C COCYJUCTHIMH 3a00J€BaHUSIMH, Y KOTOPOH OTMEYEHa aHOMalbHAas IUIaleHTAIMs.
Takum o6pa3oM, XOTsA pa3JelieHHEe THIOB MOXET OBbITh IOJE3HBIM JUIi NOHHMaHHA U IPOTHO3UPOBAHUSA
COCTOSTHHSI, OOJIBIIMHCTBO MAMEHTOK C MPEIKIAMIICHEH UMEIOT SJIEMEHThI 00EUX TTaTOJIOTH.

K nocraToyHo gacTeIM ociokHEHUAM [ID MOXHO OTHECTH MOpaXKeHHE BHYTPEHHUX OPTaHOB, BKIIFOYAS
MOYKH, MeveHb u Mo3r. [1D moxer Be3BaTh cuHApoM HELLP (remoniu3, MOBBINICHHBIA YPOBEHb (DEPMEHTOB
MIEYCHN B KPOBH M HHU3KHH ypOBEHb TPOMOOIIUTOB), OTEK MO3Tra, HapylleHHe (QyHKIUH IE€YCHH, ITOYEK HIIN
cepana, OTCIOCHHUE TUIAIICHTHI, 3aJCP)KKy BHYTPUYTPOOHOTO pa3BUTHS, IIPEXKICBPEMEHHbIEC POJIBI U TaKE CMEPTh
MaTepH H IUI0AA.

[TaToreHeTHUeCKHE MEXaHU3MBIL, JIeXkKalIe B 0cHOBe [19, elle NpeIcTONT BBISICHUTD; OJHAKO CUUTAETCH,
YTO aHOMAJHMHU Pa3BUTHS IUIAIICHTH M MHBa3UM TpodoOacTa, IUIalieHTapHas WIIEMUs, OKUCIUTENBHBIN cTpecc,
BOCITAJICHHE, UMMYHHAs JA€33JanTanys W TPoMOO3 MPEICTABIAIOT COOOM KIIOYEBBIE (DAKTOPHI B Pa3BUTUHU
3aboseBaHusi. Bo3MoXHO, OCHOBHas mpu4yMHa pa3Butus [1D 3akimovaeTcss B HapyILIEHHH MPOLECCOB
(dbopMUpOBaHUs IUIAllCHTAPHOW TKAaHW Ha paHHUX CpPOKaxX TecTallid BCIEJICTBUE AHOMAIbHOW HWHBA3UH
oUTOTpododNIacTa M HEMOJHOTO PEMOCIMPOBAHUS CIUPANBHBIX aprepuii MaTku. OOLIeNpU3HAHO, 4YTO
narorere3 I1D HauynHaeTcs BO BpeMsi MHBasuu TpodoOiiacTa M pEeMOJCIUPOBAHMS CHHUPAIBHBIX apTepHil B
TEUeHHEe IEPBOI0 W Hayalla BTOpOro TpuMmectpa OepemeHHOcTH. Panuss [1D xapakrepusyercss aHOMaJbHOU
TpodoOIacTHYECKO WHBa3WeH W3-3a HEMOJHOW TpaHC(HOPMAIMU CHUPAIBHBIX apTepUil, YTO NPHBOIUT K
IUTALEHTapHON HIIEMHUU, MOCIETYIOMEN BOCIANUTENBHON PEaKIUU U YCHIEHHOMY OKHCIHTEIBHOMY CTpecCy.
daxtop pocta sHporenus cocynoB (VEGF), samornmua w mnaneHTtapHbiii ¢aktop pocra (PIGF) smmsrorcs
AQHTHOTEHHBIMU (DaKTOpaMH, MMeEIomnMH Oonbmioe 3HaueHWe B dThoioruu I1D. Bee ykaszaHHble (akTopbl
CIOCOOCTBYIOT CHCTEMHOMY AWCOaNaHCy aHTHAHTHOTCHHBIX W MPOAHTHOTEHHBIX ()aKTOPOB, KOTOPHIE BHI3BIBAIOT
KIuHUYecKnid  cuHApoM. CrieoBaTeNbHO, TIOBBIMICHHAS AaKTUBAlMsA OJHIOTEIMS y Marepu H  oOree
TUIIEPBOCHAIUTENBHOE COCTOSHUE NPEAIIECTBYIOT MOSBICHUIO KIMHIYECKUX CUMIITOMOB [13.

Kenumas! ¢ I1D uMe0T MOTEHIMATBFHO OMACHOE JUIA JKU3HU COCTOSHHE 3I0POBBS, MOCKOJIBKY 3TO
3a00JIeBaHUE CBSI3aHO C IMOBBIIICHHBIM PHCKOM Pa3BUTHUS JIOJITOCPOYHBIX OCJIOKHEHHH, TaKMX KaK Cep/edHO-
COCYAUCTHIC 3a00JICBAHHS.

YCTaHOBIEHO, YTO BCE 3TH KOMIIOHEHTHI B 3HAUMUTEIBHOW Mepe ONpeAesIoTCd TeHETHYeCKUMHU
(akTOpamH, KOTOpbIE MOTYT OBITh BOBJICYEHBI B MPOMCXOJIINUE MTATOreHHbIe U3MeHeHus. CeMeiiHas npupoja
I15 u3BecTHa yxe MHOTO JI€T, B 3TOW 00JacTH OBbLIM MPOBEICHBI OOLIMPHBIE T€HETUYECKHE HCCIICIOBAHMSI.
[MpumeneHne ONMM3HEIOBOTO METOAA IO3BOJMIIO YCTaHOBHUTH, YTO HacyiemyeMocTh [13 cocraBmser oxono 55%,
IpUYeM BKJIaJ B pa3BUTHE 3a00JICBaHUS BHOCST, KaK MaTepUHCKHE, Tak M (¢eranpHble TreHbl. Hambosee
aKTyaJIbHOH sBIIsETCS Teopws, ompererstonas 119, kak MynbTH(akTopHOE 3a00J€BaHIE, B OCHOBE KOTOPOTO
JIeKaT HACJIEACTBEHHOCTD U (paKTOPHI Cpebl.

Hecmotps Ha Oonbmioe KOJMYECTBO HCCICJOBAHWH, TPOBOJMMBEIX B OO0JacTH B3aMMOCBA3U
TeHETHYECKUX MoMMMophu3MoB u 13, yTBepKaaTh, YTO BEAYIILYIO
pOJIb  WIPAcT TOJBKO OMNPEACIICHHBIH T'CHETHYCCKUN MONMMMOPGU3M, HET OCHOBaHUU. BOJBIIMHCTBO
ucciaenoBaTeNell BBICKa3bIBAIOT MHEHHE O TOM, YTO BEpOSITHEE BCErO TOJBKO MHOXKECTBEHHBIE KOMOWHAIUH
MOJIUMOPQHBIX
BapUAHTOB TEHOB B COYETaHUHM C (aKTOpaMH BHEIIHEH Cpeibl NMPHBOMAT K PA3BUTHIO TAKOTO OIACHOTO
ocjokHeHus1 OepemeHHocTH, Kak I[1D. BospeilicTBue ¢akTopoB OKpyxKarouield cpeapl, BKIOYas BO3pacT,
CTPECCOBBIE CHUTYaIlMM, H30BITOYHOE NOTPEOJIEHHE COJIM, XPOHHUYECKHEe 3a00NeBaHUs TOYEeK M CepAedHO-
COCYIHMCTON CHCTEMBbI, THUIIOKCHS, THIIOJMHAMHS, OKUPEHHE, AnaleT, aaKoroyb, YeperHo-MO3roBasi TpaBMa, B
KOHEYHOM CYeTe, OMNpEACIsIeT, NPHUBEAYT M MOIMMOPGHU3MbI TCHOB IPEIPACIIONOKECHHOCTH C HHU3KOH
MICHEHTPATHOCTBI0 K ()CHOTUIHMYECCKUM MPOSIBICHUAM 3a00JeBaHMs. BroiHEe BEposTHO, YTO HU OJWH W3
(aKTOpOB cpenpl WIIM T€HETHYECKHX BApUAHTOB HE SIBIISETCS YHUBEPCAJIbHBIM M HE MOXET OOBSCHHTH BCE
ciyyan [13. B TOo ke Bpems, BO3MOXHO, 4TO pa3HOOOpa3ue MX KOMOHMHAIMH, B CBOIO OYepeib, OKa3bIBAET
BJIMSIHME Ha pa3HO0Opasue PEeHOTHITNUECKOTo MPOSsIBICHNSI KOHKPETHBIX (OPM TeueHHs 3a0oieBaHuil (Harmpumep,
I13 B codyeranuu ¢ 3aA€PKKOI BHyTPHYTPOOHOTO POCTA).

HACJIEACTBEHHASA ITPUPOIA 3ABOJIEBAHUA
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B HekoTOpBIX penkux cinydasx cemeiHoi 110 matonorus, mo-BUANMOMY, HACIEAYETCsS B COOTBETCTBUU
C MCHJICICBCKUMH MOJCIAMH HAacleqoBaHWs 3aboyeBaHmii. B atom cmyuae IID ompenmensercs peakum
MOHOTCHHBIM TIaTOJIOTHYECKAM BapHaHTOM T€HAa C BBICOKOW IeHEeTpaHTHOCThIO. OmHako B OONBIIMHCTBE
ciydaeB [0, mo-BHOMMOMY, NPEACTABISIET COOOH CIOXKHOE TEeHETHYECKOE PAcCTPOHCTBO M BO3HUKACT B
pe3ynbTaTe MHOTOYHCIICHHBIX OOIIMX BapHAaHTOB I'€HOB B PA3HBIX JIOKYCaX, KOTOPHIE MO OTACITBHOCTH UMEIOT
HeOompmme 3((EeKTs, HO B COBOKYIIHOCTH CIOCOOCTBYIOT BOCHPHHUMYHBOCTH OEpPEeMEHHOW >KCHIOIUHBI K
3a00JICBaHUIO.

C uenplo BBISIBIICHHS TEHETHYECKOH NpenpacroyiokeHHOCTH K [13 HeoOXoquMo aHanu3upoBaTh, Kak
MaTEepUHCKHH, TaK U (heTalbHBIA TeHOTHIBI. POJIb MmaleHTs! B epBUYHOM narorenese [10 yka3biBaeT Ha BKIa[
T'€HOB IUIOJIAa B BOCIIPHUMYHUBOCTH K 3a0oseBanuto. TecHas cBsi3b TspKenoi panHe [13 co cinydasmu deranbHbIX
XPOMOCOMHBIX aHOMAJIMH TakXke yKa3bIBaeT Ha 3To. K ToMy ke yCTaHOBJICH MOBBIIICHHBIN pHck 110 y skeHIuH,
OTIBI KOTOPBIX poamnuch B ycioBusix [13. Ha ocHoBaHMm ckasaHHOro Obuia pa3paboTaHa THIIOTE3a
TCHETHYECKOTO KOH()IHMKTA, OOBICHAOIIAs TEHETUYCCKYIO mpespacnonoxkenHocts kK I[19. CormacHo 3Toi
rurnoTe3e (eTambHble (B T.4. OTIOBCKHE) TEHBI OKAa3bIBAIOT CTHMYIHUpYIOIICE BIUSHHE Ha IUTAIICHTAPHBINA
KPOBOTOK C ILEJIbIO YBEJIMYEHHs] NEpeJaud NHUTATElIbHBIX BEUIECTB IUIOAY OT MAaTEPHUHCKOIO OpraHu3Ma.
HanpotuB, MaTepuHCKHE TeHBI OyIyT CTPEMHUTHCS OTPAaHUYUTH MepeAady NMUTATEeIBHBIX BEIIECTB C KPOBEIO
CBEpPX OIPENEIIEHHOTO ONTUMYMA, IOIYCTHMOTO JJIsl MATEPUHCKOTO OpraHu3Ma. [IpyruMu ciIoBaMu, eTanbHbIe
TCHBI TOBHIIIAIOT MAaTEPUHCKOE KPOBSHOE JaBlICHHE, YTOOB! YCHINTh MaTOYHO-IUIAIICHTAPHEBIN KPOBOTOK, TOTIA
KaKk MAaTCpHUHCKHE TEHBI [EHCTBYIOT MPOTHBOIOJIOXKHEIM o00pa3oM. Takum 00pa3oM, SHAOTEIHAIbHAS
muchyHkuus y Marepeit ¢ 1D MoxkeT OBITh MHTEPIPETUPOBaHA KaK MOMBITKA IUIOAAa KOMIICHCHPOBATH
HEJI0CTaTOYHOE MaTOYHO-IUIAlEHTApHOE CHA0KEHHE TIUI0/IAa U TATEIbHBIMH BEILECTBAMH.

[TepBOHauUaIBHO, OONBIIMHCTBO FEHETUYECKUX HccienoBanuii [13 OblIn poBeAEeHBI IPEUMYIIECTBEHHO
¢ y4eToM MaTepHHCKoro reHoruna. Kpome toro, cHmkeHue pucka passutus I130 npu BTopoil U mociemyromux
OEpeMEeHHOCTSIX 3aTPYAHSIIO aHAIM3 BKJIaJa FeHOTHIA IJI0Aa. TeM He MeHee, B HACTOsIIIee BpeMs CYILECTBEHHOE
BHUMaHHE yJENSeTCsl TeHaM, SKCIIPeCCUPyEeMbIM B IUIaneHTe. [Io coBpeMeHHBIM TaHHBIM OKOJI0 35% ciydaeB
13 moxHO 00BACHWUTH cnenmudukoil reHoruna Mmatepu, 20% — cnenudukoil reHorumna twioxa, 13% —
cnenudukoi renoruna otna u 32% —GhaKTopaMH OKpY>KaIoIIeH Cpembl.

AHanm3 3KCIPECcCCHd TEHOB ABISCTCS BAKHBIM M 3(PPEKTHBHBIM HHCTPYMEHTOM IS MICHTH()HUKAINU
TeHOB, AU (EepeHINATFHO HSKCIPECCHPYEMBIX MEXKAY TKAaHAMH HOPMOTEH3WBHOW W MPEIKIAMIICHYECKON
O6epemeHHocTeil. B mocnmenHee Bpems ycraHoBieHa CBsa3p Oonee 100 moamMopdHBIX BapHaHTOB TEHOB C
matoreHe3oMm [1D. ['eHeTmueckas kapra 3a00ieBaHUS JOCTATOYHO Pa3HOOOpa3HA M BKIIOYACT TPYIMIBI T€HOB
CUCTEMbI CBEPTHIBaHHS KPOBH, METa0OJM3Ma, IJIABHOI'O KOMIUIEKCA TMCTOCOBMECTHMOCTH, LUTOKHHOB U
POCTOBBIX (haKTOPOB, & TAK)KE TCHBI YHJOTEIHS U COCYIUCTON CUCTEMBI.

I'EHBI IPEJAPACIIOJIO’KEHHOCTH K IPEQKJIAMIICUHN

BeisiBIcHHE TEHOB MpPEAPACIONIOKEHHOCTH K IID ocyliecTBiseTcsl MPEHMYIIECTBEHHO METOIOM
CEKBCHHUPOBAHUSI HOBOTO MOKOJICHHs (MHOT/Ia ¢ UCToNb3oBaHueM MeToza [11[P) myTeM cpaBHUTENBHOTO aHAIN3a
noJauMopQu3Ma reHOB MeXIy manueHTkaMu ¢ [1D u jxeHnHaMu ¢ QU3HOIOTHIECKUM TeUCHUEM OEPEeMEHHOCTH.
BONBIIMHCTBO HWCCIIEOBAHUI aHAIU3UPYIOT OJMH MONUMOP(U3M B TIeHE-KaHAWIATe, B TO BpeMsl Kak B
JIUTEpAType UMEIOTCS JIAaHHBIE HECKOJIBKUX TE€HaX MPEAPacloNoKEeHHOCTH. | eHbI-KaHANAATH B TAHHOM Cllydae
BBIOMPAIOTCS. HA OCHOBE COBPEMEHHOTO MOHMMaHHs mnarodusnoiornveckux mexanusmoB [1D. Ilpu s1oM
MPOBEJICHUE IOMYJSIMOHHBIX KCCIICAOBAHUI M0 TPHHIMIY ciay4ail [1D/KOHTPOJIb MO3BONSET BBIBUTH HE
TOJBKO TEHBI MPEIPACIONOKEHHOCTH K I13, HO W TeHbI, KOTOpPHIC HAMPOTHB, OKA3BIBAIOT CICPIKHBAIOIIHI
(3ammTHbI) 3¢ dekT.

C npyro# CTOpOHBI, MOMYJSIMOHHBIA aHANIA3 YaCTOTHl BCTPEYAEMOCTH TCHETHUYECKUX (DAKTOPOB
BBICOKOTO MIJTH HH3KOTO PHUCKa MOXET YIY4IINTh KauyecTBO MporHo3a prcka [13. Kpome Toro, maHHas TakTHKa
crocoOcTByeT Oosee 3h(HEeKTUBHOMY paHHEMY JOPOJOBOMY CKPHHUHIY W BMEIIATEIIHCTBY B MOMYJSAIHSIX C
OoJiee BBICOKOIT BOCIIPUMMYHMBOCTBIO K [13.

TEHBI PET'YJISAIUA ®YHKIIAN DHIOTEJINAA
N KPOBAHOT'O JABJIEHUSA B TATOI'EHE3E 119

HeGnaronpusiTHbIE TPOTHO3BI, CBSI3aHHBIE C TUIEPTEH3UBHBIMU PACCTPOMCTBAMH OepeMEHHOCTH
SIBIIIIOTCSL PE3yJbTaTOM YPE3MEPHOTO BOCHAICHUS M IMOBPEXKICHHUA JHIOTENHS M BKIIOYAIOT SKIAMIICHIO,
HHCYNBT, OTCIOCHHE CETYaTKH, OCTPYI0 IOYEYHYIO HEJOCTaTOYHOCTh, OTCJIOMKY IUIAICHTHI, OTEK JIETKHX,
reMaToMy I€4eHH, JUCCEMHHUPOBAHHOE BHYTPUCOCYAHMCTOE CBEpTHIBAHME M  IepeOpOBACKYJISIpHOE
kpoBoTeueHHe. OCIOXKHEHHS I IUIOAa BKIIOYAIOT MEPTBOPOXKACHHE, BHYTPHUUYEPEIHOE KPOBOHM3JIUSHHE,
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MaJIOBOJUE U 3a/IepKKy pocTa mioja. [Ipu 3ToM, IpOorHo3bl COCTOSHUS 340pOBbI MaTepH U IUI0JA, KaK IPaBUIIo,
rpynnupytorcst Bokpyr aumarsosa ITPEOKIIAMIICUS. Takum oGpa3oMm, OJHMM M3 BaXHBIX cuMmmnTomoB [19
SIBISIETCSI TTOBBIIICHHOE apTepHaIbHOE AaBICHHE BO BpeMsi OepeMeHHOCTH. [103TOMy, TeHbI, BOBICUCHHBIC B
PETYIALUIO KPOBSIHOTO IABJICHUS M TCHBI-MAapKephl SHIOTECIHANBHBIX TUCHYHKIUH BXOAAT B COCTaB BCEX
TEHETHYECKUX MaHeNell aHaiIm3a IpepacioyiokeHHoCTH K [19. Bo3MoXkHO, 4TO mmarieHTapHOE paccTpOUCTBO, B
OCHOBHOM XapaKTEpH3YIOIeecss MaTOYHO-IUTAEHTaPHON MIIEeMHUEH, BTOPHYHOM MO OTHOWICHUIO K HapyIICHHIO
COCYIHCTOTO PEMOJICTMPOBAHUS, SBISECTCS IEepBOil aHoManueil B marorenese I10. HakamnmBaroTcs naHHbIe,
KOTOpBIE CBHIETEIBCTBYIOT O TOM, YTO CEPICYHO-COCYIHCTOE PACCTPOHCTBO, BEPOSTHO, SBISETCS MEPBOM
aHOMaJIMel, BbI3bIBAIOIIEH IIALlCHTApHYIO HIIEMUIO, KOTOpas B CBOIO ouepeb U AaeT Hadano I10.

I'EH VEGFA VEGFA, daxrop pocta sHpoTenusi cocyqoB A siBiseTcs NpoAaykToMm rena VEGFA
KOTOPBII pacIojio’keH Ha XpoMocoMe 6 B IUTOreHeTHYecKor mnosoce 6p21.3. I'eH sABsgeTcs 4iIeHOM ceMeicTBa
¢daktopoB pocra PDGF/VEGF. OH koaupyeT remapuH-CBSI3BIBAIONIMNA OENOK, KOTOPBIH CYIIECTBYET B BHIC
roMoauMepa ¢ JIUCYIbGHUIHON CB3bl0. JTOT (AaKTOp pOCTa BBHI3BIBACT NPOIH(EPAlMI0O M  MUTPALHIO
SHIOTENHMATBHBIX KJIETOK COCYZOB M HEOOXOOMM, KakK A (PU3MOJIOTHYECKOTO, TaK W A IaTOJOTHYECKOTO
anruoreHesa. Ilomumopdusm TaHHOTO T€Ha aCCONMHUPYETCs C OMACHBIMH 3a00eBaHUsIMHA. B yacTHOCTH, TaHHBIN
TeH AaKTUBUPYETCS BO MHOTHMX H3BECTHBIX OITyXOJIIX, M €ro SKCIPECCHs KOPPEIupyeT cO cTagued u
MIPOTPECCHPOBAHUEM OIMyXOJi. [IOBBIIIEHHBIE YPOBHU 3TOr0 Oeika OOHAapy)KEHbI y MAallMEHTOB C CHHAPOMOM
POEMS, Takxke usBecTHbIM Kak cuHiapoMm Kpoy-®Dykaze. AsuienbHbIE BapuUaHTBl 3TOrO T€HA CBS3aHbl C
MHKPOCOCYIUCTEIME ocliokHeHnssMu nuabera 1 tuma (MVCDI1) u atepockiiepozom. @akTop pocTa SHIOTEIHS
cocynoB A HeoOXoauM I pa3sBUTHS IUIallGHTHl U ee Backyiaspusauuu. VEGF >ku3HeHHO BaxkeH Ui
¢dbopmupoBanus TpodooOIaCTOB, IMOPHOHAIBLHOM COCYTUCTOM CETH U KJICTOK KPOBH MaTepH U 1wiojaa. Bo3MoxkHO,
aHOMaJIbHBIH POCT COCYIOB W SHIOTENHaNbHAs QUCHYHKIMS SBISIOTCS YacThio narorenesa [13. M3BectHo, 4TO
VEFGA skcnpeccupyeTcst Ha 3HaYUTENIbHO 00Jiee BRICOKMX YPOBHSIX B IUIAIIGHTAX JKeHIIHMH ¢ 19 mo cpaBHEHUIO
C IUTalEHTaMH 3JJOPOBBIX KEHIIUH (COOTBETCTBEHHO 49,6% npoTuB 14,9%). IlomaydeHsl faHHBIE O TOM, YTO /IBa
noiumopdpuzma rena VEGF (rs3025039, rs2010963) cBsi3aHbl ¢ NOBBIILIEHHBIM pPUCKOM [1D B paziM4HBIX
STHUYECKHX TPYIIax, 9TO 03HAYAET, YTO STH MUIICHA MOTYT OBITh IOJIE3HBIMUA T'€HETHIECKIMHU MapKepaMHy ISt
panHero nporHo3upoBanus [13. B wactHoCcTH, HMeeTcs psin cooOmeHuit o ToM, 9to 153025039, pacmonosxeHHBIH
B 3'-HeTpaHciHupyeMoit obiactu VEGFA n ciocoOHBIH MOIYIHPOBATH SKCIPECCHIO TeHA, pacCMaTpUBaeTCs, Kak
¢dakxTop mpenpacnonoxernHoctd kK [13 B momymsmusax Kuras, FOxaoi#t EBponsr u CeBepo-Bocrounoit Adpuku,
moBeIMas puck 3aboneBanud. [lo Bonpocy acconmamuu rs3025039 ( NC_000006.12 :2.43784799C>T) c I10 u
ee BO3MOXKHOU poii B matorenese 10 B urepaType ObUIH BBICKA3aHBI IPOTHBOPEUNBBIC MHEHHUS. TeM He MeHee,
€CTh OCHOBAHHS NPEANOJIOKHUTh, YTO B OTAEIBHBIX MOMYJISAIMAX MOXKET IPUCYTCTBOBATh 3HAUMMAasl CBA3b MEXKIY
nojumopdusmom rena VEGFA wn I1D. Boszmoxkno, nomumopdusm rena VEGF rs2010963, c.-94C>G Taxke
CBS3aH C TIOBBIIICHHBIM pUCKOM I1D B pa3smuuHBIX 3THHUECKUX IPYyMIaX, YTO O3HAYAeT, uTo JaHHBIH SNP Moxker
OBITh TOJIC3HBIM I'€HETUYECKUM MapKepOM Il paHHEro nporuo3uposanus [13.

I'EH ACE ]JlauHblii TeH KOQUpYeT aHTHOTeH3WHIpeBpamatomuii gepment (AIID), yuyacTByrommii B
peryJsiuM  apTEepUalbHOTO JaBICHHWS W BOJHO-coieBoro Oamanca. OH KaTalnM3HMpyeT IIpeBpalleHHe
aHTHOTeH3WHA | B pr3Homorndeckn akTHBHBIN OKTanentua anruoTeH3uH 1. Aurnorensu Il sBisercs MOIIHBIM
Ba30IMPECCOPOM U HENTHIOM, CTUMYIHPYIOIINM allbJ0CTEPOH, KOTOPBIH KOHTPOJIHPYET apTepHaIbHOE JaBICHNE
U BOJHO-IJIEKTPOJIUTHBIN OanaHc. AHrmoTeH3MHIpeBpamatomuid (epmeHt (AIID) Ttakke HHAKTHBHpPYET
Ba30JMIATATOPHBIA Oenok OpaguknHuH. COOTBETCTBEHHO, KOAWPYEMbBIH TEHOM ()EpPMEHT IOBBIIIAET
apTepHalIbHOE JABJICHWE M SBISETCS MHIICHBbIO (hapMmmpenapaToB - HHruoOmropoB AIID, xortopble dYacTo
Ha3HAYaIoT JUIsl CHU)KEHMsSI apTepuasibHOrO nasieHus. [lommmopdusm rena (MyTaluuu B 5TOM I'eHE) BOBJCYCH B
IIMPOKUH CHEKTp 3a00NeBaHMUM, BKIIOYAas CEPIACUYHO-COCYIUCTbIe 3a0o0jieBaHMA, IICOpPHA3, IOYECYHYIO
HEJI0CTaTOYHOCTh, MHCYJBT U Ooie3Hb Aublreiimepa. Bmecte ¢ TeMm, moauMopdusm reHa (rs4344) siusercs
IIMPOKO M3BECTHBIM MapKepOM THMIEPTOHHYECKON OOJe3HH M APYTHX CEepACYHO-COCYAMCTHIX 3a00JIeBaHHH, a
TaKKe CBs3aH ¢ puckom 19,

I'EH AGT benok, kogupyeMblii ’TUM [€HOM, [IPEAHTMOTEH3MHOIEH WM NPEJIIECTBEHHUK aHTMOTEH3UHOIE€HA,
9KCTIPECCUPYETCs B IIEUYCHHM W PACIIEIUIIETCs ()EPMEHTOM PEHMHOM B OTBET Ha IOHM)KEHHOE apTepHaIbHOE
JaBJICHUE U M3MEHEHHE TPAHCIIOpTa HATpUs B MOYEUHBIX KaHanblax. [lodydeHHBIH NPOAYKT, aHTMOTEH3UH-I,
3aTeM paclleIUIsieTcsi aHrHoTeH3uHnpeBpamaomuM Gepmentom (AIID) s monydeHus: QpU3NOIOTHUECKH
aKTHBHOro (QepmeHTa anruoreHsnHa-II. IIpeaHrnOTEeH3MHOTeH TPUHUMAET Yy4yacTHe B IOJAEPKAHUH
apTepHaIbHOrO JAaBJIEHHsA, TOMEOCTa3a JKHIKOCTH U 3JIEKTPOJIHTOB B OPraHU3MeE, a TAaKKe B IIaTOrCHE3e
JCCEHIMATBPHON THNEPTOHHH. MyTalu B 3TOM TI€HE CBA3aHBI C BOCIPUHMMYHMBOCTBIO K 3CCEHLHAIBHON
TUNEPTOHUH M MOTYT BBI3BIBATH JMCTEHE3UIO MOYECYHBIX KAHAIBLEB, TSXKEI0E HapylICHUE Pa3BUTUSA MOYEUHBIX
KaHaubleB. J[e(eKThl B 3TOM I'eHEe TaKKe CBSI3aHBI C HECEMEHHOW MeplaTesIbHOM apUTMHUEH U BOCHIATUTENbHBIM
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3aboneBanueM kuieuHuka. [lonmumophusm rena AGT Taxke TECHO BOBJICYCH B matoreHes [13. YV 6epeMeHHBIX ¢
I15 nabmonaercst noesiieHue ypoBHsi Oenka AGT B moue. [To uMeromuMcst TaHHBIM MPUCYTCTBUE alulelneit
217A, 235T u 704C rena AGT 3Ha4UTEILHO YBENMUMBAJIO pUcK Tspkenoi 119 B 2,23 pasza. B wactHocTH, yacToTa
resotunia CC momumop¢dusma T704C crmocobcTBOBaNla MOBHIMICHUIO prcka paHHeidl [1D mo cpaBHEHHIO ¢
TAaKOBO! y MAIlUEHTOK C MO3JHEH MPEIKIaMIICHEN.

I'EH NOS3 Komupyer ¢epment eNOS (sHmotenmampHast m3odopma ¢epMeHTa NO-CHHTA3HI).
Monookeua azota (NO) — 3TO peakTHBHBIH CBOOOTHBIN paanKai, KOTOPHIH JAEHCTBYET KaK OMOJIOTHYCCKHMA
MeANaTOp B HECKOJIBKHX MpoIleccax, BKJIIOYas HEHPOTPAaHCMHUCCHIO, aHTUMHUKPOOHYIO M IPOTHBOOITYXOJIEBYIO
aKTUBHOCTh. OKCHJ a30Ta CHHTE3HPYETCS U3 aMHHOKHCIOTHI L-apruHMHA ¢ IMOMOIIBI0 CHHTa3 OKCHJA a30Ta.
Monookcua azora (NO), KOTOpBI OKa3bIBaeT BIMSHHME HA COCYIUCTBIN TOHYC M arperamur TpPOMOOIMTOB,
CTaOMJIM3AaLUI0  PEOJIOTMYECKUX  CBOMCTB  KPOBH, HEHPOTPAHCMHCCHIO, YYacTBYeT B  YCTpPaHEHUH
MeTa0OoJIMUECKOro CHHIPOMA, a TAKKE B psAAe UMMYHHBIX PEaKIui.

M3MeHeHHsT B 3TOM TI'eHE CBS3aHbl C BOCIPHUMYMBOCTBIO K LIEJIOMY psiAy 3a0oJieBaHUM CepAeqHO-
COCYIUCTOM cUCTEMBI, B TOM yHciie K [10. AnnenbHble BapuanTsl reHa NOS3 NpUBOIAT K CHUKEHUIO YPOBHS
NO, creacTBHEeM 4Yero SBISCTCS pa3BUTHE THIEPTCH3WBHBIX COCTOSHHI, KOTOpPBIC B COYETAaHUH C
HEONaronpuATHBIMHA YCIOBUSMU BHEUIHEH M BHYTPEHHEH CpeIbl OpraHU3Ma aCCOIMHMPOBAHBI C U3MEHCHHEM
COCYIHCTOTO TOHYCa, YTO MOET NpuBecTH K I10, mianeHTapHON HEIOCTATOYHOCTH, 33/IepXKKe pocTa mioga. B
MaTOTeHEe3e TNMPEdKJIAMIICHH OOJBbIIOE 3HAUYEHHE HMMEET SHIOTENHaIbHAS NUCGHYHKIHS, KOTOpas IPOSIBISECTCS
YBEIMUYCHUEM «UYBCTBHTCIBHOCTH» COCYJHCTOH CTEHKH K IIPECCOPHBIM BIMSHUSIM MEAWATOpOB C
OJIHOBPEMEHHBIM YMEHBIIICHHEM MPOIYKIIUU Ba30UIIaTaTOPOB, TakuX kak okcun azora (NO). HccnenoBanus,
mpoBefeHHBIe B momynsanusax CeBepHolt EBpomnbl mokasaiy, YTO JKEHIUHBI, TOMO3HUTOTHBIE O 1s1799983 B
NOS3, B 1,6 pa3za uamie cTpafalT Tspkeaod ¢opmoii [15. B yacTHOCTH, YCTaHOBJICHO, YTO TCHOTHIT IS
SNP NOS3 rs1799983 He TosbKO cBsizaH ¢ puckoM [13, HO U cHIDKeHHEM (P PEKTUBHOCTH aHTHIHIIEPTEH3UBHBIX
npenaparoB y maiueHTok ¢ [19. Kpome toro, momumopdusm 894G>T B 7 sk30ne rena NOS3 (mapkep rs1799983)
NPUBOJMT K 3aMEHE TIIyTaMUHA Ha acmaparuH B 298 mosunmu Oeika, cJIeJCTBUEM YEro SIBISIOTCS YMEHbIICHUE
KOHILICHTPAIIMH OKHCH a30Ta B KPOBSIHOM pYCIIe, M CHIDKCHHE Ba3OoAWIATAllMH. Ba)XHO OTMETHTH, YTO MMEHHO
3TOT BapHaHT Yalle BCTPEYACTCs B POCCHHCKUX momymsimusax u accomumpoBan ¢ I1D. Coobmaercs o
nuarHoctuuyeckoid neHHoctu 152070744 B NOS3 B panHeMm mnporHose [13. AHanu3 MyJbTHIOKYCHOTO
B3aMMOJICHCTBHUS ceMH ajutene, Bkimrodas rs2070744 B NOS3, cs3annbix ¢ 19 (rs4762 B AGT , rs1800896 B IL-
10 , rs1800629 u rs1799724 B TNFa , 152070744 B NOS3 , 157412 B APOE n 152549782 B ERAP2)
MIPOJIEMOHCTPUPOBAI JJOCTATOYHO BBICOKYIO TOYHOCTB NMPOTHO3a prcka I10.

I'EHBI PET'YJISAIUU JIUIINJHOI'O OBMEHA B ITATOI'EHE3E 119

Hapymienus nunuaHoro oOMeHa, WHIYIHUPOBAaHHbBIE NEPEKUCHBIM OKHCICHUEM JIMIKIOB, BHI3BAHHBIM
OKHUCITUTEIBHBIM CTPECCOM, PACCMATPHUBAIOT B KaUECTBE BaXKHOT'O IMaToreHeTHyeckoro Mexannsma I13. M3sectHo,
410 (epMeHT Jumnonporenrinnasa (LPL) n 6enok anonunonporeud E (ApoFE), ocHOBHOW (yHKIHEH KOTOPOTro
SIBIIIETCSA TPAHCIIOPTUPOBKA JTHIUAO0B MEXIY PAa3IUYHBIMU KIETKAMH M TKaHSAMH OpPraHM3Ma, pacCMaTPUBAIOTCS
B KaueCTBE BAXHBIX PETYIATOPOB JIMIHIHOTO OOMEHA, KOTOpble OOMIBHO 3KCHpPECCHUpPYIOTCS B IUIaneHTe. B
yacTHOCTH, LPL yuactByer B rumgponuze TI' B XMIOMHMKpOHaX M TpaHyJax JUIONPOTEHHOB OYEHb HU3KOU
IUIOTHOCTH. B CBSA3M ¢ 3THM TeHBI, KOJUPYIOIINE AaHHbIE OCNKN OBUIM NPEIOKEHBI B Ka4eCTBE BO3MOXHBIX
TeHOB-KaHIUIATOB. Takke M3BecTHO, 4To Ha (hoHe 1D mpomcxoauTt HapylIeHHEe KOBaJCHTHOH MOAM(HKAINN
IUPKyIUpyIomux m3opopMm Oenmka ApoE. B wactHOCTH, MONA AETIMKO3MIMPOBAHHOM OCHOBHOH M30(hOpMBI
ApoE Obuia yBenmmuena npu IID, a kwucnas cuanmiupoBanHas wuszodopma ApoE Obuta  yMeHbIICHA.
OyYHKIMOHAIBHO 3TO MOXET YBEJIMYHTh PUCK DPa3BUTHSI aTePOTHYECKUX W3MEHEHMH IuaneHThl. Hambonee
MHOTOO00EIAI0NINM IeHETHUYECKUM BapUaHTOM B 3TOM KOHTEKCTE sIBJIgeTCsA MyTanus-mucceH, Asn318Ser, B LPL,
KOTOpasi KOPpeIupyeT ¢ MOHWKEHHOW aKTUBHOCTHIO (pepmenta LPL u moBsieHHOW nucnununemuei. Taroke
coolmanock, 4To (QeTaabHbIH TEHOTHI 3THX JBYX TI€HOB BHOCHT BKJIAJ B METa0OJM3M MaTEPUHCKHX
JUMONPOTENHOB. TPaHCIOPT JMNUAOB B IUIALIEHTE SBISAETCS HE TOJIHKO OCHOBHBIM HMCTOYHHUKOM CHAOKEHHS
IUTOJIa SHEPTuel, HO M KIIOYEBBIM IUIACTHYECKHM MaTepHalioM, KOTOPBIH CIIOCOOCTBYET PasBUTHIO HEPBHOM
cucteMsl wofa. Hapymenue merabonan3Ma JIHITHIOB MOXKET BBI3BATh BOCIIAJIMTENBHbBIC PEAaKINU M HAKOIUICHUE
MIPOXYKTOB OKHCIIMTEIBHOIO CTpecca, BIMSIOMNX Ha MHBa3Wi0 TpodoOnacta W pa3BUTHE IUIAICHTHI, a TaKkKe
BBI3BIBAIOIINX MOBPEXKACHUE SHIOTENUS COCYJOB, YTO MPHUBOAUT K ALY MaTonorndeckux usMmeHeHui. Ilo
CPaBHEHUIO ¢ OEPEeMEHHBIMH JKEHIIMHAMU C (PU3HOJIOTHYECKHM TEYEHHEM OEpPEeMEHHOCTH, YPOBEHb JIMIUAOB B
CBIBOPOTKE M TapaMeTpbl MeTaboJHM3Ma JIMIONPOTEHHOB MOJBEPraroTcsi HapyIISHHWsSM y TanueHTok c [193.
Bricokuit ypoBeHb JUNUIOB B KPOBH y MAIEHTOK ¢ 1D mpHBOAUT K aTepOCKIEPOTHYECKHM H3MEHEHHSIM BO
BpeMs OepeMEHHOCTH, KOTOPBIE MOTYT COXPaHATHCSA B T€UEHHE HECKONBKUX JIET IIOCIIE POJIOB, YBEIUUNBAs PUCK
CepIEUYHO-COCYTUCTIX 3a00IeBaHMI.
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HexoTopsie aBTOpHI B KadecTBe (akTopa pucka [13 Beiaenstor nonmumopdusmsl rena ADIPOQ. Dot
T'€H KOJUpyeT (PU3UOIOTUUECKH aKTHBHBIN OEJIOK aJUITOHEKTHH U SKCIIPECCHPYETCsl UCKIIOUUTENBHO B )KUPOBOM
TKaHu. OXKMpEHNE OKa3bIBAaCT HEraTHMBHOE BIMSHHE HA T€UEHHE OEPEMEHHOCTH M HM3MEHSAET KadeCTBO POJIOB
(IpexieBpeMEeHHbIE POJIBI WM 3aTSHKHBIE POJIBI) M O0Jiee BHICOKHE MOTPEOHOCTH B OKCUTOLIMHE y O€pPEeMEHHBIX
XKeHIUH. )KupoBasi TKaHb, KOTOpast SIBISIETCS] KPYIMHEWIINM SHAOKPHUHHBIM U TTapaKPHHHBIM OPraHOM, OCOOEHHO
IIPU OKMPEHUH, OTBEYAET 32 BBIPAOOTKY aAMNOKWHOB. HH3KHMe KOHIEHTpalnuH aJullOHEKTHHA B CBIBOPOTKE
CBSI3aHBI ¢ 1Ma0ETOM, M30BITOYHON MacCol Tela, PEe3UCTEHTHOCTRIO K MHCYJIMHY M META0OJIMYECKUM CHHIPOMOM.
Hapymenne perymsinny aJiWIOHEKTHHA BO BpeMs OEPEMEHHOCTH CIOCOOCTBYET TECTAI[HOHHOMY CAaXapHOMY
nruadeTy ¥ MpedKIaMIICHH.

Heo0xomuMoO OTMETHTB, YTO HApYIICHMsS JMIUAHOTO OOMEHa OpraHu3Ma, BBI3BAaHHBIC HM30BITOYHON
Maccoi Tesa OKa3bIBAIOT KpaifHe HeraTHBHOE BIMSHHE Ha TeueHHE OEpeMEHHOCTH, U3MEHSSI YyBCTBUTEIBHOCTD
TKaHeH K MOJIOBBIM CTEPOUIHBIM TOPMOHAM U CO3AA0T JOIOIHUTENIFHBIE PUCKH BO BPEMs CaMHX POJIOB.

I'EH LPL xonupyeT JIMIONPOTEHHIIUIIA3y, KOTOpas 9KCIIPECCUPYETCA B CEPALE, MBIIIAX U KUPOBOI
TkaHu. @epment LPL ¢yHKIIMOHUPYET Kak roMOauMeEp U UMEET IBOMHYI0 (PYHKIUIO TPUTIIULEPHATUAPOIA3E U
JIMTaHI/MOCTHUKOBOTO (DakTopa AJIS pelenTOp-ONOCPEAOBAHHOTO 3aXBaTa JIMIONPOTEHHOB. TsDKenble MyTalliH,
BeI3bpIBatomtre nedunut LPL, npuBomsaT k runepnumnonporenHemu | tuma. Menee omacHble GOpMBI MyTanuii B
LPL cBs3aHBl CO MHOTHMH HapyIICHUSMH MeTa0oim3Ma JHIonpoTeHHoB. Jlumonporennnumnasa (LPL)
MPUHUMAET y4acTHe B Mpoleccax THAPOIN3a TPUTIHUIEPUIOB U UTPaeT BaKHYIO POJIb B TPAHCIIOPTE JIMMUAOB B
wraneHTe. BeisiBieHo, uro martepuHckuit amtenb LPL N291S (15268, ¢.953A>G (p.Asn318Ser)) Obi1 cBsI3aH ¢
NOBBIIICHHBIM PUCKOM IIPE3KJIAMIICMM M C IOBBIIIEHHBIM puckoM cuHapoma HELPP. Ilomumo 3TOro
npucytcTBue ayutesis LPL N291S B reHoTHIIE 102 OBUT CBsI3aH ¢ 00JIee BHICOKUMHU YPOBHSAMHU TPHUIIIHIICPUIIOB
B OpraHU3Me MaTepHU U ¢ MOBBIIICHHBIM YpOBHEM pucka 1.

I'EH APOE benok, KoAupyeMbIii 3THM T€HOM, SBISETCS OCHOBHBIM aloONpPOTEHHOM XWJIoMukpoHa. OH
CBSI3BIBACTCSl CO CHNENM(UUECKHM pELENTOpPOM Ie4eHH W Tepu(epUuecKHX KIETOK ¥ HeoOXOquM s
HOpPMaJBHOTO Karaboimm3ma OOoraTblX TPHUITIHMLIEPHAAMH JIMIIONPOTEHHOBBIX KOMIIOHEHTOB. OJTOT Te€H
JIOKJIN30BaH Ha XpoMocoMe 19. Mytanuu B 3TOM TeHe IMPUBOAAT K CEMEHHON ITUCOSTAINIONPOTCHHEMHH WIIN
runepmunonporenHemun  tuma 1[I (HLP III), mpu KoTopod TOBBIIICHHBIH YPOBCHb XOJECTEPHHA H
TPUINIMLEPUAOB B MJIa3sMe SBISETCS CIEACTBUEM HAPYIIEHHOTO KIUPEHCAa OCTaTKOB XWJIOMHUKPOHA U
JITTOHII. M13BecTHO, YTO YPOBHH TPUINIMLEPHIOB, XOJECTEPUHA JTUIONPOTENHOB HU3KOM INIOTHOCTH U Apo-E ¢
4-16 Henmenp 1o 28-42 Henmenb OepeMeHHOCTH B Tpymme OepeMmeHHBIX ¢ [1D yBemuumimcs Oonbine, 4em B
rpymnie OepeMEeHHBIX C XPOHHYECKOH rMnepTeH3uel. boNbIIMHCTBO aBTOPOB BBICKA3hIBAIOT MHEHHE O TOM, YTO
MOBHIIIEHHBIC YPOBHU TPUIIIMLEPUIOB U ATo-E yBeTHUMBAIOT PUCK Pa3BUTUA IpedknaMicuu. Ilo HekoTopsM
JaHHBIM annenb ApoE 1s440446 accoruupyercs ¢ MOBBIIIEHHBIM puckoM 13, B To ke BpeMs, yKa3bIBaeTcs, 4To
naHHas (opma reHa MOXET y4acTBOBaTh B IIaTOI€HE3e JKEIUEKaMEHHOH OOJIe3HH M CBs3aHA C PHUCKOM
OHKOJIOTHYECKUX 3a00JICBaHUI KETUEBBIBOAALINX MTyTEH y MYKUYHH.

T'EH ADIPOQ Ten ADIPOQ coCTOUT W3 TpeX 3K30HOB M JBYX HHTPOHOB, PAacCIOJIOKEHHBIX Ha
xpomocome 3q27, rme OBUT KapTUPOBAaH JIOKyC BOCIPHUMYHMBOCTH K JAuabery. OTOT TeH KOIUpYyeT
(U3HOIOTHYECKN aKTHBHBIA OEJIOK aJUIIOHEKTHH M HKCIPECCHPYETCS HCKIIOYHTENHHO B XHUPOBOH TKaHU. OH
KoaupyeT Oenok, cxoxuit ¢ xourareHamMu X u VIII m dakropom kommiaementa Clq. Kommpyemsrii 6eiok
LUPKYJIUPYeT B IIa3ME€ M YYacTBYeT B METa0ONMYECKHMX M TOPMOHAIBHBIX Iporieccax. ANUIIOHEKTHH —
Hanboee PacIpOCTPaHEHHBIH IUPKYIHPYIOMUI OENOK, CHHTE3UPYEMBIH TOJBKO B XMPOBOW TKaHM, KOTOPBIH
neiicTByeT Kak TOPMOH c MPOTUBOBOCHAIUTEIEHBIMH, AHTUIHA0CTUYECKIMHU u
WHCYJIMHOCEHCUOWIM3UPYIOIMMA ~ CBOMCTBAMH, KaK M3BECTHO, WIPAeT BAXKHYIO pPOJIb B Pa3IMYHBIX
MeTa0OoJIMUeCKUX Mpoleccax, BKJII0Yasi KOHTPOJIb IIFOKO3bI U KaTaboIu3M KHUPHBIX KUCIOT. CHIDKEHHE YPOBHS
aJMITOHEKTHHA B IJJa3ME TECHO CBSI3aHO C MaToreHe3oM caxapHoro auadera 2 tuma (CHI2), psma cepaedHo-
COCYIOMCTHIX 3a00JeBaHHW, OXHPEHUS W HapyLIeHHAX (U3HOJIOTHYECKOTO TEUYCHHUs OepEeMEHHOCTH.
AIMTIOHEKTHH BCTpe4yaeTcs B IUIa3Me B  OJNHWIOMEPHBIX KOMIUIEKCAaX, COCTOSIIMX W3 TPHUMEPOB
(HM3KOMOIIEKYIISIPHBIA Bec), TeKCaMepoB (CPeIHUI MOJEKYISPHBIN BeC) M KPYIHBIX MYJIBTHMEpOB U3 12—-18
cyobpemuanL  (BeICOKOMONEKYIsIpHEIE Bec (HMW)). Kpome Toro, msopopma HMW OGomee sdhdextuBHO
CBSI3BIBACTCSI CO CBOMMH PELETITOPaMH U 3amyckaeT AMP-akTHBHUpyeMyl0 IPOTEMHKHUHA3Y, OJUH M3 OCHOBHBIX
(epMEHTOB, KOHTPOIHPYIOMMX MeTabonmuyeckne 3¢hdextsl anumnoHekTnHa. ®opma HMW anumnoHekTHHA,
omocpenylomasi 4YyBCTBUTECIBHOCTh K HHCYJIMHY B IepupepHYecKUX TKaHSX, sBISEeTCs Hauboee
(U3HOIIOTHYECKH aKTHBHOW (DOPMOIT C TOUKM 3pEeHUsi TOMEOCTa3a IIIFOKO3bl. MyTaluu B 3TOM I'eHE 3a4acTyro
CBsI3aHBI C NeUIIMTOM aTUINOHCKTHHA. VI3BeCTHO, uTO BapuaHT reHa rs2241766 (+45T/G) TecHO KOppelupyer ¢
PHCKOM HapylIeHus TeyeHus OepeMeHHOCTH M [1D, BBI3BaHHOI OXHMPEHHEM U TEeCTALMOHHBIM CaXapHBIM
nrabeToM Ha oHe Oosiee HU3KUX YPOBHEH aJMIIOHEKTHHA B IIa3Me KPOBH.
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I'EHBI CUCTEMBI PETI'YJIAIIUN ATPEI'TATHOI'O COCTOSIHUA
KPOBH B ITATOI'EHE3E IID

TpomOoduianuss — TATOJIOTHYECKOE COCTOSHHE, XapaKTEepHU3yloUmleecss HapyIICHHEM CHCTEMBI
CBEPTHIBAEMOCTH KPOBM, IIpH KOTOPOM YBEIHYHMBACTCS PHCK pa3BUTHA TpomOo3a. OpHako, s
(U3HOIOTHYECKOTO  TeUCHHSI OEpPEeMEHHOCTH  HEOOXOJMMO  pa3BUTHE  aJEKBATHOTO  IUIALICHTApHOTO
KpoBooOpamieHns. Mexay TeM, TpPOMOO(QHINN MOTYT IMOBBIIIATh PUCK IUIALCHTAPHONH HEJOCTATOYHOCTH M3-3a
MHUKPOCOCYICTOI0 TPOMOO3a IUIAIIEHTHI, MAKPOCOCYAHUCTHIX TPOMOO30B WM 000MX 3THUX (haKTOpPOB, a TaKKe
OKa3bpIBaTh BJIMsAHHE HAa pocT u auddepennuposky Ttpododnacra. Illupoko mpusHaHA POJIH AHOMAJHIA
MEXaHU3MOB CBepThIBaHMA KpoBH B maTtoreHesze II3. IloBpexxaenue sHpotenus mpu IID TecHO cBs3aHO ¢
n3MeHeHHeM (EeHOTHIIa C AaHTHKOAryJSHTHOTO Ha IPOKOAryJSHTHBIH W CO CHIIKEHHOH SHIIOTETHaIbHO
OIIOCPEIOBAaHHOW Ba3openakcanuei. Bo3aMoxHO, 4TO 3TOT (eHoTMH npUCyTCTBYeT a0 IID Bo Bpems
OEpPEeMEHHOCTH MJIM MOXKET Pa3BUTHCS BCIEICTBHE MOBPEXKICHUS, MHUIIMMPOBAHHOTO BO BpeMs ILIALCHTALINH.
Ha d¢one HapymeHus MmexaHn3MOB CBEPTHIBaHWS KpoBH Ipu [ID y JKCHIIMH pa3BUBAETCS BBIpa’KCHHAs
TPOMOOIIMTOIIEHHS, YAaCTO CBA3aHHAS C TEMOJIM30M, MTOBBIIIEHHEM YPOBHS (DEPMEHTOB NECUCHHU B IIa3Me KPOBH 1
cuHApOMOM HH3Koro KoimuecTBa TpomOonuToB (HELPP). B Hacrosmee BpeMs MIMPOKO M3BECTHA POJb TpPeX
TCHOB TpoMOodrmmaeckux (axrtopoB, ¢akropa V Jleiinena (FVL), mermnenterparuapodonata (MTHFR) u
npotpomOuHa (F2).

I'EH FV Ten xoaupyet ¢akrop V, BakHbIH KO(MaKTOp Kackala CBEPTHIBAaHHS KPOBH. DTOT (HakTop
LUPKYJIUPYET B IUIa3Me U peoOpasyeTcs B aKTUBHYIO (JOpPMY IMyTeM BBICBOOOXKICHUS aKTHBALMOHHOTO METITH A
TpOMOMHOM BO BpeMsl KOAryJisiMU. DTO CO3JAET TSDKENYIO Lelb M JIETKYIO ILielb, KOTOPBIC yISpKUBAIOTCS
BMECTE HOHAMH KaJblUsl. AKTUBHPOBAHHBIA O€JOK SBISETCS KO(PAKTOPOM, KOTOPBIH y4acTBYET BMeECTE C
aKTHBHPOBAHHBIM (haKTOPOM CBEPThIBaHMS X JJIs aKTUBALMKM NMPOTPOMOMHA B TPoMOHH. JledekTsl aTOro rena
NPUBOJSIT MO0 K ayTOCOMHO-PELIECCUBHOMY I'€MOPpParnveckoMy Auatesy, Ju00 K ayTOCOMHO-AOMHHAHTHOM
¢dopme TpomMOOdMIHH, KOTOpas M3BECTHA KaK PE3UCTCHTHOCTh K aKTHBHpPOBaHHOMY mnportenHy C. AHoMamus
TeHa KoarylsiiuoHHOTO (akTopa FV 3akmrodaercss B OJHOHYKJICOTHAHOW 3aMEHE T'yaHWHAa Ha aJeHHWH B
monmoxerann 1601 (rs6025, c.1601G>A (p.Arg534Gln)), BcumenctBue storo FV TepseTcs CrmocoOHOCTH
paspywmatbcsi. COBpEMEHHBIE MCCIENOBAaHUS MOKa3bIBalOT, 4To FV 1s6025 cBA3aH C MOBBILIEHHBIM PUCKOM
MIPE3KJIAMIICHH B €BPOIIEHCKUX M HEKOTOPBIX a3MAaTCKUX MOMYJIIIUAX. Y OEpeMEHHBIX JKCHIIWH ¢ MyTanuei £V
Jamie 00HapyKUBArOTCsI TPOMOBI B IUIALIEHTE, YTO ¢ OOJIBIIEH Joeil BeposSTHOCTH MoBbimaeT puck [13 u npyroi
aKylIepcKoil MaTojoruu, aHTeHaTaIbHOM rndenn mwioaa. [loMmumo 3toro, nonumopdusm rena F'V, B 4aCTHOCTH
rs6022 (c.319G>C (p.Aspl07His)) B coueTaHuu ¢ KypeHUEeM CO3MaT PUCK HAPYIICHHS TeUCHHUS OCPEMEHHOCTH
U TIPEKIEBPEMEHHBIX POJIOB.

I'EH F2 xonupyeT 0ej0K MpOTPOMOMH (Takke M3BECTHBIH Kak (pakTop cBepThiBaHus kposu II). Dtot
0€JIOK MPOTEOIUTHUECKH PACIIEIUIAETCS B HECKOJIBKO ATANoB, 00pa3ys aKTHBUPOBAHHYIO CEPHHOBYIO MPOTEa3y
TpOMOMH. AKTHBHPOBAaHHBIN (PEPMEHT TPOMOMH WIpacT BaXKHYIO POJb B TPoMOOOOpa30BaHMM W TeMOCTa3e,
npespamas ¢ubpuHOoreH B (UOpPHH BO BpeMst 00pa30BaHMS CTYCTKa KpPOBH, CTHMYJIHMPYS arperamnuio
TPOMOOIINTOB M aKTUBUPYS IOMOJHUTEIbHBIE (PAKTOPHI CBEPTHIBAHUS KPOBH. TPOMOWH Takke WUTpaeT poib B
nponudepanyi  KJICTOK, BOCCTAHOBICHHHM TKAaHEH M aHTMOTCHE3e, a TaKke B IOANCP)KAHWH IEIIOCTHOCTH
COCYZIOB BO BpeMsI SMOPHOHAIFHOTO Pa3BUTHS W MOCTHATAIbHOW XM3HU. IlenTnabl, nmomydeHnsie n3 C-KoHIA
sTOrO Oenka, 00IagaroT aHTUMUKPOOHOH akTHBHOCTHIO TpoTuB E. coli u P. aeruginosa. Myrariu B 3TOM TeHe
MPUBOAT K Pa3IHYHBIM (hopMaM TpomOo3a.

Hacnencreennas mytauust nporpom6una (G20210A) Bo Bpemsi OepeMEHHOCTH YyCyryOusieT yke
CYIIECTBYIOILIEE COCTOSIHUE THIEPKOAryJsiMU. 3aMeHa HYKJICOTHAHOTO OCHOBAaHUS T'yaHWHAa Ha aJeHUH B
nosioxxeHnu 20210 (G20210A) rena npotpoMOuHa (F2) siBisieTcsl IPUYMHOMN MOBBIILICHHS YPOBHS
CHHTE3a MPOTPOMOMHA U pHCKa pa3BUTHsI TpoMO030B. MyTanus reHa nmpoTpoMOuHa F2 B COUETaHHU C MyTallUueH
reHa FV BcTpedaeTcs NOCTATOYHO YAacTO M JIOCTOBEPHO YBEIMUYMBAET PHUCK Pa3BUTHUS OCJIOXXHEHHUI B IEpUO]
OepeMeHHOCTH. VIMeIoTCs yKa3zaHHs Ha TECHYIO CBA3b MYTallMH TeHa F2 c HEeOIaronpHATHBIMHA HCXOAAMH
OepeMEeHHOCTH, TAKUMH Kak 19, caMonpon3BONIbHEIN a00pT, U 3a7ep>KKa BHYTPHYTPOOHOTO pa3BUTHS IUIOAA.

TEHbI ®PAKTOPOB UMMYHHOM CUCTEMbI B TATOITEHE3E 119

B Hacrosiiiee Bpems B JUTEpaType MPUBEIEHO OOJbIIOE KOJIMYECTBO apryMEHTOB, MOJTBEPIKIAOIINX
HMMYHOJIOTHUECKHE TNPUYUHBI TNpe3KIaMIcuu. VIMMyHOreHeTndeckas MNaMsTh MpEANoyiaraeT MOBBIIICHHBIN
puck 13 B cinydae yxe uMesiueit mecto 19 B npensiaymeit 6epemennoctu. [Ipu atom puck [19 yBenuuuBaercs
¢ 4,1% Bo Bpems mepBoil bepeMenHocTH 10 14,7% i1 BTOpol OEpEeMEHHOCTH TOCHE MEPBOMl OEPEeMEHHOCTH,
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ocnoxkHeHHo# 119, u mo 31,9% nmist TpeThelt GepeMEHHOCTH B CiIydae OBYX IOCIIEJOBATEIBHBIX MPEAbIIYIINX
OepeMeHHOCTEH, oclioKHEeHHbIX [10. B oTianyme oT 3aIIUTHONW UMMYHOJIOTHH, PENPOAYKTHBHAS WUMMYHOJIOTHS
OCHOBaHA HE HA NMMYHOJIOTHUECKHX CHCTEMAaX PaclO3HaBaHMS CBOETO/UYXOT0, a HA UMMYHOTOJIEPAaHTHOCTH BO
B3aMMOJEHCTBHAAX KIETOK MaTepu M IUIoAa. Ajantanus HUMMYHHOH CHUCTEMBI MaTepH K MPOTEKaHHIO
OEpEeMEHHOCTH MMEET peIlaroniee 3HAYCHHE IS OINpPEACICHHs HCXOoAa M (PH3MOJIOTMYECKOTO IPOTEKaHHA
OepeMEHHOCTH. YBenuueHne ciydaeB [1D y mepBOpoAAmNX JKCHIIWH, YKa3blBaeT HAa TECHYIO CBSI3b MEXKIY
UMMYHHBIMH (hakTopamu U puckoM I19. Kpome Toro, ycmexu B 001aCTH BCIIOMOTATENbHBIX PENPOIYKTHBHBIX
TEXHOJOTHH (IIMPOKOE pacHpoCTpaHEHHE SKCTpakopHopanbHoro omiofotBopeHus - OKO) co3mator HOBBIE
npoOiemMbl Il MMMYHHOM cHCTeMbl Marepu. lcrosibp3oBaHHWE JOHOPCKOW CIEPMBI WJIM  SHIEKIETOK
yBenuuuBaeT puck [19 B Tpu pa3za. IlokazaHo, yto ianeHTsl npu KO ¢ UCTIONb30BaHHEM JOHOPCKUX OOLIUTOB
HMEIOT 3HAYUTEIbHOC YBEIMYCHHE MOPaKEHHUM, CBA3aHHBIX C XPOHMYECKHM BOCIAJICHHEM, II0 CPAaBHEHMIO C
mnaneHTaMu pu DKO ¢ ucnonb30BaHHEM HETOHOPCKUX OOLIUTOB.

OCHOBHBIMH MEXaHH3MaMH YCKOJIb3aHHS HMMYHHUTETa IUIOA H3-TOJ KOHTPOJIS MAaTepHHCKOI
HMMYHHOH CHCTEMBI Ha TpaHMIIE MaTb—IUIOJ SABISIOTCS CHIDKEHHE 3KCIIPECCHU MOJIEKYJ IJIaBHOTO KOMILIEKCa
THCTOCOBMECTHMOCTH KJIE€TKaMH Tpodobiacta, NPHCYTCTBUE PETYJIATOPOB KOMIUIEMEHTA, ITOBBIIICHHAS
OPOAYKIUS WHIOJAMHH-2,3-IHUOKCUTEHa3bl, aKTUBALMA PETYIATOPHBIX T-KIETOK M YBEIMYEHHE HMMYHHBIX
KOHTPOJIBHBIX TOYEK. OJTa MMMYHHas 3amuTa OoJblle IO0XOXKa Ha WMMYHHBIC PEaKIW{, HaOIofaeMble B
Onoorny OmyxoJeH, 4eM B OHOJIOTHH aJUTOTPaHCIUIAHTATA.

B wuactHOCTH, C TOYkM 3peHMs pucka IID mnpencTaBIAIOT HMHTEpEC TE€Hbl TIABHOIO KOMILIEKCA
rucrocoBMectuMocTi (MHC - genoBedeckue nelikonurapusie anTurensl). MHC pacnonaraercs B XxpoMocome 6.
HLA monekynsl, KoqupyeMble STUMHU T'eHaMu, pa3aensatoT Ha anTuress! (Al') I u II ximaccoB. Mosexynst MHC 1
knacca (HLA-A, HLA-B, HLA-C) skcripeccupytoTcsi Ha KIETOYHOM MOBEPXHOCTH BCEX COMAaTHYECKUX KJIETOK,
UCKJIIOUYEHHEM SIBJISIOTCS KIETKH Tpodobiiacta u sputporutsl. AstenbHble Bapuantsl HLA-monexyiast MHC 11
knacca: HLA-DP, HLADQ u HLA-DR. OcnoBnas ¢yHnkuus 6enkoB MHC npencrasnenne nentuansix AT T-
mumMpouuram. Hanbosee nocrosepHa accormanus HLA AD' ¢ I1D nns HLA-DR4 anrturena 11 Tuna. JlocrarouHo
3HauYUMbIMH B marorenese [1D cuwmrator Heknmaccuyeckue HLA-AT: HLA-E, HLA-C HLA-, notoMy 4TO OHHU
JKCIpeccupyroTcs KietkamMu Tpodobmacta. M3 Hux Tompko HLA-C  ngeMoHCTpHpYeT —BBIPaKCHHBIH
nomumopdmusM. Okcnpeccust HLA Ha wMmMmmadTHpyeMoM IHUTOTpOo(oOIacTe BaXKHA, IIOCKONBKY OHH
B3aUMOJCHCTBYIOT C pELENTOpaMH HMMMYHOrnoOynnHOB KieTtok-kmniepoB (KIR), skcmpeccupyempiMu Ha
MaTtepuHcknx UNK (ectecTBeHHBIC KMIUIEpHI MaTKH; uterine natural killer) u muroTokcnueckux T-mumornmrax,
CHIDKAsl X OUTOJUTHIECKYIO0 aKTHBHOCTh U CTUMYJIUPYS BBIPAOOTKY IUTOKHHOB, HEOOXOJUMBIX JUISl YCIICIITHOM
wianenTanun. EctectBenHble KieTKU-kmmiepsl (NK) naeHTHOUIMPYIOT M YHHYTOXKAIOT KIETKH, KOTOpPBIC HE
skcnpeccupyoT Moiekyiry I'KI'. DToT MexaHu3M pacmo3HaBaHUsS BaXKeH JJIS 3alUTHI KUBOTO OpPraHM3Ma OT
Yy)KEPOJIHBIX MAaTOTCHOB M PAKOBBIX KJIETOK. B omTnmume oT mmpkynupyroomux nepudepuueckux NK-kietok
kpoBu, UuNK-kieTkn, KoHTakTHpylomue ¢ TpodoOnacToM, BBHIMOJHAIOT UUTOKMHETHYECKYl0, a He
LIUTOTOKCHYECKYI0 (YHKIMIO. OHM aKTHBHUPYIOTCS IPYTMMH MEXaHM3MaMH, BKIIOYAIOUIMMH B3aUMOJCHCTBUS
MeXIy ux penenropamu u Juraggamu HLA (uenoBeueckmit neiixoumtapsiii antureH)-C, G u E,
sKkcnpeccupyeMbiMu Tpodoodaacrom. AxtuBanus UNK win nenuayanbHbix NK-KIeTOK MPUBOIUT K BRIPAOOTKE
aHTHOTeHHBIX (hakTopoB, Takux Kak VEGF, koTopble cTUMYIHPYIOT aHTHOTEHE3, a Takxke XeMoknHOB IL-8 u IP-
10, xoTophIe crmocoOCTBYIOT HHBA3UU Tpodobmacta. Hapymenus BzaumopeiicTeus kietok UNK ¢ HLA-C nHa
TpodobiacTe M3MEHSET NeUUAYadbHBIH MMMYHHBIH OTBET, YTO NPHUBOJUT K HApYIICHWIO HMIUIAHTAINN
TpodobiacTa 1 HEAOCTATOUHOMY PEMOAEINPOBAHUIO CIIMPAIBHOM apTepHH, 4To cBsa3aHo ¢ [10.

Taxum 006pa3omM, IITaLeHTa M COMHIHBIE OIyXOJIH UMEIOT CXOICTBO B OTHOIICHHH Ipoliecca KICTOYHON
WHBAa3WH W MUKPOOKpYXeHHUs. JleHCTBUTEIBHO, OITyXOJIEBbIE KJICTKH M KJICTKH TpodobnacTta moaaepKuBaroTCs
ONaronpusTHBIM  MHKPOOKPY)KEHHEM, KOTOpOE JOMYyCKAaeT KIETOYHYI HWHBa3WIO, aHTHOTEeHEe3 |
HMMYHOTOJICPAaHTHOCTh M, TaKUM 00pa3oM, MMMYHOJIOTHYECKOE YCKOJb3aHHE OT XO3siMHA. JlerumyanpHas
000J104Ka ¥ MUKPOOKPYKEHUE OITyXOJIM UMEIOT OJIMH U TOT € THUI IMMYHHBIX KJIETOK, Takux kak NK-kierkwu,
T-knerku, T-perynsaTopHble KieTKH, Makpodaru, a Takke HEHMMMYHHBIE KIETKH, TaKHe Kak IelHIyalbHble
CTpOMAJIbHBIE KIETKH W (HOpoOiacTel. B 3TOM MHKPOOKPY)KEHHMH KakK OIyXOJIEBbIE, TaKk U TpodobiiacTHbIC
KJIeTKU MOTYT 3kcnpeccupoBath HLA-G, kotopsrit B3aumoaerictByeT ¢ NK-kieTkaMu, CHIKast UX TOKCHYHOCTb.
OTH KJIETKH TakKe MOTYT CEKPETHPOBaTh MMMYHOCYIIPECCHBHBIE (DaKTOPbI, KOTOPbIE HHTHOUPYIOT aKTHBHOCTh
T-kneToK, crocoOCTBYS JIOKaJbHOMY HPHUBICUCHHIO T-pEeTYISATOPHBIX KIETOK C WX HMMYHOCYNPECCHBHOMN
¢yHKIMEH W CHMXAT 3Kcrnpeccnto nomuMopdHex aHTureHoB ['KIT kmacca I u II, 94TOoOBI yKIOHUTBCA OT
HMMYHHOH CHCTEMBI XO35SHHA.

Bo BpeMst OepeMeHHOCTH CHHIUMTHOTPO(POOIACTHI, KOTOPhIE KOHTAKTUPYIOT C MATEPUHCKOW TKaHbIO, HE
skcnpeccupytoT Hukakux antureHoB MHC. TpodoOmact, koTOpblii B3amMOAEHCTBYET C JeLUTyalbHBIMH
KJIETKAaMH MAaTKH, SKCIIPECCHUPYET TOJIbKO Kilaccuueckue monumopgueie anturensl HLA-C kmacca la u
Hekslaccuueckue HeroauMopgubie auturensl HLA-G u HLA-E.
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HLA-G neMOHCTpHpYeT OrpaHHYCHHBIH MOIMMOpPGH3M, TeM HE MEHee, HEKOTOpble BapHUaHThl TeHa
takxke cBsg3aHbl ¢ I10. Jlamneie BapmanTtel HLA-G, pacno3HaBaeMble MaTepHHCKMM OpPTaHH3MOM, Kak
qy’>KEPOIHBIE, MOTYT IIPHUBECTH K THICTOHECOBMECTHIMOCTH MEXIy MaTepbio U PEOCHKOM, UTO TaKKe MPUBOAUT K
I13. HLA-G 3ammumaetr KJIeTku TpogoOiacTa OT JH3HCa, PEryIMpyeT ypOBEHb TOJEPAHTHOCTH B CHCTEME
B3aUMOJEHCTBUS MEXIy MaTepblo U miuoxoM. OIuH U3 ajuleNbHbIX BapuaHToB 3Toro rena HLA-G sBisercs
uHCcepLust/neneHnss 14 map HyKJICOTHIOB B 3-HETpaHCIMPYEMOW oOOJacTH TeHa, KOTOpas MOXKET CTaTh
JIOCTATOYHO 3HAYNMBIM MapkepoM [10. Hanbonee onTHManbHBIM IPOrHOCTHYECKUM HHCTPYMEHTOM B H3Y4EHHN
renoB HLA nipu naronornu 6epeMeHHOCTH, B 9acTHOCTH [10, sSBIIIeTCS TEHOTHITMPOBAHUE MATEPUHCKUX TEHOB B
COBOKYITHOCTH C ajulenbHbIMU BapuaHTaMu JIHK, kak OTIIOBCKOTO IeHOTHIIA TaK M F€HOTHIIA IJI0JA.

Takum 00pa3oM, BBICOKME TIOKazarenu moaumopdusma mosiekyasl HLA-C, skcmpeccupyemMoit
TpodobiacToM, H ee B3auMojelcTBHe C BbicokonoauMopdHubiM KIR (peuenrtopamMu MMMYHOTTIOOYJIMHOB
KIIETOK-KUJIJIEPOB), JIKCIPECCUPYEMbIM MaTepuHCKOM NK-KIIeTKOH, JOmyckaeT MHOXECTBO KOMOHWHAIMUA U
BO3MOXKHOCTh HECOOTBETCTBHS MEXIY MaTephblo U IUIOAOM (BBICOKOAWBEPCH(UIIMPOBAHHOE B3aUMOJACHCTBUE).
Hanpotus, nexnaccuueckuit KI' kmacca Ib Bkirouaer mpenxoseie suraniasl HLA-E, HLA-F u HLA-G u
JIEMOHCTPHUPYIOT HU3KNH YPOBEHb MOIUMOPHHU3MA.

OmuceiBast posb  OETKOB HMMYHHOH CHCTEMBI HEOOXOAMMO OTMETHTh, HYTO HEKOTOpHIE
MIPOBOCHAINTENBHBIE UTOKUHBI TaKK€ MOTYT BHOCHTH WM3BECTHBIM BKiIaa B maTtoreHes I19. B gactHOCTH,
YCTaHOBJICHO, YTO M30BITOYHAS ceKpelus (pakropa Hekpo3a omyxoin anbda (TNFo) MoxeT npuHAMAaTh yyacTre
B aKTHBAIMH SHIOTEIHS, YTO, B CBOIO OYEpEb, MOXKET CIIOCOOCTBOBAThH BOSHMKHOBEHHIO cuMIToMoB I13. Bo
Bpemsi OepemenHoctn TNFo oOkaspiBaeT BIMSHME HAa CHHTE3 TOPMOHOB, AapXUTEKTYpy IUIAIEHTH |
sMOpHOHaNBHOE pa3BuTHe. OTMeTHM, 4T0 YpoBHH TNFa B Iuta3Me KpoBH 3HAUUTENHHO BBIIIE Y XKEHIIUH ¢ 119,
yeM Tpd  (PU3HOJIOTMYCCKOM TEUYCHHWH OepeMeHHOCTH. HeanekBatHas crumyssinus cekpern  TNFa
CHOCOOCTBYET YCHJICHUIO BBIPAOOTKH aKTHBHBIX ()OPM KHCIOPOJA, TIPHBOAS K MOBPEKICHUIO TKaHEH, BKIIOYast
SHIOTEMH. MeXIy TeM, OKUCIUTEIBHBIA CTPECC M BOCHIAIUTENBHBIA OTBET MOTYT WMIpaTh OOIINYI pOJib B
nporpeccupoBanuu [13. [loHumanue storo ¢axra (GOpPMUpPYET OCHOBY [UISi BBISBICHHS TI'€HETHYECKOTO
Mmexanusma [13. [Tomumo storo, noeeimieHHble ypoBH TNFo npu [13 HeraTMBHO cka3bIBalOTCS Ha (QYHKIHAX
TpodobiacTa, IMEIOINX OTHOIICHHE K €r0 MUTPAlMOHHOIN aKTHBHOCTH, CHHIIUTHAIN3AIUH W, B JaldbHEHIIeM,
SHIOKpUHHOHN (yHKIMHU. IloBbimeHHsle ypoBHM TNFo HEraTHMBHO BIHSIOT Ha B3aHMMOOTHOIIEHHE OPTaHM3MOB
MaTepH M IUI0/A, U3MEHSIOT CEKPETOPHBIN MPO(MIIb IUTAIICHTAPHBIX NMMYHOMOIYIUPYIOMNX (hakToOpoB, UTO, B
CBOIO OY€pelb, BIMAET HA COCTOSIHAE UIMMYHHOM CUCTEMBI MaTEPUHCKOIO OpraHU3Ma.

[Ipennonarator, 4ro wHTepiaeWkuH-10 (MJI-10) Taxke ydacTByeT B MATOTE€HE3€ IIPEOIKIIAMIICHH,
yCHIMBAasT BOCHAJIHMTEIBHBIA OTBET Ha KIETKM Tpodobnacrta, YTO NPUBOAWT K CHIKCHHIO WHBAasHH M
PEMOJIETUPOBAHUIO CIIMPANIBHBIX apTEepUid.

I'EH HLA-G xoaumpyer Oenok uyenoBedeckoro JeilkouutapHoro antureHa HLA-G ortHOocHTCS K
napajioraM TsDKeJION IenH riiaBHoro komriekca rucrocopmectumoctr (I'KT) kimacca 1. Ota Monekyna kiacca [
MPECTABISICT COOOM TeTepoaUMeEp, COCTOSINUI M3 TSHKEIOW IeNU M JIeTKOoi menu (6era-2 MHKpOTIOOYIHH).
Tsokenas uenb 3akperuieHa B MemOpane. HLA-G askcmpeccupyeTcs Ha KICTKaX IUIAICHTHL Tspkenas Ienb
cocraBisieT npubmm3uTenbHo 45 k/la, a ee TeH coAepKUT 8 HK30HOB. DK30H | KOTUpPYeT TUACPHBIA MENTHI,
9K30HHI 2 ¥ 3 KOIUpYIOT goMeHsl anbdal m anpda2, KOTOpbIe CBA3BIBAIOT HENTHI, SK30H 4 KOIUPYET AOMEH
anb(a3, 9K30H 5 KOJUPYET TpaHCMEMOpPaHHYIO 001acThb, a 9K30H 6 KOAWPYET IUTOIUIA3MaTHIECKIH XBOCT.

Bruto naeHTHOHIIPOBaHO ceMb pazmumyHbIX TpaHckpunToB MPHK HLA-G, nmpudem 3T0 pa3sHooOpasue
MIPUNKCHIBAETCS ANbTEPHATUBHOMY CIUIAHCHUHTY €ro ceMu 5k30HOB. Tpanckpuntel HLA-G2, G3 u G4
TpaHCIHPYIOTCS B MeMOpaHocBs3bBatomme nzopopmer; HLA-GS, G6, G7 B pactBopumbie nzopopmsl HLA-G
(sHLA-G); a HLA-G1 B o6a tuna m3opopm. HLA-G skcrpeccupyercsi Ha MOBEPXHOCTH NPEHMILIAHTAIIMOHHBIX
9MOpHOHOB ¥ TpodobiacTo. Yposenb HLA-G B m1a3Me y KCHIIMH C OTCIONKON MIACHTHI ObLI 3HAYUTEIHLHO
cHmkeH. Mexnay tem, SHLA-G Obul 0OHapyXeH B KyJIbTYypaJbHOW Cpele SMOPHOHOB, OIUIOAOTBOPCHHBIX N
vitro (OKO), mMaTeprHCKOW KpOBH, aMHUOTHYECKOH >kuakoctu u deranpHoi kpoBu. HLA-G urpaer BaxHyO
pOJIb B PEMOJICIMPOBAHUH CIHPATBHBIX apTepHii, pa3BUTHH IUIOAA U UMMYHHOU TosnepaHTHocTH. [IpucyTcTBue
pactBopumoro HLA-G B KynbTypanbHOW cpeae 3MOpHOHA 3HAYMMO KOPPEIHPYET C IMOBBIIICHUEM YacTOTHI
HACTYIUIEHHs OEpEeMEHHOCTH INPH HCIIOIh30BAaHWM BCIOMOTATENBHBIX PENPOAYKTUBHBIX TexHoinorui (DKO).
Kpowme Toro, yposens pactBopumoro HLA-G B CHIBOPOTKE MAI[IEHTOB COOTHOCHUTCS C HCXOJ0OM OEpeMEHHOCTH
nocae OKO.

CyliecTByeT HECKOJIBKO OJHOHYKJICOTHUAHBIX nonumopduzmoB (SNP) B 3'-HerpaHciaupyemoii obnactu
(UTR) HLA-G, xoTtopble BIMSIOT Ha CTaOWIBHOCTH, MeTabonu3Mm u Tpancnopt MPHK, Bxmowas +3035C/T,
+3187A/G, +3196C/G, +3142C/G, +3001C/T, +3003C/T, +3010C/G, +3027C/A, +3032C/G, +3052C/T,
+3092G/T, +3111A/G, +3121C/T, +3177G/T, +3183A/G u +3227A/G. Dtu SNP H3MEHSIOT CBS3LIBAHHE
Mukpo-PHK, 4to mpuBoaut k cHimkenuto sxcnpeccun HLA-G. B cBoro odepenp, aHOMadbHas 3KCIpeccus U
noiumoppusmMel HLA-G cBsi3aHbl ¢ HeONarompusATHBIMH HCXOJaMH OEpeMEHHOCTH, TakuMHu Kak [ID u
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NPUBBIYHBINA CIIOHTaHHBII abopT. Takke BbIABICHA 3HaUMTENbHas CB3b ramtotunoB GC-ins (-725G>C SNP B
npomotopHoii obnactu HLA-G) ¢ 6ecroauem. Obcyxnaercsi posib BapuaHToB reHa 1s9380142, rs1610696 u
rs1707 B matorenese 10 Ha hoHE BUPYCHBIX 3a00ICBaHUIA.

T'EH HLA-DQBI xomupyet 6enok HLA-DQBI, xoTopsiii oTHOCHTCS K Tapanoram Oera-miermn HLA
kiacca II. Dta monekyna kmacca II mpeacraBmser coboif rerepoammMep, coctosmuil u3 anbda (DQA) u Oera-
e (DQB), 06e 3akperuiensl Ha MemOpane. MrpaeT neHTpanbHy0 poiib B IMMYHHOH CHCTEME, NTPEACTaBIIssA
NEeNTHIBl, MOJyYeHHbIE W3 BHEKJICTOYHBIX OenkoB. Momekynsl kimacca Il skcmpeccupyroTes B
aHTureHnpeseHTupyromux rierkax (APC: B-muMpouuThl, AeHIpUTHBIE KIETKH, Makpodaru). bera-nens
cocTaBigeT MpuONM3uTeNnbHO 26-28 k/{a M comepKUT IIeCTh 3K30HOB. DK30H | KOIUpyeT JUAEPHBIN mentun,
9K30HBI 2 ¥ 3 KOOUPYIOT JBa BHEKJICTOUHBIX OMEHA, SK30H 4 KOJUPYET TPAaHCMEMOpaHHBIH JOMEH, a 3K30H 5
KOIUpYyeT LHMTOIUIa3MaTuueckuii XBocT. B wmonekyne DQ, kak anbda-uenb, Tak U OeTa-lenb coaepxkar
MOJIUMOP(H3MBI, ONpPECISIONIME CeNn(pUIHOCTh CBA3bIBAHHUS IENTHAA, YTO NPHBOAUT K OOpa3OBaHHIO O
YeThIpeX pa3MuHbIX MOJEKYJ. [ CHOTUNMHMPOBaHME OSTHX IMOJUMOP(GU3IMOB OOBIYHO MPOBOAUTCS MpPHU
TPAHCIIAHTAIMK KOCTHOTO MO3Ta. AJBTEpHATHBHBIH CIUIAHCHHT TPUBOIUT K MOSBICHHIO MHO)XECTBEHHBIX
BapHUaHTOB TPAHCKPHIITOB.

[lo cpaBHEeHHMIO ¢ TpyNMOH OXEHIIMH C (U3HOJOTHYECKUM TEUCHHEM OepeMEHHOCTH, YacToTa
Berpedaemoctr amwrens HLA-DQB1*0502 Oputa 3HaYMTENHHO BBINIE B TPYIIE JKEHIIMH C THUICPTOHHUEH,
BEI3BaHHOH OepemeHHOCTBIO. M3BecTHO, uTo ammenms HLA-DQBI1*0503 moxer OBITH MapKepoM BBICOKOTO
KPOBSIHOTO JIaBJICHHS BO BpeMsi OEpEMEHHOCTH, B TO BpeMsl, KaK JKCHIINHBI, HECYIIUE B CBOEM TC€HOTHUIIE aJlJIeIb
HLA-DQB1*04, noaBep)keHbI IMOBBIIIEHHOMY pHCKy pa3Butust [19. Hampotus, otcyrctBue amens HLA-
DQB1*0602 siBnsieTcst 3HaUnMbIM (hakTOpoM pucka [13.

I'EH TNF-o xogupyeT MHOIOQYHKIMOHAJIBHBIA IPOBOCHAINTEIbHBIA LUTOKUH, KOTODBIN
NPUHAUISKUT K cynepceMeiicTBy (¢akTopoB Hekpo3a omyxoinn (TNF). T'en pacnomoxkeHn B obmactu
yenoBedeckoro neikonuTapuoro antureHa (HLA) knacca Il rmaBHOro kominiekca rucrocopmectumoct (MHC)
Ha XPOMOCOMHOM Yyd9acTke 6p21.33. DTOT IUTOKMH B OCHOBHOM CeKpeTupyercs Makpodaramu. OH MOXKET
ces3piBatbes ¢ penentopamMu TNFRSF1A/TNFR1 u TNFRSFIB/TNFBR u, takum o0pa3oMm, pyHKIHOHHPOBATH
yepe3 HuX. JJaHHBIH IUTOKHWH y4acTBYET B PETYISALUH IIHPOKOTO CIIEKTPa OMOJIOTMIECKUX MPOLECCOB, BKIIIOUYAs
npordepaluio KIEToK, TP QPepeHIPOBKY, allONTO3, JIUMUAHEINH 00MEH U Koaryssuo. LIuTokuH yyacTByeT B
MIAaTOTEHE3€ pa3IMYHBIX 3a00JICBaHUM, BKJIIOYAs ayTOMMMYHHbBIE 3a00JICBaHUS, HHCYJIHHOPE3HCTCHTHOCTS,
1Icopra3s, PEBMATOMIHBIM apTPHUT, AHKWIOZHPYIOIMH CIIOHIWINT, TyOepKyie3, ayTOCOMHO-JIOMHUHAHTHYIO
MOJIMKUCTO3HYIO 0OJIE3Hb MOUYEK M pak. MyTalui B 3TOM T'€He BIUSIOT Ha BOCIPUUMYHMBOCTD K LiepeOpanbHOM
MaJpHH, CeNTHYeCKOMY LIOKY M Oone3Hu AnpureiiMepa. VccrnemnoBanus ¢ HokayToM reHa 7NF-a Ha MbIIax
MPEAIoJaraloT HeHPONPOTEKTOPHYIO (DYHKIIUIO STOT0 IUTOKHHA.

Bo Bpems Oepemennoctr TNF-0 MOXeT OBITH BOBJICYCH B 3THOJIOTHIO MPEIKIAMIICUHU. JIaHHBIA TE3UC
HaXOJMT MOATBEPIKICHUE, NOCKOJIBKY Y MALMEHTOK C MpedKIaMIICuel ObUTH 0OHApyKEHBI MOBBILICHHBIC YPOBHH
TNF-a B mia3me kpoBH, B TO Bpems kak ypoBHH IL-10 u IL-4 cHmKeHBI. DTOT qucOasaHCc IMTOKUHOB IPUBOAUT
K XpOHHUYECKOMY NepH(epHIecKOMY U IIaeHTapHOMY BOocTalieHHI0. KpoMe Toro, ecTh JaHHBIE, YKa3bIBAOIINE
Ha HeKoTopble SNP, koTOpbIe NEHCTBYIOT KaK TPAaHCKPHUITIUOHHBIE PETYJIATOPBI TOT0 HIUTOKHHA B IPOMOTOPHOM
obmactu (-308G/A, -238G/A). B wactHOCTH, momumopdmsM G/A B mo3mnuu -308, KOTOpEIH OBLT CBSA3aH C
MOBBIIIEHHBIM PUCKOM HpedKiaMicuy. KpoMe Toro, KeHIIHUHBI ¢ MPE3KIaMIICHE 3HAYNTENBHO Yallle SBISIOTCS
HOCHTEIIIMH MYyTallid, MoBeImatomend skcrpeccuio TNF-a -308 A/G, WeM XKCHIIMHBE C HOPMaJbHBIM
apTepHalbHBEIM JaBICHHEM. YCTAaHOBJIICHO, YTO YacToTa BcTpedaeMmocTH amiens (AA) B mosumum -308
3HAUUTEJBHO BBINIE CPEIM CIIOBALKOW, (PMHCKOW, MPAHCKOHW M TYPELKOW MOMyJISIUil ¢ NpedKiIamIicHed |
TYPELKHUX JKeHIIMH ¢ dKkiamiicuei. [IpuBiekaeT BHUMaHue TOT (akKT, 4TO YacTOTa BCTPEUaeMOCTH ajutens AA B
HEKOTOPBIX MOMYJIALUAX eBPONEHCKUX CTpaH Obla CYIIECTBEHHO BBINIE Cpeau ManueHTok ¢ 110 B codyeranuu c
3aJIepKKOM BHYTpUyTpoOHOTo pa3sutus (3BYP) no cpaBuenuto ¢ manueHtkamu ¢ 119, Ho Oe3 mpusznakosB 3BYP.

HeobOxomumo oTMeTHTh, TO mojauMopdu3M npomoropa rea TNF B nonoxenun -308G/A (rs1800629)
HEMOCPEICTBEHHO BIMSET Ha dKcnpeccuio nurokuHa TNF-a, crocoOcTByst pazButuio Tspkenoi Gopmsl 119 B
nonymsinusix EBponel, Asum, bmmknero Boctoka m Ceepnoit Amepuxu. Bosmoxno, Bapuantsl reHa INF,
acconuupoBaHHbIe ¢ [1D 00nagarT NOMyIAIIHOHHON CIeNH()UIHOCTHIO, MOCKONBKY aiiens -238G/A (rs361525),
UCTIONB3yeMast, Kak MapKep 3a001eBaHHs B €BPONCHCKUX NOMYJISALUSIX HE HAIIa MOATBEPKACHUH aKTyaJIbHOCTH
B IporHo3e u auartoctuku 110 s nmomynsamuit FOro-Boctounoit Azun.

I'EH IFNG xonupyer pactBopuMblii IMTOKMH IFN-y, KOTOpBIif sBiIseTcs dJIEHOM Kiacca
untepdheponos Il tuna. I'en nokaam3oBan B xpoMocoMHOM peruone 12q15. Komupyemsbrit 0enok cekpeTupyercs
KJIETKaMH, KaK BPOXKJCHHOM, TaK W aJalTUBHOM MMMYHHOH CHUCTEMBI. AKTUBHBIH OEJIOK IpeACTaBIsieT coO00M
TOMOJMMED, CBSI3BIBAIOLIMICS C PeLenTopoM HMHTepdepoHa ramMma, KOTOPBIH 3allycKaeT KIETOYHBIH OTBET Ha
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BUPYCHBIE U MHUKPOOHBIE MH(pEKIWH. MyTallMi B 3TOM T€HE CBSI3aHbI C IMOBBIIICHHONH BOCIPUUMYHBOCTHIO K
BUPYCHBIM, OaKkTepHaJbHbIM M Napa3uTapHbIM WH(EKIUsIM, JeHKeMHeH M HEKOTOPBIMH ayTOUMMYHHBIM
3a00JICBaHUSM.

Bricokue ypoan IFN-y Bo BpeMs OSpeMEHHOCTH CBS3aHBI C OCIIOKHCHHUSIMHU OCPEeMEHHOCTH, TaKHUMHU
kak [1D, mpexxaeBpeMeHHbIE OBl U 3aepiKKa BHYTpuyTpoOHoro pasutus. Llutokun IFN-y, a Taxke TNF-a,
BEI3BIBAIOT TPO(HOOIACTHUECKUI alloNTO3, OTpaHICHHYI0 AU (HepeHIIUPOBKY TpodobdiacTa, KOTOpas IMPHUBOIAT
K HETOJHOW TpoQoOIacTHYeCKOH HWHBa3WH CIHPATIBHBIX apTepuil W HAPYIICHHOW WMIUIAHTAIIMH IUIAIICHTEHI,
cnenctBueM dero sisisercs [13. M3BectHo, uto SNP +874A/T (rs2430561), acconnupoBaH ¢ MPedKIaMIICHEH, B
koTopoMm reHotun T/T B 3TO#l MO3MIMK CBsI3aH C BBICOKMMH YpPOBHsAMHU mponykuuu IFN-y u xoppemupyer ¢
MOBBILIEHHBIM PUCKOM TsDKeIoH [13 y sxeHIH Opa3uinbCKol M KUTAWCKOW IOy IS,

I'EH IL10 xomupyer mutokuH uHTepneikuH-10 (IL-10), xoTopslil mpeacrtaBiseT coboil IUTOKHUH,
NPOXYLIUPYEMbIil B OCHOBHOM MOHOIIMTAMH U B MEHBLICH CTENEHU JUMQPOLUHUTAMH. JTOT IUTOKUH OKa3bIBaET
IUICHOTPOITHOE NICHCTBHE HA MMMYHOPETYJISAIUI0 U BocnaneHue. OH MOAaBisieT dKcmpeccuio nutokuHos Thl,
MHC xmacca II m KOCTUMYNHPYIOUIMX MOJEKyl Ha Makpodarax. OH TakKe MOBBIIACT BBEDKUBACMOCTD,
nposrdepaliio 1 BEIpadOTKy aHTUTEN B-KiIeTok. DTOT INTOKMH MOXeT O6J0KupoBaTh akTHBHOCTH NF-kappa B
U ydacTtByeT B peryisiuuu curHanbHoro mytu JAK-STAT. HMccnenoBanus HOKayTa Ha MblLIax MOKa3ald, YTO
3TOT LIMTOKUH BBIMONHACT (DYHKIHMIO BAXKHOTO MMMYHOPETYJIATOPA B KUIIEYHOM TpakTe. MyTanuu B 3TOM Te€He
CBSI3aHBI C TIOBBIIICHHOW BOCIPUUMYHBOCTHIO K HH(peki BUY-1 n k peBMaTONIHOMY apTpHTY.

[Ipn pu3nonormueckom teuennu d6epemenHocTr UJI-10 BEIOTHAET TP OCHOBHBIC MTOJIE3HBIE (DYHKIIUH:
CHOCOOCTBYET YCHELIHOW IUIalleHTAlld, KOHTPOJIUPYET BOCHAJIEHHE M PEryJHpyeT COCyAucTyr ¢yHKuuoo. B
CBSI3U C 3TUM ypOBHH ChIBOpoTOuHOTrOo MJI-10 moBbImaoTCs BO BpeMsi HOPMaJbHON OepeMEHHOCTH U OCTalOTCs
BBICOKMMH JI0 posioB. Kpome Toro, Ha oHe HOpMaNbHOM IUIAIIEHTAPHOM TKaHW HAOJIIONAIOTCS OOJiee BBICOKUE
ypoBau WJI-10 B TedyeHHe MEPBOTO M BTOPOTO TPHUMECTPOB IO CPAaBHEHHIO C TPETBUM TPHUMECTPOM
OEepeMEeHHOCTH, 4YTO O0ecleuMBaeT BaKHBIA OajlaHC BOCHAICHHS BO B3aWMOJACHCTBUM OPTraHM3MOB IUIOAA H
MaTepH.

Crnemyer OoTMETHTH, 4TO HeKoTOpble SNP B mpokcumanbHBIX U auctanbHBIX (-1082A/G, -819T/C u -
592A/C) obnactsx mpomoTopa TeHa [L/0 oOKa3pIBalOT yTHETAa[oIlee BIMSHHE Ha  CKOPOCTh
TpaHckpunuuu. Hampumep, momumopusm A/G B mosummu -1082 cBszaH ¢ Oojnee HH3KOW BbIpaboTkon MJI-
10.0H cBsi3aH ¢ MOBBIIIEHHBIM PUCKOM NPEIKJIAMIICHH y TYPELKOTO, Opa3miIbCKOTO U ETHIIETCKOTO HACEICHHS.
YcTaHOBIIEHO, UTO Yy sKeHIUH ¢ TeHoTHoM 1L-10 (-1082) AA puck pa3Butus mpeskiaMiicun B 3,38 pasa BbImIe
Ha (oHe OoJiee BEICOKUX YPOBHEH TIFOKO3HI B IIa3Me KPOBH U OoJiee HU3KHX yYpoBHEH xonecrepuna JITIBII.

I'EH IL22 Ten sBnsieTcss uieHOM cemeiicTBa mUTOKMHOB IL10, KOTOpBIE OMOCPENYIOT KJIETOYHBIE
BocHajuTenbHble peakuuu. Komupyemsrii Oemox IL-22 wurpaer KiarodeByl0 pojib B 3aIlUTe XO3iMHA OT
BHEKJICTOUHBIX IAaTOT€HOB Ha CIIM3UCTBIX IOBEPXHOCTSX, YKpEIsis (DYHKUUHM SIHUTENHaIbHOTO Oapbepa, U
y4acTBYeT B TOMEOCTa3e TKaHEH, BOCCTAHOBICHHM TKaHEW M 3a)KMBJICHHU paH. DTOT OENOK Takke obiamaer
MIPOBOCHANIUTEIEHBIMU CBOWCTBAMM W HWIpaeT pojib B IATOI'CHE3e HECKOJNBKUX 3a00JIeBaHMUN KHIIEYHHKA.
Komupyemblii Genok siBiseTCS BaKHEHIIMM LUTOKMHOM, KOTOPBIM PETYNMMPYyeT HMMYHHUTET XO3iMHA MpHU
HHQEKIMOHHBIX 3a00eBanmsX, BkiIodas COVID-19.

M3BecTHO, uTO KOHIEHTpauus [L-22 B miua3Me KpoBH 3HAYUTEILHO BBIIIE B IpyIe nangueHTos ¢ [19 no
CpPaBHEHHMIO C KOHTpOJbHOM rpynnoi. [loBeimenue mponykuuu IL-22 mpuBOIMT K akTUBALMM HUMMYHHBIX
peaknuii MaTepuHCKOro opran3Ma. CIIOXHUBIIMHCS UMMYHHBIH IHcOanaHc, B CBOIO O4€PEeab, MOXKET MPUBECTH
k [ID depe3 mnaneHTapHylo wmemuto. KpoMe Toro, mokasaHo, 94To JabopaTopHBIA aHamu3 ypoBHS IL-22 u
cooTHoureHuss KoHueHtpauid I1L2/IL-4 MOXHO WMCIOJB30BaTh B YTOYHEHHWH MNATOJIOTHH OEPEeMEHHOCTH IS
pas3IMueHUs IPEIKITAMIICHH, TECTAMOHHOM THIIEPTEH3UH U (PU3H0I0THUecKOl OepeMEeHHOCTH.

Bo3moxxHo, monmuMopdusm reHa [LI7 criemyer paccMarpuBaTh B KauecTBE OJHOW W3 TNPHYHMH
noBbIieHUst ypoBHs 1L-22 mpu I13. BMmecte ¢ TeM, OAHOHYKICOTHIHBIN monumMopdusm) (rs2227485) B rene
IL22 cBsi3aH ¢ PUCKOM TIPEIKJIAMIICUU. Y CTaHOBIIEHO, 4TO 152227485 B IL22 moka3an 3HAUUTENBHYIO Pa3sHUILY
4acTOThl BCTPEYAEMOCTH ajulelsl B TpyNIe C MPesKIaMICHH C PaHHUM HadajioM M TEHOTUIA IOATPYIII
MPE3KJIaMIICHH C TIO3AHHUM HayajoM, a TakKe KOHTPOJBHBIX MOATpymIl. Bbut OOHApy>KeHbI 3HAYUTENbHBIC
JIOCTOBEpHBIE pazIuuus MexIy nanueHTamu ¢ 19 u koHTponbHOM rpynmnoil ans storo SNP ¢ Touku 3peHust
TCHOTHITMIECKAX YacToT. Kak OBIIO YCTaHOBIIEHO, MAaTOTCHETHYECKUH BKiIan 1s2227485 B passurue [1D Obur
orieHeH B paMkax nomuHanTHON Mozenu aitens C (renotun CC/CT + TT) unm peueccuBHO#t Mozenu amens T
(rernotun TT/CC + CT).

PEKOMEH/IOBAHHAS JIMTEPATYPA K PA3JIEJTY 4. IPESKJIAMIICHUA
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PA3JIEJI S. MNOJMI'EHHBIE OCHOBBI OHKOJIOTHYECKHUX MYJbBTU®AKTOPHBIX
3ABOJIEBAHUI UEJIOBEKA HA IPUMEPE PAKA MOJIOYHOM JKEJE3bI (PMIK)

BBEJEHUE

Pak monounoit sxenes3sl (PMIK) siBisiercss omHUM U3 Hambolee paclpoCTpaHEHHBIX BUIOB paka B MUpE,
B epuof ¢ 2015 mo 2020 rox pak rpyau ObLUT AMATHOCTHPOBAH y 7,8 MHJUTHOHOB xeHIMH. B 2020 romy Bo BceM
MHpe OBUTO TUArHOCTHPOBAHO 2,3 MWIIHOHA XCHIIWH, M3 KOTOPBIX 685 000 ymepnum oT 3To# Oone3nu. Pak
IpyIM BCTpEYaeTCs B KAKAOH CTpaHe MHpa, TPUYEM PHCK Pa3BUTHUS 3a00JICBaHUS YBEINYMBACTCS C BO3PACTOM.
[Tpu sTOM, YeM paHbliIe pak rpyau Oyaer oOHapy»KeH, TeM OOJbIIIe IAHCOB Ha JOJITOCPOYHOE BEDKHBAHHE.

Hcnonb3oBaHue Mojierniell pUcKa, BKIIOYAIONIMX CTaHAApTHbIE (DAKTOPbI PUCKA, TAKHE KaK CEMEIHBIN
aHaMHe3 U TOPMOHAJIbHBIE/PENPOYKTUBHBIE (JaKTOPbI, HHTETPUPOBAHHBIE ¢ MAMMOTpapUIeCKON TIIOTHOCTHIO U
JAHK-tecTrpoBanuem, Terepb 1aeT BO3MOXKHOCTb JOCTATOYHO TOYHO OLIEHUTH PUCK Pa3BHUTH 3a00JIEBaHMs M Ha
YPOBHE HOITYJISAIIH.

HccrnenoBanms B 00MacTH KIETOYHOW W MOJICKYISIPHOH OHKOJIOTHH CIIOCOOCTBOBAJHM pa3padoTKe
TEHETUYECKUX KPUTEPUEB, O3BOJIIOLIMX ONPENEIATh IEPCOHANBHBIA pucK pa3Butus PMIK, a Taxke oka3bpIBaTh
BIVSIHAE Ha BHIOOP CXEMBI TEpamuy, BHIPAOOTAaTh HWHIAWBHIyaJbHBIC PEKOMEHAAIMH IO MPOQIIAKTHKE H
IUATHOCTHKE 3a00JeBaHUsA. AHAIH3 TEHETHYECKOTO MPOQWISL IMO3BOISCT OLCHHUTH HPEAPACIIONIOKEHHOCTh K
PMX, B 0coOeHHOCTH y KCHIIHMH C IOJIOKUTEIHHBIM CEMEHHBIM aHaMHE30M, YTO AaeT BO3MOXKHOCTH OoJee
b dexkTHBHO B Ooyiee paHHEM BO3pacTe MPOBOAUTH CKPUHHUHT JUIsI HOCHTENEH pPHCK-aCCOIMUPOBAHHBIX
BapHaHTOB I'€HOB.

B nacrosiee Bpems chopmyniupoBansl pakTopbl pucka pa3sutusi PMIK, KoTopsIM OTHOCSTCS:

-BO3pacT: MO JaHHBIM MEXAyHapoJHOTO areHTCTBa IO M3y4eHHIo paka 3aboneBaemocts PMIK
coctaBisieT ot 1,5 ciydas B Bozpacte 20-24 et g0 421,3 ciydas k 75-79 rogam Ha 100 THIC. )KEHIINH;

-TOpPMOHANIbHBIE IpenapaTsl: NpHeM T'OPMOHAJBHBIX IpENapaToB B NPEMEHOINAay3e U 3aMeCTUTENIbHas
TOPMOHAJIbHAsE TEpamusl y JKEHIIMH B IIOCTMEHOIIAay3€ IIOBBIMIAIOT PUCK PAa3BUTUS TOPMOH-TIO3UTHUBHBIX
noarunos PMIK;

-cemeliHbIil aHamMHe3 PMIK u reHermueckme (hakTOpPBI PHCKA: SMUACMUOIOTHYECKUE HCCIICIOBAHUS
coobmarotr o 1,8-kpatHoM pucke PMJK B cembsiX ¢ OJHMM pPOJICTBEHHHKOM TIEpPBOH CTEICHH C
UArHOCTUPOBAHHEIM 3a0oJieBaHueM, 2,93-KpaTHOM pHCKE — IPU HAJTUYUHU NBYX, 3,9-KpaTHOM PHCKE — TpeX U
0oJiee POJICTBEHHUKOB;

-nokazatenu pucka PMOK MoryT BapbupoBaTh B 3aBUCUMOCTH OT 3THHYECKOW MPUHAMJIEKHOCTH: Tak,
MPEACTaBUTEIbHUIBI CyO3THUYECKOW TPYIIBI €BpEEB-allIKeHa3W O0JIaaloT MOBBIIIEHHBIM PHCKOM Pa3BHTHS
3a00JIeBaHus;

-yHOTpeOIeHHe aJIKOToJIsl U KypeHHe: YMEepeHHOe yrnoTpeOieHue anmkorois yBennuumBaeT puck O3 B
1,04-1,61 pa3za. Kypenue Taxxke yBennuuBaer puck passutus PMIK: Gonee Toro, ormeuena Oojiee BBICOKas
CMEPTHOCTH OT 3a00JICBaHUsI CPEAN aKTUBHBIX KYPHIIBIIUKOB;

-TIPOXO’K/AICHHE JIy4eBOW Tepanuu Ha 00JacTh TPyIHON KIETKH B PaHHEM BO3pacTe TaKKE YBEJIMUUBACT
puck passutis PMXK Oonee uem B 4 pasza.

MOJIMT'EHHAS IPUPOJIA OHKOJOTMYECKHAX 3ABOJIEBAHUI. POJIb MOJAMOP®U3MA
TEHOB B PA3BBUTHM OHKOITATOJIOT Ui

[[lupoko H3BECTHA POJIb MyTalU{d FEHOB CYNPECCOPOB OMYyXOJH M NMPOTOOHKOIEHOB B MATOrEHE3E
OHKoJIoTHYecKuX 3aboieBanuid. Hapsny ¢ aTuM, nonuMopdu3M I'eHOB TakXe MOXET BHOCHTH CYILIECTBEHHBIH
BKJa] B (DOPMHPOBaHHE NPEAPACIONIOKEHHOCTH (MOBBILIEHHE PUCKA) K OHKOJIOTHYECKHM 3a0oyieBaHUsIM. B
JaHHOM cjiyda€ p€db HUIACT O TOM, 4YTO cneunqmqecm/le 0COOEHHOCTH WHAUBUAYAJIbHOTO TCHETHYCCKOTO
mpoGus CIIOCOOHBI UTPaTh BAXKHYIO POJIb B (DOPMHPOBAHUHU PHCKAa OHKOJOTHYECKOro 3aboseBanus. OmHaKo,
JIOCTOBEPHO BBIABUTH DPOJIb BO3MOXKHBIX BapHalldil ajulenelf reHoMa B IaToreHe3e 3a0oyieBaHMM —CIIOXKHAsS
3aga4a. eHTU(HKALIIO TeHOB TPEIPaCIIONIOKEHHOCTH K JAHHOW TaTOJIOTUH HE0OXOJUMO MTPOBOAUT C YUETOM
TEHETUYECKON CTPYKTYpbl JAaHHOW KOHKPETHOW MOMYJSLMU U MPUHAMJIEKHOCTH HCIBITYEMBIX K Pa3IUYHBIM
STHAYECKUM TpynmaM. Tem Oollee, YTO TCHOTHII YelOBeKa (HOPMHUPYETCS W3 THICSY B3aUMOJCHCTBYIOIINX
TMOMMMOP(HBIX aiIieNel, mpudeM KakIsli NOIMMOp(H3M B OTIEIEHOCTH OONafaeT JHIIh BECbMa yMEPCHHBIM
a¢dexroM. B HacTosIIee BpeMs yCTaHOBIEHBI COTHH T€HOB-KaHAWIATOB, MTOJMMOP(HBIE aljIen KOTOPbIE MOTYT
NPUHUMATh y4acTHe B pOPMHPOBAHUN OHKOJIOTHYECKOTO PHCKA.

Puck 3abojeBaHusT pakOM TECHO CBs3aH C XapaKTepoM oTBeTa kieTku Ha mompexaeHue JJHK. T.e.
3G (QEKTUBHOCTh PpEMapaTHBHBIX IPOLIECCOB BIIOJHE JOMYCTHMO paccMaTpuBaTh, KaK TIJIaBHBIA (akTop
OHKOPE3UCTEHTHOCTU. bonbioe konuuecTBo noBpexaeHuit JJHK ycTpaHseTcs: coriiacoBaHHBIMU JEHCTBUSMU
6osiee yem 100 reroB cucteMbr koutposis penaparmu JJHK. Kpome Toro, 3HaunTenbHas 4acth BceX (EpMEHTOB
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kuHa3 (okoso 500 reHoB u Oosiee 1000 GenkoB) ydacTByeT B OPMUPOBAHHH OTBETA KJIETKH HA MOBPEKICHHE
JHK. Hampumep, obecneuynBasi akTHBalMIO pS53, OCyLIECTBIssl OalaHC BBDKMBAEMOCTH M T'MOETb KIIETKH,
KOHTPOJIUPYSI COCTOSIHHE MHTOTHYECKOTO IMKJIA. ATIONTO3 KICTOK, ONyYHBIINX rpyObie moBpexaenus JHK —
eIe OJMH MEXaHU3M OHKOPE3UCTEHTHOCTH, IUPOKO UCIIONIb3YyEMBIH B OPTaHU3ME.

YunTeiBasg NpHBENEHHBIE ()AKTHI, BIOJHE JIOTUYHO HPEANONOXHTh, YTO H3y4YEHHE MOIMMOpQhH3Ma
T€HOB, PETYIUPYIOMMX Mexanu3Mbl penapannu JJHK, sBisercs nepBoouepeHbIM HAIIPABICHHEM B BBIIBICHUT
TEHOB IIPEAPACIOI0KEHHOCTH K OHKOJOTMYECKHM 3a00JIeBaHMSAM, BKIOYAs pak MoJodHOH sxene3sl (PMIK).
JleiicTBuTenbHO, OonbIiasi dYacTb TeHOB MapkepoB PMJK mpencraBieHsl MMEHHO ajUIeNsIMH  T€HOB,
onpenaensonumu b dextuBHocTh penapanuu JJHK: ren TP53, reust BRCAI u BRCA2, ren BRIP1, ren ATM,
ren CHEK?2, ren RAD51D. Bosee Toro, naHHble reHbl (YHKIIMOHAIBHO CBS3aHBI MEXIy c000il 1 (HOPMHUPYIOT
€IMHYI0 TeHHYIO CETh, HAlleJICHHYIO Ha MPEA0TBPAlIeHUE TeHHBIX MyTallMii 1 XpPOMOCOMHOIT HECTaOMIIBHOCTH.

Hapsiny c¢ stum, cnenuduka MyabTH(haKTOpHBIX 3a00J€BaHH IOApa3syMeBaeT HaJIW4YHME HE TOJBKO
TeHETHYeCcKOro (hakTopa HPEeIpacroyOKEHHOCTH K 3a00JieBaHHMIO, HO U (haKTopa BHELIHEH cpenbl, KOTOPbIil
NPOBOLMPYET (EHOTUIMYECKOE MPOSBICHUE MAaTOJOIMYECKOro NpHu3Haka. JlJisi MHOTHX OHKOJOTHYECKHX
3a0osileBaHNi TakuM (HaKTOPOM cpensl SBISIETCS panoH nutaHus. [IpoTnBoomyxoneBelid 3¢ddexT crpororo
OTpaHWYCHUS KaJIOPUHHOCTH PAIOHA MTUTAHHUS XOPOIIO n3BecTeH. Taxke M3BECTHO, YTO ASHUINUT B OPraHU3ME
YeJoBeKa HEKOTOPHIX BUTAMHHOB M MHKPORJIEMEHTOB, TaKuX, Kak QosmeBas kuciora, B6, B12, cenen, xeneso,
IMHK, 1 BuTaMuHbl C 1 E co31aeT OMOTHUTENBHBIA PUCK pPa3BUTHS OHKOJIOTHYECKHX 3a0oneBannii. Kpome Toro,
B CJOSX HaceJeHHs, MNOTPEONIIONMX MHHUMYM (pPYKTOB U OBOIICH, OHKOJIOTHYECKHE 3a00JICBaHUS
HaOJTI0at0TCs BABOE Yallle, 110 CPABHEHHIO C JIFOABMH, COOIIOAAIOMNX AUETY, COATaHCHPOBAHHYIO 110 (hpyKTaM
U OBOILIAM.

Herenetnyeckumu, Hambosiee 3HauMMbIMH (hakTopamu pucka 3aboneBaemoctn PMIK sBustorcs
Bo3pact (0Oosee 40 JeT); BHICOKMI YPOBEHb 3CTPOTEHOB B KPOBHU; IPHEM T'OPMOHAJIBHBIX MPENAapaToB C LEIbIO
KOHTpALEIIH WU PETYISIINE MEHCTPYAJILHOTO LIUKJIA, 3aMECTUTEIbHON TOPMOHAIBHON Tepanuy B MEHOIIay3e.

I'EHETUYECKUE ®AKTOPBI PUCKA PMIK

Pak MomouyHOH Jkeme3bl SBISETCS HACICACTBEHHBIM 3a00JicBaHHEM. OTHICMHOJIOTHICCKUC
HCCIICIOBaHMS IMOKA3BIBAIOT, YTO OKOJNO 4-5% ciaydaeB 0OyCIOBICHBI BBICOKOM IEHETPAHTHOW ayTOCOMHO-
JIOMHHAHTHOW TIPEIpacloiI0KeHHOCTRIO. Pe3ybTaThl UCIIONB30BaHMs ONM3HEIIOBOTO METOJA ITOKA3bIBAIOT, UTO
okosio 27% cny4yaeB, BEpOSTHO, UMEIOT CHJIbHBIA HACJIE€ACTBEHHBIH KOMIOHEHT. CylIECTBYET MHOIO TI'€HOB
BBICOKOTO W CPEIHET0 PUCKA, KOTOPHIC CBSI3aHEI C Pa3BUTHEM PaKa MOJOYHOM KEJIe3bI.

[TonoxxutenbHBIA ceMelHbll anaMHe3 UMErOT oT 15 mo 30% mamumentoB ¢ PMXK. B cpennem ot 5 mo
10% ciyuaeB cUNTAIOTCSA HACJIEACTBEHHBIMH, U3 KOTOPBIX B 4—5% MPUCYTCTBYIOT MaTOT€HHBIE MyTallUU B TeHaX
BBICOKOM NIEHETPAHTHOCTH, HaclIeAyeMbIE 110 ayTOCOMHO-IOMHHAHTHOMY THILY.

Bkian renermueckux ¢axtopoB B pasBute PMIK xapakrepusyercst mokasareneM NEHETPaHTHOCTH
T'€HOB, CBS3aHHBIX C 3a0oyieBaHHEM. B MeAMIMHCKOW IeHeTHKe NMOHATHE NMEHETPAHTHOCTH ONpenaeJisieTcs
JoJieil JHMI ¢ TreHeTHMYecKoW MyTamueil, y KOTOPbIX JAaHHBI IeH NPHCYTCTBYeT W 3TO NPHBOJMT K
NMPOABJIEHNI0 KIHHUYECKUX CHMITOMOB 3200JIeBAHNS, 110 OTHOIIEHHUIO K JHIAM, Y KOTOPbIX JaHHBIH TeH
HMeeTcsl, HO KJIMHHYECKHe CHMIOTOMBI OTCYTCTBYIOT. B dYacTHOCTH, MyTamum B TEHaX BBICOKOU
MICHETPAaHTHOCTH CBS3aHBI ¢ Oonee dYeM 4-KpaTHBIM puckoMm pa3Butuss PMJK mo cpaBHeHHIO ¢
OOIIETIOMYIAMNOHHBIM PHCKOM. B TO BpeMs Kak HaToreHHbIC BapHAHTH B TCHAX YMEPEHHOH NEHETPaHTHOCTH
CBHJIETCIILCTBYIOT O 2—4-KpaTHOM pHCKEe II0 CpaBHEHHI0O ¢ oOmed momynsamuedi. K kateropum
HU3KOIICHETPAaHTHBIX OTHOCST T'eHBI, CBSI3aHHBIC C MEHEE YeM 2-KPaTHBIM PHCKOM Pa3BUTHS 3a00JCBAHUS WIIH
IIPU HEJOCTAaTOYHOCTH CBeAeHuil 00 MX BKJIajxe B pa3Butue 3aboneBanus. Ilpu sToM Gmaromaps HaKOIJICHHIO
KJIMHUYECKOH MH(pOpPMalUy W MyOJIMKaluK pe3yJIbTaTOB HOBBIX HCCIIEJOBAHUHA CIHHCOK HU3KOIEHETPAHTHBIX
T€HOB HEIPEPBIBHO JOMOIHSIETCS.

OaHonyk1eoTHAHBIe MoTuMopdusMsbl (SNP) aBasirorcs HauboJiee pacIpocTPaHEHHONW MPUYMHOIM
NMOSIBJICHHS] HOBBIX BapHaHTOB B mocijenoBateqbHocTH JJHK. B reHome omHoro uejioBexka BcTpedaeTcs
6oJiee 10 musinonos SNP. Hanuune SNP B /THK, ¢ 0oqHO¥i cTOPOHBI, 00bACHAIOT HOPMAaJibHble BapHaAllNU
Me:KIY JIIOABMU M YACTO OKA3bIBAIOT MUHHUMAJIbHOE (PYHKIMOHAJBHOE Bo3JeiicTBue. C 1pyroii cTopoHsl,
B TOM cJiyuae, koraa SNP BcTpeuaercs B reHe WM B PeryjsiTOpHON 00J1acTH PsiiOM € FeHOM, (PYHKIIUS
reHa Mo:KeT ObITh 3aTPOHYTA, M 3TO MOKeT CTATh IPUYNHOI pa3BUTHS 3200/1€eBaHMS.

Muorue SNP 1no oTAensHOCTH CBS3aHBI C JOCTATOYHO HEOONBIIMM yBenumdeHueMm pucka PMIK.
Hanpuwmep, 14% sxeHmnH BenukoOpuTaHuU, KOTOPBIE SBJISIOTCS TOMO3MIOTHBIMU O 1s2981582 amnenu rena
FGFR2 (ren xoaupyer Oenok-peuentop ¢akropa pocta (UOpoOIacTOB, KOTOPBIH B3aUMOJCHCTBYET C
(dakTopamu pocta (GuOpPoOIACTOB, NPUBOMSA B JBMIKCHHE KACKaJ HUCXOMAIIMX CHIHAJIOB, B KOHCYHOM HTOTC
BJIMsISl HA MUTOTHYECKHH LUKI M JUPPEepeHUpOBKy KIETOK) uMeroT mnosbimeHHbld (1,38 mpotus 1,0) puck
pa3zButuss PMXX mo cpaBHEHHIO cO CpelHHM IONMYJALMOHHBIM IOKazaTeneM pucka. B To xe Bpems, 38%
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KEHIIMH, Y KOTOPBIX OTCYTCTBYET NaHHBIM aniens, o0nagaroT MOHMKeHHBIM puckoM (0,83) passutus PMXK.
BrisiBneHHas 3aKOHOMEPHOCTh MOXKET CBUAETEIHCTBOBATH O TOM, UYTO MPOAYKTHI IKCIPECCHUU PA3HBIX aJiesen
TeHa MOTYT OOYCIIaBIHMBATh, KaK IOBBIIICHHYIO BOCIPHIMYUBOCTh TaK M PE3UCTCHTHOCTh K 3a00JICBaHHIO.
OtMmetrum, uro SNP, acconuupoBannbsie ¢ PMIK, BcTpedaroTcst B MONyJsiMUU ropa3go yalle, YeM MaTOreHHBIE
BapHaHTHl, OOHAPYXCHHBIC B T€HAX BBICOKOTO M CPEIHEro pucka. Ha ceromHsmrHuil NeHb WACHTH(QUINPOBAHO
6omee 300 TakMX OAHOHYKJICOTHIHBIX MOTUMOP(HU3MOB M PHCKH, CBSI3aHHBIC ¢ KaXXIBIM U3 HHUX, YMHOXXAIOT
OHKOTeHHBIE ekt Apyr apyra. Okomo 30% cmydaeB cemeitHoro PMJK Mo0XHO OOBSCHHUTH M3BECTHBIMH
OHOHYKJICOTHIHBIME ToJTHMOpdr3Mamu. B cBs3u ¢ HacneqyeMsiMu (hopMaMu paka MOJIOYHOU JKelle3bl 0co00e
BHUMaHHE MpuBJckatoT SNP, pacosioxeHHbIC B PETYIATOPHBIX 30HAX I'€HA, BBHIOJIHSIONINEC (PYHKIIUH CalTOB
CBsi3bIBaHMS ()AaKTOPOB TPAHCKPHUITIUH.

BOJBIIMHCTBO CONMANBHO 3HAYUMBIX 3a0oJieBanui, BKIodas PMOK, SBIsSOTCS MHOTO(AKTOPHBIMH, H
TeHETHYECKasi COCTABIISIIOIIAs 00YCJIOBJICHA COBMECTHBIM BIIMSIHUEM psiia omnpeaeneHHbix myrtauuii B JJHK. B
clydae TakuxX 3a00JI€BaHUM BBISIBICHHWE HOBBIX MApKEPOB JUIS JTUATHOCTUKHU MPEACTABISETCS BeChbMa CIOMKHOM
3anadeit. OUH U3 MOAX0A0B, KOTOPHIA MOKHO MPUMEHUTH
JUTSL €€ PEIICHHs, — 3TO METO/I TIOJTHOTEHOMHOT0 TIoMcKa accormaruii (Genome-wide association study, GWAS).

MeTton moiHOTEHOMHOTO TIOMCKa accormanuii (Genome-wide association study, GWAS) ocHoBaH Ha
BEISBIICHUH Psfa OJHOHYKJICOTHIHBIX 3aMCH, KOTOPBIC dallle BCTPEYAIOTCS y OONBHBIX JIFOACH U OTCYTCTBYIOT
(WM BCTpewaroTcs PelKo) y 370pOBHIX. BEIsBIeHHEe HaOOpa TaKMX MYTAaIlMid OCYIIECTBIIIOT C IMMOMOIIBIO psijia
CTAaTHCTHYCCKUX TIOAXOIOB WJIM METOJAMH MAIIMHHOTO aHali3a IyTeM CpPaBHCHHS TEHOMOB [BYX TPYIII
(Tpynmbl OONBHBIX M 370POBBIX Jtojei). Habop OMHOHYKIICOTHAHBIX 3aMEH, aCCOIMUPOBAHHBIX C KaKUM-JIHOO
3aboJeBaHuEeM, MOy Ha3biBaHHe polygenic risk score (PRS) — monurenHsIif HHICKC pUCKA.

[Tonck reHeTHYEeCKNX BapUAHTOB, PUBOSIINX K BOZHUKHOBEHUIO paKa
MOJIOYHOH KeJe3bl MPOBOIAT METOIOM MOJTHOT€HOMHOIO TIOMCKa accolanuii. Jlajgee Ha OCHOBE JaHHBIX 3TOTO
MIOUCKAa BO3MOXHO OIpeJeSIeHHe MOJIUIeHHBIX MHAeKcoB pucka (PRS), pasnmenenue xeHIIMH Ha Tpynmel Uit
MIPOBEICHUS JICUCHHS ¥ BbIOOpa Mep MpoduIakTuku, Hanbosiee 3hGEKTUBHBIX IS KaXKI0T0 KOHKPETHOTO BUIA
paxa.

CornacHo omy6nukoBaHHEIM B 2019 Tomy pesynpraTtam wucciemoBaHuid Obuto BhimeneHo 313 SNP,
accormrpoBaHHbeix ¢ PMIK, ¢ yaerom ER-monoxkurensHoro u ER-oTpumaTensHOro THHa OIMyXoiH (3CTPOTEH-
peuentop ER-nonoxutenbubi win ER-oTpuniaTenbHenii). [TockobKy MHOTHE BapHaHTHI TEHOB CO3IAIOT PHUCKH,
CTETIeHb KOTOPBIX OTJINYAaeTCs B 3aBUCHMOCTH OT OATHIIA paKa MOJIOYHOI JKelle3bl. DTO CBUACTENBCTBYET O TOM,
gyro PRS, cneumbwuunbie s moaTHIA OMyXOJdH, MOTYT MO3BOJHTH JIy4IIe IPOTHO3HPOBATH 3a00JIeBaHUE,
crenuIHOE IS TAaHHOTO TIOATHUIIA, BKIItoYast OoJiee arpeccuBHBI ER-0oTpHIaTenbHBIN pak MOJIOYHOM KeTe3Hbl,
U TO3BOJATH BBHIOMPATh IJKCHIMUH Ui NPOGMIAKTHUCCKOro JicueHus. VcciaemoBaHuss MPOBEACHBI ¢
ucnons3oBanne obpasuoB JAHK 94 075 maumentoB ¢ PMX u 75 017 xontponbHbeix mpoO. Tak Obuia
chopMupoBaHa TeHeTHYCCKasl TaHeb POrHo3a U quarHoctiuku PMOK - PRS313.

IIpu sTOM cCrnegyeT OTMETHUTh, YTO, BO-NEPBBIX, MOJUIeHHble HHAEKCH pucka (PRS) sBustorcs
OCHOBHBIM KOMIOHEHTOM JIOCTaTOYHO TOYHOT'O MPOTHO3UPOBAHHS PHCKA paka IPyAd U 00JaJar0T MOTEHINAIOM
JUTS YITYYIICHUS CTpaTernii CKpuHuHra U npodminaktuky. [lokazarens PRS obecrieunBaet omeHKy reHETHIECKOM
MIPePacONIOKEHHOCTH K 3a00JICBaHMSAM M OOBIYHO PACCUUTHIBACTCS HAa OCHOBE COBOKYITHOTO BO3JICHCTBHSA
MHOXKCCTBEHHBIX CBSI3aHHBIX C 3a00JIeBaHHMEM OONIMX TEeHETHYSCKHMX BapHAaHTOB WM OJHOHYKICOTHIHBIX
nosimMopdu3mMoB (SNP), MoydeHHBIX U3 UCCICIOBaHMN acconuanuii mo Bcemy remomy (GWAS). B mannom
ciIydae pedb WAET, NMPEUMYIICCTBEHHO, O TePMHUHANBHBIX MyTammix. MHmekcer PRS oOBenuHSIOT puCKH OT
YHACIICTOBAaHHBIX OAHOHYKJICOTHIHBIX MOIMMOp(u3MOB (SNP), cBA3aHHBIX ¢ pakoM TPyOM B HCCICIOBAHUIX
accommanmii  mo rteHoMy (GWAS), u oOwiacestor Oomee 30% HaciaemyeMocTH —paka  TPYIH.
[Tepconanu3upoBanHas omeHka pucka PRS, momoraeT BBISABIATE KEHIIUH ¢ 0oJiee BHICOKUM PUCKOM Pa3BUTHS
paka Tpyad ¥ MO3BOJSCT BHEAPSITh MHIUBHIYaTbHBIC MOAXOIBI K CKPHHHUHTY M HpOQuiakTHKe. Bo-BTOPBIX,
COBPEMEHHBIE METOJIbl MOJIEKYJIAPHOI OMOJIOTHH MO3BOJIAIOT YIYUYLIMTh HE TOJBKO KadeCTBO NMPOrHO3a pHCKa
pa3BuTHs 0OJE3HHU, HO M CHOCOOCTBYIOT HMOHHMMAHHIO MOJEKYISIPHONH OCHOBBI IIPOrPECCUPOBAHUS OIyXONU U
MIPOTHO3UPOBATh €€ peaKkIMu Ha Pa3MuHbIe METOAbl MPOTHBOPAKOBOH Tepanmuu. BhIsBIeHHE MOJEKYISIPHBIX
OMOMapKEpOB, KOTOPhIE MOTYT OBITh IOJIC3HBI B KA4eCTBE MPOTHOCTHYCCKHX U NPEAMKTHBHBIX MapKEpOB,
OKa3pIBaeT IIOMOINb BpayaM B NPUHATHHA TEPAIEBTHUECKUX pEIICHUH, TPOBEICHWH JIeUeHUs ¢ Ooee
WHAWBUIYATbHBIM IIOIXOJOM H, CJICOBAaTEIFHO, ONTHUMU3AIHNN TEpalHH, a TaKKe H30ekKaHWsS OIMNOOTHON
CTpaTeruu JiedeHns. Hampumep, IporHOCTHYECKUE TeHETHYECKIEe MapKepbl MOTYT IOMOYb BpadaM IpeacKas3arhb
arpecCUBHOCTh U MHBA3UBHOCTH OIMTYXOJIH, YTO MO3BOJISICT MPUMEHSITH 00JIee ONTUMAITBHYIO TAKTHKY JICUCHUS.

I'EHBI-MAPKEPBI PAKA I'PY/ I
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Haunbonee Bvicokmit puck pa3sutus PMIK compsbkeH ¢ reHamMH BBICOKOM NEHETPaHTHOCTH, KOTOpas
ompenensiercst Oojee 4eM S5-KpaTHBIM YBEIMYEHHEM PHUCKAa Pa3BUTHs MATOJIOTHHM MO CPaBHEHUIO C oOIieit
nomryrsirueit. K Takum reram otHocsiTt BRCAI, BRCA2, TP53, CDHI, PTEN, STK11 (LKB1).

K renam ymepeHHON NEHETPAHTHOCTH, aCCOLUUPOBaHHbBIM ¢ pa3ButueM PMIK, otnocat ATM u CHEK?2,
y9acTBYIONIME B pemapanuu IByHUTEBBIX paspbiBoB JIHK, ren-momuduratopsr BRCAI w BRCA2 — BRIPI
(BACHI) u PALB2 (FANCN). MyTauuu B TeHaX YMEpeHHOU MEHETPaHTHOCTH BcTpedarorcs B 2—5% PMIXK u
MOTYT YBEIWYUBATh BEpOATHOCTH pasButusi PMIK B 2—4 paza. TeM He MeHee, HEKOTOpPbIE MyTallid B T'e€HaX
YMEPEHHOH IMEHETPAHTHOCTH, B YacTHOCTH PALB2 w CHEK2, MOTyT 0OYCIIOBIMBATh HACTOJIBKO K€ BBICOKHI
puck PMXX myist KEeHIIWH C TOJOKUTEIbHBIM CEMEHHBIM aHaMHE30M, KaK M MYTallid B TeHaX BBICOKOM
MIEHETPAHTHOCTH.

CyImecTByIOlIe TEHACHIIMM B ONpEAEICHUM WHIUBUIYaJbHOTO PHUCKA PA3BUTHS OHKOJIOTHYECKHX
3abosieBaHuil U, B yacTHocT PMOK 3akimodaroTcss B MHTErpalyy MOJMICHHOTO KOMIIOHEHTa B CYLIECTBYIOIINE
MaTeMatuueckue mozenu. OIeHKa pHcKa, BKIIOYAIONIas ONpeesieHHe CYMMBI BCeX MOTEHIMAJIbHO OIMAacHBIX
BapUaHTOB, MOXET OOCCHEeYHTh CO3JaHHUE HauOoJiee MPaBUIIBHON CXEeMbl Ui UICHTU(GHUKALUH JKSHIIMH C
MTOBHIIIICHHBIM TeHETHIECKUM prCKOM pa3Butus PMXK.

B coBpeMEHHBIX METOHaX OICHKH PHCKAa OHKOJOTHYECKOTO 3a00JEeBaHWS W IUATHOCTUKU IIHPOKO
MIPUMEHSIOTCST MYJIBTUTCHHBIC TTaHENW Ha 0a3e TeXHOJOTUH CEKBEHUPOBAHMS CIICAYIOIIETO MOKoJeHms. Hmxke
MIPUBOJAATCS XapaKTEPUCTHKN HEKOTOPBIX T€HOB, HANOOJee aKTyalIbHBIX IIPH aHAIN3E PaKa MOJOYHOM Kele3bl.

T'EH TP53 xomupyeT OeloKk-cympeccop omyxosield p53, comepikamuid JOMEHBI TPaHCKPUIITHOHHON
aktuBanuy, cBsa3piBaHug JJHK u omuromepusanuu. Komupyemsiii 6enok pearupyer Ha pa3iduHbIe KJICTOYHBIE
CTPECCHI, PETYIUPYsI SKCIPECCHUIO IIETIEBBIX TeHOB, TEM CaMbIM BBI3BIBAsi OCTAHOBKY KJIETOYHOTO IMKJIA, allONTO3,
crapenue, penapanuio JIHK unm uzmenenus: metabonu3ma. MyTallud B 3TOM T'€HE CBS3aHBI C Pa3IMYHBIMU
BUIAMH paka y deJOBeKa, BKJIOYass HACJEICTBCHHbIE BHUJABI paka, Takue Kak cuHApoMm Jln-DOpaymeHu.
I'epmuHanbHple MyTanuu 7P53 CONpsKEHBI ¢ MOBBIIIEHHBIM PHCKOM Pa3BUTHS MHOTHX THIIOB Paka, BKIIOYas
PMXK. IIpu 5TOM yactora comatnyeckux Myrauuii B 7P53 Boie cpenu 6a3anpHoro noaruna PMIK. Omyxomnu ¢
MyTanusiMH B reHe TP53 XapakTepu3yloTcs Ooyiee arpecCHBHBIM TE€UCHHEM 3a00JIEBaHUS, PE3NCTEHTHOCTHIO K
XuMHO- ¥ pamguorepanuu. Cpasy OTMeTHM, 4YT0 TeH 7TP53 wmMeeT OOJNBIION TOTCHOHANI B KadecTBE
MoOJIeKyJIsipHOTO Mapkepa pucka PMXK, momoono BRCAI . O0a TeHa-cympeccopa OIyXOJIeH SBISIOTCS
MOTEHIMATIBHBIMI OHMOMapKepaMu JUIsl HaOJIOACHHS, paHHEH OLICHKH PUCKa U IpeapacioiokeHHocTH k PMIK,
SIBISISICH TEPAIIEeBTHUCCKUMH MHUILICHSIMH JUII XUMHAOTIPO(QHUIAKTUKN U TapreTHoi Tepanuu. [Ipu pake MomouHoH
JKEeJe3bl 4Yalle BCero MyTHpyeT reH 7P53, KOTopblii npucyrcrByeT mnpumepHo B 30-35% ciyudaes.
WnuTencuBHOCTh MyTanuit 7P53 pa3nudaeTcd B 3aBUCMMOCTH OT MOJATHIIOB paka MOJOYHOM »kene3sl. JlocTuras
80% ciyuaeB MyTanuii Tipu Haubosiee onacHoi Ghopmbel PMIK - TPkl HEraTUBHOT'O paka MOJOYHOM JKEJIe3bl
(TNBC - tum paxa rpyau, KOTOpPBIH XapaKkTepu3yeTcs OTCYTCTBHEM TPeX KIIIOUEBBIX PEIENTOPOB: PELENTOPOB
actporena, mporectepona u HER2) u B 70% cnyuyaee HER2-mo3uTwBHOrO paka MOJOYHOM >KENE3Bbl.
Myrtammuu TP53 mnpeacTaBisioT co0OH BaKHbBIM OMOMapkep B KIMHHYECKOW NpakTHKE U IOTEHIHMAIBHYIO
TepaneBTHUECKYIO I1eb. Xapakrep MyTanun 7P53 ompexensercs ¢ nomouibio ceksenupoanus JJHK. Jlonroe
BpeMsI OITyXOIH C MyTanusaMH 7P53 XapaKTepH30BallUCh PE3UCTEHTHOCTBIO K Tepanuu. OQHAKO B HACTOALIEE
BpeMsi pa3pabaThIBalOTCS HOBBIE CTPATETMH B OOJIACTH TAPTeTHOW Tepaluu, CIIOCOOHBIE BOCCTAHABIMBATH
CBOMCTBA JUKOrO THUHAa P53, MPeNOCTaBIsisi HOBBIE BO3MOMKHOCTH B JEUEHHMH paka. B 4acTHOCTH, BelECTBa
MIPOM3BOJHBIC 3-XHHYKJINAWHOHA O0NaJaloT CHOCOOHOCTBIO PEAaKTHBHPOBATh MYTAHTHBIM P53, BBI3BIBAs
TepareBTUYECKU armonToThuueckuii oTBeT B KiieTkax TNBC omyxomnu.

TEHbBI BRCAI wm BRCA2 sBis0TCS  T€HAMHU-CYNpECCOpaMU  OMyXOJIeW,  HUrparoldMH
¢dbyHnameHTanbHy0 poib B penapanuu JJHK nmyrem romonornyHoi pekomOuHanuu. ['epMuHaIbHbIE MyTalluy B
9THX T€HaX CBA3aHBI C MOBBIIICHHBIM PUCKOM Pa3BUTH paka IPyAu U AUYHUKOB. CpeqHU KyMyISATUBHBIA PUCK
paka rpyau B Bo3pacte 80 net ans reHoB BRCAI m BRCA2 cocraBusier 72% u 69% cooTtBeTcTBeHHO. [loTepst
(GYHKIMM 3TUX TEHOB NpUBOAMT K HedddekruHoit penapaumu JHK, yBennumBas dactory Myrauuii u
CHOCOOCTBYET  pa3BUTHIO omyxousieil. [lanmmeHTsl ¢ DAarOTeHHBIMM WM BEPOSITHO  MaTOTCHHBIMH
BapuaHTaMu BRCA I UMEIOT NpepaclooKeHHOCTh K Pa3BUTHIO TPYDKIBI HETaTUBHOTO PaKa MOJIOUHON XKeJIe3bl
TNBC, B TO BpeMsi Kak HaJIW4YUE NATOI€HHBIX WM BEPOSATHO NATOIEHHBIX BapuaHTOB B BRCA2 warue
acconunpyrorcs ¢ ER-Mo3uTHBHBIMH omyxoisiMH. B naHHoe BpeMsi NpOBOJUTCS HHTEHCUBHOE H3ydeHHE
LIEHHOCTH J1Ta0OpaTOpHOTO aHan3a MyTaiuii reHoB BRCA B COCTaBIEHUH NPOTHO3a BEKMBAEMOCTH MAIIHEHTOB
U PUCKOB pa3BHUTHs MeTacTtazoB. Omyxonu, umeroniue natorenusie Mmytauuun BRCA1/BRCA2 obnapatoT Gonee
BBICOKOM 4yBCTBUTEIBHOCTHIO, KaK K XMMOTEPAINNH, TaK U K NpernapaTtaM TapreTHOH Tepanuu.

I'en PTEN - romoror ¢ocdara3sl U TEH3MHA, T'€H-CYIpeccop omyxoliei. benok, koaupyeMslid 3TumM
TCHOM, TMpPEIACTaBIsIeT co00il  QochaTuaumuHo3uTon-3,4,5-tpudocdar-3-pocdparasy. OH  COmEPKHUT
TEH3MHONOJOOHBIH JIOMEH, a TaKKe KaTaJUTUYECKHHd JIOMEH, aHAJIOTHYHBIH JOMEHY THPO3HUHOBBIX
nporerHpochaTas ¢ ABOWHON crielinPUIHOCTHI0. B oTiiMune 0T GoNbIIMHCTBA THPO3HMHOBBIX pOTeHH(pOcharas,
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3TOT OENOK NPEUMYIIECTBEHHO aedochopuinpyeT HE MPOTeUHBI, a (GochOouHO3UTUAHBIC cyOcTpaThl. OH
OTPHLATENHFHO PEryJHpyeT BHYTPUKICTOUHBIE YPOBHU (OoC(aTHIUINHO3UTON-3,4,5-Tpudocdara B KiIeTKkax M
(YHKIHOHHUPYET KaK CYIpeccop OMyXoJel, MOMaBisisi akKTUBHOCTh curHanbpHOTO myTH PI3K/Akt. [TatorenHbie
TCHETHYECKHE BapuaHTH B TeHe (epmeHTa ¢ocdartazsr PTEN acCOMHUPOBAHBI ¢ PUCKOM PAa3BUTHS MHOTHX
OHKOJIOTHYECKUX 3a00JICBaHMM, BKIIIOYas KOJOPEKTAIBHBIH pak, pak Mo4kd, meraHomy u PMOK. Myrammn
MIPOMOTOPHOTO pernoHa reHa PTEN accolMMpOBaHBl CO 3HAYUTENBbHBIM pHUCKOM pa3Butus PMIXK, paka
SHIOMETPHS W IIUTOBHUIHOM keJe3bl. [IaHHBIA T'eH SBISIETCS OJHUM W3 HaHOollee 4acTO MYTHPYIOIINX T€HOB
IIPU OHKOJIOTHYECKUX 3a00JICBaHUAX, BKIIOYAs paKk MOJOYHOHM KeNe3bl, W €ro pojbh HEepa3phIBHO CBS3aHA C
MIPOTPECCHPOBAHUEM KJIETOUHOTO IMKIA, POCTOM KIETOK M BBDKMBaHHEM. OIyXoJeBble KIETKH C IMOTeper
reTepPO3UTOTHOCTH WK MyTanuaMu PTEN 3HaUUTENbHO YBEIHYMIM MUTPAIMOHHYIO U MHBA3UBHYIO aKTHBHOCTb,
crocoOCTBysl mponudepanud, WHBA3UH U METacTa3HMpOBaHHIO. B Mmeracratnyeckux kietkax PMXK yposuu
PTEN HamMHOro HMXe, 4e€M B JIOKQJIM30BAaHHBIX DPaKOBbIX Kierkax. Iloteps ¢ynkuun PTEN TpPHBOIUT K
YpEe3MEPHON aKTHBAIMH OHKOTCHHOT'O CHUTHANBHOTO MyTH KieTku PI3K/Akt, KOTOpBIA CTHMYJIHUPYET POCT W
BbDKHBaHHE KIeTOK. [loaromy motepst aktuBHOCcTH PTEN OblUla 3aperucTpUpOBaHa MOYTH B IOJOBHHE BCEX
cayyaeB PMOK. MnaktuBauuss PTEN npoucxoguT B OCHOBHOM B pe3yJibTaTe COMATHYECKHMX MYTAIUI.
Hotepsa PTEN, kak MpaBWIO, MOKET CBHIETENBCTBOBATH O PE3UCTEHTHOCTU OIYXOJIM K Pa3IMYHBIM METOJaM
JICYECHHUS.

T'EH CHEK2 xOHTpPOJIEHOH TOYKHM KHHA3bI-2, KOmUpyeT Oenok cepuH/TpeoHnH kuHazy CHK2,
KOTOpBIM ydacTByeT B MexaHumsmax penapamun JIHK. OH (yHKOIHOHUpYET Kak BaXKHBIH T'eH-CyIpeccop
OMyXOJIeH B PErymsalud KICTOYHOTO IMKJIA, WHTHOMPOBAHWM TIPONHQEpanuyd KICTOK, aKTHBAIHH
BocctanoBneHus: JIHK u amonrto3a. AnomanpHas skcrnpeccusi CHEK2 MOXeT TpHUBECTH, B TOM 4HCIE, K
paKy rpyad. YCTaHOBICHO, YTO HEKOTOpBIC marosioruueckue Bapuanthl reHa CHEK?2 ¢.470T>C (p.lle157Thr)
NPUBOJSIT K TOMY, 4TO CHMaercsi cBs3biBaHue Oenka CHEK2 ¢ Genxamm Cdc25A, BRCAIL u p53, HO He
OKa3plBae€T BIUSHMA Ha NPOTEHHKHMHa3Hyl0 akTuBHOCTh Oeinka CHEK2. T'epmuHanbHble MyTamuu
CHEK? cBA3BIBAIOT C BOCIIPUUMYHMBOCTBIO K HECKOJIBKUM THUIIAM paka, ¢ yacTotoi mytaruu 1,08% y marueHToB
¢ PMIX. [loctaToyHO IIMPOKO pacHpoOCTpaHEHHBIN maTojoruyeckuit BapuaHT reHa CHEK2 (c.349A>G
(p-Argl17Gly) nmpuBomuT k Oojee dYeM IBYKpPAaTHOMY IOBHIIICHHIO PHCKAa paka MOJOYHOH JKele3bl. DTOT
BapWaHT OBUI BBIABJICH BO MHOTHX CIy4asx paka, BKJIIOYas CEMEHHBIC Cllydal paka MOJIOYHOU
JKEIE3bl/SMIHUKOB, TPEACTATCIHFHON JKele3bl, MOKEITyIOYHOW JKENe3bl, KOJOPEKTAIFHOTO paka, a TakKKe
JIpYTrux TUMOB paka. JlaHHBIN natoreHHbld BapuanT CHEK2 npuBOJUT K MOTEPE aKTUBHOCTH MPOTEUHKUHARHI,
9TO M 00ECTIeUMBAIOT yBeNM4eHHe pucka pa3utus PMIK. YV OompmIMHCTBa MAIIMEHTOB C MATOTCHHBIMH HIIH
BEpOSITHO MaTOreHHBIMU BapuantaMu CHEK?2 passuBatotcs moatunbl PMOK momubanpabii A (Hamuane ER
(peuenTop actporeHa) u PR (penenrtop mporecrepona), orpunareababiM HER2 cratycom u 1 auskum Ki, camblit
YacTO JMAarHOCTUPYEMBIH IOATUI OIyXOJIell MOJIOUHOW >Kele3bl) WM JIOMHHANbHBIA B (mpucyTCTBYIOT
PelenTopsI K 3CTPOreHy, a PEeLenTopbl MPOTrecTEpOHa MOTYT OTCYTCTBOBATh, ypoBeHb K167 — Bricokuid. J[aHHBIIH
noarun Berpevaetcs B 20 % cnyuaeB PMIXK).

I'EH ATAKCHUM-TEJEAHI'MOKTA3BUMN ATM xomupyeT Oe€lOK, KOTOPHIH NpPUHAUIEKHUT K
cemeiictBy PI3/Pl4-kuHa3. DTOT Genok sBJISETCS Ba)KHOW KHHA30M KOHTPOJBHOW TOYKHM KIETOYHOTO LHWKIIA.
Benok QpyHKIIMOHUPYET KaK PETYISITOP MIMPOKOTO CHEKTPa HIDKECTOSAMNX OCIKOB, BKITFOYAst OEIKHI-CYTIPECCOPHI
omyxoueit p53 m BRCAL, kuna3y konTponsHOi Toukn CHK?2, 6enkn xoHTponpHO# Toukn RAD17 1 RAD9 u
oemox penaparnuu JIHK NBS1. Benok, komgupyemsbiit TeHoM ATM, a Takke TeCHO CBs3aHHas ¢ HUM knHaza ATR
CYUTAIOTCS [VIABHBIMU KOHTPOJUIEPAMHU CUTHAJIBHBIX IMyTEH KOHTPOJBHOM TOYKH KJIETOYHOI'O LUK, KOTOPBIE
HEOOXOAUMBI IJIsl peakIiu KieTok Ha mospeskaerne JJHK u miist crabunpHOCTH TeHOMA.

OmuH w3 Hamboylee PaCIPOCTPAHCHHBIX T'€HOB BOCHPUUMYHMBOCTH K paKy MOJOYHOHM Kele3bl —
MyTupoBaBmui reH ATM. IlaToreHHble WM BEpOSITHO NMATOTCHHBIE BapUaHTHI T'€Ha CBS3aHBI C MEXaHH3MOM
penapanuu AByxienodednbix pa3pbiBoB JJHK. Yactora BcTpeuaeMocT MyTalluii JaHHOTO IeHa Yy MAIlMEeHTOB C
pakoM MoiyloyHOH kene3bl cocraBimsier 0,78%. I'en ATM oskcnpeccupyeT O€JlKH, KOTOpbIE Y4YacTBYIOT B
penaparuu JIHK u perymsuuu kiaeTouHOro LUKJIA, YTO MMEET pellaroliee 3HaYeHHEe B CUTYaIUSIX KICTOYHOTO
ctpecca u otBeTa Ha noBpexaeHue JJHK. Ykopouennsie u MmucceHc-BapuanThl ATM cBs3aHBI ¢ 00JICe BHICOKHM
puckoM ER-monoxxurensHoro 3aboneBanus, deM ER-orpumartensHoro. Muccenc-sapuant ATM c.7271T>G
(p-Val2424Gly) necer 3HaunTensHbIN puck PMK, comoctaBuMmelii ¢ puckom MyTtaruii B reHe BRCA2. Y MHOTHX
MAIIMEHTOB C PAaKOM MOJIOYHOHM »keme3bl ¢ myrtanmusamu ATM pas3BuBaercs Tsokenmas (opma 3a00ieBaHUS C
BBEICOKOW BEpOSTHOCTHIO METAacTa30B B JHUMGpATHYECKHE V3IbI, OOJiee arpeCCHBHBIMH OIyXONSIMH H
HeOJaronpuaTHBIM MPOTHO30M. Bo3MoskHO, cHIkeHue ypoBHS ATM B pakoBBIX KJIETKax CIIOCOOHO MOBBICUTH
YyBCTBUTEJIBHOCTh K TAPTeTHOW Tepanuy M CEHCUOWIN3UPOBATH PAKOBbIE KJIETKM K MpernaparaM Ha OCHOBE
mwiatuHbl. OqHako MyTaruu A TM yBeNIW4HMBalOT PUCK PELUANBA OITyXOJIH MOCTe JIydeBOi Tepanuy.

I'EH PALB?2 (naptaep u nokanuzatop BRCA?2) sBrseTcsi CynpeccopoM OITyXoJiel, KOTOPBIA y4acTByeT
B TIO/JICPKAHUHU LIEIOCTHOCTU FeHOMa. DTOT OENIOK CBA3BIBACTCS M KOJIOKAIN3YeTCst ¢ OSTKOM paHHEero Havala
paka rpyau 2 (BRCA2) B HywieomnasmMe U, BEpOSATHO, oOecHeyMBaeT CTAOMIBHYIO BHYTPHUSICPHYIO
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noxanm3anuio U HakomineHne BRCA2. Bemox PALB2 kxputudecku BaKeH I YCTPAHEHHS JIBYHUTEBBIX
paspeiBoB JIHK. IlaTtorenHsle BapHaHTBI MPUBOAAT K pucky paszsutus PMOK. Kymynsatusssii puck PMXK y
nauueHToB ¢ myrauuet PALB2 3aponpiieBoil tunuu A0 70 net pocturaet 35%, a 10-neTHsAS BBDKUBAEMOCTD
HIDKE TI0 CpPaBHEHWIO ¢ mamueHtamu 0e3 myrammii PALB2. T'en PALB2 — opuH W3 BOCEMH T'€HOB, 9acTO
MYTHPYIOIIMX MTPH METACTATHICCKOM pake MOJIOYHOM kene3bl. Muccenc-Bapuant PALB2 ¢.2586 + 58C>T, Obur
cBsi3aH ¢ 36%-HbIM yBenudyeHueM pucka PMOK m BXoIUT B cocTaB reHETHMUYECKHUX NaHEJeld IMAarHOCTHUKU U
ckpuarHTra PMXK. V maruenToB ¢ pakoM MOJIOYHOM keJe3bl TPU HATMYUK IMaTOTEHHBIX BapuaHToB PALB2 yamie
HaOJI0aeTCs TPYDKABI HETaTUBHBIN (DeHOTHIT U O0Jiee HU3Kasi BEDKHBAaeMOCTh. B TO e BpeMsl, TepaleBTHICCKIE
CXeMbl Ha OCHOBE IUIATHHBI, CBsA3aHHbIC ¢ MHrHOMTOopamMu PARP, uMeroT OONBIION MOTCHIMAN Y MAIMCHTOB
¢ BapuaHTaMu 3apojsinieBoit nuHuu PALBZ2. Ilpumepno 0,5% mnanuentoB ¢ PMOK HecyT maTtoiorudeckue
MyTtaiuu B ree PALB2. Xots panee PALB2 cumrtaincs reHom pucka PMOK yMmepeHHON NEHETpaHTHOCTH,
MocJeIHIE JaHHBIE CBUAETENBCTBYIOT O TOM, 4T0 PALB2 cremayeT OTHECTH K KaTETOPHM BBICOKOTO pPHCKA.
Pe3ynbTaThl KpYNHBIX MOMYJISIMOHHBIX HCCIEIOBAHUIN MMO3BOJISAIOT OLIEHUTH pUcK pa3Butus PMXK y Hocurenen
MaTOJOTHYEeCKUX MyTauui PALB2, kak COIOCTaBUMBIH C TaKOBBIMH PHUCKaMM y HOCHTENIEH MAaTOIOTHUYECKUX
MyTauuii B rene BRCA2.

T'EH BRIP1 (B3auMOJCHCTBYIOIIAsS C PaKkOM MOJIOYHOW >kerme3bl | renmkaza 1) HeoOXxomum st
Boccta"oBnenus JIHK, mopmnepxanus crabmibHOCTH reHoma. Kommeke G6enmkoB BRIP1u BRCAlBakeH s
HOpMalbHOW  (GYHKIMH  pemapalydyd  JABYXUEHOYCYHBIX  Pa3pblBOB.  MYTHpPOBaBIIMA  WIH  CBEpX
3KcIpeccUpoBaHHbIA BRIPI cBsi3aH C Ha4aJloM paka MOJIOYHOM JK€J€3bl U SBJSETCS NPU3HAHHBIM KaHIWJATOM
Ha TIPOrPEeCCUPOBaHUE OMyXOdH. BRIPI pacmoioxeH B JJIMHHOM IUTIeYe XPOMOCOMBI 17 W KoampyeT Oelok,
IMpUHAANeKamuil kK cemeicTBy renuka3 RecQ DEAH, xoTopelif mOMOraeT BOCCTAHABIMBATh IOBPEXKIACHHYIO
JHK, B3aumoneiictys ¢ BRCAI. Tlostomy, ecnmu BRIP1 myTtupoBan, To ero Oelok HE B3aUMOJACHCTBYET C
BRCA1 u He Moxer BoccraHaBiuBaTh mnoBpexacHHyto JIHK. Takum oOpasom, BRIPI wrpaer >KU3HEHHO
BOXHYIO POJIb B COXPaHEHHMH TeHETHYECKOW HH(OpMalMHM KIETKH M JEHCTBYET KaK CYNpPEccop OIyXOJew.
Okcmpeccuss BRIP] Obla 3HAUMTENBHO MOBBINIEHA B 13 TUmax paka, BKJIIOYas YpOTEIHAIbHYIO KapIIMHOMY
MoueBoro Iy3bips (BLCA), wuHBa3uBHyr0 KapuuHoMmy MosouHoH skene3bl (BRCA), miockokneTrounyio
KapIIMHOMY IIeHKW MaTKu ¥ aneHokapimHomy sHponepBukca (CESC), ameHOKapuIWHOMY TOJCTOW KHIIKH
(COAD), muddysHyro KpymHOKIECTOUHYI B-xierounyro mumpomy muMmponnasix Heormrasm (DLBC),
kapuuHomy mmmieBojga (ESCA), mymptudopmuyto mmobinactomy (GBM), TIOCKOKIETOYHYIO KapIHHOMY
nerkux (LUSC), agenokapruaomy npsmoiri kumkn (READ), amenokxapumHomy skenynka (STAD), tumomy
(THYM), sumomerpuasibnyio kaprwaomy teina Matkn (UCEC) wm kaprnmuocapkomy watkm (UCS). Ten
BRIP] moxer OBITh T€HOM, BOBJICUCHHBIM B OHKOTCHE3 paka MOJOYHOM JKEJIe3bl B CEMBAX, B KOTOPBIX HET
mytaiuit  BRCA1/BRCA2. YcrtaHOBIIeHA CBsSI3b pPEOKUX MHCCEHC-myTauuii BRIPI, a Takke ¢ JOBYMs
OHOHYKJICOTUIHBIMH ToNMMopdu3MaMu BRIPI ¢ pakoM MOJIOYHOW JKeJe3bl, 4TO NPUNAET ITOMY TIeHYy
nporHoctuyeckoe 3HauyeHue. Cpepxakcmpeccuss BRIPI cBs3aHa €O CTaTycoM METHIMPOBaHHS MPOMOTOPA,
ompeeNsisi BbDKUBAGMOCTh MAIIMEHTOB C PaKOM MOJIOYHOH »kene3bl. CremoBarenbho, BRIPI MOXeT ObITh HE
TOJIBKO IpefcKa3aTelIbHbIM MOJEKYJSIPHBIM OHOMapKepoM pa3BUTHS M IPOTHO3a paka MOJIOYHOH XKeJe3bl, HO
TaKXKe MOXKET pacCMaTPHUBAThCs B KaUeCTBE TeParleBTUIECKOM MHUIIICHH.

I'EH CDHI xoaupyer MOJEKyldy KieTouHoil anresum E-xaarepun-1, kotopas moaaBiseT
pacrpocTpaHeHHE OIYyXOJEBBIX KIETOK (MeractasmpoBaHue). E-kaarepmH-1 — 3To KawbIuii-3aBHCHMas
MOJIEKyJla MEXKKICTOYHOW aAre3smd W OeJOK-CYIIpeccop OIMyXOJeH, KOTOPBIA SBISCTCA €IWHCTBCHHBIM
MOJIEKYIISIPHBIM Ie()eKTOM 3apOJBIIIeBOI THHIH, CBI3aHHBIM C HACIEACTBEHHBIM TU(PQY3HBIM PAKOM KEITyIKa
U JI0JIbKOBBIM PakoM MOJIOUHOHM xkene3bl. benok E-kaarepun-1 urpaer BaKHYIO POJb B YCTAHOBJIEHUU U
moJAep )KaHUN TOJSIPU30BAHHOTO W AU PepeHINPOBAaHHOTO AUHTENHS UYepe3 MEKKICTOUHBIC aIre3WBHEIC
KOMIUIEKCBl. OTa MOJEKyJa CUYHTaeTCsl CyNpeccopoM HHBAa3MM, M HapylleHHe e€ peryislud dYacTo
0oOHapy)XHBaeTcsl B 3allylICHHBIX CIIy4asX HEKOTOPBIX SIHUTENUAIbHBIX KaplUHOM. MyTalMu B 3TOM TEHe
KOpPENUPYIOT C PaKkoM JKelyJKa, MOJOYHOHM >Kelie3bl, TOJCTOW KHILIKH, IIATOBUIHOM jKelle3bl U SMYHUKOB.
Cuyuraercsi, yTO NOTepsl (YHKIHMU 3TOTO I'eHA CIOCOOCTBYET NPOIPECCHPOBAHMIO paka 3a CYET yBEIHYCHUs
nposudepany, THBa3HU U METACTa3MPOBAHUS. DKTOJOMEH 3TOro Oellka OImocpeayeT OaKTepHalbHYIO aare3uto
K KJIEeTKaM MJICKONHTAIOIINX, a IUTOIUIa3MaTHYECKUH AOMEH HeoOXOoauM A HHTepHanu3anuu. CHIDKeHHe
sKcrpeccun E-kanarepuna coyeraercs ¢ MeTacTa3aMH paka M3-3a MNOTEPH KJIETOYHOM aare3uu, 4To MPUBOAUT K
YBEJIMYCHUIO TOJIBIKHOCTH KIIETOK, YTO IIO3BOJIIET PAaKOBBIM KIIETKaM IepeceKaTh 0a3albHyl0 MeMOpaHy U
MPOHUKATh B ONU3JICKAIMUE TKAHW. Y TAIHEHTOB C THIEPMETHINPOBaHWEM mpomotropa CDHI puck paka
MOJIOYHOH »KeJie3bl MoBbIeH B 5,83 pasa. ['unepmernnuposanue npomoropa CDHI 0OBIYHO MOBBIILIEHO MPU
HER2- u ER-oTpunaTensHOM pake MOJIOYHOM XKeJe3bl, BHE 3aBHUCHMOCTH OT craryca PR. Bosmoxho,
yro CDHI sBnserca Hamboinee YacTo METWIHpOBaHHBIM TeHoM (90%) B ciydasx C MeTacTa3aMu B
muM(paTHYECKUX Y37aX, 4YTO NOATBEpXIAaeT CBA3b runepMmerwnuposanus CDHI u  MeracTa3MpoBaHHS.
[Mpeanonarator, urto runepmerwinupoBanue CDHI MOXHO HCIONB30BaTh B KadecTBe OHOMapkepa
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METacTaTHMYeCKOTo TMoTeHnuana omyxonu. ['en CDHI saBnsercs MOTEHIMAIbHOW HOBOM MUIICHBIO IS
TapreTHBIX IpenapaToB, HAIleICHHBIX Ha HHTHOMpoBaHue MeTmnnpoBanus JJHK.

I'EH BARDI1 (BRCA1-accormupoBaHHBIH KOJBIIEBOH JOoMeH 1) mpeacTaBisieT coboif 6elok-mapTHep,
cesspBaromnii BRCA, HeoOxomumbrii mrs  BocctaHoBneHus —moBpekaeHnid  JIHK, cBs3aHHBIX C
BOCIIPHMMYHUBOCTBIO K paKy MOJO4YHOW kene3nl. BsammopeiictBue BARDI/BRCA1  mapymraercs
TyMOpPOTEeHHBIMU 3aMeHamu aMHHOKHCITOT B BRCA1. CrenoBaTensHO, 0Opa3oBaHHe CTaOMIBHOTO KOMILICKCA
MEXIy ITHMH O€JKaMH MOXET OBITh CYIIEeCTBEHHBIM (hakTopoM momaBieHus omyxoimun BRCAIL. Dot Genok
MOJXKET OBITh IEIbI0 OHKOTEHHBIX MYTAalMi MPH pake MOJIOYHOW JKeNe3bl WM SUYHUKOB. | epMHHAIBHBIC
MyTanuu B reHe BARD! ObuM 3HAYMTENLHO CBA3aHBI ¢ BHICOKMM pruckoM TNBC - Tun paka rpyau, KOTOpBIH
XapaKTepu3yeTcss OTCYTCTBHEM TpeX KIIIOYEBBIX PELENTOPOB: PELENTOPOB I ICTPOTeHA, MPOTecTepoHa U
HER2. B wuccrnenoBanusix Ha J1abOpaTOPHBIX JKMBOTHBIX YCTaHOBJICHO, YTO yacTWUuHas penpeccusi Bardl c
ucrosib3oBaHueM aHTucMbiciaoBeix PHK mpuBena k pasBuThio deHoTHIIA paHHUX CTaJWil 370KaueCTBEHHOCTH
SMUTENNATBHBIX KJIETOK MOJIOYHOW >kene3bl. HampoTus, omyxoseBbie kineTku PMIXK mMoryT skcmpeccupoBathb
nosbimeHHbIe YpoBHH BARD1 u BRCAI, uTo nmpuBOIUT K PE3UCTEHTHOCTH K XuMuortepamuu. Kpome Ttoro,
6omee Bricokas skcmpeccss BARD1 m BRCAI cBs3ana ¢ XyamuM TpOTHO30M [UIS TAIMEHTOB C paHHEH
cramueit PMJK, ocoOeHHO TeX, KTO TONydmJI Jy4eBYIO TEpaluio, YTO YKa3bIBaeT HA BO3MOXKHOCTB
HCcTobp30BaHus MHrHOnTOpoB PI3K mms ycTpaHeHMS XMMHOpPE3UCTCHTHOCTH M PaJnOpe3UCTeHTHOCTH y ER-
MO3UTUBHBIX TarueHToB ¢ PMOK. Takum obOpa3om, reH BARD 1 MOXeT UTpaTh BAKHYIO poJib B marorenese PMOK
U MEXaHM3Max XHUMHOpPe3UCTeHTHOCTH. [Ipeamonararor, 4to ypoBeHb 3kcrupeccun BARDI npu PMX moxer
OBITh TecHO cBsi3ad ¢ TNBC.

I'EH PIK3CA Komupyer docdarnmununosuron-3-kunazy (PI3K), xoropas perymupyer
nponudepanuo 1 anonTo3, a coMaTuyeckue myrtaruu B PIK3CA MOryT akTHBHpPOBaTh 3T mporeccsl. PI3K
Y4YacTBYIOT B HECKOJIBKUX KJIETOYHBIX ITPOIIECCaX, TAKUX Kak CHHTe3 Oelka, nmposdeparius KJIeToK, BBhKUBaHHKE,
romeocrad nmoko3sl W penapauus JHK. Myraumn PIK3CA mnpencraBisitoT coboil ogHo U3 Hamboee
pacnpocTpaHeHHbIX TuUIOoB MyTrammid npu PMIXK. Axrtusupyroumme wmyrtamuu PIK3CA oOHapyKHUBaIOTCS
npumepHo y 30—40% onkosiormyeckux OOJIBHBIX, BBI3bIBas TUnepakTuBanuio nzodopmsl a-PI3K. Ot myranuu
CBSI3aHBI C XUMHOPE3UCTEHTHOCTHIO U IDIOXAM MIPOTHO30M CO CHIDKCHHOW 00mIel BEDKIBaeMOoCThi0. Kpome Toro,
myTtauun reHa PIK3CA npu pake MOJOYHOM >KENe3bl SBISIIOTCS OHKOTEHHBIMM, WIPAlOT BaXKHYIO DPOJb B
MaTOTrE€HE3€ U NPOrPECCUPOBAHUM OITYXOJIH.

T'EH STK11 (LKBI) IlpoxykT rena npeacrabiieH 6enkom LKB1, koTopblii B3auMOJEHCTBYET OCIKOM C
p53 m perymupyeT cnenuuYecKhue MyTH amonTo3a, 3aBHcsamue oT p53. bemok LKBI mpucyTcTByeT Kak B
LUTOIJIa3ME, TaK U B SIAPE JKUBBIX KIETOK M TPAHCIOLMPYETCS B MUTOXOHAPUHU BO BpeMs amonros3a. Takxke
HaOmonaercs TecHas cBsi3b pynkuuit 6enko LKB1 u PTEN. Hekotopsie Toueunsle mytanuu LKBI HapyiiaoT
B3aumogeicteue ¢ PTEN, 4To mNO3BOJIAET MPEANONOXKHUTb, YTO IIOTEPS O3TOrO0 B3aUMOJEHUCTBUS MOXKET
CHOCOOCTBOBATh MOBBINIGHUIO PHCKa OHKOJOIMYecKUX 3aboneBaHuid. [Ipum 3TOM, B pakoBBIX KIETKax
HaOJII01aeTCsl Pe3Koe CHIDKEHUE YpOBHs dkcnpeccuu reHa STK/ 1. CHIKeHUe dKCIpecCHuy T'eHa HalNroaaeTcs
IIPYU MHOTHX OHKOJIOTHYECKUX 3a00JIEBaHMs: PaKe JErKOro, JKelyaKa, KUIICYHUKA, [T0/PKEITyJOYHOM JKeTe3bl U B
TOM YHCIIe IIPU pake TPyAHU. YCTaHOBJIEHA B3aMMOCBS3b ICTpOreH-nojoxurerbHoro 1 HER2-otpumarensHoro
PMXK B cempbsix ¢ myrauusimu B reHe STK1 1.

I'EH RADS5 1D npunumaeT yyactie B Mexanu3max penapauuu JIHK ¢ ucnonb3zoBaHreM roMog0ru4HoR
pexomOuHanmU. OH UTpPaeT BAKHYIO POJIb B MOANEPKaHUH CTAOMIHPHOCTH TEHOMa W MyTallld T€Ha MOTYT OBITh
CBsI3aHBI C KaHIleporeHe3oM. IlaTtoreHHble BapuaHThl RADSID Obmi OOHApYXXEHBI Yy MAIUCHTOB C PaKOM
MOJIOYHOH jKeJe3bl C TOMOIIBI0 TECTUPOBAHMS TCHHOW MaHemu. [IpHCyTCTBHE TaKMX MATOJIOTHYCCKAX (QOpM
reHa RADS51D B TeHoTHIE SBIsETCS NMpUYMHON Oomee dem 20% mpenamojiaraeMoro pHucka pa3BUTHSA paka
MOJIOYHOH >KeNe3bl B TedeHHe X MU3HHU. CyIIecTBYeT KOPpesAls MEeXTy MaTOTCHHBIMM BapHaHTaMU I'eHa U
TPWXKIbl HETaTUBHBIM pPAKOM MOJIOYHOM kene3bl. VI3BeCTHO, 4YTO MaTOJOTMYECKWl BapHaHT TIeHa
RADS51D ¢.270 271insTA (npu HopmanbHbIX (opmax reHoB BRCAI/BRCA2) snsercs npuunHoii TNBC
BBICOKOIl CTENeHH 3JI0KAYECTBEHHOCTH C BBICOKMM pPHCKOM METacTa3upoBaHHs B JuMdaTHyeckue
y3nbl. [latomoruyeckas ¢popma RADSID 270 271insTA Habmroznancst y )KEHIMHBI C aHAMHE30M paka rpyIy U
SMYHUKOB W 3a4acTyl0 BBUIBIISIETCS TPH CEMEWHBIX (opMax paka rpyJu M SUYHHKOB. BbIsBieHa emie ojHa
OHKOTeHHass MyTanusi reHa (c.273del; p.Lys91fs). B HacTosmee Bpems IONTBEpXKACHA CBS3b MEXKIY
MaTOTEHHBIMH BapHaHTAMH TePMHUHAIBHBIX MyTamuid RADSID wn puckom PMIK. Tarke OBIIO MOKa3aHO, YTO
rnarojorudeckue Bapuantel RADSID wMeoT BBIpOXEHHYIO CBsi3b ¢ ER-oTpumaTenpHbIM pakoM MOJIOYHOM
xene3sl 1 TNBC.
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PA3JIEJI 6. TEHETHUKA IIUTAHUS

HYTPUI'EHETUKA, HYTPUTEHOMUKA
N IIUIIEBAA SIIMTEHETUKA

Hyrpurenetnka u HYTpHTGHOMHKA - HayKa O POJM HHIWBHAYaIbHBIX T'€HETHUECKHX BapHAIlMHd B
pEaKIuy OpraHu3Ma Ha MUTATEIbHbIC BEIIECTBA M POJIM AUETHI U ITUIIEBBIX ONOJIOTMYECKH aKTHBHBIX BEIECTB B
9KCTIPECCHH T€HOB COOTBETCTBEHHO.

ITomuepkHeM OT/IMYHe Me:KAy TEPMUHAMM HYTPUI€HOMHKA M HYTPUTeHeTHKA, IIOCKOJIBKY, XOTS 3TH
TEPMHUHBI TECHO CBA3aHBI, OHU HE SABJISAIOTCA B3aUMO3aMEHACMBIMH.

HyTtpurenernka usydaer Mmoaupunupyomme 3GdexTsl repMUHaIBHBIX (MM COMaTHYECKHX B Cllydae
OHKOITaTOJIOTUHM) MYTallMi B T€HaX, CBS3aHHBIX € 3()(EKTHBHOCTHIO MHUTAHMS, YCBOSHHS MHKPODIEMEHTOB, a
TakXe BIMSHUE AUETH Ha 310poBbe. HyTpUreHeTnka OrieHnBaeT poJib BAPHAHTOB T'€HOB B PEAKLUAX OpraHU3Ma
Ha TMOCTYIUICHHE NMUTATENBHBIX BeulecTB. HyTpureHeTHka W HYTPUI€HOMHKA CBS3aHBI MEXIy COOOH, TeM He
MCHee JaHHBIC TEPMHUHBI HE SBILSIFOTCS B3anMoO3aMeHsAeMbIMH. OCHOBHOE OTIHMYHME B TOM, YTO HYTPHI€HETHKA
UCCIEIyeT BIUSHIE HACIEeICTBEHHBIX TeHETHUECKUX BAPHAHTOB HA YCBOGHHE U METa00IN3M MUKPOHYTPHEHTOB.
B TO Bpems, Kak HyTPUIreHOMHKA M3y4aeT B3aUMOCBS3b MEKAY I'€HOMOM M JHETOH C yKa3aHWEM Ha BIMSHUC
panuoHa IUTaHUA Ha METabOJIMYecKHe, NMPOTEOMHBIC, TPAHCKPHIIIMOHHBIE M TPAHCISIIUOHHBIE W3MEHEHHS.
HccnenoBannss HYTPUTCHETHKH IIO3BOJMIM HICHTH(HIUPOBATH TI'CHETHYECKHE BapUaHTHI, CBA3aHHBIE C
BOCIIPUMMYHMBOCTBIO K OOJIE3HSIM, MOCPEACTBOM B3aMMOJCHCTBHA CO CHEOU(PHUECKUMH THETHUCCKUMHU
¢akTopamu. B wacTHOCTH, BapHaHTHl I€HOB, KOTOPbIE IPHHUMAIOT Y4acTHe B METa0OJIMYECKUX MYTSAX, BIUSIOT
Ha TOTpeOJieHHEe M HCIOJb30BAHHE PA3IMYHBIX MHKPOHYTPHEHTOB. B 3TOM cMbiciie HyTpUTeHETHYECKHe
HCCIIEIOBAaHMS MOTYT OBITh MCIIOJIB30BAHbI JJIS1 IPOTHO3UPOBAHUS PUCKA PA3IUUHBIX MOJIUTCHHBIX 3a00IeBaHUH.
[TosTOMy WCHONB3ys NEPCOHAIM3UPOBAHHOE IMTAHWE OTH 3a00JEBaHHSI MOXHO MPEAOTBPATUTH HWIIH
s¢deKTHBHEE KOPPEKTUPOBaTh. l[lpenmonaracTcs U3ydyeHHE BCEX YKa3aHHBIX 3()(EKTOB HE3aBUCHMO WM
KOMIUIEKCHO B LENsAX JWarHOCTUKM WIM TPOrHO3a TedeHus 3aboneBanusi. Kak yxe ObLIO cKasaHo,
HYTPUTEHETHKAa OXBATBIBACT MPOOJIEMY BIIMSHMS ICHETHYECKUX BapHAMi HA IHUIIEBHIC PEakIMU U (DYHKIHFO
MUTATEIBHBIX BEIIECTB. TeM He MEHee, M3 YWCia BBINIE YKa3aHHBIX TCHETHYECKUX MAapKEpPOB HYTPUTECHETHUKH
aKTyaJIbHBl TOJIbKO HapylleHHsI CTPYKTypbl Mojekyiabl JHK, xoTopble MOKHO paccMaTpHBaTh, Kak
HCTHHHBII Mapkep matomoruu. K Hapymenusm ctpykrypsl JHK crenyer otmect: (1.) moBpexieHue
OTICTBHBIX OCHOBAaHMH (HAampHMep, NPHCOCAWHEHHWE T'HAPOKCIIIBHOTO pajauKala K TyaHWHY, BBI3BAHHOE
OKHCIIUTENBHBIM CcTpeccoM); (2.) yTpara HyKJIEOTHIOM a30THCTOTO OCHOBaHHUS (a0a3WdyecKhe YJacTKH B
nocnenosarensHoctu JIHK); (3.) paspeiBel neneit IHK; (4.) ykopodenue Temomep; (5.) menenuu win yTpaTta
xpomocoM; (6.) moBpexaeHue MmutoxonapuansHoit JIHK (nenennu iy moBpexIeHne OCHOBAaHHUM B KOJNBIIEBOU
MutoxoHApuansHOH JIHK). CTOUT OTMETUTH, YTO Ba)KHBI HE TOJBKO BapHaHTHI MepBHUYHON cTpykTypsl JJHK
BHYTpHU oiHOrO reHa B gpopme SNP, HO M JUHAMHYECKHEe MYTalluM, a TAaKKe BapHaHTHl YHCIIa KOIH reHoB. B
YaCTHOCTH BBISBJICHA CBsI3b MEXIy BapuaHTtamu yucia xornuit (CNV) mid HeGOIBIIMX Y4acTKOB T'€HOMa U
puckoM MeTaboauueckux 3aboneBanuil. [IpuMepaMu Takux MyTanuit SBIsroTCA: 1) BapuaHThI YMciia KONUI TeHa
penenTopa JENTHHA CBA3aHBI ¢ METa0OJIMYECKUMM NPH3HAKAMH W PHCKOM caxapHOro amabera 2 Tuma; 2)
MCHbIIee 4YHCIO Komui reHa amba 1A amuimaspl CIIOHHBI OBUIO CBSI3aHO C IIPEIPACIONOKEHHOCTBIO K
oxupenuto; 3) uanmen nenranykieotuna (CTTTA) B 3'-HeTpaHcmmpyeMoil 00acTH T€Ha perenTopa JICITHHA
OblIa CBSI3aHA C PUCKOM CaxapHOro anabera 2 THIIA.

O0s1acTh HYTPMT€HOMHKH OXBAaThIBAET HECKOJIBKO ANCIMIUINH M BKIIFOUaeT B ceOst 3h(eKxThl parmona
NUTaHUA Ha cTabwibHOCTh TeHoMma (moBpekaeHne JIHK Ha MonekynsipHOM M XpPOMOCOMHOM YpOBHE),
n3MeHeHusa snureHoma (metwimposanue JIHK), tpanckpunimmio MPHK u mukpoPHK (Tpanckpuntomuka),
9KCTpeccHio OenKoB (IPOTEOMHMKA) M H3MEHEHHS MeTa0oiuToB (MeTabonomuka). HyTpureHomuka HoBas
0011acTh MOJIEKYJISIPHON OMOJIOTHH, B KOTOPOH IEepeoBble FTEHOMHBIE HHCTPYMEHTBI UCIIONB3YIOTCS JJIsl aHaIn3a
BIIMSIHUS MUTATEIbHBIX BEIIECTB HA TEHOM M 3KCIIPECCHIO I'€HOB, a TAK)Ke BIMAHUSA ICHETHUECKUX BAPHAHTOB Ha
MOTpeOJIeHUE MUTATEIBHBIX BEIIECTB. TepMUH «HYTPUI'C€HOMHUKa» OBLI CO3/1aH Ul ONMCAHHS B3aUMOJCHCTBUS
MEXJy MHUTaTeIbHBIMM BEIIECTBAMH M TeHaMH. ba3oBble BOIPOCH, KOTOphIe IpHU3BaHA paccMaTpPUBATh
HYTPUTE€HOMHKA, 00YCIIOBJICHBI T€M, YTO, BO-TIEPBHIX, CYIIECTBYET OOTraToe HHANBUIYATbHOE U MEKITHHUECKOE
pa3HoO0Opa3ue, OKa3bIBAIOIIEe BIMSHAE HAa OMOZOCTYITHOCTh M METa0OIN3M MHUTATEIbHBIX BEMIECTB. Bo-BTOPHIX,
pEe3KHE OTIMYHMS MEXIy JIOJbMH, OIPEACIAIONINE JOCTYITHOCTh M AaCCOPTHUMEHT IPOAYKTOB IMTaHUS B
3aBUCHMOCTH OT KYJBTYPHBIX, JKOHOMHYECKHX, Teorpa)MueckKuXx | BKYCOBBIX pa3iuuuii. B-Tperbux,
HecOaJJaHCUPOBAaHHOE THTaHUE (Ae(ULUUT WK W30BITOK MUTATEIBHBIX BEIIECTB) NOPOXKAAET HEOIArONPUATHYIO
JUIsl 4eJI0BeKa TOCIIeI0BaTeIbHOCTh COOBITHI, ONPENeNIOINX HapYIIEHHs 9KCIIPECCUU TeHOB, HECTAOMIBHOCTh
TeHOMa, WHTEHCH(HKALWIO MYTAllMOHHOTO TIIpolecca, 4TO B (HHAJIE MOXKET NPUBECTH K MPOSBICHUIO
MaTOJIOTMYECKOro (PeHOTHUIIA HA PA3IMYHBIX dTaIax >KU3HH.

OcHOBHBIE NPUHIUIIBI HAYKH HYTPUT€HOMHKH:
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1.Ilutanne MOXKeT OKa3bIBaTh BIMSHUE Ha COCTOSHHUE 3/I0POBbs, HAMPSIMYIO BIHSS Ha IKCIPECCHIO TEHOB Yepe3
COCTOSTHHE OOMEHHBIX POLECCOB B OpraHU3Me, OKa3bIBasi BIUSHNE HA MHTEHCUBHOCTb T'€HHBIX U XPOMOCOMHBIX
MmyTanuii. Takne coOBITHS CIIOCOOHBI M3MEHSTH 103y T€HOB H X SKCIPECCHIO.

2.Bo3zeiictBue MOTpeONIiEMBIX MNPOIYKTOB MNWTAHUS HAa 310POBBE UYENOBEKA B 3HAYMTEIBHON CTENEHHU
OTIpENeIsIeTCs] TeHETHUSCKHMH BapHaHTaMH, KOTOPHIE HM3MEHSIOT YCBOGHHE M METa0OIM3M IHTATEIBHBIX
BEIIECTB. JTOT (haKTOp Ha MOJIEKYISIPHOM YPOBHE PETYIHPYETCSl B3aUMOJCHCTBHEM (DEPMEHTOB B OOMEHHBIX
mporeccax U Ko(aKToOpaMH IIUTaTEIbHBIX BEIIECTB.

3.00ecmeunTh YCTOIUYMBEIE TTOKAa3aTENN 340POBbS MOKHO B TOM CIy4ae, €CIHM PallMoOH NMHUTaHMS MOAOHpacTCs
WHIUBHIYAIbHO C YY€TOM, KaK YHACJEJIOBaHHBIX, TaK M NPHOOPETECHHBIX T'CHETHYECKUX XapaKTEPUCTUK B
3aBHCHUMOCTH OT II€PHO0/Ia OHTOT€HEe3a, MUIIEBHIX MPEANOUYTEHUH U COCTOSHUS 310POBbSL.

PexomeHyeMBle COBPEMEHHON MEIUIIMHOM CyTOUHBIE HOPMBI MOTPEOICHUS MUTATEIbHBIX BEIIECTB, B
LIEJIOM OCHOBAHBI Ha Pa3JINYHbIX META0OIMUYECKUX UCCIIEIOBAHUSAX, OHU HE ONTHMH3UPOBAHbI JUIsl TEHETHUECKUX
HNOArpYyNI. DTH MOAXOIbI B BBIPA0OTKE PEKOMEHIALMA MOTYT CYIIECTBEHHO OTIHYarbesi. KoHewyHas uenb
COCTOUT B TOM, 4YTOOBI (1) CONOCTAaBUTH HYTPHUOM (COBOKYIHOCTh HOTPEOISAEMBIX MPOIYKTOB IMUTAHHS) C
TEKYIIMM CTaTyCOM I€HOMa, YTOOBI MOAAEpKaHNEe I€HOMA, SKCIIPECCHS TCHOB, METa00IM3M M (YHKIHS KIETOK
MOTJIM TPOHCXOJUTh HOPMAaJbHO B TOMEOCTATHYECKH COAJaHCHPOBAaHHOM pexuMe. A Taxke (2) co3marh
MPEATIOCHIIKA Il Oosiee ONarompHUATHBIX TEHIACHIMHA 3I0POBBS IIONYJSAIHMH, HAa OCHOBE (DOPMHUPOBAHUS
pEeKOMEHAANUH 110 MEPCOHATU3UPOBAHHOMY ITUTAHUIO.

IInmesass snuredHeruxa. HyTpudnureHernka — HampaBlIeHHE, HU3Yy4alollee pOJb IUIIEBBIX
MPOXYKTOB B OIHICHETHYECKHX W3MEHEHHMAX. OINHWICHETHKa BKIIOYaeT B ce0s, kKak oOpaTHMble, Tak M
HaclleyeMble I3MEHEHUs KCIIPECCUU TEHOB HE CBA3aHHBIC C M3MEHEHISIMH KOAUPYIOIIEeH Mocie10BaTeIbHOCTH
JHK. B naHHOM ciy4ae snUreHeTHYecKre N3MEHEHH MOTYT OKa3bIBaTh CYIIECTBEHHOE BIMSIHHE Ha IATOTEHE3,
METOJIbI KOPPEKIHHU U JICUeHHE LEeJO0ro psAna MOJUTeHHBIX 3a0oneBanuid. HanpuMep, npoTHBOBOCTIAIUTENbHEIE
3¢ EKTH TUETHl pallMOHa MUTaHKs, 000TAIEHHOTO MOJIMHEHACHIIIICHHBIMU )XUPHBIMH KHCIOTaMH 00YCIOBIICHBI
WHTUOUPYIONIMM THUIIEPMETHIMPOBAHUEM MPOMOTOPOB IIPOBOCHANMTENBHBIX TeHOB ¢epmentamu JIHK-
MetmitpaHcdepazamu. [loMMMO 3TOro, BBICOKOE NOTpEOIEHHE IOJMHEHACHIIICHHBIX JKUPHBIX KHCIOT
MOJIOKUTEIBHO PETyIHpYeT 3KcIpeccruio omnpenesneHHbIXx MUKpoPHK, koTopble MHTHOMPYIOT JHIOTEHHBIE U
OHKOT€HHBIE T'eHbl. BelecTBO PacTUTEIBHOIO MPOUCXOXKACHUS KypKYyMHUH, IIOMHMO TOTO, YTO OH SBISETCA
MOIIHBIM aHTHOKCHUIAHTOM, TaK)K€ HANPsSMYIO BOBIEYEHO B DIHUICHETUYECKHUE MEXaHU3MBL. B wacTHOCTH, Kak
JNUIE€HETHYECKUI PETYNATOP, KYpPKYMHH OKa3blBaeT 3al[UTHOE JACHCTBHE B OTHOLIEHHH CEPICYHOU
HEJIOCTaTOYHOCTH M TOpPaXEHHS IEUYeHH, dyepe3 cuctemy depmentoB mermanposanus JHK u mommpuxanmm
THCTOHOB. DTH JaHHBIE CBUJETEIBCTBYIOT O TOM, YTO BBEICHUE ONPEAEICHHBIX MUIIEBBIX COCIMHEHUI B PalliOH
YeJoBeKa, KOTOpbIE MOIYJIHMPYIOT SIHMI€HETHYECKHE IPOLECChl, MOXET ObITh 3(PQPEKTUBHOIN cTpaTerueit
HAlICJIEHHOM Ha CHM)KEHHE pPaclpoCTPaHEHHOCTH XPOHMWYECKUX 3aboseBaHuid. [lomuepkHem, 4TO HapylieHUE
SIUI'CHETHYECKUX MEXaHH3MOB MOJXKET OBITh MPUYMHOMN Pa3BUTHS Pa3IMYHBIX XPOHUUECKHX 3a00JIEBAaHUN U HX
IIpOrpeccHpoBaHysl. B YacTHOCTHM HEMpOCThle B3aHMMOACHCTBHUS MEXKIy MHUTATEIbHBIMHU BEIIECTBAMH H
SNUIeHETHYECKUMH MEXaHW3MaMU MOTYT NPHHMMAaTh Y4acTHE B IaTOT€HE3e OXKUPEHHs, caXapHOro auabeTa,
JMUCITUIMICMHIH, CEPJCUYHO-COCYTUCThIX 3a00JCBaHUN, HEAJIKOrOJIbHOM JKUPOBOW OONE3HHM TICYCHH U
OHKOIIATOJIOTHH. B "acTHOCTH, palioH NUTaHKUS OCHOBAHHBIM HA W30BITOYHOM MOTPEOIEHUH KUBOTHBIX )KUPOB
U JIETKO AOCTYIHBIX YTJIEBOJOB, MOJKET CONPOBOXKIATHCS aHOMAJIBHBIMU MPOLECCAMHA METHIMPOBAHUS T€HOB
HEWPONENTHIOB, KOTOPhIE KOHTPOJIMPYIOT IOBEICHUYECKHE PEAKLIUH, ONPEACNAIOINE MOTPEOICHUE MHUITH U
MOTyT OBITh BOBJIEUEHBI B pa3BuTHe okupeHus u CJI2. [ToMuMo 3TOro, HEZOCTATOK B OPraHM3ME HEKOTOPBIX
MHUKPOAJIEMEHTOB U BUTAMUHOB, TAKUX KaK BUTAMUH A, BUTAMHHBI Tpynnsl B, cenen, kamuii u skene3o, CBs3aH ¢
TUIIEPMETUIINPOBAHHEM T€HOB-CYNPECCOPOB OMYXOJEH, KOTOpPhIE WIpal0T pPEIIAIOIyI0 pOlb B Pa3BUTHH
OHKOJIOTHH.

IT'EHETHYECKOE OBOCHOBAHHUE
HEPCOHAJIN3UPOBAHHOI'O IIUTAHUSA

IlepcoHanu3upoOBaHHOE NHUTAHUE — IPUHUUIHNAIBHO HOBBIM IOJAXOJ B JHUETOJIOTUHU, IPU KOTOPOM
WHIUBHyaJIbHbIC TeHETHIECKUE TPOQHIN ONPECIIIOT HHANBAAYaIbHbIE PEKOMEHIAINH 110 PAllOHY MTUTAHHUS.
OTOT MNOAXOZ CIOCOOCTBYET IOJNEPKAHUIO AKTUBHOTO JOJITOJICTHS, a TaKXKe I03BOIAET 3(PPEeKTHBHO
KOPPEKTHPOBATh XPOHHUYECKHE 3a00IeBaHMS.

SIBneHue mojauMopQu3Ma TI'€HOB YEIOBEKa OOBICHSICTCS PA3IHMYUSIMH MEXAY JIOJbMU Ha YpPOBHE
nepBuuHOi cTpykTypsl JHK. DT oTinMumMs MOTyT BHOCHTH W3BECTHBIH BKJIaJ B pa3sHoOOpasue (eHOTHUIIOB,
HaOJI01aeMOe B TIOMYJISIIUAX YeIOBeKa. THIbI BAPHAHTOB T'€HOB BKIIOUYAIOT B cebs SNP, BcTaBkU U Jeneiuu
(unpenn), Bapuanuu yncia konuid (CNV) u Gosiee cl0XXHbIE CTPYKTYpHBIE H3MEHEHHSI.

[Tonumopdu3M TEHOB OKasblBaeT CYNIECTBEHHOE BIHMSHUE Ha METa0OJIM3M IHMTATENbHBIX BEILECTB.
Hanpumep, BapuanTbl reHa MmerwieHterparuapodonarpenykrassl (MTHEFR) MOTYT BIHMSTH Ha METabOIU3M

146



¢onara. Takue U3MEHEHHsT MOTYT OBITh CBSI3aHBI C CEPACYHO-COCYAUCTHIMU 3a00JieBaHUsAMHU U AnabeToMm. Jlromu
¢ ompezneneHHsiME SNP B 3TOM reHe MOTYyT MOTYT 00JialaTh OCOOEHHOCTSIMM B PEaKLUUH OpraHu3Ma Ha
motpebieHne Qonara, KOTOPBIE MOXHO KOPPEKTHPOBATh WHIWBUAYAIFHBIM HOnOopoM nobaBok ¢omata. B
gactHOCTH, y ToMo3uror mo myrtammu (TT) B reme MTHFR (nmomumopousm MTHFR Ala222Val, C>T)
HaOJIoMaeTCs MOBHIIICHHAs MOTPeOHOCTh B (oyaTe WM3-3a HapyIICHHI MeTabolM3Ma 3TOrO BEIIecTBa. TakuM
JOASIM MOXET MoTpeOoBaThCs Ooyiee BBICOKOE MOTpedieHre (oyaTa, 4eM 3TO MPEeAaraioT CYIIeCTBYIOIIHE
TUETHICCKIE HOPMBI, YTOOBI CHU3UTHh BOCHPHUMYHBOCTH K 3a00JI€BaHUSIM, BBI3BAHHBIMH Ne(GHUIATOM QoJara.
Kpowme Toro, iqroau ¢ cuHapoMoM JlayHa (00J1agaroT JOMOJTHUTEIIBHON KOTHEH XpOMOCOMEI 21) TeMOHCTPUPYIOT
OoJiee BBICOKYIO HOTPEOHOCTh B IMHKE M (hoylaTe M3-3a MOBBIIMICHHOH SKCIPECCUM LUCTATHOHWH-P-CHHTA3bI,
KIIOYEeBOTO (epMeHTa B Merabonmsme (onata. Hapsay ¢ 3TUM, MOCTAaTOYHO IIHPOKOPACTIPOCTPAHCHHBIC
BapHaHTHI T'€HOB, PeryIUpYIOIUX MeTaboIH3M TOMOIIMCTENHA, Takue
kak MTHFR (metunenterparuapodonatpenykraza) u MTR (METHOHMHCHHTa3a), acCOLMUPYIOTCS C
MOBBILIEHHBIM PHCKOM pakKa MOJIOYHOH »ejne3bl y JIMI C HEJOCTaTOYHBIM IOTpeOJieHHeM BUTaMuHa BO,
ButamuHa B12 u donara.

Ha merabomu3M ceneHa Takke MOTYT BIHATH TeHeTHdeckne Bapuanuu. Hexoropeie SNP Bimstor Ha
9KCIpeccHio OeNka WM aKTUBHOCTBH CEIICHONPOTEHHA B OTBET Ha MOOABKY celeHa. | eHeTHYeckne Baphallid B
reHe Oera-kapoTuHOKcUTeHasbl 1 (BCMOI), KOTOpBI MMeeT pelaroliee 3HadeHWe IS MeTabosm3ma OeTa-
KapoOTHHA, MOTYT MPHUBOJNTH K U3MEHUYNBOCTH YPOBHEH KapOTHHOWIOB B IIa3Me KPOBU U MOTYT UMETh BajKHOE
KIMHAYECKOe 3HaueHwWe. Hampumep, B ciydae pa3BHTHS cTeaTo3a IIEYCHH HE3aBHCHMO OT JUETHYCCKOTO
BuTamuHa A. J[oOaBieHne BUTaMUHA A B PaIlFiOH IMUTAHUS SBISECTCS OCHOBHBIM METOIOM KOppeKnuu aeduiura
JTAHHOTO BUTaMHHA B opranu3Me. CHIDKCHHS YPOBHS PacHpPOCTPAHEHHOCTH TMIIOBUTaMHHO3a A B TOMYJIAIMAX,
3HaHKE BApUAHTOB I'€HOB, CBSI3aHHBIX C META0OJIM3MOM BHTAMHHA A y YEJIOBEKa, [IOMOTAET MPOBOIUTH JICUCHUE
6osiee 3pdexTrBHO U Oe3omacHO. BapHaHThl T€HOB, MPUHUMAOIIUE YYACTHE B METa0OIM3ME JIMITUIOB: OCIOK-
MEPEHOCYUK A(PHUPOB XOJIECTEPUHA, JHMIIONPOTEHHIINIIA32, PELENTOp JIUIONPOTEHHOB HU3KOW IUIOTHOCTH U
anonunonporenH E, MOTYT crocoOCTBOBaTh PUCKY HMIIEMHUYECKOIl OOJNE3HU cepjla M caxapHoMmy nuadery 2
tuna. SNP B TeHax, CBS3aHHBIX C MeTa0OJM3MOM XOJHMHa M (OJMEBOH KHCIOTHI, MOTYT OIpPENCIsTh
MUETHIECKYIO TIOTPEOHOCTh B XOJNIMHE, KOTOPHIA HMEET pelIaronee 3HaueHIe A (QYHKIUA TTeYCHA U Pa3BUTH
wiona. IlpuBeneHHBIC BEHIMIE NPUMEPHl AaKIECHTHPYIOT BaXHOCTh YydYeTa TEHETHYECKHX (PaKTOPOB IIPH
COCTaBJIICHUHU pAaIlFiOHa TMHTAHUA W CIOCOOCTBYIOT KOPPEKTHOW ONTHUMH3AIMU PE3YJIbTATOB B OTHOIICHHUH
3I0POBBSI HA OCHOBE MHINBHUIYaTbHBIX TCHETHUECKUX TPOQIICH.

VYcranosiieHa poisb mosmmMopdu3MoB B rene CYPIA2 (umroxpom P450 1A2). JlaHHBIN T'eH, KOTOPBIH
KoaupyeT (epMEHT 3aHNUMAIOUINHA IICHTPaJbHOE MOJOKCHHE B MeTaboim3Me KoderHa, YTO OmpeAessieT ero
BO3MOKHYIO DOJIb B IATOT€HE3e CEepACYHO-COCYIMCTHIX 3a00JIeBaHHUAX. DBBUIO yCTaHOBIEHO, YTO BBICOKOE
ynotpe0biieHne Ko(herHa MOXKET TOBBICHTh PUCK CEPICYHO-COCYTUCTHIX 3a00JIeBaHUH Y JII0JIeH, BAPHAHTHI T€HOB
KOTOpPBIX KOAUPYIOT (EepMEHT «MeaIeHHOro» Merabonu3ma KkodeuHa. Hamportus, moau, umeromune
TCHETUYECKUE BapHUaHThI, CBS3aHHBIE C OBICTPHIM METa0OJU3MOM KO(eHHa, 3alIMIIEHBl OT IIOCIEICTBUIl
yYMEpEeHHOT0 NoTpednenus kodenHa.

[Tpucyrctue B reHotune 3ameHbl G>A B reHe APOA1 (sSBisieTCs OCHOBHBIM OEIKOBBIM KOMIIOHEHTOM
JUIMONPOTENHOB BbICOKO# TtoTHOCTH (JITIBII) B ma3me KpoBH) MPHBOIWT K TOMY, YTO Y JIFOJEH ¢ ajureneM A
HaOMromaeTcsl TOBBINICHHBIH  ypoBeHb  xonectepmHa JI[IBII mocnme  TMOBBIDNICHHOTO — TOTpPEOICHUS
JUTMHHOIIETIOUEYHBIX OMeTa-3 TMOJUHEHACHIeHHbIX kHupHBIX kucioT (ITHXK), B To Bpems kak y sromed ¢
reHoTHIIOM GG 3TOT AP PEKT HE IPOSBIACTCS.

®daxrop pucka SNP B reHe CBHIBOPOTOYHOW W TIIOKOKOPTHKOHMI-WHIyHHpyemMod kuHaszbl 1 (SGKI)
00yCITIOBIICH TE€M, UTO JaHHas KHHA3a aKTHBUPYET KalHeBbIC, HATPUEBBIC U XJIIOPUAHBIC KaHABI, KOHTPOIAPYS B
TOM YHCJIE€ M MOYEUYHYI0 JKCKpeluio HaTpus. [103ToMy BBICOKHE YpPOBHH 3KCIIPECCHH ITOTO T'€Ha MOTYT
CHOCOOCTBOBaTh TaKHMM COCTOSHHMSM, Kak THIEPTOHUS M nauaderudeckas Hedpomatus. CienoBarenbHO,
NOJIUMOP(H3M JIAHHOTO TEHa SBISETCS OJHOW W3 IPHYHMH IOBBIIMIEHHOTO KpPOBSIHOTO JaBJICHHS IIPH
yIOTpeOJICHNU TUINU C TOBBIIMICHHBIM COZAEp)KaHueM coju. HanporTuB, pa3paboTka NepcOHATHM3MPOBAHHBIX
paIMoOHOB THTaHHUA B COOTBETCTBHM C BBIABICHHBIMH reHoTHnamMu ACE (aHTMOTEH3WH [-mpeBpararomiero
(depMeHTa), MOTYT COZAEpKaTh PEKOMEHJAIMU N0 TOTPeONeHHI0 XJIOpHAa HATpPHs, B CpPaBHEHHH CO
CTaHJAPTHBIMHU TUCTHICCKIMH PEKOMECHIAMAMU IS TAaHHOM MTOITYIISIINH.

OnnHonykiaeotuanple noauMopdusmbl (SNP) B rene VDR (peuenTop BuTamMuHa D) OKa3pIBalOT Ha
yCBOGHHE BHUTaMHHa D M MOTYT OBITH CBSI3aHBI C IPEAPACIIONIOKEHHOCTHIO K OCTEOIOpO3y Y JKCHIIMH B
MOCTMEHONay3e Ha (poHe HEAOCTATOUHOTO MTOTPEOJICHUST KaJIbIIHSI.

INPAKTUYECKOE TIPUMEHEHHUE TEHOB MAPKEPOB B PEKOMEHJIAIUAX K
IHOTPEBJIEHUIO ITMIIEBBIX TPOAYKTOB
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Paryion nuTaHus HapSAMYIO BIUSET Ha COCTOSIHUE 37J0POBbs YeJIoBeKa. B 4acTHOCTH, MOJIeNb MTUTAHUS,
OCHOBaHHasi Ha IPEUMYILECTBEHHOM YIOTPEOJICHUN NHIIEBBIX IPOJYKTOB Ha OCHOBE BBICOKOH CTEIEHH
nepepabOTKA 3€PHOBBIX M MsICa, a TAKKe OOOTAICHHOH CIAIOCTSIMH U JecepTaMu (3amagHasi MOJEb ITHTAHS)
dopMHupyeT y dYeloBeKa TEHETHUYECKHH NPO(HIb, CIIOCOOCTBYIOMIUN KaHIEPOTEHE3y M CTHMYIUPYIOIINI
BOCTIAJINTENBHEIC PEaKnuu. Takke, BBICOKOE IOTPEOJICHHE >KUBOTHOTO O€lka CIIOCOOCTBYET MOBHIIICHHOMY
PHUCKY paka ToJCTOH Kumku. OJHAKO, PAMOHBI IUTAHKS C HEOCTATOYHBIM COZICpIKaHHEeM OeKa yBEeITHIUBAIOT
SKCIPECCHIO TEHOB TIIIOKOHEOTEHe3a MCUCHH, YTO MOYKET IPUBECTH K HAPYIICHHIO TOJIEPAHTHOCTH K TIFOKO3E.
Bricokne ypoBHH TOTPeOICHHS )KUBOTHEIX KHPOB (HOPMHUPYIOT PO(HIH IKCIPECCHN T€HOB, XapaKTePHBIN IS
HETMEepEeHOCUMOCTH TJIOKO3bI, JENOHUPOBaHMUA JHUIHIOB B IEYEHM, MHAYKIMM BOCHAJICHHUS M IOBBIIICHHOW
9KCIPECCHH HEWPONENTHAOB, YTO NPUBOJUT K Pa3BUTHUIO OXUpeHMs. HampoTuB, ynorpeOjieHue B THILY
cOaNaHCHPOBaHHBIX KOJMYECTB Oelika, HE TepepadOTaHHBIX KPYI, MOHO- W IIOJMHEHACBHIIIEHHBIX MKHPHBIX
KUCJIOT, (PYKTOB W OBOILIEH MNpEISTCTBYET BBINIE yKa3aHHBIM HeraTUBHbIM 3(ddextam. Bricokue ypoBHH
MOTpeONIeHNUsT MOHOHEHACHIIIEHHBIX JKUPHBIX KHUCIOT (OJMBKOBOE MAacl0) acCOLMUPYETCS CO CHIDKCHHEM
9KCIPECCHH T'€HOB BOCIAICHUS M JCTIOHUPOBAHMS JHUIUAOB. J[METhI, OCHOBAaHHBIC Ha BBICOKOM COJAEp>KaHUU
MTOJIMHCHACHIIIICHHBIX  JKAPHBIX KHCJIOT, MO3UTHBHO PETYIUPYIOT 3KCIPECCHI0 TEHOB HEHPOIICNTHIOB,
KOHTPOJIMPYIOIINX YHEPTETHYCCKUA TOMEOCTa3.

'eneTnueckne aHoManud OOMEHHBIX IPOIECCOB BBI3BAaHBI MYTAlMsIMH B COOTBETCTBYIOIIUX TI€HAX,
KOTOpBIE KOOUPYIOT NaHHbIE (PEPMEHTHL. JTH IATOJOTHYSCKHE BAPHAHTHI T€HOB KadeCTBEHHO H3MEHSIOT
MOoTpeOHOCTh OpraHW3Ma B XHUMHYCCKOM COCTaBE IMPOAYKTOB MUTaHHA. KiTacCHYECKHMH TpPUMEpaMH TaKUX
HACJICICTBEHHBIX aHOMAJIMH SBIISIOTCS HEMEPEHOCUMOCTD JIAKTO3bI M (peHmikeTonypus. Bapuant T>C-13910 B
reHe jaktassl (LCT) MpUBOIUT K HEYCTOHYMBOCTU MJIM OTCYTCTBHIO (DepMEHTa JaKTa3bl B 3pesioM Bo3pacTe. B
CBSI3U C 9THM JIIOAH, O0JIA/IAfOIIe STUM ITaTOJIOTUYECKHM BapUAHTOM T'€Ha, HE B COCTOSHHU YCBaMBaTh JIAKTO3Y.
C napyroit CTOpOHBI, (EHUIKETOHYpHUS SIBISICTCS ayTOCOMHO-PEIIECCHBHBIM 3a00J€BaHHEM, BbI3BAHHBIM
MyTanusiMu B reHe (eHunanaHuHruapoxcuwnassl ( PAH ), OCHOBHOTO IEYeHOYHOTro (epMeHTa, KOTOpBIit
OTBEYaeT 3a IpeBpalieHue GeHnIanaHiHa B THPO3HH.

Juetndyeckne MoJEIH, KOTOPbIE PEKOMEHAYIOT KPYIbI, OBOLIM M (PYKTHI, a TAKKE OrPAaHUYUBAIOT
moTpeOIeHHe HACHIIIEHHBIX JKUPOB MPOAEMOHCTPUPOBATH 3(PPEKTUBHOCTE B CHIDKCHHH PHUCKA OXUPEHUS Y
JOAEH ¢ BBICOKMMH ITOKa3aTEISIMH TeHETUIECKOH MpenpacoioKeHHOCTH K 0KHPEHUI0, 0COOCHHO Y JIONEH C
ayurensiMu prucka reHa FT0 1$9939609, rs1121980 u rs1421085. Jlanaslie BapuanThel TeHa F'7T0 TpeOyrOT paliona
MUTaHUs, 000TAIIEHHOTO KPYIIAMH, OBOIIAMA B (DPYKTaMH TIPH MUHUMAaJIbHOM COJIEPYKAHUU KUBOTHBIX KHPOB.
Kpome Toro, Bapmant reHa FTO (rs1421085) mpenpacronaracT K IOBBIIICHHOMY IOTpeONICHHIO Oelka,
HE3aBHUCHMO OT HHIEKCA MacCHI Tela.

CnenoBarensHo, nonuMmopdusmbl reHa FTO TPENCTaBIAIOT PUCKH JUIS  JIIOACH, CTpaJarolux
oXHpeHueM. TakuM JMIaM peKOMEHAYETCs IMeTa CO CHIKEHHBIM ITOTPEOJICHHEM )KUBOTHBIX )KUPOB U BBICOKAs
(u3nyeckas akTUBHOCTb.

VYcraHoBiieHo, yTO Hajuuue amneis (A) BapuaHTa reHa cBsizpiBatomiero Ca2+ Oenka 39 (CAB39)
156722579 conpsKEeHO C TIOBBIIICHHOM BOCHPUMMYMBOCTBIO K aOJOMUHAIBHOMY OXHPEHHMIO Y TeX, KTO
NPEBBIIAET PEKOMEHIyeMble HOPMBbI TOTpeOsieHHs XUpoB. Torna, kak y mopei, Hecymux amiens (T) rena
kapOokcumentuaazsl Q (CPQ) rs59465035, HaOMOOAI0T MOHIMKEHAYIO BOCTIPHUMYHUBOCTD K a0JJOMHUHAIBHOMY
O0KHUPEHUI0, OCOOCHHO B CIIydYasx MOBHIIICHHOTO MOTpebaeHns ButamuHa C.

Jst mar ¢ neduruToM (oJmeBoi KUCITOTH (momuMopdu3 reHa MTHFR) peKOMeHIyeTCs TMOBBIIICHUE
moTpeOIeHNsT MPOIAYKTOB IMUTAHMUSA C BBEICOKAM COJACp)KaHWEM (OJMEBON KHCIOTH (LUTPYCOBBIC, OaHAHEI,
0000BBIC, 3€lIcHb, fAWIa, MEYeHb). TakoW paIioH MUTAHWS TPUBOAUT K OTYCTIMBOMY CHIDKCHHIO pHCKA
CepIeYHO-COCYTUCTHIX 3a00IeBaHMI.

[Monumopdusm reHa APOE OTHOCHTCS K JIFOJSIM C PUCKOM CEpACYHO-COCYAMCTHIX 3abosicBaHuii. B
3TOM Cilydae PEeKOMEHJYeTCsl CHIDKEHHE YINOTpeOIeHNs )KUBOTHBIX JKUPOB M yBEJIHUEHHE COJCPKAHUSA oMera-3
XKHUPHBIX KUCIOT B pallMOHE TUTAHUS.

[Monmumopdusm reHoB TCF7L2 u PPARG conpsbkeH ¢ puckoM auabera W TpeOyeT OrpaHHueHHUs
MOTPEOIEHHUS MUY C BBICOKUM COJICPKaHUEM YTJIEBOIOB.

T'EHETUYECKHUE OCHOBBI KOHTPOJISA MACCBI TEJIA

Osxupenne sBiseTcs TI00aNBPHON MpoOseMoil 3apaBooxpaHeHus. OXXHpEHHE paccMaTpHBacTCs, Kak
MIPEJUKTOP OMACHBIX XPOHHYECKHUX 3a0oseBaHUil ofei Bo BCEM MHUpe: caXxapHbIi nuaber 2 Tuma, cepAedHo-
cocyaucThie 3a00JIeBaHMs, METa0OIMYECKUI CHHAPOM, HeiipoJiereHepaTHBHbIE 3a00JIeBaHUs 1 HEKOTOPHIE BUIBI
OHKOIATONIOTHH. B KkadecTBe WIITIOCTpAliM MOXHO IPHUBECTH JaHHbIE CTaTUCTHKH 3a 2017-2018 rr. mo
cocTosiHMIO TaHHOU mpobiemsl B CHIA, koTopble moka3siBaroT, 4to 42,4% u 9,2% B3pOCIBIX IpaXXAaH CTPaHBI
CTpa/laloT COOTBETCTBEHHO OXKMPEHUEM U TSDKEIIOW (hOPMOH OXKHUPEHUSL.
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Ha mepBbIii B3I, pelieHne npooOIeMbl 0KMPEHUST Ype3BbIUaiiHO MpocToe — coOMIoIeHne OanaHca B
OpraHu3Me MeXAy MOTPeOJIeHHBIMM M TOTPaYeHHBIMH KajopusiMH. Tem He MeHee, 3TO He Tak. KiroueBoii
OCOOCHHOCTBIO OXXKHUPCHHUS SBJSICTCS HApyImIeHHEe caMUX (DHU3HOJOTHYCCKAX MEXaHH3MOB  PETYISIHH
SHEpPreTHIecKkoro ooMeHa. B 3Tux coOpITHAX meHTpanbHas pons npuHamnexuT [{HC u sHpokpuHHOMN cucTeme,
BEITIOJTHSIONIAM Ba)KHEHITNEe (YHKIIUN B PETYJIAIHUU allleTUTa, 9YyBCTBAa HACHIIMICHUS W PacXoia SHEPTHH, MPH
9TOM THIIOTATAMYC SBISCTCS TJIABHBIM PETYIATOPOM 3THUX MPOIEeccoB. ApKyaTHoe (ayrooOpasHoe) sapo
rurotanamyca (ARC), wim maTepanbHBIA THUNOTATaMyC — IEHTPaJbHOE 3BCHO YIIPABICHHS IPOIECCAMH
HacelmeHuss nwmed.  Sapo ARC  comepXuWT HEHpOHBI, KOTOpPBIE OKCIPECCHPYIOT (PYHKIIHOHATIHHO
AQHTarOHUCTHYECKHE MNEeNTUABI. OTO OPEKCUTeHHBIE MENTHABI, CTUMYIUPYIOIIME amIleTHT: Hedporentun Y
(komupyeMblii TeHOM NPY) W aryTH-pOJACTBEHHBIM TENTHU] - AaHTarOHUCT PEIENTOPOB MENaHOKOPTHHA-3 U
MeJaHOKOpTHHA-4 (KoaupyeMblii y yenoBeka reHoM AGRP), a Takke aHOpEeKCUTeHHbIE, TIOABIISIONINE alleTUT:
MIPOOIMOMENaHOKOPTHH (KoaupyeMblii TeHoM POMC) u kokauH M aM(peTaMHH-peryIupyeMblid TpaHCKpHUNT (Y
yenoBeka kogupyemblii reHom CARTPT)) nentuapl. Cpa3dy OTMETHM, YTO MOJMMOP(GH3M YKa3aHHBIX T'€HOB Y
YeJOBeKa MOXKET SIBJSITHCS TPUYMHOW HapyLICHWH OOMEHHBIX IIPOLECCOB, BKIIOYas oxupenue. K
nepruepruIecKoMy 3BEHY KOHTPOJIS IHIICBOTO IOBEACHUS CIEIyeT OTHECTH CHTHANBI, TAKHX TOPMOHOB, Kak
JIETITAH, MHCYJTUH ¥ TOPMOHBI KUIIIEYHUKA (XONEIUCTOKIMHNH (Komupyembrii reHoM CCK), rpenuH (KOIUpyeMbIit
redoM GHRL), mentuag YY (xomupyembiii reHoM PYY), nmokaroHomonoOHei mentua-1  (GLPI,
CHHTE3UPYEMBIH M3 IMENTHIA MPOTIIOKAaroHa B XOJE€ MOCTTPAHCIAIHOHHOTO MPOIECCHHTa B YHIOKPUHHBIX L-
KJIETKaX KUIICYHHWKA) W psia APYTHX (U3UOJOTHYCCKH AaKTUBHBIX MENTHAOB. VHTerpamus ropMOHAITBHBIX H
MMUIIEBBIX CHUTHAJIOB OT CHCTEMBI KpPOBOOOpAamicHHs H Tepu(epruecKuX H IIEHTPaIbHBIX HEHPOHAIHHBIX
CUTHAJIOB OKOHYATENBHO ocyiecTBisercs B ARC, popMupys peakiyio Ha CTENeHb HIIEBOr0 HACHIICHHS.

CocrosiHE KOMIIOHEHTOB OOOMX YpPOBHEH KOHTpOJISI DHEPreTHYeCKOro oOOMEHa, MOTpeOieHus W
pacxosia SHEpIUM MOKET U3MEHSATHCS II0J1 BIUSHUAEM MOJIMMOP(HU3Ma IeHOB, AUTEHETUUECKUX MOAU(DHKAIHH,
COCTOSIHHSI MHKpOOHMOMa, o0pa3a >KH3HH, a TaKXKe COLHMAaIbHBIX U TICUXOJOrMYecKuX (HakTopoB, B (uHaie
MIPUBOAS K OKUPEHUIO.

CrenoBarenbHO, HEOOXOAUMO YYUTHIBATH, YTO HACJECACTBEHHAS! COCTABIISIONIAS SIBJSICTCS JIUIIB OJTHUM
U3 MHOXECTBA acIleKTOB, NPHHIMAEeMBIX B pacdéT TPH COCTABICHWU palfioHa mUTaHuA. Kpome
HACIICZICTBEHHOTO (haKkTOpa HAa OCOOCHHOCTH WHIWBHUAYAIFHOW pEaKIWH OpraHM3Ma Ha TPOMYKTHI IHTAHHS
MOTYT OKa3bIBaTh BIMSHUC W LEJIBIH Pl APYTHX (PaKTOPOB: SIHUTCHETHYECKHE, MUKPOOMOMHEBIC (HampuMmep,
MHUKpO(hIIOpa KAIICYHUKA) F SKOJIOTHIECKHE.

Mexny TeMm, WHAWBHAyATbHAs W3MEHUYMBOCTH IOKAa3aTeNsl MAcChl Tela MMEET NOCTaTOYHO CHIIBHYIO
TCHETHYECKYI0 OCHOBY. Pe3yibTaThl, MOMyYeHHBIC C HCIOIH30BAHUEM ONM3HEIIOBOTO METOAA M B XOJIE aHAIIN3a
ceMeMHON HacleqyeMOCTH JaHHOTO IIPU3HAKa, OIICHUBAIOT CTENEHb HAcIeIyeMOCTH MacChl Tejla B AHAaNa3oHe
40-70%.

B Hactositiee Bpemst uaeHTH(GHUIUPOBAHO 0KOJO 500 TEHETHUYECKHX JIOKYCOB, KOPPEIUPYIOIIUX C
OCHOBHBIMHM TPU3HAKaMHU OKHPEHHUS, TaKWe, KaK COOTHOIICHHE TalMM K OenpaM WM HMHJAEKC Macchl Tela.
I'enernueckuid sokyc FTO, cBA3aHHBIM C Maccoil XMPOBOW TKaHU M OXHUPEHHEM, CUUTaeTCs Hamboiee
aKTyaJbHBIM '€HETHYECKUM MapKepoM, BIHIOIMM Ha Maccy Telna.

OCHOBHBIC BapHWaHTHl TCHOB, BOBJCUCHHBIC B (HOPMUPOBAHHWE PHCKA OXHUPCHUS W CBA3aHHBIX C
0)XKHUPEHUEM PacCTPOMCTB, pacoiokeHbl B ciaenywiux reHax: ADIPOQ, FTO, LEPR, LEP, MC4R, INSIG2,
PPARG, PCSK1, ADBR3, ADBR2, PPARy, APOAI, GHRL, APOAS, FABP2, LIPC, MTNRIB, TCF7L2, CETP,
GIPR, NPY, IRS1 n PCSK]1.

Hampumep, ren FABP2 (06eloK, CBS3BIBAIOIINKA KHPHBIC KHUCIOTHI 2), SKCIPECCHUPYETCS SIUTEIHEM
TOHKOTO KHIICYHWKA W TIPUHAMAaET YJacTHe B MpoIleccaX BCACHIBAHUS JKHUPOB. BapmaHTHl JaHHOTO T€HA MOTYT
cnocoOcTBOBaTh  Ooyiee  BBICOKO — abcopOuuu kMpa ¥ OPUBOJAMTH K  OXupeHuto. FEme oxauH
red PPARG (pernientop, akTUBUPYEMBIH TIPOIU(EPaTOPOM IEPOKCUCOM-TAMMa) IKCIIPECCUPYETCS B aUITOIIMTAX
U MI'paeT BAKHYIO pojb B X nuddepeniupoBke. B HacTosiiiee BpeMs: yCTaHOBJICHA acCOLMAIMs NoIuMopdu3mMa
reHa PPARG c 4YyBCTBUTENBHOCTBIO K HHCYJHHY M HMHIEKCOM Macchl Tena. Kpome TOro, M3BECTHO, UTO
ren TMEMI18 (tpancmeMOpaHHbIii Oerok 18) MOXEeT perysiMpoBaTh ammeTHT, Maccy Tella U CII0OCOOCTBOBATh
OXHMpEeHHI0. B jomojHeHWe, yCTaHOBJIEHO, 4YTO MOHOTeHHass QopMa OXHUPEHHsS MOXET OBbITh BbI3BaHA
CHIDKeHHeM dKcnpeccnn TeHa MC4R (penenTop MeTaHOKOPTHHA-4).

B3AVMMOJIEMCTBUE BAPUAHTOB 'EHOB C IUTAHUEM, IPUBO/IAIIEE K O)KUPEHUIO

I/IHTepec K HCCICI0BaHUAM BSaHMOI[eﬁCTBI/IH TCHCTUYCCKUX BAapHaHTOB C PpAalMOHOM IIUTAHUA U
IpyruMu (akTopaMH Cpelbl, Kak, HampuMep, (u3uyeckas aKTHBHOCTb, OOYCIIOBIICH pa3paboTKO#l croco0oB
npouIakTHKK OXUpeHus. [lodToMy B pasHBIX TNOMYJSLHUAX aHAJIM3UPYETCs BIHMSHUE HOIUMOpdu3Ma
MAapKEpHBIX T'€CHOB M pPalfMOHOB IMHUTAaHUA (C HU3KUM WA BBICOKMM COJACPKAHUEM MOHOCaxapoB, OoraThIX
JKUBOTHBIMHU JKMpPaMH, C HEJOCTATOYHBIM COJEp>KaHHEeM Oelka) Ha PUCKHU pa3BUTHA oxkupeHus. Ilpu stom
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YUUTHIBACTCS HE TOJBKO XUMHUYCCKHI COCTAB MHUIIM, YPOBEHb 00OTAIICHHS UCTHI YIIIEBOIAMH HITH )KUPAMH, HO
Y CyTOYHBIN PUTM IpHUeMa MHUIIIHN.

PesynbraThl, IONMydeHHBIE B TOM HAIpaBIICHUH, HATIPUMEp, TIOKa3ali, YTO OTPaHUICHUE HACHIICHHBIX
KHUPOB B palOHE MUTaHUSA Ooinee A(PQPEKTHBHBI Cpend JIOJAeH ¢ H30BITOYHBIM BECOM H OXXKHPECHHEM C
reHotunioM /RS rs2943641 CC. Taxke yCTaHOBIECHO, YTO JIOAM C M30BITOYHBIM BECOM U OKHPEHUEM, HECYIIIHE
amrens T PPMIK 151440581, wmoryt »¢dekTuBHel n00WBaThCA TOTEPH Beca TPU  COOIIOJACHHUH
HU3KOYTJIEBOJTHOW JHETHI.

B Toxe Bpemsi, HHANBHAIYAIbHEIE OCOOCHHOCTH B MHINEBOM MPEAIIOYTEHIH TeX WIN HHBIX IPOIYKTOB
TaKXe CBA3aHBl C PUCKAaMM Pa3BUTHUA OXUpeHHUs. B nurepaType mpeiaraercst CIHCOK I'€HOB, BIMAIONUINX Ha
npeanouTeHus B ene, BkimouaeT: FTO (1s9939609), MC4R (rs17782313), DRD?2 (rs1800497). B nannom ciydae
MOJl TPEIIOYTEHUSIMH B e€1e IOHHMMAeTcss CKIOHHOCTh K IIepeellaHHio, oIpenensieMas I'€HeTHYECKHUMHU
HNOJIUMOPPHU3IMaMH.

I'en FTO xonupyeT O€JOK, KOTOPBIH y4acTBYeT B SHEPIETHUCCKOM OOMEHE, OKHCIUTEIBHBIX PEaKIUIX
u MeraboiM3Me JKUPHBIX KHCIOT. Bo3MoxkHO, Oenok mnpuHHMMaeT ydvactue B aemerwiupoanuu JIHK.
PesynbTaThl TOMYNANMOHHBIX HCCICAOBAHMHA MO3BOJMJIM YCTAHOBHUTH BBICOKYIO CTEICHb B3aWMOCBS3H
MOTMMOP(HU3MOB TAaHHOTO T€HA C MHICKCOM MAaCCHI Tela, PUCKOM OXKHPCHUS W CaxapHBIM nuabeToM 2 Tuma.
Omun 13 SNP manHoro reHa (rs9939609) cBsizaH ¢ yBeIMYSHHEM HHACKCAa MACcChl Tella H OKUpEeHHEeM. Bricokas
skcpeccust FTO cBsi3aHa ¢ 6oiee BBICOKIM MOTPEOICHNEM MUY U TOCIEAYIONINM YBETHICHHEM MaccChl Tella ’
JKHpa, IPH YCIOBUH, YTO YPOBEHb PAcXo/ia SHEPTHH U (PU3NUECKON aKTUBHOCTH OCTACTCS HEHM3MCHHBIM.

I'en MC4R xomupyeT O€OK, KOTOPBIA SIBISETCS MEMOPAHOCBS3aHHBIM PEIENITOPOM M UICHOM
ceMelcTBa MEIIaHOKOPTUHOBBIX pELENnToOpOB. Konupyemsrit Oenox B3aUMOJICHCTBYET c
aJPCHOKOPTUKOTPONTHBIMA TOPMOHaMU W TopMoHamMu MSH (MenaHOUUTCTUMYIHPYIONINE TOPMOHBI), €ro
a¢dexThl omocpenyercs G-Oenkamu. Bellok WrpaeT BaXHYIO POJb B DHEPTETHUCCKOM TOMEOCTA3€ U PEryJIsAIiU
MHUIIEBBIX MPeanoYTeHuil. benok, B coueTaHny ¢ MEeTaHTPOIIMHOM, KOHTPOJIUPYET YyBCTBO HachlleHus. Kpome
Toro, red MC4R urpaet KIIIO4EBYI0 pOJib B PEryJisilMU ToMeocTas3a ritoko3bl. [lomumopdusm rena (rs17782313)
SIBIISICTCA IPUIMHON MOHOTEHHOT'O OXKHPEHUSI, HacIeyeMOro 10 ayTOCOMHO-IOMUHAHTHOMY THITY.
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PA3JIEJI 7. TEHETHYECKAS KAPTA CIIOPTCMEHA
BBEJEHUE

BeposiTHOCTE HacieqyeMOCTH cTaTyca CHOPTCMEHA COCTaBISIET OKoJo 66%, uro o3Hayaer, 4ro 66%
JUCIIEPCHN B CIIOPTUBHBIX pE3ynbTaTax OOBSICHAECTCS TeHeTHYecKUMH (akTopamu, a ocraBmmecs 34%
o0BscHSIOTCS  (hakTOopamMH OKpyxkatomeil cpeapl. [Ipu 3ToM, HaclmemyeMocTh OTAENBHBIX (DEHOTHUIIOB,
OTIPENETSIIONINX CIIOPTUBHBIE OCTHKCHUS, HanOOJIee BBICOKA JUII COCTaBa BOJOKOH CKENETHBIX MBI 45—
99,5%, 49-56% nmns mblmedHol cuisl U 44-68% a1 KapIuopecnupaTopHoit cocTapistomeit. [loMmumo 3Toro x
y)Ke YKa3aHHbIM (DU3HONIOTHUECKMM (DEHOTHIIAaM MOXKHO JOMOJIHUTH, YTO MpeArojaraeMas HacleayeMOCTh
pHCKa CHOPTHBHBIX TpaBM cocTaBiseT 60-80%. DT maHHBIE CBHICTEILCTBYIOT O TOM, YTO IIOKa €Ile He
BBISIBJICHHBIE T'€HETHYECKHE (haKTOphl MOTYT WMIpaTh PEIIAIONIYI0 pOjib B OTOOPE 3JIMTHBIX CIIOPTCMEHOB M
MPOTHO3UPOBAHUH CIIOPTHBHBIX PE3YJIbTATOB.

KaprupoBaHue 1 nccieqoBaHue JMHAMHYECKHX MOJIEKYIISIPHBIX CETEH, JeXalluX B OCHOBE (PM3NYECKUX
YIpaKHEHUH YENOBEKa, KaK IPAaBWJIO, BKIIOYaeT B ceds IMOIXOIBI, COCPEAOTOUCHHBIE Ha TeHax, Oenkax,
MEeNTHIaX, MOCTTPAHCIAINOHHBIX MOAM(PUKAIMIX, JUIUAAX W MeTaboiauTax B psge oOpasloB TKaHEH u
KHUIKOCTEH OpraHn3Ma. JTH METaOOJIMIECKHE aCTIeKThl HE CIISyeT pacCMaTpUBaTh KaK COBEPIICHHO OTACIbHBIC
HanpaBJCHUs, ITOCKOJIbKY HHTETpalys II0 3THM HampaBieHUSAM OyIeT HMETh pellarouiee 3HAaueHHe It
pasrpaHHYECHUST MOJEKYJSIPHBIX ceTeil M cBs3eid. Kpome TOoro, Kakmoe HampaBICHHE MOXET OBITh aaiee
pa3ziesieHo Ha OTAENbHBIE O0JACTH, BKIIOYAIONINE PA3IMYHBIE TEXHOJOTWYECKHE MOAXOAbl. B coBokymHOCTH
HAalpaBJeHUs UCCIICAOBAHUI TEHOMHUKH PAacUIMPWIN Hallle TOHMMaHHUE B3aUMOJACHCTBUS T€HETHUECKOTO (hoHa U
OKpy)XKarolled cpenbl B CIOPTHBHBIX pE3yJbTaTax 4YeNOBeKa M peakUud Ha (QU3MYecKHe yIpaKHEHHS.
TexHosornyeckue JOCTHKEHHS TE€HOMHMKH Telepb NPEeNOCTaBISIIOT IUIaTdopMbl Uit Oojiee JEmeBOr0 U
OBICTPOTrO ITyOOKOTO CEKBEHHPOBAHUS YEIOBEYECKOro reHoMa. [Ipenblayiiie reHeTHYecKue HCCIeIOBaHus, B
MIEPBYIO OYepe/lb OCHOBAHHBIC HA MEHBILUX, FETEPOreHHBIX KOIOPTax, OLIEHUBAIN I'€HbI-KaHAUAThl U BAPHAHTBHI.
HccnenoBanus accoruarnuii mo Bcemy renomy (GWAS) BeissBUIN BapuaHTHI reHoB (Hanpumep, ACTN3 u ACE)
U OTHOHYKJICOTHIHBIE momuMopdu3Mbl (SNP), moTeHInanbsHO BiIHsIONINEe Ha GU3NIESCKYI0 paboTOCTIOCOOHOCTH
YeJIOBEeKa, IOJIb3y IS 3I0POBBS OT (DM3MUECKHX YNPAKHEHHH M NPEAUKTOPHI PEakIuu Ha (U3HUECKHE
yrnpakHeHus. MoeKyssIpHbIe OCHOBBI B3aMMOZEHCTBUS TEHOB, JISKAIFe B OCHOBE PEaKIMHM dYeloBeKa Ha
¢du3nyeckne yrnpaxHeHHs, CI0XHBI. OIHAKO XOPOIIO M3BECTHO, YTO TEHETHYECKAass W3MEHUMBOCTH BIHSACT Ha
B3aMMOJICHICTBHE T€HOB M YCIIEXHM B CHOpTE. YCWINS 1O KapTHPOBAHHIO BCETO I'€éHOMa B 0Oojiee KPYIHBIX
KOTOpPTaX IIOMOTYT pAacKphITh 3TOT YPOBEHb CIOXHOCTH. HenaBHO ObUTM HayaThl MHOTOLEHTPOBBIC
uccienoBaTenbckue padotel, Takne kak KoHcopruym mpoekra Athlome, 4ToOBI MOMOYB peann30BaTh 3Ty
I7I00AJIbHYIO CTPATEeTHIO. OTH YCHINS CYIIECTBEHHO PACIIUPAT KaTaJor B3aMMOACHCTBUM I'€HOB U yNpakKHECHUH
W NPHUBEAYT K OyIyLIMM HCCIIEJOBaHUSM TOTrO, KaKk 3TH I'eHbl CBSI3aHBI C M3MEHEHHsSIMH BO BHEIIHEH cpeje,
4TOOBI ONpeAeUTh (YHKIIMOHATIBHBIE OCHOBBI aJaNTallui K TPEHUPOBKaM.

TEHETUYECKHUE OCHOBBI CIHOPTUBHbIX TOCTUXXEHUM

CnopTuBHbIE Pe3yJIbTAThI YeJIOBEKA — 3TO CIIOKHBIH (DEHOTHUII, HA KOTOPBIN BIHSIOT SKOJIOTHUSCKHE
U reHeTnveckue (HakTopbl, MPU ITOM OOJIBIIUHCTBO MPHU3HAKOB, CBS3aHHBIX ¢ (PU3UYECCKUMHU YIPAKHEHHUSIMH,
SIBJISIIOTCS MOJIMTEHHBIMU 110 CBOEii npupoje.

Yeptsl ¢usuueckoit padotocnocobHoctn uenoBeka (PPT) u amantanmu k TpEeHUPOBKAM SIBIISIOTCS
pe3yJbTaTOM B3aWMOJICHCTBUS MHOXKECTBA BHYTPEHHHX M BHEHIHUX (AKTOPOB, BKIIOYAs TE, KOTOPBIC
KIaCCUDUIUPYIOTCS  KaK  JKOJOTHYECKHE, TCHCTHYCCKHe, aHATOMHYCCKHE,  (U3UOJOTHUCCKHUE |
MICUXOJIOTHYCCKHE.

CoopTHBHAasi TeHOMHKA — 3TO HayYHas MUCIMIUIMHA, U3yYalolias OpraHu3amnuio U QyHKIIMKA reHoMa
y DIIUTHBIX CIIOPTCMEHOB W HAlpaBleHHass Ha Pa3pabOTKy MOJICKYJISAPHBIX METOJOB, KOTOPbIE MOTYT OBITH
HUCIIOJIb30BAaHbBI B CHOpTHBHOfI MeI[I/IHHHCKOﬁ MpaKTUKE, NEPCOHAIU3UPOBAHHBIX TPEHUPOBKAX, HAa3HAUYCHUU
MUTaHHUS ¥ TPOQHIAKTUKE TPAaBM M 3a00JI€BaHUM, CBI3aHHBIX C (PU3UUECKUMH yIpaKHEHUsIMU. OTHOCHUTEIBHO
HemaBHO ObUTa COPMHUPOBaHA HOBasi MUCLUILIMHA B 3TOM 00NACTH, HM3BECTHAs Kak KHHE3MOTeHOMMKA,
00BEMHSIONAS KHHE3UOJIOTHI0 — HAayYHOEe M3YYCHHE JBIDKCHUS YeloBeKa — U reHoMuKy. C TOYKU 3peHUs
CHOPTHBHOM TOATOTOBKH U (PU3MYECKUX YIPAKHEHUH K MMOKA3aTeNsM, ONPEACIAEMbIM OOIMMHU BapHALHUSIMU
nmocienoarenbiocTd JIHK demoBeka, OTHOCSITCSA MBIIICYHAs [MOJArOTOBICHHOCTh, IOBEJACHHUE BO BpeMs
yIpaXXHEHUH, CIIOCOOHOCTh K KapIUOPECIHPATOPHOM, CepIedHO-COCYIUCTOH U MeTabOIMYEeCKOi ajanTanui K
OCTPBIM Harpy3kaMm M BOCIPHMMYHBOCTh K IIOCTOSHHBIM TpeHHpoBKaM. CTaTyc cmopTcMeHa caMm 1o cebe
sIBJIsIeTCS] B BBICOKOM CTenmeHHM HacJiefyeMoil 4epToi, mpu 3ToM OT 66% 10 70% nucnepcuu B craryce
CIIOPTCMEHA OOBJACHAETCH AIMTHBHBIMH TeHEeTHYECKHMH (PAKTOPpAMHU, a OCTaBINAsCsA JUCICPCHUS
o0ycioBneHa (hakTopaMu OKpYXaroIeil Cpeibl, KOTOPHIC BKJIIOYAIOT B CeOS TPCHUPOBKH, MUTAHUC H
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MOTHBAIMIO CIOpTCMeHa. HaciencTBEHHOCTh MMEET O4eHb Ba)KHOE 3HAYCHHE IS OyAyIlero CHOpTCMEHa.
HmeroTest mokaszarenbeTBa Toro, uro 60% Bapuanuu 0a30BOM a’dpoOHON eMKOCTH U cepacuHoil yHkimu (30—
40% cepneunoro mapamerpa), 70-90% Bapuanum aHa3poOHOH MomHOCTH W 50-70% Bapnanuu MBIICYHOH
CHJIBI MOKHO OOBSCHHUTH T€HETHUECKIMH (hakTopamu. CIIOPTHBHBIM T€HETHKAM XOPOIIO M3BECTHO, YTO MHOTHE
13 OCHOBHBIX OHMOJIOTHUECKHX IIPOIECCOB, JISKAIINX B OCHOBE CHOPTHBHBIX pE3yJIbTAaTOB, HAXOIATCS O]
TCHETHYECKUM BIIMSIHAEM, BKJIIOYAs SHEPTETHYECKHH MeTaOOIM3M CKEJIETHBIX MBI, MHTOXOHAPHAIBHBIN
Onorene3, (OPMHPOBAHUE MBI, KOCTEH M XpsIIei, OKCHICHAlWs TKaHEH, 3PHUTPONO33 M AHTHOTCHES.
KonmmuectBo mWccinenoBaHnii, HANpaBIEHHBIX Ha BBIIBICHHE KOHKPETHBIX TE€HOB M WX BapHaHTOB,
CHOCOOCTBYIOIIMX BBIJAIOLUIMMCS Pe3yJIbTaTaM, KOTOPbIe MO Obl OOBSICHHUTH Pazindus B (PU3HOIOTHUECKHUX
BO3MOKHOCTSIX MEX/Y NIUTHBIMH CIIOPTCMEHAMH, B MOCIEIHEE BpeMsI pe3Ko Bo3pocio. Ha ocHOBe mosryueHHBIX
JIAHHBIX TPEUIOKEHa BO3MOXKHOCTH HCIIOJBb30BAaHMSI TE€HETUUECKOH MHGpOpPMAIMU Ul MaKCHMH3aluH
CHOPTHBHBIX PE3YJIbTATOB M NPENOTBPALICHHUS TPaBM, a TaKXKe IpelularaloTcs IpakTHYecKHe pa3padoTkw,
HUMEIOIIME UEJIbI0 KOHKPETHBIE JUETHYECKHE BMEIIATENbCTBA, KOTOpbIE MOTYT OBITh HHIMBUAYaJIbHO
aJaNTHPOBAHbBI B COOTBETCTBUH C MUKPOOMOMOM CIIOPTCMEHA.

I'EHBI, OIPEJEJIAIOINIMUE YCIIEXU B CIOPTE

Opa cropTHBHOIN TeHOMUKH Hadanack B Hadane 2000-x romoB mocie pacmudpoBku cTpykrypsl JHK
YeJI0BeKa W OTKPBITHS NepBbIX nonmmopdusmoB JJHK, cBsI3aHHBIX CO CIIOPTHBHBIME pe3yJabTaTaMu (Bapuanuu
reHoB ACE , ACTN3 , AMPD1 , PPARD u PPARGCIA ). CraTyc SIHTHOTO CIIOPTCMEHA — 3TO YaCTHIHO
Hacjeqyemas 4epTa, KaKk M MHOTHE U3 OCHOBOIIOJIAraroluX (U3HOJIIOTHYECKUX, AHTPOIOMETPUYECKHX U
NICUXOJIOTHYECKUX YepT, KOTOphIE CIOCOOCTBYIOT JJIMTHBIM pe3yiabTaTaM. B mocienHue rofasl MacuITaObI
TeHEeTHUECKOT0 aHajln3a KOHKPETHBIX TI'€HEeTHMYECKHMX BapHaHTOB, KOTOpBIE CIOCOOCTBYIOT uYepTaM 3JIMTHOTO
CHOPTCMEHa, pe3Ko Bo3pociu. J[aHHBIN MpoIlecc CTUMYIHPYET K IOMNBITKAM HCIIOJIB30BaTh I'€HETHYECKYIO
nHpOpMAIMIO B KauecTBE MHCTPYMEHTA JUIS IIPOTHO3UPOBAaHUs OYyJyIEro craryca JJIMTHOTO CIIOPTCMEHa.
HaxkormuieHHbIe pe3ybTaThl OLEHUBAIOT CTEIICHb ICHETHYECKOW HACIEeAyeMOCTH, CIOCOOCTBYIOIIEH CIIOPTUBHBIM
pesynbraTam. IIpu 3TOM TeHeTHYeCKHe 0COOEHHOCTH, MPEAPACIONAaraoIiie K BEIHOCIUBOCTH, IEMOHCTPUPYIOT
nmuana3oH 44%—68% pomn Hacmemyemoro ¢akropa. Torma, kKak 4YepThl CIIOPTCMEHA, CBSI3aHHBIC C CHIIOM,
MPeACTaBILIIOT uana3oH 48%—56% posnu Haciemyemoro ¢akropa. [IpuMepoM mnTOCTpalMu POl T€HOB B
3¢ PEeKTHBHOCTH (PU3UIECKUX YIpaxHeHUAX sBisiercss reH ACTN3. T'en xomupyer Oenok anmbga-aKTHHHH-3,
OTBEYAIOIINI 3a CHIIbHBIC MBIIICYHBIC COKpalleHus. BapuaHt reH co crom-komoHoMm (rs1815739; R577X)
MIPUBOJMT K MOJABICHUIO CHHTE3a (PyHKIMOHAIBHO aKTHBHOTO Oesika (reHotun XX). Y mofel, HeCymux 3TOT
TeHOTHII, oTcyTcTByeT Oeinok ACTN3. Hamportus, amtens R (reHotun RX wunmm RR) orBewaer 3a cunTes
¢dyukiuonansHoro Oenka ACTN3. M3BecTHO, YTO CIIOPTCMEHBI, 3aHUMAIOLIMECS] CUJIOBBIMU BHIAaMHU CIIOPTA,
yamie 007a1alT (QYyHKUMOHAJIBHBIM OEJKOM I0 CPAaBHEHHIO CO CIIOPTCMEHaMH, 3aHUMAIONIMMUCS BHAAMH
CIIOpTa Ha BBIHOCJIMBOCTH. TakuM o0Opa3om, ajiens R ObLT CBsi3aH ¢ BHIAaMU CHOPTa Ha CHIy (MOIIHOCTB), a
reHotunt XX — ¢ BUJaMU CIIOPTA HA BEIHOCJIMBOCTD.

Heo0xomuMo IMOQUEpKHYTh, 4YTO CIOPTUBHAs TI'EHETHKA HE TOJBbKO OTKPBIBACT IEPCHEKTUBBI
TalaHTJINBOMY MOKOJIEHHIO, HO ¥ MPOSICHAIET HeJblil pAx MpobjeM, CBA3aHHBIX €O 310POBbeM IONYISIHH B
nejaom. Ciegyer HmOHMMATh, YTO TEHETHKA CIIOPTA HEPa3pbIBHO CBA3aHA ¢ 0a30BbIMH NOHATHAMH
MeIMIMHBI. B 4gacTHOCTH, p